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Supplementary Table 1. COVID-19 cases and deaths among HCWs and the general population, by 

study site 

 

 Kenya Eswatini Colombia SA-WC SA-KZN 

Background indicators      

Population size (2019, in millions) 52.57 1.15 50.34 7.01 11.53 

Total number of HCWs (2019) 176,662 7,726 838,651 35,317 68,862 

Number of HCWs per 1,000 (2019) 3.40 6.70 16.70 5.00 6.00 

COVID-19 cases (March 1, 2020-Feb 28, 2021)      

Number of COVID-19 cases in the general population  105,148 17,911 2,250,173 297,043 341,336 

Number of COVID-19 cases in HCWs 3,400 464 42,142 10,111 16,299 

Share of COVID-19 cases that occurred in HCWs 3.20% 2.53% 1.86% 3.37% 4.66% 

Incidence of COVID-19 in the general population (per 

1000 population) 
2.0 15.6 44.7 42.4 29.6 

Incidence of COVID-19 in HCWs (per 1000 population) 19.2 60.1 50.2 286.3 236.7 

COVID deaths (March 1, 2020-Feb 28, 2021)      

Number of COVID-19 deaths in the general population  1,853 670 60,511 11,881 10,535 

Number of COVID-19 deaths in HCWs 33 10 196 108 386 

Share of deaths that occurred in HCWs (%) 1.78% 1.49% 0.32% 0.91% 3.66% 

Mortality in the general population (per 10 000 

population) 
0.4 5.8 12.0 17.0 9.1 

Mortality in HCWs (per 10 000 population) 1.9 12.9 2.3 30.6 56.1 

Case fatality rate (March 1, 2020-Feb 28, 2021)      

HCWs 0.98% 2.20% 0.47% 1.08% 2.43% 

General population 1.76% 3.64% 2.69% 4.01% 3.09% 

Note: SA denotes South Africa; WC denotes Western Cape; KZ denotes KwaZulu-Natal 
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Supplementary Table 2. Total economic burden and economic cost per SARS-CoV-2 infection 

among HCWs in international dollars (I$)  

 

  

Total economic loss (I$ million in 2020)  Cost per SARS-CoV-2 infection among HCWs (I$ in 2020) 

Moderate-impact scenario (95% 

CIs) 

Low-

impact 

scenario 

High-

impact 

scenario 

Moderate-impact scenario (95% CIs) 

Low-

impact 

scenario 

High-

impact 

scenario 

Kenya $280.82 ($153.58 - $466.38) $87.79 $603.06 $83,404.31 ($45,613.99 - $138,515.49) $26,073.19 $179,108.90 

Eswatini $42.13 ($35.49 - $51.36) $30.02 $60.17 $92,792.71 ($78,186.26 - $113,149.44) $66,133.47 $132,533.97 

Colombia $1,189.07 ($1,092.28 - $1,316.36) $1,033.31 $1,425.21 $28,347.56 ($26,041.24 - $31,381.60) $24,633.38 $33,976.21 

SA-WC $795.48 ($712.14 - $887.63) $660.16 $938.65 $79,524.93 ($71,190.56 - $88,737.46) $65,996.88 $93,836.96 

SA-KZN $1,283.09 ($1,188.92 - $1,390.76) $1,111.15 $1,490.82 $80,631.47 ($74,715.01 - $87,397.84) $69,827.40 $93,686.29 

Note: SA denotes South Africa; WC denotes Western Cape; KZ denotes KwaZulu-Natal 
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Supplementary Table 3. Country profiles of study sites 

 
 Kenya Eswatini Colombia SA-WC SA-KZN 

Population size +++ + +++ ++ ++ 

HCW density + ++ +++ ++ ++ 

COVID-19 incidence in general population + ++ +++ +++ ++ 

COVID-19 mortality rate for the general 

population 

+ +++ ++ +++ ++ 

Share of infections in HCWs compared to 

general population 

+++ ++ + +++ +++ 

Share of deaths due to COVID-19 in 

HCWs compared to general population 

++ ++ + + ++ 

Note: the number of + indicates the relative level of each indicator, with “+++” being the highest and “+” being the 

lowest. SA denotes South Africa; WC denotes Western Cape; KZN denotes KwaZulu-Natal.  The detailed information is 

presented in Supplemental Table 1.  
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Supplementary Table 4. Sources of key parameters for Kenya  

 

Parameters Value Source 

General information    

Population size in 2019 
    

52,573,973  1 

GDP per capita in 2019 

             

1,817  1 

GDP per capita growth rate in 2019 3.0% 1 

Under 5 mortality rates in 2019 4.32% 1 

Maternal mortality rate in 2019 0.34% 1 

Birth rate (per 1000 population) in 2019 28.75 1 

Number of admissions (per 1000 population) in 2018 (As a proxy for 2020) 35.0 2 

Household size in 2019 3.9 3 

Total health expenditure (USD in million) in 2020 5575 1 

Treatment costs per case   

Mild-moderate covid-19 cases (home-based) 

                

227  4 

Mild-moderate covid-19 cases (facility-based) 

                

844  4 

Severe covid-19 cases 

             

1,430  4 

Critical cases 
             

6,753  4 

Length of stay (for calculating the meal cost)   

Mild-moderate covid-19 cases (facility-based) 1.0 Assumption 

Severe covid-19 cases 7.0 5 

Critical cases 10.3 5 

Other cost information   

Travel cost per round trip for seeking care 14.17 6 

Meal cost per day 3.18 6 

GDP per capita per day 7.19 1 

Monthly salary for doctors (USD) 1,448 7 

Monthly salary for nurses (USD) 309 7 

Monthly salary for clinical officers (USD) 407 7 

Monthly salary for lab staff (USD) 241 7 

Monthly salary for other staff (USD) 386 7 

Other parameters or intermediate parameters   

Total number of HCWs 

         

176,662  8 

Exposure rate to HCWs 1.67% Calculated 

Odds ratio of SARS-CoV-2 infection due to exposure to HCWs 

               

7.21  Calculated 

Population attribution risk 9.40% Calculated 

HCWs SARS-CoV-2 infection rate 1.92% Calculated 

General population SARS-CoV-2 infection rate 0.20% Calculated 

Average age at deaths of COVID-19 cases among HCWs 

                  

50.8  

Collected from MoH’s 

Emergency Operation Center 

Average age at deaths of COVID-19 cases among general population 

                  

55.0  

Collected from MoH’s 

Emergency Operation Center 
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Supplementary Table 5. Sources of key parameters for Eswatini 

 

Parameters Eswatini Source 

General information    

Population size in 2019    1,148,130  1 

GDP per capita in 2019           3,895  1 

GDP per capita growth rate in 2019 3.0% 1 

Under 5 mortality rates in 2019 4.94% 1 

Maternal mortality rate in 2019 0.44% 1 

Birth rate (per 1000 population) in 2019 26.342 1 

Number of admissions (per 1000 population) in 2010 (As a proxy for 2020) 64.5 9 

Household size in 2019 5.84 3 

Total health expenditure (USD in million) in 2020 323 1 

Treatment costs per case   

Mild-moderate COVID-19 cases (home-based)              298  
Estimated based on 

Kenya data 

Mild-moderate COVID-19 cases (facility-based)           2,866  

Estimated based 

Kenya data 

Severe COVID-19 cases           4,844  

Estimated from 

claims from health 
insurance agency 

Critical cases           7,511  

Estimated from 

claims from health 

insurance agency  

Length of stay (for calculating the meal cost)   

Mild-moderate COVID-19 cases (facility-based) 1.0 Assumption 

Severe covid-19 cases 22.5 10 

Critical cases 8.8 10 

Other cost information   

Travel cost per round trip for seeking care 10.0 11 

Meal cost per day 5.0 11 

GDP per capita per day 15.16 1 

Monthly salary for doctors (USD) 7,715 
Collected through a 

survey 

Monthly salary for nurses (USD) 1,066 

Collected through a 

survey 

Monthly salary for other staff (USD) 525 

Collected through a 

survey 

Other parameters or intermediate parameters   

Total number of HCWs           7,726  

Collected from the 

Ministry of Health 

Exposure rate to HCWs 4.55% Calculated 

Odds ratio of SARS-CoV-2 infection due to exposure to HCWs             4.63  Calculated 

Population attribution risk 14.20% Calculated 

HCWs SARS-CoV-2 infection rate 6.01% Calculated 

General population SARS-CoV-2 infection rate 1.56% 12 

Average age at deaths of COVID-19 cases among HCWs                52  

Collected from the 

Ministry of Health 

Average age at deaths of COVID-19 cases among general population                59  
Collected from the 
Ministry of Health 
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Supplementary Table 6. Sources of key parameters for Colombia  

 

Parameters Colombia Source 

General information    

Population size in 2019    50,339,443  1 

GDP per capita in 2019             6,429  1 

GDP per capita growth rate in 2019 1.9% 1 

Under 5 mortality rates in 2019 1.38% 1 

Maternal mortality rate in 2019 0.08% 1 

Birth rate (per 1000 population) in 2019 14.882 1 

Number of admissions (per 1000 population) in 2017 (As a proxy for 2020) 34.4 13 

Household size in 2019 4.31 3 

Total health expenditure (USD in million) in 2020 28,040 1 

Treatment costs per case   

Mild-moderate COVID-19 cases (home-based)                283  
Calculated based on 

Kenya data and 14 

Mild-moderate COVID-19 cases (facility-based)             2,441  

Calculated based on 

Kenya data and 14 

Severe COVID-19 cases             4,126  14 

Critical cases             8,022  14 

Length of stay (for calculating the meal cost)   

Mild-moderate COVID-19 cases (facility-based) 1.0 Assumption 

Severe COVID-19 cases 10.0 15 

Critical cases 14.0 15 

Other cost information   

Travel cost per round trip for seeking care 20.3 16 

Meal cost per day 11.9 16 

GDP per capita per day 25.19 1 

Monthly salary for doctors (USD) 1,900 17 

Monthly salary for nurses (USD) 917 18 

Monthly salary for other staff (USD) 
917 

Assumption (to be 

the same as nurses) 

Other parameters or intermediate parameters   

Total number of HCWs         838,651  MoH 

Exposure rate to HCWs 6.20% Calculated 

Odds ratio of SARS-CoV-2 infection due to exposure to HCWs               1.32  Calculated 

Population attribution risk 1.90% Calculated 

HCWs SARS-CoV-2 infection rate 5.00% Calculated 

General population SARS-CoV-2 infection rate 4.47% 12 

Average age at deaths of COVID-19 cases among HCWs                  54  

Specific database 

on HCWs infection 

Average age at deaths of COVID-19 cases among general population                  54  

Assumption (to be 

the same as HCWs) 
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Supplementary Table 7. Sources of key parameters for Western Cape and KwaZulu of South Africa 

 

Parameters 
SA-

Western 

Cape 

Source SA-KwaZulu Source 

General information   
   

Population size    7,005,741  Collected 

       

11,531,628  Collected 

GDP per capita in 2019           6,001  1 
                

6,001  1 

GDP per capita growth rate in 2019 -1.2% 1 -1.2% 1 

Under 5 mortality rate in 2019 2.33% 

Collected from 

Department of 

Health, Western 
Cape 4.03% 

Collected 

from 

Department of 

Health, 
KwaZulu 

Maternal mortality rate in 2019 0.07% 

Collected from 

Department of 

Health, Western 
Cape 0.08% 

Collected 

from 

Department of 

Health, 
KwaZulu 

Birth rate (per 1000 population) in 2019 20.51 1 20.51 1 

Number of admissions (per 1000 population) in 2020 69.7 

Collected from 

Department of 

Health, Western 
Cape 79.6 

Collected 

from 

Department of 

Health, 
KwaZulu 

Household size 4.32 3 6.14 3 

Total health expenditure (USD in million) in 2020 4,032 

Calculated based 

on population 

size and WHO 
database19 6,638 

Calculated 

based on 

population 

size and WHO 
database19 

Treatment costs per case 
   

 

Mild-moderate COVID-19 cases (home-based)              308  

Calculated based 

on Kenya data 

and 10              308  

Calculated 

based on Kenya 

data and 10 

Mild-moderate COVID-19 cases (facility-based)           3,140  

Calculated based 

on Kenya data 

and 10           3,140  

Calculated 

based on Kenya 

data and 10 

Severe COVID-19 cases           5,306  10           5,306  10 

Critical cases         10,521  

Calculated based 

on Kenya data 
and 10         10,521  

Calculated 

based on Kenya 
data and 10 

Length of stay (for calculating the meal cost) 
    

Mild-moderate COVID-19 cases (facility-based) 1.0 Assumption  1.0 Assumption  

Severe COVID-19 cases 22.5 10 22.5 10 

Critical cases 8.8 10 8.8 10 

Other cost information  
 

 
 

Travel cost per round trip for seeking care 5.0 20 5.0 20 

Meal cost per day 5.0 Assumption 5.0 Assumption 

GDP per capita per day 22.81 1 22.81 1 

Monthly salary for health care workers (USD) 
7,715 

Department of 

Health 
7,715 

Department of 

Health 

Other parameters or intermediate parameters 
    

Total number of HCWs         35,317  

Department of 

Health 

              

68,862  

Department of 

Health 

Exposure rate to HCWs 3.07% Calculated 4.46% Calculated 
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Odds ratio of SARS-CoV-2 infection due to exposure to HCWs             6.25  Calculated 

                  

6.71  Calculated 

Population attribution risk 13.90% Calculated 20.30% Calculated 

HCWs SARS-CoV-2 infection rate 28.32% 

Department of 

Health 23.11% 

Department of 

Health 

General population SARS-CoV-2 infection rate 4.24% 12 2.96% 12 

Average age at deaths of COVID-19 cases among HCWs                56  

Department of 

Health 

                     

56  

Department of 

Health 

Average age at deaths of COVID-19 cases among general 

population                63  

Department of 

Health 

                     

63  

Department of 

Health 

 



 11 

Supplementary Table 8. Sources of parameters applied to all study sites 

 

Items Value 
Source 

Share of COVID-19 cases  
 

Mid-moderate  81% 
21 

Severe  14% 
21 

Critical 5% 
21 

Share of mid-moderate COVID-19 cases  
 

Home care 80% Assumption 

Facility-based care 20% Assumption 

Number of round trips per CIVID-19 cases 1.0 Assumption 

Duration of being absent from the work  
 

Survived COVID-19 HCWs (days) 16.44 
22 

Deceased COVID-19 HCWs (years) 0.5 
Assumption 

(mid-year death) 

Reduction in productivity of other HCWs 10% 
23 

Contact intensity of inpatients compared to family members of HCW 20% Assumption 

Age at deaths   
 

Pregnant women 22.5 

Assumption 

(mean age of 

pregnancy from 

one mid-income 
country) 

children under 5 2.5 

Assumption 

(death at mid-

point between 0 

and 5 years) 

Odds ratio of SARS-CoV-2 infection/hospitalization of close contact of HCWs 1.79 24 

Elasticity   

    Healthcare worker elasticity of maternal mortality rate -0.474 25 

    Healthcare worker elasticity of under 5 mortality rate -0.231 25 
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Supplementary Fig. 1. Tornado graphs representing sensitivity analyses  

 

 
 
a Sensitivity analysis of the percentage of inpatients exposed to HCWs. b Sensitivity analysis of the productivity reduction 

among healthy HCWs. c Sensitivity analysis of HCW elasticity of U5MR and MMR. Note: SA denotes South Africa; WC 

denotes Western Cape; KZN denotes KwaZulu-Natal 
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Supplementary Methods. Estimation of exposure rate and odds ratio for secondary infection 

 

To estimate Ei (the share of the population considered to be close contacts of HCWs for site i), we divided 

the sum of the average number of household contacts and patients admitted to health care facilities by 

the total population. To account for the difference in the duration and proximity of contact between 

HCWs and their household members compared to patients admitted to a health care facility, we assumed 

that inpatients had roughly 20% of the exposure to HCWs as household members.  

 

𝐸𝑖 =
(ℎ𝑜𝑠𝑒ℎ𝑜𝑙𝑑 𝑠𝑖𝑧𝑒𝑖 − 1) ∗ # 𝐻𝐶𝑊𝑠𝑖 + #ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝑎𝑑𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑖 ∗ 20%

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒𝑖
 

 

There is scarce literature on relative risk or odds ratio of SARS-CoV-2 infection due to HCW exposure. 

A national study in Scotland showed that family members of HCWs had a higher likelihood of SARS-

CoV-2 infection, with an odds ratio of 1.79.24 By assuming that the higher odds ratio of infection amongst 

close contacts of HCWs has a log-linear relationship with the ratio of SARS-CoV-2 infection in HCWs 

to the general population in any given country, we estimated the odds ratio for other countries based on 

Scotland’s estimated odds ratio.  

      

𝑂𝑅𝑖 = 1 + 0.79 ∗
ln (

𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑜𝑓 𝐻𝐶𝑊𝑖

𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑔𝑒𝑛𝑒𝑟𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑖
)

ln (
𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑜𝑓 𝐻𝐶𝑊𝑟

𝐼𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑔𝑒𝑛𝑒𝑟𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑟
)
 

 

where i refers to site i, and r refers to the reference country – Scotland.   
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