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Dr. Amy L. Greer, BSc, MSc, PhD.

Department of Population Medicine,
University of Guelph, Guelph, ON. Canada.
Office: 519-824-4120 ext. 54070

Email: agreer@uoguelph.ca

Website: www.mathepilab.org

1. EXPERTISE

I have broad theoretical and practical knowledge in infectious disease ecology, epidemiology, mathematical modeling,
and public health. My research program explores the introduction, spread, dynamics, and control of infectious diseases
in populations. | use epidemiological data to develop models that can be used to examine the effectiveness of health
interventions in order to make informed decisions regarding health policy. | am a highly effective knowledge translator
who has extensive experience communicating modeling methods and findings to both technical and non-technical
audiences.

2. APPOINTMENTS

Canada Research Chair in Population Disease Modeling and Associate Professor.
2018 - present (Awarded tenure in July 2018)

Department of Population Medicine

University of Guelph

Guelph, ON

Adjunct Associate Professor. 2019- present
School of Public Health and Health Systems
University of Waterloo

Waterloo, ON

Adjunct Associate Professor. 2019- present

Division of Epidemiology, Dalla Lana School of Public Health, Faculty of Medicine
University of Toronto

Toronto, ON

Canada Research Chair in Population Disease Modeling and Assistant Professor. 2014 - 2018
Department of Population Medicine

University of Guelph

Guelph, ON

Director, Math.Epi.Lab Inc. 2013 — 2019.
The Math.Epi.Lab Inc. provides mathematical modeling and epidemiology consulting services to a wide range of
companies, government departments, and other organizations.
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Assistant Professor. 2010 — 2014.

Division of Epidemiology, Dalla Lana School of Public Health, Faculty of Medicine
Associate Member, School of Graduate Studies

University of Toronto

Toronto, ON

Senior Scientist, 2009 — 2014.

Modeling and Projection Section, Professional Guidelines and Public Health Practice Division
Centre for Communicable Diseases and Infection Control

Public Health Agency of Canada

Ottawa, ON

3. EDUCATION

Research Institute of the Hospital for Sick Children, Child Health Evaluative Sciences, Toronto, ON. Postdoctoral
Research Fellow, 2007 — 200g9.

Arizona State University, Tempe, AZ, PhD, Biology (Infectious Disease Ecology), 2007.
Trent University, Peterborough, ON, MSc, Biology (Infectious Disease Ecology), 2003.

Mount Allison University, Sackville, NB, BSc (Honours), Biology, 2000.

4. GRANTS AWARDED

University of Guelph, $20,000
Role: primary investigator
Project: Quantifying Canadian physical distancing measures for COVID-19

National Collaborating Centre for Infectious Diseases (NCCID), $8,000
Role: primary investigator
Project: Quantifying Canadian physical distancing measures for COVID-19

Public Health Agency of Canada (PHAC), $20,000
Role: primary investigator
Project: Quantifying Canadian physical distancing measures for COVID-19

NSERC Discovery Grant, $200,000

Role: primary investigator

June 2020 - May 2025 (5 years)

Project: Disease dynamics across complex agricultural networks

Agriculture Canada, Agri-Risk Initiatives Program — Research and Development Stream, $281,374
Role: primary investigator

September 2019 — March 2022 (2.5 years)

Project: Equine Disease Financial Risk Transfer Options
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NSERC Collaborative Research and Development Grant, $97,000
Role: Co-applicant with Dr. Shayan Sharif (PI)

April 2019 — April 2022 (3 years)

Project: Is it possible to control transmission of avian influenza virus?

Canada First Research Excellence Fund - University of Guelph, Food from Thought, $41,000
Role: primary investigator

January 2019 — January 2021 (2 years)

Project: The use of big data to predict the emergence of foodborne outbreaks

Canada First Research Excellence Fund - University of Guelph, Food from Thought, $45,000
Role: primary investigator

January 2019 — January 2021 (2 years)

Project: Is it possible to control transmission of avian influenza virus?

Canada Research Chairs Program (renewal), $500,000
Role: primary investigator

January 2019 — January 2024 (5 years)

Project: Population disease modeling.

CIHR Operating Grant, $248,624

Role: Co-applicant with Dr. Julie Arsenault and Dr. Andre Ravel

January 2018 — January 2022 (4 years)

Project: Modelling campylobacteriosis risk in Canada through the various environmental and
foodborne sources of exposure in a climate change perspective

Joint Programming Initiative in Antimicrobial Resistance (JPIAMR), through the Canadian Institutes for Health
Research (CIHR), $1,500,000.00 ($450,000 to ALG)

Role: Co-applicant with Dr. Derek McFadden (PI)

January 2018 — January 2021 (3 years)

Project: OPEN Stewardship — my team is responsible for the veterinary component of this project.

Canada First Research Excellence Fund - University of Guelph, Food from Thought, $320,000
Role: Collaborator

January 2017 —January 2020 (3 years)

Project: Production Limiting Diseases: Streptococcus suis

CIHR Operating Grant, $100,000

Role: Co-primary investigator with Dr. David Fisman

May 2015 —May 2016 (1 year)

Project: One Health In Action: Mathematical and Epidemiological Tools to Prevent lliness at the Human-Animal
Interface in Ontario
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OMAFRA - University of Guelph Partnership, $119,588

Role: Co-primary investigator with Dr. Terri O'Sullivan

May 2015 —May 2018 (3 years)

Project: Using network analysis and dynamic models to develop an understanding of the opportunities and challenges
for disease control in equine populations.

Equine Guelph, $52,354.00

Role: Co-primary investigator with Dr. Terri O'Sullivan

September 2014-August 2016 (2 years)

Project: Using network analysis and dynamic models to develop an understanding of the opportunities and challenges
for disease control in equine populations.

NSERC Discovery Grant, $125,000

Role: primary investigator

August 2014 — August 2020 (5 + 1 years)

Project: Threshold theory as a framework for understanding infectious disease dynamics in livestock populations:
implications for the control of agriculturally important pathogens.

Medicago, Unrestricted Research Funds, $36,982
Role: primary investigator

May 2014 — May 2015

Project: Seasonal influenza vaccine modeling.

Canada Research Chairs Program, $500,000
Role: primary investigator

January 2014 — January 2019

Project: Population disease modeling.

Canadian Institutes of Health Research, $300,000

Role: Co-primary investigator with Dr. David Fisman

October 2011 — October 2014

Project: Untangling the web: Understanding the abrupt increase in Chlamydia risk in Ontario through applied
epidemiology and mathematical modeling

Canadian Institutes of Health Research, $315,260

Role: Co-primary investigator with Dr. Seyed Moghadas

October 2011 — October 2013

Project: Strategies for protecting vulnerable Canadian populations from emerging infectious diseases

Public Health Agency of Canada, $25,000

Role: Co-primary investigator with Dr. David Fisman

2009-2010

Project: Using individual based models to identify novel interventions for the control of Chlamydia trachomatis

Ontario Ministry of Research and Innovation & University of Toronto, $25,000

Role: primary investigator

2009-2010

Project: Using individual based models to identify novel interventions for the control of Chlamydia trachomatis 2009
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5. MATH.EPI.LAB CONSULTING SERVICES

Public Health Agency of Canada, November 2018 - January 2019 ($9,000)
Provide modeling support to the Centre for Immunization and Respiratory Infectious Diseases (CIRID) related to plant
based, pandemic influenza vaccines.

Inuit Tapiriit Kanatami (ITK), December 2017 — April 2018 ($25,000)

Provide modeling support to the Canadian Inuit TB elimination work group. Provide scientific support to the setting of
interim TB elimination goals to be announced jointly by the Federal Minister of Indigenous Affairs, Dr. Jane Philpott and
ITK President Natan Obed in March 2018 (on World TB Day).

Public Health Agency of Canada, May 2016 — September 2016 ($9,000)
Provide modeling support to the Canadian Pandemic Influenza Plan Task Group (CPIP-TG) related to the renewal of the
National Antiviral Stockpile.

Medicago Inc., July 2014 - December 2014 ($46,104)
This engagement was to develop a Java applet “front-end” to the existing pandemic influenza vaccine model we
developed in 2013 for knowledge translation purposes.

Medicago Inc., March 2013 - July 2013 ($55,935)

This engagement was to evaluate the potential impact of the novel Medicago pandemic influenza vaccine candidate on
pandemic influenza morbidity and mortality within the Canadian population compared to existing pandemic influenza
vaccine and under different assumptions regarding pandemic severity.

6. FELLOWSHIPS AND AWARDS

e Award of Excellence, Ontario Ministry of Colleges and Universities. For dedication to my local community,
students, and the broader postsecondary education sector during the COVID-19 pandemic. September 2020.

e Research Excellence Award, University of Guelph. August 2019.

e Guelph Life Magazine, 40 under 40 Award. September 2016.

e Research Excellence Award, Centre for Communicable Diseases and Infection Control, Public Health Agency of
Canada. 2011.

e Senior Lupina Prize for Dynamic Modelling in Health Policy. 2011.

e Beverly Antle Outstanding Trainee Award, Hospital for Sick Children, Child Health Evaluative Sciences. 2009.

e Hospital for Sick Children, Travel Award to attend a meeting at the Pasteur Institute, France. 2008.

7. PEER-REVIEWED PUBLICATIONS
* denotes trainee under my direct supervision
+ denotes trainee collaborator

75. Fisman, DF, A.L. Greer, M. Hillmer, and A.R. Tuite. (In press). Derivation and validation of a clinical prediction rule
for COVID-19 mortality in Ontario, Canada. Open Forum Infectious Diseases.

74. A.R. Tuite, and A.L. Greer. (2020). Shaping the future of the COVID-19 pandemic in Canada. Canadian Medical
Association Journal.
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73. Fisman, D.N., A.L. Greer, and A.R. Tuite. (2020). Age is Just a Number: A Critically Important Number for COVID-19
Case Fatality. Annals of Internal Medicine.

72. Fisman, D.N, A.L. Greer, and A.R. Tuite. (2020). Bidirectional Impact of Imperfect Mask Use on Reproduction
Number of COVID-19: A Next Generation Matrix Approach. Infectious Disease Modelling 5:405-408.

71. Tuite, AR, A.L. Greer, S De Keninck, and DN Fisman. (2020). Risk of COVID-19-Resurgence Related to Duration of
and Effectiveness of Physical Distancing in Ontario, Canada. Annals of Internal Medicine.

70. Ogden, N.H., A. Fazil, J. Arino, P. Berthiaume, D.N. Fisman, A.L. Greer, A. Ludwig, V. Ng, A.R. Tuite, L.A. Waddell,
and J. Wu. (2020). Non-pharmaceutical interventions to control COVID-19 in Canada; modelling scenarios. Canadian
Communicable Disease Report 46 (6):198-204.

69. "Xie, X-T, A. Bekele-Yitbarek, S.U. Khan, Z. Poljak, S. Sharif, and A.L. Greer. (2020). A within-host mathematical
model of HgN2 avian influenza infection and type-I interferon response pathways in chickens. Journal of Theoretical
Biology 499: 110320

68. Tuite, A.R., D.N. Fisman, and A.L. Greer (2020). Mathematical modelling of COVID-1g9 transmission and mitigation
strategies in the population of Ontario, Canada. Canadian Medical Association Journal. April og,
2020 cMaj.200476; DOI: https://doi.org/10.1503/cmaj.200476

67. “Cousins, M. D.N. Fisman, J. Sargeant, and A.L. Greer. (2020). Identifying environmental drivers of Campylobacter
infection risk in Ontario, Canada using a One Health approach. Zoonoses and Public Health

https://doi.org/10.1111/zph.12715

66."Brankston, G., A.L. Greer, Q. Marshall, B. Lang, K. Moore, D. Hodgins, and J. Beeler-Marfisi. (2020). Air Quality
Health Index and Temperature do not Predict Exacerbation of Mild Equine Asthma in Ontario Horses. Frontiers in
Veterinary Science. https://doi.org/10.3389/fvets.2020.00185

65. "Khan, S.U., N. Ogden, A. Faizel, P. Gachon, G. Deuymes, A.L. Greer, and V. Ng. (2020). Current and projected
distributions of Aedes aegypti and Ae. albopictus in Canada and the US. Environmental Health Perspectives 128(5).

64. Rossi, T., R.M. Milwid, A. Moore, T. O’'Sullivan, and A.L. Greer. (In press). Descriptive network analysis of a
Standardbred training facility contact network: implications for disease transmission. Canadian Veterinary Journal.

63. *Perret, J., C. Best, , J. Coe, A.L. Greer, D. Khosa, and A. Jones-Bitton. (In press). Resilience in veterinarians in
Canada: associations with personal factors and mental health outcomes. JAVMA.

62."Giang, E., B.M. Hetman, J.M. Sargeant, Z. Poljak, and A.L. Greer. (2020). Examining the Effect of Host Recruitment
Rates on the Transmission of Streptococcus suis in Nursery Swine Populations. Pathogens g (174):1-16.

61. *Melmer, D., T. O’Sullivan, A.L. Greer, L. Moser, and Z. Poljak. (2020). An investigation of transportation practices
in an Ontario swine system using descriptive network analysis. PLoS ONE 15 (1): €0226813.

60. *Perret, J., C. Best, J. Coe, A.L. Greer, D. Khosa, and A. Jones-Bitton. (2019) Prevalence of mental health outcomes
among a sample of Veterinarians. Journal of the American Veterinary Medical Association 256 (3): 365-375.

59. "Rossi, T., A. Moore, T. O’Sullivan, and A.L. Greer. (2019) Risk factors for duration of Equine Rhinitis A Virus
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respiratory disease. Equine Veterinary Journal. doi: 10.1111/evj.13204

58. “Gardner, E.G., S. Kiambi, R. Sitawa, D. Kelton, J. Kimutai, Z. Poljak, Z. Tadesse, S. von Dobschuetz, L. Wiresma,
and A.L. Greer. (2019). Force of infection of Middle East respiratory syndrome in dromedary camels in Kenya.
Epidemiology and Infection 147, e275, p1-6. https://doi.org/10.1017/S0950268819001663

57. "Spence, K., T. O'Sullivan, Z. Poljak, and A.L. Greer. (2019). Descriptive analysis of horse movement networks
during the 2015 equestrian season in Ontario, Canada. PLoS ONE 14(7): e0219771.
https://doi.org/10.1371/journal.pone.o219771

56. Mihaljevic, J.R., A.L. Greer, and J.L. Brunner. (2019). Evaluating the within host dynamics of Ranavirus infection
with mechanistic disease models and experimental data. Viruses 11 (5):396.

55. "Milwid, R., O'Sullivan, T.L., Poljak, Z., Laskowski, M., and A.L. Greer. (2019). Comparing the effects of non-
homogenous mixing patterns on epidemiological outcomes in equine populations: A mathematical modelling study.
Scientific Reports 9 (1): 3227.

54. "Rossi, T., A. Moore, T. O'Sullivan, and A.L. Greer. (2019). Equine Rhinitis A Virus Infection at a Standardbred
Training Facility: Incidence, Clinical Signs, and Risk Factors for Clinical Disease. Frontiers in Veterinary Science.
https://doi.org/10.3389g/fvets.2019.00071

53. "Cousins, M. D.N. Fisman, J. Sargeant, and A.L. Greer. (2019) Modelling the transmission dynamics of
Campylobacter in Ontario, Canada assuming house flies, Musca domestica, are a mechanical vector of disease
transmission. Royal Society Open Science. https://doi.org/10.1098/rs0s.181394

52."Hughes, S.L., Greer, A.L., Elliot, A.J.,, McEwen, S.A., Young, |.and A. Papadopoulos (2019) Monitoring telehealth
vomiting calls as a potential public health early warning system for seasonal norovirus activity in Ontario, Canada.
Epidemiology and Infection 147 (e112).

51. "Gardner, E.G., D. Kelton, Z. Poljak, S. von Dobschuetz, and A.L. Greer. (2019) A case-crossover analysis of the
impact of weather on primary cases of Middle East respiratory syndrome. BMC Infectious Diseases 19:113.

50. “Gardner, E.G., D. Kelton, Z. Poljak, S. von Dobschuetz, and A.L. Greer. (2019) A rapid scoping review of Middle
East respiratory syndrome coronavirus in animal hosts. Zoonoses and Public Health 66(1):35-46

49. "Milwid, R., O'Sullivan, T.L., Poljak, Z., Laskowski, M., and A.L. Greer. (2019). Validation of modified radio-
frequency identification tag firmware, using an equine population case study. PLOS ONE 14(1): €0210148.

48. "Milwid, R., O’Sullivan, T.L., Poljak, Z., Laskowski, M., and A.L. Greer. (2019). Comparison of the dynamic networks
of four equine boarding and training facilities. Preventive Veterinary Medicine 162: 84-94.
https://doi.org/10.1016/j.prevetmed.2018.11.011

47."Coffey, M, A.L. Greer, and H.Eberl. (2018). Model Based Economic Assessment of Avian Influenza Vaccination in an
All-in/All-out Housing System. Recent Advances in Mathematical and Statistical Methods for Scientific and Engineering
Applications.

46."Brunn, A., D.N. Fisman, J.M. Sargeant, and A.L. Greer. (2018). The influence of climate and livestock reservoirs on
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human cases of giardiasis. EcoHealth https://doi.org/10.1007/s10393-018-1385-7

45. "Kisiel, L.M., A. Jones-Bitton, J.M. Sargeant, J.B. Coe, D.T.T. Flockhart, A. Reynoso Palomar, E. Canales Vargas, and
A.L. Greer. (2018). Modeling the effect of surgical sterilization and confinement on owned dog population size in Villa
de Tezontepec, Hidalgo, Mexico, using an agent-based computer simulation model. PLoS ONE 13 (6): €0198209.

44.*Farrell, A., J.P. Collins, A.L. Greer, and H.R. Thieme. (2018). Do fatal infectious diseases eradicate host species?
Journal of Mathematical Biology. https://doi.org/10.1007/500285-018-1249-3

43. *Farrell, A, J.P. Collins, A.L. Greer, and H.R. Thieme. (2018). Times from infection to disease-induced death and
their influence on final population sizes after epidemic outbreaks. Bulletin of Mathematical Biology 80 (10): 1937-1961.

42."Brankston, G., C. *Boughen, V. Ng, D.N. Fisman, J.M. Sargeant, and A.L. Greer. (2018). Assessing the Impact of
Environmental Exposures and Cryptosporidium Infection in Cattle on Human Incidence of Cryptosporidiosis. PLoS ONE

13(4): €0196573.

41.*Mallia, G., Van Toen, J., Rousseau, J., Jacob, L., Boerlin, P., A.L. Greer, Metcalf, D., and J.S Weese. (2018).
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September 2018. Poster.

82. "Rossi, T., T. O'Sullivan, and A.L. Greer. Infectious respiratory disease in a Standardbred training facility: incidence,
clinical signs, and risk factors for infection. Calgary International Equine Symposium. Calgary, AB. September 2018.
Oral.

81. "Spence, K., T. O'Sullivan, Z. Poljak, and A.L. Greer. Dynamic network analysis of horse movements during the 2015
equestrian season in Ontario, Canada. Calgary International Equine Symposium. Calgary, AB. September 2018. Oral.

80."Xie, X.T., S.U. Khan, Z. Poljak, S. Sharif, and A.L. Greer. Modeling in-host dynamics of HgN2 avian influenza virus
in poultry. OVC Graduate Student Research Symposium. Guelph, ON. June 2018. Poster.

79. *Perret, J., C. Best, A.L. Greer, D. Khosa, J. Coe, and A. Jones-Bitton. Mental Health and Wellness in Veterinarians:
Impacts on Client and Patient Care. Centre for Public Health and Zoonoses Annual Symposium. Guelph, ON. June 2018.
Poster.

78. *Perret, J., C. Best, J. Coe, D. Khosa, A.L. Greer, and A. Jones-Bitton. Cross-sectional study of the association
between veterinarian mental wellness and veterinarian-client interaction outcomes. OVC Graduate Student Research
Symposium. Guelph, ON. June 2018. Poster.

77. "Khan, S.U., N. Ogden, A. Faizel, A.L. Greer, and V. Ng. Environmental Suitability and Predicted Distribution of
Aedes albopictus and Aedes aegypti Mosquitoes in Canada and the United States: Assessing Arboviral Risks in North
America. International Conference on Emerging Infectious Diseases (ICEID), Atlanta, GA, USA, August 2018. Poster.

76. "Gardner, E.G., D. Kelton, Z. Poljak, S. von Dobschuetz, and A.L. Greer. A scoping review of Middle East respiratory
syndrome coronavirus in natural animal hosts. Centre for Public Health and Zoonoses Annual Symposium. Guelph, ON.
June 2018. Poster.

75. "Hovdey, R., J. Sargeant, D. Fisman, and A.L. Greer. Using a One Health approach to examine environmental drivers
of human verocytotoxigenic Escherichia coli infections in Ontario. Centre for Public Health and Zoonoses Annual
Symposium. Guelph, ON. June 2018. Poster.

74."Khan, S.U., A.L. Greer, A. Faizel, N.Ogden, and V. Ng. Climate Change and Emerging Viral Threats in Canada:
Modeling the Transmission Dynamics of Chikungunya Virus. Centre for Public Health and Zoonoses Annual
Symposium. Guelph, ON. June 2018. Oral.

73. "Cousins, M. D.N. Fisman, J. Sargeant, and A.L. Greer. Modelling multiple transmission routes of
campylobacteriosis in Ontario using a One Health perspective. Centre for Public Health and Zoonoses Annual
Symposium. June 2018. Oral.

72. "Spence, K., T. O'Sullivan, Z. Poljak, and A.L. Greer. Using longitudinal questionnaire data to create networks of
horse movements in Ontario, Canada. International Conference on Network Science (NetSci 2018) satellite
symposium: Integration of Empirical data in network epidemiology. Paris, France. June 2018. Oral.

71. "Milwid, R., T. O’Sullivan, Z. Poljak, M. Laskowski, and A.L. Greer. From network analysis to network models:
comparing the epidemiological outcomes from 4 equine facilities in Ontario. International Conference on Network
Science (NetSci 2018) satellite symposium: Integration of Empirical data in network epidemiology. Paris, France. June
2018. Oral.
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70. *Kisiel, L.M., A. Jones-Bitton, J.M. Sargeant, J.B. Coe, D.T.T. Flockhart, A. Reynoso Palomar, E. Canales Vargas, and
A.L. Greer. Modeling the effect of surgical sterilization and confinement on owned dog population size in Villa de
Tezontepec, Hidalgo, Mexico, using an agent-based computer simulation model. 6% International Symposium on Non-
Surgical Contraceptive Methods of Pet Population Control. Boston, MA. July 2018. Invited Oral.

69. “Cousins, M. D.N. Fisman, J. Sargeant, and A.L. Greer. Modelling multiple transmission routes of
campylobacteriosis in Ontario using a One Health perspective. International One Health Congress. Saskatoon, SK. June
2018. Poster.

68. "Garder, E.G., D. Kelton, Z. Poljak, S. von Dobschuetz, and A.L. Greer. A scoping review of Middle East respiratory
syndrome coronavirus in natural animal hosts. International One Health Congress. Saskatoon, SK. June 2018. Poster.

67. "Khan, S.U., A.L. Greer, A. Faizel, N.Ogden, and V. Ng. Climate Change and Emerging Viral Threats in Canada:
Modeling the Transmission Dynamics of Chikungunya Virus. International One Health Congress. Saskatoon, SK. June
2018. Poster.

66. "Khan, S.U., A.L. Greer, A. Faizel, N.Ogden, and V. Ng. Environmental Suitability and Predicted Distribution of
Aedes Albopictus Mosquitoes in Canada and the United States: Assessing Arboviral Risks in North America.
International One Health Congress. Saskatoon, SK. June 2018. Poster.

65. *Perret, J., C. Best, A.L. Greer, D. Khosa, J. Coe, and A. Jones-Bitton. Mental Health and Wellness in
Veterinarians: Impacts on Client and Patient Care. International Conference on Communications in Veterinary
Medicine. Barrie, ON. March 2018. Oral

64. "Milwid, R., O’Sullivan, T.L., Poljak, Z., Laskowski, M., and A.L. Greer. Quantifying the heterogeneity in contact
patterns within an Ontario equine facility: a pilot study. Conference for Research Workers in Animal Disease. Chicago,
IL. December 2017. Oral.

63. "Milwid, R., O’Sullivan, T.L., Poljak, Z., Laskowski, M., and A.L. Greer. Using modified radio frequency
identification tags to quantify contact patterns within an Ontario equine facility: a validation study.
Conference for Research Workers in Animal Disease. Chicago, IL. December 2017. Poster.

62. “Cousins, M., Fisman, D.N., Sargeant, J., and A.L. Greer. Using a dynamic infectious disease model to examine
multiple transmission pathways for Campylobacteriosis. Conference for Research Workers in Animal Disease. Chicago,
IL. December 2017. Oral.

61. "Spence, K., T. O'Sullivan, Z. Poljak, and A.L. Greer. A longitudinal study describing horse characteristics
and movements during a competition season in Ontario, Canada in 2015. Conference for Research Workers in
Animal Disease. Chicago, IL. December 2017. Oral.

60. *Hughes, S.L., A.L. Greer, A.J. Elliot, S.A. McEwen, |. Young, and A. Papadopoulos. Viral gastroenteritis and
prevalence of norovirus and norovirus-like iliness in Ontario, Canada - 2009-2014. [abstract]. In: the European Journal
of Public Health; 2017, Nov 1-4; Stockholm, Sweden. Oxford University Press, 2017.

59. *Hughes, S.L., A.L. Greer, A.J. Elliot, S.A. McEwen, |. Young, and A. Papadopoulos. Viral gastroenteritis and
prevalence of norovirus and norovirus-like illness in Ontario, Canada -- 2009-2014. Sixth International Conference on
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Infectious Disease Dynamics. Spain. November 2017. Poster.

58. *Hughes, S.L., A.J. Elliot, A.L. Greer, S.A. McEwen, |. Young, and A. Papadopoulos. Surveillance of norovirus-like
illness in Ontario: Using Telehealth Ontario data to detect the onset of community activity. Sixth International
Conference on Infectious Disease Dynamics. Spain. November 2017. Poster.

57. “Coffey, M., A.L. Greer, and H. Eberl. A model of highly pathogenic avian influenza in boilers with
environmental reservoir and vaccine intervention over finite time. Interdisciplinary International Conference
on Applied Mathematics, Modeling and Computational Science. Waterloo, ON. August 2017. Poster

56. “Brunn, A., D.N. Fisman, J. Sargeant, and A.L. Greer. Temporal associations between environmental conditions and
pathogen colonization of livestock on human cases of Giardia duodenalis in Waterloo region. Canadian Association of
Veterinary Epidemiology and Preventive Medicine. Calgary, AB. June 2017. Oral.

***A. Brunn was awarded the first place student prize for the best oral presentation for this presentation.

55. "Khan, S.U., T. O’Sullivan, Z. Poljak, J. Alsop, and A.L. Greer. Generating A Synthetic Animal Population Structure:
A Geospatial Database for Ontario Swine Farms. Canadian Association of Veterinary Epidemiology and Preventive
Medicine. Calgary, AB. June 2017. Poster.

54. "Milwid, R., T.L. O’Sullivan, Z. Poljak, M. Laskowski, and A.L. Greer. Using proximity logging technology to quantify
equine contact patterns within Ontario Equine facilities. Canadian Association of Veterinary Epidemiology and Preventive
Medicine. Calgary, AB. June 2017. Oral.

53. “Cousins, M. D.N. Fisman, J. Sargeant, and A.L. Greer. Identifying environmental drivers of Campylobacter
infection risk in Ontario, Canada using a One Health approach. Canadian Association of Veterinary
Epidemiology and Preventive Medicine. Calgary, AB. June 2017. Oral.

***M. Cousins was awarded the second place student prize for the best oral presentation for this

presentation.

52."Spence, K.L., T.L., O'Sullivan, Z. Poljak, and A.L. Greer. Dynamic network analysis of equine travel patterns during
the 2015 competition season in Ontario, Canada. Canadian Association of Veterinary Epidemiology and Preventive
Medicine. Calgary, AB. June 2017. Poster.

51. "Cummings, J., A. “Olpin, R. "Milwid, M. Laskowski, Z. Poljak, T.L. O'Sullivan, and A.L. Greer. Developing a
framework for quantifying real-time contact patterns in agricultural animals using OpenBeacon proximity sensing
hardware. Modeling in Animal Health Conference. Nantes, France. Abstract. June 2017. Poster.

5o. "Milwid, R., T.L. O’Sullivan, Z. Poljak, M. Laskowski, and A.L. Greer. Use of proximity loggers to quantify contact
patterns within an Ontario equine facility: A pilot study. Modeling in Animal Health Conference. Nantes, France.
Abstract. June 2017. Poster.

49. "Khan, S.U., T. O'Sullivan, Z. Poljak, J. Alsop, and A.L. Greer. Generating A Synthetic Animal Population Structure:

A Geospatial Database for Ontario Swine Farms. Modeling in Animal Health Conference. Nantes, France. Abstract. June
2017. Poster.
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48."Spence, K.L., T.L., O'Sullivan, Z. Poljak, and A.L. Greer. Using an agent-based model to describe the potential
spread of equine influenza within a network of horses attending an equestrian show. Modeling in Animal Health
Conference. Nantes, France. June 2017. Oral.

47."Khan, S.U., T. O’'Sullivan, Z. Poljak, J. Alsop, and A.L. Greer. Generating A Synthetic Animal Population
Structure: A Geospatial Database for Ontario Swine Farms. University of Guelph Swine Research Day.
Guelph, ON. May 2017. Poster.

46."Cousins, M. D.N. Fisman, J. Sargeant, and A.L. Greer. |dentifying environmental drivers of
Campylobacter infection risk in Ontario, Canada using a One Health approach. Centre for Public Health and
Zoonoses Research Day. Guelph, ON. May 2017. Poster.

45."Brunn, A., D.N. Fisman, J. Sargeant, and A.L. Greer. Temporal associations between environmental
conditions and pathogen colonization of livestock on human cases of Giardia duodenalis in Waterloo region.
Centre for Public Health and Zoonoses Research Day. Guelph, ON. May 2017. Poster.

44. *Farrell, A., J.P. Collins, A.L. Greer, and H.R. Thieme. Do fatal infectious diseases eradicate host species?
Epidemic perspective. Joint Mathematics Meetings - Mathematical Association of America and the American
Mathematical Society. Atlanta, GA. January 2017. Oral.

43. "Spence, K.L., T.L., O'Sullivan, Z. Poljak, and A.L. Greer. Estimating potential disease spread at an equestrian show
in Ontario, Canada using an agent-based network model. Conference of Research Workers in Animal Disease (CRWAD),
Chicago, IL. Abstract. December 2016. Oral.

***K. Spence was awarded the student prize for the best oral presentation in the Biosecurity section for this

presentation.

42.*Hughes, S., I. Young, R.V. Ackford, A.J. Elliot, S.A. McEwen, A.L. Greer, and A. Papadopoulos. Essential
elements of human infectious disease syndromic surveillance systems: a scoping review. International Society
for Disease Surveillance. Atlanta, GA. December 2016. Poster.

42."Milwid, R., T.L. O'Sullivan, Z. Poljak, M. Laskowski, and A.L. Greer. Using of proximity logging technology to
quantify equine contact patterns within Ontario Equine facilities. OVC Graduate Student Symposium. Guelph, ON.
November 2016. Poster.

41. "Spence, K.L., T.L. O'Sullivan, Z. Poljak, and A.L. Greer. Mathematical modeling of potential disease spread within a
network of horses attending an equestrian event. OVC Graduate Student Symposium. Guelph, ON. November 2016.
Poster.

40."Gardner, E., M. Ali, G. Kayali, D. Kelton, and A.L. Greer. Using the Incidence Decay and Exponential Adjustment
(IDEA) model to understand MERS-CoV transmission dynamics in a camel herd. International Meeting on Emerging
Diseases. Vienna, Austria. November 2016. Poster.

39. *Kisiel, L.M., A. Jones-Bitton, J.M. Sargeant, J.B. Coe, D.T.T. Flockhart, A. Reynoso Palomar, E. Canales
Vargas, and A.L. Greer. Domestic dog ecology in Villa de Tezontepec, Hidalgo, Mexico and implications for
canine rabies transmission. International Conference on Diseases in Nature Communicable to Man. Guelph,
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ON. Abstract. August 2016. Oral.

38. Greer, A.L. K. Spence®, and E. Gardner”. Using the Incidence Decay and Exponential Adjustment (IDEA)
model to understand the early dynamics of the 2014 porcine epidemic diarrhea virus (PEDV) outbreak in
Ontario. Canadian Association for Veterinary Epidemiology and Preventive Medicine. Guelph, ON. Abstract.
May 2016. Oral.

37. "Milwid, R., T.L. O'Sullivan, Z. Poljak, M. Laskowski, and A.L. Greer. Use of novel proximity logging
technology to quantify equine contact patterns in Ontario equine facilities. Canadian Association for
Veterinary Epidemiology and Preventive Medicine. Guelph, ON. Abstract. May 2016. Poster.

36. "Kisiel, L.M., A. Jones-Bitton, A. Reynoso-Palomar, E. Canales-Vargas, and A.L. Greer. Domestic dog population
dynamics in Villa de Tezontepec, Hidalgo, Mexico: towards improved canine population and rabies control. Canadian
Association for Veterinary Epidemiology and Preventive Medicine. Guelph, ON. Abstract. May 2016. Oral.

35. “Spence, K.L., T.L., O'Sullivan, Z. Poljak, and A.L. Greer. Describing the Ontario equine movement network to
understand the risk of disease introduction and spread. Canadian Association for Veterinary Epidemiology and
Preventive Medicine. Guelph, ON. Abstract. May 2016. Oral.

34. "Brankston, G., C. Boughen®, and A.L. Greer. Assessing the Impact of Environmental Exposures and Cryptosporidium
Infection in Cattle on Human Incidence of Cryptosporidiosis. Canadian Association for Veterinary Epidemiology and
Preventive Medicine. Guelph, ON. Abstract. May 2016. Poster.

33. "Spence, K.L., T.L., O’'Sullivan, Z. Poljak, and A.L. Greer. An agent-based modeling approach to determine the
impact of control strategies on a facility-level equine influenza outbreak. Canadian Association for Veterinary
Epidemiology and Preventive Medicine. Guelph, ON. Abstract. May 2016. Poster.

32. "Spence, K.L., T.L., O'Sullivan, Z. Poljak, and A.L. Greer. Preventing equine disease epidemics using mathematics.
Ontario Ministry of Agriculture, Food and Rural Affairs Expo. Abstract. December 2015. Poster.

31.“Spence, K.L., B. Goh”, T.L., O’Sullivan, Z. Poljak, and A.L. Greer. Characterization of the equine contact network at
a single equestrian show. Graduate Student Research Symposium. Guelph, ON. Abstract. December 2015. Oral.

30 “Gardner, E., D. Kelton, K. Hand, Z. Poljak, and A.L. Greer. Using an agent-based model to compare between two
diagnostic tests for Staphylococcus aureus bovine mastitis. 5 International Conference on Infectious Disease Dynamics.
Clearwater Beach, FL. Abstract. December 2015. Poster.

29. "Spence, K., T. O'Sullivan, Z. Poljak, and A.L. Greer. Identifying factors influencing the probability of an equine
influenza outbreak in an equine training facility. 5™ International Conference on Infectious Disease Dynamics.
Clearwater Beach, FL. Abstract. December 2015. Poster.

28. Greer, A.L. K. Spence”, and E. Gardner”. Using the Incidence Decay and Exponential Adjustment (IDEA) model to
understand the early dynamics of the 2014 porcine epidemic diarrhea virus (PEDV) outbreak in Ontario. 5™ International
Conference on Infectious Disease Dynamics. Clearwater Beach, FL. Abstract. December 2015. Poster.

27. *Beswick, A, Z. Poljak, A.L. Greer, A. Papadopolous, and C. Dewey. Social Media Surveillance: Using Twitter to track
Influenza in Canada. Centre for Public Health and Zoonoses Annual Conference. Guelph, ON. Abstract. May 2015. Oral.
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26. *Kisiel, L., A. Jones-Bitton, and A.L. Greer. The application of Computational Agent-Based Modelling to identify
and evaluate dog population management strategies. Centre for Public Health and Zoonoses Annual Conference.
Guelph, ON. Abstract. May 2015. Oral.

25. *Walczak, K., Z. Poljak, R. Friendship, A.L. Greer, A. Weersink. Factors associated with the antimicrobial treatment
rates for swine dysentery during the grower-finisher phase of production. Centre for Public Health and Zoonoses
Annual Conference. Guelph, ON. Abstract. May 2015. Poster.

24. Poljak, Z., K. Walczak*, R. Friendship, Brockhoff, A.L. Greer, A. Weersink. Insight into epidemiology of swine
dysentery by using analysis of treatment records and simulation modeling. International Society for Veterinary
Epidemiology and Economics (ISVEE), Merida, Mexico. Abstract. November 2015. Oral.

23."Arruda, A.G., Z. Poljak, A.L. Greer, R. Friendship, and J. Carpenter. Evaluation of porcine reproductive and
respiratory syndrome control methods using agent-based modeling. International Society for Veterinary Epidemiology
and Economics (ISVEE), Merida, Mexico. Abstract. November 2015. Oral.

22. "Tuite, A, V. Gallant, E. Randell, and A.L. Greer. Controlling Tuberculosis Transmission in Canada’s North: A
Mathematical Modeling Study. Canadian Society for Epidemiology and Biostatistics, Toronto, ON. Abstract. June 2015.
Oral.

21. *Kisiel, L., A. Jones-Bitton, and A.L. Greer. The application of Computational Agent-Based Modelling to identify
and evaluate dog population management strategies. 2" International Conference on Dog Population Management,
Istanbul, Turkey. Abstract. March 2015. Poster.

20. “Spence, K., "B. Goh, T. O'Sullivan, and A.L. Greer. Using social network analysis to understand epidemic potential
in equine populations: a pilot study. Conference of Research Workers in Animal Disease (CRWAD), Chicago, IL.
Abstract. December 2014. Oral.

***K. Spence was awarded the student prize for the best oral presentation in the Biosecurity section for this

presentation.

19. “Goh, B. and A.L. Greer. Mathematical disease transmission models for livestock populations: A scoping review.
Conference of Research Workers in Animal Disease (CRWAD), Chicago, IL. Abstract. December 2014. Oral.

18. Greer, A.L. and D. Schanzer. Using a dynamic model to consider optimal antiviral stockpile size in the face of
pandemic influenza uncertainty. Epidemics 4, Amsterdam, The Netherlands. Abstract. 2013. Poster.

17. "Hauck, T., A.R. Tuite, D.N. Fisman and A.L. Greer. A simple model for Ro generation and short-term outbreak
projection. Epidemics 3. Boston, MA. Abstract 2011. Poster.

16. Greer, A.L. and D.N. Fisman. Using models to identify cost effective interventions:
pertussis vaccination for pediatric healthcare workers in Canada. American College of Epidemiology. San Francisco, CA.
Abstract 2010. Oral.

15. Sander, B., C. Bauch, D. Fisman, A.L. Greer, and M. Krahn. Impact of mathematical modeling on health policy

decision-making in the context of the recent novel swine-origin influenza A virus (SOIV) outbreak response in Ontario.
Society for Medical Decision Making. Hollywood, CA. Abstract 2009. Poster.
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14. Greer, A.L. and D.N. Fisman. Keeping vulnerable children safe from pertussis: preventing nosocomial pertussis
transmission in the neonatal intensive care unit (NICU). Epidemics. Asilomar, CA. Abstract 2008. Poster.

13. Greer, A.L. and D.N. Fisman. Keeping vulnerable children safe from pertussis: preventing nosocomial pertussis
transmission in the neonatal intensive care unit (NICU). Understanding and controlling infectious diseases: an agenda
for the 21 century. Insitut Pasteur, Paris, France. Abstract 2008. Poster.

12. Greer, A.L., S.J. Drews and D.N. Fisman. Why does the “"Winter Vomiting Disease” happen in winter? Unravelling
the seasonality of Norovirus outbreaks in Toronto, Canada. Annual meeting of the Infectious Diseases Society of
America. Washington, DC. Abstract 2008. Poster.

11. Greer, A.L. and J.P. Collins. Testing a key assumption of host pathogen theory: density- dependent disease
transmission. Annual meeting of the Ecological Society of America. San Jose, CA. Abstract 2007. Oral.

10. Greer, A.L. and J.P. Collins. Habitat fragmentation affects disease transmission throughout a population. Annual
meeting of Arizona State University Graduates in the Earth Life and Social Sciences. Tempe, AZ. Abstract. 2007. Oral.

9. Greer, A.L. and J.P. Collins. Is ATV transmission in tiger salamanders density dependent? Annual Meeting of the
IRCEB Amphibian Decline and Disease Group, Tempe, AZ. Abstract. 2006. Oral.

8. Greer, A.L. and J.P. Collins. Spatial and temporal variation in Ambystoma tigrinum virus (ATV) infection prevalence in
a persisting Ambystoma tigrinum population on the Kaibab Plateau, AZ. Annual Meeting of the Ecological Society of
America. Memphis, TN. Abstract 2006. Oral.

7. Collins, J. P, J. Brunner, A.L. Greer, V. Miera, A. Picco, R. Retallick, and D. Schock. A comparison of two emerging
infectious diseases caused by chytrid fungus and ranaviruses in tropical and temperate habitats. Annual meeting of the
American Society of Ichthyologists and Herpetologists, New Orleans, LA. Abstract 2006. Oral.

6. Greer, A.L. and J.P. Collins. Mechanisms of disease transmission influence host persistence or extinction. Annual
meeting of Arizona State University Graduates in the Earth Life and Social Sciences. Tempe, AZ. Abstract. 2006. Oral.

5. Fox, S.F., R.J. Torres-Cervantes, A.T. Storfer, G. Parra, A.L. Greer, and J.P. Collins. Ranavirus and Batrachochytrium
dendrobatidis in endangered and diseased populations of the frog Atelognathus patagonicus in northern Patagonia,
Argentina. Annual meeting of the American Society of Ichthyologists and Herpetologists, New Orleans, LA. Abstract
2006. Oral.

4. Greer, A.L. and J.P. Collins. Evaluation of a PCR diagnostic test for ranaviruses using whole carcasses and tail clips as
comparison standards. Annual Meeting of the IRCEB Amphibian Decline and Disease Group, Tempe, AZ. Abstract.
2005. Oral.

3. Greer, A.L., S.F. Fox, E.W. Davidson and J.P. Collins. Evidence for a ranavirus pathogen in the endangered frog,
Atelognathus patagonicus, in Patagonia, Argentina. Annual meeting of the Research and Analysis Network for
Neotropical Amphibians, San Juan, Puerto Rico. Abstract. 2004. Oral.

2. Greer, A.L., M. Berrill and P.J. Wilson. The occurrence of ranavirus in wood frog and leopard frog populations in
Ontario. Ontario Ecology and Ethology Conference, McMaster University. Abstract. 2003. Oral.

1. Greer, A.L., M. Berrill and P.J. Wilson. The epizootiology of six amphibian mortality events in south central Ontario,
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Canada. Annual Meeting of the Canadian Society of Zoologists Conference, Wilfred Laurier University. Abstract. 2003.
Oral.

12. INVITED PRESENTATIONS

Invited speaker, COVID-19 in children —implications for schooling systems. European Society of Clinical
Microbiology and Infectious Diseases (ESCMID). September 24, 2020.

Invited speaker, Pandemic: the biology and mathematics of COVID-1g9 in Canada, Third Age Learning Seminar.
September 23, 2020.

Invited speaker, Risk of COVID-19 amplification in school settings. Global Research Collaboration for Infectious
Disease Preparedness (GLoPID-R), COVID Research synergies — transmission. July 20, 2020.

Invited speaker, Risk of COVID-19 chains of transmission associated with summer camp settings. Ontario Ministry
of Health. May 13, 2020.

Invited speaker, HIVE 2020 a Conference for Women in STEM, University of Guelph. March 28, 2020 (cancelled due
to COVID-19)

Invited speaker, Preparing Equine Facilities for Shelter in Place Orders. Equestrian Canada. March 25, 2020.
Invited speaker, COVID-19 Pandemic planning for summer camp settings. Go Camp Pro Webinar. Online. March 6,
2020.

Invited speaker, Borders in Public Health and Mathematical Epidemiology. Fields Institute, University of Toronto,
Toronto, ON October 21-25, 2019.

Invited speaker, American Society of Microbiology (ASM) Microbe 2019. San Francisco, CA. June 20-24, 2019.
Invited speaker, Swine Research Day. Guelph, ON. May g, 201g9.

Invited speaker, Ontario Livestock and Poultry Council. Guelph, ON. February 15, 2019.

Invited Panelist, Café Mathematique, Fields Institute, University of Toronto, Toronto, ON (declined). November
2019.

Invited speaker, Equestrian Canada Health and Welfare Committee. October 3, 2018.

Invited speaker, 11th annual CRIPA Symposium, Faculté de médecine vétérinaire of the Université de Montréal, St-
Hyacinthe, QC. May 15-16, 2018.

Invited speaker, Department of Biology Seminar Series, Laurentian University, Sudbury, ON. April 6, 2018.

Invited speaker, ITK TB elimination planning meeting, Ottawa, ON. February 26-27, 2018.

Invited speaker, Nunavut TB Long Term Planning Meeting, Ottawa, ON. October 4-5, 2017.

Invited speaker, Canadian Food Inspection Agency (CFIA) equine disease surveillance group. August 2017.

Invited speaker, 2017 China-Canada International Conference on Disease Modelling (CCICDM). Shanghai University,
China. June 2-6 2017.

Invited speaker, Centre for Public Health and Zoonoses Research Day. Guelph, ON. May 23 2017.
Invited speaker, Ontario Veterinary College, Disease Modeling Club. Guelph, ON. February 28, 2017.

Invited speaker, Ontario Veterinary College — Hebrew University Collaboration Workshop. Guelph, ON. January 5-6,
2017.
Invited speaker, Canadian Pandemic Influenza Plan — Task Group. Ottawa, ON. November 14-15, 2016.

Invited speaker, Public Health Challenges for Modelling and Infectious Diseases: From “Communities of Practice” to
“*Communities of Health” hosted by National Collaborating Centre for Infectious Diseases (NCCID) and the
International Centre for Infectious Diseases (ICID), York University, Toronto. October 2016.

Invited speaker, International Workshop on Applied Probability, Toronto, ON (declined). June 2016.

Invited Panelist, Café Mathematique, Fields Institute, University of Toronto, Toronto, ON. November 2015.
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e Invited speaker, Workshop on the Mathematical Mobilization of Vaccine Discovery & Development, Fields Institute,
University of Toronto. March 2015,

e Invited Speaker, University of Toronto Special Seminar Series on Ebola. Topic: The Ecological Context of the West
African Ebola Outbreak. January 2015.

e Invited speaker, International Meeting on Emerging Diseases and Surveillance (IMED), Vienna, Austria. 2014.

e Invited speaker, National Collaborating Centre for Infectious Diseases (NCCID), Winnipeg, MB. 2014.

e Invited Speaker, Mathematics and Informatics for Public Health Conference. Jointly hosted by the Chern Institute of
Mathematics and the Chinese Centre for Disease Control. Tianjing, China. 2014.

e Invited Working Group Participant, National Institute for Mathematical and Biological Synthesis (NimBios),
Knoxville, TN. Theme: Modeling microbial contamination of fresh produce along the post-harvest supply chain.
2014.

e Invited Speaker, Biomathematics and Biostatistics Symposium, University of Guelph. 2014.

e Departmental Seminar, Department of Mathematics and Statistics, University of Guelph. 2014.

e Departmental Seminar, Department of Population Medicine, Ontario Veterinary College, University of Guelph.
2014.

e Public Health Network Council / Committee of Canadian Medical Officers of Health Meeting, Halifax, NS. 2011.

e Modelling and analysis of options for controlling persistent infectious diseases, Banff International Research Station
for Mathematical Discovery and Innovation, Banff, AB. 2011.

e Ontario Agency for Health Protection and Promotion pH1N1 Workshop, Toronto, ON. 2011.

e Canada- China International Conference on the Dynamics of Climate Impact and Infectious Diseases, Nanjing
Normal University, Nanjing, China. 2010.

e Pandemic Planning Division, Public Health Agency of Canada, Ottawa, ON. 2010.

e Workshop in dynamic modelling for health policy: infectious and chronic disease interactions. University of
Saskatchewan, Saskatoon, SK. 2010.

e Panel on Mathematical Modeling in Epidemiology. American College of Epidemiology Annual Meeting. San
Francisco, CA. 2010.

e Yukon Department of Health and Social Services, Chlamydia planning meeting. 2010.

e MITACS annual meeting, Edmonton, AB. 2010.

e Considerations for pHiN1 Planning to Respond to a “Third Wave” in 2010. Ontario and Nunavut Regional Pandemic
Planning Meeting, Toronto, ON. 2009.

e Tools for Linking Human and Animal Models of Infectious Disease. Canadian Food Inspection Agency meeting,
Montreal, QC. 200g9.

e SickKids, CIHR Café Scientifique, It's getting hot in here: climate change and infectious disease dynamics, Toronto,
ON. 200g.

e Mitigating the spread of influenza A (H1N1), Part Il (Hosted by the British Columbia Centre for Disease Control),
Vancouver, BC. 200g9.

e Canadian Pandemic Vaccine Task Group, National Vaccine Prioritization meeting, Toronto, ON. 200g9.

e HiNi1 Mathematical Modeling Workshop (Hosted by the Public Health Agency of Canada), Toronto, ON. 2009.

e Canadian Pandemic Preparedness Meeting: H1N1 Outbreak Research Response (Hosted by CIHR), Toronto, ON.
2009.

e Mitigating the Spread of A HiN1 Flu: Lessons Learned From Past Outbreaks, Arizona State University, Tempe, AZ.
2009.

e Plenary speaker, Annual Meeting of ICC-AMMI-CACMID, Toronto, ON. 2009.

e MITACS Center for Disease Dynamics, York University, Toronto, ON. 2009.

e Toronto Invasive Bacterial Diseases Network education day, Mount Sinai Hospital, Toronto, ON. 2008.

e McMaster University, Mathematical Biology Seminar. 2008.
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e Sunnybrook Health Sciences Centre, Toronto, ON. 2008.
Sanofi Pasteur, Toronto, ON. 2008.
Harvard School of Public Health, Freeman Symposium, Boston, MA. 2008.

State of Arizona Education Fair, Gilbert, AZ. 2006.
13. HIGHLY QUALIFIED PERSONNEL

Primary supervision (current)

30. Gabrielle Brankston, PhD student - Epidemiology
29. Lindsay Obress, MSc (thesis) - Epidemiology

28. Thivya Naganathan, MSc (thesis) - Epidemiology
27. Dr. Tanya Rossi, Postdoctoral Fellow

26. Dr. Kamal Acharya, Postdoctoral Fellow

25. J. Reilly Comper, doctoral student - Epidemiology
24. Haley Weber, doctoral student (P/T) — Epidemiology

23. Wendy Xie, doctoral candidate - Epidemiology
22. Dr. Emma Gardner, doctoral candidate - Epidemiology

Primary Supervision (completed)

21. Elissa Giang, MSc (thesis) — Epidemiology, University of Guelph

20. Roksolana Hovdey, MSc (thesis) — Epidemiology, University of Guelph
19. Dr. Salah Uddin Khan, Postdoctoral Fellow, University of Guelph/Public Health
Agency of Canada

18. Dr. Tanya Rossi, Postdoctoral Fellow, University of Guelph

17. Rachael Milwid, PhD — Epidemiology, University of Guelph

16. Melanie Cousins, MSc (thesis) — Epidemiology, University of Guelph
15. Meagan Coffey, MSc (thesis) — Biophysics, University of Guelph

14. Kelsey Spence, PhD — Epidemiology, University of Guelph

13. Ariel Brunn, MSc (CW) — Epidemiology, University of Guelph

12. Kamel Omer, undergraduate, University of Guelph

11. Luz Maria Kisiel, MSc (thesis) — Epidemiology, University of Guelph
10. Beatrice Hai, undergraduate, University of Guelph

9. Enise Decaluwe-Tulk, undergraduate, University of Guelph

8. Cyndi Boughen, undergraduate, University of Guelph

7. Kelsey Spence, undergraduate, University of Guelph

6. Beverly Goh, undergraduate, University of Guelph

5. Christina Chan, MPH, University of Toronto

4. Marcella Jones, MPH, University of Toronto

3. Tanya Hauck, MD, University of Toronto

2. Eva Wong, MPH, University of Toronto

1. Karolina Machalek, MPH, University of Toronto

Department of Mathematics and Statistics. University of Guelph, Guelph, ON. 2007.

May 2020 -

September 2019-

September 2019-

September 2019-

January 2019 -

January 2019 -

September 2017 -

Parental leave: Jan — Dec 2020
September 2017 -

January 2015 -

LOA: Jan — Sept 2017

Parental leave: Apr 2019 - Mar
2020

2019
2019
2019

2019
2018

2018

2017

2017

2017

Summer 2017

2017
Summer & Fall 2016
Summer & Fall 2016
Winter 2015
Summer 2014
Summer 2014

2011

2010

2012

2010

2010
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Graduate Committee membership (current)

17. Lia Humphrey, MSc thesis, Department of Mathematics and Statistics, University of Guelph

September 2019 -

16. Armin Orang, MSc thesis, Department of Population Medicine, University of Guelph

September 2019 -

15. Melanie Cousins, PhD candidate, Department of Public Health and Health Systems, University of Waterloo.
September 2018 -

14. Mikayla Plishka, MSc thesis, Department of Population Medicine, University of Guelph

September 2018 -

13. Isha Berry, PhD candidate, Department of Epidemiology, Dalla Lana School of Public Health, University of Toronto.
September 2018 -

12. Dylan Melmer, PhD candidate, Department of Population Medicine, University of Guelph.

September 2017 -

11. Tara Sadeghieh, PhD candidate, Department of Population Medicine, University of Guelph.

September 2017 -

Graduate Committee membership (completed)

10. Matthew Wong, MSc (thesis), Department of Animal Bioscience, University of Guelph. 2020.

9. Jennifer Perret, PhD, Department of Population Medicine, University of Guelph. 2020.

8. Gabriella Mallia, PhD, Department of Pathobiology, University of Guelph. 2018.

7. Reilly Comper, MSc (thesis), Department of Biophysics, University of Guelph. 2018.

6. Stephanie Hughes, PhD, Department of Population Medicine, University of Guelph. 2018.

5. Ashleigh McGirr, PhD, Dalla Lana School of Public Health, University of Toronto. 2016.

4. Jordan Minigan, MSc (thesis), Department of Environmental Science, University of Guelph. 2016.
3. Adam Beswick, MSc (thesis), Department of Population Medicine, University of Guelph. 2016.

2. Krysia Walczak, MSc (CW), Department of Population Medicine, University of Guelph. 2016.

1. Ashleigh Tuite, PhD, Dalla Lana School of Public Health, University of Toronto. 2015.
***Awarded the Institute of Medical Science (IMS) Siminovitch-Salter Award (2016). This award is given annually to a
graduating IMS doctoral student who has made outstanding scholarly contributions.

Examination and Defense Committees

28. Reilly Comper - Qualifying examination committee. Department of Population Medicine, University of Guelph. May
2020.

27. Xuezhen Ge — Dissertation proposal defense committee. Department of Integrative Biology, University of Guelph.
January 2020.

26. Melanie Cousins — Dissertation proposal defense committee. Department of Public Health and Health Systems,
University of Waterloo. December 2019.

25. Elissa Giang - MSc thesis defense committee. Department of Population Medicine, University of Guelph. December
2019.

24. Roksolana Hovdey - MSc thesis defense committee. Department of Population Medicine, University of Guelph.
October 2019.

23. Kaushalya Kuruppu — MSc thesis defense committee Chair. Department of Population Medicine, University of
Guelph. August 2019.

22. Jamie Imada - Qualifying examination committee. Department of Population Medicine, University of Guelph. June
2019.

21. Nadine Vogt - Qualifying examination committee. Department of Population Medicine, University of Guelph. June
2019.
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20. Amanda Perri— PhD defense examination committee. Department of Population Medicine, University of Guelph.
December 2018.

19. Rachael Milwid — PhD defense examination committee. Department of Population Medicine, University of Guelph.
August 2018.

18. Melanie Cousins - MSc thesis exam committee. Department of Population Medicine, University of Guelph. August
2018.

17. Reilly Comper — MSc thesis exam committee. Department of Biophysics, University of Guelph. June 2018.

16. Stephanie Hughes — PhD defense examination committee. Department of Population Medicine, University of
Guelph. April 2018.

15. Tara Sadeghieh, Qualifying examination committee. Department of Population Medicine, University of Guelph.
January 2018.

14. Dylan Melmer — MSc thesis exam committee. Department of Population Medicine, University of Guelph — external
examiner. August 2017.

13. Kelsey Spence — PhD defense examination committee. Department of Population Medicine, University of Guelph.
August 2017.

12. Ariel Brunn — MSc (CW) defense examination committee. Department of Population Medicine, University of Guelph.
August 2017.

11. Aaron B. Langille — PhD defense examination committee. Department of Environmental Sciences, University of
Guelph. April 2017.

10. Rachael Milwid — PhD Qualifying examination. Department of Population Medicine, University of Guelph. February
2017.

9. Luz Maria Kisiel - MSc thesis exam committee. Department of Population Medicine, University of Guelph. January
2017.

8. Emma Gardner — PhD Qualifying examination. Department of Population Medicine, University of Guelph. October
2016.

7. Sovit Chalise — MSc (thesis). Department of Biology, Memorial University, St. John’s NL — external examiner. July
2016.

6. Kelsey Spence — PhD Qualifying examination. Department of Population Medicine, University of Guelph. June 2016.
5. Vanessa Morton — MSc (CW), defense examination committee. Department of Population Medicine, University of
Guelph. July 2014.

4. Jue (Julie) Tang — MSc (thesis), defense examination committee. Department of Population Medicine, University of
Guelph. June 2014.

3. Shannon Collinson — PhD dissertation (Department of Mathematics, York University, Toronto, ON) — external
examiner. 2013.

2. Kevin Brown — PhD protocol defense examination committee. Division of Epidemiology, Dalla Lana School of Public
Health, University of Toronto. 2011.

1. Marija Zivkovic Gojovic — PhD dissertation (Department of Mathematics, York University, Toronto, ON) - external
examiner. 2010.

14. INSTITUTIONAL SERVICE

e Research Advisory Committee, Ontario Veterinary College, University of Guelph. 2014 — current.

e Technical advisor, University of Guelph and Ontario Veterinary College Emergency Preparedness Committee for
COVID-19. March 2020 —June 2020

e Invited Speaker, Data, COVID-19, and Food. Arrell Food Institute. April 30, 2020.

¢ Invited speaker, Ontario Veterinary College - Graduate Student Wellness Seminar. Topic: Planning your semester
for success. January 2020.

e Search Committee Member, Dept. of Population Medicine, assistant professor tenure-track position in
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Epidemiology/One Health. 2020.

Committee member, University of Guelph, Public Health Curriculum Committee. 2019-2020.

Committee member, Department of Population Medicine, Graduate Program Committee. 2019-2020.

Reviewer, University of Guelph — OMAFRA Emergency Management Grant Review Committee, Winter/Spring 2019
Invited participant, OVC Horse Trust meeting. November 2018.

Search Committee Member, Ontario Veterinary College, Director, Centre for Public Health and Zoonoses. 2018-
2019.

Search Committee Member, Dept. of Population Medicine, associate/full professor tenure-track position in One
Health. 2018.

Search Committee Member, Dept. of Population Medicine, assistant/ associate professor tenure-track position in
One Health. 2018.

Search Committee Member, Department of Integrative Biology, Department Chair. Spring 2018.

Reviewer, OVC College Review Committee, OVC Scholarships. Summer 2017.

Reviewer, OVC College Review Committee, OVC Scholarships. Spring 2017.

Interviewer, OVC admissions committee, multiple mini interviews (MMI). May 2017.

OVC College Review Committee, OVC Scholarships/Fellowships. March 2017.

Ontario Veterinary College collaboration workshop with Hebrew University. January 3-4, 2017.

Steering committee member, Ontario Veterinary College, Canada Excellence Research Chair proposal. 2017.
Poster judge for the Annual OVC Graduate Research Symposium. November 2016.

Participant, OVC Strategic Planning Committee. Fall 2016.

Interviewer, OVC admissions committee, multiple mini interviews (MMI). 2015.

OVC College Review Committee, Ontario Graduate Scholarships. 2015.

Poster judge for the Annual OVC Graduate Research Symposium. November 2014.

Dean’s Advisory Council, Ontario Veterinary College, University of Guelph. 2014 — 2016.

Data Boot camp Committee, Department of Population Medicine, Ontario Veterinary College, University of
Guelph. 2014-2015.

Master of Public Health (MPH) Program Committee, Ontario Veterinary College, University of Guelph. 2014-
current.

Research Methods 2 Curriculum Committee, Division of Epidemiology, Dalla Lana School of Public Health,
University of Toronto. 2011-2012.

Infectious Disease Curriculum Committee, Division of Epidemiology, Dalla Lana School of Public Health, University
of Toronto. 2011-2012.

MPH Admissions Committee, Division of Epidemiology, Dalla Lana School of Public Health, University of Toronto.
2011-2012.

Annual review committee for doctoral student progress, Division of Epidemiology, Dalla Lana School of Public
Health, University of Toronto. 2009-2011.

15. PROFESSIONAL SERVICE

Advisor, COVID-19 Task Force, Ontario Camping Association. March — May 2020.

Member, Public Health Agency of Canada, COVID-19 Modelling Technical Advisory Committee. February 2020 -
current
Committee Member, New Frontiers in Research Fund. Tri-agency Institutional Programs Secretariat. 2019-2020.

Advisory Board Member (invited), National Collaborating Centre for Infectious Disease (NCCID). 2019- 2024.

Mentor, 500 Women Scientists, Guelph, ON Pod. 2019-2020.
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e Invited speaker (volunteer), Let’s Talk Science, Science of Witchcraft and Wizardry at the University of Guelph.
November 2, 2019.

e Chair, NSERC Site Visit Committee (SVC). University of Saskatchewan Industrial Research Chair evaluation. June
2019.

e Evaluator, Graduate student oral presentation scoring. Canadian Association for Veterinary Epidemiology and
Preventive Medicine. May 2019.

e Team Member, Mathematics for Public Health Lab at York University (Fields CQAM lab).
https://www.cqam.ca/mathematics-for-public-health 2019 - current.

e Scientific Merit Reviewer, Canadian Nuclear Laboratories, Chalk River, ON. 2018-current.

e External Reviewer, Tenure and Promotion file for the Department of School of Epidemiology, Public Health and
Preventive Medicine, University of Ottawa. Winter 2019.

e Participant, Institut de Recherche en Sante Publique at Universite de Montreal - Delphi consultation on Zoonoses,
Winter 2018.

e External reviewer, UK Medical Research Council (MRC) funding proposals. November 2017.

e Member, Community for Emerging and Zoonotic Diseases (CEZD), Canadian Animal Health Surveillance System
(CAHSS).

e External reviewer, Discovery Grants (Mathematics and Statistics and Biological Sciences), Natural Sciences and
Engineering Research Council (NSERC). December 2017.

e Moderator, Modeling and Network Analysis Section, Conference of Research Workers in Animal Disease (CRWAD).
December 2017.

e Invited member, Federal Inuit TB Elimination Task Force (Modeling and health economic sub-group). 2017 — 2018.

e Advisory Group Member, ESRC funded pump-priming research project: “Antimicrobial resistance as a social
dilemma: Approaches to reducing broad-spectrum antibiotic use in acute medical patients internationally”. Led by
the University of Leicester (UK). January 2017 — current.

e External reviewer, Discovery Grants (Mathematics and Statistics), Natural Sciences and Engineering Research
Council (NSERC). December 2016.

e Invited member, Equestrian Canada (EC) and Canadian Animal Health Surveillance System (CAHSS) working group
for equine disease surveillance. November 2016 - current

e Workshop Organizer, Mathematical Biology for Understanding Emerging Infectious Diseases at the Human-
Animal-Environment Interface: a “*One Health” Approach. Banff International Research Station for Mathematical
Discovery and Innovation. November 2016.

e Technical advisor, Canadian Pandemic Influenza Plan Task Group (CPIP-TG). 2016 — current.

e Certified EpiCore member (www.epicore.org), providing timely input and expertise to speed up early detection of
global outbreaks in collaboration with Health Map and ProMed mail. 2016 — current.

e Strategic advisor, Serecon/Canadian Agricultural Health Coalition /Canadian Food Inspection Agency project on
Domestic Livestock Movement Demographic Study. 2014-2015.

e Reviewer, Wellcome Trust Sustaining Health Fund. 2015

e Moderator, Modeling for Public Health Group— National Collaborating Centre for Infectious Diseases, Winnipeg,
MB. 2014-2016.

e Organizer, Community of Interest in Disease Modeling, University of Guelph. 2014 — 2016.

e Session Moderator, Global Development Symposium. University of Guelph. May 2014.

e Consultant, United States Institute of Medicine (IOM) SMART vaccines beta tester on behalf of the Public Health
Agency of Canada, 2013-2015.

e Founding Co-Director, Decision Centre for Infectious Disease Epidemiology (DeCIDE). 2011-current.

e Associate Editor, BMC Public Health. 2011-2016.

e Core Investigator, York University, Centre for Disease Modeling. 2010 - current
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e Technical Advisor, Canadian Pandemic Influenza Plan (CPIP), Surveillance Annex Expert Advisory Group. 2013-
2014.

e Scientific Advisory Group Member, FitzGerald Seminar Series, University of Toronto. 2011-2014.

e Technical Advisor, Canadian Sustainable Antiviral Stockpile Working Group. 2011-2013.

e Organizing Committee, Canadian Pandemic Influenza Planning Meeting: Assumptions. Public Health Agency of
Canada, Winnipeg, Manitoba, February 2-3, 2011.

e Technical Advisor, Canadian Antiviral Scientific Advisory Group. 2010-2014.

e Organizing Committee, "One Health One Model: Modeling at the Animal-Human Interface”. 4 day meeting on
applying mathematical modeling to the “One Health” paradigm. University of Guelph, November 1-4, 2010.

e Co-organizer, Infectious Disease Epidemiology Afficionados Seminar Series. Hosted by the Fields Institute,
University of Toronto. 2009-2011.

e Ontario Agency for Health Protection and Promotion Medical Officers of Health “Scientific Webinar” on
Mathematical Modeling and Influenza, May 6, 2009.

e Technical Advisor, Canadian Pandemic Vaccine Task Group. 2009.

e Commentator on pandemic HiN1 waves for the Association of Public Health Epidemiologists in Ontario (APHEO).
2009.

e Workshop organizer, Keeping vulnerable populations safe from pertussis: using modeling tools to identify cost-
effective interventions for whooping cough. International Society for Pharmacoeconomics and Outcomes Research
(ISPOR). 2009

e Contributor, Symposium on Disaster Modeling for Public Health and Emergency Preparedness. 2008.

e Co-organizer, Ontario Agency for Health Protection and Promotion --- University of Guelph Center for Public
Health and Zoonosis meeting on collaborative efforts in human-veterinary health research, Ontario Central Public
Health Laboratory. 2008.

e Rounds Working Group, Child Health Evaluative Sciences. The Hospital for Sick Children. 2008.

e Coordinator, School of Life Sciences, See ASU (a community outreach program). 2006-2007.

Manuscript Reviewer: Journal of Infectious Diseases, Infectious Diseases and Therapy, Journal of Swine Health and
Production, Clinical Infectious Diseases, Annals of Epidemiology, BMC Public Health, European Journal of Internal
Medicine, Copeia, Emerging Infectious Diseases, Journal of Wildlife Disease, Epidemiology, Trends in Parasitology,
Vaccine, American Journal of Epidemiology, Nature Scientific Reports, Infection Control and Hospital Epidemiology,
Psychology, Health & Medicine, PLoS ONE, Canadian Veterinary Journal, CMAJ Open, Journal of Infection and Public
Health, Epidemics, BMC Veterinary Research, BMC Medicine, International Journal of Modern Physics B, Diseases of
Agquatic Organisms, Herpetological Revie, Frontiers in Ecology and Evolution, Equine Veterinary Journal

16. MEDIA

e “You want kindergarteners to social distance?”. Toronto Star. August 22, 2020.
https://www.thestar.com/news/gta/2020/08/22/opening-kindergarten-classes-present-a-myriad-of-problems-
physical-and-emotional.html

e “What Ontario schools can learn from elsewhere about making schools safer from COVID-19. CBC News. July 17,
2020.https://www.cbc.ca/news/canada/toronto/ontario-covid-19-school-return-class-september-coronavirus-
1.5649529

e “As Ontario heads into Stage 3, pressure grows for full-time school plan amid COVID-19”. CBC News. July 15, 2020.
https://www.cbc.ca/news/canada/toronto/covid-19-ontario-stage-3-school-reopening-1.5648796

e “Medical experts open letter to government: balance needed in COVID restrictions”. Radio Canada International.
July 9, 2020. https://www.rcinet.ca/en/2020/07/og/medical-experts-open-letter-to-government-balance-needed-in-
covid-restrictions/

e "“Health experts press Ottawa for a more ‘balanced approach’ to tackling COVID-19 pandemic”. The Globe and Mail.
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July 7, 2020. https://[www.theglobeandmail.com/canada/article-health-experts-press-ottawa-for-a-more-balanced-
approach-to-tackling/

e “Here we go: Reopening is upon us. But just remember there’s still a pandemic”. Toronto Star. June 22, 2020.
https://www.ourwindsor.ca/opinion-story/10039656-bruce-arthur-here-we-go-reopening-is-upon-us-but-just-
remember-there-s-still-a-pandemic/

e “How ‘superspreading’ helps drive the coronavirus pandemic”. Global News. June 14, 2020.
https://www.vice.com/en_ca/article/ep44ne/bryan-adams-is-the-latest-vegan-to-falsely-blame-the-pandemic-on-
meat

e “The COVID-19 pandemic is remapping childhood- and the effects may linger”. Maclean’s. June 11, 2020.
https://www.macleans.ca/society/health/covid-19-pandemic-coronavirus-canada-children-effects/

e “COVID reopening: hoping it goes right- watching carefully how it might go wrong”. CBC Radio Quirks and Quarks.
May 29, 2020. https://www.cbc.ca/radio/quirks/may-30-swearing-makes-pain-more-tolerable-mt-st-helens-4o-
years-later-and-more-1.5589125/covid-reopening-hoping-it-goes-right-watching-carefully-how-it-might-go-
wrong-1.5589127

e ‘“Infection rate continues to slide despite broader COVID-1g testing. CBC News. May 19, 2020.
https://lwww.cbc.ca/news/canada/ottawa/covid-19-tuesday-report-1.5575679

e “Bryan Adams is the latest vegan to falsely blame the pandemic on meat”. Vice. May 12, 2020.
https://www.vice.com/en_ca/article/ep44ne/bryan-adams-is-the-latest-vegan-to-falsely-blame-the-pandemic-on-
meat

e “Everything you need to know about her immunity. Hint: we're a long way off”. Maclean’s. May 8, 2020.
https://www.macleans.ca/opinion/everything-you-need-to-know-about-herd-immunity-hint-were-a-long-way-off/

e "“Periodic physical distancing for COVID-19 control: new modelling study”. Science Daily. April 8, 2020.
https://www.sciencedaily.com/releases/2020/04/200408125523.htm

e "2 new deaths, 29 new COVID-19 cases identified in Ottawa” Global News. April 9, 2020.
https://globalnews.ca/news/6801078/new-deaths-covid-19-cases-ottawa-april-9/

e "“What the COVID-19 ‘new normal’ could look like” Toronto Star. April 12, 2020. https://www.toronto.com/news-
story/9940057-what-the-covid-19-new-normal-could-look-like/

e “Coronavirus: Supply squeeze creates dilemma for doctors on who to test”. NOW magazine. March 23, 2020.
https://nowtoronto.com/news/coronavirus-testing/

e “Stopping COVID-19 could require eight months of ‘aggressive social distancing,” outbreak modelling shows.
National Post. March 21, 2020. https://www.thechronicleherald.ca/lifestyles/health/stopping-covid-19-could-
require-eight-months-of-aggressive-social-distancing-outbreak-modelling-shows- 427703/

e “Nail and Hair salons are beginning to close. How will this affect workers?” Teen Vogue. March 20, 2020.
https://www.teenvogue.com/story/nail-and-hair-salon-workers-coronavirus

e “Containment if futile: is the COVID-19 coronavirus the pathogen of the century ‘everyone is waiting for’? National
Post. March 7, 2020. https://www.thechronicleherald.ca/lifestyles/health/containment-is-futile-is-the-covid-19-
coronavirus-the-pathogen-of-the-century-everyone-is-waiting-for-420760/

e “Coronavirus testing ramps up as Ontario searches for missed cases”. Toronto Star. March 5, 2020.
https://www.thestar.com/news/gta/2020/03/o5/coronavirus-testing-ramps-up-as-ontario-searches-for-missed-
cases.html

e "COVID-19 and pandemic preparedness” CBC Kitchener Waterloo. March 5, 2020.

e "“COVID-19 and pandemic preparedness” Guelph Politico podcast. March 5, 2020.

e "COVID-19 and pandemic preparedness” CTV’s Your Morning. March 3, 2020.
https://www.youtube.com/watch?v=10h49QE2vis&feature=youtu.be

e “Preparing for COVID-19” The Ryan Jespersen Show on 930 CHED (Edmonton). March 2, 2020.

e “Canada could move to more active surveillance of COVID-19. Here’s what that means”. Global News. February 28,
2020. https://globalnews.ca/news/6611251/coronavirus-surveillance-canada/
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“*COVID-19 How to prepare at home for potential quarantine” CTV News. February 28, 2020.
https://www.ctvnews.ca/mobile/health/covid-19-how-to-prepare-at-home-for-potential-quarantine-1.4832097
“Are we prepared for a pandemic?” The Bill Kelly Morning show on gooCHML. February 27, 2020.
“Coronavirus testing ramps up as Ontario searches for missing cases”. Toronto Star. March 5, 2020.
https://www.thestar.com/news/gta/2020/03/05/coronavirus-testing-ramps-up-as-ontario-searches-for-missed-
cases.html
“Containment is futile: Is the COVID-19 coronavirus the pathogen of the century everyone is waiting for?” National
Post. March 7, 2020. https://nationalpost.com/health/coronavirus-covid-19-pandemic
“Canada could move to more active surveillance of COVID-19. Here’'s what that means”. Global News. February 28,
2020. https://globalnews.ca/news/6611251/coronavirus-surveillance-canada/
“Social distancing could go a long way toward slowing down COVID-1g9, researchers say”. March 11. Toronto Star.
https://www.thestar.com/news/gta/2020/03/10/social-distancing-could-go-a-long-way-toward-slowing-down-
covid-19-researchers-say.html
“The landscape of One Health”. Summer/Fall 2019. The Crest.
https://ovc.uoguelph.ca/sites/default/files/users/k.mantel/files/CREST_SF2019_webversion_a.pdf
“The Super Awesome Science Show podcast”. August 6, 2019. https://curiouscast.ca/podcast/321/super-awesome-
science-show-sass/
“Tools to help predict disease spread”. April 19, 2019. Harness Link Magazine.
http://[www.harnesslink.com/News/Guelph-research-looks-at-tools-to-help-predict-disease-spread-in-horse-
population
“Guelph research looks at tools to help predict disease spread in horse populations”. March 2019. Equine Guelph
News. https://www.equineguelph.ca/news/index.php?content=609
“Warming climate implies more flies —and disease”. February 20, 2019. Scientific American Podcast.
https://www.scientificamerican.com/podcast/episode/warming-climate-implies-more-flies-mdash-and-disease/
“Climate change could increase foodborne iliness by energizing flies”. February 14, 2019. Science News.
https://www.sciencenews.org/article/climate-change-increase-campylobacter-infections-flies
"Study suggests global warming could cause more cases of food poisoning”. February 13, 2019. Medical Xpress.
https://medicalxpress.com/news/2019-02-global-cases-food-poisoning.html
“Food poisoning cases could surge as climate change brings swarms of flies, scientists warn”. February 13, 2019.
The Independent. https://www.independent.co.uk/news/science/food-poisoning-flies-climate-change-disease-
global-warming-insects-campylobacter-a8776001.html
“University of Guelph studies barn interactions and disease patterns”. May 15, 2017. American Farriers Magazine.
https://www.americanfarriers.com/articles/q167
“University researchers studying horse contact patterns”. April 28, 2017. The Wellington Advertiser.
http://www.wellingtonadvertiser.com/comments/index.cfm?articleID=35530
“Connectedness of horse world revealed in study of Canadian dressage show” June 27 2017. Horse Talk Magazine
NZ. http://www.horsetalk.co.nz/2017/06/23/connectedness-horse-world-dressage-show/#1vFAoTqSe6GA4koU.qq
“RFID unbridles pathogen transmission research”. April 2017. RFID Journal.
http://www.rfidjournal.com/articles/view?15956
“Study tracks real-time contact between horses and humans”. March 2017. Horse Talk Magazine NZ.
http://www.horsetalk.co.nz/2017/03/27/real-time-contact-horses-humans/#axzz4etu2DCZL

“Using radio frequency identification (RFID) tags to help track horses’ movement and interactions”. March 2017.

Equine Guelph, Equine News. http://www.equineguelph.ca/news/index.php?content=503
“Researcher wants to learn more about horse flu on PEI”. CBC news. October 2016.
http://www.cbc.ca/news/canada/prince-edward-island/pei-horse-flu-1.3822529
“How to prevent the spread of equine disease”. Straight from the Horse’s Mouth Radio Show. March 2016.
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e How a Toronto company used big data to predict the spread of Zika. Toronto Star. 22 February 2016.

o ‘Infectious diseases in a horse show environment”. Equine Guelph Research Radio. June 2015.

e “Fighting epidemics by connecting the dots”. The Horse Sport. May 2015.

e “eisforEbola”. The American Mathematical Society (AMS) blog. October 2014.
http://blogs.ams.org/blogonmathblogs/2014/10/01/e-is-for-ebola/#sthash.P1SVBdtv.dpbs

e “This math model is predicting the Ebola outbreak with incredible accuracy”. October 2014.
https://motherboard.vice.com/en_us/article/this-math-model-is-predicting-the-ebola-outbreak-with-incredible-

accuracy

17. TEACHING
University of Guelph, Guelph, ON
e Course coordinator, Infectious Disease Modeling (POPM*6800). 2020.
e Course coordinator, Infectious Disease Modeling (POPM*6950-01). 2019.
e Co-course-coordinator, Seminar (POPM*6200). 2018-2019.
e Course coordinator, Infectious Disease Modeling (POPM*6950-01). 2018.
e Course coordinator, Infectious Disease Modeling (POPM*6950-01). 2017.
e Course coordinator, Mathematical Epidemiology (POPM*6950-02). 2015.
Dalla Lana School of Public Health, University of Toronto, Toronto, ON
e Guest lecturer. Topic: Enteric infectious disease epidemiology and outbreak investigation. 2015.
Canadian Society for Epidemiology and Statistics
e Short course on Mathematical Modeling of Infectious Diseases: A practical introduction. 6 hour
webinar. 2015
Queen'’s University, Kingston, ON
e Guest lecturer, Department of Public Health Sciences, Infectious Disease Epidemiology. Topic: A
practical introduction to mathematical epidemiology. 2013 & 2014.
North American Congress of Epidemiology, Montreal, QC
e Short course in Mathematical Modeling of Infectious Diseases: Beyond the basics. 2011.
Dalla Lana School of Public Health, University of Toronto, Toronto, ON
e Co-course-coordinator, Infectious disease epidemiology (CHL 5412). 2011
e Group leader, Introduction to Public Health Sciences (CHL 5004). 2011
e (Co-course-coordinator, Research methods Il (CHL 5408). 2011.
e Co-course-coordinator, Short course in Mathematical Modeling of Infectious Diseases: An
Introduction to Agent Based Models. 2010.
Society for Medical Decision Making, Hollywood, CA
e Short course in Mathematical Modeling of Infectious Diseases: An Introduction to Agent Based
Models. 2009 & 2010.
Hospital for Sick Children, Toronto, ON
e Reading group co-organizer and leader, Biostatistical Methodology Unit. 2008-2009.
Arizona State University, Tempe, AZ
Teaching assistant, Introductory biology for majors. 2004-2006.
Teaching assistant, Introductory biology for non-majors. 2003-2004.
Scientific curriculum instructor. 2005-2007.
e Lecturer, Learning Resource Centre. 2007.
Trent University, Peterborough, ON
e Sessional lecturer, Population ecology. 2003.
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PROFESSIONAL DEVELOPMENT

Unconscious Bias training module. CIHR. February 2020.

Introduction to OneNote teacher academy. Microsoft Educator Centre. November 19, 2019.

OneNote class notebook: a teacher’s all-in-one notebook for students. Microsoft Educator Centre. November 13,
2019.

Certified Microsoft Innovative Educator. Microsoft Educator Centre. November 13, 2019.

Transform learning with Microsoft Teams. Microsoft Educator Centre. November 1, 2019.

Crafting a collaborative learning environment with Class Teams. Microsoft Educator Centre. November 1, 2019.
Participant, Introduction to Ontario’s Incident Management System (IMS 100), certificate of successful completion
issued by the Ministry of the Attorney General. October 2019.

Member, National Centre for Faculty Development and Diversity August 2017 — current.

Project-based learning (PBL) as a vehicle for high impact practices: reinventing courses. Worchester Polytechnic
Institute (WPI). November 2019

Best Practices in Graduate Student Supervision, University of Guelph. April 2017.
Challenging Traditional Assessments through Team Based Learning, University of Guelph. January 2017.

Media training, University of Guelph. June 2016.

Making Education Accessible, University of Guelph online module. This course provided an introduction to universal
instructional design (UIP). June 2014.
Learner-Centred Assessment, Open Learning and Educational Support, University of Guelph. July 2014.

18. VOLUNTEER EXPERIENCE

Volunteer, Waverley Drive Public School- “Waverley Weekender” Food Program, Guelph, ON. 2018 — current.
Member, Waverley Drive Public School Parent Council, Guelph, ON. 2017 — current.

Partners in Research. 2017 — current.

Early literacy volunteer, Waverley Drive Public School, Guelph, ON (1 afternoon per week). 2015-2016.

Guest Speaker, Cobourg District Collegiate Institute West, Department of Biology, Cobourg, ON. 2009

Volunteer, Paediatric Oncology Playroom, Phoenix Children’s Hospital, Phoenix, AZ (4 hours per week). 2003-2007.
Coordinator, Ask a Biologist Program, Arizona State University. 2005-2007.
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Susan Ursel

Direct Dial: (416) 969-3515
(416) 558-0555 (cell)

E-mail: sursel@upfhlaw.ca

UPDATED
September 10, 2020
Sent via E-mail (agreer@uoguelph.ca)

Dr. Amy Greer
50 Golfview Road
Guelph, Ontario
N1E 1A6

Dear Dr. Greer:

Re: Ontario Secondary School Teachers’ Federation- COVID-19 and Health and
Safety in Ontario Schools and Other Education Worksites; Our File 2565697

As you know, | am counsel to the Ontario Secondary School Teachers’ Federation (“the
OSSTF”) and | currently represent and advise them with respect to the SARS-CoV-2
virus, commonly referred to as COVID-19, and Health and Safety in Ontario Schools and
Other Education Worksites. The OSSTF represents more than 60,000 education workers
in Ontario.

Our work in this regard is carried out in cooperation with the Elementary Teachers’
Federation of Ontario (“ETFO”), the Ontario English Catholic Teachers’ Association
(“OECTA”) and the Association des enseignantes and des enseignants franco-ontariens
(“AEFO”).

As you know, our case before the Ontario Labour Relations Board is proceeding, and we
expect that you will be called as an expert withess in your capacity as an epidemiological
advisor to the OSSTF. Prior to your testimony, we request that you provide us with a
written report — that will be shared with both counsel to the unions named above, and with
all parties to this matter — that provides your expert opinion on the following questions:

1. Can you explain from an epidemiological viewpoint the transmission and infection
mechanisms and rates of, and outcomes of infection by the SARS- CoV-2 virus,
commonly referred to as COVID-19?

2. What does the term “cohort” mean to you?
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3. How do you understand the term “cohort” to be used in the Guide to Reopening
Ontario’s Schools?

4. What is population disease modelling?
5. What is network epidemiology?

a. How does network epidemiology relate to the question of assessing the
health and safety of education workers in the context of school re-opening
in Ontario, during the COVID-19 pandemic?

6. From the perspective of network epidemiology, what is the goal of physical
distancing?

7. From the perspective of network epidemiology, what is the goal of mask use? Does
that differ with different kinds of masks?

8. From the perspective of network epidemiology, what is the goal of wearing PPE
(such as gloves and face shields)?

9. What is the risk that a COVID-19 infected individual (student or staff) will enter a
school setting on any given day?

10.What sort of outcomes might we expect if a COVID-19 infected individual transmits
their infection within the school setting? For each response, is it possible to visually
represent the outcomes, using for example a network epidemiology diagram?

a. What — if any — are the impacts of different class sizes on these expected
outcomes, to the extent that those impacts can be assessed? Please
specify what class sizes you considered.

b. What — if any — are the impacts of differing physical distancing (1 m vs 2 m)
on these expected outcomes, to the extent that those impacts can be
assessed?

c. What — if any — are the impacts of a fully-masked classroom (students and
education workers) on these expected outcomes, to the extent that those
impacts can be assessed?

d. What — if any — are the impacts of a classroom where only the education
workers are masked on these expected outcomes, to the extent that those
impacts can be assessed?
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e. How - if at all — do the impacts of mask-wearing differ depending on what
kind of mask is being worn?

f. What — if any — are the impacts of different sizes of cohort (50 direct and
indirect in-school contacts vs 100 direct and indirect in-school contacts,
within a 14-day period) on these expected outcomes, to the extent that
those impacts can be assessed? Please consider the impact of these cohort
sizes on both students and staff.

g. What — if any — are the impacts of layering two or more of the different
infection prevention and control strategies on these expected outcomes, to
the extent that those impacts can be assessed?

11.From the perspective of network epidemiology, what is the potential role of itinerant
workers who work at different workplaces, such as occasional teachers,
professionals such as speech pathologists, or educational assistants?

12.Based on the above opinions, what is your professional opinion about the relative
importance of each measure or group of measures to control for or reduce the
transmission and infection of COVID-19 in a public school setting for:

a. an elementary school?
b. a middle school?
c. asecondary school?

d. a school bus?

13.Also based on the above, what is your professional opinion on the sufficiency of
the health and safety measures required under the Guide measures to control for
or reduce the transmission and infection of COVID-19 in a public school setting
for:

a. an elementary school?
b. a middle school?
c. asecondary school?

d. aschool bus?
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14. Finally, in your professional opinion, what changes, amendments or other
requirements would you recommend be made to the Guide in order to protect the
health and safety of education workers?

Please set out your expertise as a population disease modeller and epidemiologist at the
beginning of your report, and provide us with an updated CV.

Please also clearly set out any assumptions you make in responding to the below
questions, as well as specifying where necessary the kind of school or re-opening
approach considered.

Please also clarify what types of transmission (droplet, fulmite, or aerosolized) you have
looked at in responding to each question.

Finally, please note that we may pose additional questions on masks and mask use.

We look forward to receiving your report, and are available to clarify questions or provide
additional factual context as required.

Yours truly,

Ursel Phillips Fellows Hopkinson LLP

Susan Ursel
SU/EFCE/kmc
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STATEMENT OF MY EXPERTISE AND EXPERIENCE

1.

I am an infectious disease epidemiologist, and mathematical modeler with expertise in population
disease dynamics, epidemics, and pandemics. | received my PhD in infectious disease dynamics from
Arizona State University in 2007 and completed additional research training as a postdoctoral fellow
at the Research Institute of the Hospital for Sick Children between 2007 and 2009. In 2009 | was
recruited by the Public Health Agency of Canada (PHAC) as a result of my ongoing contributions to
both provincial and federal pandemic response activities during the 2009 influenza A (H1N1)
pandemic. Between 2009 and 2014, | held scientific positions in the Centre for Communicable
Diseases and Infection Control at PHAC where | was actively involved in a number of public health
related projects related to sexually transmitted infections, tuberculosis, and seasonal and pandemic
influenza. | was actively involved in the federal response to the 2009 HIN1 influenza A pandemic
(specifically related to public health interventions such as non-pharmaceutical, antiviral, and vaccine
interventions) during this time. | began my appointment as a Canada Research Chair (Tier 2) in
Population Disease Modeling at the University of Guelph in January 2014 and was awarded tenure
and promoted to Associate Professor in July 2018. I also currently hold academic appointments in the
Division of Epidemiology at the Dalla Lana School of Public Health at the University of Toronto, and
the School of Public Health and Health Systems at the University of Waterloo. | have also provided
technical input into the Canadian Pandemic Influenza Plan for the healthcare sector (CPIP),
specifically the surveillance, vaccine, and antiviral annexes. My full CV is attached as Tab 1.

I have spent the last 17 years conducting research to explore the introduction, spread, dynamics, and
control of infectious diseases in populations with a specific focus on epidemics and pandemics. |
integrate empirical data with mathematical and statistical models to test the mechanisms leading to
the epidemic spread of pathogens with the overall goal being to examine the effectiveness of public
health interventions in order to make informed decisions regarding public health policy.

In the course of my scientific career | have conducted high quality ongoing research activities and
have demonstrated significant scholarly activity. | have served in an independent, research leadership
role since 2007 as shown in the Sections 2 & 3 of my CV. As shown in Section 4 of my CV, | have
acquired independent research funding to pursue research questions, trained graduate students to
conduct the research and transferred research outcomes to end users via peer-reviewed publications,
presentations at scientific conferences and knowledge translation activities. As shown in Section 7 of
my CV, | have been successful in transferring research outcomes from my program of research to the
public and scientific community in the form of peer-reviewed publications, conference presentations,
and other non-technical communications. As shown in Section 7 of my CV, | have published 75
manuscripts in high-quality, peer-reviewed journals. Twenty-two of these manuscripts relate to
pandemics, and seven are specific to the dynamics of COVID-19 in Canada (Section 7 of my CV,
manuscripts 68, and 70-75). Based on Google Scholar analytics, my research has been cited 1839
times (905 in the past 5 years: h-index = 22, and i10-index = 26). | also have an additional 7 papers
currently under review (as shown in Section 8 of my CV). These include 1 additional paper (Section
8, manuscript 7) that describes Canadian compliance with physical distancing measures.

In addition to peer-reviewed manuscripts, my research program has produced 127 conference
presentations and abstracts (as shown in Section 11 of my CV). These presentations occurred at
conferences including the International One Health Congress, the International Conference on
Emerging Infectious Diseases, and the International Conference on Network Science. | have been an
invited speaker at 61 other scientific events including local events (e.g. University of Guelph Centre
for Public Health and Zoonoses Symposium), national events (e.g. National Collaborating Centre for
Infectious Diseases (NCCID)), and international events (International Meeting on Emerging Diseases
and Surveillance (IMED)). | have also provided financial and mentoring support for 21 trainees



(including postdoctoral fellows, graduate students, and undergraduate students) at the University of
Guelph and at the University of Toronto.

I also serve on several Advisory Boards and committees including the National Collaborating Centre
for Infectious Diseases (NCCID), and the PHAC Modelling Advisory Group for COVID-19. In
addition, | have served on the Federal Inuit Tuberculosis Elimination Task Force organized and led
by Inuit Leadership at Inuit Tapiriit Kanatami (ITK) to provide support for the goal of eliminating
(WHO definition) TB from Canada’s Inuit population by 2025.

Based on the above assessment and further supported by additional details which can be found in my
attached CV, | believe that | have demonstrated my expertise as an infectious disease epidemiologist
and mathematical modeler and that | have made significant contributions in all areas of my research
focus specifically in the area of outbreaks and pandemics, including with respect to COVID-109.
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In this report, | will address a number of different questions as posed to me by counsel to the OSSTF
in a letter attached at Tab 2, related to the epidemiology and disease transmission dynamics of SARS-
CoV-2, the causative agent of COVID-19 with a specific focus on the Ontario population and the
Ontario public education setting.

QUESTION: Can you explain from an epidemiological viewpoint the transmission and infection
mechanisms, and rates of, and outcomes of infection by the SARS- CoV-2 virus, commonly referred
to as COVID-19?

The current coronavirus (COVID-19) pandemic represents a unique challenge for public health and
health care systems. One of the most useful metrics for assessing a novel virus is to understand the
basic reproductive number (R0). RO is the number of secondary infections caused by a single infected
individual in a fully susceptible population. It is a measure of epidemic potential. The SARS-CoV-2
virus is highly transmissible 12 with an estimated average reproductive number (RO) of 2.5 (range 1.8-
3.6) 3. This makes SARS-CoV-2 more transmissible than SARS-CoV, the 1918 influenza pandemic,
MERS-CoV, and the 2009 influenza A (H1N1) pandemic 3. It also means that if transmission is
unmitigated, the epidemic grows rapidly.

Since the initial emergence of SARS-CoV-2, the scientific community has learned much more about
the possible modes of transmission of this virus and their relative contributions to the overall
observed dynamics. The general consensus remains that the primary mode of COVID-19 transmission
is through direct, indirect, or close contact with infected people through contact with respiratory
droplets which are generated when an infected person cough, sneezes, talks, or sings *. These droplets
(typically > 5-10 microns in size, where 1 micron = one millionth of a metre) contain virus particles
which can then come into contact with the mouth, nose and/or eyes of a person who is susceptible to
the virus and result in an infection. Another route of transmission related to droplet transmission is
fomite transmission. This is often also called a form of indirect transmission. This refers to the case
when the respiratory droplets land on surfaces and/or objects in the environment (e.g. doorknobs,
railings, desktops etc.) and contaminate them with virus. These virus particles can remain on these
surfaces for hours up to days. The length of time that a virus survives on a surface is related to the
environmental conditions (e.g. temperature, humidity, UV exposure etc.) as well as the material that
the surface is made of . There is evidence that virus persistence and transmission by contaminated
fomites is possible and likely plays a role in transmission but is not the dominant mode of
transmission *°. There has been much debate over the last 6 months about the contribution of airborne
(aerosol) transmission routes. Aerosol transmission is characterized as the spread of the virus by
droplet nuclei (aerosols) which are < 5 microns in diameter. These droplet nuclei can be suspended in
the air for longer periods of time due to their small size and travel over greater distances °. Aerosol
transmission is also sometimes called indirect transmission. It has been accepted that in healthcare
settings, certain types of medical procedures are aerosol generating however, more recently the
question has been raised about the possibility of SARS-CoV-2 spread via aerosols in non-healthcare
related settings, specifically indoor settings with poor ventilation *. The role of aerosol spread of
SARS-CoV-2 in examples of “super-spreading” events where an infected individual infects many
more people than we would expect based on the average RO has been implicated in outbreaks related
to crowded indoor settings like a choir outbreak in Washington’, a restaurant outbreak in China &, and
an outbreak associated with indoor fitness classes in South Korea °. Emerging data now suggests that
in some types of settings, specifically in crowded indoor settings with poor ventilation where people
congregate for longer periods of time, microdroplet aerosols likely contribute to SARS-CoV-2
transmission °. It is also important to note, that the RNA from SARS-CoV-2 has also been detected
in other biological samples, including the urine and feces of some patients 2 . To date, however,
there have been no published reports of known transmission of SARS-CoV-2 through feces or
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urine. Therefore, it is the case, that droplet transmission, aerosol transmission, and fomite
transmission contribute to the observed transmission dynamics of SARS-CoV-2.

SARS-CoV-2 is the causative agent of COVID-19. The virus causes moderate to severe illness in
approximately 20% of cases . Children younger than 13 years of age are more likely to have a
higher proportion of asymptomatic infection than adolescents or adults ***°. In addition, one of the
more challenging aspects of COVID-19 biology is the contribution of pre-symptomatic transmission.
Pre-symptomatic transmission is defined as transmission from an infected individual (source) to
another (secondary) individual before the first (source) individual has developed symptoms and it can
range from 1-2 days before symptom onset 6. The proportion of infections that occur prior to
symptom onset or by asymptomatic transmission is a critical component related to our ability to
control an infectious disease outbreak. When this value is high (as is the case for COVID-19), disease
control becomes more difficult . A population wide cohort study was conducted in Ontario to
examine sex-specific differences in COVID-19 testing, cases, and outcomes using data from all
Ontario residents who received a nasopharyngeal swab for SARS-CoV-2 between January 23, 2020
and April 28, 2020 8. In general, hospitalization rates in Ontario were higher in men than women and
rates increased with age 8. An additional Ontario study using the same dataset drawn from the
Ontario integrated public health information system (iPHIS), examined factors associated with
mortality for individuals diagnosed with COVID-19 in Ontario between January and May, 2020 *°.
This study demonstrated that age and co-morbidities (specifically, diabetes, renal disease, and
immune compromise) were strong predictors of mortality *°.

QUESTION: What does the term *“cohort” mean to you?

In the case of COVID-19 and school re-opening plans, many different documents use the term
“cohort” to refer to a group of individuals in different ways that are not in the original “spirit” of the
term cohort and how it is used in infection prevention and control.

The Merriam-Webster dictionary defines a cohort as 1) a group, or 2) as a group of individuals having
a statistical factor (such as age or class membership) in common in a demographic study. While the
common definition does not specifically indicate the size of the group, the infection prevention and
control literature often uses the term “cohort” to describe a smaller subset of individuals from within
a larger group. The term is often used to refer to the assignment of dedicated staff to a smaller subset
of patients within a hospital ward as a way to reduce the potential for the transmission of an infectious
pathogen within a hospital setting or to interrupt ongoing transmission as one might see in a hospital
outbreak. It specifically relates to the formation of a small group of individuals who could be at risk
of exposure by treating them as a small “unit” or cohort as a way to limit further or more widespread
transmission. The term cohort also applies to staff. For instance, staff cohorting in a healthcare
setting refers to the assignment of a specific healthcare provider to care for/have contact with only a
single small “cohort” of patients. Staff cohorting can be used to limit the number of staff interacting
with a small group of patients in order to reduce the potential for transmission of a pathogen between
cohorts (Figure 1).



FIGURE 1: In network analysis, each individual in the network is represented by a node (circle) and contact
between individual nodes is represented by edges (the lines between nodes). The degree of a node (sometimes
called degree centrality) is a count of the number of unique edges that are connected to it. Each panel assumes a
hospital ward with 16 patients (grey) and 4 healthcare workers (HCW: blue). We also assume that patients do
not have direct contact with one another and only come in contact with the HCW. The node (circle) size in
each panel is scaled by the degree metric so larger nodes represent individuals in the network who have more
contacts than others. Panel A, all 4 HCW care for all 16 patients so HCW have a higher degree (more
contacts with patients and other HCW). Panel B, HCW are now “cohorted” to smaller groups of patients so
the same two HCW only have contact with the same eight patients and do not provide patient care duties to
patients in the other cohort. However, the HCW are not cohorted among themselves and so social contact
between HCW results in bridge contacts which presents an opportunity for disease transmission between the
cohorts. Panel C is the same as Panel B but in this case the bridge HCW only has contact with one of the
HCW from the other cohort. Panel D represents the protective effect of true cohorting between the groups. In
this case, HCW have a higher number of contacts (higher degree) but because there is no contact between the
groups, if SARS-CoV-2 was introduced to one of the cohorts fewer people would be exposed and the
maximum outbreak size would be reduced as there is no bridge to permit the pathogen to spread into the other
cohort.
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In this case, a healthcare worker would be primarily responsible for a small cohort of patients and
would have little to no contact with patients or staff from other cohorts. We can view this from the
perspective of network epidemiology, where structuring the patient/staff groups into small cohorts
means that the network is more fragmented and so the transmission potential of a pathogen is limited
as it would not be able to spread between cohorts given an introduction. As soon as we permit any
movement or overlap of individuals (e.g. a staff member who interacts with 2 different cohorts of
people), you create a transmission bridge between the cohorts which makes it possible for the
pathogen to spread much more widely (Figure 1). The goal of “cohorting” is ultimately to reduce the
overall number of contacts that any one individual has with other people while at the same time
reducing the number of “bridges” that could act to connect otherwise distinct groups or cohorts.

When we’re thinking about schools, this approach to “cohort” means you cohort an education worker
with a smaller group of students, and they only interact in this group. This reduces the number of
contacts every individual in the cohort has and therefore reduces the risk of exposure. It is also very
important to consider that educators should also be cohorted as well. In this way, direct, in-person
close proximity contacts would be minimized between educators with “professional” cohorts of staff
in addition to “learning” cohorts that include students. School wide meetings should still be
conducted remotely in order to minimize staff contacts. Cohorting in the true sense of the word is also
helpful because by creating smaller cohorts of students within the same physical space you
concurrently provide improved opportunities for physical distancing within the cohort which reduces
the risk of transmission within the cohort given an introduction. It should also be noted that in
response to increasing COVID-19 community transmission the Ontario Provincial government
announced on September 19, 2020 that they would be reducing private gathering limits to 10 people
indoors and 25 people outdoors.

It should also be noted, that in July, 2020 the Ministry of Education published the Operational
Guidance during COVID-19 Outbreak — Child Care Re-Opening (Version 2) . In this document it
outlines a requirement to cap childcare cohorts to 15 children and it also states (on page 6) that
although staff are not included in this number they should be considered a part of the cohort that stays
together 2. In late August, 2020, the Ministry updated their Guidance document for child care settings
in Version 3 of the document %, The revised document from August specifically states that one of the
changes to the document is a revised cohort size to maximum group sizes set out under the Child Care
are Early Years Act, 2014 (CCEYA) as of September 1, 2020 #. Specifically, the updated guidance
document now lists maximum child care group sizes on page 8 that exceed the previously
documented maximum of 15 children 2.

QUESTION: How do you understand the term “cohort” to be used in the Guide to Re-opening
Ontario’s Schools?

The term “cohort” is used in the Guide to Re-opening Ontario’s Schools as per the Merriam-Webster
dictionary definition where it refers to a group of individuals with something in common. In this case,
the commonality is that the “cohort” is a group of students who are all students in the same class (this
applies to both elementary and secondary schools). On page 3 of the Guide, it states that elementary
students will remain in one cohort for the full day. In this case it refers to all of the students assigned
to the class. It further states that the “cohorted” classes will stay together with one teacher, where
possible. On page 7 of the Guide, it states that “cohorting refers to the practice of keeping students
together in a small group throughout their school day, with limited exposure to multiple teachers or a
wide variety of classmates”. In the current implementation of the Guide in Ontario schools, this is not
true. Elementary cohorts do not in fact, refer to small groups of students but rather to regular class
sizes and therefore, students have the exact same number of exposures to the number of classmates
they would have encountered on a typical school day in their pre-pandemic classroom. For the
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Secondary school setting, as described on page 4, it does appear that in “designated” boards that open
with an adapted model, the term “cohort” is used in a way that is more in line with infection
prevention and control in that class cohorts will be reduced to approximately half the per-pandemic
class size (so 15 students in a class cohort rather than 30 students as may have been the case pre-
pandemic). In this situation, the “cohorting” of students into smaller groups seems to be implemented
in a way that would result in a more limited number of student-to student contacts compared to the
pre-pandemic case. However, many secondary schools in non-designated boards are returning to pre-
pandemic class sizes that will not reduce the number of exposures that students have within a class
and in fact, secondary students in all boards will participate in multiple classes in a single day (and
therefore be members of multiple class cohorts and have contact with multiple educators). This means
that these classes effectively become a single “cohort” making risk of disease transmission between
the groups higher than if they were fully distinct.

It becomes confusing because the government is using this term in the Guide in a way that now refers
to each individual classroom a cohort, but it really goes against the original use and intention of the
word as it is intended in infection control. Cohort means creating a smaller group of individuals in
order to reduce the overall number of contacts compared to the pre-pandemic period. If you have the
same number of students in a classroom and one teacher (the same as pre-pandemic school), that is
not a cohort. That is using the terms cohort and class interchangeably. A class or classroom is not
functionally a cohort because it does not reduce the number of pandemic contacts/exposures that a
student would have compared to the pre-pandemic setting.

QUESTION: What is population disease modelling?

Population disease modelling is a methodological approach to the study of the introduction and
spread of an infectious pathogen within a population. The field is highly interdisciplinary drawing on
methods and analytical tools from mathematics, statistics, public health, biology, medicine, and
computer science. A mathematical model is a virtual experiment set up to test a hypothesis. It creates
a controlled environment where complex relationships between biological, environmental,
demographic and behavioural factors can be represented using mathematical constructs.

In public health, we are tasked with making decisions about what sort of public health policy will be
most beneficial. In an ideal world we would evaluate interventions by measuring the effects
directly. However, often times that is just not feasible for a variety of reasons (and certainly not in a
pandemic). In this case, mathematical modeling/population disease modeling can be a useful tool for
describing a complex system and putting what we know about the natural history of COVID-19 into a
mathematical framework, running computer simulations to examine a wide range of “what if”
scenarios and then communicate those findings to decision-makers who can use them to help inform
the discussion of the next best steps in terms of planning, programs and policies.

QUESTION: What is network epidemiology?

Contact networks (sometimes called social networks) directly influence the opportunities for a
pathogen such as SARS-CoV-2 to transmit within a population. The connections that exist between
individuals within the population represent a “roadmap” of sorts on which the pathogen is able to
travel between different people within the population. For a pathogen such as SARS-CoV-2, which is
transmitted by close contact and/or droplets from person to person, the network or web of contacts
forms the network structure upon which the pathogen can spread. Network epidemiology is then the
study of the relational ties among members of a single bounded community (in this case a
school/educational setting) and the networks serve as epidemiological tools to describe the
interactions that take place within the population.



26.

27.

QUESTION: How does network epidemiology relate to the question of assessing the health and
safety of education workers in the context of school re-opening in Ontario, during the COVID-19
pandemic?

The health and safety of education workers in the context of school re-opening in Ontario depends
directly on their “position” in the contact network. Individuals who have a larger number of contacts
either with students and/or other staff are at increased risk of being exposed to SARS-CoV-2 during
the work period compared to individuals who have very few contacts (Figure 2). In addition, the
location of the education worker in the network is also a critical component. Staff who move between
groups of individuals/classes/cohorts act as bridges in the network, connecting groups that would not
otherwise be connected which generates increased opportunities for the pathogen to spread more
widely in the network as a whole (Figure 2). It is also important to clarify the meaning of the term
“contact”. For pathogens that are primarily transmitted via respiratory droplets we assume that a
potential transmission event is possible if individuals are within 2 m of one another. In studies that
collect network based data from individuals for the purpose of quantifying “direct contact” the
definition in most studies is that this is contact between individuals where you speak directly to the
other person or physically touch them (so it would not include passing someone on the sidewalk or
having a video conference with someone) 222,



FIGURE 2: In network analysis, each individual in the network is represented by a node (circle) and
contact between nodes is represented by edges (the lines between nodes). The degree of a node (sometimes
called degree centrality) is a count of the number of unique edges that are connected to it. The node size in
each panel is scaled by the degree so larger nodes represent individuals in the network who have more
contacts. Panel A. assumes six classes with 23 students (grey) and 1 classroom teacher (blue). Classes are
assumed to be an exclusive “cohort” (no contact with anyone outside of the class group) and 2 French
teachers. French teachers have no contact with anyone else so their degree is 0 so those nodes are very
small. Student nodes are large since each student has contact with 23 other students and a classroom
teacher. Panel B, each French teacher teaches 3 different in-person classes in a day. The French teacher
degree metric is now much larger because these educators have contact with 3 classes of students and their
teachers. The French teachers now bridge the 3 class cohorts they are associated with. Panel C is the same
as Panel B but in this case one of the classroom teachers has contact with another classroom teacher from a
different cohort and adds an additional bridge to the network Panel D represents the 6 class network
assuming that 15% of the students ride a bus and therefore by virtue of belonging to a bus “cohort” they
have contact with students from other classrooms during their trip to and from school. If SARS-CoV-2 was
introduced to the network in Panel D, there is greater potential that the virus could spread between the
classes because the network is more connected. Fragmentation is protective and reduces the chance of large
outbreaks. It is clear that as we move from Panel A to D that fragmentation of the network decreases.
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QUESTION: From the perspective of network epidemiology, what is the goal of physical
distancing?

The implementation of physical distancing measures has been shown to reduce the overall incidence
of COVID-19 in the community 2*. In both healthcare and non-healthcare settings, physical distancing
of less than 1 metre was associated with a 12.8% chance of transmission, compared to 2.6% where 1
metre or more of physical distance was maintained #. The protection afforded by physical distancing
might double for every additional metre of distancing 2. In situations where individuals are in a high-
occupancy, indoor setting for a prolonged period of time, a 2-metre distance is recommended 6. The
classroom is an example of such an environment. In the community, the current standard in terms of
messaging from the Public Health Agency of Canada as well as Public Health Ontario is that
individuals should maintain 2 metres of physical distance from non-household/bubble members
regardless of the location, occupancy level, or duration of time (e.g. grocery shopping, or picking up a
prescription at the pharmacy). In addition, many other school reopening guidance documents
including the document from the Harvard School of Public Health specifically, state that 2 metres/6
feet of distance should be maintained?’.

The goal of physical distancing is to reduce the number of “close proximity” contacts that an
individual has with any other individual outside of their household/social bubble. The contact rate is a
key driver of the metric that we use to assess epidemic potential (RO: which is defined and discussed
in Section 9). Reducing the contact rate in the population reduces the reproductive number which
means that the epidemic slows (e.g. moving towards a slow burn dynamic instead of an epidemic
growth dynamic). For this reason, physical distancing is an important component of any infection
prevention and control strategy for a school setting. Specifically, physical distancing reduces the
intensity and frequency of exposure?’. Figure 1 from the COVID-19: Guidance for School Reopening
outlines the Hierarchy of Controls adapted from the CDC 8. Physical distancing is placed in the
engineering control category making it a more effective intervention than PPE and administrative
controls (Figure 3). In terms of network epidemiology, reducing the number of close proximity
contacts, acts to fragment the network. Increasing network fragmentation creates “breaks” or barriers
in the network which limits the ability of a pathogen to spread (Figure 2).
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FIGURE 3: The Hierarchy of Controls is an approach to controlling exposures to occupational hazards and is the
fundamental method of protecting workers. Traditionally, a hierarchy of controls has been used as a means of
determining how to implement feasible and effective control solutions. This approach forms the basis of infection
prevention and control strategies.
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32.
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34.

QUESTION: From the perspective of network epidemiology, what is the goal of mask use? Does
that differ with different kinds of masks?

The main purpose of wearing a mask is to reduce exposure intensity to people nearby. Masks help
reduce the probability of a transmission event occurring given a sufficient close proximity contact.
This is why masks are required in many public spaces and especially when 2 metres of physical
distance is not possible to maintain. The other important reason for mask use is related to the issue of
pre-symptomatic transmission of SARS-CoV-2 *17, When infected individuals are able to transmit
their infection to others before they develop symptoms, adding masks into our public health
intervention toolbox can help to reduce the probability of a transmission event occurring when the
infected individual is unaware of their infection status.

Again, mask use reduces the probability of transmission given a contact which directly impacts our
metric of epidemic potential, RO. In fact, even imperfect mask use has the ability to reduce the
reproductive number %°. In our recent paper published in July 2020, we have demonstrated that even
imperfect mask use can have significant impacts on reducing SARS-CoV-2 transmission but that
uptake needs to be fairly universal to have a significant effect 2°.

It is important to remember that there are different types of masks (medical masks and non-medical
masks). Due to the potential for shortages of medical masks during the pandemic, members of the
public engaging in activities in the community for short periods of time have been encouraged to use
non-medical face coverings made out of a double layer of tightly woven cotton. Not all non-medical
masks are the same. The major difference between a medical mask and non-medical mask is that a
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medical mask has been specifically tested to meet a number of specifications related to the risk of
“acquiring” a pathogen.

A non-medical mask (homemade double layer cloth mask or paper mask like you might buy at a retail
store) prevents droplets from the “wearer” from spreading to others nearby or having those droplets
land in the environment and contaminate surfaces. This is the primary purpose of a non-medical mask
(to protect others from the wearer’s droplets). This form of control is often referred to as “source
control”. It differs from a medical mask which provides source control but also provides some
protection to the wearer. Health Canada specifically says, “...non-medical masks or face
coverings have not been tested to meet any standards. Although encouraged, wearing a non-medical
mask or face covering is not a substitute for physical distancing and hand washing”. Health Canada
also says, “...face coverings may not protect the user from external respiratory droplets. As well, the
filtration capability of a face covering depends on factors such as design, seams, material, layering
and shape™. So, a non-medical mask helps to protect others within 2 m of you but has little benefit
in terms of necessarily protecting the wearer.

Medical masks come in different forms. Although some of them look similar to a paper “surgical”
mask that can be purchased by the public, a medical surgical mask and alternatively a medical
respiratory (N95) mask are in fact regulated by Health Canada as medical devices and so have quite
specific requirements. Medical masks reduce the risk of or prevent the user from potentially
contracting a pathogen (SARS-CoV-2). A medical mask is regulated as a Class 1 medical device.
According to Health Canada, a medical mask that is regulated as a Class 1 medical device is able to
make medical claims or representations include the following statements:

e to protect the user from contracting COVID-19
for anti-viral or anti-bacterial protection (for example, contains a drug or biologic)
for use as a medical mask
to provide liquid barrier protection
designed as a respiratory protective device (for example, used for particulate filtration)
for use in high-risk aerosol generating medical procedures (e.g. N95).

All medical masks, regulated as medical devices, must meet specific international standards for Class
I medical devices, such as ASTM F2100 (American Society for Testing and Materials). The ASTM
biological subcommittee develops and maintains standards that are meant to protect healthcare
workers or the healthcare environment from biological hazards that can cause infection. These
standards include requirements for bacterial filtration effectiveness, and may include specifications
for particle filtration efficiency, flammability and fluid resistance.

As per Health Canada, labelling for medical masks in Canada must contain clear statements on their
intended use (for instance, the purpose for which the device is manufactured, sold or
represented) and specific performance specifications for their proper use (for example, filtration
efficiency and fluid resistance). Medical masks must come with bilingual labelling, either on the
packaging or with the device itself.

When we are talking about medical masks, we are not talking about a respirator type medical mask
(otherwise known as an N95). An N95 respirator mask would not be necessary in a school setting
since they are only necessary for aerosol generating medical procedures which include things like
intubating a known COVID-19 patient in a hospital setting. In addition, an N95 respirator requires
annual fit-checking by a qualified Infection Prevention and Control specialist to check for fit and
sizing for every individual. N95’s come in different sizes and there are specific requirements about
individual fit etc. (e.g. you cannot wear a properly fit N95 if you have a beard).
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In terms of non-N95 masks, these do some with slightly different performance levels as described by
the American Society for Testing and Materials (ASTM) related to things like level of bacterial
filtration, and resistance to penetration by synthetic blood 3. ASTM describes non-N95 medical
masks as having 3 different levels. To the extent that | have been able to gather information about the
specifics of these levels, it appears that the primary difference between levels 1,2, and 3 are primarily
based on increasing levels of fluid resistance. In a school setting, it is possible that some educational
workers who work with very young children or children with special needs who require assistance
with toileting etc. may be at risk of coming into contact with bodily fluids. In my opinion, it seems
likely that a medical mask of level 1-2 would be appropriate for most educational workers but that a
level 3 mask with additional fluid resistance could be necessary for some. Interestingly, it is the case
that none of the current guidance available on this topic from the WHO or PHO specifies or
distinguishes between the different ASTM levels. They only refer to “medical masks.

QUESTION: From the perspective of network epidemiology, what is the goal of wearing PPE (such
as gloves and face shields)?

In Figure 3, it is important to note that personal protective equipment (PPE) appears at the bottom of
the Hierarchy of Controls meaning that out of all of our infection prevention and control measures it
is the least effective. It is essentially the last resort/last layer of protection. It is assumed that all of the
more effective interventions (like elimination, and engineering controls) have already been
implemented to the highest standard which provides the greatest reduction in overall risk. There are
many different types of PPE including medical and non-medical masks. There are some fundamental
differences between medical masks and non-medicals masks. Medical masks have additional claims
that they are able to make related to their safety testing so that a medical mask that is a regulated
medical device serves as both “source control” as well as personal protection. A non-medical mask
can make no claims related to personal protection. Further details about masks are outlined above in
Sections 32-40.

Other PPE includes gloves, and face shields/googles/eye protection. It is my opinion that easy access
to opportunities for hand hygiene (either through hand washing using soap and water or using an
alcohol-based hand rub) is a much better approach to infection prevention and control than wearing
gloves. Gloves (latex, vinyl, and/or nitrile) are meant to be single use PPE such that an individual in a
healthcare setting would don a pair of gloves for a specific purpose and then doff the gloves as a
single use item followed by hand hygiene. In a non-medical setting, it tends to be the case that many
individuals wear gloves for prolonged periods of time and touch many different surfaces and items. In
this case, gloves do not reduce the possible transmission of the pathogen and in fact gloves are not
recommended by the WHO, PHAC, or CDC for use unless an individual is directly caring for an
infected individual 3 . There may be some instances in which an education worker might require
gloves for a specific tasks (such as cleaning with an approved cleaner to protect the skin on the hands,
or when performing personal support services for their students such as toileting) but in the course of
a regular day, providing easy access to hand hygiene opportunities is the preferred method of
reducing opportunities for transmission of the pathogen via the hands.

There is evidence that respiratory droplets and aerosols can infect an individual through the eye .
This is also the reason for the guidance to not touch your eyes, mouth or nose so as to not transfer
potentially infectious virus from your hands to your face. As a result, the use of eye protection such as
goggles or face shields as part of the standard personal protective equipment in addition to the
wearing of masks should be the standard and in fact, is the current standard for all Ontario childcare
settings under the COVID-19 guidelines 2. On page 7 of the Guide to reopening Ontario’s schools it
states that “Medical masks and eye protection...will be provided...” However, it does not specifically
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state that eye protection is required. It is my professional opinion that eye protection in the form of
glasses, googles, or a face shield should be required for all educational workers.

QUESTION: What is the risk that a COVID-19 infected individual (student or staff) will enter a
school setting on any given day?

The risk of importing/seeding an infected individual into a school setting is going to vary regionally.
The calculation of this risk depends on the amount of community transmission that is happening. My
colleague, Dr. Ashleigh Tuite (Dalla Lana School of Public Health, University of Toronto) has made
a publicly available app (https://art-bd.shinyapps.io/school_entry/) that estimates the probability that
an individual who has contracted COVID-19 in the community would attend a school setting (either
as a student or staff member).

As an example, | pulled the numbers for my own health unit (Wellington, Dufferin, Guelph Public
Health: WDGPH) and our local school boards (Upper Grand & Wellington Catholic) recognizing that
the boundaries likely don’t overlap perfectly with the public health boundaries and that staff might
actually live elsewhere. I was unable to find student of staffing information for the French board but
this gives you an idea of how the calculations work so | think it is still a reasonable approximation
since the public and catholic boards represent the largest number of students in the area.

Basically, what the calculation does is take the number of confirmed cases within the health unit (over
the past 7 days) broken down by age (caveat: | pulled these humbers on July 30, 2020 so they are out
of date but give you an idea). On July 30, 2020, WDGPH was reporting on average 1.04 cases/day (so
15 cases over the 7 day period). One of these cases was in a child between 10-18 years of age (7% of
all reported cases). The health unit population size is 284,460 people and 24% of the population is
school aged. In our region, we have ~42,982 students and there are ~6,250 adult staff (teachers,
principals, V/P’s, ECE, EA’s, support staff etc.) within these 2 school systems. I pulled all of these
numbers from the board statistics which are publicly available.

If we use these numbers and assume that there is some level of underreporting in the community we
find that even with low community transmission, in this population, the risk is 75% that 1 or more
infected individuals will turn up at a school on any given day (not each school but across all schools
within these 2 boards given our population size and community transmission). This assumes that for
every case identified through testing there are 3 more that are not identified. | have also assumed that
we have a full return to in-person, face to face classes.

The most important take home message is that low community transmission is a critical component of
keeping schools as safe as possible. This app does not have the ability to project what happens once
the infected individual is in the school setting so makes no further predictions about within school
spread. However, it is important to consider that physical distancing, smaller educational cohorts of
students and smaller professional cohorts of staff, combined with mask use will act synergistically to
reduce the risk of transmission within schools when an introduction occurs and contribute to
minimizing the risk of that individual spreading their infection to other students and/or staff within
the school.

The first line of defense in our infection prevention and control is to keep COVID-19 out of schools
by keeping community transmission low, as it reduces the chance that an infection acquired in the
community will be imported/seeded into a school setting. On September 18, 2020 the province of
Ontario reported 407 new laboratory-confirmed cases of COVID-19. This clearly indicates that
community transmission is increasing and not decreasing or remaining stable.
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Figure 4 shows the Ontario case counts (as of September 13, 2020) with the cases back dated to their
estimated date of infection (x-axis). In each panel, there are 2 lines of data with one representing GTA
cases (red) and the other representing cases from outside of the GTA (blue). There are 3 panels in
Figure 4. The far-right panel shows cases associated with known outbreaks. Outbreaks are defined as
2 or more laboratory-confirmed cases that are epidemiologically linked within a 14-day period. The
peak in the outbreak panel represents primarily cases associated with long term care outbreaks as well
as other occupational workplace outbreaks in spring 2020. As of September 13, 2020, the data do not
show an increased number of cases resulting from known outbreaks. The middle panel is labelled
“Not outbreak™ and represents laboratory confirmed cases that are not associated with an outbreak
setting. This means cases acquired in the community and these case counts are clearly beginning to
rise and show an upward trend both inside and outside the Greater Toronto Area (GTA). The first
panel is all of the cases combined (outbreak and non-outbreak).

The probability of importing a case to a school increases as community transmission increases so
these data suggest that in the coming weeks, we will continue to be challenged by increasing rates of
community transmission which increases the number of school importations we would expect to see.
In addition, per-test positivity (Figure 5, bottom panel) is also increasing and most rapidly in the 10-
29-year age groups which includes some school aged children. Both of these indicators suggest that
the risk for school importations is higher than it was in August or July, 2020 and there is no indication
that the trend is slowing.

In referring back to the Hierarchy of Controls (Figure 3), we see that the most effective intervention
for reducing risk in the school setting is to eliminate the hazard by screening students and staff and
having individuals with any symptoms stay home. However, in the case of COVID-19 the
effectiveness of screening in children is hampered by the fact that many children will show very mild
or no symptoms at all and yet can still be infectious to others. In addition, even for people who do
develop symptoms, they are infectious to others for 1-2 days before those symptoms appear making
strict compliance with physical distancing, hand hygiene, and masks even more important.

Figure 4. Data from the Ontario integrated Public Health Information System (iPHIS) as of September 13, 2020
showing that community transmission of COVID-19 is increasing in both the GTA and outside of the GTA.
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Figure 5. Data from the Ontario integrated Public Health Information System (iPHIS) as of September 13, 2020
showing that the number of laboratory tests per 100,000 population (middle panel) is increasing for school aged
children (and this is from a period before schools were fully opened). In addition, per-test positivity has sharply risen
in the 10-19 age group.

55. QUESTION: What sort of outcomes might we expect if a COVID-19 infected individual transmits
their infection within the school setting? For each response, is it possible to visually represent the
outcomes, using for example a network epidemiology diagram?

56. If a COVID-19 infected individual transmits their infection within the school setting we might expect
somewhat different outcomes depending on a number of factors. The first factor is related to the
amount of time this person spent in the school setting during their infectious period. Public Health
would work to identify (based on speaking with the laboratory-confirmed case) when the cases
infectious period may have started and then look at the school schedule to identify if the person had
attended school during the infectious period (this includes the 1-2 day pre-symptomatic period) and if
so for how long. The next step would be to identify all of the other people in the school and/or bus
who had exposure to the confirmed case during the infectious period. We would then want to evaluate
the potential transmission risk for each of the possible exposures. For instance, a short exposure of the
infected individual to a susceptible individual in an outdoor setting with physical distance of 2m or
more would be considered a low risk exposure. However, a long duration indoor contact that occurred
without 2m of physical distance would suggest that person would be at much higher risk of having
contracted the virus. The goal of all interventions is to minimize the total number of susceptible
people who would be considered a “high-risk” contact.
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We can think a bit more about the possibilities that exist when an infected individual is introduced
into a school network by referring back to Figure 2. If you were to introduce an infected individual
randomly into Figure 2 panel A, where each cohort is comprised of 23 students and 1 educator and
that group has no contact with any other students or staff, the number of possible transmission events
has an upper bound of 23 within the school setting (e.g. in the worst possible scenario an infected
individual could transmit to everyone in the cohort before they were identified as infected and the
infected individual removed from the group and the remainder of the group dismissed to self-isolate
for 14 days). This would be pretty unlikely because the goal is to reduce possibilities for transmission
to occur with the addition of the Hierarchy of Control measures of physical distance, hand hygiene,
and masks help to minimize the chance that we get such a large chain of transmission. This does not
really however represent a complete upper bound because it remains possible that an infected
individual from the cohort could transmit to their household and/or bubble resulting in additional,
epidemiologically linked cases.

When we compare this outcome with the outcomes possible in Figure 2 Panel D, it is clear that
additional opportunities for transmission exist in Panel D and transmission opportunities are not
confined to any one cohort of individuals. The overlap of bus cohorts with class cohorts combined
with staff interactions and teachers who teach across multiple class cohorts means that the final
outbreak size in Panel D could be much larger than in Panel A (and again, this does not consider the
possible transmission events in households when these students and staff go home).

QUESTION: What — if any — are the impacts of different class sizes on these expected outcomes, to
the extent that those impacts can be assessed? Please specify what class sizes you considered.

Class size directly impacts the ability of a school to maintain appropriate physical distancing between
students, staff, and students and staff. Higher class sizes combined with limited classroom space
means that it is impossible to maintain the recommended 2 m of physical distance to ensure the safest
possible return to school for students and staff. It is also the case that in the Guide for Reopening
Ontario’s Schools that the document states that, “Desks should face forward rather than in circles or
groupings”. If we consider this to be the case and are interested in seeing the impact of adjusting class
sizes (by making smaller “cohorts” of students) we can generate architectural diagrams to visualize
the impact on physical distancing.

For example, let’s assume that the physical floor space of an average portable classroom is 9.8 m by
7.2 m and that there is a standard size for a single elementary school desk and a single secondary
school desk (with secondary desks being slightly larger). All student desks will be facing forward (as
required by the Guide) and we will assume a best-case scenario which is that the classroom has no
built-in features or furniture that cannot be removed so that the entire classroom floor space is
useable. It is easy to see that 2 m of physical distance between students and between students and the
educator is impossible (Figure 6).

These illustrations clearly outline and visually convey support for the fact that the necessary level of
physical distancing (2 m) is not possible in an average Ontario school elementary (Figure 6) or
secondary school (Figure 7) classroom if class sizes are not reduced. This means that students have a
high number of close proximity contacts within their individual class.

In designated secondary school boards, the class/cohort size cap of 15 students seems sufficient to
achieve appropriate distancing between students and therefore reduce risk to educators. However, in
the modified scheduling in the secondary system it is still the case that these secondary students could
be part of 2 different classes/cohorts of 15 which likely negates the benefit of the reduced class size in
this case, if there are different students to some degree in each class.
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Another way to examine the impact of class size reductions and the impact that they might have on
the risk of transmission within a school setting would be to explicitly examine this question using
dynamic infectious disease models. There have been two research projects recently completed that
have looked at this question. At this time, neither of these papers have been peer-reviewed. However,
these are highly regarded scientists that | know professionally from University of Guelph, University
of Waterloo, University of Maryland, Harvard University, and Stanford University. | am confident in
their approach and the interpretation of their findings as an expert in this area of research. The
findings of these 2 projects are as follows:

A new pre-print manuscript by Philips et al. (under review) examines model-based projections for
COVID-19 outbreak size and student-days lost to closure in Ontario childcare centers and primary
schools 4. This computer simulation model examined projected outbreak size and student-days lost
due to closures in Ontario childcare centers and primary schools. For the purpose of my comments
here, 1 will focus on their approach and findings for schools only (although obviously many schools
have childcare centers on site and students attend before and after school programs at these locations
which makes it impossible to really fully separate these two types of settings). In the model, they look
at the impact of modifying class sizes by examining the impact of different student to educator ratios
(30:1, 15:1, and 8:1) including “cohorts” that alternate weekly. In the model, SARS-CoV-2 can
transmit in classrooms, school common areas, and also in households where the children and staff
live. The model assumes that if a symptomatic individual appears in a classroom, that the class is
dismissed for 14 days (this is in line with the current ON public health guidance around management
of cases). The authors of the work consider both a high transmission rate scenario (which assumes a
“business as usual” scenario with minimal public health interventions in place) and the low
transmission rate scenario represents highly effective infection control in the school setting (e.g.
consistent use of highly effective masks, social distancing, and disinfection protocols).
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Figure 6. Panel A shows when a standard ELEMENTARY classroom becomes larger than 25 students, 6 rows of seats are
needed, and side-by-side spacing is reduced to 1.2 metres of physical distancing between students. In this arrangement, 100% of
the students have at least three close contacts (C), with 87% of students having at least five close contacts (E), and 40% having
eight close contacts (F). While the educator’s physical desk is located 2m from the student desks in closest proximity, the
educator is unable to move anywhere in the classroom without being < 1m from the students. In Panel B, a classroom of 25
students and using a 5x5 row arrangement, there is 1.5 metres distance between students, with 36% of students (sitting in the
centre) having four close contacts (D), defined as being within 2 metres. 84% of students would have at least three close
contacts (C). Those sitting in the corners, 16% of students, would have only two close contacts (B). Although the risk reduction
from physical distancing is on a continuum, 2 metres is strongly preferred, and this is not attainable in a classroom of 25
students. In the same classroom with only 16 students (Panel C), the 2 m of physical distance that public health strongly
recommends for individuals in every other indoor space in the province of Ontario is able to be met with adequate distance
between students and also provides a small increase in distance between the educator and the students (although still not 2 m)
when the educator must move about the room.
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Figure 7. Panel A shows that when a standard SECONDARY classroom becomes larger than 25 secondary students who
require larger desks, 5 rows of seats are needed, and side-by-side spacing is reduced to 1 metres of physical distancing between
students with groups of 3 desks directly touching one another. Each group of 3 students is less than 2 m from at least 1 other
group of 3. While the educator’s physical desk is located 2m from the student desks in closest proximity, the educator is unable
to move anywhere in the classroom without being < 1m from the students. In Panel B, a secondary classroom of 24 students
and using a 4x4 row arrangement, student desks are in placed in groups of 3 and each desk is touching the desk beside. There is
2 metres of distance between each of the groups of 3. In the same classroom with only 16 students (Panel C), the 2 m of
physical distance that public health strongly recommends for individuals in every other indoor space in the province of Ontario
is able to be met with adequate distance between students and also provides a small increase in distance between the educator
and the students (although still not 2 m) when the educator must move about the room.

66. Important Take Home Messages: The school setting scenarios show a cascade of intensifying
outbreaks and rapidly mounting student-days of closures as class size increases. This occurs for three
reasons. First, as class sizes increase the likelihood that a student tests positive for COVID-19 also
increases. Second, when a class is dismissed due to the identification of a positive case more students
are affected by the closure, and third, because COVID-19 can be transmitted by individuals during the
pre-symptomatic period (before the individual becomes sick) and the increased concern about aerosol
dispersal of the virus, there are more individuals infected in the classes that have large class sizes
before the case is identified and the class is dismissed. This then results in larger outbreak sizes due to
more cases infected before the dismissal, and after the dismissal as the infection continues to spread
in households. The metric of student-days missed further supports the benefit of small class sizes as a
way to prevent highly disruptive classroom closures. In the model simulations, the majority of
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transmission occurred within the classroom setting. This further supports the assertion that physical
distancing within the classroom setting is of incredible importance and yet, maintaining 2 m or more
of physical distance is impossible when class sizes are large (Figures 6 and 7). Lastly, the model
simulations where a 30:1 class was broken down into 2 cohorts of 15:1 that alternated weekly
demonstrated significant benefits in terms of reductions in the outbreak sizes observed and student-
days missed.

A second analysis by Bilinski et al. (unpublished at this time) that was presented to the Public Health
Agency of Canada, Modelling Advisory Group on July 7, 2020 focused on preventing COVID-19
transmission in schools using a model-based analysis of safe re-opening strategies.

This work was conducted using the State of Maryland as a case study since the senior author is based
at the University of Maryland. The model specifically modelled the risk of COVID-19 transmission
within an elementary school setting and also considered student and staff households outside of the
school setting. Class sizes were assumed to be 23 students with 1 educator and there were assumed to
be another 30 adults in the school who served both in class roles and out of class roles. Individuals in
the model were assumed to have interactions within their households, within their classrooms, outside
of the classroom (e.g. random interactions with other members of the school on the bus, in the
hallways etc.), and staff were assumed to have interactions with other staff. A number of different
prevention strategies were considered in the model including reducing the in-classroom attack rate
(by having good physical distancing and wearing masks), limiting contacts (e.g. cancelling movement
of staff between classrooms, no face to face staff meetings, and in class lunches), reducing class sizes
by %, reducing teacher susceptibility (e.g. masks and face shields), and alternate schedules (e.g.
having smaller groups of students alternate their face-to-face attendance at school). In the models, 2
different response options were considered. Option 1 was that the symptomatic individual self-
isolates and no other action is taken. Option 2 was that when the symptomatic individual was
identified as COVID-19 positive, the entire class would be dismissed to isolate for 14 days. Caveat:
When this model was developed the State of Maryland (which has a smaller population size) had
much higher community transmission than we currently see in Ontario (~350 cases per day). We are
currently at ~300 cases per day in Ontario (but in a large population) so this Maryland model may
overestimate the risk of importation of a case into a school compared to the current Ontario situation
but I would not expect the within school transmission to change once a case is imported.

Important Take Home Messages: Outbreak size varies greatly even within a given scenario. Disease
transmission is an inherently stochastic process. Stochasticity means that the event (in this case
probability of transmission within the school) has a random probability distribution or pattern that can
be analysed using statistical tools but may not be predicted precisely. In terms of the probability of
disease introduction and spread, this means that there is always a chance that an introduction could
lead to no within-school transmission, but that outcome has a lower probability (smaller chance) than
the outcome that shows some amount of within-school transmission. Seeding an infection into a
school sometimes results in no secondary transmission (no one else gets infected and we dodge a
bullet) and sometimes seeding an infection into a school results in an outbreak. The important finding
here is that while in many cases the outbreak clusters are relatively small (< 5 individuals) the
distribution of possible outbreak sizes has a very long “tail” meaning that in a small number of
simulations, the outbreak size is very large (> 20 individuals). Moving to classroom quarantine
reduces the overall range of outbreaks sizes observed (more small outbreaks and less large outbreaks).

Compared to the base case (24:1 student to educator ratio 5-days per week), the “schedules” that
either reduced class sizes by half or adopted a smaller cohort that alternated between in person and
remote learning on alternate days/weeks, predicted significant reductions in outbreak sizes. At the
upper bound (95th percentile) of the projected outbreak sizes for the different scenarios assuming the
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entire class is dismissed when a case is identified, the “worst case” outbreak size was reduced from
16 individuals in the base case to only 6 individuals when class size was reduced by half. Alternating
schedules to accommodate smaller class sizes were also able to reduce the outbreak sizes to 5 and 3
individuals depending on the schedule used.

So, in short, engineering controls such as class size reduction and cohorting can be implemented to
ensure physical distancing and further minimize the likelihood of contact with droplets and/or
aerosols from an infectious person. These strategies include furniture placement and physical barriers.
The 2-metre distance has been recommended broadly throughout the pandemic following a
systematic review on the impact of physical distancing measures on SARS-CoV-2 transmission 2.
Nonetheless, distancing beyond 2 metres has been recommended in the highest-risk settings, which
include prolonged contact time, poor ventilation in an indoor environment, and high levels of
occupancy. School settings with no class size reductions, represent the near perfect overlap of these
highest risk factors with students in crowded, poorly ventilated indoor classrooms over prolonged
periods with no possibility of maintaining 2m of distance between students and/or staff. In addition,
in the North American setting, there has not been widespread uptake of physical barriers in the
classroom (e.g. plexiglas dividers) as has been seen in many Asian countries.

QUESTION: What-if any—are the impacts of differing physical distancing (1 m vs 2 m) on these
expected outcomes, to the extent that those impacts can be assessed?

The implementation of physical distancing measures has been shown to reduce the overall incidence
of COVID-19 in the community ?*. In both healthcare and non-healthcare settings, physical distancing
of less than 1 metre was associated with a 12.8% chance of transmission, compared to 2.6% where 1
metre or more of physical distance was maintained #. The protection afforded by physical distancing
might double for every additional metre of distancing ?. In situations where individuals are in a high-
occupancy, indoor setting for a prolonged period of time, a 2-metre distance is recommended 2. The
classroom is an example of such an environment. Class size directly impacts the effectiveness of
physical distancing measures since classrooms have limited space within which to teach students.

It is important to highlight that despite these findings, about the reduced risk of transmission that
exists with physical distancing that is 2 m or greater, that a recent school simulation study conducted
by scientists at the Hospital for Sick Children has highlighted that “The classrooms used during the
simulation resembled a typical public school classroom (i.e. 32 feet by 24 feet). With these room
sizes, it was not possible to maintain a two-metre distance between students and accommodate more
than 12-15 students in the class even with the desks against all four walls™,

QUESTION: What — if any — are the impacts of a fully-masked classroom (students and education
workers) on these expected outcomes, to the extent that those impacts can be assessed?

In a research article published in August 2020, Jones and colleagues have clearly described the
evidence related to the 1-2 m physical distancing guidelines?. This paper includes an incredibly
helpful Figure which can help us to understand the spectrum of transmission risk associated with
different types of settings when considering the transmission of SARS-CoV-2. With Ontario students
returning to full class sizes, classrooms would be considered to be at the high end of occupancy (right
hand side of Figure 8). Also, given the duration of the school day, students and staff are in contact for
a prolonged period of time and that in many cases, Ontario classrooms are indoor settings with poor
ventilation. In this case, one can see that wearing face coverings reduces the risk only if the classroom
is well ventilated. A fully masked class reduces risk compared to a scenario where no face
coverings/masks are worn but is unlikely to significantly reduce the risk of transmission alone in the
absence of other interventions such as physical distancing. Moving to lower occupancy levels (by
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reducing class sizes) reduces transmission risk when the group of individuals are wearing masks/face
coverings?. Since the primary purpose of having students wear masks in the school setting is “source
reduction” by reducing the risk that an asymptomatic but infectious individual is spreading droplets
into the environment the most effective approach is for near universal masking so that all individuals
can obtain some benefit of the masking®.

Figure 8. The projected risk of SARS-CoV-2 transmission as described in Jones et al. 2020 with specific focus
on high occupancy, indoor settings that are well ventilated or poorly ventilated (as we might expect to see in
school classrooms).

77.

78.

QUESTION: What — if any — are the impacts of a classroom where only the education workers are
masked on these expected outcomes, to the extent that those impacts can be assessed?

In my opinion, a classroom where only the education workers are masked represents a high risk of
transmission potential. This is especially the case since asymptomatic or pre-symptomatic students
can transmit the virus to others. In the absence of student “source control” by way of non-medical
masking, the risk that education workers are exposed to the virus should an introduction occur is very
high. It is the case that the Guide states that education workers will be provided with medical masks
(which do confer some protection to the person wearing the mask). However, the extent to which
having only education workers wear a medical mask would mitigate transmission potential to the
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education worker is not entirely clear but is certainly less effective than having universal masking in
my opinion. It should be noted that masking of education workers in the absence of masking of
students does not protect the students in any significant way from one another. To my knowledge,
there is no evidence to support or refute the idea that fomite transmission from items such as clothing
that has been worn in the workplace presents a risk to the health and safety of education workers.

QUESTION: How - if at all — do the impacts of mask-wearing differ depending on what kind of
mask is being worn?

I have specifically addressed the different types of masks in Sections 31-40. It is my opinion that even
imperfect non-medical mask wearing provides significant benefit in reducing the risk of transmission
events by acting as source control and preventing the spread of droplets that could contain infectious
virus particles?®. In addition, education workers who will be provided with medical masks (as per the
Guide) will also benefit from some additional protection as medical masks have higher documented
levels of filtration as per the details described in Sections 31-40. However, it is important to
remember that based on Figure 2, PPE in the form of masks (either medical or non-medical) as a
single intervention provide an insufficient level of risk mitigation especially in settings where
community transmission is not already very low.

QUESTION: What — if any — are the impacts of different sizes of cohort (50 direct and indirect in-
school contacts vs 100 direct and indirect in-school contacts, within a 14-day period) on these
expected outcomes, to the extent that those impacts can be assessed? Please consider the impact of
these cohort sizes on both students and staff.

In the most general sense, minimizing the total number of in-school contacts is an important way to
mitigate the risk of within school transmission should the pathogen be introduced to the school
setting. In the current wording of the Guide, it is not clear what exactly is considered a “contact” and
there is no specific definition of a direct vs. indirect contact. As a result, these statements are mostly
meaningless and therefore explicitly counting contacts to identify if this requirement is being met is
not possible.

In Section 27 | identified that it is important to clarify the meaning of the term “contact”. For
pathogens that are primarily transmitted via respiratory droplets we assume that a potential
transmission event is possible if individuals are within 2 m of one another. In studies that collect
network based data from individuals for the purpose of quantifying “direct contact” the definition in
most studies is that direct contact is contact between individuals where you are < 2 m from someone
and you speak directly to the other person or physically touch them (so it would not include passing
someone on the sidewalk or having a video conference with someone)???, The term indirect in-
school contact as described in the Guide is not clear. The term indirect transmission is used to refer to
the transmission of a pathogen to an individual through an indirect route (e.g. the person becomes
infected by contact with a contaminated fomite such as touching a contaminated doorknob and then
touching their eyes and mouth resulting in transmission). Indirect transmission is also used to
describe the aerosol route of transmission. However, these definitions do not appear to translate to the
way indirect “contact” is used in the Guide. Another possible way to interpret indirect in-school
contacts might be that these would be considered linkages that are created by network bridges which
act to “indirectly” connect different groups of individuals.

The provincial “social bubble” recommendation is that a “bubble” includes a maximum of 10 people.
This intervention works by reducing the number of direct contacts (which are defined as physical
distance < 2 m, and/or direct skin to skin contact) that any individual has. Individuals within the
bubble are supposed to be “exclusive” to the bubble. We often think about this type of network
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structure when we think about sexually transmitted infections. While an individual may be in a
relationship with another individual if that contact is not “exclusive” and one member of the
relationship has contact with others outside of the primary relationship, it means that the “exclusive”
partner is indirectly connected to all of the other individuals that the “non-exclusive” partner has
contact with by virtue of having direct contact with the partner. Indirect contacts of this type (if this is
in fact, what is meant by the Guide) are very important in terms of the network structure and the risk
of disease transmission. In networks where people may not be directly connected, a short average
path length (APL) (the number of people you need to go through to get to any other person) means
more “distant” people in the network can be reached through a small number of connections. It is a
measure of how connected the network is and of the efficiency of potential pathogen transmission on
a network. We calculate APL by finding the mean of the lengths of the shortest paths between all
pairs of people in the network. The longest path length between any pair of individuals is called the
network diameter. Using the network graph in Figure 2, panel D, | have calculated the network
diameter to be 4 and the APL to be 2.2789. This means that any individual in the network can be
reached with ~2.3 steps/connections. For example, If John (class 1) is in Sally’s class (class 1), and
Sally (class 1) rides the bus with Trina (class 2), and Trina (class 2) plays with Rose (class 3) at recess
than the path length between John and Rose is 3. In the example of the school network in Figure 2,
panel D, any person in the network is connected to any other person in the network by 2.3
steps/connections.

QUESTION: What — if any — are the impacts of layering two or more of the different infection
prevention and control strategies on these expected outcomes, to the extent that those impacts can be
assessed?

It is challenging to specifically quantify the relative reduction in risk that one might expect to see
when layering multiple infection prevention and control strategies together in a school setting. We do
know that the hierarchy of control represents a well-established approach to minimizing risks (Figure
2). However, we also know that there are a number of SARS-CoV-2 characteristics that make control
of the virus much more challenging which means that we need to rely most strongly on the most
effective measures in the hierarchy as our first line of defense. Specifically, in Ontario we are
currently seeing increasing rates of community transmission. This observation combined with the fact
that many children do not have any obvious signs of SARS-CoV-2 infection and that pre-
symptomatic transmission occurs before an infected individual develops symptoms means that what
is usually considered our most effective intervention in the hierarchy is far less effective in the case of
COVID-19. Reducing the risk of importations into school settings will be incredibly challenging
under these conditions. Therefore, engineering controls become far more important for
implementation in the school setting as ways to manipulate the school environment in ways to ensure
2 m of physical distancing. With a return to full class sizes, 2 m of physical distancing is not possible
in many school classrooms which erodes the benefit and value of this intervention which we would
typically consider to be on the higher end of effectiveness. There are additional engineering controls
which are also implemented in the Ontario school setting such as improving ventilation.

In general, while the goal of layering interventions is to help to reduce risk overall, it is my opinion
that layering interventions that are not operationalized as intended (e.g. not being able to maintain 2
m of physical distance in a classroom setting) means that the full potential benefit of a layered
response is difficult to achieve.

QUESTION: From the perspective of network epidemiology, what is the potential role of itinerant

workers who work at different workplaces, such as occasional teachers, professionals such as speech
pathologists, or educational assistants?
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It’s really important to consider itinerant workers such as occasional teachers or other service
providers who move within the educational system. We have an existing clear example of why
itinerant staff are problematic from a transmission perspective: long-term care (LTC) outbreaks in
Ontario, Quebec, and British Columbia.

British Columbia represents an especially good example, because early in their outbreak they
identified that what made LTC high risk was that staff worked at multiple facilities. This movement
of individuals between different locations and systems meant that these individuals acted as “bridges”
between different facilities linking infection dynamics across facilities which would have otherwise
separate, independent and unlinked (Figures 1 and 2). British Columbia went so far as to require staff
be “locked down” to a single facility to minimize risk. In this case, they effectively “cohorted” staff to
individual facilities to remove the linkages which existed otherwise.

For example, a personal support worker (PSW) with 0.25 FTE contracts at 4 different facilities was
now employed full-time at a single facility. Itinerant workers are especially high risk from an
occupational risk perspective as they themselves are exposed at multiple locations — which is higher
individual risk — but also, they are a potential risk factor to others because that staff person has so
many more contacts. That’s key here. Everything about communicable disease hinges on the
interconnectedness of individuals. A case in an individual is a risk factor to others in the setting. In
the Guide to reopening Ontario’s schools, it specifically states that some teachers such as French
teachers, physical education teachers etc. will still rotate between classes to provide supervision and
learning opportunities. This breaks down the class cohorts and indirectly links all cohorts in the
school by virtue of these “bridge’ staff members.

QUESTION: Based on the above opinions, what is your professional opinion about the relative
importance of each measure or group of measures to control for or reduce the transmission and
infection of COVID-19 in a public school setting for:

an elementary school?

93.

94.

95.

In an elementary school setting, pre-attendance screening for all adults/educational staff is incredibly
important (and all adults in the school should be supported to make good decisions about staying
home if there is any question that they might be experiencing symptoms). However, pre-attendance
screening for elementary aged children is of far less effectiveness due to the fact that children exhibit
very few (if any symptoms) and also can exhibit symptoms that are not typical respiratory symptoms.
While the screening tools will catch some likely infected kids and keep them out of school, it is very
likely that infected children will pass the screening, attend school but still be infected and able to
transmit®. In addition, young children require adult supervision if they need to stay home from school
and so it is also the case that parents may be less likely to keep children home from school if they
“sort-of” pass the screening questions because of the challenge of navigating their work situation.

So, because screening is highly imperfect, engineering controls become our best line of defense.
These include easy access to hand hygiene and modifying the classroom and school environment to
ensure appropriate physical distancing. In addition, improving ventilation is an important part of
reducing risk of school transmission.

Engineering controls also include “cohorting” however, cohorting students in full pre-pandemic class
sizes dilutes the potential benefit of cohorting. While additional cohorting impacts could be seen by
using altered school scheduling such as modified recess times to reduce the number of children in the
school yard at a time, having children from different classes mix in the school yard also dilutes the
benefit of any sort of “cohorting” by permitting bridges to occur between groups. In addition, recess
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“cohorts” have been implemented quite differently even in different schools within a single school
board such that some schools essentially have any entire grade *“cohort” or “division” interacting
during the recess period. Again, this dilutes the intention and purpose of creating a smaller “cohort”
of students. If cohorts mix in anyway, the cohorts all become one large connected and well mixed
group which facilitates opportunities for disease transmission.

Moving educational opportunities to outdoor settings (an administrative control) reduces transmission
risk because outdoors permits better physical distancing combined with better ventilation.

PPE in the form of masks and eye protection is the last line of defense and can help to add an
additional level of protection especially since pre-symptomatic transmission occurs but PPE should
only be considered in addition to all of the previously described measures. PPE alone is insufficient to
make any meaningful contribution to reducing the risk of SARS-CoV-2 transmission in an elementary
school setting.

a middle school?

98.

My comments about the relative importance of the different measures for elementary schools would
be the same for middle schools.

a secondary school?

99.
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In a secondary school setting, pre-attendance screening for all adults/educational staff is incredibly
important (and all adults in the school should be supported to make good decisions about staying
home if there is any question that they might be experiencing symptoms). However, pre-attendance
screening for secondary school aged children may be slightly more effective than what | have
described for elementary and middle school students®. In adolescents, infected students may be more
likely to exhibit some symptoms but can also exhibit symptoms that are not typical respiratory
symptoms!®>¥. In the secondary school setting, the screening tools will catch some likely infected kids
and keep them out of school, but it is still the case that some students could pass the screening but
still be infected and able to transmit (especially in the pre-symptomatic state). However, many teens
could stay home from school independently if necessary and so the issues with household supervision
of children who need to stay home is likely less of an issue.

Regardless, | would still consider screening to be imperfect, so engineering controls become our
best line of defense. These include easy access to hand hygiene and modifying the classroom and
school environment to ensure appropriate physical distancing.

In addition, improving ventilation is an important part of reducing risk of school transmission.

Engineering controls also include “cohorting” however, cohorting students in full pre-pandemic
class sizes dilutes the potential benefit of cohorting. Secondary schools have adopted modified
schedules to combine in-person learning with remote/virtual learning. This means that students are a
part of 2 different “in-class” classes/cohorts each day instead of 3-4 in-class classes/cohorts during
the pre-pandemic period as a result of the quadmester/octmester schedule. However, in the secondary
setting, this increases the need for within-class physical distancing in order to reduce exposure risks
in each individual class/cohort. If classes/cohorts mix in any way, the cohorts all become one large
connected and well-mixed group which facilitates opportunities for disease transmission.
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103. Moving educational opportunities to outdoor settings (an administrative control) reduces
transmission risk because outdoor settings permit better physical distancing combined with better
ventilation but are likely more challenging for certain types of secondary classes that require
equipment or other resources. It is also the case, that because in some boards, secondary teachers
must teach both to their in-class students and remote students at the same time, that an administrative
control such as outdoor learning cannot be implemented because of a lack of an ability to implement
synchronous remote learning in an outdoor setting.

104. PPE in the form of masks and eye protection is the last line of defense and can help to add an
additional level of protection but only in addition to all of the previously described measures. PPE
alone is insufficient to make any meaningful contribution to reducing the risk of SARS-CoV-2
transmission in secondary school setting

a school bus?

105.  School buses/student transportation represents an additional layer of complexity to the return to
school planning. In order to minimize the risk of transmission between students sharing a bus, all of
the same school-based interventions need to be implemented. There is nothing magical about a bus
that makes it different from a classroom. Buses are indoor, high-occupancy settings where students
are in close proximity for periods of time that range from short to quite long, depending on the school
bus route. Students and adults should all be completing the screening checklist daily before boarding
a bus but as discussed before, screening is not perfect and will miss cases.

106.  Engineering controls such as hand hygiene, improved ventilation and physical distancing are all
as important on the bus as in the school setting.

107.  Physical distancing on the bus is important. Students should be keeping good physical distance
from all other students who are not a member of their household. Again, the term *“cohorting” has
been used to apply to students riding buses. This means that students using school transportation are a
part of 2 different “cohorts”, the class group and the bus group (Figure 2). If bus contacts are not
physically distanced, then this means students on buses are having direct close proximity contact with
students from outside of their class cohort (Figure 2, Panel D). This means that students not taking
buses are now indirectly linked (through the bus students) to the entire bus cohort. The overlapping
and mixing of the cohorts (which is not the intention of using cohorts) means that the school
community essentially becomes a well-mixed population (Figure 2, panel D). The introduction of the
virus to a contact network with this structure means the virus has opportunities to move between the
groups easily.

108.  PPE in the form of masks and eye protection is the last line of defense and can help to add an
additional level of protection but only in addition to all of the previously described measures. PPE
alone is insufficient to make any meaningful contribution to reducing the risk of SARS-CoV-2
transmission in a bus setting.

109. QUESTION: Also based on the above, what is your professional opinion on the sufficiency of
the health and safety measures required under the Guide measures to control for or reduce the
transmission and infection of COVID-19 in a public school setting for:

110.  For all settings, screening prior to attending a school setting is necessary and in theory sufficient.

However, given the specific biology of COVID-19 (especially in kids), the screening tool has a high
chance of false negatives (students screen that they are OK to attend but could still be infected).
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Given this, it is even more critical that the other health and safety measures be implemented to the
greatest extent possible in order to mitigate risk.

111.  Also, for all settings, making hand hygiene easy to access and ensuring appropriate hand hygiene
at appropriate times during the school day (or when entering a school bus) seems sufficient as long as
it is the case that every class room has access to their own “hand hygiene station” either a sink, soap,
and paper towel or alcohol based hand rub.

112.  In all settings, non-medical mask use has been deemed “mandatory” for students in grades 4-12
(when indoors). The use of a medical mask has been deemed mandatory and will be provided to all
education workers by the province according to the Guide. | would consider both of these measures to
be sufficient, but only insofar as they are implemented in those specified grades. See my comments
below under the section dealing with elementary schools.

an elementary school?

113.  In the elementary school setting it is insufficient to have full class sizes that do not permit 2 m of
physical distance. The class/cohort size as currently implemented is insufficient to reduce exposure
risk in a meaningful way as it increases the chance that you have an infected student arrive to the
class group (because the class group is large), and it also increases the chance that an infection would
spread within a class group that is not able to maintain 2 m of physical distance between members.

114.  This insufficiency is further exacerbated by the fact that each class contains students who belong
to multiple educational setting cohorts (bus cohorts, class cohorts, recess/staggered entry cohorts)
Students in multiple cohorts act as “bridges” that indirectly link students from different groups. As a
result, it is critical to implement smaller classes and improved physical distancing (that meets the 2 m
requirement) in order to attempt to offset the inevitable mixing between “cohorts”.

115. It is insufficient that some teachers of special subjects such as French, are expected to move
between class groups. This exposes these teachers to MANY different class groups/cohorts (Figure 2,
panels B-D). Reducing class size and improving physical distancing would help to offset some of this
risk to individual teachers by exposing them to fewer students but the impact of “bridging” between
classes/cohorts still remains. It is also the case that there is no mention of cohorting staff within the
school setting. Staff should also be “cohorted” into smaller groups such that smaller “professional”
cohorts are maintained.

116.  Itis insufficient that younger students (JK-3) are not required to wear masks. Since asymptomatic
and/or pre-symptomatic transmission occurs, non-medical masks for all students is an additional layer
of protection that provides source protection for education workers especially in the case where other
interventions like smaller cohorts and appropriate physical distancing are not implemented.

a middle school?

117. My perspectives on the sufficiency of health and safety measures as outlined in the Guide are the
same as those that | have outlined for elementary schools.

a secondary school?

118.  In the secondary school setting it is insufficient to have full class sizes (as seen in non-designated
school boards) that do not permit 2 m of physical distance®. The class/cohort size as currently
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implemented is insufficient to reduce exposure risk in a meaningful way as it increases the chance
that you have an infected student arrive to the class group (because the class group is large), and it
also increases the chance that an infection would spread within a class group that is not able to
maintain 2 m of physical distance between members.

119.  This insufficiency is further exacerbated by the fact that each class contains students who belong
to multiple educational setting cohorts (bus cohorts, class cohorts). While modifications to the
secondary school schedule to combine both in-class and online/virtual learning, and focusing on
having students focus on fewer classes at a time do help to reduce the overall number of contacts
between students and students and staff, it is still the case that students in multiple cohorts act as
“bridges” that indirectly link students from different groups. As a result, it is critical to implement
smaller classes and improved physical distancing (that meets the 2 m requirement) in order to attempt
to offset the inevitable mixing between “cohorts”. It is also important to consider that secondary
school settings have significantly more control/independence over the contacts that they have outside
of the school setting. Previous research has demonstrated that these “social” contacts are numerous
and it is unreasonable to assume that they completely stop®“°. Social contacts that occur outside of
school which may be of a higher risk (close proximity, and unmasked) are important to consider as
they can contribute to further amplification of infections within secondary school student groups.

120.  Modifications to the secondary school schedule as put forth in the Guide reduce the total number
of students that educational staff have contact with compared to the pre-pandemic period. However,
these teachers still have close proximity contact (without 2 m of distance in many cases) with at least
two different class groups/cohorts each day. Reducing class size and improving physical distancing
would help to offset some of this risk to individual teachers by exposing them to fewer students but
the impact of “bridging” between classes/cohorts still remains. It is also the case that there is no
mention of cohorting staff within the school setting. Staff should also be “cohorted” into smaller
groups such that smaller “professional” cohorts are maintained.

a school bus?

121.  The Guide states that school boards may be required to “... operate [buses] closer to capacity”. It
also states that since physical distancing may not be possible on the bus, that masks for students in
grades 4-12 are mandatory while on the bus. This essentially means that despite all of the other
possible interventions, none of the other interventions will be sufficiently implemented on the bus
which to me is insufficient. Masks in the absence of other higher-level measures are not sufficient on
their own. In this case, in the absence of other meaningful implementation of control measures, masks
for students in grade K-3 should be required on the bus. Seating charts will not mitigate risk of
transmission on the school bus. It is also the case that bus cohorts (with few intervention measures or
poorly implemented measures) will be higher risk for transmission events and that risk will then
spread into the class cohorts for all students on the bus. Due to the fact that students riding the bus are
part of at least two different cohorts (bus cohort and class cohort), and the observation that even with
only 15% of students falling into this “2-cohort” group as assumed in Figure 2, Panel D, that this acts
to generate a significant amount of connection between all of the classroom groups, it is my opinion
that it is necessary to limit the number of riders on a bus to achieve appropriate physical distancing. In
addition, buses should not be shared by students who attend different schools.

122. QUESTION: Finally, in your professional opinion, what changes, amendments or other

requirements would you recommend be made to the Guide in order to protect the health and safety of
education workers?
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123.  There is no specific mention of health and safety measures related to ventilation requirements in
schools, classrooms, or buses, and/or emphasizing outdoor learning as much as possible in the Guide.
Both of these items are related to engineering and administrative controls that can be beneficial for
reducing the risk of transmission given contact with an infected individual.

124. | feel that given the biology of COVID-19, where asymptomatic and/or pre-symptomatic
individuals contribute to disease transmission it should be required that all students wear a non-
medical mask/face covering when indoors to provide source protection and reduce risk to other
students and the education workers.

125.  Class sizes/cohort sizes and physical distancing go hand in hand. Based on the available evidence
from the Figures presented above, along with the most recent observations from the school simulation
study conducted by researchers at the Hospital for Sick Children, it is clear that appropriate physical
distancing of 2 metres is not possible with the current class/cohort sizes. There has been no mention
or discussion of plexiglass barrier in classroom settings, however we know that this engineering
control has been implemented in other countries.

126.  There is also no specific mention of staff cohorts etc. It is imperative to consider that staff should
also be “cohorted” to some extent in order to reduce risk for broader spread of the pathogen in the
school setting (Figures 1 and 2). Having staff that move between classes (e.g. French teachers) should
be minimized and more novel modes of delivery should be considered.
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Early dynamics of transmission and control of COVID-19:
a mathematical modelling study

Adam J Kucharski, Timothy W Russell, Charlie Diamond, Yang Liu, John Edmunds, Sebastian Funk, Rosalind M Eggo,
on behalf of the Centre for Mathematical Modelling of Infectious Diseases COVID-19 working group*

Summary

Background An outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has led to 95 333 confirmed
cases as of March 5, 2020. Understanding the early transmission dynamics of the infection and evaluating the
effectiveness of control measures is crucial for assessing the potential for sustained transmission to occur in new
areas. Combining a mathematical model of severe SARS-CoV-2 transmission with four datasets from within and
outside Wuhan, we estimated how transmission in Wuhan varied between December, 2019, and February, 2020. We
used these estimates to assess the potential for sustained human-to-human transmission to occur in locations outside
Wauhan if cases were introduced.

Methods We combined a stochastic transmission model with data on cases of coronavirus disease 2019 (COVID-19) in
Wuhan and international cases that originated in Wuhan to estimate how transmission had varied over time during
January, 2020, and February, 2020. Based on these estimates, we then calculated the probability that newly introduced
cases might generate outbreaks in other areas. To estimate the early dynamics of transmission in Wuhan, we fitted a
stochastic transmission dynamic model to multiple publicly available datasets on cases in Wuhan and internationally
exported cases from Wuhan. The four datasets we fitted to were: daily number of new internationally exported cases
(or lack thereof), by date of onset, as of Jan 26, 2020; daily number of new cases in Wuhan with no market exposure,
by date of onset, between Dec 1, 2019, and Jan 1, 2020; daily number of new cases in China, by date of onset, between
Dec 29, 2019, and Jan 23, 2020; and proportion of infected passengers on evacuation flights between Jan 29, 2020, and
Feb 4, 2020. We used an additional two datasets for comparison with model outputs: daily number of new exported
cases from Wuhan (or lack thereof) in countries with high connectivity to Wuhan (ie, top 20 most at-risk countries),
by date of confirmation, as of Feb 10, 2020; and data on new confirmed cases reported in Wuhan between Jan 16, 2020,
and Feb 11, 2020.

Findings We estimated that the median daily reproduction number (R) in Wuhan declined from 2-35 (95% CI
1-15-4-77) 1 week before travel restrictions were introduced on Jan 23, 2020, to 1-05 (0-41-2-39) 1 week after. Based
on our estimates of R, assuming SARS-like variation, we calculated that in locations with similar transmission
potential to Wuhan in early January, once there are at least four independently introduced cases, there is a more than
50% chance the infection will establish within that population.

Interpretation Our results show that COVID-19 transmission probably declined in Wuhan during late January, 2020,
coinciding with the introduction of travel control measures. As more cases arrive in international locations with
similar transmission potential to Wuhan before these control measures, it is likely many chains of transmission will
fail to establish initially, but might lead to new outbreaks eventually.

Funding Wellcome Trust, Health Data Research UK, Bill & Melinda Gates Foundation, and National Institute for
Health Research.

Copyright © 2020 The Author(s). Published by Elsevier Litd. This is an Open Access article under the CC BY
4.0 license.

Introduction provide insights into the epidemiological situation® and

As of Feb 13, 2020, an outbreak of coronavirus disease
2019 (COVID-19) has resulted in 46 997 confirmed cases.’
The outbreak was first identified in Wuhan, China, in
December, 2019, with most early cases being reported in
the city. Most internationally exported cases reported to
date have history of travel to Wuhan.? In the early stages
of a new infectious disease outbreak, it is crucial to
understand the transmission dynamics of the infection.
Estimation of changes in transmission over time can
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identify whether outbreak control measures are having a
measurable effect.** Such analysis can inform predictions
about potential future growth,® help estimate risk to
other countries,/ and guide the design of alternative
interventions.®

However, there are several challenges to such analyses,
particularly in real time. There can be a delay to symptom
appearance resulting from the incubation period and
delay to confirmation of cases resulting from detection
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Research in context

Evidence before this study

We searched PubMed, BioRxiv, and MedRxiv for articles
published in English from inception to Feb 10, 2020, with the
keywords “2019-nCoV”, "novel coronavirus”, “COVID-19”,
“SARS-CoV-2" AND “reproduction number”, “R0",
“transmission”. We found several estimates of the basic
reproduction number (R,) of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), including average exponential
growth rate estimates based on inferred or observed cases at a
specific timepoint and early growth of the outbreak in China.
However, we identified no estimates of how R, had changed in
Wuhan since control measures were introduced in late January
or estimates that jointly fitted data within Wuhan to
international exported cases and evacuation flights.

Added value of this study
Our study combines available evidence from multiple data
sources, reducing the dependency of our estimates on a single

and testing capacity.’ Modelling approaches can account
for such delays and uncertainty by explicitly incorporating
delays resulting from the natural history of infection
and reporting processes.” Additionally, individual data
sources might be biased, incomplete, or only capture
certain aspects of the outbreak dynamics. Evidence
synthesis approaches, which fit to multiple data sources
rather than a single dataset (or datapoint) can enable more
robust estimation of the underlying dynamics of
transmission from noisy data."” Combining a mathema-
tical model of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) transmission with four datasets
from within and outside Wuhan, we estimated how
transmission in Wuhan varied between December, 2019,
and February, 2020. We used these estimates to assess the
potential for sustained human-to-human transmission to
occur in locations outside Wuhan if cases were introduced.

Methods

Data sources

To estimate the early dynamics of transmission in Wuhan,
we fitted a stochastic transmission dynamic model” to
multiple publicly available datasets on cases in Wuhan and
internationally exported cases from Wuhan. The four
datasets we fitted to were: daily number of new
internationally exported cases (or lack thereof), by date of
onset, as of Jan 26, 2020; daily number of new cases in
Wuhan with no market exposure, by date of onset, between
Dec 1, 2019, and Jan 1, 2020; daily number of new cases in
China, by date of onset, between Dec 29, 2019, and
Jan 23, 2020; and proportion of infected passengers on
evacuation flights between Jan 29, 2020, and Feb 4, 2020
(appendix p 3). We used an additional two datasets for
comparison with model outputs: daily number of new
exported cases from Wuhan (or lack thereof) in countries
with high connectivity to Wuhan (ie, top 20 most at-risk

timepoint or dataset. We estimate how transmission has varied
over time, identify a decline in the reproduction number in late
January to almost 1, coinciding with the introduction of large
scale control measures, and show the potential implications of
estimated transmission for outbreak risk in new locations.

Implications of all the available evidence

Coronavirus disease 2019 is currently showing sustained
transmission in China, creating a substantial risk of outbreaks in
other countries. However, if SARS-CoV-2 has Middle East
respiratory syndrome coronavirus-like or SARS-CoV-like
variability in transmission at the individual level, multiple
introductions might be required before an outbreak takes hold.

countries), by date of confirmation, as of Feb 10, 2020; and
data on new confirmed cases reported in Wuhan between
Jan 16, 2020, and Feb 11, 2020 (appendix p 3).

Procedures

In the model, we divided individuals into four infection
classes, as follows: susceptible, exposed (but not
yet infectious), infectious, and removed (ie, isolated,
recovered, or otherwise no longer infectious; figure 1).
The model accounted for delays in symptom onset and
reporting by including compartments to reflect
transitions between reporting states and disease states.
The model also incorporated uncertainty in case
observation, by explicitly modelling a Poisson observed
process of newly symptomatic cases, reported onsets of
new cases, reported confirmation of cases, and a binomial
observation process for infection prevalence on
evacuation flights (appendix pp 1-3). The incubation
period was assumed to be Erlang distributed with mean
5-2 days* (SD 3-7) and delay from onset to isolation was
assumed to be Erlang distributed with mean 2-9 days
(2-1).>" The delay from onset to reporting was assumed
to be exponentially distributed with mean 6-1days (2-5).?
Once exposed to infection, a proportion of individuals
travelled internationally and we assumed that the
probability of cases being exported from Wuhan to a
specific other country depended on the number of cases
in Wuhan, the number of outbound travellers (assumed
to be 3300 per day before travel restrictions were
introduced on Jan 23, 2020, and zero after), the relative
connectivity of different countries,® and the relative
probability of reporting a case outside Wuhan, to account
for differences in clinical case definition, detection, and
reporting within Wuhan and internationally. We
considered the 20 countries outside China most at risk of
exported cases in the analysis.
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We modelled transmission as a geometric random
walk process, and we used sequential Monte Carlo
simulation to infer the transmission rate over time, as
well as the resulting number of cases and the time-
varying basic reproduction number (R), defined here as
the mean number of secondary cases generated by a
typical infectious individual on each day in a full
susceptible population. The model had three unknown
parameters, which we estimated: magnitude of temporal
variability in transmission, proportion of cases that
would eventually be detectable, and relative probability of
reporting a confirmed case within Wuhan compared
with an internationally exported case that originated in
Wuhan. We assumed the outbreak started with a single
infectious case on Nov 22, 2019, and the entire population
was initially susceptible. Once we had estimated R, we
used a branching process with a negative binomial
offspring distribution to calculate the probability an
introduced case would cause a large outbreak. We also
did a sensitivity analysis on the following three key
assumptions: we assumed the initial number of cases
was ten rather than one; we assumed connectivity
between countries followed WorldPop rather than MOBS
Lab estimates; and we assumed that cases were infectious
during the second half of their incubation period rather
than only being infectious while symptomatic. All
data and code required to reproduce the analysis is
available online.

Role of the funding source

The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing of
the report. The corresponding author had full access to
all the data in the study and had final responsibility for
the decision to submit for publication.

Results

We estimated that R, varied during January, 2020,
with median values ranging from 1-6 to 2-6 between
Jan 1, 2020, and the introduction of travel restrictions on
Jan 23, 2020 (figure 2). We estimated a decline in R, in late
January, from 2-35 (95% CI 1-15-4-77) on January 16,
1 week before the restrictions, to 1-05 (0-41-2-39) on
January 31.

The model reproduced the observed temporal trend of
cases within Wuhan and cases exported internationally.
The model captured the exponential growth in case onsets
in early January, the rising number of exported case onsets
between Jan 15, and Jan 23, 2020, and the prevalence of
infection measured on ten evacuation flights from Wuhan
to seven countries. We estimated that 94.-8% (95% CI
93:1-96-1%) of the Wuhan population were still
susceptible on Jan 31, 2020 (figure 2). Our results suggested
there were around ten times more symptomatic cases in
Wuhan in late January than were reported as confirmed
cases (figure 2), but the model did not predict the slowdown
in cases that was observed in early February. The model
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| Onset of symptoms |—>| Confirmed |

Prevalence

Susceptible Removed

Only a fraction
of cases travel
internationally

Exposed

Figure 1: Model structure

The population is divided into the following four classes: susceptible, exposed
(and not yet symptomatic), infectious (and symptomatic), and removed

(ie, isolated, recovered, or otherwise non-infectious). A fraction of exposed
individuals subsequently travel and are eventually detected in their destination
country.

could also reproduce the pattern of confirmed exported
cases from Wuhan, which was not explicitly used in the
model fitting (figure 2). We found that confirmed and
estimated exported cases among the 20 countries most
connected to China generally corresponded with each
other, with the USA and Australia as notable outliers,
having had more confirmed cases reported with a travel
history to Wuhan than would be expected in the model
(figure 2). There was evidence that the majority of cases
were symptomatic. We estimated that 100% (95% CI
51-100) of cases would eventually have detectable
symptoms, implying that most infections that were
exported internationally from Wuhan in late January were
in theory eventually detectable. As a sensitivity analysis, we
repeated the analysis with a large number of initial cases,
different mobility data, and the assumption that pre-
symptomatic cases could transmit. In these analyses, we
observed the same result of a decline in R, from more than
2 to almost 1 in the last 2 weeks of January, 2020 (appendix
pp 10-13).

To examine the potential for new outbreaks to establish
in locations outside Wuhan, we used our estimates
of the R to simulate new outbreaks with potential
individual-level variation in transmission (ie, so called
superspreading events).”"” Such variation increases the
fragility of transmission chains, making it less likely that
an outbreak will take hold following a single introduction.
If transmission is more homogeneous, with all infectious
individuals generating a similar number of secondary
cases, it is more likely than an outbreak will establish.®

For data and code required to

reproduce the analysis see
https://github.com/
adamkucharski/2020-ncov/
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Figure 2: Dynamics of transmission in Wuhan, fitted up to Feb 11, 2020

The red line marks travel restrictions starting on Jan 23, 2020. For parts (A) to (F) blue lines represent median, light blue shading represents 50% confidence intervals
of the model estimate, and dark blue shading represents 95% confidence intervals of the model estimate. In all panels, datasets that were fitted to are shown as solid
points; non-fitted data are shown as empty circles. (A) Estimated R, over time. The dashed line represents an R, of 1. (B) Onset dates of confirmed cases in Wuhan and
China. (C) Reported cases by date of onset (black points) and estimated internationally exported cases from Wuhan by date of onset (blue line). (D) Estimated
prevalence of infections that did not have detectable symptoms (blue line), and proportion of passengers on evacuation flights that tested positive for severe acute
respiratory syndrome coronavirus 2 (black points; error bars show 95% binomial Cls). (E) New confirmed cases by date in Wuhan (circles, right hand axis) and
estimated new symptomatic cases (blue line, left hand axis). (F) International exportation events by date of confirmation of case, and expected number of exports in
the fitted model. (G) Estimated number of internationally exported cases from Wuhan confirmed up to Feb 10, 2020 and observed number in 20 countries with the

highest connectivity to China. R,=daily reproduction number.

Based on the median R, estimated during January before
travel restrictions were introduced, we estimated that
a single introduction of SARS-CoV-2 with SARS-like
or Middle East respiratory syndrome (MERS)-like indi-
vidual-level variation in transmission would have a 17% to
25% probability of causing a large outbreak (figure 3).
Assuming SARS-like variation and Wuhan-like trans-
mission, we estimated that once four or more infections

have been introduced into a new location, there is an over
50% chance that an outbreak will occur (figure 3).

Discussion

Combining a mathematical model with multiple datasets,
we found that the median daily R, of SARS-CoV-2 in Wuhan
probably varied between 1-6 and 2-6 in January, 2020,
before travel restrictions were introduced. We also
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estimated that transmission declined by around half in the
2 weeks spanning the introduction of restrictions.

The estimated fluctuations in R, were driven by the rise
and fall in the number of cases, both in Wuhan and
internationally, as well as prevalence on evacuation flights.
Such fluctuations could be the result of changes in
behaviour in the population at risk, or specific super-
spreading events that inflated the average estimate of
transmission.”® We found some evidence of a reduction
in R in the days before the introduction of travel
restrictions in Wuhan, which might have reflected out-
break control efforts or growing awareness of SARS-CoV-2
during this period. The uncertainty in our estimates for R,
following the decline in early February, 2020, results from
a paucity of data sources to inform changes in transmission
during this period.

Comparing model predictions with observed confirmed
cases reported in Wuhan, we found that the model
predicted at least ten times higher cases than were reported
in early February, 2020. The model also did not predict
the more recent slowdown in cases, suggesting that
transmission might have declined more than our model—
which did not fit to this case data—estimated during early
February, 2020. Our estimates for international cases in
specific countries were broadly consistent with the number
of subsequently confirmed exported cases outside Wuhan.
However, there were notably more cases exported to
France, USA, and Australia compared with what our
model predicted. This could be the result of increased
surveillance and detection as awareness of SARS-CoV-2
increased in late January, which would suggest earlier
exported cases might have been missed, or could be the
result of increased travel out of Wuhan immediately before
introduction of travel restrictions on Jan 23, 2020.

Based our on estimated reproduction number and
published estimates of individual-level variation in trans-
mission for SARS-CoV and MERS-CoV, we found that a
single case introduced to a new location would not
necessarily lead to an outbreak. Even if the reproduction
number is as high as in Wuhan in early January, it could
take several introductions for an outbreak to establish,
because high individual-level variation in transmission
makes new chains of transmission more fragile, and hence
it becomes less likely that a single infection will generate
an outbreak. This factor highlights the importance of rapid
case identification and subsequent isolation and other
control measures to reduce the chance of onward chains of
transmission.”

Our analysis highlights the value of combining multiple
data sources in analysis of COVID-19. For example, the
rapid growth of confirmed cases globally during late
January, 2020, with case totals in some instances apparently
doubling every day or so, would have had the effect of
inflating R, estimates to implausibly large values if only
these recent datapoints were used in our analysis. Our
results also have implications for estimation of
transmission dynamics using the number of exported
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Figure 3: Risk that introduced infections will establish in a new population
(A) Probability that a single case will lead to a large outbreak for different
assumptions about the extent of homogeneity in individual-level transmission
(ie, the dispersion parameter k in a negative binomial offspring process). Results
are shown for the median reproduction number estimated for severe acute
respiratory syndrome coronavirus 2 in Wuhan between Jan 1, 2020, and

Jan 23, 2020. (B) Probability that a given number of introductions will result in a
large outbreak, assuming SARS-like superspreading events can occur. Points
show the median estimated reproduction number between Jan 1,2020, and Jan
23, 2020; bars show 95% quantile of the range of median values of R, during this
period. SARS=severe acute respiratory syndrome. MERS=Middle East respiratory
syndrome. R =daily reproduction number.

cases from a specific area? Once extensive travel
restrictions are introduced, as they were in Wuhan, the
signal from such data gets substantially weaker.
If restrictions and subsequent delays in detection of cases
are not accounted for, this could lead to artificially low
estimates of R, or inferred case totals from the apparently
declining numbers of exported cases. Our model estimates
benefited from the availability of testing data from
evacuation flights, which allowed us to estimate current
prevalence. Having such information for other settings,
either through widespread testing or serological
surveillance, will be valuable to reduce reliance on case
reports alone.

There are several other limitations to our analysis. We
used plausible biological parameters for SARS-CoV-2
based on current evidence, but these values might be
refined as more comprehensive data become available.
However, by fitting to multiple datasets to infer model
parameters, and conducting sensitivity analyses on key
areas of uncertainty, we have attempted to make the best
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possible use of the available evidence about SARS-CoV-2
transmission dynamics. Furthermore, we used publicly
available connectivity and risk estimates based on
international travel data to predict the number of cases
exported into each country. These estimates have shown
good correspondence with the distribution of exported
cases to date,” and are similar to another risk assessment
for COVID-19 with different data.” We also assumed that
the latent period is equal to the incubation period
(ie, individuals become infectious and symptomatic at the
same time) and all infected individuals will eventually
become symptomatic. However, there is evidence that
transmission of SARS-CoV-2 can occur with few reported
symptoms.” Therefore, we did a sensitivity analysis in
which transmission could occur in the second half of the
incubation period, but this did not change our overall
conclusions of a decline in R, from around 2-4 to almost 1
during the last 2 weeks of January. We also explored having
a larger initial spillover event and using different sources
for flight connectivity data, both of which produced the
same conclusion about the decline in transmission. In our
analysis of new outbreaks, we also used estimates of
individual-level variation in transmission for SARS and
MERS-CoV to illustrate potential dynamics. However, it
remains unclear what the precise extent of such variation
is for SARS-CoV-2." 1If transmission were more
homogenous than SARS-CoV or MERS-CoV, it would
increase the risk of outbreaks following introduced cases.
As more data become available, it will be possible to refine
these estimates; therefore we have made an online tool so
that users can explore these risk estimates if new data
become available (appendix p 4).

Our results show that there was probably substantial
variation in SARS-CoV-2 transmission over time, and
suggest a decline in transmission in Wuhan in late
January, 2020, around the time that control measures were
introduced. If COVID-19 transmission is established
outside Wuhan, understanding the effectiveness of
control measures in different settings will be crucial for
understanding the dynamics of the outbreak, and the
likelihood that transmission can eventually be contained
or effectively mitigated.
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Since December 2019, China has been experiencing
a large outbreak of a novel coronavirus (2019-nCoV)
which can cause respiratory disease and severe pneu-
monia. We estimated the basic reproduction num-
ber Ro of 2019-nCoV to be around 2.2 (90% high density
interval: 1.4-3.8), indicating the potential for sus-
tained human-to-human transmission. Transmission
characteristics appear to be of similar magnitude to
severe acute respiratory syndrome-related coronavi-
rus (SARS-CoV) and pandemic influenza, indicating a
risk of global spread.

On 31 December 2019, the World Health Organization
(WHO) was alerted about a cluster of pneumonia of
unknown aetiology in the city of Wuhan, China [1,2].
Only a few days later, Chinese authorities identified
and characterised a novel coronavirus (2019-nCoV)
as the causative agent of the outbreak [3]. The out-
break appears to have started from a single or multiple
zoonotic transmission events at a wet market in Wuhan
where game animals and meat were sold [4] and has
resulted in 5,997 confirmed cases in China and 68 con-
firmed cases in several other countries by 29 January
2020 [5]. Based on the number of exported cases iden-
tified in other countries, the actual size of the epidemic
in Wuhan has been estimated to be much larger [6]. At
this early stage of the outbreak, it is important to gain
understanding of the transmission pattern and the
potential for sustained human-to-human transmission
of 2019-nCoV. Information on the transmission char-
acteristics will help coordinate current screening and
containment strategies, support decision making on
whether the outbreak constitutes a public health emer-
gency of international concern (PHEIC), and is key for
anticipating the risk of pandemic spread of 2019-nCoV.
In order to better understand the early transmission
pattern of 2019-nCoV, we performed stochastic simula-
tions of early outbreak trajectories that are consistent
with the epidemiological findings to date.

www.eurosurveillance.org

Epidemic parameters

Two key properties will determine further spread
of 2019-nCoV. Firstly, the basic reproduction num-
ber R describes the average number of secondary
cases generated by an infectious index case in a fully
susceptible population, as was the case during the
early phase of the outbreak. If R is above the critical
threshold of 1, continuous human-to-human transmis-
sion with sustained transmission chains will occur.
Secondly, the individual variation in the number of
secondary cases provides further information about
the expected outbreak dynamics and the potential for
superspreading events [7-9]. If the dispersion of the
number of secondary cases is high, a small number of
cases may be responsible for a disproportionate num-
ber of secondary cases, while a large number of cases
will not transmit the pathogen at all. While super-
spreading always remain a rare event, it can result in
a large and explosive transmission event and have a
lot of impact on the course of an epidemic. Conversely,
low dispersion would lead to a steadier growth of the
epidemic, with more homogeneity in the number of
secondary cases per index case. This has important
implications for control efforts.

Simulating early outbreak trajectories

In a first step, we initialised simulations with one index
case. For each primary case, we generated second-
ary cases according to a negative-binomial offspring
distribution with mean R_and dispersion k [7,8]. The
dispersion parameter k quantifies the variability in the
number of secondary cases, and can be interpreted
as a measure of the impact of superspreading events
(the lower the value of k, the higher the impact of
superspreading). The generation time interval D was
assumed to be gamma-distributed with a shape
parameter of 2, and a mean that varied between 7 and
14 days. We explored a wide range of parameter com-
binations (Table) and ran 1,000 stochastic simulations
for each individual combination. This corresponds to



TABLE

Parameter ranges for stochastic simulations of outbreak
trajectories, 2019 novel coronavirus outbreak, China,
2019-2020

Number of values

Parameter Description Range explored within
the range
Basic
Ro reproduction 0.8-5.0 22 (equidistant)
number
K Dispersion 0.01-10% 20 (equidistant on
parameter log,  scale)
Generation time . -
D interval (days) 7-14 8 (equidistant)
Initial number of -
n index cases 1-50 6 (equidistant)
T Date of zoonotic | 20 Nov-4 Dec | Randomised for
transmission 2019 each index case

a total of 3.52 million one-index-case simulations that
were run on UBELIX (http://www.id.unibe.ch/hpc), the
high performance computing cluster at the University
of Bern, Switzerland.

In a second step, we accounted for the uncertainty
regarding the number of index cases n and the date T of
the initial zoonotic animal-to-human transmissions at
the wet market in Wuhan. An epidemic with several
index cases can be considered as the aggregation of
several independent epidemics with one index case
each. We sampled (with replacement) n of the one-
index-case epidemics, sampled a date of onset for
each index case and aggregated the epidemic curves
together. The sampling of the date of onset was done
uniformly from a 2-week interval around 27 November
2019, in coherence with early phylogenetic analyses
of 11 2019-nCoV genomes [10]. This step was repeated
100 times for each combination of R, (22 points), k (20
points), D (8 points) and n (6 points) for a total of
2,112,000 full epidemics simulated that included the
uncertainty on D, n and T. Finally, we calculated the pro-
portion of stochastic simulations that reached a total
number of infected cases within the interval between
1,000 and 9,700 by 18 January 2020, as estimated
by Imai et al. [6]. In a process related to approximate
Bayesian computation (ABC), the parameter value com-
binations that led to simulations within that interval
were treated as approximations to the posterior distri-
butions of the parameters with uniform prior distribu-
tions. Model simulations and analyses were performed
in the R software for statistical computing [11]. Code
files are available on https://github.com/jriou/wcov.

Transmission characteristics of the 2019
novel coronavirus

In order to reach between 1,000 and 9,700 infected
cases by 18 January 2020, the early human-to-human
transmission of 2019-nCoV was characterised by val-
ues of R around 2.2 (median value, with 90% high

FIGURE 1

Values of R  and k most compatible with the estimated
size of the 2019 novel coronavirus epidemic in China, on
18 January 2020
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The basic reproduction number R quantifies human-to-human
transmission. The dispersion parameter k quantifies the risk of

a superspreading event (lower values of k are linked to a higher
probability of superspreading). Note that the probability density of
kimplies a log1o transformation.

density interval: 1.4-3.8) (Figure 1). The observed data
at this point are compatible with a large range of val-
ues for the dispersion parameter k (median: 0.54, 90%
high density interval: 0.014—6.95). However, our simu-
lations suggest that very low values of k are less likely.
These estimates incorporate the uncertainty about the
total epidemic size on 18 January 2020 and about the
date and scale of the initial zoonotic event (Figure 2).

Comparison with past emergences of
respiratory viruses

Comparison with other emerging coronaviruses in
the past allows to put into perspective the avail-
able information regarding the transmission pat-
terns of 2019-nCoV. Figure 3 shows the combinations
of R and k that are most likely at this stage of the
epidemic. Our estimates of R and k are more similar to
previous estimates focusing on early human-to-human
transmission of SARS-CoV in Beijing and Singapore [7]
than of Middle East respiratory syndrome-related coro-
navirus (MERS-CoV) [9]. The spread of MERS-CoV was
characterised by small clusters of transmission fol-
lowing repeated instances of animal-to-human trans-
mission events, mainly driven by the occurrence of
superspreading events in hospital settings. MERS-CoV
could however not sustain human-to-human transmis-
sion beyond a few generations [12]. Conversely, the
international spread of SARS-CoV lasted for 9 months
and was driven by sustained human-to-human trans-
mission, with occasional superspreading events. It
led to more than 8,000 cases around the world and
required extensive efforts by public health authorities
to be contained [13]. Our assessment of the early trans-
mission of 2019-nCoV suggests that 2019-nCoV might
follow a similar path.

Our estimates for 2019-nCoV are also compatible with
those of 1918 pandemic influenza, for which k was

www.eurosurveillance.org



FIGURE 2

Ilustration of the simulation strategy, 2019 novel coronavirus outbreak, China, 2019-2020
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The lines represent the cumulative incidence of 480 simulations with R = 1.8 and k = 1.13. The other parameters are left to vary according to
the Table. Among these simulated epidemics, 54.3% led to a cumulative incidence between 1,000 and 9,700 on 18 January 2020 (in red).

estimated [14]. Human-to-human transmission of influ-
enza viruses is characterised by R_values between 1.5
and 2 and a larger value of k, implying a more steady
transmission without superspreading. The emergence
of new strains of influenza, for which human popula-
tions carried little to no immunity contrary to seasonal
influenza, led to pandemics with different sever-
ity such as the ones in1918, 1957 1968 and 2009. It
is notable that coronaviruses differ from influenza
viruses in many aspects, and evidence for the 2019-
nCoV with respect to case fatality rate, transmissibility
from asymptomatic individuals and speed of transmis-
sion is still limited. Without speculating about possible
consequences, the values of R and k found here during
the early stage of 2019-nCoV emergence and the lack of
immunity to 2019-nCoV in the human population leave
open the possibility for pandemic circulation of this
new virus.

Strengths and limitations

The scarcity of available data, especially on case counts
by date of disease onset as well as contact tracing,
greatly limits the precision of our estimates and does

www.eurosurveillance.org

not yet allow for reliable forecasts of epidemic spread.
Case counts provided by local authorities in the early
stage of an emerging epidemic are notoriously unreli-
able as reporting rates are unstable and vary with time.
This is due to many factors such as the initial lack of
proper diagnosis tools, the focus on the more severe
cases or the overcrowding of hospitals. We avoided
this surveillance bias by relying on an indirect estimate
of epidemic size on 18 January, based on cases identi-
fied in foreign countries before quarantine measures
were implemented on 23 January. This estimated range
of epidemic size relies itself on several assumptions,
including that all infected individuals who travelled
from Wuhan to other countries have been detected [6].
This caveat may lead to an underestimation of trans-
missibility, especially considering the recent reports
about asymptomatic cases [4]. Conversely, our results
do not depend on any assumption about the existence
of asymptomatic transmission, and only reflect the
possible combinations of transmission events that lead
to the situation on 18 January.



FIGURE 3

Proportion of simulated epidemics that lead to a cumulative incidence between 1,000 and 9,700 of the 2019 novel

coronavirus outbreak, China, on 18 January 2020
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MERS: Middle East respiratory syndrome-related coronavirus; SARS: severe acute respiratory syndrome-related coronavirus.

This can be interpreted as the combinations of R and k values most compatible with the estimation of epidemic size before quarantine
measures were put in place. As a comparison, we show the estimates of R and k for the early human-to-human transmission of SARS-CoV in

Singapore and Beijing and of 1918 pandemic influenza [7,9,14].

Our analysis, while limited because of the scarcity of
data, has two important strengths. Firstly, it is based
on the simulation of a wide range of possibilities
regarding epidemic parameters and allows for the full
propagation on the final estimates of the many remain-
ing uncertainties regarding 2019-nCoV and the situa-
tion in Wuhan: on the actual size of the epidemic, on
the size of the initial zoonotic event at the wet market,
on the date(s) of the initial animal-to-human transmis-
sion event(s) and on the generation time interval. As
it accounts for all these uncertainties, our analysis
provides a summary of the current state of knowledge
about the human-to-human transmissibility of 2019-
nCoV. Secondly, its focus on the possibility of super-
spreading events by using negative-binomial offspring
distributions appears relevant in the context of emerg-
ing coronaviruses [7,8]. While our estimate of k remains
imprecise, the simulations suggest that very low values
of k<o.1 are less likely than higher values < 0.1 that
correspond to a more homogeneous transmission

pattern. However, values of k in the range of 0.1-0.2
are still compatible with a small risk of occurrence of
large superspreading events, especially impactful in
hospital settings [15,16].

Conclusions

Our analysis suggests that the early pattern of human-
to-human transmission of 2019-nCoV is reminiscent of
SARS-CoV emergence in 2002. International collabora-
tion and coordination will be crucial in order to con-
tain the spread of 2019-nCoV. At this stage, particular
attention should be given to the prevention of possible
rare but explosive superspreading events, while the
establishment of sustained transmission chains from
single cases cannot be ruled out. The previous experi-
ence with SARS-CoV has shown that established prac-
tices of infection control, such as early detection and
isolation, contact tracing and the use of personal pro-
tective equipment, can stop such an epidemic. Given
the existing uncertainty around the case fatality rate

www.eurosurveillance.org



and transmission, our findings confirm the importance
of screening, surveillance and control efforts, particu-
larly at airports and other transportation hubs, in order
to prevent further international spread of 2019-nCoV.

*Authors’ correction

On request of the authors, the ranges for the generation time
and the dispersion parameter in the Table were corrected on
17 February 2020.
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The objective of this Personal View is to compare transmissibility, hospitalisation, and mortality rates for severe acute Lancet infect Dis 2020
respiratory syndrome coronavirus 2 (SARS-CoV-2) with those of other epidemic coronaviruses, such as severe acute pyblished Online
respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory syndrome coronavirus (MERS-CoV), and
pandemic influenza viruses. The basic reproductive rate (R,) for SARS-CoV-2 is estimated to be 2-5 (range 1-8-3-6)
compared with 2-0-3-0 for SARS-CoV and the 1918 influenza pandemic, 0-9 for MERS-CoV, and 1-5 for the
2009 influenza pandemic. SARS-CoV-2 causes mild or asymptomatic disease in most cases; however, severe to critical
illness occurs in a small proportion of infected individuals, with the highest rate seen in people older than 70 years.
The measured case fatality rate varies between countries, probably because of differences in testing strategies.
Population-based mortality estimates vary widely across Europe, ranging from zero to high. Numbers from the first
affected region in Italy, Lombardy, show an all age mortality rate of 154 per 100000 population. Differences are most
likely due to varying demographic structures, among other factors. However, this new virus has a focal dissemination;
therefore, some areas have a higher disease burden and are affected more than others for reasons that are still not
understood. Nevertheless, early introduction of strict physical distancing and hygiene measures have proven effective
in sharply reducing R, and associated mortality and could in part explain the geographical differences.

Introduction

WHO declared the COVID-19 outbreak, caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2),
a pandemic on March 11, 2020." Initially, superspreading
events, a cruise ship in Japan, mass gathering of a
religious group in South Korea, skiing resorts in Italy
and Austria, and a popular pilgrimage city (Iran) con-
tributed to the rapid dissemination globally. Since then,
the rate of global spread has accelerated, and widespread
epidemics have occurred in numerous countries.

The SARS-CoV-2 virus is genetically closely related
to severe acute respiratory syndrome coronavirus
(SARS-CoV), the first pandemic threat of a novel and
deadly coronavirus that emerged in late 2002 and caused
an outbreak of severe acute respiratory syndrome
(SARS). SARS-CoV was highly lethal but faded out after
intense public health mitigation measures.? By contrast,
the novel SARS-CoV-2 that emerged in December, 2019,
rapidly caused a global pandemic. The SARS 2003
outbreak ceased in June, 2003, with a global total of
8098 reported cases and 774 deaths, and a case fatality
rate of 9-7%, with most cases being acquired nosoco-
mially? In comparison, the Middle East respiratory
syndrome coronavirus (MERS-CoV)—another deadly
coronavirus, but which is currently not presenting a
pandemic threat—emerged in 2012, and has caused
2494 reported cases and 858 deaths in 27 countries and
has a very high case fatality rate of 34%.> Because MERS-
CoV is widespread in dromedary camels, zoonotic cases
continue to occur, unlike SARS-CoV, which emerged
from wildlife and was eliminated from the intermediate
host reservoir.

The new coronavirus SARS-CoV-2 is less deadly but far
more transmissible than MERS-CoV or SARS-CoV. The
virus emerged in December, 2019, and as of June 29, 2020,

6 months into the first pandemic wave, the global count is
rapidly approaching 10 million known cases and has
passed 500000 deaths.* Because of its broad clinical spec-
trum and high transmissibility, eradicating SARS-CoV-2,
as was done with SARS-CoV in 2003, does not seem a
realistic goal in the short term.

In this Personal View we summarise key epidemiological
characteristics of SARS-CoV-2 in comparison with other
epidemic coronaviruses and pandemic influenza. We
explore what makes SARS-CoV-2 different from pandemic
influenza virus and the other epidemic severe corona-
viruses such as SARS-CoV and MERS-CoV. We study the
various characteristics of each virus, including the
transmission and severity characteristics, case fatality
rates (mortality in individuals with the disease), and the

Key messages

+ The basic reproductive rate (R,) of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) is similar to, or
higher than, the R,of SARS-CoV and pandemic influenza

» Mortality due to SARS-CoV-2 and SARS-CoV is strongly
skewed towards people older than 70 years, dissimilar to
the 1918 and 2009 influenza pandemics

+ The proportion of symptomatic people requiring hospital
admission is higher for SARS-CoV-2 infections than for
the 2009 influenza pandemic

+ The population risk of admission to the intensive care unit
is five to six times higher in patients infected with
SARS-CoV-2 than in those with the fairly mild
2009 influenza pandemic

+ The case fatality rate is probably around 1% after
adjusting for asymptomatic and mild illness; serological
studies will aid in refining this estimate
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Correspondenceto:  population-level mortality of the SARS-CoV-2 pandemic
Prof Eskild Petersen, European (table 1)'
Society for Clinical Microbiology
and Infectious Diseases,

4010 Basel, switzerland 1TFANSMissibility and the basic reproductive rate
eskild.petersen@gmail.com  Estimating the ability of a new pathogen to spread is a
key measure in an emerging disease outbreak. A metric
See Online forappendix  used to describe this spread is the basic reproductive rate
(R,). R, is defined as the average number of secondary
transmissions from one infected person; when R, is
greater than 1, the epidemic is growing. The R, estimates
for SARS-CoV, SARS-CoV-2, MERS-CoV, and the influ-

enza pandemics are summarised in the appendix (p 1).
The R, for the SARS outbreak in 2003 was estimated
to be between 2-0 and 3-0 in the early months (until
the end of April), before public health control measures
were introduced.*** Various control measures soon
reduced the transmissibility to 1-1, with a wide IQR of
0-4-2-4.% For MERS-CoV, the R, (unmitigated) was
estimated to be 0-69 (95% CI 0-50-0-92), consistent
with MERS-CoV never having caused sustained
epidemics.*” For SARS-CoV-2, a recent China joint
mission by WHO concluded that “transmission of
SARS-CoV-2 is mostly driven by clusters in close
contacts, particularly family clusters, and less so

SARS-CoV-2  SARS-CoV  Pandemic Pandemic Interpretation
influenza influenza
1918 2009
Transmissibility, 2.5 2:4 2.0 1.7 SARS-CoV-2 has the
R, highest average R,
Incubation period,  4-12 2-7 Unknown 2 Longer incubation
days period; SARS-CoV
epidemics form slower
Interval between 0 5-7 2 2 SARS-CoV-2 is harder to
symptom onset contain than SARS-CoV
and maximum
infectivity, days
Proportionwith  High Low High High Facilitates undetected
mild illness transmission
Proportion of Few (20%) Most (>70%) Few Few Concern about capacity
patients requiring in the health sector
hospitalisation
Proportion of 1/16 000 Most (40%)  Unknown 1/104000 Concern about capacity
patients requiring in the health sector
intensive care
Proportion of 0-6-2:-8% Unknown 95% 80% SARS-CoV-2 might cause
deaths in people as many deaths as the
younger than 1918 influenza
65 years out of all pandemic, but fewer
deaths years of life lost and
disability-adjusted
life-years, as deaths are
in the older population
with underlying health
conditions
Risk factors for Age, Age, Age Age
severe illness comorbidity comorbidity (<60years) (<60 years)
Data from the following references.?*5* MERS-CoV=Middle East respiratory syndrome coronavirus. SARS-CoV=severe
acute respiratory syndrome coronavirus. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.
Table 1: Characteristics of SARS-CoV-2, SARS-CoV, and pandemic influenza

by community transmission”.’ Since the statement
was released, this conclusion has been challenged,
although superspreading events continue to occur in
the pandemic. Studies have estimated the R, at 2-2
(95% CI 1-4-3-9)° and 2-7 (2-5-2-9);" therefore, an
average R, of 2-5 seems a reasonable estimate
(appendix p 1). By comparison, the initial R, estimate
for the 2009 influenza A HIN1 pandemic was 1-7," later
estimated between 0-17 and 1-3 after mitigation was
initiated.”™ R, for the 1918 influenza pandemic was
estimated at around 2-0 in the first wave in July, 1918."

The R, values have important implications for disease
control. R, magnitude indicates the level of mitigation
efforts needed to bring an epidemic under control.®
Mitigation reduces the effective transmission coefficient,
now called R. R, needs to be reduced to less than 1 to
ensure cessation of an epidemic, which can be done by
rapid case identification, quarantine measures, and
physical distancing to prevent secondary transmissions.
For childhood diseases such as measles, the cessation of
epidemic spread was achieved with an effective vaccine.
However, a vaccine has never been a major tool for
control of pandemics because they either occurred before
the era of modern vaccines or, as in 2009, the vaccine
became available only after the first waves had already
occurred.

For SARS-CoV-2 with an R,value of approximately
2-5, transmission would need to be reduced by more
than 60% to reach R, of less than 1 (1-1/R,). The
transmissibility coefficient declines over time as control
measures start having an effect, which was seen
during the successful eradication of SARS-CoV in 2003.*
By contrast with SARS-CoV and SARS-CoV-2, MERS-
CoV has limited transmissibility even in the absence of
mitigation, although the virus has caused several
nosocomial outbreaks since 2012, mainly in hospitals in
Saudi Arabia, Jordan, and South Korea.”

Incubation period of SARS-CoV-2 and viral
excretion

All three coronaviruses have a longer incubation period
(time from infection to symptom onset) than influenza
viruses. One study estimated the mean incubation
period of SARS-CoV-2 to be 5-8 days, ranging
from 1-3 to 11-3 days.® Another study estimated the
median incubation period to be 5-1 days and found that
97-5% of people showed symptoms within 11-5 days of
infection.” A study from China estimated an incubation
period of 5-2 days.’

A notable difference between SARS-CoV, SARS-CoV-2,
and MERS-CoV are the kinetics of virus shedding.
Whereas SARS-CoV and MERS-CoV have tropism for
lower airways, with less virus present in the upper
respiratory tract, this tropism is different in SARS-CoV-2.
For SARS-CoV-2, the average viral load in a family cluster
was 6-8x105 copies per upper respiratory tract swab
during the first 5 days, and live virus isolates were
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obtained from swabs during the first week of illness.” In
a study from Hong Kong,* high viral loads were found in
the first samples obtained after admission to hospital.
This finding was confirmed in a study from China,®
which found a high viral load at the onset of symptoms
that declined in the following 5-6 days. This quick
decline in the viral load makes isolation and quarantine
of patients with SARS-CoV-2 and their contacts much
more challenging and less effective, as it has to be done
as soon as possible after illness onset in order to reduce
transmission. By contrast, for SARS-CoV viral loads
peaked at 6-11 days after symptom onset,** allowing a
full extra week to identify and isolate cases before
transmission occurred. This difference would in part
explain why SARS could be eradicated in 2003 compared
with the trajectory seen in the SARS-CoV-2 pandemic.

There is increasing evidence of transmission from
asymptomatic people, although what proportion of these
individuals are presymptomatic remains unknown. It is
clear that COVID-19 has a broad clinical picture which
includes asymptomatic and mild illness.** A study from
Iceland* found that 43% of PCR-positive cases had no
symptoms, although some individuals showed symptoms
later on (number of days remains unknown). Unofficial
data from China suggest that 78% of cases were
asymptomatic.”

Viral shedding might be occurring for prolonged periods.
A study of viral load” in respiratory tract samples, faeces,
and blood from 96 patients with COVID-19 found a viral
load of 105-106 copies per mL up to 3 weeks after symptom
onset. Viral shedding tended to be longer in stool samples;
however, as of June 9, 2020, there is no documented
evidence of faecal-oral transmission. Viral load is higher
and persists for longer in the lower respiratory tract of
patients who are severely ill with COVID-19.* For SARS,
lower respiratory tract infection occurred without upper
respiratory tract infection. As a consequence, transmission
of SARS-CoV was infrequent during the first 5 days of
illness,* and unlike transmission of influenza, transmis-
sion in household settings was rare.”

Case fatality and risk of severe illness

A key difference between SARS-CoV-2 and pandemic
influenza is the age distribution of patients who are
severely ill. The mortality rate in people infected with
SARS-CoV-2 increases steeply with age, and fatal outcomes
are almost exclusively seen in people older than 50 years
(table 2). This age-related increase in severe morbidity and
mortality was also observed for SARS-CoV (although with
a far greater case fatality). In Hong Kong, the case fatality
due to SARS-CoV was 0% for age group 0-24 years, 6% for
those aged 2544 years, 15% for those aged 45-64 years,
and 52% for people who were 65 years and older.*” For
both SARS and COVID-19, children rarely had severe
illness (table 2). Recently, a rare hyperinflammatory
syndrome has been reported in children with COVID-19.*
In one study looking at close household contacts of people

with COVID-19,% children and adults both had a secondary
attack rate of 15%, but whether children transmit the virus
as effectively as adults is still unknown.

Clinical case fatality, for which the case definition was
fever and respiratory symptoms (including pneumonia),
was around 5% in Hubei province and only around 1%
in the rest of China and South Korea.” In the USA, case
fatality rates among patients with COVID-19 were less
than 1% for people aged 20-54 years, 1-5% in those
aged 55-64 years, 3-11% in those aged 65-84 years, and
10-27% in people aged 85 years and older. Early in the
outbreak there have been few deaths in children and
young adults younger than 20 years.” Although most
patients (90%) with COVID-19 have mild clinical
illness, there is considerable demand for intensive care
because of the subset of patients who develop acute
respiratory distress syndrome. This requirement for
respiratory support is higher for SARS-CoV-2 cases
than for the influenza pandemic in 2009 (table 1).
In a study® of patients who were admitted to hospital in
New York, NY, USA, 14% required intensive care
(median age 68 years).

A Danish study of the 2009 influenza A HIN1
pandemic” found that the proportion of patients with
pandemic influenza never exceeded 4-5% of the total
national intensive care unit (ICU) bed capacity, and the
ICU admission rate was estimated to be approximately
one patient per 5500 patients infected with influenza A
HIN1.* Such figures are lacking for the COVID-19
pandemic, but it is evident that ICU capacity in this
pandemic is a crucial element. In Lombardy, Italy, an
estimated 2-3% of COVID-19 cases needed an ICU bed.”
Comparing these rates is difficult because most people
in the 2009 pandemic were younger than 60 years,
whereas SARS-CoV-2 affects mainly older individuals.
We compared key variables and features of the 1918 and
2009 influenza pandemics with SARS-CoV-2, SARS-CoV,
and MERS-CoV in table 3.

Morbidity, % of positive tests Fatality rates, %
China South Korea Italy China South Korea Italy (all
(Lombardy) regions)
0-9 years 09 1.0 04 0:0 0-0 0-0
10-19 years 12 52 0-8 02 0-0 00
20-29 years 81 280 27 0-2 0-0 0-0
30-39 years 17 103 51 02 01 0-0
40-49 years 192 140 94 04 01 01
50-59 years 224 193 16-6 13 0-4 06
60-69 years 192 12:4 175 175 16 27
70-79 years 88 65 232 80 54 96
>80 years 32 33 197 14-8 102 166
Data for China, South Korea,®and Italy.* Average age of death in Italy is 81 years, and mortality in Italy in people
older than 90 years was 19%.*
Table 2: COVID-19 age-specific case morbidity and fatality rates
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Number of deaths Mean age at death Years of life lost
(adjusted to year 2000 (years) (adjusted to year
population) 2000 population)

2009 influenza pandemic 7500-44100%; 374 334000-1973 000;
8500-17 600t 328900-680300

1968 influenza pandemic 86000% 622 1693000

1957 influenza pandemic 150600% 64-6 2698000

1918 influenza pandemic 1272300% 272 63718000

1979-2001 average influenza 47800 757 594000

A H3N2 season

2003 SARS-CoV 774 Unknown Unknown

2012 MERS-CoV 858 >65.-0 Unknown

2019 SARS-CoV-2 302 059§ Unknown Unknown

MERS-CoV=Middle East respiratory syndrome coronavirus. SARS-CoV=severe acute respiratory syndrome coronavirus.
SARS-CoV-2=severe acute respiratory syndrome coronavirus 2. *Range based on estimates of excess pneumonia and
influenza deaths (lower range number) and all-cause deaths (upper range number); estimated from projections of
mortality surveillance from 122 cities. tProbabilistic estimates from the Centers for Disease Control and Prevention
using 2009 pandemic survey data.*® $Estimates based on the excess mortality approach applied to final national vital
statistics and adjusted to year 2000 population-age structure. SAs per the May 17, 2020, WHO situation report.*

Table 3: Mortality from influenza and coronaviruses****

Number of Known cases per Deaths Deaths per Tests per
known cases 100000 100000 100000
population population population
USA 1382362 421 83819 26 3623
South Korea 11037 21 262 05 1458
Spain 230183 490 27459 58 6498
Italy (Lombardy) 84119 841 5374 54 9398
Germany 173772 209 7881 9 3759
UK 236715 353 33998 51 3670
South Africa 13524 23 247 0-4 742

Data taken from the WHO situation report on May 17, 2020.* Population data from Eurostat.

Table 4: Cumulated prevalence, mortality, and diagnostic tests per country

Forthe COVID-19 Eurostatdata  POpulation-based mortality
see https://www.worldometers.  The mortality impact of seasonal and pandemic influenza
infofcoronavirus/ 1 long been estimated as the excess mortality above
baseline. Excess mortality is ideally estimated from a
mortality time series updated once per week, during, or at
the end of a pandemic.*** A study on excess mortality in
the 2009 influenza pandemic used data from 33 countries,”
and found that the global burden was approximately
300000 deaths. The mean excess mortality for seasonal
influenza was 0-1-6-4 per 100000 people younger than
65 years, 2-9—44-0 per 100000 people aged 65-74 years,
and 17-9-223-5 per 100000 people aged 75 years and
older™ It is too early to study excess mortality for
COVID-19 in South Korea and Italy, but such studies from
China would be helpful. As of June 8, 2020, in Lombardy
(Italy), the mortality rate for COVID-19 has reached
159 per 100000 population.” Notably, these data are not
from the end of the outbreak and numbers are expected to
increase further, as some patients spent 4 weeks in
intensive care and thus have not yet resolved the infection.
The timely European Morbidity and Mortality
(EuroMOMO) surveillance system updated once per

week is a great resource for accessing excess mortality
studies relating to the COVID-19 pandemic in European
countries.” The website shows Z score elevations in a
time series of deaths due to any cause, allowing com-
parison with elevations caused by seasonal influenza.
The EuroMOMO data show high COVID-19 associated
excess mortality in a number of countries including
Italy, Spain, the UK, and Sweden, whereas other
countries such as Germany, Norway, and Greece have
found no, or low, excess mortality (appendix p 2). Case
fatality rates are shown in table 4. In the USA, the
Centers for Disease Control and Prevention also reports
substantial elevation in national respiratory deaths.” For
comparison, the influenza pandemic excess mortality
has ranged from extreme (1918) to mild (2009) over the
past 100 years (table 3). A study modelling global excess
mortality for the moderate 1957 influenza A H2N2
pandemic® found a respiratory excess mortality rate of
0-02%. For the deadly 1918 influenza pandemic esti-
mates show that about 1-2% of the global population
died.” However, excess mortality for the 2009 pandemic
was not much greater than that of a severe seasonal
influenza, at about 0-04% deaths in the global
population®*'

Because the mean age at death varied greatly in past
pandemics, one excess mortality study also looked at
excess years of life lost.* Using years of life lost as
a metric, this study found that the three influenza
pandemics in 1957, 1968, and 2009 had a similar size
effect. Although it is too early to draw conclusions, the
effect of COVID-19 might be higher in terms of excess
mortality, possibly with numbers somewhere in between
the 1957 and 1918 influenza pandemics. However, in
terms of excess years of life lost, because of the mean
age (~80 years) of COVID-19 fatalities, the COVID-19
pandemic would score lower, perhaps similarly to the
1957 and 1968 influenza pandemics. More time and data
are needed before the COVID-19 pandemic can be
accurately compared with past pandemics.

Incidence of SARS-CoV-2 infections

Because of the broad clinical spectrum, it has become
evident that to find out the true attack rate of SARS-CoV-2
serological studies are needed. Meanwhile we can look at
reported cases, deaths, and the number of tests per
100000 population, understanding that more testing and
a broader clinical case definition mean a higher rate of
cases. Currently, each country is in a different phase of
the pandemic, which will lead to a bias in early country
comparisons.

Official figures are available for the USA, South Korea,
the UK, Spain, Germany, and South Africa (table 4,
appendix pp 3-4). As of Feb 16, 2020, Hubei, the earliest
affected province in China, had 67466 confirmed cases
of COVID-19 and 2902 deaths reported.” These figures
correspond to 0-11% of the population being affected
and a mortality rate of 4-8 per 100000 population, which
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is low compared with certain countries in Europe,”
possibly because people with mild symptoms were not
tested.”?* Serological surveys will shed light on these
discrepancies. For comparison, seasonal influenza
attack rates are in the range of 10-20% every winter.”

SARS-CoV-2 spread compared with SARS-CoV

It is still unclear what characteristics the newly emerging
coronavirus, SARS-CoV-2, possesses—which its relative
SARS-CoV did not possess in 2003—allowing it to
succeed in causing a global pandemic. Even at the height
of the 2003 SARS-CoV epidemic, 140 new infections
were reported per week,? compared with more than
100000 infections with SARS-CoV-2. In 2003, SARS
began to spread globally after a patient travelled from
mainland China to Hong Kong. International flight
traffic from China has increased at least ten times since
2003, and a massive high-speed train network connects
a large part of eastern China and Wuhan where the
COVID-19 outbreak began in 2019. Aside from this
dissemination advantage, patients with COVID-19 begin
viral shedding a few days before symptom onset, which
is very different from SARS-CoV and makes quarantine
measures much less efficient.

SARS-CoV-2 and warmer weather

A recent study* modelled possible scenarios for
COVID-19 up to 2024, on the basis of epidemiology of the
seasonal coronaviruses OC43 and HKU1L. The study
assumed a winter-time R, of 2-2 and a summertime R, of
1.3, and predicted winter cycles of COVID-19 after the
pandemic phase. By comparison, the A HIN1 influenza
pandemic started in Mexico in February, 2009, and by
June a total of 73 countries had reported more than
26000 laboratory-confirmed cases.” In July, 1918, there
was a peak of HIN1 influenza infections seen in
Copenhagen before the second wave hit in November."**
These previous pandemics have shown that influenza
transmission does occur over the summer and seasonality
is difficult to predict.

Temperature and humidity makes a difference for viral
survival in the environment. A study using enveloped
virus Phi6 as a surrogate virus” found that infectivity was
sensitive to temperature and decreased by two orders of
magnitude between 19°C and 25°C. Some data on the
effect of temperature are available for SARS-CoV only.
A study of SARS-CoV found a two-log reduction in
virus titre after 7 h at 38°C and 95% humidity.” At 4°C,
SARS-CoV persisted for up to 28 days, and the lowest
level of inactivation occurred at 20% relative humidity.
Inactivation was faster at 20°C than at 4°C at all humidity
levels. These experimental data suggest that SARS-CoV-2
might be less able to survive in the summer.

SARS-CoV-2 and the effect of containment measures
A mortality study” in 17 cities in the USA during the
1918 influenza pandemic found that the cities which

implemented mitigation strategies early on had a delayed,
flatter epidemic curve, with a 50% lower peak mortality,
and a 20% lower overall mortality. Thus, mitigating
policies are of paramount importance to ensure that the
burden on the health-care system remains manageable.
The examples of China and South Korea, and early signs
of bending the curve seen in Europe, show that
influencing the spread of SARS-CoV-2 is possible.
However, the socioeconomical costs are enormous and
will be long lasting.

Radical containment measures have been used to curb
the pandemic in some affected countries. The approach
taken in South Korea was especially effective, done
by rapidly applying extensive testing, quarantine, and
contact tracing of individuals from a large church group
in the early stages of the outbreak. Also, schools were
closed, and all international arrivals were quarantined for
2 weeks.® China, South Korea, and Singapore show that
mitigation using a combination of contact tracing and
rigorous social distancing measures is possible.*
However, new outbreaks have started to occur in each of
these countries and renewed control measures have been
implemented

Countries such as Denmark, Italy, Spain, and Germany
have relied mostly on social distancing and hygiene mea-
sures, in population lockdowns of various magnitudes
of intensity. Such draconic measures were used when
the epidemics were progressing too fast and capacity
for effective case identification, contact tracing, and
containment became impossible. The consensus is that
rigorous mitigation measures are needed early to slow
down SARS-CoV-2 transmission.” Drastic measures of
quarantine and mobility restrictions put in place by China,
Europe, and the USA are no different than those used
for plague in the 14th century. The COVID-19 pandemic
so far has shown that such measures could possibly halt
the pandemic if individuals follow the specific country
guidelines.

Conclusion

The first WHO “disease X” scenario has become a reality.”
The SARS-CoV-2 pandemic has already caused severe
morbidity and mortality in older adults, much higher
than in the pandemic influenza. Although children are
clearly less affected, their role in the transmission of the
virus still needs to be studied.

At this early stage in the pandemic there are no effective
treatments such as antivirals or passive immunisation
schemes. Development of a safe and effective vaccine will
take time. Thus, only supportive treatment in hospitals is
currently available, and efforts to slow and limit the spread
of the virus continue. The goal is to reduce the impact of
the virus, prevent overwhelming the health-care system,
and protect the people at highest risk of severe outcomes,
while waiting for an effective vaccine and treatments.

Historical evidence from influenza pandemics which
occurred in the past century shows us that pandemics
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tend to come in waves over the first 2-5 years as the
population immunity builds-up (naturally or through
vaccination), and then the number of infected cases tends
to decrease. This observation is the most likely trajectory
for the SARS-CoV-2 virus. However, the near future will
require a transition to a new normal, in which a
combination of physical distancing, enhanced testing,
quarantine, and contact tracing will be needed for a long
time. While clinical research and testing of antivirals and
vaccine candidates is ongoing, scientists will learn from
regions and countries that were first affected. Also,
epidemiological and phylogenetic studies can yield much
information about risk factors (other than age) such as
disease transmission, the role of children in transmission,
and a better estimate of case fatality.

It is highly likely that after SARS-CoV-2 there will be
another pandemic. It might be another coronavirus, an
influenza virus, a paramyxovirus, or a completely new
disease. We believe that learning from this experience is
crucial so that we can meet a future pandemic threat with
far better preparation in terms of testing, adequate stocks
of personal protective equipment, and critical care
capability. International pandemic planning is needed to
ensure collaboration between countries, including better
surveillance of emerging infections especially zoonoses.
Controlling an outbreak has everything to do with miti-
gating casualties such as economic losses, joblessness,
loneliness, and even loss of human dignity at the end of
life.
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This document is an update to the scientific brief
published on 29 March 2020 entitled “Modes of
transmission of virus causing COVID-19: implications for
infection prevention and control (IPC) precaution
recommendations” and includes new scientific evidence
available on transmission of SARS-CoV-2, the virus that
causes COVID-19.

Overview


https://www.who.int/

This scientific brief provides an overview of the modes
of transmission of SARS-CoV-2, what is known about
when infected people transmit the virus, and the
implications for infection prevention and control
precautions within and outside health facilities. This
scientific brief is not a systematic review. Rather, it
reflects the consolidation of rapid reviews of publications
in peer-reviewed journals and of non-peer-reviewed
manuscripts on pre-print servers, undertaken by WHO
and partners. Preprint findings should be interpreted
with caution in the absence of peer review. This brief is
also informed by several discussions via
teleconferences with the WHO Health Emergencies
Programme ad hoc Experts Advisory Panel for IPC
Preparedness, Readiness and Response to COVID-19,
the WHO ad hoc COVID-19 IPC Guidance Development
Group (COVID-19 IPC GDG), and by review of external
experts with relevant technical backgrounds.

The overarching aim of the global Strategic
Preparedness and Response Plan for COVID-19(1) is to
control COVID-19 by suppressing transmission of the
virus and preventing associated illness and death.
Current evidence suggests that SARS-CoV-2, the virus
that causes COVID-19, is predominantly spread from
person-to-person. Understanding how, when and in
what types of settings SARS-CoV-2 spreads is critical to
develop effective public health and infection prevention
and control measures to break chains of transmission.

Modes of transmission

This section briefly describes possible modes of
transmission for SARS-CoV-2, including contact,
droplet, airborne, fomite, fecal-oral, bloodborne, mother-
to-child, and animal-to-human transmission. Infection
with SARS-CoV-2 primarily causes respiratory illness
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ranging from mild disease to severe disease and death,
and some people infected with the virus never develop
symptoms.

Contact and droplet transmission

Transmission of SARS-CoV-2 can occur through direct,
indirect, or close contact with infected people through
infected secretions such as saliva and respiratory
secretions or their respiratory droplets, which are
expelled when an infected person coughs, sneezes,

talks or sings.(2-10) Respiratory droplets are >5-10 ym
in diameter whereas droplets <5um in diameter are
referred to as droplet nuclei or aerosols.(11) Respiratory
droplet transmission can occur when a person is in
close contact (within 1 metre) with an infected person
who has respiratory symptoms (e.g. coughing or
sneezing) or who is talking or singing; in these
circumstances, respiratory droplets that include virus
can reach the mouth, nose or eyes of a susceptible
person and can result in infection. Indirect contact
transmission involving contact of a susceptible host with
a contaminated object or surface (fomite transmission)
may also be possible (see below).

Airborne transmission

Airborne transmission is defined as the spread of an
infectious agent caused by the dissemination of droplet
nuclei (aerosols) that remain infectious when suspended
in air over long distances and time.(11) Airborne
transmission of SARS-CoV-2 can occur during medical
procedures that generate aerosols (“aerosol generating
procedures”).(12) WHO, together with the scientific
community, has been actively discussing and evaluating
whether SARS-CoV-2 may also spread through
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aerosols in the absence of aerosol generating
procedures, particularly in indoor settings with poor
ventilation.

The physics of exhaled air and flow physics have
generated hypotheses about possible mechanisms of
SARS-CoV-2 transmission through aerosols.(13-16)
These theories suggest that 1) a number of respiratory
droplets generate microscopic aerosols (<5 um) by
evaporating, and 2) normal breathing and talking results
in exhaled aerosols. Thus, a susceptible person could
inhale aerosols, and could become infected if the
aerosols contain the virus in sufficient quantity to cause
infection within the recipient. However, the proportion of
exhaled droplet nuclei or of respiratory droplets that
evaporate to generate aerosols, and the infectious dose
of viable SARS-CoV-2 required to cause infection in
another person are not known, but it has been studied
for other respiratory viruses.(17)

One experimental study quantified the amount of
droplets of various sizes that remain airborne during
normal speech. However, the authors acknowledge that
this relies on the independent action hypothesis, which
has not been validated for humans and SARS-CoV-2.
(18) Another recent experimental model found that
healthy individuals can produce aerosols through
coughing and talking (19), and another model
suggested high variability between individuals in terms
of particle emission rates during speech, with increased
rates correlated with increased amplitude of
vocalization.(20) To date, transmission of SARS-CoV-2
by this type of aerosol route has not been
demonstrated; much more research is needed given the
possible implications of such route of transmission.

Experimental studies have generated aerosols of
infectious samples using high-powered jet nebulizers
under controlled laboratory conditions. These studies
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found SARS-CoV-2 virus RNA in air samples within
aerosols for up to 3 hours in one study (21) and 16
hours in another, which also found viable replication-
competent virus.(22) These findings were from
experimentally induced aerosols that do not reflect

normal human cough conditions.

Some studies conducted in health care settings where
symptomatic COVID-19 patients were cared for, but
where aerosol generating procedures were not
performed, reported the presence of SARS-CoV-2 RNA
in air samples (23-28), while other similar investigations
in both health care and non-health care settings found
no presence of SARS-CoV-2 RNA; no studies have
found viable virus in air samples.(29-36) Within samples
where SARS-CoV-2 RNA was found, the quantity of
RNA detected was in extremely low numbers in large

volumes of air and one study that found SARS-CoV-2
RNA in air samples reported inability to identify viable
virus. (25) The detection of RNA using reverse
transcription polymerase chain reaction (RT-PCR)-
based assays is not necessarily indicative of replication-
and infection-competent (viable) virus that could be
transmissible and capable of causing infection.(37)

Recent clinical reports of health workers exposed to
COVID-19 index cases, not in the presence of aerosol-
generating procedures, found no nosocomial
transmission when contact and droplet precautions were
appropriately used, including the wearing of medical
masks as a component of the personal protective
equipment (PPE). (38, 39) These observations suggest
that aerosol transmission did not occur in this context.
Further studies are needed to determine whether it is
possible to detect viable SARS-CoV-2 in air samples
from settings where no procedures that generate
aerosols are performed and what role aerosols might
play in transmission.
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Outside of medical facilities, some outbreak reports
related to indoor crowded spaces (40) have suggested
the possibility of aerosol transmission, combined with
droplet transmission, for example, during choir practice
(7), in restaurants (41) or in fitness classes.(42) In these
events, short-range aerosol transmission, particularly in
specific indoor locations, such as crowded and
inadequately ventilated spaces over a prolonged period
of time with infected persons cannot be ruled out.
However, the detailed investigations of these clusters
suggest that droplet and fomite transmission could also
explain human-to-human transmission within these
clusters. Further, the close contact environments of
these clusters may have facilitated transmission from a
small number of cases to many other people (e.g.,
superspreading event), especially if hand hygiene was
not performed and masks were not used when physical
distancing was not maintained.(43)

Fomite transmission

Respiratory secretions or droplets expelled by infected
individuals can contaminate surfaces and objects,
creating fomites (contaminated surfaces). Viable SARS-
CoV-2 virus and/or RNA detected by RT-PCR can be
found on those surfaces for periods ranging from hours
to days, depending on the ambient environment
(including temperature and humidity) and the type of
surface, in particular at high concentration in health care
facilities where COVID-19 patients were being treated.

transmission may also occur indirectly through touching
surfaces in the immediate environment or objects
contaminated with virus from an infected person (e.g.
stethoscope or thermometer), followed by touching the
mouth, nose, or eyes.


file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_40
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_7
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_41
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_42
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_43
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_21
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_23
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_24
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_26
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_28
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_31
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_36
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_44
file:///C:/Users/areid/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/RR38AXQP/SB%202020.3%20Modes%20of%20transmission%20COVID-19%202020-07-09%20EN.docx%23_ENREF_45

Despite consistent evidence as to SARS-CoV-2
contamination of surfaces and the survival of the virus
on certain surfaces, there are no specific reports which
have directly demonstrated fomite transmission. People
who come into contact with potentially infectious
surfaces often also have close contact with the
infectious person, making the distinction between
respiratory droplet and fomite transmission difficult to
discern. However, fomite transmission is considered a
likely mode of transmission for SARS-CoV-2, given
consistent findings about environmental contamination
in the vicinity of infected cases and the fact that other
coronaviruses and respiratory viruses can transmit this
way.

Other modes of transmission

SARS-CoV-2 RNA has also been detected in other
biological samples, including the urine and feces of
some patients.(46-50)One study found viable SARS-
CoV-2 in the urine of one patient.(51)Three studies have
cultured SARS-CoV-2 from stool specimens. (48, 52,
53) To date, however, there have been no published
reports of transmission of SARS-CoV-2 through feces or
urine.

Some studies have reported detection of SARS-CoV-2
RNA, in either plasma or serum, and the virus can
replicate in blood cells. However, the role of bloodborne
transmission remains uncertain; and low viral titers in
plasma and serum suggest that the risk of transmission
through this route may be low.(48, 54) Currently, there is
no evidence for intrauterine transmission of SARS-CoV-
2 from infected pregnant women to their fetuses,
although data remain limited. WHO has recently
published a scientific brief on breastfeeding and COVID-

19.(55) This brief explains that viral RNA fragments
have been found by RT-PCR testing in a few breast milk
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samples of mothers infected with SARS-CoV-2, but
studies investigating whether the virus could be isolated,
have found no viable virus. Transmission of SARS-CoV-
2 from mother to child would necessitate replicative and
infectious virus in breast milk being able to reach target
sites in the infant and also to overcome infant defense
systems. WHO recommends that mothers with
suspected or confirmed COVID-19 should be
encouraged to initiate or continue to breastfeed.(55)

Evidence to date shows that SARS-CoV-2 is most
closely related to known betacoronaviruses in bats; the
role of an intermediate host in facilitating transmission in
the earliest known human cases remains unclear.(56,
57) In addition to investigations on the possible
intermediate host(s) of SARS-CoV-2, there are also a
number of studies underway to better understand
susceptibility of SARS-CoV-2 in different animal species.
Current evidence suggests that humans infected with
SARS-CoV-2 can infect other mammals, including
dogs(58), cats(59), and farmed mink.(60) However, it
remains unclear if these infected mammals pose a
significant risk for transmission to humans.

When do people infected
with SARS-CoV-2 infect
others?

Knowing when an infected person can spread SARS-
CoV-2 is just as important as how the virus spreads
(described above). WHO has recently published a
scientific brief outlining what is known about when a
person may be able to spread, based on the severity of
their illness.(61)
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In brief, evidence suggests that SARS-CoV-2 RNA can
be detected in people 1-3 days before their symptom
onset, with the highest viral loads, as measured by RT-
PCR, observed around the day of symptom onset,
followed by a gradual decline over time.(47, 62-65) The
duration of RT-PCR positivity generally appears to be 1-
2 weeks for asymptomatic persons, and up to 3 weeks
or more for patients with mild to moderate disease.(62,
65-68) In patients with severe COVID-19 disease, it can
be much longer.(47)

Detection of viral RNA does not necessarily mean that a
person is infectious and able to transmit the virus to
another person. Studies using viral culture of patient
samples to assess the presence of infectious SARS-
CoV-2 are currently limited. (61) Briefly, viable virus has
been isolated from an asymptomatic case,(69) from
patients with mild to moderate disease up to 8-9 days
after symptom onset, and for longer from severely ill
patients.(61) Full details about the duration of viral
shedding can be found in the WHO guidance document
on “Criteria for releasing COVID-19 patients from
isolation”. (61) Additional studies are needed to
determine the duration of viable virus shedding among
infected patients.

SARS-CoV-2 infected persons who
have symptoms can infect others
primarily through droplets and
close contact

SARS-CoV-2 transmission appears to mainly be spread
via droplets and close contact with infected symptomatic
cases. In an analysis of 75,465 COVID-19 cases in
China, 78-85% of clusters occurred within household
settings, suggesting that transmission occurs during
close and prolonged contact.(6) A study of the first
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patients in the Republic of Korea showed that 9 of 13
secondary cases occurred among household contacts.
(70) Outside of the household setting, those who had
close physical contact, shared meals, or were in
enclosed spaces for approximately one hour or more
with symptomatic cases, such as in places of worship,
gyms, or the workplace, were also at increased risk of
infection.(7, 42, 71, 72) Other reports have supported
this with similar findings of secondary transmission
within families in other countries.(73, 74)

SARS-CoV-2 infected persons
without symptoms can also infect
others

Early data from China suggested that people without
symptoms could infect others.(6) To better understand
the role of transmission from infected people without
symptoms, it is important to distinguish between
transmission from people who are infected who never
develop symptoms(75) (asymptomatic transmission)
and transmission from people who are infected but have
not developed symptoms yet (pre-symptomatic
transmission). This distinction is important when
developing public health strategies to control
transmission.

The extent of truly asymptomatic infection in the
community remains unknown. The proportion of people
whose infection is asymptomatic likely varies with age
due to the increasing prevalence of underlying
conditions in older age groups (and thus increasing risk
of developing severe disease with increasing age), and
studies that show that children are less likely to show
clinical symptoms compared to adults.(76) Early studies
from the United States (77) and China (78) reported that
many cases were asymptomatic, based on the lack of
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symptoms at the time of testing; however, 75-100% of
these people later developed symptoms. A recent
systematic review estimated that the proportion of truly
asymptomatic cases ranges from 6% to 41%, with a
pooled estimate of 16% (12%—-20%).(79) However, all
studies included in this systematic review have
important limitations.(79) For example, some studies did
not clearly describe how they followed up with persons
who were asymptomatic at the time of testing to
ascertain if they ever developed symptoms, and others
defined “asymptomatic” very narrowly as persons who
never developed fever or respiratory symptoms, rather
than as those who did not develop any symptoms at all.
(76, 80) A recent study from China that clearly and
appropriately defined asymptomatic infections suggests
that the proportion of infected people who never
developed symptoms was 23%.(81)

Multiple studies have shown that people infect others
before they themselves became ill, (10, 42, 69, 82, 83)
which is supported by available viral shedding data (see
above). One study of transmission in Singapore
reported that 6.4% of secondary cases resulted from
pre-symptomatic transmission.(73) One modelling study,
that inferred the date of transmission based on the
estimated serial interval and incubation period,
estimated that up to 44% (25-69%) of transmission may
have occurred just before symptoms appeared.(62) It
remains unclear why the magnitude of estimates from
modelling studies differs from available empirical data.

Transmission from infected people without symptoms is
difficult to study. However, information can be gathered
from detailed contact tracing efforts, as well as
epidemiologic investigations among cases and contacts.
Information from contact tracing efforts reported to WHO
by Member States, available transmission studies and a
recent pre-print systematic reviews suggests that
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individuals without symptoms are less likely to transmit
the virus than those who develop symptoms.(10, 81, 84,
85) Four individual studies from Brunei, Guangzhou
China, Taiwan China and the Republic of Korea found
that between 0% and 2.2% of people with asymptomatic
infection infected anyone else, compared to
0.8%-15.4% of people with symptoms.(10, 72, 86, 87)

Remaining questions related to
transmission

Many unanswered questions about transmission of
SARS-CoV-2 remain, and research seeking to answer
those questions is ongoing and is encouraged. Current
evidence suggests that SARS-CoV-2 is primarily
transmitted between people via respiratory droplets and
contact routes — although aerosolization in medical
settings where aerosol generating procedures are used
is also another possible mode of transmission - and that
transmission of COVID-19 is occurring from people who
are pre-symptomatic or symptomatic to others in close
contact (direct physical or face-to-face contact with a
probable or confirmed case within one meter and for
prolonged periods of time), when not wearing
appropriate PPE. Transmission can also occur from
people who are infected and remain asymptomatic, but
the extent to which this occurs is not fully understood
and requires further research as an urgent priority. The
role and extent of airborne transmission outside of
health care facilities, and in particular in close settings
with poor ventilation, also requires further study.

As research continues, we expect to gain a better
understanding about the relative importance of different
transmission routes, including through droplets, physical
contact and fomites; the role of airborne transmission in
the absence of aerosol generating procedures; the dose
of virus required for transmission to occur, the
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characteristics of people and situations that facilitate
superspreading events such as those observed in
various closed settings, the proportion of infected
people who remain asymptomatic throughout the course
of their infection; the proportion of truly asymptomatic
persons who transmit the virus to others; the specific
factors that drive asymptomatic and pre-symptomatic
transmission; and the proportion of all infections that are
transmitted from asymptomatic and pre-symptomatic
individuals.

Implications for
preventing transmission

Understanding how, when and in which settings infected
people transmit the virus is important for developing and
implementing control measures to break chains of
transmission. While there is a great deal of scientific
studies becoming available, all studies that investigate
transmission should be interpreted bearing in mind the
context and settings in which they took place, including
the infection prevention interventions in place, the rigor
of the methods used in the investigation and the
limitations and biases of the study designs.

It is clear from available evidence and experience, that
limiting close contact between infected people and
others is central to breaking chains of transmission of
the virus causing COVID-19. The prevention of
transmission is best achieved by identifying suspect
cases as quickly as possible, testing, and isolating
infectious cases. (88, 89) In addition, it is critical to
identify all close contacts of infected people (88) so that
they can be quarantined (90) to limit onward spread and
break chains of transmission. By quarantining close
contacts, potential secondary cases will already be
separated from others before they develop symptoms or
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they start shedding virus if they are infected, thus
preventing the opportunity for further onward spread.
The incubation period of COVID-19, which is the time
between exposure to the virus and symptom onset, is
on average 5-6 days, but can be as long as 14 days.
(82, 91) Thus, quarantine should be in place for 14 days
from the last exposure to a confirmed case. If it is not
possible for a contact to quarantine in a separate living
space, self-quarantine for 14 days at home is required;
those in self-quarantine may require support during the
use of physical distancing measures to prevent the
spread of the virus.

Given that infected people without symptoms can
transmit the virus, it is also prudent to encourage the
use of fabric face masks in public places where there is
community transmission[1] and where other prevention
measures, such as physical distancing, are not possible.
(12) Fabric masks, if made and worn properly, can serve
as a barrier to droplets expelled from the wearer into the
air and environment.(12) However, masks must be used
as part of a comprehensive package of preventive
measures, which includes frequent hand hygiene,
physical distancing when possible, respiratory etiquette,
environmental cleaning and disinfection. Recommended
precautions also include avoiding indoor crowded
gatherings as much as possible, in particular when
physical distancing is not feasible, and ensuring good
environmental ventilation in any closed setting. (92, 93)

Within health care facilities, including long term care
facilities, based on the evidence and the advice by the
COVID-19 IPC GDG, WHO continues to recommend
droplet and contact precautions when caring for COVID-
19 patients and airborne precautions when and where
aerosol generating procedures are performed. WHO
also recommends standard or transmission-based
precautions for other patients using an approach guided
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by risk assessment.(94) These recommendations are
consistent with other national and international
guidelines, including those developed by the European
Society of Intensive Care Medicine and Society of
Critical Care Medicine (95) and by the Infectious
Diseases Society of America. (96)

Furthermore, in areas with COVID-19 community
transmission, WHO advises that health workers and
caregivers working in clinical areas should continuously
wear a medical mask during all routine activities

throughout the entire shift.(12) In settings where
aerosol-generating procedures are performed, they
should wear an N95, FFP2 or FFP3 respirator. Other
countries and organizations, including the United States
Centers for Diseases Control and Prevention (97) and
the European Centre for Disease Prevention and

Control (98) recommend airborne precautions for any
situation involving the care of COVID-19 patients.
However, they also consider the use of medical masks
as an acceptable option in case of shortages of
respirators.

WHO guidance also emphasizes the importance of
administrative and engineering controls in health care
settings, as well as rational and appropriate use of all
PPE (99) and training for staff on these
recommendations (IPC for Novel Coronavirus [COVID-
19] Course. Geneva; World Health Organization 2020,
available at (https://openwho.org/courses/COVID-19-
IPC-EN). WHO has also provided guidance on safe
workplaces. (92)

Key points of the brief

Main findings
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¢ Understanding how, when and in what types of
settings SARS-CoV-2 spreads between people is
critical to develop effective public health and
infection prevention measures to break chains of
transmission.

e Current evidence suggests that transmission of
SARS-CoV-2 occurs primarily between people
through direct, indirect, or close contact with
infected people through infected secretions such
as saliva and respiratory secretions, or through
their respiratory droplets, which are expelled
when an infected person coughs, sneezes, talks
or sings.

¢ Airborne transmission of the virus can occur in
health care settings where specific medical
procedures, called aerosol generating
procedures, generate very small droplets called
aerosols. Some outbreak reports related to
indoor crowded spaces have suggested the
possibility of aerosol transmission, combined
with droplet transmission, for example, during
choir practice, in restaurants or in fithess
classes.

o Respiratory droplets from infected individuals
can also land on objects, creating fomites
(contaminated surfaces). As environmental
contamination has been documented by many
reports, it is likely that people can also be
infected by touching these surfaces and touching
their eyes, nose or mouth before cleaning their
hands.

e Based on what we currently know, transmission
of COVID-19 is primarily occurring from people
when they have symptoms, and can also occur
just before they develop symptoms, when they
are in close proximity to others for prolonged
periods of time. While someone who never
develops symptoms can also pass the virus to
others, it is still not clear to what extent this
occurs and more research is needed in this area.

¢ Urgent high-quality research is needed to
elucidate the relative importance of different
transmission routes; the role of airborne
transmission in the absence of aerosol
generating procedures; the dose of virus required



for transmission to occur; the settings and risk
factors for superspreading events; and the extent
of asymptomatic and pre-symptomatic
transmission.

How to prevent
transmission

The overarching aim of the Strategic Preparedness and
Response Plan for COVID-19(1) is to control COVID-19
by suppressing transmission of the virus and preventing
associated illness and death. To the best of our
understanding, the virus is primarily spread through
contact and respiratory droplets. Under some
circumstances airborne transmission may occur (such
as when aerosol generating procedures are conducted
in health care settings or potentially, in indoor crowded
poorly ventilated settings elsewhere). More studies are
urgently needed to investigate such instances and
assess their actual significance for transmission of
COVID-19.

To prevent transmission, WHO recommends a
comprehensive set of measures including:

¢ Identify suspect cases as quickly as possible,
test, and isolate all cases (infected people) in
appropriate facilities;

¢ Identify and quarantine all close contacts of
infected people and test those who develop
symptoms so that they can be isolated if they are
infected and require care;

o Use fabric masks in specific situations, for
example, in public places where there is
community transmission and where other
prevention measures, such as physical
distancing, are not possible;

¢ Use of contact and droplet precautions by health
workers caring for suspected and confirmed
COVID-19 patients, and use of airborne
precautions when aerosol generating procedures
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are performed;

¢ Continuous use of a medical mask by health
workers and caregivers working in all clinical
areas, during all routine activities throughout the
entire shift;

¢ At all times, practice frequent hand hygiene,
physical distancing from others when possible,
and respiratory etiquette; avoid crowded places,
close-contact settings and confined and enclosed
spaces with poor ventilation; wear fabric masks
when in closed, overcrowded spaces to protect
others; and ensure good environmental
ventilation in all closed settings and appropriate
environmental cleaning and disinfection.

WHO carefully monitors the emerging evidence about
this critical topic and will update this scientific brief as
more information becomes available.

[1]Defined by WHO as “experiencing larger outbreaks of
local transmission defined through an assessment of
factors including, but not limited to: large numbers of
cases not linkable to transmission chains; large
numbers of cases from sentinel surveillance; and/or
multiple unrelated clusters in several areas of the
country/territory/area” (https://www.who.int/publications-

detail/global-surveillance-for-covid-19-caused-by-

human-infection-with-covid-19-virus-interim-guidance)
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Aerosol and Surface Stability of SARS-CoV-2
as Compared with SARS-CoV-1

TO THE EDITOR: A novel human coronavirus that
is now named severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) (formerly called HCoV-
19) emerged in Wuhan, China, in late 2019 and
is now causing a pandemic.! We analyzed the
aerosol and surface stability of SARS-CoV-2 and
compared it with SARS-CoV-1, the most closely
related human coronavirus.?

We evaluated the stability of SARS-CoV-2 and
SARS-CoV-1 in aerosols and on various surfaces
and estimated their decay rates using a Bayesian
regression model (see the Methods section in the
Supplementary Appendix, available with the full
text of this letter at NEJM.org). SARS-CoV-2
nCoV-WA1-2020 (MN985325.1) and SARS-CoV-1
Tor2 (AY274119.3) were the strains used. Aero-
sols (<5 um) containing SARS-CoV-2 (10>* 50%
tissue-culture infectious dose [TCID, ] per milli-
liter) or SARS-CoV-1 (1067570 TCID,, per milliliter)
were generated with the use of a three-jet Colli-
son nebulizer and fed into a Goldberg drum to
create an aerosolized environment. The inocu-
lum resulted in cycle-threshold values between
20 and 22, similar to those observed in samples
obtained from the upper and lower respiratory
tract in humans.

Our data consisted of 10 experimental condi-
tions involving two viruses (SARS-CoV-2 and
SARS-CoV-1) in five environmental conditions
(aerosols, plastic, stainless steel, copper, and card-
board). All experimental measurements are re-
ported as means across three replicates.

SARS-CoV-2 remained viable in aerosols
throughout the duration of our experiment
(3 hours), with a reduction in infectious titer from
10*° to 10*” TCID,, per liter of air. This reduction
was similar to that observed with SARS-CoV-1,
from 10** to 10*° TCID, per milliliter (Fig. 1A).

SARS-CoV-2 was more stable on plastic and
stainless steel than on copper and cardboard, and
viable virus was detected up to 72 hours after ap-
plication to these surfaces (Fig. 1A), although
the virus titer was greatly reduced (from 10°” to

N ENGL J MED

10°¢ TCID, per milliliter of medium after 72 hours
on plastic and from 10°” to 10°® TCID, per milli-
liter after 48 hours on stainless steel). The sta-
bility kinetics of SARS-CoV-1 were similar (from
10** to 10°” TCID,, per milliliter after 72 hours
on plastic and from 10*¢ to 10*° TCID, per milli-
liter after 48 hours on stainless steel). On copper,
no viable SARS-CoV-2 was measured after 4 hours
and no viable SARS-CoV-1 was measured after
8 hours. On cardboard, no viable SARS-CoV-2 was
measured after 24 hours and no viable SARS-
CoV-1 was measured after 8 hours (Fig. 1A).

Both viruses had an exponential decay in vi-
rus titer across all experimental conditions, as
indicated by a linear decrease in the log, TCID,
per liter of air or milliliter of medium over time
(Fig. 1B). The halflives of SARS-CoV-2 and
SARS-CoV-1 were similar in aerosols, with me-
dian estimates of approximately 1.1 to 1.2 hours
and 95% credible intervals of 0.64 to 2.64 for
SARS-CoV-2 and 0.78 to 2.43 for SARS-CoV-1
(Fig. 1C, and Table S1 in the Supplementary Ap-
pendix). The halflives of the two viruses were
also similar on copper. On cardboard, the half-
life of SARS-CoV-2 was longer than that of SARS-
CoV-1. The longest viability of both viruses was
on stainless steel and plastic; the estimated me-
dian half-life of SARS-CoV-2 was approximately
5.6 hours on stainless steel and 6.8 hours on
plastic (Fig. 1C). Estimated differences in the half-
lives of the two viruses were small except for
those on cardboard (Fig. 1C). Individual replicate
data were noticeably “noisier” (i.e., there was
more variation in the experiment, resulting in a
larger standard error) for cardboard than for
other surfaces (Fig. S1 through S5), so we advise
caution in interpreting this result.

We found that the stability of SARS-CoV-2
was similar to that of SARS-CoV-1 under the ex-
perimental circumstances tested. This indicates
that differences in the epidemiologic character-
istics of these viruses probably arise from other
factors, including high viral loads in the upper
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Figure 1 (facing page). Viability of SARS-CoV-1 and
SARS-CoV-2 in Aerosols and on Various Surfaces.

As shown in Panel A, the titer of aerosolized viable
virus is expressed in 50% tissue-culture infectious
dose (TCIDs,) per liter of air. Viruses were applied to
copper, cardboard, stainless steel, and plastic main-
tained at 21 to 23°C and 40% relative humidity over

7 days. The titer of viable virus is expressed as TCIDs,
per milliliter of collection medium. All samples were
quantified by end-point titration on Vero E6 cells.
Plots show the means and standard errors (I bars)
across three replicates. As shown in Panel B, regres-
sion plots indicate the predicted decay of virus titer
over time; the titer is plotted on a logarithmic scale.
Points show measured titers and are slightly jittered
(i.e., they show small rapid variations in the ampli-
tude or timing of a waveform arising from fluctua-
tions) along the time axis to avoid overplotting. Lines
are random draws from the joint posterior distribu-
tion of the exponential decay rate (negative of the
slope) and intercept (initial virus titer) to show the
range of possible decay patterns for each experimen-
tal condition. There were 150 lines per panel, includ-
ing 50 lines from each plotted replicate. As shown in
Panel C, violin plots indicate posterior distribution for
the half-life of viable virus based on the estimated ex-
ponential decay rates of the virus titer. The dots indi-
cate the posterior median estimates, and the black
lines indicate a 95% credible interval. Experimental
conditions are ordered according to the posterior me-
dian half-life of SARS-CoV-2. The dashed lines indicate
the limit of detection, which was 3.33x10°°> TCIDs,
per liter of air for aerosols, 10°° TCIDs, per milliliter
of medium for plastic, steel, and cardboard, and 10*-*
TCIDs, per milliliter of medium for copper.

respiratory tract and the potential for persons
infected with SARS-CoV-2 to shed and transmit
the virus while asymptomatic.>* Our results in-
dicate that aerosol and fomite transmission of
SARS-CoV-2 is plausible, since the virus can re-
main viable and infectious in aerosols for hours
and on surfaces up to days (depending on the
inoculum shed). These findings echo those with
SARS-CoV-1, in which these forms of transmission
were associated with nosocomial spread and su-
per-spreading events,” and they provide informa-
tion for pandemic mitigation efforts.
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Foreword

This document is an update to the World Health Organization (WHO) interim guidelines
Infection prevention and control of epidemic- and pandemic-prone acute respiratory diseases
in health care (2007). These updated guidelines incorporate the emergency guidance given
in the WHO publication Infection prevention and control during health care for confirmed,
probable, or suspected cases of pandemic (HIN1) 2009 virus infection and influenza-like
illness (2009). The revision was informed by both evidence that has emerged since the first
edition was published and the practical lessons learnt during the influenza pandemic in
2009.

The WHO Guidelines Infection prevention and control of epidemic- and pandemic-prone
acute respiratory infections in health care provide recommendations, best practices and
principles for non-pharmacological aspects of infection prevention and control (IPC) for
acute respiratory infections (ARI) in health care, with special emphasis on ARI that can
present as epidemics or pandemics. The guidelines are intended to help policy-makers,
administrators and health-care workers to prioritize effective IPC measures.

The document also provides guidance on the application of basic IPC precautions, such as
Standard Precautions, and on the importance of maintaining appropriate IPC measures in
routine circumstances to strengthen a healthcare facility’s capacity to put them into practice
during outbreaks. These measures should therefore be part of the hospital’s permanent IPC
strategy, and we hope that the guidelines will help in the implementation of IPC
programmes both at national and health-care facility levels.

The development of the guidelines followed the process established in the WHO handbook
for guideline development, which involved active participation of the Global Infection
Prevention and Control Network (GIPCN). The resulting recommendations were peer
reviewed by internal and external experts.

WHO remains committed to providing guidance for the prevention and control of health-
care associated infections in all circumstances. We believe these guidelines will contribute to
improving health-care practices worldwide.
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Glossary

Acute respiratory diseases

Acute upper or lower respiratory tract diseases, frequently infectious in etiology, that can
result in a spectrum of illnesses, ranging from asymptomatic or mild infection to severe or
fatal disease. The severity depends on the causative pathogen, and on environmental and
host factors.

Acute respiratory infection

An acute respiratory tract disease that is caused by an infectious agent. Although the
spectrum of symptoms of acute respiratory infection (ARI) may vary, the onset of symptoms
is typically rapid, ranging from hours to days after infection. Symptoms include fever, cough
and, often, sore throat, coryza, shortness of breath, wheezing, or difficulty in breathing. The
pathogens that cause this disease include influenza virus, parainfluenza virus, rhinovirus,
respiratory syncytial virus (RSV) and severe acute respiratory syndrome coronavirus (SARS-
CoV).

Acute respiratory infections of potential concern

Infections in which the pathogens can cause outbreaks on a large scale or with high
morbidity and mortality. Examples include SARS-CoV (Section 1.3.1), new influenza viruses
causing human infection (Section 1.3.2) and novel ARI pathogens with the potential for a
high public health impact (Section 1.3.3).

Adequately ventilated patient room or area

A room or area that has an adequate ventilation rate without controlled direction of airflow.
For a naturally ventilated general ward room, adequate ventilation is considered to be

60 litres/second (L/s) per patient (1). For a mechanically ventilated single room, adequate
ventilation is considered to be at least two outdoor air changes (ACH) per hour and at least
six total ACH per hour (2).

Aerosol-generating procedures associated with increased risk of pathogen
transmission

Medical procedures that have been reported to be aerosol-generating and consistently
associated with an increased risk of pathogen transmission (Annex A).

Air changes per hour
See Environmental ventilation rate.

Airborne Precaution room

A room with high ventilation rate and controlled direction of airflow that can be used to
contain airborne infections (1, 3-5) and ARIs caused by a novel agent with the potential to
pose a public health risk (6, Article 1). An Airborne Precaution room can be naturally or
mechanically ventilated (Annex B):

e In a naturally ventilated Airborne Precaution room, the airflow should be directed to
areas free of transit, or should permit the rapid dilution of contaminated air into the
surrounding areas and the open air; the average ventilation rate should be 160 I/s per
patient (1).

e Ina mechanically ventilated Airborne Precaution room, negative pressure is created to
control the direction of airflow; the ventilation rate should be at least 12 ACH (3, 7).
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Such a room is equivalent to the “airborne infection isolation room” described by the
CDC (8).

Airborne transmission

The spread of an infectious agent caused by the dissemination of droplet nuclei that remain
infectious when suspended in air over long distances and time. Airborne transmission can be
further categorized into obligate or preferential airborne transmission (9).

e  Obligate airborne transmission refers to pathogens that are transmitted only by
deposition of droplet nuclei under natural conditions (e.g. pulmonary tuberculosis).

e Preferential airborne transmission refers to pathogens that can initiate infection by
multiple routes, but are predominantly transmitted by droplet nuclei (e.g. measles and
chickenpox).

Alcohol-based hand rub
An alcohol-containing preparation designed for application to the hands for antisepsis.

Anteroom
A small room leading from a corridor into another room, often an isolation room.

Caregiver

A person who provides support and assistance (formal or informal) to elderly people or to
people with disabilities or long-term ill health (10).

Cleaning

The removal of dirt from a device or surface, either by physically scrubbing with a surfactant
or detergent and water, or through an energy-based process (e.g. ultrasonic cleaner).

Clinical triage

A system by which patients are screened for specific signs, symptoms and epidemiological
clues upon initial contact with the health-care system, for the purpose of determining
further diagnostic tests, isolation precautions, treatment and reporting.

Clinical waste

Hazardous waste (also known as infectious waste) capable of causing infections in humans.
Such waste includes contaminated animal waste, human blood and blood products, waste
from isolation areas, pathological waste (e.g. human tissues), and discarded sharps (needles,
scalpels or broken medical instruments). The definition of clinical waste may vary depending
on local legislation and regulations.

Cohorting

The placement of patients infected or colonized with the same laboratory-confirmed
pathogens in the same designated unit, zone or ward (with or without the same staff). This
term is also frequently applied to grouped patient placement based on clinical and
epidemiological information without laboratory confirmation of the pathogen; however,
such an arrangement is referred to as special measures throughout this document (see
Special measures).
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Contact transmission

The spread of an infectious agent caused by physical contact of a susceptible host with
people or objects.

e Direct contact transmission involves both a direct body-surface-to-body-surface contact
and physical transfer of microorganisms between an infected or colonized person and a
susceptible host.

e Indirect contact transmission involves contact of a susceptible host with a contaminated
intermediate object (e.g. contaminated hands) that carries and transfers the
microorganisms (5).

Disinfection

A process that eliminates all viable pathogenic microorganisms (other than bacterial spores)
from inanimate objects.

Droplet transmission

The spread of an infectious agent caused by the dissemination of droplets. Droplets are
primarily generated from an infected (source) person during coughing, sneezing and talking.
Transmission occurs when these droplets that contain microorganisms are propelled (usually
< 1 m) through the air and deposited on the conjunctivae, mouth, nasal, throat or pharynx
mucosa of another person. Most of the volume (> 99%) comprises large droplets that travel
short distances (< 1 m) and do not remain suspended in the air. Thus, special air handling
and ventilation are not required to prevent droplet transmission (5).

Environmental ventilation
There are three types of environmental ventilation:

e Mechanical environmental ventilation uses mechanical fans to introduce or exhaust
outdoor or properly treated recycled air into or out of a building or a room.

e Natural environmental ventilation uses natural forces to introduce and distribute
outdoor air into a building (1). Such forces include wind pressure or pressure generated
by the density difference between indoor and outdoor air.

e  Mixed-mode environmental ventilation combines mechanical and natural ventilation.

Environmental ventilation rate

The ventilation flow rate can be measured by either an absolute ventilation flow rate in L/s
or L/s per cubic metre (L/s/m°), or by ACH, relative to the volume of the space. In these
guidelines, we refer to the ventilation rate as the absolute amount of inflow air per unit time
(L/s or L/s/m3), and the air change rate as the relative amount of inflow air per unit time
(ACH) (1).

Hand hygiene

A general term that applies to handwashing, antiseptic handwashing, antiseptic hand
rubbing or surgical hand antisepsis.

Health-care facility
Any establishment that is engaged in direct care of patients on site (10).

Health-care setting
Context where health care is provided (e.g. hospital, outpatient clinic or home).

Xvi

Infection prevention and control of epidemic- and pandemic-prone acute respiratory infections



Glossary

Health-care worker

One of a variety of professionals (e.g. medical practitioners, nurses, physical and
occupational therapists, social workers, pharmacists and spiritual counsellors) involved in
providing coordinated and comprehensive health care (10).

Health personnel
Anyone employed or contracted to provide health services (10).

Infection prevention and control

Infection prevention and control (IPC) is the practical discipline concerned with preventing
healthcare-associated infection. IPC is an essential part of the health care infrastructure. Its
purpose in health care is as follows:

e to prevent the occurrence of healthcare-associated infections in patients, health-care
workers, visitors and other persons associated with health-care settings;

e to prepare health-care facilities for the early detection and management of epidemics
and to organize a prompt and effective response;

e to contribute to a coordinated response to control community-acquired infectious
diseases, endemic or epidemic, that may be “amplified” via health care;

e  to contribute to preventing the emergence of antimicrobial resistance and/or
dissemination of resistant strains of microorganisms; and

e to minimize the environmental impact of these infections or their management.

Infectious respiratory aerosols

Respiratory aerosols that contain infectious particles. Aerosol size is determined by the force
and pressure involved in the generation of the particles. The final size depends on the nature
of the fluid containing the organisms, the force and pressure at emission, the initial size of
the aerosol, environmental conditions (e.g. temperature, relative humidity and airflow), the
time spent airborne, and the size of the organisms within a droplet. The distance travelled
and the length of time particles remain suspended in the air is determined by the types of
organism, particle size, settling velocity, relative humidity and airflow. Large particles
typically remain suspended in the air for a limited period of time and settle within 1 m

(3 feet) of the source. Smaller particles evaporate quickly; the resulting dried residues settle
from the air slowly, and remain suspended in the air for variable lengths of time. The
definitions and classification of the different types of infectious respiratory aerosols are
evolving, and the implications for IPC measures are not yet clear. However, for the purpose
of this document, infectious respiratory aerosols are classified into:

e  droplets —respiratory aerosols > 5 um in diameter; and

e droplet nuclei —the residue of dried respiratory aerosols (< 5 um in diameter) that
results from evaporation of droplets coughed or sneezed into the atmosphere or by
aerosolization of infective material.

Isolation precautions

Measures designed to minimize the risk of transmission of infections. They are often
referred to as IPC precautions. Isolation precautions are typically separated into:

e Standard Precautions — these should always be in place for all patient care; and

e qadditional precautions — these are required in particular circumstances and comprise
Contact, Droplet and Airborne Precautions.
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Litres per second per cubic metre
See Environmental ventilation rate.

Mechanical ventilation
See Environmental ventilation.

Medical mask

Also known as a surgical or procedure mask. As personal protective equipment, a facial mask
is intended to protect caregivers and health-care workers against droplet-transmitted
pathogens, or to serve as part of facial protection for patient-care activities that are likely to
generate splashes or sprays of blood, body fluids, secretions or excretions (Annex A provides
details of usage and standards for medical masks). In this document, the term refers to
disposable masks only.

Mixed-mode ventilation
See Environmental ventilation.

Natural ventilation
See Environmental ventilation.

Negative pressure room

A room in which the air pressure differential between the room and the adjacent indoor
airspace directs the air into the room (i.e. room air is prevented from leaking out of the
room and into adjacent areas such as a corridor).

New influenza virus

A new strain of influenza virus found in people that has not previously been circulating in
humans. Current animal viruses that may have the potential to begin circulating among
people include H5 and H7 strains of avian influenza, most notably A(H5N1). New influenza
viruses are often of swine or avian origin.

Obligate airborne transmission
See Airborne transmission.

Pandemic

An epidemic occurring worldwide or over a wide area, crossing boundaries of several
countries, and usually affecting a large number of people (13).

Particulate respirator

Also known as a filtering facepiece respirator. A type of facial mask that uses a filter as an
integral part of the facepiece, or in which the entire facepiece is composed of the filtering
medium and a means of sealing to the face.

Preferential airborne transmission
See Airborne transmission.

Procedure mask
See Medical mask.
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Respiratory hygiene

The practice of covering the mouth and nose during coughing or sneezing (using a medical
mask, cloth mask, tissues, a sleeve or flexed elbow), followed by hand hygiene, to reduce the
dispersal of respiratory secretions that may contain infectious particles.

Spatial separation

Physical separation or distancing of at least 1 m between patients or between patients and
health-care workers, which may be within a confined space such as a room, or between two
separate bays, rooms or wards.

Special measures

The placement of patients with the same suspected diagnosis (similar epidemiological and
clinical information) in the same designated unit, zone or ward (with or without the same
staff) when the etiological agent has not been laboratory confirmed.

Surgical mask
See Medical mask.
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Executive summary

Acute respiratory infections (ARIs) are the leading cause of morbidity and mortality from
infectious disease worldwide, particularly affecting the youngest and oldest people in low-
and middle-income nations. These infections, typically caused by viruses or mixed viral—
bacterial infections, can be contagious and spread rapidly. Although knowledge of
transmission modes is ever-evolving, current evidence indicates that the primary mode of
transmission of most acute respiratory diseases is through droplets, but transmission
through contact (including hand contamination followed by self-inoculation) or infectious
respiratory aerosols at short range can also happen for some pathogens in particular
circumstances.

In modern medicine, infection prevention and control (IPC) measures in health-care settings
are of central importance to the safety of patients, health-care workers and the
environment, and to the management of communicable disease threats to the global and
local community. Application of basic IPC precautions, such as Standard Precautions, is a
cornerstone for providing safe health care. In an era of emerging and re-emerging infectious
diseases, IPC in health care is as important now as ever. The management of ARIs is no
exception. Because many symptoms of ARIs are common and nonspecific, the application of
IPC measures for ARIs in health care can be fraught with difficulty and confusion, especially
in outbreaks where resources may be strained. Yet such measures, including early
identification, prompt isolation precautions, proper patient placement and adequate
ventilation, are essential to contain and mitigate the impact of pathogens that may
constitute a major public health threat.

To address the need for clear advice on applying IPC measures for ARIs, these guidelines
focus on recommendations for non-pharmacological® aspects of IPC for ARIs in health care.
The document is intended for IPC professionals and members of IPC teams, health-care
managers and policy-makers. The secondary audience is health-care workers, including
doctors, nurses, allied health professionals, auxiliary and community health workers, and
others involved in provision of health care. Given that etiological diagnosis is often not
achievable, these guidelines prioritize a syndromic and epidemiological approach for
assessing risks of infection and application of additional IPC measures. Special emphasis is
placed on ARIs that can present as epidemics or pandemics. Committed and engaged
leadership in health-care facilities is essential to ensure an institutional safety climate and
continuous and consistent application of IPC measures, both during outbreak events and at
all other times.

These guidelines represent an update to the World Health Organization (WHO) interim
guidelines Infection prevention and control of epidemic- and pandemic-prone acute
respiratory diseases in health care, 2007 (16). They also incorporate the emergency guidance
given in the WHO publication Infection prevention and control during health care for
confirmed, probable, or suspected cases of pandemic (HIN1) 2009 virus infection and
influenza-like illness, 2009 (17). It was considered imperative to review and incorporate

! Documents from WHO that specifically address the use of vaccines and antivirals for influenza are the WHO guidelines for
the use of seasonal influenza vaccine in humans, 2004 (14) and the WHO guidelines for pharmacological management of
pandemic (HIN1) 2009 influenza and other influenza viruses, 2010 (15). Recommendations in the current guidelines that
refer to the use of vaccines and antivirals are based on these documents.
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relevant research data that have become available since publication of the interim
guidelines in 2007. The revision was a multistage process that included a field evaluation and
an extensive literature review, conducted in accordance with the WHO standard for
guideline development (18), as well as a review of practical experience and lessons learnt
from pandemic influenza A (H1N1) 2009.

A WHO Steering Group engaged in defining the scope of the revision, establishing guideline
development and external review groups, and ensuring the necessary declarations of
conflict of interest. It also formulated specific questions for systematic review in several
areas of relevance to these guidelines. Systematic reviews were commissioned and critical
reviews of the literature conducted, as needed, to address these questions. The quality of
evidence and other important considerations (e.g. balance of benefits versus disadvantages,
costs, values and feasibility) were assessed and summarized using the Grading of
Recommendations Assessment, Development and Evaluation (GRADE) process (Annex K).
Recommendations were formulated on that basis and then submitted for broad internal and
external peer review.

There has been no change to most of the recommendations contained in the previous
version of these guidelines; however, additional reference information has been added in
many areas. The important changes that were made to these guidelines as a result of the
revision process relate to the duration of additional isolation precautions, vaccination of
health-care workers against influenza, antiviral prophylaxis for health-care workers exposed
to ARIs, and environmental ventilation. The guidelines now recommend:

e that additional precautions for patients with all ARIs should be maintained for the
duration of symptomatic illness (rather than various durations depending on the
pathogen and patient information, as was previously recommended);

e vaccination of health-care workers for those caring for patients at high risk of
complicated influenza illness (rather than for all health-care workers, as was previously
recommended); and

e that antiviral prophylaxis should not routinely be given to health-care workers exposed
to ARIs (providing more clarity to this issue than was given previously).

Information on the technical details of environmental ventilation is no longer in this
document, because this information is now available in a separate WHO publication, Natural
ventilation for infection control in health-care settings, 2009 (1). These guidelines retain
reference to natural ventilation as an effective method for IPC.

The main document comprises:

e anintroduction to the concepts discussed in the guidelines (Chapter 1);

e adetailed description of the IPC recommendations, best practices, and principles
(Chapter 2);

e anoutline of the main components of preparedness plans for health-care facilities to
prevent and control ARI outbreaks that may constitute an international public health
concern (Chapter 3);

e adescription of the research gaps that were identified in relation to these
recommendations (Chapter 4); and

e annexes that provide background information for the recommendations in Chapter 2,
including evaluations of the evidence for key recommendations.

This guidance will be reviewed in 2016. A guideline review group will be convened to
evaluate the new evidence and revise the recommendation if needed. The Department of
Pandemic and Epidemic Diseases at the WHO headquarters in Geneva, along with its internal
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partners, will be responsible for coordinating the guideline update, following the WHO
handbook for guideline development (18) procedures. If new evidence that may require
changing current recommendations is published, the guideline will be updated before the
review date indicated above. In addition and as companions to this document, updated
summary guidance document and training materials targeted specifically to health care

workers are currently being prepared.

The recommendations are summarized in the box below. The decision tables for these

recommendations are provided in Annex K

Recommendations in guidelines

Recommendations

Use clinical triage for the early identification of patients with ARIs in order to
prevent the transmission of ARI pathogens to health-care workers and other

patients.

Respiratory hygiene (i.e. covering the mouth and nose during coughing or
sneezing with a medical mask, tissue, or a sleeve or flexed elbow, followed by
hand hygiene) should be practised by people with ARIs to reduce the dispersal of
respiratory secretions containing potentially infectious particles.

Maintain spatial separation (distance of at least 1 m) between each ARI patient
and others, including health-care workers (without the use of personal protective
equipment [PPE]), to reduce the transmission of ARI.

Consider the use of patient cohorting (i.e. the placement of patients infected or
colonized with the same laboratory-identified pathogens in the same designated
unit, zone or ward). If cohorting is not possible, apply special measures (i.e. the
placement of patients with the same suspected diagnosis — similar epidemiological
and clinical information — in the same designated unit, zone or ward) to reduce
transmission of ARI pathogens to health-care workers and other patients.

Use appropriate PPE as determined by risk assessment (according to the
procedure and suspected pathogen). Appropriate PPE when providing care to
patients presenting with ARI syndromes may include a combination of: medical
mask (surgical or procedure mask); gloves; long-sleeved gowns; and eye
protection (goggles or face shields).

Use PPE, including gloves, long-sleeved gowns, eye protection (goggles or face
shields), and facial mask (surgical or procedure mask, or particulate respirators)
during aerosol-generating procedures that have been consistently associated with
an increased risk of transmission of ARI pathogens. The available evidence
suggests that performing or being exposed to endotracheal intubation either by
itself or in combination with other procedures (e.g. cardiopulmonary resuscitation
or bronchoscopy) is consistently associated with increased risk of transmission.

Use adequately ventilated single rooms when performing aerosol-generating
procedures that have been consistently associated with increased risk of ARI

transmission.

Vaccinate health-care workers caring for patients at high risk of severe or
complicated influenza disease, to reduce illness and mortality among these

patients.

Ultraviolet Germicidal Irradiation (UVGI) for disinfection of air — no
recommendation possible

Implement additional IPC precautions at the time of admission and continue for
the duration of symptomatic illness, and modify according to the pathogen and
patient information. Always use Standard Precautions. There is no evidence to
support the routine application of laboratory tests to determine the duration of IPC

precautions.

Quality of Strength of
evidence recommendation
Very low to low Strong
Very low Strong
Very low to low Strong
Low to Conditional
moderate
Low to Strong
moderate
Very low to low Conditional
Very low to low Conditional
Very low to low Strong
Very low Conditional
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1 Introduction and scope of the
guidelines

1.1 Acute respiratory infections in health care

Acute respiratory infections (ARIs) are the leading cause of morbidity and mortality from
infectious disease in the world. AlImost four million people die from ARIs each year, with 98%
of these deaths due to lower respiratory tract infections. Mortality rates are particularly high
in infants, children, and the elderly, particularly in low-income and middle-income countries
(19, 20). ARIs are one of the most frequent causes of consultation or admission to health-
care facilities, particularly in paediatric services (21).

Bacteria are a major cause of lower respiratory tract infection, with Streptococcus
pneumoniae being the most common cause of bacterial community-acquired pneumonia in
many countries. However, the pathogens that most often cause ARlIs are viruses or mixed
viral-bacterial infections. ARIs that have epidemic or pandemic potential, and may pose a
public-health risk, warrant special precautions and preparedness (22).

The incidence of specific ARIs, their distribution and the outcome of disease varies according
to several factors, including (23-25):

e environmental conditions (e.g. air pollutants, household crowding, humidity, hygiene,
season and temperature);

e availability and effectiveness of medical care and infection prevention and control (IPC)
measures to contain spread such as vaccines, access to health-care facilities, and
isolation capacity;

e host factors such as age, cigarette-smoking, host ability to transmit infection, immune
status, nutritional status, prior or concurrent infection with other pathogens, and
underlying medical conditions; and

e  pathogenic characteristics, including modes of transmission, transmissibility, virulence
factors (e.g. genes encoding toxins) and microbial load (inoculum size).

1.2 Scope of the current guidelines

This document provides recommendations and other information relating to IPC measures
for ARIs in health-care settings, with specific emphasis on ARIs that have the potential for
rapid spread and may cause epidemics or pandemics (or both). Some of the epidemic-prone
ARIs may constitute a global public-health emergency. According to the International Health
Regulations (IHR), 2005 (6) the respiratory disease events that may constitute a public-
health emergency of international concern include:

e  severe acute respiratory syndrome (SARS);

e human influenza caused by a new subtype, including human episodes of avian
influenza;

e pneumonic plague; and

¢ novel ARIs that can cause large-scale outbreaks, or outbreaks with high morbidity and
mortality.
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1.3

1.3.1

1.3.2

Recommendations for prevention and control of pneumonic plague have been addressed in
a previous World Health Organization (WHO) publication Operational guidelines on plague
surveillance, diagnosis, prevention and control, 2009 (26), and a summary of IPC precautions
is provided in Table 2.1 in these guidelines.

Tuberculosis (TB) seldom presents as an ARI. However, its spread has been associated with
health care and is a major global health concern. Recommendations for prevention and
control of TB in health-care facilities have been addressed in a previous WHO publication —
WHO policy on TB infection control in health-care facilities, congregate settings and
households, 2009 (27) — and a summary of IPC precautions is provided in the Table 2.1.

This document focuses on the most common ARIs, and highlights ARIs of potential concern.
In particular, these guidelines address IPC precautions for ARIs that:

e  cause acute respiratory tract infection, including pneumonia and acute respiratory
distress syndrome;

e cause severe disease in susceptible people with apparently normal immune systems;
and

e  may constitute a public health emergency of international concern as defined by IHR
(6), except in the case of pneumonic plague.

ARIs that may constitute a public health emergency of
international concern covered in the current document

Severe acute respiratory syndrome

SARS is caused by the SARS coronavirus (SARS-CoV) (28) that can infect animals and humans.
The disease was first reported in Asia in February 2003, and spread to people in over

24 countries in Asia, Europe, North America and South America before the outbreak was
contained (29). SARS is currently not known to be circulating among people, but it could still
be circulating in animal hosts and may thus re-emerge in humans (30). Human-to-human
transmission of SARS occurs mainly through droplets or direct contact, although
transmission through infectious respiratory aerosols of various sizes may occur at short
range (31).

New influenza virus causing human infection

Influenza viruses can infect many species, including humans, birds, pigs, horses and seals.
Birds, in particular, are the main reservoir for influenza A viruses. Influenza viruses tend to
infect people sporadically or in seasonal epidemics; occasionally, when a new human
influenza virus emerges, it can cause a worldwide pandemic. Seasonal epidemics are caused
by influenza viruses that are well adapted to the human hosts they circulate in. When an
influenza virus with the capacity to infect humans first emerges in another species, it is not
yet adapted to humans and may circulate in animal hosts, generating sporadic human
infections. Because it may subsequently evolve the ability for sustained human-to-human
transmission, any new influenza virus that generates sporadic cases of human infection may
present a pandemic risk. Thus, early detection, isolation and warning of sporadic infections
are crucial to minimize the risk of serious public health impacts from new influenza viruses
(32).

Direct transmission of avian influenza viruses — including H5N1, H7N9, H7N2 and H9N2 —to
humans has been described on numerous occasions (33-36), and often results in a high
fatality rate (37). The most important avian virus infecting humans in recent years has been
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avian influenza A(H5N1), which can be highly pathogenic. Human cases of HSN1 were
reported in Hong Kong Special Administrative Region (SAR), China, in 1997, and have been
found in other countries since 2003. Because A(H5N1) is believed to be circulating widely
among wild birds, more cases in people are expected. Most instances of avian influenza
infection in people have resulted from contact with infected poultry (e.g. domesticated
chickens, ducks or turkeys) or surfaces contaminated with secretions or excretions from
infected birds (33-40). So far, however, no efficient or sustained human-to-human
transmission of avian influenza A(H5N1) has been demonstrated. In the potential cases of
human-to-human transmission, infection was associated with close, extensive unprotected
contact, suggesting that the virus might have spread through respiratory droplets or contact
(37, 41).

Pandemic influenza A (H1IN1) 2009 virus resulted from genetic re-assortment of swine, avian
and human viruses, and it is efficiently spread through human-to-human transmission (42).
First recognized in North America in April 2009, A(H1IN1)pdmO09 subsequently spread around
the globe, causing a pandemic between June 2009 until August 2010 (43, 44).

1.3.3 Novel acute respiratory infections with potential for a high public health impact

Infectious diseases have spread across populations and regions throughout history, and it is
likely that newly emerging infectious diseases will continue to be identified. Many infectious
diseases with animal reservoirs can sometimes infect humans. Two examples that occurred
after the 2009 influenza pandemic are human cases of influenza A(H7N9) which first
occurred in 2013, and of Middle East Respiratory Syndrome (MERS) coronavirus from 2012".

The following factors have been associated with the emergence and spread of infectious
diseases (22, 45):

e changes in human demographics and behaviour;

e impact of new technologies and industries;

e economic development and changes in land use;

* increased international travel and commerce;

e  microbial adaptation and change;

e poor implementation of public-health measures; and

e sharing an environment with domestic or wild animals, including birds.

When a new infectious disease is identified, the modes of transmission are not well
understood. The epidemiological and microbiological studies needed to determine the
modes of transmission and identify possible IPC measures may be protracted. Due to the
lack of information on modes of spread, Airborne and Contact Precautions, as well as eye
protection, should be added to the routine Standard Precautions whenever possible, to
reduce the risk of transmission of a newly emerging agent (Annex B describes Standard and
other precautions). These precautions should be implemented until further studies reveal
the mode of transmission. Epidemiological and clinical clues can indicate when additional
precautions are needed (Section 2.1).

It is essential to maintain close surveillance of health-care workers from the very beginning
of an outbreak with a novel pathogen, and during the outbreak, since this could offer

! Information on current infectious disease outbreaks can be found at http://www.who.int/csr/disease/en/.
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1.4

1.4.1

1.4.2

1.4.3

important information about means of transmission, both for community and health-care
associated transmission.

Infection prevention and control guiding principles

The conditions and levels of complexity in health-care facilities vary within and between
countries. Policy-makers and health administrators should identify strategies with optimal
cost-effectiveness ratios based on the facilities’ potential for sustainable and continuous
quality improvement.

The principles of IPC for ARI patient care include:

e early and rapid recognition of patients;
e application of routine IPC precautions (Standard Precautions) for all patients;
e additional precautions in selected patients (e.g. based on the presumptive diagnosis);

e establishment of an IPC infrastructure for the health-care facility, to support IPC
activities.

IPC strategies in health-care facilities are commonly based on early recognition and source
control, administrative controls, environmental and engineering controls, and personal
protective equipment (PPE).

Early recognition and source control

Infected patients are the main source of pathogens in health-care settings, and reducing or
preventing the dissemination of the infectious agent from the source is critical. These
methods of reduction and prevention include promotion of respiratory hygiene (Annex B,
Section B.1.3), early recognition and investigation, prompt implementation of IPC
precautions, reporting and surveillance, and treatment to make patients non-infectious.

Administrative controls

The health-care facility management team needs to ensure that the necessary resources are
available for implementation of IPC measures. These resources include the establishment of
sustainable IPC infrastructures and activities; clear policies on early recognition of ARIs of
potential concern; access to prompt laboratory testing for identification of the etiologic
agent; implementation of appropriate IPC measures (e.g. Standard Precautions for all
patients), and appropriate clinical triage and placement of patients; provision of regular
supplies; and organization of services. The management team should also undertake staff
planning to promote an adequate patient-to-staff ratio, provide staff training, and establish
appropriate programmes for staff vaccination and prophylaxis.

Environmental and engineering controls

Environmental and engineering controls aim to reduce the concentration of infectious
respiratory aerosols (e.g. droplet nuclei) in the air and to reduce the contamination of
surfaces and inanimate objects. Examples of primary engineering controls for infectious
respiratory aerosols include adequate environmental ventilation and spatial separation, with
a distance of at least 1 m between patients. Adequate environmental ventilation is especially
important to reduce the transmission of pathogens that are transmitted through the
airborne route (e.g. pulmonary TB, measles and chickenpox). For infectious agents that
spread by contact, important environmental control methods include cleaning and
disinfection of contaminated surfaces and inanimate objects.
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1.4.4 Personal protective equipment

1.5

These strategies all serve to reduce, but do not eliminate, the possibility of exposure to
respiratory pathogens. The appropriate use of PPE serves to further reduce the risks of
transmission of respiratory pathogens to health-care workers and other people interacting
with the patients in the health-care facility. The use of PPE should be defined by policies and
procedures addressing isolation precautions. Their effectiveness depends on adequate and
regular supplies, adequate staff training, proper hand hygiene and, in particular, appropriate
human behaviour.

All these controls are connected and should be harmonized to promote an institutional
culture of safety.

Guideline development process

These guidelines were developed according to the WHO handbook for guideline
development, 2012 (18). WHO commissioned systematic reviews and critical reviews of the
literature as applicable. Every attempt was made to develop recommendations that focused
on priority or controversial areas, using systematic reviews and evidence summaries
according to the Grading of Recommendations Assessment, Development and Evaluation
(GRADE) approach (18, 46-50) (Annex K). The GRADE approach provides a structured and
transparent assessment of the quality of evidence and its application to the guidelines
process. A hierarchical approach was used to review the evidence when formulating the
recommendations in these guidelines, with the highest ranking given to systematic reviews
of human studies. Quality of evidence was ranked from randomized trials (deemed to be of
highest quality), followed by prospective cohort studies, retrospective cohort studies, and
finally controlled before-and-after studies (lowest quality). Similarly, priority of studies was
ranked from in vivo animal studies relevant to the topic (deemed to be of highest priority) to
in vitro laboratory studies relevant to the topic and theoretical considerations (lowest
priority). The scientific evidence was also assessed for inconsistency, indirectness,
imprecision, reporting bias, and other potential sources of bias. The summaries of each
systematic review are provided in the Annex L, and the evidence profiles are available in
published systematic reviews and referenced in the decision tables (Annex K) and in the
Annex L.

Quality of evidence was considered of major importance in developing the guidelines. In
addition, we considered the balance of the benefits or desired effects versus the
disadvantages or undesired effects; values and preferences from a global perspective,
including those of front-line health-care workers; cost and resource implications; and the
feasibility of adopting a recommendation (18, 46-50). The recommendations were discussed
internally with a Working Group within WHO, and then submitted to members of the Global
Infection Prevention and Control Network (GIPCN) for review and feedback. Following the
technical consultation meeting with the GIPCN, additional changes were made. The draft of
these guidelines was also submitted for broad internal and external review.
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211

Recommendations for early recognition and source control

Early recognition of ARIs and application of source control, including respiratory hygiene, are
administrative control measures aimed at reducing or preventing the dissemination of
infectious agents from the source. The early identification, isolation and reporting of ARIs of
potential concern are therefore central to effective containment and treatment.

Recommendations for health-care facilities and public health authorities
Health-care facilities

e Use clinical triage for early identification of patients with ARIs to prevent the
transmission of ARI pathogens to health-care workers and other patients (Strong
recommendation, very low to low quality of evidence) (27, 51) (Annex K, Table K.1).
Regularly monitor and evaluate the clinical triage system to ensure effectiveness (52-
55).

e  Place ARI patients in an area separate from other patients, and evaluate clinical and
epidemiological aspects of the case as soon as possible (51, 52, 56). Complement
investigation with laboratory evaluation if applicable (57, 58).

e In people with ARIs, encourage the use of respiratory hygiene (i.e. covering the mouth
and nose during coughing or sneezing with a medical mask [surgical or procedure
mask], cloth mask, tissue, sleeve or flexed elbow), followed by hand hygiene, to reduce
the dispersal of respiratory secretions containing potentially infectious particles (Strong
recommendation, very low quality of evidence) (27, 51, 59-63) (Annex K, Table K.2).

¢ Implement additional IPC precautions promptly according to the suspected pathogen
(Table 2.1) (64).

e  Report all available essential information regarding episodes of ARIs of potential
concern to public health authorities via the local surveillance system. This is in line with
the requirements of the IHR (2005) (6), which have been in force since June 2007. The
IHR (2005) require the international notification to WHO by States Parties of events that
may constitute a public health emergency of international concern.

Public health authorities

e  Establish channels to inform health-care facilities and the community about ongoing
epidemic ARls, so that the facilities will be aware of the extent and types of problems
likely to be encountered.

Early recognition of ARIs of potential public health concern may be difficult, given the large
number of etiological agents, and the similarities of presentation of patients with acute
respiratory disease. Although the case definition may vary according to the specific disease,
there are some general epidemiological and clinical clues to prompt suspicion, as outlined
below:

e  Epidemiological clues — A patient's history of travel to areas where there are patients
known to be infected with an ARI of potential concern within the known or suspected
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incubation period; possible occupational exposure to pathogens or novel agents causing
ARIs of potential concern; unprotected contact with patients with ARIs of potential
concern within the known or suspected incubation period; or being part of a rapidly
spreading cluster of patients with ARI of unknown cause (52, 65-69), including exposure
to household members with ARIs. Family members who live with patients with ARIs of
potential concern can be assumed to have been exposed to the same ARI, and could be
evaluated for both epidemiological clues and active infection (52, 53, 69-75). For novel
agents, the epidemiological clues may change as additional information becomes
available.

e  C(linical clues — All patients who present with, or who have died of, unexplained severe
acute febrile respiratory illness (e.g. fever > 38 °C, cough or shortness of breath) in the
presence or absence of other severe unexplained illness (e.g. encephalopathy or
diarrhoea) (52, 53, 69-73), with an exposure history consistent with the ARI of potential
concern mentioned above, within the known or suspected incubation period.

Rationale

Prompt identification of ARI patients will enable the immediate implementation of IPC
measures, reduce transmission to others in the health-care facility, and thus prevent
outbreaks of epidemic-prone infections.

Since patients with severe ARIs tend to seek care at health-care facilities, such facilities are
critical in identifying early signals of emerging ARIs that could constitute a public health
emergency, either locally or internationally. Early identification and reporting offers an
opportunity for successful containment. Prompt identification and management of patients,
health-care workers or visitors who may be infected with an ARI of potential concern with
pandemic and epidemic potential are key administrative control measures. Thus, they are
critical to minimize the risk of health-care associated transmission and to enable an efficient
public health response. The response includes implementation of adequate IPC measures,
patient treatment and immediate reporting. The recognition of possible episodes depends
on the case definition, which may evolve as additional epidemiological and clinical
information becomes available.
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Figure 2.1 Decision-tree for infection prevention and control measures for patients known or
suspected to have an acute respiratory infection

= HCWs should perform adequate hand hygiene, use
medical mask and, if splashes onto eyes are
anticipated, eye protection (goggles/face shield)
(Table 2.1)

= Pediatric patients with clinical symptoms and signs
indicating specific diagnosis (e.g. croup for

Patient enters triage with parainfluenza, acute bronchiolitis for respiratory

symptoms of acute febrile syncytial virus), especially during seasonal outbreaks,

respiratory illness may require isolation precautions (Table 2.1) as soon

as possible

= Encourage respiratory hygiene (i.e. use of medical
mask or tissues when coughing or sneezing followed
by hand hygiene) by the patient in the waiting room

= If possible, accommodate patients at least 1 m away
from other patients

= HCWs should use PPE (medical mask, eye
protection, gown and gloves) and perform adequate

h 4 hand hygiene (Table 2.1)

plus clinical and = Use separate adequately ventilated or Airborne

epidemiological clues for Precaution® room (Table 2.1)

AR of potential concern® = If no separate room available, cohort patients with
same laboratory-confirmed etiological diagnosis

= If etiology cannot be laboratory confirmed and no
separate room, adopt special measures®

y y

Patient diagnosed with ARI

Other diagnosis
of potential concern®

Report to public
health authorities

IPC precautions (Table 2.1) Reassess IPC
to remain in place for the precautions (Table 2.1)
duration of symptomatic
illness (see Section 2.2.4)

For the purpose of this document, ARIs of potential concern include SARS, new influenza virus causing human
infection (e.g. human cases of avian influenza), and novel organism-causing ARIs that can cause outbreaks with
high morbidity and mortality. Clinical and epidemiological clues (Section 2.1) include severe disease in a
previously healthy host, exposure to household member or close contact with severe ARI, cluster of cases, travel,
exposure to ill animals or laboratory.

®Airborne Precaution rooms include both mechanically and naturally ventilated rooms with > 12 ACH and
controlled direction of airflow (see Glossary).

“The term “special measures” means allowing patients with epidemiological and clinical information suggestive of
a similar diagnosis to share a room, but with a spatial separation of at least 1 m.
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Table 2.1  Infection prevention and control precautions for health-care workers and caregivers providing care for patients with acute respiratory
infection and tuberculosis
Precaution No pathogen Pathogen
identified, no risk | Bacterial B Other ARl viruses |Influenza virus | New influenza | SARS Novel ARIb
factorforTBor | AR}, including (e.g. with sustained | virus with no
ARl of potential | jagye parainfluenza | human-to-human | sustained
concern (e.g. RSV, adenovirus) |transmission human-to-
influenza-like (e.g. seasonal | human
illness without risk influenza, transmission
factor for ARI of pandemic (e.g. avian
potential concern) influenza) influenza)
Hand hygienec Yes Yes Yes Yes Yes Yes Yes Yes
Gloves Risk assessmentd Risk Risk Yes Risk assessmentd | Yes Yes Yes
assessmentd assessmentd
Gowne Risk assessmentd Risk Risk Yes Risk assessmentd | Yes Yes Yes
assessmentd assessmentd
Eye protection Risk assessment! | Risk assessmentf Risk . | Risk assessment’ | Risk assessment’ | Yes Yes Yes
assessment
Medical mask for health- Risk assessment'
care workers and Yes Risk assessmentf | No Neso Yes Yesh Yes' Not routinely?
caregivers
Particulate forroom | ng No Yes No No Not routinely" | Not routinely’ | Yes
respirator | €ntry
for Health- W'thm 1 mof No No Yes No No Not routinelyh Not routinely’ | Yes
care patient
workers for aerosol-
and . generating | Yesk Yesk Yes Yesk Yesk Yesk Yes Yesbk
caregivers | proceduresi
Medical mask for patient
when outside isolation Yes Yes Yes Yesm Yes Yes Yes Yes
areas!
Adequately ventilated . . . . . . .
Yes, if availablen No No Yes, if availablen | Yes, if available |Yes Yes Not routinely?

separate room
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Precaution No pathogen Pathogen

identified, no risk | Bacterial TB Other ARl viruses |Influenza virus |New influenza |SARS Novel ARIP

factor for TB or AR, including (e.g. with sustained | virus with no

ARl of potential | j5g,e parainfluenza human-to-human | sustained

concern (e.g. RSV, adenovirus) |transmission human-to-

!nfluenza.-llke . (e.g. seasonal human

illness without risk influenza, transmission

factor for ARI of pandemic (e.g. avian

potential concern) influenza) influenza)
g;tiggne Precaution No No Yesp No No Not routinelyp Not routinelyr | Yesp
Summary of isolation Standard Standard Standard Standard Standard Standard Standard Standard
prepautlons for rout!ne Droplet - - Droplet Droplet Droplet Droplet -
patient care, excluding - - Contact - Contact Contact Contact
aerosol-generating : .
proceduresi (Annex B) - - Airbore - - - - CIETILS

AR, acute respiratory infection; IPC, infection prevention and control; RSV, respiratory syncytial virus; SARS, severe acute respiratory syndrome; TB, tuberculosis

a Bacterial ARI refers to common bacterial respiratory infections caused by organisms such as Streptococcus pneumoniae, Haemophilus influenzae, Chlamydophila spp. and Mycoplasma pneumoniae.
b When a novel ARl is newly identified, the mode of transmission is usually unknown. Implement the highest available level of IPC precautions, until the situation and mode of transmission is clarified.

¢ Perform hand hygiene in accordance with Standard Precautions (Annex B).

d Gloves and gowns should be worn in accordance with Standard Precautions (Annex B). If glove demand is likely to exceed supply, glove use should always be prioritized for contact with blood and
body fluids (nonsterile gloves), and contact with sterile sites (sterile gloves).

e If splashing with blood or other body fluids is anticipated and gowns are not fluid resistant, a waterproof apron should be worn over the gown.

f Facial protection, i.e. a medical mask and eye protection (eye visor, goggles) or a face shield, should be used in accordance with Standard Precautions by health-care workers if activities are likely to
generate splashes or sprays of blood, body fluids, secretions and excretions onto mucosa of eyes, nose or mouth; or if in close contact with a patient with respiratory symptoms (e.g. coughing/sneezing)
and sprays of secretions may reach the mucosa of eyes, nose or mouth.

g Adenovirus ARI may require use of medical mask

h As of the publication of this document, no sustained efficient human-to-human transmission of avian influenza A(H5N1) is known to have occurred, and the available evidence does not suggest airborne
transmission from humans to humans. Therefore a medical mask is adequate for routine care.

i The current evidence suggests that SARS transmission in health-care settings occurs mainly by droplet and contact routes; therefore, a medical mask is adequate for routine care

j See Table K4, Annex K.

k Some aerosol-generating procedures have been associated with increased risk of transmission of SARS (Annex A; Annex L, Table L.1). The available evidence suggests performing or being exposed
to endotracheal intubation either by itself or combined with other procedures (e.g. cardiopulmonary resuscitation, bronchoscopy) was consistently associated with increased risk of transmission of SARS.
The risk of transmission of other ARI when performing the aerosol-generating procedures is currently unknown.

| If medical masks are not available, use other methods for respiratory hygiene (e.g. covering the mouth and nose with tissues or flexed elbow followed by hand hygiene).

m These are common pathogens in children, who may not be able to comply with this recommendation.

n Cohort patients with the same diagnosis. If this is not possible, place patient beds at least 1 m (3 feet) apart.

o Airborne Precaution rooms can be naturally or mechanically ventilated, with adequate ventilation rate of 160 I/s/patient or at least 12 air changes per hour and controlled direction of airflow.

p Airborne Precaution rooms, if available, should be prioritized for patients with airborne infections (e.g. pulmonary TB, chickenpox and measles) and for those with novel organisms causing ARI.
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2.2 Recommendations for administrative control strategies for health-
care facilities

Effective IPC programmes can reduce the frequency and financial burden of health-care
associated infections (76-78). The 10-year long SENIC (Study on the Efficacy of Nosocomial
Infection Control) study in the United States of America showed that organized IPC
programmes are both effective and cost effective (77). Currently, IPC programmes are
considered an integral part of the delivery of patient care® (79, 80). In addition to the
recommendations for early recognition and source control described in Section 2.1, the
following administrative control strategies for IPC programmes in health-care facilities
outlined below are recommended.

For all ARIs

e Strengthen or establish an IPC committee and IPC programmes with trained personnel
to keep policies current (52, 53, 69-75, 79, 81, 82).

e Monitor and increase compliance with IPC precautions using evidence-based methods,
including multimodal strategies (e.g. change in infrastructure, education, posters,
reminders, senior management engagement and performance feedback) (83-85).

e  Educate health-care workers about ARIs, including the IPC precautions to be used for
patients who present with a febrile ARI (55, 86, 87).

e  Ensure that adequate IPC supplies are provided (55, 87-89), for example:

- hand-hygiene facilities (e.g. soap and clean running water, alcohol-based hand rub,
and paper or single-use towels);

- PPE for patient care (e.g. masks, respirators, gowns, gloves and eye protection);

- PPE for heavy duties (e.g. closed protective footwear, waterproof aprons and rubber
gloves); and

- anadequate supply of appropriate materials for cleaning and disinfection.

For ARIs of potential concern

e  Reinforce the health-care facility’s system that triggers patients and visitors to
immediately alert health-care workers to symptoms of severe febrile ARI (e.g.
signposting all entrances and clinical evaluation areas, such as emergency
departments), in areas with reported ARIs of potential concern (90).

¢ Increase surveillance to detect evidence of transmission to other patients and health-
care workers when a patient with a confirmed ARI of potential concern has been
admitted to the facility (91-93).

Rationale

Hospital administrators and governments play a key role in preventing the spread of health-
care associated pathogens by creating the necessary conditions at an institutional level.
Targets for improvement include written guidelines, availability of necessary resources (staff
and supplies), promotion of a culture or tradition of adherence to IPC practices, and
administrative leadership or support. Important opportunities for improvement include

! For more details consult the WHO document Core components for infection prevention and control programmes (79).
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enhancing individual and institutional attitudes to the feasibility of making changes,
obtaining active participation, and promoting a safety climate.

In the SARS outbreak, important factors associated with compliance were the perception of
health-care workers that their facilities had clear policies and protocols, the perceived
attitudes and actions of management about the importance of occupational health and
safety, adequate training in IPC procedures, and fast access to specialists. Education, regular
supplies, adequate staffing, institutional climate and leadership are the cornerstones for
promotion of good IPC practices (88). It is essential that health-care facilities develop
preparedness plans addressing these elements (Chapter 4).

2.2.1 Isolation precautions

IPC precautions are measures designed to minimize the risk of transmission of infections.
Such precautions are typically separated into Standard Precautions and additional
precautions, such as Contact, Droplet and Airborne Precautions. Annex B summarizes the
application and principles of Standard and additional precautions in health care.

Additional precautions may be needed depending on:

e the suspected or confirmed causative agents of the ARIs (53, 65, 67-69, 94);

e the presence of epidemiological and clinical clues suggesting that patients have ARIs of
potential concern; and

e the types of contact and procedures that are undertaken with patients with ARls.

IPC precautions to be applied when a patient with a suspected acute respiratory
infection presents to a health-care facility

e  Apply Standard Precautions routinely to ALL patients in ALL health-care settings (95)
(Annex B).

e  Apply Standard and Droplet Precautions (Annex B) at the initial evaluation of a patient
with a suspected ARI. Modify isolation precautions according to the specific diagnosis,
as it becomes available (Table 2.1).

e  Apply Standard, Contact and Droplet Precautions (Annex B) at initial evaluation of a
paediatric patient presenting with a suspected ARI during the peak season of certain
viruses (e.g. croup and parainfluenza, acute bronchiolitis, and respiratory syncytial
virus). Modify isolation precautions according to the specific diagnosis (Table 2.1).

e  Evaluate the risk to determine whether additional protective measures may be
necessary; for example, when providing care for patients infected with some specific
pathogens (Table 2.1). If the patient has indications suggestive of a novel ARI with
epidemic or pandemic potential (Section 1.3.3) and the route of transmission has not
been established, add Airborne and Contact Precautions, plus eye protection, to
Standard Precautions (Annex B).

Rationale

Because droplets are the major mode of transmission for most ARIs, Droplet Precautions
should be applied in addition to Standard Precautions when an ARl is suspected. This is of
particular importance in clinical areas that receive new patients who do not yet have a
diagnosis (e.g. outpatient department and emergency room). The prompt application of
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2.2.2

223

appropriate isolation precautions in these clinical areas, in particular, can help to mitigate
spread of infections within the facility. However, since other modes of transmission are
sometimes involved in ARI transmission, the type of precautions used should be reviewed
once diagnosis has been confirmed (Table 2.1). In addition, enhanced isolation precautions
are warranted for medical procedures with consistently documented increased risk of
infection transmission (Annex A, Section A.1; Annex L, Table L.1).

Details of different types of isolation precautions are described in Annex B.

Cohorting and special measures

For all ARIs

e  Consider the use of patient cohorting — that is, place patients infected or colonized with
the same laboratory-confirmed pathogens in the same designated unit, zone or ward
(with or without the same staff) — to reduce transmission of ARI pathogens to health-
care workers and other patients (Conditional recommendation, low to moderate quality
of evidence) (51) (Annex K, Table K.4).

e  When there is no laboratory confirmation, apply special measures — that is, place
patients with the same suspected diagnosis (similar epidemiological and clinical
information) in the same designated unit, zone or ward (with or without the same staff)
— to reduce transmission of ARI pathogens to health-care workers and other patients
(Conditional recommendation, low to moderate quality of evidence) (51) (Annex K,
Table K.4).

e Avoid sharing of equipment. If sharing is unavoidable, ensure that reusable equipment
is appropriately disinfected between patients (95).

For ARIs of potential concern

e If single rooms used for the isolation of ARIs of potential concern are insufficient for the
number of individuals, apply either cohorting of patients or special measures.

e  For patient-care units that house patients with ARIs of potential concern, wherever
possible, assign health-care workers who are experienced with IPC for ARIs and
outbreak settings. Also, if possible, these workers should not “float” or be assigned to
other patient-care areas.

e Limit the number of people entering the assigned unit or area for isolation, cohorting or
special measures, to the minimum number required for patient care and support (86,
96).

Transport of patients inside and outside health-care facilities
Patient transport within health-care facilities

For all ARIs

e  Encourage the use of medical masks by patients with ARI during transport or when care
is necessary outside of the isolation room or area (51, 95) (Annex K, Table K.2). If
medical masks are not available or not tolerated by the patient, other methods to
reduce the dispersal of respiratory secretions, including covering the mouth and nose
with a tissue or flexed elbow during coughing or sneezing (90), can be used, and should
be followed by hand hygiene (97, 98). For more information on respiratory hygiene, see
Annex B.
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For ARIs of potential concern

Implement the measures described above for all ARIs, plus the following measures:

e Avoid the movement and transport of patients out of the isolation room or area unless
medically necessary (95). The use of designated portable X-ray equipment and other
important diagnostic equipment may make this easier. If transport is necessary, use
routes of transport that minimize the exposures of staff, other patients and visitors to
potential infection.

e Assoon as possible, notify the receiving area of the patient's diagnosis and precautions
that will be required before the patient’s arrival.

e Clean and disinfect surfaces that the patient comes into contact with (e.g. bed) after use
(99).

e  Ensure that health-care workers who are transporting patients with an ARI of potential
concern wear appropriate PPE and perform hand hygiene afterwards (51).

Pre-hospital care and transport outside health-care facilities

For all ARIs

e Screen patients with severe acute febrile respiratory illness for risk factors associated
with ARIs of potential concern (52, 66, 100).

e After pre-hospital care or transport has been provided, follow recommended
procedures for waste disposal, and for cleaning and disinfecting emergency vehicles and
reusable patient-care equipment, as described for Standard Precautions (Annex B) (95).

e Avoid crowding of patients during examination and in outpatient treatment areas (51).

For ARIs of potential concern

Implement the measures described above for all ARIs, plus the following measures:

e  Avoid aerosol-generating procedures associated with risk of pathogen transmission (e.g.
intubation) during pre-hospital care and transport, unless required for life-support (101,
102). (Annex A, Section A.1)

e  Ensure that transport vehicles have as high a volume of air exchange as possible (e.g. by
opening the windows) (1). Separate the driver’s and patients’ compartments whenever
possible.

* Notify the receiving facility as soon as possible before arrival that a patient with a
suspected ARI of potential concern is due to arrive, and indicate whether additional
precautions are required.
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2.2.4 Duration of infection prevention and control precautions and patient discharge
Duration of IPC precautions

For all ARIs

Always implement Standard Precautions. Implement additional IPC precautions
(Section 2.2.1) at the time of admission, and continue for the duration of symptomatic
illness, modifying according to the pathogen and patient information (Table 2.1 and
Table K.10).* Do not routinely use laboratory tests to determine the duration of IPC
precautions, as there is no evidence that this is effective (103, 104).

For ARIs of potential concern
Avian and human influenza

The latest evidence indicates that at least 80% of pandemic H1N1 influenza transmission
events occur within 2 days of symptom-onset (104). Although earlier research had suggested
that influenza virus shedding may be protracted in infants (105) and young children (106),
evidence from household settings now suggests that this shedding may not translate into an
increased risk of influenza transmission (104). Therefore, the recommended duration of
additional IPC precautions for influenza is the same as for ARIs in general (see above).

Severe acute respiratory syndrome

The duration of infectivity for SARS is not well defined. Although it has been reported that
conversion to a negative reverse transcriptase-polymerase chain reaction (RT-PCR) may take
a long time (median 30 days, longest 81 days), the clinical and epidemiological significance of
this conversion is not known. In studies in Hong Kong SAR, China, no SARS-CoV could be
cultured from clinical samples once the infected patients became asymptomatic (107).

Newly emerging ARIs

Implement additional IPC precautions at the time of admission, and continue for the
duration of symptomatic illness, modifying according to the pathogen and patient
information. Base the precautions used and their duration on information about
transmission risk as it becomes available, and on local health authority recommendations. It
may be prudent to implement the highest level of IPC precautions possible, including the use
of particulate respirators, until the mode of transmission is clarified.

Discharge of patients infected with an ARI of potential concern

These are the recommendations suggested for discharging patients who are still
symptomatic:

e Determine whether or not to discharge the patient on the basis of their clinical
condition. If a patient with an ARI of potential concern no longer requires hospital care,
assess the infection risk before discharge by assessing the patient’s home environment.
A sample checklist is provided in Annex C. To reduce the risk of transmission in the
home setting, avoid discharging patients if IPC measures cannot be implemented, (74,
75).

! patient information (e.g. age, immune status and medication) should be considered in situations where there is
concern that a patient may be infectious for a prolonged period.
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Educate patients and their family members about personal hygiene and basic IPC
measures (e.g. respiratory hygiene, hand hygiene, use of PPE if necessary, and adequate
ventilation of rooms) (51, 108, 109).

Enquire about household members who may be at higher risk of ARls or their
complications. Such people include those who are immunocompromised, pregnant
women, people with chronic illness (e.g. heart, lung or kidney disease, and sickle cell
disease), young children (< 2 years of age), and the elderly (> 65 years of age). These
individuals should not have contact with the patient until the patient is asymptomatic. If
this is not possible, alternative housing during the patient’s isolation period could be
considered (110, 111).

Provide the patient or caregiver with instructions for follow-up clinic visits and a means
to contact a health-care provider, if necessary (112, 113).

2.2.5 Family member and visitors
For all ARIs

Advise visitors about the possible risk of ARI transmission, and ask them about whether
they have any symptoms before they enter the facility or ward (96, 114-116).

In the case of a paediatric patient, encourage and support parents, relatives or legal
guardians to accompany the child throughout the hospitalization (117, 118). Parents,
relatives or legal guardians could also assist in providing care to ARl patients in some
situations (e.g. where there is a lack of resources), provided that it is possible to ensure
hand hygiene and an adequate supply of PPE (with training and supervision of PPE use)
(117, 119).

For ARIs of potential concern

Implement the recommendations given above for all ARls, plus the following measures:

Instruct visitors about the appropriate use of PPE and hand-hygiene before entry into
an isolation room or area (115, 120).

Evaluate family members and visitors with respiratory symptoms as possible cases of
ARI of potential concern (74, 96, 115, 116, 121).

Rationale

Care of a patient in isolation can become a challenge when:

resources are inadequate;
the patient has poor hygiene habits or cannot assist in maintaining IPC precautions;
the patient receives visitors;

family members are frequently involved in the care of the patient.

Nevertheless, it is essential that the patient's right to receive visits and the child's right to be
accompanied by a parent, relative or legal guardian is guaranteed. Therefore, the risk of ARI
transmission should be mitigated by providing IPC instructions to visitors and accompanying
guardians.
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2.2.6

2.2.7

Specimen collection, transport and handling within health-care facilities

For all ARIs

e  Ensure that health-care workers who collect specimens from patients with ARIs wear
appropriate PPE (Table 2.1).

e Place specimens for transport in leak-proof specimen bags that have a separate sealable
pocket for the specimen (i.e. a plastic biohazard specimen bag), with the patient’s label
on the specimen container, and a clearly written request form (122).

e  Ensure that personnel who transport specimens are trained in safe handling practices
and spill decontamination procedures (123).

e  Ensure that laboratories in health-care facilities adhere to best biosafety practices
according to the type of organism being handled (124).

For ARIs of potential concern
Implement the recommendations given above for all ARls, plus the following measures:

e Deliver all specimens by hand whenever possible. Do not use pneumatic-tube systems
to transport specimens (125).

e  State the name of the suspected ARI of potential concern clearly on the accompanying
request form. Notify the laboratory as soon as possible that the specimen is being
transported.

Rationale

All specimens should be regarded as potentially infectious, and health-care workers who
collect or transport clinical specimens should adhere rigorously to Standard Precautions, to
minimize the possibility of exposure to pathogens. For further information on specimen
handling and collection guidelines, see:

e WHO laboratory biosafety guidelines for handling specimens suspected of containing
avian influenza A virus, 2005 (126);

e WHO guidelines for the collection of human specimens for laboratory diagnosis of avian
influenza infection, 2005 (127).

For further information on laboratory biosafety guidelines, see the WHO laboratory
biosafety manual, 2004 (128).

Health-care worker vaccination and occupational health
Health-care facility administrators

e  Vaccinate health-care workers caring for patients who are at higher risk of severe or
complicated influenza disease, to reduce illness and mortality among these patients
(Strong recommendation, very low to low quality of evidence) (129-131) (Annex K,
Table K.8).

¢ Inform health-care workers who are at high risk of severe or complicated illness from
influenza and ARIs of potential concern about the medical risks of providing care to ARl
patients and offer alternative work assignments (111, 132, 133).

e Develop a surveillance system for health-care workers for influenza-like iliness (ILI).

! Refer to the WHO Guidelines for the use of seasonal influenza vaccine in humans at risk of H5N1 infection, 2004 (14).
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e  Exclude health-care workers with ILI from units, zones or wards that house patient
populations that are at high risk of severe disease from ARIs (e.g. neonatal intensive
care unit, and haematopoietic stem cell transplantation unit) (134-137).

Special recommendations for health-care facilities managing patients with ARIs of potential
concern are as follows:

e Keep aregister of health-care workers who have provided care for patients with ARIs of
potential concern, for contact tracing (138).

e Develop a system to monitor health-care workers’ health, especially that of workers
providing care for patients with ARIs of potential concern, that uses self-reporting by
symptomatic workers (Annex D) (139, 140). Provide prompt access to diagnosis,
counselling and treatment if these are available.

e Antiviral prophylaxis is not routinely recommended. If local policy recommends antiviral
prophylaxis, health-care facility administrators should contact public health officials for
assistance in obtaining adequate supplies for prophylaxis of health-care workers
providing care for patients with ARIs of potential concern, in line with local guidance.
Details of appropriate use of antiviral prophylaxis for influenza are provided in WHO
guidelines for pharmacological management of pandemic (HIN1) 2009 influenza and
other influenza viruses, 2010 (15).

e Consider developing methods to provide additional support to health-care workers
taking care of patients with ARls of potential concern (e.g. emotional and family
support), as necessary (141, 142).

Health-care workers who provide care for patients known or suspected to be infected
with an ARI of potential concern

e  Organize health-care workers into groups designated for caring for patients. Check
temperature regularly (e.g. before each work shift), and monitor for symptoms of ILI
(cough, sore throat and difficulty in breathing) for 7-10 days after last possible exposure
to a patient with an ARI of potential concern (Annex D) (93, 143).

e Advise workers to take the following actions if they develop a fever > 38 °C or
symptoms of ILI (93, 144):

- stop work immediately or do not report to work;
- limit interactions with others;
- exclude themselves from public areas; and

- notify management or the team dealing with IPC and occupational health that they
are symptomatic and have had contact with patients with an ARI of potential
concern.

Rationale

During ARl outbreaks, health-care workers can become infected either through exposure in
the community or in the health-care facility (i.e. not necessarily as a result of patient
exposure) (145). Once infected, these workers can serve as sources of transmission to other
staff and to their patients, who may be at higher risk of severe or complicated illness from
ARls. Therefore, influenza vaccination of workers caring for patients at high risk for severe
disease could reduce the risk of infection among these patients. (For more information on
the evaluation of vaccination of health-care workers, see Annex K.) While seasonal influenza
vaccine does not provide protection against new influenza viruses, such as avian influenza, it

Infection prevention and control of epidemic- and pandemic-prone acute respiratory infections 23



Infection prevention and control recommendations

2.3

2.31

will help to prevent concurrent infection with seasonal human influenza (146), and thus
reduce confusion in diagnosis and unnecessary work furlough in areas with frequent
reported cases of avian influenza. Antibody responses are usually developed within 2 weeks
of influenza vaccination in adults. Vaccination should not preclude the full application of IPC
precautions.

Recommendations for engineering and environmental control for
acute respiratory infection

Placement of patients and spatial separation

For all ARIs
e  Place patients infected with ARIs in adequately ventilated rooms.

e  Maintain spatial separation (distance of at least 1 m) between each ARI patient and
other individuals not wearing PPE, to reduce the transmission of ARI pathogens (Strong
recommendation, very low to low quality of evidence) (12, 51, 143, 147) (Annex K,
Table K.3).

ARIs of potential concern

e  Place patients infected with an ARI of potential concern in adequately ventilated single
rooms or Airborne Precaution rooms (51).

e If possible, situate rooms used for isolation of ARIs of potential concern (i.e. single
rooms) in an area that is clearly segregated from other patient-care areas (31, 51, 86,
99, 148).

Rationale
Patient placement should be planned according to:

e the presence of epidemiological and clinical clues of ARIs of potential concern;

e the precautions undertaken, in addition to Standard Precautions, for the suspected or
confirmed causative agents; and

e the availability of facilities.

Airborne Precaution rooms should be prioritized for patients with obligate (pulmonary TB) or
preferential airborne infections (e.g., measles and chickenpox) and for patients infected with
novel agents causing ARIs of potential concern for which there is no information on possible
routes of transmission.

Transmission of ARIs through droplet nuclei at short range can occur during aerosol-
generating procedures associated with increased risk of pathogen transmission (Annex A)
under special situations (e.g. inadequate use of PPE or poor environmental ventilation).
Rooms should be kept adequately ventilated.

Section 2.2.2 discusses cohorting and special measures; Annex B gives details of isolation
precautions; and Annex E gives details of isolation rooms.

2.3.2 Design of triage and waiting areas

e  Ensure that triage and waiting areas are adequately ventilated (1-3).

e Organize the space and the processes to allow for spatial separation (at least 1 m)
between patients waiting to be seen (51), and undertake rapid triage of patients with
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acute febrile respiratory diseases. Screen patients for risk factors associated with ARIs
of potential concern (52, 54, 86).

2.3.3 Environmental controls for aerosol-generating procedures

Use adequately ventilated single rooms when performing aerosol-generating
procedures that have been consistently associated with increased risk of ARI
transmission (Conditional recommendation, very low to low quality of evidence) (1,
149) (Annex K, Table K.7; Annex A).

2.3.4 Corridors

Maintain a ventilation rate of 2.5 L/s/m3 in corridors and other transient spaces. When
patient care is regularly undertaken in corridors during emergency or other situations,
apply the same ventilation rate requirements as for regular patient-care areas

(60 I/s/patient) (1).

2.3.5 Ultraviolet germicidal irradiation in health-care settings

2.4

At this time, it is not possible to make a recommendation about the use of ultraviolet
germicidal irradiation (UVGI) to reduce the risk of transmission of ARI pathogens in health-
care facilities (Annex K.2, Table K.9).

Rationale

There is very limited evidence to suggest that the transmission of ARl pathogens from
patients to health-care workers or other patients can be prevented by the use of UVGI in
health-care settings (150). Additional research is needed to understand whether the use of
UVGI for disinfection of air reduces transmission of specific ARl pathogens from patients to
health-care workers during care delivery in health-care settings, with or without the use of
other precautions. In addition, more research is required to assess the potential harms and
cost effectiveness of using UVGI in these settings. Therefore, no recommendation about the
use of UVGI to reduce the risk of transmission of ARI pathogens in health-care facilities is
possible at this time.

Recommendations for use of personal protective equipment

Use PPE in the context of other prevention and control strategies (151), and in
accordance with IPC recommendations (e.g. Standard, Contact, Droplet or Airborne
Precautions) (95).

Use appropriate PPE as determined by risk assessment (according to the procedure and
suspected pathogen, see Table 2.1). Appropriate PPE that may be required when
providing care to patients presenting with ARI syndromes includes one or more of the
following: medical mask (surgical or procedure mask), gloves, long-sleeved gowns and
eye protection (goggles or face shields) (Strong recommendation, low to moderate
quality of evidence) (51) (Annex K, Table K.5).

Use PPE - including gloves, long-sleeved gowns, eye protection (goggles or face shields)
and facial mask (surgical or procedure mask, or particulate respirators)’ — during
aerosol-generating procedures that have been consistently associated with an increased

! There is no evidence to suggest a difference in the effectiveness of particulate respirators over medical masks as a
component in the use of PPE for routine care. However, it is not known whether there is any difference in the setting of
care involving aerosol-generating procedures. When performing such procedures associated with an increased risk of
transmission of ARI pathogens, it may be preferable to use particulate respirators (Annex A).
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risk of transmission of ARI pathogens (27, 51)." The evidence suggests that performing
or being exposed to endotracheal intubation, either by itself or combined with other
procedures (e.g. cardiopulmonary resuscitation or bronchoscopy), is consistently
associated with increased risk of transmission (Conditional recommendation, very low
to low quality of evidence) (149) (Annex K, Table K.6).

¢ Monitor health-care workers’ compliance with proper use of PPE. This is particularly
important when caring for patients with ARIs of potential concern.

e  Ensure that staff receive appropriate training on the use of PPE (87, 151-155).

Annex E gives details of preparation of an isolation room or area, and of wearing and
removing PPE.

2.4.1 Rational use of personal protective equipment

e  Ensure sufficient supplies of appropriate PPE (87, 152, 154, 155). If resources are limited
and disposable PPE items are not available, use reusable items (e.g. disinfectable cotton
gowns) and disinfect properly after each use (99). To avoid wastage, critically evaluate
situations in which PPE is indicated (using Table 2.1), and maximize the provision of
clinical care during each entry to the patient's room (95).

e Avoid reuse of disposable PPE items. It is not known whether reusing disposable PPE is
as safe and effective as using new PPE, and reuse may increase the risk of infection for
health-care workers (156, 157).

Respiratory protection

e  Ensure that users receive training on how to put on a particulate respirator, and that
they understand the need to perform the seal check every time the respirator is worn,
to avoid contamination during use, and to remove and dispose of the respirator (158). If
patients with known or suspected airborne infections (e.g. pulmonary TB) are cohorted
in a common area or in several rooms on a nursing unit, and if multiple patients will be
visited sequentially, it may be practical for a health-care worker to wear a single
particulate respirator for the duration of the activity. This type of use requires that the
respirator not be removed at any time during the activity, and that the user does not
touch the respirator. If the respirator gets wet or dirty with secretions, it must be
changed immediately.

e If supplies are limited, prioritize the use of particulate respirators for workers who
provide care to patients with obligate and preferentially airborne-transmitted diseases,
and who are performing aerosol-generating procedures that have been consistently
associated with increased risk of pathogen transmission (Annex A, Section A.1). If a
particulate respirator is not available, whenever possible, avoid performance of aerosol-
generating procedures associated with an increased risk of pathogen transmission in
patients with ARls of potential concern (101, 102, 116, 159, 160).

Medical masks

e  Wear medical masks fitted tightly to the face, and discard immediately after use (161,
162). If the mask gets wet or dirty with secretions, it must be changed immediately.

! When a novel AR is identified and the mode of transmission is unknown, it may be prudent to implement the highest
level of IPC precautions whenever possible (including the use of particulate respirators), until the mode of transmission has
been clarified.
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Gloves

If supplies of gloves are limited, reserve gloves for situations where there is a likelihood
of contact with blood, respiratory secretions, or body fluids, including during aerosol-
generating procedures that have been consistently associated with increased risk of
pathogen transmission (Annex A) (155, 163, 164). Apply standard IPC practices for glove
use (e.g. changing gloves between patients). The use of gloves does not eliminate the
need to perform hand hygiene (Annex B).

Gowns

If supplies of gowns for health-care workers are limited, prioritize the use of gowns for
aerosol-generating procedures that have been consistently associated with increased
risk of pathogen transmission (Annex A, Section A.1) and for activities that involve close
contact with the patient (e.g. in paediatric settings) (155, 163). Gowns may also be worn
during the care of more than one patient in a single cohort area only, provided that the
gown does not come into direct contact with any patient.

Eye protection

Reusable eye protective equipment can be used (e.g. goggles or face shield), but may
pose a risk of cross-infection if not cleaned and decontaminated properly according to
the manufacturer’s instructions after each use (87). Ensure that equipment is
thoroughly cleaned before disinfection (165-170). Perform hand hygiene after disposal
or cleaning of eye protection equipment that may be contaminated with splash or spray
(97, 98).

Do not use conventional eye glasses as eye protection, because they are not designed
to protect against splashes to the eye mucosa.

Rationale

PPE is meant to provide additional protection for the user but should not result in increased
risk for other individuals or the environment. PPE supplies may be limited, and reuse of PPE
items unavoidable; however, items should be reused under safe conditions. Avoid use of
unnecessary PPE.

2.5 Recommendations for care of the deceased

2,51 Removal of the body from the isolation room or area

Ensure proper use of PPE, according to Standard Precautions, to avoid direct contact
with body fluids (51, 95).

Apply principles of cultural sensitivity. If the family of the patient wishes to view the
body after removal from the isolation room or area, they may be allowed to do so with
the application of Standard Precautions (95). Annex F provides details of recommended
PPE and procedures for body packing and transport for ARI of potential concern.

2.5.2 Mortuary care

Ensure that mortuary staff and the burial team apply Standard Precautions (i.e. perform
proper hand hygiene and use appropriate PPE, including long sleeved gown, gloves and
facial protection if there is a risk of splashes from the patient's body fluids or secretions
onto the body or face of the staff member) (51, 95, 97, 98, 171, 172).

Apply Standard Precautions if hygienic preparation of the deceased (e.g. cleaning of
body, tidying of hair, trimming of nails and shaving) is desired (95).

Infection prevention and control of epidemic- and pandemic-prone acute respiratory infections 27



Infection prevention and control recommendations

Rationale

Transmission of lethal infectious diseases associated with mortuary care has been reported
(173), however, the cultural context of the local community should also be respected (174).
Assess the risk during the mortuary care process, and provide adequate explanation to the
family. If indicated, provide PPE to the family, with instruction in its use. Manage each
situation on a case-by-case basis, balancing the rights of the family with the risks of exposure
to infection.

2.5.3 Postmortem examination

e  Ensure that safety measures are in place when performing postmortem examinations
and collection of samples for microbiologic analyses (Annex F).

e  Apply appropriate safety measures to protect those performing the examination (175-
177) (Annex F).

e  Engage a minimum number of staff in the procedure, and perform only if (178, 179):
- an adequately ventilated room suitable for the procedure is available; and
— appropriate PPE is available; for details of PPE suggested, and how to put on and

take off PPE, refer to Annex F.
2.5.4 Engineering and environmental controls for autopsy

e  Perform autopsies in an adequately ventilated room (180).

e Minimize aerosols in the autopsy room (e.g. during lung excision) by:
- avoiding the use of power saws whenever possible (181, 182);

- avoiding splashes when removing, handling or washing organs, especially lung tissue
and the intestines (181, 182); and

- using exhaust ventilation to contain aerosols and reduce the volume of aerosols
released into the ambient air environment; exhaust systems around the autopsy
table should direct air and aerosols away from health-care workers performing the
procedure (e.g. exhaust downward) (182-184).

For details of how to reduce aerosol generation during autopsy, refer to Annex F.

e  Clean surfaces that have become contaminated with tissues or body fluids and
decontaminate by (179):

- removing most of the tissue or body substance with absorbent materials;
- cleaning surfaces with water and detergent;

- applying the disinfectant standardized by the health-care facility — if sodium
hypochlorite solution is used (Annex G, Table G.1), wet the surface with the solution
and allow at least 10 minutes contact time;

- rinsing thoroughly.

Rationale

Safety procedures for deceased individuals infected with an ARI should be consistent with
those used for any autopsy procedure. In general, the known hazards of work in the autopsy
room seem to arise from contact with infectious materials and, particularly, with splashes
onto body surfaces of health-care workers rather than from inhalation of infectious material.
However, if a patient with an ARI of potential concern died during the infectious period, the
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lungs and other organs may still contain live virus, and additional respiratory protection is
needed during procedures that generate small-particle aerosols (e.g. use of power saws and
washing of intestines). Therefore, postmortem examinations of patients with ARIs of
potential concern deserve special caution.
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Health-care facility preparedness
planning for acute respiratory infection
epidemics

3.1

The SARS outbreak of the early 2000s, and the influenza pandemic (H1IN1) 2009, highlighted
the importance of preparedness to reduce the spread of potentially epidemic or pandemic
ARls. Health-care facilities should prepare for communicable disease emergencies by (185-
188):

e organizing permanent IPC activities, surveillance and training of dedicated personnel
and clinical staff;

e  creating a multidisciplinary group within the health-care facility to develop a
preparedness plan;

¢ developing a preparedness plan in the health-care facility;

e performing a plan evaluation and monitoring exercise, and updating the plan as
necessary; and

e strengthening liaison with other levels of the health-care system and public health
authorities.

Rationale

Most of the population will have no immunity against a new respiratory virus that could
potentially cause an epidemic or pandemic. Thus, if the initial containment fails, a
substantial proportion of the population, including health-care workers, may fall ill and
require health-care services. There may be a need to manage large numbers of ill patients
requiring various levels of health care, and to contain the spread of ARIs of potential concern
associated with heath care. Preparedness of health-care facilities is considered an essential
part of general emergency preparedness plans (189, 190). The main goals are to:

e identify, isolate and report early cases of a putative epidemic or pandemic ARI virus;
e  keep the health-care system functioning for pandemic and non-pandemic patients; and
e reduce the risk of pandemic ARI transmission associated with health care.

The capacity of the health-care facility to respond efficiently to epidemic or pandemic
threats at any given moment is highly dependent on existing standards of practice. The
implementation of additional measures during an outbreak is challenging, and the lack of
good baseline standards may hamper efforts to respond to the epidemic or pandemic. Thus,
ARl epidemic or pandemic preparedness requires continuous strengthening of early
detection systems and safe care practices in the health-care facility. Promotion of routine
Standard Precautions in health care is the cornerstone of reducing the spread of pathogens.
Such promotion should be increased worldwide, to support the preparedness of health-care
facilities for epidemics and a potential pandemic.

Components of health-care facility pandemic acute respiratory
infection preparedness plans

These plans should take into account the geographical location of the facility and the
progress of the ongoing pandemic, if any. The strategy should include actions to be taken
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before, during, and after the epidemic or pandemic event and be part of the overall
Emergency Response Plan, based on the health-care facility’s risk assessment. They should
address the issues outlined below: surveillance, triage, surge capacity, access, risk
communication, IPC, occupational health, patient flow and discharge planning, mortuary and
promotion of outpatient care.

3.1.1 Surveillance

e Asa priority, establish within the health-care facility processes for the early recognition
and investigation of possible pandemic ARI patients (57, 58).

e  Connect the hospital and public-health infectious diseases surveillance systems, and
immediately report any essential information about possible pandemic ARI cases to
public health authorities. The reporting should occur through the local surveillance
system, as per Annex 1 of the IHR (2005) (6).

®  Public-health authorities should keep health-care facilities informed about ongoing
epidemics.

* Inthe case of pandemic influenza:

- enhance ILI surveillance (Annex D) (185, 191);
- define criteria that would shift surveillance of episodes of influenza of potential
concern (e.g. human cases of avian influenza) from passive to active (185, 188, 192).
3.1.2 Triage

e Define IPC measures for triage, flow, and placement of patients, and early reporting and
treatment.

e  Organize front-line services (e.g. emergency department) for triage of patients with
respiratory symptoms (52, 192).

e  Promptly initiate IPC precautions when a possible epidemic or pandemic ARI episode is
suspected (64, 189, 193).

3.1.3 Surge capacity

*  Plan for surge capacity according to the estimated impact of a potential pandemic on
health care (194-198). (Annex H provides information on how to do this.)

e Identify the supplies and infrastructures needed to implement IPC measures.

e Qutline the limits of the health-care facility’s surge capacity to provide care, and suggest
thresholds at which alternative sites for provision of health care (i.e. off-site care
facilities) should be implemented (194-198).

Outline surge capacity in relation to (194-198):

e supplies (e.g. pharmaceuticals and PPE);

e ventilators and supplemental oxygen;

e staff — develop plans to maintain sufficient personnel to carry out activities (e.g. by
planning alternative shifts or staffing assignments, and having a supplemental staffing
plan);

e infrastructure;

*  space;
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laboratory and diagnostic capacity; and

security policies to handle an unexpected increase in demand for services.

3.1.4 Access

Establish policies for access to the health-care facility for (114):

the public;

visitors (those who are allowed to enter should be educated on respiratory hygiene and
risk of disease transmission, and screened or surveyed for ARIs);

health-care workers (i.e. flow of workers through the facility); and

patients (i.e. patient flow).

3.1.5 Risk communication policy

Develop a risk communication policy to cover communication (199):

within the health-care facility;
with other health-care facilities;
with other public health bodies, government agencies and ministries;

with other societal bodies (e.g. media, professional societies and nongovernmental
organizations).

3.1.6 Infection prevention and control

Undertake IPC measures, as follows:

Engage health-care workers in prioritization of resources and training (e.g. use of PPE).

Engage health-care workers in the process of implementing the IPC measures to
decrease the infection risk.

For all staff members involved in IPC prepare Job Action Sheets describing their roles
and tasks in an emergency situation; ensure they participate in regular exercises in
order to enhance their ability to fulfil their roles.

Reinforce Standard Precautions (Annex B), to promote a culture of safe practices (154).

Educate health-care workers about pandemic ARls, with information about the main
pathogens, epidemiology, morbidity, routes of transmission, breaking the chain of
transmission and PPE use (e.g. risk assessment, proper ways to put on and take off, and
safe disposal) (55, 86, 144, 158).

Plan which areas in health-care facilities will be used for pandemic ARI patients.
Apply IPC precautions according to the pandemic pathogen (Table 2.1) (95, 200).
For specimen collection, transport and handling within the health-care facility (201):

- when collecting specimens, use IPC precautions according to the pandemic pathogen
(Table 2.1);

- when transporting specimens to the laboratory, use Standard Precautions;
- when handling specimens, follow appropriate biosafety practices.

Define procedures for safe transport of patients both within the health-care facility and
between facilities.
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3.1.7

3.1.8

3.1.9

Establish environmental and engineering controls, such as ensuring effective
environmental ventilation and cleaning.

Occupational health programme

Monitor and support the health of health-care workers.
Consider appropriate vaccination (e.g. seasonal influenza vaccine) (190, 202, 203).
Consider vaccination against a new ARI of potential concern, if a vaccine is available.

Emphasize ILI surveillance among health-care workers; this may help to provide early
signals of human-to-human transmission of a new ARl agent (202).

Treat and follow up health-care workers infected with epidemic or pandemic ARI (15,
204).

Plan staff reassignment according to risk assessment (111, 132, 133, 205).

Provide psychosocial support.

Patient flow and discharge planning

Heighten awareness of the clinical presentation of the ARI during an outbreak period, to
increase early recognition of possible cases (52).

Plan a safe flow of patients, to help prevent transmission of ARI-causing pathogens (52).
For example, provide health services targeting uninfected populations (e.g. prenatal
care, injury care, well-child visits and treatment of non-infectious diseases), particularly
those who are at high risk of a complicated ARI (e.g. the immunocompromised and the
elderly), in an area separate from patients known or suspected to have the ARI.

Plan the discharge of a patient based on the patient’s clinical conditions, assessment of
the patient’s home conditions and the capability of home caregivers to comply with
instructions. (See Section 2.2.4 for details.)

Mortuary

Plan strategies to cope with mass fatalities, including how to conduct burials for a large
number of people.

Take cultural and religious aspects into consideration (174).

3.1.10 Promotion of outpatient care of ARI patients in the event of pandemic

Liaise with other stakeholders within the health-care system (e.g. community health
centres) to help support outpatient care when the patient needs higher levels of care
than usual. For example, acute-care health-care facilities may refer patients to
ambulatory-care facilities for diagnosis, treatment and follow-up, according to the
patient’s clinical status (188). For additional information about IPC across the
continuum of health care, see Annex J.

Apply strategies to limit unnecessary office visits by ill patients; for example, divert
patients to designated pandemic influenza triage and evaluation sites, and use triage
before arrival at the health-care facility to determine which patients need on-site
medical evaluation.
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4 Research gaps

The recommendations in this document are based on the scientific evidence available at the

time of publication. However, there are research gaps in many areas pertinent to IPC
practices for ARIs. For example, there is a lack of high-quality research on (206, 207):

e several facets of the transmission of ARls, and the effectiveness of interventions to
reduce transmission of ARIs, particularly with respect to epidemiologically relevant

outcomes; and

o the cost and resource implications of interventions to reduce transmission of ARls, and
the social and cultural factors that might compromise compliance with the application

of interventions.

The identification of these research gaps will be useful in planning and conducting future

studies in areas relevant to ARIs and in using IPC approaches to reduce the transmission of

ARl pathogens.

4.1 Aerosol-generating procedures

There is a significant research gap regarding the epidemiology of ARI transmission from
patients to health-care workers during aerosol-generating procedures, particularly with

respect to pathogens other than SARS-CoV. This gap is compounded by a lack of precision in

the literature with regard to the definition for aerosol-generating procedures. In addition,
little information exists on the minimum ventilation requirements to reduce pathogen
transmission during such procedures. There is no evidence to suggest a difference in the
effectiveness of particulate respirators over medical masks as a component of PPE for
routine care; however, research is needed to determine whether there is a difference
between the effectiveness of particulate respirators and medical masks in the context of

aerosol-generating procedures that have been consistently associated with increased risk of

pathogen transmission.

4.2 Epidemiology of transmission

Additional research is required to fully elucidate the epidemiology of transmission of specific

ARls from patients to health-care workers, and to other patients, during care delivery in

health-care settings:

e with and without the use of specific precautions;

e with the use of triage and early identification alone versus its use in combination of

other selected precautions; and

e with the use of spatial separation alone versus spatial separation with the use of other

selected precautions. In relation to spatial separation, high-quality epidemiological
studies are needed to examine the effect of discrete parameters (e.g. 1 m, 2 m) of

spatial separation on the reduction of transmission and infection by ARIs.

4.3 Duration of IPC precautions

The specific duration of infectious period for ARI pathogens is unknown. In particular,
research is needed to undertand whether extending the duration of additional IPC

precautions after the resolution of symptoms for patients with ARIs in health-care settings
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reduces the risk of transmission to other patients and to health-care workers. There is also a
need for research into:

using routine laboratory tests as a guide to define the duration of IPC precautions for
individuals with ARl in health-care settings; and

the harms and cost implications of using laboratory tests to define the duration of IPC
precautions.

4.4 Cohorting and special measures

In relation to cohorting (placement of patients infected with the same known pathogen in a
common designated unit, zone or ward) and special measures (placement of patients with
the same suspected but not laboratory-confirmed diagnosis in a common designated unit,
zone or ward), additional research is required to:

fully validate the equivalence of special measures and cohorting with respect to the
reduction of transmission of ARI pathogens;

fully elucidate the epidemiology of ARI transmission from patients to health-care
workers with the use of cohorting alone compared to cohorting with other selected
precautions, such as PPE; and

study the cost and resource implications for cohorting in different settings around the
world.

4.5 Other interventions

The effectiveness of respiratory hygiene in people with ARI as a means to reduce droplet
dispersion and clinical illness among contacts needs to be determined.

Research is also needed:

into whether the use of UVGI for disinfection of air in health-care settings further
reduces the risk of transmission of and infection with specific ARI pathogens in such
settings, with and without the use of other precautions; and

to assess the potential harms and cost effectiveness of the use of UVGI in health-care
settings.

Studies suggest that influenza vaccination of health-care workers provides a protective
effect to patients in long-term residential care facilities (where patient turn-over is very low
compared to standard health-care settings and where most patients are at high risk of
complications from influenza infection); however, the relevance of these findings to acute
health-care facilities requires further study. The benefits of other vaccinations, as well as the
safety and cost effectiveness of implementing a vaccination programme for workers are yet
to be determined.
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AA1

A.2

A.21

High-risk aerosol-generating procedures

Aerosols are produced when an air current moves across the surface of a film of liquid,
generating small particles at the air-liquid interface. The particle size is inversely related to
the velocity of air. Therefore, if a procedure causes air to travel at high speed over the
respiratory mucosa and epithelium, the production of aerosols containing infectious agents
is a potential risk. An aerosol-generating procedure is defined as any medical procedure that
can induce the production of aerosols of various sizes, including droplet nuclei. Previously,
the association between medical procedures that are known to produce aerosols and an
increased risk of pathogen transmission had not been rigorously evaluated. However, a
systematic review on aerosol-generating procedures and the risk of ARI transmission has
now made it easier to determine which procedures are associated with a high risk of
transmission and provides a basis for recommendations (149). The review also highlighted
the following research gaps:

e alack of information about the risk of ARI transmission from patients to health-care
workers during aerosol-generating procedures, particularly with respect to pathogens
other than SARS-CoV;

e alack of precision in the definition of aerosol-generating procedures;

e the need to determine the minimum environmental ventilation requirements in terms
of variable ventilation rate;

e the need for control of airflow direction for aerosol-generating procedures.

Our understanding of the aerobiology of aerosol-generating procedures will continue to
evolve. Annex L (Table L.1 and Figs L.2A & B) describes the results of studies evaluating the
infection risk associated with aerosol-generating procedures. All included studies were
found to be very low quality by the GRADE evaluation framework (149).

The evidence, the best of which comes from studies of SARS-CoV, suggests a consistent
association between pathogen transmission and tracheal intubation (149). In addition, a few
studies reported an increased risk of SARS-CoV infection associated with tracheotomy, non-
invasive ventilation, and manual ventilation before intubation. However, because these
findings were identified from only a few studies of very low quality, interpretation and
practical application is difficult. No other procedures were found to be significantly
associated with any increased risk of ARI transmission.

Recommendations for environmental controls and PPE use for health-care workers
performing aerosol-generating procedures on ARI patients have been addressed in
Chapter 2 (Sections 2.3.3 and 2.4).

Selection of respiratory protection equipment

Particulate respirators
Considerations for health-care workers:

e If caring for patients with an airborne infection (e.g. pulmonary TB), or undertaking
aerosol-generating procedures associated with an increased risk of transmission of ARI
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pathogens, select the highest level of respiratory protection equipment available,
preferably a particulate respirator.

When putting on a disposable particulate respirator, always check the seal (Fig. A.1,
below).

Considerations for health-care facilities:

The fit and seal of disposable particulate respirators are important for effective
function. If the fit and seal are poor, airborne particles may be inhaled from leaks, and
the particulate respirator may not be effective. Consider undertaking respirator fit-
testing with users, to determine which model or models will achieve an acceptable fit,
before procuring large stocks of respirators.

Train those who may need to wear a particulate respirator in how to use the device
(e.g. putting on of respirator, avoiding self-contamination during use and on removal,
and achieving the best seal) (158). The inclusion of fit-testing in respirator user-training
has not been shown to be an effective means to improve compliance with proper use of
respirators (158). Follow local regulations regarding the regular performance of the fit
test.
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Figure A.1 Sequence of steps in a particulate respirator seal check

1 Cup the respirator in your hand with the nosepiece at
your fingertips allowing the headbands to hang freely
below your hand.

2 Position the respirator under
your chin with the nosepiece up.

3 Pull the top strap over your head resting
it high at the back of your head. Pull the
bottom strap over your head and position
it around the neck below the ears.

4 Place fingertips of both hands at the top of the metal
nosepiece. Mould the nosepiece (USING TWO FINGERS OF
EACH HAND) to the shape of your nose. Pinching the
nosepiece using one hand may result in less effective
respirator performance.

5  Cover the front of the respirator with both hands, being
careful not to disturb the position of the respirator.

S5A Positive seal check 5B Negative seal check

- Exhale sharply. A positive - Inhale deeply. If no leakage,
pressure inside the respirator = negative pressure will make
no leakage. If leakage, adjust respirator cling to your face.
position and/or tension straps. - Leakage will result in loss of
Retest the seal. negative pressure in the

- Repeat the steps until respirator due to air entering
respirator is sealed properly. through gaps in the seal.
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Facial hair impedes good fit, and a seal may not be achieved, decreasing the efficiency
of the particulate respirator. Health-care workers with facial structure abnormalities
also may be unable to obtain a good seal and need alternative approaches for
respiratory protection.

Examples of acceptable disposable particulate respirators in use in various parts of the
world include™:

- Australia/New Zealand: P2 (94%), P3 (99.95%)
—  China: 11 (95%), | (99%)

- European Union: Conformité Européenne-certified filtering facepiece class 2 (FFP2)

(95%), or class 3 (FFP3) (99.7%)

— Japan: 2nd class (95%), 3rd class (99.9%)
- Republic of Korea: 1st class (94%), special (99.95%)
- US: National Institute for Occupational Safety and Health (NIOSH)-certified

N95 (95%), N99 (99%), N100 (99.7%).

Some factors to consider when choosing particulate respirators in health-care settings
are affordability, availability, impact on mobility, impact on patient care, potential for
exposure to high levels of aerosolized respiratory secretions, and potential for
transmission via contact with contaminated respiratory surfaces.

Particulate respirators should be changed after each use or if they become wet or dirty
(Annex H).

A.2.2 Medical masks

Medical masks® are surgical or procedure masks that are flat or pleated (some are like
cups); they are affixed to the head with straps. Such masks should be used when caring
for patients infected by droplet-transmitted pathogens or as part of facial protection
during patient-care activities that are likely to generate splashes or sprays of blood,
body fluids, secretions or excretions.

However, medical masks may not offer adequate respiratory protection against small-
particle aerosols (droplet nuclei). Therefore, particulate respirators are preferable when
caring for patients with diseases caused by airborne pathogens (e.g. TB) or a novel ARl
pathogen for which the route of transmission is not known (208-210). Medical masks
are not designed to provide a face seal, and thus do not prevent leakage around the
edge of the mask when the user inhales; this is a potential major limitation for
protection against droplet nuclei (211).

Medical masks should be changed after each use or if they become wet or dirty
(Annex H). Medical masks are considered clinical waste and should be placed in an
appropriate clinical waste container.

" The percentages in parentheses refer to respirator filter efficiency

% In this document, the term "medical mask" refers to disposable surgical or procedure masks. Although some alternative
barriers to standard medical masks are used in certain settings (e.g. cloth masks, paper masks, etc.), there is insufficient
information available on their effectiveness.
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A.2.3 Medical mask standards

Medical masks protect the wearer's nose and mouth from inadvertent exposures (e.g.
through splashes) to blood and other body fluids. However, there are no minimum
standards or standardized testing methods for mask filter efficiency, and available masks
vary widely in the efficiency of their filters. As an example of standards, the Association of
Perioperative Registered Nurses recommends that surgical masks filter particles of at least
0.3 um for regular use and 0.1 um for laser use (i.e. to protect the wearer against laser
smoke), or have 90-95% bacterial filtration efficiency. Furthermore, surgical masks are
classified as medical devices in Europe and the US and are regulated appropriately. For
example, the US Food and Drug Administration (FDA) standards for surgical masks are as
follows:*

. Fluid resistance:

- American Society for Testing and Materials (ASTM) F 1862—-00a: standard test
method for resistance of surgical mask to penetration by synthetic blood.

Filtration efficiency:
— particulate filtration efficiency (PFE) — 0.1 u polystyrene latex sphere;

-  bacterial filtration efficiency (BFE) — ASTM F 2101-01: standard test method for
evaluating the BFE of surgical masks using a biological aerosol of Staphylococcus
aureus.

Air exchange (differential pressure, delta-P):

- measure of breathability and comfort of surgical masks.

Flammability:
- Class 1 and Class 2 flammability rating material for use in the operating room (OR);

- Class 4 flammability rating is not appropriate for use in the OR (would be labelled as
“not for OR use”).

e  Biocompatibility.

! For more information, see http://www.fda.gov/cdrh/ode/guidance/094.html

Infection prevention and control of epidemic- and pandemic-prone acute respiratory infections 41


http://www.fda.gov/cdrh/ode/guidance/094.html




Annex B Isolation precautions

B.1

Standard Precautions

Standard Precautions (95) are routine IPC precautions that should apply to ALL patients, in
ALL health-care settings. The precautions, described in detail below in Sections B.1.1 to
B.1.7, are:

¢ hand hygiene;

e use of PPE;

e respiratory hygiene;

e environmental controls (cleaning and disinfection);
* waste management;

e packing and transporting of patient-care equipment, linen and laundry, and waste from
isolation areas;

e prevention of needle-stick or sharps injuries.
Rationale

Standard Precautions are the basic IPC precautions in health care. They are intended to
minimize spread of infection associated with health care, and to avoid direct contact with
patients’ blood, body fluids, secretions and, non-intact skin. The SARS outbreak illustrated
the critical importance of basic IPC precautions in health-care facilities. Transmission of SARS
within health-care facilities was often associated with lack of compliance with Standard
Precautions. The threat of emerging respiratory infectious diseases makes the promotion of
Standard Precautions more important than ever and it should be a priority in all health-care
facilities.

For additional information on Standard Precautions, see:
e Practical guidelines for infection control in health care facilities, 2004 (212);

e Prevention of hospital-acquired infections: A practical guide, 2002 (213);

e Aide-memoire: Infection control Standard Precautions in health care, 2006 (214).
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B.1.1 Hand hygiene

Hand hygiene is one of the most important measures to prevent and control spread of

disease in health-care facilities, and is a major component of Standard Precautions (215).

Although hand hygiene is a simple procedure, numerous studies have shown that

compliance is low. Its implementation is complex, requiring continued reinforcement and

multidisciplinary team coordination. The use of alcohol-based hand rubs in health-care
facilities has been implemented in recent years, in an attempt to increase compliance with
hand hygiene. The main points are as follows:

e If hands are not visibly soiled, hand hygiene should be done using an alcohol-based
hand rub, or by washing hands with soap and water, and drying them using a single-use
towel.

e If hands are visibly dirty or soiled with blood or other body fluids, or if broken skin might
have been exposed to potentially infectious material, hands should be washed
thoroughly with soap and water.

Perform hand hygiene:

e before and after any direct contact with patients;

e immediately after removal of gloves;

e before handling an invasive device not requiring a surgical procedure, including central
intravascular catheters, urinary catheters or peripheral vascular catheters;

e after touching blood, body fluids, secretions, excretions, non-intact skin or
contaminated items, even if gloves are worn;

¢ when moving from a contaminated to a clean body site on the same patient;

e after contact with inanimate objects in the immediate vicinity of the patient; and

e  after using the lavatory.

For additional information on hand hygiene, see:

e WHO guidelines on hand hygiene in health care, 2009 (215).

B.1.2 Selection of personal protective equipment based on risk assessment

¢ Routinely assess the risk of exposure to body substances or contaminated surfaces
before any anticipated health-care activity.

e Select PPE based on the assessment of risk.

e  Ensure that appropriate PPE is available at all times, so that it can be used in the event
of an unexpected emergency.

Gloves

e Wear gloves whenever contact with blood, body fluids, secretions, excretions, mucous
membranes or non-intact skin is anticipated.

e Change gloves between tasks and procedures on the same patient after contact with
potentially infectious material.

e Remove gloves after use, before touching non-contaminated items and surfaces, and
before going to another patient.

¢ Perform hand hygiene immediately after removing gloves.
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B.1.3

B.1.4

Isolation precautions

Facial protection

Wear facial protection, including a medical mask and eye protection (face shield or goggles),
to protect the conjunctivae and the mucous membranes of the nose, eyes and mouth during
activities that are likely to generate splashes or sprays of blood, body fluids, secretions or
excretions. When providing care in close contact with a patient with respiratory symptoms
(e.g. coughing or sneezing), use eye protection, because sprays of secretions may occur.

Gowns

e  Wear gowns to protect skin and prevent soiling of clothing during activities that are
likely to generate splashes or sprays of blood, body fluids, secretions or excretions.

e Select a gown that is appropriate for the activity and the amount of fluid likely to be
encountered. If the gown in use is not fluid-resistant, wear a waterproof apron over the
gown if splashing or spraying of potentially infectious material is anticipated.

¢ Remove a soiled gown as soon as possible, place it in a waste or laundry receptacle (as
appropriate), and perform hand hygiene.

Respiratory hygiene

Controlling the spread of pathogens from infected patients (source control) is key to
avoiding transmission to unprotected contacts. For diseases transmitted through large
droplets or droplet nuclei, respiratory hygiene should be applied by all individuals with
respiratory symptoms (90). Respiratory hygiene refers to covering the mouth and nose
during coughing or sneezing using medical masks (Annex A, Section A.2.2), cloth masks,
tissues or flexed elbow, followed by hand hygiene to reduce the dispersal of respiratory
secretions containing potentially infectious particles.

Health-care facility management should promote respiratory hygiene as follows:

e  Promote the use of respiratory hygiene by all health-care workers, patients and family
members with ARls.

e  Educate health-care workers, patients, family members and visitors on the importance
of containing respiratory aerosols and secretions to help prevent the transmission of
ARl pathogens.

e  Consider providing resources for hand hygiene (e.g. dispensers of alcohol-based hand
rubs and handwashing supplies) and respiratory hygiene (e.g. tissues); prioritize areas of
gathering, such as waiting rooms.

Environmental controls: cleaning and disinfection

The viruses and bacteria that cause ARlIs can survive in the environment for variable periods
of time (hours to days). The bioburden of such microorganisms can be reduced by cleaning,
and infectious agents can be inactivated by the use of standard hospital disinfectants.
Environmental cleaning and disinfection is intended to remove pathogens or significantly
reduce their numbers on contaminated surfaces and items, thus breaking the chain of
transmission. Disinfection is a physical or chemical means of killing microorganisms (but not
spores), and should be used for non-critical medical equipment used or shared by patients.

¢ No disinfection is required for surfaces and equipment that do not come into direct
contact with patients. These surfaces or equipment should be thoroughly cleaned
between patients.
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Clean equipment or surfaces in a way that avoids possible generation of aerosols; this
process alone significantly reduces the bioburden of microorganisms.

When disinfection is required, ensure that cleaning is done before disinfection. Items
and surfaces cannot be disinfected if they are not first cleaned of organic matter (e.g.
patient excretions, secretions, dirt and soil).

Follow the manufacturer’s recommendations for use or dilution, contact time and
handling of disinfectants.

The viruses and bacteria that cause ARlIs are inactivated by a range of disinfectants (99,
216-220). However, in some countries, regulatory agencies will control the types of
disinfectant available for hospital use. Common hospital disinfectants include:

- sodium hypochlorite (household bleach);
- alcohol;

- phenolic compounds;

- quaternary ammonium compounds; and

- peroxygen compounds.

Sodium hypochlorite and alcohol are available in most countries. The use of these two
disinfectants is detailed in Annex G.

Cleaning the patient-care environment

Clean horizontal surfaces in isolation rooms or areas — focusing particularly on surfaces
where the patient has been lying or has frequently touched, and immediately around
the patient’s bed — regularly and on discharge (221).

To avoid the possible generation of aerosols of ARI pathogens, use damp cleaning
(moistened cloth) rather than dry dusting or sweeping.

During wet cleaning, cleaning solutions and equipment soon become contaminated;
change cleaning solutions, cleaning cloths and mop heads frequently, according to
health-care facility’s policies.

Ensure that equipment used for cleaning and disinfection is cleaned and dried after
each use.

Launder mop heads daily and dry them thoroughly before storage or reuse (222).

To facilitate daily cleaning, keep areas around the patient free of unnecessary supplies
and equipment.

Use disinfectant to wipe down surfaces used by patients who are known or suspected
to be infected with an ARI of potential concern (52).

Do not spray (i.e. fog) occupied or unoccupied rooms with disinfectant; this is a
potentially dangerous practice that has no proven disease-control benefit (223).

To facilitate cleaning, and to reduce the potential for generation of aerosols caused by
use of a vacuum cleaner, accommodate patients in uncarpeted rooms or areas where
possible. If vacuuming is necessary, use a vacuum cleaner that is equipped with a high-
efficiency particulate air (HEPA) filter, if available.
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Patient-care equipment

e If equipment is reused, follow general protocols for disinfection and sterilization (224,
225).

e If not visibly soiled, wipe external surfaces of large portable equipment (e.g. X-ray
machines and ultrasound machines) that has been used in the isolation room or area
with an approved hospital disinfectant upon removal from the patient’s room or area.

e  Proper cleaning and disinfection of reusable respiratory equipment is essential in ARI
patient care (226-230). See Annex G for further details on use of disinfectants.

Dishes and eating utensils

e  When possible, wash reusable items in a dishwasher (231, 232). If no dishwasher is
available, wash the items by hand with detergents. Use nonsterile rubber gloves if
washing items by hand.

e  Wash dishes and eating utensils for the patient after each meal or use.

e Discard disposable items as waste, classified as directed by the relevant state, territory
or national legislation and regulations (8).

Linen and laundry

e Remove large amounts of solid material (e.g. faeces) from heavily soiled linen (while
wearing appropriate PPE), and dispose of the solid waste in a toilet before placing the
linen in the laundry bag (233-235).

*  Avoid sorting linen in patient-care areas. Place contaminated linen directly into a
laundry bag in the isolation room or area with minimal manipulation or agitation, to
avoid contamination of air, surfaces and people (8).

e Wash and dry linen according to routine standards and procedures of the health-care
facility. For hot-water laundry cycles, wash with detergent or disinfectant in water at
70 °C (160 °F) for at least 25 minutes. If low-temperature (i.e. < 70 °C; < 160 °F) laundry
cycles are used, choose a chemical that is suitable for low-temperature washing when
used at the proper concentration (236-238).

B.1.5 Waste management

Waste disposal should be safe for those handling the waste and for the environment.
Definitions of clinical (infectious) waste may differ according to local regulations and
legislation.

e  Classify waste as directed by relevant state, territory or national legislation and
regulations. If waste from ARI-infected patients is classified as infectious, then consider
all waste from the patient-care area as clinical waste, and treat and dispose of it
according to the health-care facility’s policy, and in accordance with national
regulations pertaining to such waste (8).

¢ Handle faeces with caution to avoid possible generation of aerosols (e.g. during removal
of faeces from bedpan, commode or clothing, or when spraying reusable incontinence
pads with water) (233).

e  Flush liquid waste (e.g. urine) or solid faecal waste into the sewerage system, if there is
an adequate system in place (239, 240).

e  Ensure that health-care workers use appropriate PPE whenever there is risk of splash or
spray during handling of waste (95).
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B.1.6 Packing and transporting patient-care equipment, linen and laundry, and waste
from isolation areas

e  Place used equipment and soiled linen and waste directly into containers or bags in the
isolation room or area.

e Contain the used equipment and soiled linen and waste in a manner that prevents the
containers or bags from opening or bursting during transport.

e  One layer of packing is adequate, provided that the used equipment and soiled linen
and waste can be placed in the bag without contaminating the outside of the bag.
Double-bagging is unnecessary.

e Ensure that all personnel handling the used equipment and soiled linen and waste use
Standard Precautions, and perform hand hygiene after removing PPE. Heavy-duty tasks
(e.g. cleaning of the environment) require more resistant PPE (e.g. rubber gloves and
apron, and resistant closed shoes).

B.1.7 Prevention of needle-stick or sharps injuries

Although it may not be crucial for prevention and control of ARls, prevention of needle-stick

or sharp injuries is a component of Standard Precautions. It targets the reduction and

elimination of transmission of bloodborne pathogens to health-care workers, other patients
and people with any possible contact with the related waste.

e Take care to prevent injuries when using needles, scalpels and other sharp instruments
or devices when handling sharp instruments after procedures, when cleaning used
instruments and when disposing of used needles.

¢  Never recap used needles.

¢ Never direct the point of a needle towards any part of the body except before injection.

e Do not remove used needles from disposable syringes by hand, and do not bend, break
or otherwise manipulate used needles by hand.

e Dispose of syringes, needles, scalpel blades and other sharp items in appropriate
puncture-resistant containers. Such containers should be located as close as practicable
to the area in which the items were used.

e Avoid the use of reusable syringes.

B.2 Droplet Precautions

Respiratory pathogens that are transmitted through large droplets include adenovirus, avian

influenza A(H5N1), human influenza and SARS-CoV. Adenovirus infections are more common

among children, and influenza and SARS-CoV can affect both adults and children. During an
influenza pandemic, the circulating human virus is expected to be transmitted in the same
manner as seasonal influenza viruses; hence, Droplet Precautions should be applied in
addition to Standard Precautions.

! Detailed recommendations from the Safe Injection Global Network (SIGN) Alliance (241).
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Droplet Precautions include (95):

e PPE —Use a medical mask if working within 1 m of the patient (154, 242-244). For
practical purposes, it is advisable to use a medical mask when entering the patient's
room.

e  Patient placement — Place patients in single rooms, or cohort those with the same
etiological diagnosis. If an etiological diagnosis is not possible, group patients with
similar clinical diagnosis and based on epidemiological risk factors, with a spatial
separation of at least 1 m.

e  Patient transport — Limit patient movement and ensure that patients wear medical
masks when outside their rooms.

Contact Precautions

In addition to transmission by large droplets, some common respiratory pathogens (e.g.
parainfluenza and respiratory syncytial virus) can be transmitted through contact —
particularly by hand contamination and self-inoculation into conjunctival or nasal mucosa.
Contact transmission may also play a role in avian influenza A(H5N1) and SARS infections.
Contact Precautions include PPE, use of equipment and environment, and patient placement
and transport, as outlined below (95).

PPE

Put on PPE when entering the room and remove it when leaving. PPE includes:

e  Gloves — wear clean, nonsterile latex gloves, disposing of the gloves after each patient
contact;

. Gowns:

- use either a disposable gown made of synthetic fibre, or a washable cloth gown;
ensure that the gown is the appropriate size to fully cover the areas to be protected;

- if possible, wear a gown once only, then place it in a waste or laundry receptacle, as
appropriate, and perform hand hygiene; and

- if the gown is permeable, wear an apron to reduce fluid penetration (do not use an
apron alone to prevent contact contamination).

Equipment and environment

e If possible, use either disposable equipment or dedicated equipment (e.g. stethoscopes,
blood pressure cuffs and thermometers) when dealing with patients under Contact
Precautions. If equipment needs to be shared among patients, clean and disinfect it
between each patient use.

e  Ensure that health-care workers refrain from touching their eyes, nose or mouth with
potentially contaminated gloved or ungloved hands (245).

e Avoid contaminating environmental surfaces that are not directly related to patient
care (e.g. door handles and light switches).

Patient placement

Use single rooms, or cohort patients with the same etiological diagnosis, to facilitate the
application of IPC measures.

Patient transport

Limit patient movement and minimize patient contact with those who are not infected.
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B.4

B.4.1

Airborne Precautions

Airborne pathogens are transmitted through inhalation of droplet nuclei that remain
infectious over a long distance (e.g. > 1 m), and require special air handling (4, 5). Their
transmission is further classified as obligate or preferential (9):

e obligate airborne transmission applies to agents naturally transmitted exclusively
through droplet nuclei deposited in the distal part of the lung (e.g. Mycobacterium
tuberculosis causing pulmonary TB); and

e preferential airborne transmission applies to pathogens (e.g. measles) that are
transmitted by droplet nuclei deposited in the airways but can also be transmitted by
other routes.

Transmission of droplet nuclei at short range may also occur with SARS-CoV, human
influenza, and perhaps with other viral respiratory infections, during special circumstances;
for example:

e performance of aerosol-generating procedures associated with pathogen transmission
(Annex A, Section A.1), in rooms that are inadequately ventilated; and

¢ lack of adequate use of PPE (e.g. as happened with SARS).

This type of transmission has been referred to as opportunistic airborne transmission (9),
and does not involve transmission over long distances as obligate and preferential airborne
transmission do (4).

Infection prevention and control precautions for airborne diseases

For airborne pathogens (4, 5, 7, 246), supplement Standard Precautions with additional
precautions, as outlined below.

Personal protective equipment

When entering the isolation room or area, or when providing care to a patient with an
obligate or preferential airborne infectious disease in other settings, use a particulate
respirator that is at least as protective as a NIOSH-certified N95 or equivalent (Annex A).
Patient placement

e  Place the patient in an Airborne Precaution room (3).

e If a ventilated isolation room is not available, place patients in separate well-ventilated
rooms.

e If single rooms are not available, cohort patients according to the same etiological
diagnosis in well-ventilated places.

e To perform any aerosol-generating procedures associated with pathogen transmission,
use appropriate PPE in an Airborne Precaution room.
Patient transport

e Limit patient movement and ensure that patients wear medical masks when outside
their room or area.

50

Infection prevention and control of epidemic- and pandemic-prone acute respiratory infections



B.4.2

Isolation precautions

Infection prevention and control precautions for diseases that can be
opportunistically transmitted through droplet nuclei

For most diseases that can be opportunistically transmitted through droplet nuclei, Droplet
Precautions should be added to Standard Precautions during routine patient care. Take
additional measures during aerosol-generating procedures associated with increased risk of
pathogen transmission.

Personal protective equipment

At a minimum, use a medical mask (surgical or procedure mask) if working at a distance
of less than 1 m from the patient (247-249).

When performing aerosol-generating procedures associated with pathogen
transmission, use a particulate respirator that is at least as protective as a NIOSH-
certified N95, EU FFP2 or equivalent, and wear gloves, gowns and eye protection (e.g.
goggles) (86, 120, 250).

Patient placement

Use adequately ventilated rooms. Group patients according to the laboratory-confirmed
etiological diagnosis (cohorting) or suspected diagnosis (special measures) (31, 148). If
more than one patient is housed in a room, place patients so that they are at least 1 m
apart.

Airborne Precaution rooms are not obligatory. If they are available, prioritize them for
patients with airborne-transmitted diseases (31, 148).

To perform aerosol-generating procedures associated with increased risk of pathogen
transmission, use adequately ventilated single rooms (101, 102, 153, 251).

Patient transport

Limit the movement of patients and ensure that they wear medical masks when outside
their room or area.
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Annex C Sample checklist assessment of
environmental conditions for
home care of patients with ARIs
of potential concern

The sample checklists below can be used to assess environmental conditions for home care
of patients with ARls of potential concern. Circle “Y” (yes) or “N” (no) for each option.

Infrastructure

Functioning telephone

Any other means to rapidly communicate with the health system
Potable water

Sewerage system

Cooking source (and fuel)

Operable electricity

Operable heat source when required

Adequate environmental ventilation

<|=<|=<|=<|=<|=<|=<|=<
Z|IZ2|Z2|Z2Z2Z2|2|Z2

Accommodation

Separate room or bedroom for the patient Y

Accessible bathroom Y
Resources

Food

Necessary medications

Medical masks? (patient)

Medical masks? (care providers, household contacts)
Gloves?

Hand-hygiene items (soap, alcohol-based hand rub)

Household cleaning products
a Check feasibility of training patient and household contacts on use of PPE

<|=<|=<|=<|=<|=<|=<
Z|Z|12|2|12(Z2|Z2

Primary care and support

Person to provide care and support Y | N
Access to medical advice and care Y | N
Any at-risk people at home Y | N

(e.g. children < 2 years of age, elderly > 65 years of age,
immunocompromised people)
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Annex D Sample health-care worker
influenza-like illness
monitoring form for workers
exposed to patients with ARIs
of potential concern

The sample form given below can be used to monitor ILI in workers exposed to patients with
ARIs of potential concern.

Name:

Home telephone number:
Job title:

Work location:

Date/s of exposure (list all, use back of page if necessary): ) 1

Type of contact with patient with ARI of potential concern, with patient's environment, or with virus:

Was the following personal protective equipment (PPE) used:

Yes No Don't know

Gown L] L] L]
Gloves ] [] []
Particulate respirator ] [] []
Medical mask L] L] L]
Eye protection L] L] L]
Other ] ] ]
(Please specify)

List any non-occupational exposures (e.g. exposure to anyone with severe acute febrile respiratory illness):

Please check your temperature twice a day, in the morning (AM) and evening (PM), for 10 days after providing
care for a patient infected with an acute respiratory disease of potential concern (including 10 days after your last
exposure), and also monitor yourself for any of the following influenza-like illness (ILI) symptoms including:

o fever>38 °C

e cough

acute onset of respiratory illness

sore throat

arthralgia

e myalgia or prostration

o gastrointestinal symptoms (e.g. diarrhoea, vomiting, abdominal pain)

If any symptoms of ILI occur, immediately limit your interactions with others, exclude yourself from public areas,
and notify at
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concern
Day 1 Day 2 Day 3 Day 4 Day 5
Date Date Date Date Date
I S S /| ) [ |

AM temperature:

AM temperature:

AM temperature:

AM temperature:

AM temperature:

PM temperature:

PM temperature:

PM temperature:

PM temperature:

PM temperature:

|

|

[

|

ILI symptoms: ILI symptoms: ILI symptoms: ILI symptoms: ILI symptoms:
No Yes No__ Yes_ No___ Yes No___ Yes No_ Yes_
Day 6 Day 7 Day 8 Day 9 Day 10

Date Date Date Date Date

I

AM temperature:

AM temperature:

AM temperature:

AM temperature:

AM temperature:

PM temperature:

PM temperature:

PM temperature;

PM temperature;

PM temperature:

ILI symptoms: ILI symptoms: ILI symptoms: ILI symptoms: ILI symptoms:
No__ Yes_ No__ Yes No__ Yes No__ Yes No__ Yes
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E.1

E.2

Preparation of the isolation room or area

Ensure that appropriate handwashing facilities and hand-hygiene supplies are available.

Stock the sink area with suitable supplies for handwashing, and with alcohol-based
hand rub, near the point of care and the room door.

Ensure adequate room ventilation.
Post signs on the door indicating that the space is an isolation area.

Ensure that visitors consult the health-care worker in charge (who is also responsible for
keeping a visitor record) before being allowed into the isolation areas. Keep a roster of
all staff working in the isolation areas, for possible outbreak investigation and contact
tracing.

Remove all non-essential furniture and ensure that the remaining furniture is easy to
clean, and does not conceal or retain dirt or moisture within or around it.

Stock the PPE supply and linen outside the isolation room or area (e.g. in the change
room). Set up a trolley outside the door to hold PPE. A checklist may be useful to ensure
that all equipment is available (see sample checklist in Section E.3, below).

Place appropriate waste bags in a bin. If possible, use a touch-free bin. Ensure that used
(i.e. dirty) bins remain inside the isolation rooms.

Place a puncture-proof container for sharps disposal inside the isolation room or area.

Keep the patient’s personal belongings to a minimum. Keep water pitchers and cups,
tissue wipes, and all items necessary for attending to personal hygiene, within the
patient’s reach.

Dedicate non-critical patient-care equipment (e.g. stethoscope, thermometer, blood
pressure cuff and sphygmomanometer) to the patient, if possible. Thoroughly clean and
disinfect patient-care equipment that is required for use by other patients before use.

Place an appropriate container with a lid outside the door for equipment that requires
disinfection or sterilization.

Keep adequate equipment required for cleaning or disinfection inside the isolation
room or area, and ensure scrupulous daily cleaning of the isolation room or area.

Set up a telephone or other method of communication in the isolation room or area to
enable patients, family members or visitors to communicate with health-care workers.
This may reduce the number of times the workers need to don PPE to enter the room or
area.

Wearing and removing personal protective equipment

Before entering the isolation room or area:

collect all equipment needed;

perform hand hygiene with an alcohol-based hand rub (preferably when hands are not
visibly soiled) or soap and water;
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e puton PPE in the order that ensures adequate placement of PPE items and prevents
self-contamination and self-inoculation while using and taking off PPE; an example of
the order in which to don PPE when all PPE items are needed is hand hygiene, gown,
mask or respirator, eye protection and gloves, as illustrated in Fig. E.1A, below.

E.2.1 Leaving the isolation room or area

e Either remove PPE in the anteroom or, if there is no anteroom, make sure that the PPE
will not contaminate either the environment outside the isolation room or area, or
other people.

e Remove PPE in a manner that prevents self-contamination or self-inoculation with
contaminated PPE or hands. General principles are:

— remove the most contaminated PPE items first;
- perform hand hygiene immediately after removing gloves;

- remove the mask or particulate respirator last (by grasping the ties and discarding in
a rubbish bin);

- discard disposable items in a closed rubbish bin;

— putreusable itemsin a dry (e.g. without any disinfectant solution) closed container;
an example of the order in which to take off PPE when all PPE items are needed is
gloves (if the gown is disposable, gloves can be peeled off together with gown upon
removal), hand hygiene, gown, eye protection, mask or respirator, and hand hygiene
(Fig. E.1B, below).

Perform hand hygiene with an alcohol-based hand rub (preferably) or soap and water
whenever ungloved hands touch contaminated PPE items.
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Figure E.1  Putting on and removing personal protective equipment

A. Putting on PPE (when all PPE items are needed)

1 - Identify hazards and manage risk.
- Gather the necessary PPE.
- Plan where to put on and take off PPE.
- Do you have a buddy? Mirror?
- Do you know how you will deal with waste?

2 Put on a gown.

3 Put on particulate respirator or medical mask; perform
user seal check if using a respirator.

4 Put on eye protection, e.g. face shield/goggles
(consider anti-fog drops or fog-resistant goggles).
Caps are optional: if worn, put on after eye protection.

5 Put on gloves (over cuff).
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B. Taking off PPE

1 - Avoid contamination of self, others and the environment.
- Remove the most heavily contaminated items first.

Remove gloves and gown:
- peel off gown and gloves and roll inside, out;
- dispose of gloves and gown safely.

2 Perform hand hygiene.

3 - Remove cap (if worn).
- Remove goggles from behind.
- Put goggles in a separate container for reprocessing.

4 Remove respirator from behind.

5 Perform hand hygiene.
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E.3 Checklist for isolation room or area trolley or table

The following items should be kept on the trolley at all times so that PPE is always available
for health-care workers.

Equipment Stock present

Eye protection (visor or goggles)

Face shield (provides eye, nose and mouth protection)

Gloves
o reusable vinyl or rubber gloves for environmental cleaning
o |atex single-use gloves for clinical care

Hair covers (optional)

Particulate respirators (N95, FFP2, or equivalent)

Medical (surgical or procedure) masks

Gowns and aprons

¢ single-use long-sleeved fluid-resistant or reusable non-fluid-resistant gowns

o plastic aprons (for use over non-fluid-resistant gowns if splashing is anticipated and if
fluid-resistant gowns are not available)

Alcohol-based hand rub

Plain soap (liquid if possible, for washing hands in clean water)

Clean single-use towels (e.g. paper towels)

Sharps containers

Appropriate detergent for environmental cleaning and disinfectant for disinfection of
surfaces, instruments or equipment

Large plastic bags

Appropriate clinical waste bags

Linen bags

Collection container for used equipment

For more information on isolation precautions, see:
e  Practical guidelines for infection control in health care facilities, 2004 (212)

e Prevention of hospital-acquired infections: A practical guide, 2002 (213).

For additional information on hand hygiene, see:

e WHO guidelines on hand hygiene in health care, 2009 (215).
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Annex F Mortuary care and postmortem

examination

F.1 Packing and transport of the dead body of patients with ARI of
potential concern, to a mortuary, crematorium or burial

Ensure that the body is fully sealed in an impermeable body bag before being removed
from the isolation room or area, and before being transferred to the pathology
department or the mortuary, to avoid leakage of body fluid.

Transfer the body to the mortuary as soon as possible after death.

When properly packed in the body bag, the body can be safely removed for storage in
the mortuary, sent to the crematorium, or placed in a coffin for burial.

If an autopsy is being considered, the body may be kept in refrigeration in the mortuary
and the autopsy conducted only when a safe environment can be provided
(Section 2.5).

F.2 Personal protective equipment for handling dead bodies

Wear a disposable, long-sleeved, cuffed gown; if the outside of the body is visibly
contaminated with body fluids, excretions, or secretions, ensure that this gown is
waterproof. If no waterproof gown is available, wear a waterproof apron in addition to
the gown.

Wear nonsterile gloves (single layer) that cover the cuffs of the gown.

If splashing of body fluids is anticipated, use facial protection: preferably a face shield,
or if not, goggles and a medical mask.

Perform hand hygiene after taking off the PPE.

Use PPE for heavy-duty tasks (e.g. rubber gloves, rubber apron and resistant closed
shoes) in addition to regular PPE.

F.3 Personal protective equipment during autopsy

PPE to be provided during autopsy includes:

scrub suit —tops and trousers, or equivalent garments;
single-use, fluid-resistant, long-sleeved gown;

surgical mask or, if small-particle aerosols might be generated during autopsy
procedures, a particulate respirator at least as protective as a NIOSH-certified N95, EU
FFP2 or equivalent;

face shield (preferably) or goggles;

either autopsy gloves (cut-proof synthetic mesh gloves) or two pairs of nonsterile
gloves;

knee-high boots.
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Placement of PPE:

e  puton PPE in the dress in room (Fig. F.1) before entering the autopsy room where the
body is located;

e inthe dressin room, replace outer street clothes and shoes with scrub suits, or
equivalent coverall garments, plus boots;

e proceed to the autopsy room where the body is located.

Figure F.1  Suggested movement of the autopsy team undertaking a postmortem examination
in a health-care facility

Autopsy room Dress out room
- 3
4
2 -
Dress in room

To remove PPE:
e  exit the autopsy room to the dress out room as suggested in Fig. F.1;
e remove PPE in the designated dress out room, dispose of the PPE in accordance with
recommendations, and perform hand hygiene.
F.4 Suggested methods to reduce aerosol generation during autopsy
To reduce aerosol generation during autopsy:

e use containment devices whenever possible (e.g. biosafety cabinets for the handling
and examination of smaller specimens);

e use vacuum shrouds for oscillating saws;
¢ do not use high-pressure water sprays;

e if opening intestines, do so under water.
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Annex G Use of disinfectants: alcohol

and bleach

GA1

G.2

Different countries have different disinfection protocols. Health-care facilities with limited
resources may not have access to a variety of hospital disinfectants, however, alcohol and
bleach are acceptable chemical disinfectants if used appropriately. As with any other
disinfectants, soiled surfaces need to be cleaned with water and detergent first.

Alcohol

Alcohol is effective against influenza virus (252). Ethyl alcohol (70%) is a powerful broad-
spectrum germicide and is considered generally superior to isopropyl alcohol. Alcohol is
often used to disinfect small surfaces (e.g. rubber stoppers of multiple-dose medication
vials, and thermometers) and occasionally external surfaces of equipment (e.g. stethoscopes
and ventilators). Since alcohol is flammable, limit its use as a surface disinfectant to small
surface-areas and use it in well-ventilated spaces only. Prolonged and repeated use of
alcohol as a disinfectant can also cause discoloration, swelling, hardening and cracking of
rubber and certain plastics.

Bleach

Bleach is a strong and effective disinfectant — its active ingredient sodium hypochlorite is
effective in killing bacteria, fungi and viruses, including influenza virus — but it is easily
inactivated by organic material. Diluted household bleach disinfects within 10-60 minutes
contact time (see Table G.1 below for concentrations and contact times), is widely available
at a low cost, and is recommended for surface disinfection in health-care facilities. However,
bleach irritates mucous membranes, the skin and the airways; decomposes under heat and
light; and reacts easily with other chemicals. Therefore, bleach should be used with caution;
ventilation should be adequate and consistent with relevant occupational health and safety
guidance. Improper use of bleach, including deviation from recommended dilutions (either
stronger or weaker), may reduce its effectiveness for disinfection and can injure health-care
workers.

Procedures for preparing and using diluted bleach

To prepare and use diluted bleach:

e use a mask, rubber gloves and waterproof apron; goggles also are recommended to
protect the eyes from splashes;

e mix and use bleach solutions in well-ventilated areas;

e mix bleach with cold water (hot water decomposes the sodium hypochlorite and
renders it ineffective);

e if using bleach containing 5% sodium hypochlorite, dilute it to 0.05%, as shown in
Table G.1 below.
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Table G.1  Sodium hypochlorite: concentration and use

Starting solution

Most household bleach solutions contain 5% sodium hypochlorite (50 000 ppm available chlorine).
Recommended dilution

1:100 dilution of 5% sodium hypochlorite is the usual recommendation. Use 1 part bleach to 99 parts cold tap
water (1:100 dilution) for disinfection of surfaces.

Adjust ratio of bleach to water as needed to achieve appropriate concentration of sodium hypochlorite. For
example, for bleach preparations containing 2.5% sodium hypochlorite, use twice as much bleach (i.e. 2 parts
bleach to 98 parts water).

Available chlorine after dilution

For bleach preparations containing 5% sodium hypochlorite, a 1:100 dilution will yield 0.05% or 500 ppm
available chlorine.

Bleach solutions containing other concentrations of sodium hypochlorite will contain different amounts of
available chlorine when diluted.

Contact times for different uses

Disinfection by wiping of nonporous surfaces: a contact time of = 10 minutes is recommended.

Disinfection by immersion of items: a contact time of 30 minutes is recommended.

N.B. Surfaces must be cleaned of organic materials, such as secretions, mucus, vomit, faeces, blood or other
body fluids before disinfection or immersion.

ppm: parts per million

Precautions for the use of bleach
e  Bleach can corrode metals and damage painted surfaces.

e Avoid touching the eyes. If bleach gets into the eyes, immediately rinse with water for
at least 15 minutes, and consult a physician.

e Do not use bleach together with other household detergents, because this reduces its
effectiveness and can cause dangerous chemical reactions. For example, a toxic gas is
produced when bleach is mixed with acidic detergents, such as those used for toilet
cleaning, and this gas can cause death or injury. If necessary, use detergents first, and
rinse thoroughly with water before using bleach for disinfection.

¢ Undiluted bleach emits a toxic gas when exposed to sunlight; thus, store bleach in a
cool, shaded place, out of the reach of children.

e Sodium hypochlorite decomposes with time. To ensure its effectiveness, purchase
recently produced bleach, and avoid over-stocking.

e If using diluted bleach, prepare the diluted solution fresh daily. Label and date it, and
discard unused mixtures 24 hours after preparation.

e Organic materials inactivate bleach; clean surfaces so that they are clear of organic
materials before disinfection with bleach.

e Keep diluted bleach covered and protected from sunlight, and if possible in a dark
container, and out of the reach of children.
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Annex H Surge capacity: personal
protective equipment needs of
health-care facilities during
epidemics or pandemics

It is difficult to provide guidance for hospitals wishing to stockpile PPE for epidemic or
pandemic ARls. This annex is intended to provide a step-by-step approach for estimating
additional PPE needs for health-care facilities. Some key steps include:

e defining assumptions;
e  producing estimates; and

e defining a purchasing strategy to meet the planned needs, replenishment and
monitoring of stock expiration and use.

A recent systematic review explored resource use as well as the economic implications (e.g.
total cost and cost—effectiveness ratios) associated with physical barriers (e.g. masks, gowns
and gloves) to interrupt or reduce the spread of respiratory viruses (207). The researchers
concluded that, while the use of physical interventions to interrupt or reduce the spread of
respiratory viruses increases during epidemics and pandemics, PPEs appear to be an
economically attractive option in reducing the burden of illness associated with respiratory
viruses, due to the relatively low costs of these interventions. The economic benefits rise
when transmission rates and fatality rates are high. However, few studies were available for
review, and the overall quality of data was low.

Each health-care facility should follow the national assumptions, and adapt to its local
policies and rationale.

Assumptions to be taken into consideration include those concerning the use of PPE,
expected impact of an epidemic (e.g. proportion of the population diseased, seeking care or
being hospitalized), organization of health services (e.g. frequency of encounters between
health-care workers and patients), recommended IPC precautions and duration of the
epidemic. The rest of this annex discusses considerations that health-care facilities can use
in making assumptions about supplies of PPE for surge capacity.

Medical masks

Medical masks should be changed between uses, and also whenever they become wet,
damaged or visibly soiled. In conditions of increased air temperature and humidity, assume
that masks will become wet with perspiration more quickly (surgical mask standards are
described in Annex A). Wearing additional PPE, such as gowns and gloves will also increase
perspiration.

Respirators

There are no data on how long particulate respirators remain effective. Respirators are
disposable, but can be reused repeatedly by the same heath-care worker when working with
TB patients, because TB has not been documented to spread by contact, and contamination
of the respirator is not a concern in TB transmission. Humidity, dirt, and crushing, reduce the
efficiency of the respirator; thus, respirators should be stored in a clean, dry location. When
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used in the care of TB patients, respirators can be reused until they are wet, soiled, damaged
or difficult to breathe through (i.e. when the filter becomes "clogged" with trapped
particles). Filtration efficiency actually increases as more particles are trapped in the filter.
However, because many ARI pathogens (e.g. SARS, and avian or pandemic influenza) can be
spread by contact as well as by respiratory aerosols, contaminated respirators could
contribute to disease transmission. The concern about the reuse of respirators and other
equipment relates to surface contamination and the possible risks of self-contamination and
self-inoculation that may result when heath-care workers handle potentially contaminated
equipment. It is essential to educate workers on how to safely remove, store, handle and re-
apply potentially contaminated equipment.

At this time, there are no recommendations on the reuse of respirators when caring for
patients with ARIs, and medical masks and respirators should be discarded after each use in
these circumstances.

Entry of health-care workers into the isolation room or area
Other issues that must be considered when making assumptions about PPE are:

e the number of times that health-care workers are expected to enter the isolation room
or area;

e whether any PPE will be reused by the same worker during a shift; and

¢ how many different workers will enter the isolation room or area.

These factors directly influence how much PPE will be used. The number of different health-
care workers entering the isolation room or area, and the number of times that each worker
goes in an out of the room, should be limited to the minimum necessary. Ways to minimize
the number of different workers who enter the isolation area include:

e ensuring that tasks are carried out by as few workers as possible, without hampering
the quality of health-care;

e having a means of communication (such as a telephone) between the patient or family
in the room and health-care workers outside the room.

Cohorting patients could decrease the need for masks or respirators and eye protection,
since several patients could be attended in one visit to the room or area, without the health-
care worker needing to change these items of PPE. Other PPE — including gloves and gowns —
must be changed between patients, even when providing care in a cohort or isolation room
or area. Health-care workers providing care to patients with ARIs of potential concern will
also need "PPE breaks”, because wearing PPE is hot and tiring, and these factors may
contribute to inadvertent IPC breaches.

Assumptions about factors such as these must be built into any mathematical model used
for estimating the amounts of PPE needed, such as:

e number of epidemic or pandemic ARI patients per day for an average of X number of
days;

e number of times that a health-care worker enters the isolation room or area per shift,
and length of shifts;

¢ number of different workers who have direct contact with epidemic or pandemic
patients per day;

e |PC precautions recommended;
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e  duration of the epidemic or pandemic wave;

e estimated numbers of cohorted patients (e.g. X patients per cohort unit versus X
patients in single rooms);

e number of times items can be reused (e.g. cloth gowns, goggles and face shields); fewer
masks may be needed in patient cohort units because the same respiratory protection
equipment could be worn during the care of multiple patients (as mentioned above);

¢  whether medical masks would be provided for patients and visitors.
Several countries have developed planning assumptions. (Examples of national pandemic

preparedness plans are available at http://www.euro.who.int/en/what-we-do/health-
topics/communicable-diseases/influenza/country-work/national-plans)
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Annex | Cleaning and disinfection of

respiratory equipment

1.1

Equipment used for respiratory therapy (e.g. items that come into contact with mucous
membranes) is considered semicritical’; such items should be cleaned and then receive at
least high-level disinfection between patients (225). High-level disinfection of respiratory
equipment takes place after cleaning, and is typically accomplished by chemical germicides
or physical methods, as outlined below (253).

Chemical germicides

Chemical germicides used for high-level disinfection include (225):
e glutaraldehyde-based formulations (2%);

e stabilized hydrogen peroxide (6%);

e peracetic acid (variable concentrations, but < 1% is sporicidal);

e sodium hypochlorite (5.25%, diluted to 1000 ppm available chlorine — 1:50 dilution).

The most appropriate chemical germicide for a particular situation should be selected on the
basis of the object to be disinfected, its composition and intended use; the level of
disinfection needed; and the scope of the services, physical facilities, resources and
personnel available.

Physical methods

Physical methods for high-level disinfection include hot-water disinfection (pasteurization)
or steam (e.g. autoclaving at lower temperature). Pasteurization is a non-toxic, cost-effective
alternative to high-level disinfection with chemical germicides. Equipment should be
submerged for at least 30 minutes in water at a temperature of about 70 °C (less than the
temperature that typically damages plastic). Pasteurization can be accomplished using a
commercial washer or pasteurizer (254). After pasteurization, wet equipment is typically
dried in a hot-air drying cabinet before storage. Steam sterilization is an inexpensive and
effective method for sterilization or high-level disinfection. Steam sterilization is, however,
unsuitable for processing plastics with low melting points, powders or anhydrous oils.
Bacterial spores may survive after high-level disinfection. Microbiological sampling can verify
that high-level disinfection has resulted in the destruction of vegetative bacteria; however,
such sampling is not routinely recommended.

Steps for cleaning and disinfection of plastic pieces of respiratory
equipment

PPE is required when cleaning or processing equipment and instruments, to protect against
splashing, spraying or aerosols.

1. Wash the equipment with soap (e.g. liquid dish soap) and clean water.

2. Rinse the equipment completely with clean water.

3. Disinfect the equipment to inactivate any remaining pathogens.

1 . - I T . . .
According to Spaulding's classification (224), semicritical items are devices that come into contact with mucous
membranes or nonintact skin
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1.2

There are several ways to disinfect equipment, and the products available at the health-care
facility should be used. Safe methods of disinfection include:

e heat for heat-resistant equipment that can withstand high temperature (e.g. 80 °C);
such equipment can be disinfected using a washer—disinfector;

e if a washer or pasteurizer is not available, use a high-end or commercial dishwasher
with a “sanitize” feature that can reach 70 °C;

e for plastic equipment that may not tolerate 80 °C and for equipment that may be
damaged by boiling, or in the absence of the equipment described above, use chemical
disinfection (e.g. soak in 1:100 sodium hypochlorite solution for 30 minutes, as
described in Annex G).

4. If using chemical disinfection, rinse with sterile or clean water (i.e. water boiled for

5 minutes and cooled). Sterile water is preferred for rinsing off residual liquid chemical
disinfectant from a respiratory device that has been chemically disinfected for reuse,
because tap or distilled water may harbour microorganisms that can cause pneumonia.
However, when rinsing with sterile water is not feasible, instead, rinse with tap water or
filtered water (i.e. water passed through a 0.2 p filter), followed by an alcohol rinse and
forced-air drying.

5. Dry equipment.

Physical equipment (e.g. a washer, pasteurizer or autoclave) often has a drying feature
within the machine.

For chemical methods, let equipment parts air dry on a clean towel or cloth.

6. Store equipment dry in closed packages.

Summary: Wash with soap and clean water, rinse, disinfect, rinse (if chemical method), dry
and store.

Cleaning and disinfection of mechanical ventilators

To clean and disinfect a mechanical ventilator, wipe down the controls and entire outside of
the equipment with a compatible disinfectant (e.g. sodium hypochlorite solution of 0.05% or
500 ppm for non-metal surfaces).

Disinfect tubing using sodium hypochlorite solution of 0.1% or 1000 ppm, ensuring that the
entire lumen of the tubing is flushed (Section 1.1, above).

It is not necessary to routinely clean respiratory and pressure lines within a ventilator
between patients, because the lines are not exposed to the patient or the patient’s
respiratory secretions.

Usually, the entire expiratory side tubing is removable (the expiratory end has a valve to
control the escape of gas from the circuit and may also have a flow measurement device or a
water trap, or both). This tubing should be disassembled and cleaned first with a detergent,
rinsed clean, and then subjected to either high-level disinfection or sterilization. High-level
disinfection is the minimum required procedure for these items, but due to the practicability
of some sterilization methods and health-care facility protocols (e.g. steam), these items
can, if suitably designed, be submitted to sterilization.
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When mechanical ventilators are used in the care of a patient with an ARI of potential
concern, bacterial and viral filters are recommended on exhalation valves.
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Annex J Infection prevention and

control across the continuum of
health care

J.1

The principles of IPC are the same across the continuum of health care. Areas that require
particular attention such as emergency and outpatient care, paediatric acute care and home
care for ARI patients, are discussed in this section.

Emergency and outpatient care

Measures for countries with no reported ARIs of potential concern

In countries with no reported ARlIs of potential concern, implement the following measures:

Post signage that alerts people with severe acute febrile respiratory illness to notify
staff immediately, and to use respiratory hygiene (255).

Assess patients with acute febrile respiratory iliness as promptly as possible.

Consider designating separate areas for patients with acute febrile respiratory illness,
and whenever possible keep a distance of 1 m between each patient in the waiting
area.

Provide tissues in the waiting area so that patients can contain respiratory secretions
when coughing or sneezing whenever possible. Provide receptacles for disposal of used
tissues (if possible, these should be no-touch receptacles).

Give people with acute febrile respiratory illness medical masks on entry, if possible.

Encourage hand hygiene after contact with respiratory secretions, and provide hand-
hygiene facilities (e.g. sinks equipped with water, soap and single-use towel, alcohol-
based hand rub) in waiting areas whenever possible.

Clean environmental surfaces in waiting and patient-care areas at least daily and when
visibly soiled.

Ensure that patient-care equipment is appropriately cleaned and disinfected between
patients.

Use Standard and Droplet Precautions when providing close contact care to patients
with acute febrile respiratory illness.

Undertake any aerosol-generating procedures associated with an increased risk of AR
transmission in a well-ventilated separate room, and ensure that health-care workers
use appropriate PPE (Chapter 2, Section 2.4).

If a patient known or suspected to be infected with an ARI of potential concern is
referred to another facility, notify receiving staff of the necessary IPC precautions.

Additional measures for countries with reported ARIs of potential concern

In countries with reported ARIs of potential concern, implement the following additional
measures:

During pandemics, apply strategies to limit unnecessary office visits by ill patients; for
example, divert patients to designated pandemic influenza triage and evaluation sites,
and use pre-facility triage to determine which patients need on-site medical evaluation.
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e  Educate the public about the clues (i.e. signs or symptoms) of ARIs of potential concern,
and ask them to seek medical care promptly for assessment and admission.

e  Establish triage criteria to promptly identify people at risk of infection with an ARI of
potential concern.

¢ If an ARI of potential concern is suspected, ensure that health-care workers use
appropriate PPE (Chapter 2, Table 2.1), as available.

e  After a patient known or suspected to be infected with an ARI of potential concern has
left the ambulatory-care setting, clean surfaces in the examination room or other areas
where the patient was located, and clean and disinfect any patient-care equipment
used for the patient.

J.2 Acute paediatric care

Implementing IPC measures for paediatric patients requires special consideration:

¢  Family members are essential for the emotional support of children admitted to
hospital (56, 256). The child's right to be accompanied by a parent, relative or legal
guardian at all times should be guaranteed (257).

e Family members can be critical in assisting in the care of hospitalized children,
particularly if there is a shortage of health-care workers (117).

e Children are likely to be infectious with ARIs for longer than adults; this may affect the
duration of IPC precautions (105).

e Paediatric patients may not be able to comply with respiratory hygiene.

e Some pathogens are more prevalent among children and require additional
precautions; for example, Contact Precautions for respiratory syncytial virus or
parainfluenza virus; and Contact plus Droplet Precautions for adenovirus or
metapneumovirus (244).

e  Contamination of the environment may be more prominent with children than with
adult or continent patients.

e Clean and disinfect toys between different children, and take precautions when
gathering patients in the playroom (follow the same principles as for cohorting) (258-
261).

J.3 Home care for patients with acute respiratory infection

During a public-health emergency, such as a pandemic, it may not be possible to provide

acute or ambulatory-care services for all who might need them. Also, ambulatory-care

facilities may be unable to meet the demand for health-care services, and may only be able
to provide care for the most severely ill patients (262). In this situation, patients infected
with ARIs of potential concern may require care at home, and they may still be infectious to

household contacts (263, 264).

Infection prevention and control for the home setting

ARIs can spread easily within a household. Anyone who has not already been infected is at

risk of infection if they come into contact with an ARI patient. Thus, household members

should observe the following recommendations:

¢ If a household member develops symptoms of AR, including fever, cough, sore throat
and difficulty breathing, they should follow public-health recommendations.
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Limit contact with the ill person as much as possible. Stay in a different room or, if that
is not possible, stay as far away from the ill person as possible (e.g. sleep in a separate
bed).

Ensure that shared spaces (e.g. restrooms, kitchen and bathroom) are well ventilated
(e.g. keep windows open).

If close contact care must be provided to the ill person, ensure that the ill person covers
his or her mouth or nose with hands or other materials (e.g. tissues, handkerchiefs or, if
available, a mask);

Discard materials used to cover the mouth or nose, or clean them appropriately.

Avoid direct contact with body fluids. If contact occurs, perform hand hygiene
immediately afterwards.

Perform hand hygiene, either by washing with soap and water or using an alcohol-based
hand rub. Address safety concerns (e.g. accidental ingestion and fire hazards) before
recommending alcohol-based hand rubs for household use.

Ensure that anyone who is at increased risk of severe disease does not care for the ill
person or come into close contact with the ill person. For seasonal influenza, people at
increased risk include those with heart, lung or kidney disease; diabetes;
immunosuppression; blood disease (e.g. sickle cell anaemia); pregnancy; and aged over
65 years or under 2 years.

Avoid other types of possible exposure to the ill person or contaminated items; for
example, avoid sharing toothbrushes, cigarettes, eating utensils, drinks, towels,
washcloths or bed linen.

- Ensure that people caring for a family member suffering from an ARI of potential

concern limit their contact with each other, and follow national or local policies
regarding home quarantine recommendations. where possible, the caregiver also
wears a medical mask or the best available protection against respiratory droplets
when in close contact with the ill person, and performs hand hygiene (265).

Actions to take if a contact of a patient with an ARI of potential concern becomes ill

Notify the health-care provider of the diagnosis and receive instructions on where to
seek care, when and where to enter the health-care facility, and the IPC precautions
that are to be followed.

Avoid public transportation if possible; call an ambulance or transport the ill person
with own vehicle and open the windows of the vehicle.

Always perform respiratory hygiene.

Stand or sit as far away from others as possible (at least 1 m), when in transit and when
in the health-care facility.

Use hand hygiene whenever appropriate.
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Annex K Strength of infection prevention
and control recommendations
based on GRADE

These guidelines were updated in accordance with the WHO handbook for guideline
development, 2012 (18). The process comprised multiple steps, including setting up a
guideline development group, scoping the revision of the document, and setting up an
external expert review group to guide the systematic reviews using the PICOT framework
(which clearly defined the IPC intervention in terms of question, population, comparator and
outcome), and the conduct of the systematic reviews, including evidence retrieval and
synthesis. Where systematic reviews could not be undertaken, evidence-based reviews or
critical appraisals of the literature were done instead. Evidence was synthesized and
recommendations formulated using the GRADE framework (18, 46-50).

Major systematic reviews of relevance to these guidelines are summarized in Annex L, and
the evidence profiles of individual studies are available in the published papers (51, 130,
149, 207).

The tables that make up the remainder of this annex summarize the assessment of evidence
and other important factors that support the content and strength of key recommendations
according to the GRADE framework (18, 46-50). These tables were drafted after careful
review of existing evidence, and were extensively reviewed by expert members of the Global
Infection Prevention and Control Network. The topics covered by the tables are:

0 Table K.1 — Clinical triage and early identification;

e  Table K.2 — Respiratory hygiene;

0 Table K.3 — Spatial separation;

. Table K.4 — Cohorting and special measures;

0 Table K.5 — Personal protective equipment;

. Table K.6 — Personal protective equipment for aerosol-generating procedures;

o Table K.7 — Environmental ventilation for aerosol-generating procedures;

o Table K.8 — Vaccination of health-care workers;

. Table K.9 — Ultraviolet germicidal irradiation;

. Table K.10 — Duration of additional infection prevention and control precautions.
Where consensus was reached that benefits clearly outweighed harms, there was no major
variability of values and preferences, and the feasibility of recommendations was high, the
factors were labelled as favourable, providing rationale for making a strong
recommendation. The same label was assigned where the recommendations were
considered not too resource-intensive. Where there was uncertainty about the balance of

benefits versus harms, values and preferences, resource implications, and feasibility, the
factors were labelled as conditional.

Recommendations were considered strong when the guideline development group was
confident that the desirable effects of adherence outweigh the undesirable effects.
Recommendations were labelled as conditional when the desirable effects of adherence
were deemed to probably outweigh any undesirable effects, but the group was not
confident about the trade-off.
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Table K1 Considerations for clinical triage and early identification

Recommendation: Use clinical triage for the early identification of patients with ARIs in order to prevent the transmission of
ARI pathogens to health-care workers and other patients. (Chapter 2, Section 2.1)

Population: People with ARI in health-care settings

Intervention: Clinical triage and early identification

Factor Assessment  Explanation

Quality of evidence Very low to There is limited evidence available to suggest that the spread of respiratory
low virus, particularly RSV, can be prevented by the use of triage and early
(27, 51) identification, when combined with other hygienic measures, especially for

(Annex L.2) younger children (57). In addition, a systematic review of the use of triage of
individuals with symptoms suggestive of TB with and without separation of
infectious cases supports the use of triage as an administrative process (27).

Balance of benefits or  Favourable Early identification will benefit proper management of patients.

desired effects versus Reduction of ARI exposure and infection of health-care workers and other
disadvantages or patients by respiratory pathogens during care delivery to patients with ARI in
undesired effects health-care settings. Triage may also help in early identification of events or

pathogens of potential public health concern as per the IHR, 2005 (6).

Values and Favourable Reduction of ARI exposure and infection of health-care workers and other
preferences patients by respiratory pathogens while delivering care to patients with ARI in
health-care settings.

Costs Conditional There is a cost implication for health-care facilities for the use of triage and
early identification.

Feasibility Conditional The use of triage and early identification during care delivery for patients with
ARIs depends on reorganization of services with possible resource implications.

Overall ranking STRONG RECOMMENDATION
Although the quality of evidence was considered very low to low, there was consensus that the
advantages of early identification of patients with ARIs and an assessment of values and
preferences provided sufficient basis for the strong recommendation.

Research gap Additional research is required to fully elucidate the epidemiology of the risk of transmission of
specific pathogens causing acute respiratory diseases from infected patients to health-care
workers and other patients with the use of triage and early identification alone versus its use in
combination with other selected precautions.

AR, acute respiratory infection; IHR, International Health Regulations; RSV, respiratory syncytial virus; TB, tuberculosis
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Table K.2  Considerations for respiratory hygiene

Recommendation: Encourage the use of respiratory hygiene (i.e. covering the mouth and nose during coughing or
sneezing with a medical mask, tissue, or a sleeve or flexed elbow, followed by hand hygiene), in all people with ARIs to
reduce the dispersal of respiratory secretions containing potentially infectious particles. (Chapter 2, Section 2.1)

Population: People with ARI in health-care settings

Intervention: Respiratory hygiene

Factor

Assessment

Explanation

Quality of evidence

Balance of benefits or
desired effects versus
disadvantages or
undesired effects

Values and
preferences

Costs

Feasibility

Very low
(57) (Annex
L.2)

Favourable

Favourable

Conditional

Conditional

The evidence suggests that:

¢ behavioural changes that probably included the principles of respiratory
hygiene, when applied within households, were associated with a reduced
frequency of influenza illness during an outbreak of influenza (59);

¢ coughing and sneezing in those with symptomatic ARIs are associated with
the production of droplets and aerosols that contain viable viral particles
(60);

o maximal symptoms for influenza correlate with the peak viral shedding
demonstrated by both viral culture and RT-PCR assay (61);

o the use of medical masks in those with ARI serves as a barrier against RT-
PCR detectable influenza virus (62);

o the use of medical masks in patients with active smear-positive TB with
cough is associated with a significant reduction in transmission of TB in an in
vivo animal model setting (63); and

o respiratory virus spread and infection can be reduced by hygienic measures,
including hand hygiene and PPE use (57).

Potential reduction of the exposure of non-infected individuals to respiratory
pathogens in health-care settings.

Use of medical or cloth masks by those with ARI symptoms may be
uncomfortable and not well-tolerated, and thus few infected patients may
actually adhere to wearing a face mask.

Potential reduction of the exposure of individuals to respiratory pathogens in
health-care settings. A similar approach was used for reduction in exposure and
infection for TB (27).

The reduction of dispersal of respiratory secretions may reduce the exposure to
ARI pathogens and thus reduce new cases of ARI and related costs.

There is a cost implication for the health-care facility in the use of medical
masks, tissues and hand-hygiene supplies.

Infants and young children may not be capable of adequate respiratory hygiene.
While adults may be capable of following respiratory hygiene, ensuring
compliance can be complex since it is affected by the availability of supplies but
also by other factors (e.g. attitude, knowledge, peer pressure, motivation and
organizational climate), which may widely vary according to the setting.

Overall ranking

STRONG RECOMMENDATION

Although the quality of evidence was considered very low, there was consensus that the
advantages of the use of respiratory hygiene and an assessment of values and preferences
provided sufficient basis for the strong recommendation.

Research gap

A significant research gap exists regarding the maximal effectiveness of respiratory hygiene in
those with ARl as a means to reduce droplet dispersion and clinical ilness among contacts.

AR, acute respiratory infection; PPE, personal protective equipment; RT-PCR, reverse transcriptase-polymerase chain
reaction; TB, tuberculosis
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Table K.3  Considerations for spatial separation

Recommendation: Maintain spatial separation (distance of at least 1 m) between each ARI patient and others, including
health-care workers (without the use of PPE), to reduce the transmission of ARI. (Chapter 2, Section 2.3.1)

Population: People with ARI in health-care settings

Intervention: Spatial separation

Factor Assessment Explanation
Quality of evidence Very low to Limited evidence suggests that:
low o spread of respiratory virus, particularly RSV and SARS, can be reduced by
(57) (Annex the use of spatial separation or distancing between those infected and those
L.2) not infected, when combined with other hygienic measures (12, 51); and
« adistance of less than 1 m is associated with increase in risk of ARI pathogen
transmission (143, 147).

Balance of benefits or  Favourable Reduction of ARI exposure and infection of health-care workers and patients by

desired effects respiratory pathogens during delivery of care to patients with ARI in health-care

versus disadvantages settings.

or undesired effects There are cost and resource implications for health-care facilities for the use of
spatial separation combined with other measures.

Values and Favourable Reduction of ARI exposure and infection to health-care workers and other

preferences patients by respiratory pathogens during delivery of care to patients with ARI in
health-care settings.

Costs Conditional There are cost and resource implications to health-care facilities for the use of
spatial separation.

Feasibility Conditional The use of spatial separation for patients with ARIs depends on availability of
space and surge capacity (beds), and may not be readily implementable in all
health-care settings.

STRONG RECOMMENDATION

Overall ranking

Although the quality of evidence was considered very low to low, there was consensus that the
advantages of the spatial separation between each ARI patient and others and an assessment of
values and preferences provided sufficient basis for the strong recommendation.

Research gap

Additional research is required to fully elucidate the epidemiology of the risk of transmission of
specific pathogens causing acute respiratory diseases from infected patients to health-care
workers and other patients with the use of spatial separation alone compared to spatial
separation with the use of other selected precautions. A significant research gap exists for studies
that examine discrete parameters (e.g. 1 m, 2 m) of spatial separation with respect to the impact
on the reduction of transmission and infection by ARIs.

AR, acute respiratory infection; PPE, personal protective equipment; RSV, respiratory syncytial virus; SARS, severe acute
respiratory syndrome
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Table K.4 Considerations for cohorting and special measures

Recommendation: Consider the use of patient cohorting (i.e. the placement of patients infected or colonized with the
same laboratory-identified pathogens in the same designated unit, zone or ward). If cohorting is not possible apply special
measures (i.e. the placement of patients with the same suspected diagnosis — similar epidemiological and clinical
information — in the same designated unit, zone or ward) to reduce transmission of ARI pathogens to health-care workers

and other patients. (Chapter 2, Section 2.2.2)

Population: People with ARI in health-care settings

Intervention: Cohorting

Factor Assessment Explanation
Quality of Low to moderate — Evidence suggests that nosocomial respiratory virus spread and infection,
evidence cohorting combined particularly RSV, can be reduced by the use of cohorting when combined
with other measures with other hygienic measures, especially for younger children (57).
(57) (Annex L.2)
Balance of Conditional Reduction of ARI exposure and infection of health-care workers and other
benefits or patients during delivery of care to patients with ARl in health-care
desired effects settings.
versus The benefits clearly outweigh the disadvantages for ARIs associated with
disadvantages or high morbidity or mortality (e.g. SARS), but are less clear for ARIs
undesired effects associated with lesser morbidity or mortality.
There are cost and human resource implications for health-care facilities
for the use of cohorting.
Values and Favourable Reduction of ARI exposure and infection of health-care workers and other
preferences patients during care delivery to patients with ARIs in health-care settings.
Costs Conditional There are cost implications for health-care facilities for the use of
cohorting.
Feasibility Conditional The use of cohorting for patients with ARIs depends on the availability of

beds and staff that can be allocated for cohorting.

Overall ranking

CONDITIONAL RECOMMENDATION

Research gap

Additional research is required to:

« elucidate the epidemiology of the risk of transmission of specific pathogens causing acute
respiratory diseases from patients to health-care workers with the use of cohorting alone versus
cohorting with the use of other selected precautions;

« elucidate the cost and resource implications for cohorting in different settings around the world;

« validate that the use of special measures, when the pathogen is suspected but not known, is
equivalent to the use of cohorting with respect to the reduction of transmission and infection of

ARI pathogens.

AR, acute respiratory infection; RSV, respiratory syncytial virus; SARS, severe acute respiratory syndrome
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Table K.5

Considerations for personal protective equipment

Recommendation: Use appropriate PPE as determined by risk assessment (according to the procedure and suspected

pathogen). Appropriate PPE when providing care to patients presenting with ARI syndromes may include a combination of
the following: medical mask (surgical or procedure mask), gloves, long-sleeved gowns and eye protection (goggles or face
shields).! (Chapter 2, Section 2.4)

Population: People with ARl in health-care settings

Intervention: PPE

Factor

Assessment

Explanation

Quality of evidence

Low to moderate
PPE measures
combined with
hand hygiene
(57) (Annex L.2)

Evidence suggests that respiratory virus spread and infection can be reduced
by hygienic measures, including hand hygiene and PPE use (57). Most of this
evidence comes from studies on RSV, SARS and influenza virus. Case-control
studies that focused on SARS suggest that barriers to fransmission (e.g.
isolation and PPE) are effective at containing epidemic spread of this virus (57).
The use of masks (medical or N95 particulate respirators) was the measure
with the most consistent and comprehensive supportive evidence across all
studies. There is moderate evidence that medical masks are non-inferior to
particulate respirators (e.g. N95, facial filtering protection 2), and that the latter
are more expensive and uncomfortable, and cause skin irritation.

Balance of benefits
or desired effects
versus
disadvantages or
undesired effects

Favourable

Reduction of ARI exposure and infection of health-care workers and patients by
respiratory pathogens associated with delivery of care to patients with ARl in
health-care settings. The benefits clearly outweigh the disadvantages for ARIs
associated with high morbidity or mortality (e.g. SARS), but are less clear for
ARIs associated with lesser morbidity or mortality.

There are unintended effects (e.g. skin reactions) related to the use of PPE in
health-care facilities. Use of PPE may be uncomfortable and may create
difficulties in interacting with patients.

Values and
preferences

Conditional

Although the use of PPE based on risk assessment appears to reduce AR
infection of health-care workers and other patients by respiratory pathogens
during care delivery to patients with ARI in health-care settings, PPE may be
uncomfortable and may limit interactions with the patient.

Costs

Conditional

There are cost implications for the use of PPE in health-care faciilties,
depending on the jurisdiction; other health priorities may hamper acquisition of
PPE.

Feasibility

Conditional

The use of PPE during care delivery for patients with ARIs depends on
availability of supplies and compliance with recommendations. In turn,
compliance is complex and affected by many factors (e.g. attitude, knowledge,
peer pressure, motivation and organizational climate), which may widely vary
across facilities.

Overall ranking

STRONG RECOMMENDATION
Although the quality of evidence was considered low to moderate, there was consensus that the
advantages of the use of appropriate PPE provided sufficient basis for the strong recommendation.

Research gap

Additional research is required to elucidate the epidemiology of transmission of specific ARI
pathogens from patients to health-care workers and other patients during care delivery in health-
care settings, with and without the use of specific precautions.

AR, acute respiratory infection; PPE, personal protective equipment; RSV, respiratory syncytial virus; SARS, severe acute
respiratory syndrome

! When a novel AR is identified and the mode of transmission is unknown, it may be prudent to implement the highest
level of IPC precautions whenever possible, including the use of particulate respirators, until the mode of transmission is

clarified.
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Table K.6  Considerations for personal protective equipment for aerosol-generating

procedures

Recommendation: Use PPE, including gloves, long-sleeved gowns, eye protection (goggles or face shields) and facial
mask (surgical or procedure mask, or particulate respirators) during aerosol-generating procedures that have been
consistently associated with an increased risk of transmission of ARI pathogens.! The available evidence suggests that
performing or being exposed to endotracheal intubation either by itself or combined with other procedures (e.g.
cardiopulmonary resuscitation or bronchoscopy) is consistently associated with increased risk of transmission. (Chapter 2,

Section 2.4)

Population: People with ARI in health-care settings

Intervention: PPE

Factor

Assessment

Explanation

Quality of evidence

Balance of benefits
or desired effects
versus
disadvantages or
undesired effects

Values and
preferences

Costs

Feasibility

Very low to
low

(51, 149)
(Annexes
L.1-L.2)

Low to
moderate

Favourable

Favourable

Conditional

Conditional

Evidence suggests that:

« some procedures potentially capable of generating aerosols are associated
with increased risk of SARS transmission to health-care workers, with the
most consistent association across multiple studies being identified with
tracheal intubation (149);

o an increased risk of SARS infection is associated with tracheotomy, non-
invasive ventilation and manual ventilation before intubation, but these
findings were identified from a limited number of very low quality studies,
which makes the interpretation difficult;' no other procedures were found to be
significantly associated with any increased risk of transmission; these studies
also assessed whether health-care workers had proper IPC training;

respiratory virus spread can be prevented by hygienic measures, including
hand hygiene and the use of PPE with gloves, gowns, eye protection (goggles
or face shields) and facial mask (medical masks or particulate respirators)
(51), with medical masks or particulate respirators being the most consistent
and comprehensive protective measures.

Reducing the exposure of health-care workers to respiratory pathogens during
aerosol-generating procedures associated with increased risk of infection
transmission.

Use of PPE may be uncomfortable and may create difficulties for the interaction
with patients.

Reducing the exposure of health-care workers to respiratory pathogens during
aerosol-generating procedures that are associated with increased risk of infection
transmission. A similar approach for this factor was used for reduction in
exposure and infection for TB (27).

The use of PPE carries cost and resource implications for health-care faciliies.

The use of barrier precautions during aerosol-generating procedures associated
with increased risk of infection transmission may be feasible but compliance is

complex and affected by many factors (e.g. attitude, knowledge, peer pressure,
motivation and organizational climate), which may vary according to the setting.

Overall ranking

STRONG RECOMMENDATION

Although the quality of evidence was considered very low to moderate, there was consensus that
the advantages of the use of appropriate personal protective equipment for aerosol-generating
procedures and an assessment of values and preferences provided sufficient basis for the strong
recommendation.

! When a novel AR is identified and the mode of transmission is unknown, it may be prudent to implement the highest
level of IPC precautions whenever possible, including the use of particulate respirators, until the mode of transmission is

clarified.
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Research gap A significant research gap exists regarding the epidemiology of ARI transmission from patients to

health-care workers during aerosol-generating procedures. This gap is compounded by a lack of
precision in the literature with regard to the definition for aerosol-generating procedures. There is
a need to determine the minimum ventilation requirements to reduce pathogen transmission
during these procedures. While there is no evidence to suggest a difference in the effectiveness
of particulate respirators over medical masks as a component in the use of PPE for routine care,
itis not known whether a difference exists in the context of aerosol-generating procedures that
have been consistently associated with increased risk of pathogen transmission.

AR, acute respiratory infection; IPC, infection prevention and control; PPE, personal protective equipment; SARS, severe
acute respiratory syndrome; TB, tuberculosis
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Table K.7

Strength of infection prevention and control recommendations based on GRADE

Considerations for environmental ventilation for aerosol-generating procedures

Recommendation: Use adequately ventilated single rooms when performing aerosol-generating procedures that have been
consistently associated with increased risk of ARI transmission. (Chapter 2, Section 2.3.3)

Population: People with ARI in health-care settings

Intervention: Environmental ventilation

Factor

Quality of evidence

Balance of benefits or
desired effects versus
disadvantages or
undesired effects

Values and
preferences

Costs

Feasibility

Assessment Explanation

Very lowtolow  Evidence suggests that some procedures potentially capable of generating
(149) (Annex aerosols are associated with increased risk of SARS transmission to health-
L.1) care workers, with the most consistent association across multiple studies

identified with tracheal intubation.(749) An increased risk of SARS infection
was associated with tracheotomy, non-invasive ventilation and manual
ventilation before intubation, but these findings were identified from a limited
number of very low quality studies, which makes the interpretation difficult
(149). No other procedures were found to be significantly associated with any
increased risk of transmission. Some of these studies also assessed whether
health-care workers had proper IPC training.

A mathematical modelling study suggests that the environmental ventilation
rate could be associated with a decrease in risk (7).

Favourable Reduction of infection with respiratory pathogens to health-care workers
during the performance of aerosol-generating procedures that are conducted
on patients with ARI in health-care settings.

Favourable Reduction of infection with respiratory pathogens to health-care workers
during the performance of aerosol-generating procedures that are conducted
on patients with ARl in health-care settings.

Good ventilation provides a comfortable sensation.

No strength There are cost, space and timing implications for health-care facilities for the
use of environmental controls during the performance of aerosol-generating
procedures.

Low cost is possible if simple natural ventilation is used and is properly
designed according to local climate. Higher costs are likely if full mechanical
or hybrid ventilation or high-tech natural ventilation is used (1).

Conditional The use of environmental controls during the performance of aerosol-
generating procedures is not always feasible and depends on the setting.
Natural ventilation is less feasible in extreme climates.

Overall ranking

CONDITIONAL RECOMMENDATION

Research gap

There are significant research gaps:

« in the epidemiology of the risk of transmission of acute respiratory diseases from patients
undergoing aerosol-generating procedures to health-care workers, and a lack of precision in
the definition for aerosol-generating procedures;

« regarding the effectiveness of measures to reduce the risk of infection associated with the
procedure; and

o regarding the minimum ventilation requirements for natural ventilation in terms of variable
ventilation rate and airflow direction control for aerosol-generating procedures.

AR, acute respiratory infection; IPC, infection prevention and control; SARS, severe acute respiratory syndrome
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Table K.8 Considerations for vaccination of health-care workers

Recommendation: Vaccinate health-care workers caring for patients at high risk of severe or complicated influenza
disease, to reduce illness and mortality among these patients. (Chapter 2, Section 2.2.7)

Population: Health-care workers caring for patients with ARI in health-care settings

Intervention: Vaccination

Factor Assessment Explanation
Quality of evidence Verylowtolow  Evidence suggests a reduction in ILI, all-cause mortality and, to some extent,
(130) (Annex laboratory-confirmed influenza among patients at high risk of severe or
L.4) complicated illness from influenza using a strategy of influenza vaccination of
health-care workers providing care for these patients. The protective effects
were predominantly demonstrated in residents of long-term residential care
facilities (130).

Balance of benefits or  Favourable Reduction of illness and mortality among patients at high risk of severe or

desired effects versus complicated illness from influenza.

disadvantages or There are cost and resource implications to health-care facilities for the use

undesired effects and implementation of influenza vaccination among health-care workers;
these will vary among different settings. Influenza vaccination may be
associated with side effects.

Values and Favourable Reduction of illness and mortality among patients at high risk of severe or

preferences complicated illness from influenza.

Costs Conditional Influenza vaccination for health-care workers carries cost and resource
implications for health-care facilities.

Feasibility Conditional The use of an influenza vaccination programme for health-care workers
depends on availability of vaccine, administrative capacity and willingness to
receive vaccine, and it may not be readily implementable in all settings.

Overall ranking STRONG RECOMMENDATION

Although the quality of evidence was considered very low to low, there was consensus that the
advantages of the vaccination of health-care workers and an assessment of values and
preferences provided sufficient basis for the strong recommendation.

Research gap

Additional research is required to elucidate the protective effect of influenza vaccination in
populations beyond residents of long-term residential care facilities, the benefits of other
vaccinations, and the safety and the cost effectiveness of the implementation of a vaccination
programme for health-care workers.

AR, acute respiratory infection; ILI, influenza-like illness
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Table K9 Considerations for ultraviolet germicidal irradiation

Recommendation: No recommendation possible. (Chapter 2, Section 2.3.5)

Population: People with ARI in health-care settings

Intervention: UVGI

Factor Assessment Explanation

Quality of evidence Very low There is very limited evidence available to suggest that respiratory pathogen
spread from patients to health-care workers or other patients can be prevented
by the use of UVGI for disinfection of air in health-care settings (150).

Balance of benefits or  Nostrength ~ Reduction of the exposure to and infection of health-care workers by respiratory

desired effects versus pathogens during care delivery to patients with ARI in health-care settings.

disadvantages or Use of UVGl is associated with cost and resource implications for health-care

undesired effects facilities and harms to health-care workers due to excessive exposure. Effective
use of UVGI requires expertise in design, installation and testing, maintenance
and cleaning, electricity and air mixing (27).
Direct exposure or overexposure to UVGI results in temporary adverse effects
(photokeratitis and erythema).

Values and No strength  Reduction of exposure and infection to health-care workers by respiratory

preferences pathogens during care delivery to patients with ARI in health-care settings.

Costs No strength  The use and maintenance of UVGI carries cost and resource implications for
health-care facilities.

Feasibility Conditional The use of UVGI during care delivery for patients with ARIs depends on

appropriate safeguards and expertise to install and maintain them.

Overall ranking

No recommendation possible

Research gap

Additional research is required to elucidate whether the use of UVGI for disinfection of air in
health-care settings reduces the risk of transmission and infection of specific pathogens causing
ARIs from patients to health-care workers during the delivery of care, with and without the use of
other precautions. Additional research is also required to assess the potential harms and cost
effectiveness of the use of UVGI in these settings.

AR, acute respiratory infection; UVGI, ultraviolet germicidal irradiation
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Table K10 Considerations for duration of additional infection prevention and control (IPC)

precautions

Recommendation: Implement additional IPC precautions at the time of admission and continue for the duration of
symptomatic illness, and modify according to the pathogen and patient information.! Always use Standard Precautions.
There is no evidence to support the routine application of laboratory tests to determine the duration of IPC precautions.

(Chapter 2, Section 2.2.4)

Population: People with ARI in health-care settings

Intervention: Duration of additional IPC precautions

Factor Assessment Explanation

Quality of evidence Very low The scant evidence on the precise duration of additional precautions for patients
with ARl is based on the duration of symptomatic illness and virological and
epidemiological data on the infectivity period (703, 104). There is no evidence
available to suggest that respiratory pathogen spread from patients to health-
care workers or other patients is reduced by the use of additional IPC
precautions for a longer duration.

Balance of benefits or  Favourable Reduction of exposure and infection to health-care workers and other patients

desired effects versus by respiratory pathogens during care delivery to patients with ARI in health-care

disadvantages or settings.

undesired effects Avoidance of unnecessary costs and better use of resources.
Laboratory tests, using molecular techniques, are a highly sensitive diagnostic
measure and may detect traces of viral nucleic acids. A positive result does not
necessarily indicate ongoing virus replication and infectious risk.

Values and Favourable Reduction of exposure and infection of health-care workers and other patients

preferences by respiratory pathogens during care delivery to patients with ARI in health-care
settings.

Costs No strength  The use of IPC precautions for a longer duration, or the use of laboratory tests,
carry implications of cost and the use of beds in health-care facilities

Feasibility Conditional Increasing the duration of IPC precautions may be feasible in some settings, but
it depends on availability of space and surge capacity (beds) and may not be
easily implementable in all health-care settings.

Overall ranking CONDITIONAL

Research gap

Additional research is required:

« to fully elucidate whether a longer (e.g. beyond resolution of symptoms) duration of additional
IPC precautions for patients with ARIs in health-care settings reduces the risk of transmission
and infection of specific pathogens causing ARIs from patients to health-care workers and
other patients;

« regarding the application of routine laboratory tests as a guide to define the duration of IPC
precautions needed to reduce the spread of infection from infected patients to health-care
workers or other patients;

» to assess the harms and cost implications of using laboratory tests to define the duration of
IPC precautions for individuals with ARI in health-care settings.

ARI, acute respiratory infection; IPC, infection prevention and control

! patient information (e.g. age, immune status and medication) should be considered in situations where there is
concern that a patient may be infectious for a prolonged period.
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Annex L Summaries of relevant

systematic reviews of the
