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Objectives: This study describes the characteristics of admitted HCWs reported to the DATCOV surveillance sys- 

tem, and the factors associated with in-hospital mortality in South African HCWs. 

Methods: Data from March 5, 2020 to April 30, 2021 were obtained from DATCOV, a national hospital surveillance 

system monitoring COVID-19 admissions in South Africa. Characteristics of HCWs were compared with those 

of non-HCWs. Furthermore, a logistic regression model was used to assess factors associated with in-hospital 

mortality among HCWs. 

Results: In total, there were 169 678 confirmed COVID-19 admissions, of which 6364 (3.8%) were HCWs. More 

of these HCW admissions were accounted for in wave 1 (48.6%; n = 3095) than in wave 2 (32.0%; n = 2036). 

Admitted HCWs were less likely to be male (28.2%; n = 1791) (aOR 0.3; 95% CI 0.3–0.4), in the 50–59 age 

group (33.1%; n = 2103) (aOR 1.4; 95% CI 1.1–1.8), or accessing the private health sector (63.3%; n = 4030) 

(aOR 1.3; 95% CI 1.1–1.5). Age, comorbidities, race, wave, province, and sector were significant risk factors for 

COVID-19-related mortality. 

Conclusion: The trends in cases showed a decline in HCW admissions in wave 2 compared with wave 1. Acquired 

SARS-COV-2 immunity from prior infection may have been a reason for reduced admissions and mortality of 

HCWs despite the more transmissible and more severe beta variant in wave 2. 
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NTRODUCTION 

The World Health Organization (WHO) declared the coronavirus dis-

ase 2019 (COVID-19) outbreak a Public Health Emergency of Interna-

ional Concern on January 30, 2020 and a pandemic on March 11, 2020

 Wu and McGoogan, 2020 ; WHO 2020a ). As of April 30, 2021, a total

f 153 million COVID-19 cases had been reported globally, with 3.2

illion deaths ( Mike, 2021 ). In South Africa, the number of cumulative

OVID-19 cases by April 30, 2021 was 1 581 210 with 54 350 deaths

 NICD, 2020 ). 

Healthcare workers (HCWs) have an increased risk of acquiring

OVID-19 because their work entails close contact with COVID-19 pa-

ients ( Zhang et al., 2022 ). WHO has estimated that up to 14% of COVID-
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9 cases globally have been in HCWs ( Rees et al., 2021 ). In South Africa,

here are an estimated 1.25 million HCWs from both the private and

ublic sectors ( Charles, 2021 ). Many factors can increase the risk of

OVID-19 transmission among HCWs, including: lack of protective re-

ources during treatment of patients, such as adequate personnel pro-

ective equipment (PPE), masks, and gloves; inappropriate training on

pecimen/patient handling and infection control; and appropriate infec-

ion control strategies not being properly implemented in some health-

are facilities ( Mhango et al., 2020 ; Bielicki et al., 2020 ). Aside from

he risks of acquiring SARS-CoV-2 in the workplace, HCWs may also be

nfected in their communities. 

Several studies have shown poorer COVID-19 outcomes relating to

lder age, male sex, and a history of comorbidities, such as hyperten-
th Johannesburg 2001 South Africa 

st 2022 
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ion, diabetes, malignancy, chronic cardiac diseases, and asthma (Barek

t al., 2020; Fang et al., 2020 ; Shah et al., 2020 ). South Africa has a high

revalence of non-communicable diseases, including diabetes (12.8%),

ypertension (41.6–54%), and obesity (68% of females, 31% of males)

 Parker et al., 2020 ). In 2017, a national survey of HIV prevalence

howed that about 14.6% of the South African population was living

ith HIV ( Marinda et al., 2020 ); additionally, 11–12% of HCWs in South

frica are infected with HIV ( Grobler et al., 2016 ). The prevalence of tu-

erculosis (TB) in South Africa is 3.6% ( WHO, 2020b ); in addition, high

ates of TB infection have been recorded among South African HCWs,

ith an active TB disease incidence of 1.13–1.47% ( Basera et al., 2017 ;

robler et al., 2016 ). 

There is limited published information describing COVID-19 admis-

ions among HCWs in South Africa, and few studies have explored the

isk factors for in-hospital mortality due to COVID-19 among South

frican HCWs. Our study aimed to describe the characteristics of ad-

itted HCWs reported to the DATCOV surveillance system, and to as-

ess factors associated with in-hospital mortality among HCWs in South

frica. 

ETHODS 

tudy design 

This was a prospective surveillance study of HCWs and non-HCWs

iagnosed with COVID-19 disease across public and private health fa-

ilities in South Africa, from March 5, 2020 to April 30, 2021. 

ata sources 

The DATCOV national hospital surveillance system was established

n March 2020 by the National Institute for Communicable Diseases to

onitor COVID-19 hospital admissions in South Africa ( Jassat et al.,

021a ). Full coverage was achieved in October 2020, with all hospitals

eporting COVID-19 cases upon admission into the surveillance system.

y the end of April 2021, 625 hospitals (375 from the public sector and

50 from the private sector) had reported COVID-19 admissions among

CWs to the DATCOV surveillance system. The supplementary material

rovides further information on DATCOV data management and data

uality checks. 

tudy population 

This study included patients of working age (20–65 years) who had

eported a positive test for SARS-CoV-2 and were admitted to public or

rivate health facilities across South Africa between March 5, 2020 and

pril 30, 2021. Admitted patients were asked if they were employed as

CWs (coded as ‘1’ for patients who reported ‘yes’) or non-HCWs (coded

s ‘0’ for patients who reported ‘no’) when reporting to DATCOV. Pa-

ients admitted as HCWs were further classified as administrators and

orters, doctors, nurses, allied healthcare workers, laboratory staff, or

aramedics. Unknown HCW occupations were labelled as ‘other’. A sam-

le size calculation was not carried for the study, because the study in-

luded all available data on admitted patients recorded on the DATCOV

urveillance system. 

ase definition and identification 

The case definition used was based on a definition released by the Na-

ional Institute for Communicable Diseases and the National Department

f Health, Republic of South Africa in their guidelines for case-finding,

iagnosis, and public health response in South Africa, in a document

ublished as ‘Coronavirus disease 2019 (COVID-19) caused by a novel

oronavirus (SARS-CoV-2)’ ( NICD, 2022 ). 

For our study, only laboratory-confirmed cases of SARS-CoV-2 in-

ection, based on positive reverse transcriptase-polymerase chain reac-

ion (RT-PCR) assays or positive antigen tests for SARS-CoV-2, were
55 
ncluded in the analysis. COVID-19 in-hospital mortality was defined

s death occurring during the hospital stay and relating to COVID-

9. COVID-19-related deaths reported on the surveillance programme

here confirmed by contacting the hospital from which each death was

ecorded and cross-checking the patient ID against the hospital records

nd death registry. Other causes of death not related to COVID-19 in-

ection were excluded in the analysis, as well as deaths occurring after

ischarge. 

tudy variables 

Potential risk factors and covariates included in this study were age,

ategorized into five groups (20–29 years, 30–39 years, 40–49 years,

0–59 years, and 60–65 years), sex, race or ethnicity, and comorbid

iseases (hypertension, diabetes, chronic renal diseases, chronic pul-

onary asthma, chronic cardiovascular diseases, current and past tu-

erculosis (TB), HIV, and obesity). 

The study duration was divided into five wave periods: pre-wave 1

March 5 to June 6, 2020); wave 1 (June 7 to August 29, 2020); post-

ave 1 (August 30 to November 21, 2020), wave 2 (November 22, 2020

o February 6, 2021), and post-wave 2 (February 7 to April 30, 2021).

he variable ‘weekly national number’, comprising three categories, was

enerated and used as a proxy to measure the load of COVID-19 hospi-

al admissions, where admissions < 3500 were described as ‘low ad-

issions’, 3500–7999 as ‘moderate admissions’, and > 8000 as ‘high

dmissions’. 

ata analysis 

Descriptive analysis was used to summarize variables. Frequencies

nd percentages were used to summarize categorical variables. Multi-

ariate logistic regression models were implemented to: (a) compare

he characteristics of hospitalized COVID-19 HCWs and non-HCWs; and

b) assess risk factors for COVID-19 in-hospital mortality among HCWs.

For the final adjusted model, a maximum likelihood test was used to

nclude variables at the 5% level. Variables that were statistically signif-

cant and those considered important according to the existing literature

ere included in the final model. Sector and province were adjusted for

n the regression model, which assessed the association of COVID-19 in-

ospital mortality with potential risk factors in order to account for the

ifferences in hospital admissions and in the quality of care received in

he private and public sectors within provinces. 

The results were presented as unadjusted odds ratios (OR) in the

nivariate analysis for all covariates and adjusted odds ratios (AOR) in

he multivariate analysis, with 95% confidence intervals. To investigate

he effects of missing observations on the final model, a model using the

ariable with more than 50% missing was fitted, which was compared

ith the model without the variable. Data analysis was conducted using

TATA 15 (Stata Corp® College Station, Texas, USA). 

ESULTS 

haracteristics of HCW and non-HCW patients admitted with COVID-19 

In total, 169 678 admissions relating to COVID-19 had been reported

n South Africa by April 30, 2021, with 6364 (3.8%) of the patients re-

orted as HCWs. Among the admitted HCWs 1330/6364 (21.0%) were

urses, 131/6364 (2.1%) doctors, 508/6364 (8.0%) administrators and

orters, 191/6364 (3.0%) allied healthcare workers, laboratory staff

6/6364 (0.9%), and paramedics, 24/6364 (0.4%); 4124/6364 (64.8%)

ere classified as other (unknown occupation category). 

As of April 30, 2021, South Africa had experienced two waves of

OVID-19, the first peaking in weeks 28–29 of 2020 (July 11 to July

8, 2021) and the second peaking in week 1 of 2021 (December 26,

020 to January 2, 2021) ( Figure 1 ). Of all reported admissions among

CW workers in the period March 5 to November 21, 2020, 6.6%
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Figure 1. Number of COVID-19 admissions 

reported in health care workers and non- 

healthcare workers by epidemiological week, 

5 March 2020-30 April 2021, n = 169,678. 
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418/6364) were in pre-wave 1, 48.6% (3095/6364) in wave 1, and

.9% (500/6364) in post-wave 1 period. With regards to wave 2, 32%

2036/6364) and 4.9% (315/6364) of the HCW admissions were re-

orted in wave 2 and post-wave 2, respectively. Of all admissions for

on-HCWs, 36.7% (59 968/163 314) were reported in pre-wave 1, wave

 and post-wave 1, and 63.3% (103 346/163 314) in wave 2 and post-

ave 2. 

There were 30 191 (17.8%) deaths recorded in total, with a CFR

f 9.7% (603/6220) for HCWs and 18.7% (29 588/157 826) for non-

CWs. A multivariate analysis comparing characteristics of HCWs with

on-HCWs showed that HCWs admitted with COVID-19 were less likely

o be males (aOR 0.3; 95% CI 0.3–0.4) and to have mortality as outcome

aOR 0.6; 95% CI 0.5–0.7). HCWs were more likely to be admitted in

he private sector (aOR 1.3; 95% CI 1.1–1.5), in the Eastern Cape (aOR

.9; 95% CI 1.5–2.4), Gauteng (aOR 2.1; 95% CI 1.6–2.6), Kwa-Zulu

atal (aOR 2.4; 95% CI 1.9–2.6), Limpopo (aOR 1.7; 95% CI 1.2–2.6),

nd North West (aOR 1.8; 95% CI 2.1–3.8) provinces compared with the

estern Cape. 

Compared with non-HCW admissions, HCW hospital admissions

ere more likely to occur in the 30–39 years (aOR 1.4; 95% CI 1.1–

.9), 40–49 years (aOR 1.6; 95% CI 1.2–2.0), and 50–59 years (aOR

.4; 95% CI 1.1–1.8) age groups compared with 20–29 years, and in

re-wave 1 (aOR 3.0; 95% CI 2.4–3.7) and wave 1 (aOR 2.1; 95% CI

.8–2.5) compared with wave 2. HCWs were more likely to have obe-

ity (aOR 1.8; 95% CI 1.5–2.1) and asthma (aOR 1.3; 95% CI 1.0–1.5)

s existing comorbidities, and less likely to have HIV (aOR 0.7; 95% CI

.6–0.9) and chronic kidney diseases (aOR 0.2; 95% CI 0.1–0.4). 

omorbidities reported for COVID-19 deaths 

Comorbidities reported among HCWs who died of COVID-19, across

ll age groups, are shown in Figure 2 . Most COVID-19 related deaths

ere reported in the 50–59 years and 40–49 years age groups, with ma-

ignancy and chronic cardiac diseases as commonly reported comorbidi-

ies in the 50–59 years age group, and TB, HIV, and obesity commonly

eported comorbidities in the 40–49 years age group Table 1 . 

actors associated with COVID-19 in-hospital mortality among HCWs 

On multivariate analysis ( Table 2 ), risk factors associated with in-

ospital mortality among HCWs were older age, high weekly load of

ospital admissions, province, and history of comorbidities. The odds of

CW mortality increased with age, with HCWs aged 40–49 years (aOR

.8; 95% CI 1.6–8.8), 50–59 years (aOR 4.7; 95% CI 2.0–10.9), and 60–
56 
5 years (aOR 9.8; 95% CI 4.2–22.9) having increased odds of mortality

ompared with HCWs aged 20–29 years. 

HCW job category had a significant role in COVID-19 mortality, with

octors found to have increased risk of COVID-19 mortality (aOR 3.2;

5% CI 1.4–7.7) compared with administrators/porters. The risk of mor-

ality was increased among HCWs admitted in Limpopo (aOR 2.5; 95%

I 1.3–5.2) and Eastern Cape (aOR 1.9; 95% CI 1.3–2.9) provinces com-

ared with those in the Western Cape. Weekly hospital admissions of

 8000 increased the risk of hospital mortality among HCWs compared

ith low admission numbers (aOR 1.5; 95% CI 1.1–2.3). HCWs with

omorbidities such as hypertension (aOR 1.3, 95% CI 1.0–1.6), diabetes

aOR 1.8, 95% CI 1.4–2.2), chronic renal disease (aOR 3.7, 95% CI 1.6–

0.0), malignancy (aOR 3.7; 95% CI 1.1–7.2), and TB (aOR 2.2; 95% CI

.1–4.4) were more likely to have died compared with those who did

ot have existing comorbidities. 

There was a lower risk of mortality among HCWs who were mixed

ace (aOR 0.5; 95% CI 0.3–0.8) when compared with black HCWs, ad-

itted in the public sector (aOR 0.7; 95% CI 0.5–0.9), and in pre-wave

 (aOR 0.6; 95% CI 0.3–0.9) compared with wave 1. There was no sta-

istically significant difference in mortality between wave 1 and wave 2

aOR 1.1; 95% CI 0.9–1.5). 

ISCUSSION 

In total, 6364 COVID-19 admissions (2.7% of all hospital admis-

ions) had been reported among HCWs across South Africa, as of April

0, 2021. South Africa experienced its first and second waves a few

onths later than other countries ( Contou et al., 2021 ; Ioannidis and

ontopoulos-Ioannidis, 2021; Salyer et al., 2021 ). The implementation

f the 4-week hard lockdown period in the country following identifi-

ation of the first case likely slowed transmission of COVID-19 infec-

ion in the population ( Salyer et al. 2021 ). Nonetheless, early studies on

OVID-19 in other parts of the world, including South Africa, reported

hat large proportions of early cases were reported among HCWs ( Kim

t al., 2020 ; Salyer et al., 2021 ). 

In this study, there was a higher proportion of HCW admissions in

ave 1 (48.6%; n = 3095) compared with wave 2 (32%; n = 2036). In

re-wave 1 and wave 1, the spread of the virus was new in the coun-

ry; facilities and the frontline workers were not prepared to handle

he rising COVID-19 cases. Work overload, lack of PPE, and poor in-

ection control, which resulted in outbreaks in hospitals and limited

raining on handling the new infection, among other factors, were re-

orted risk factors for HCW infections in the first wave ( Mhango et

l., 2020 ; Alshamrani, 2021 ). Improved competency in handling in-

ected patients, as well as better preparedness in facilities, may have
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Figure 2. Percentages of reported comorbid 

diseases among healthcare workers (HCWs) 

who died from COVID-19, stratified by age- 

group between from 5 March 2020 through 30 

April 2021, South Africa, n = 603. 
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esulted in a decrease in HCW admissions (Jassat et al., 2021; Contou

t al., 2021 ). In addition, COVID-19 exposure in the first wave may

ave increased antibody levels among HCWs, resulting in improved im-

unity against the infection in the second wave ( Nunes et al., 2021 ;

ilazzo et al., 2021 ). 

Our study compared the characteristics of HCWs and non-HCWs.

CWs were less likely to be males, and more likely to be in the 30–59

ears age group and to be admitted in the private sector. About 10.8%

 n = 687) of admitted HCWs were in the 60–65 years age group. The

tudy found that HCWs were less likely to have mortality as an out-

ome (aOR 0.6; 95% CI 0.5–0.7) compared with non-HCWs after ad-

usting for other factors. The improved outcome among HCWs may be

xplained by factors such as age, with around 61% ( n = 3872) of in-

luded HCWs in the study found to the middle age group (40–59 years),

s well as improved medical care and treatment, most likely accessed

hrough the private sector (63.3%; n = 4030) (aOR 0.7; 95% CI 0.5–0.9).

imilar studies comparing COVID-19 infections among HCWs and non-

CWs reported that being an HCW was not associated with increased

isk of mortality ( Kim et al., 2020 ; Alshamrani, 2021 ). Furthermore, the

isk of mortality was shown to be higher for older HCWs ( ≥ 60 years)

 Kim et al., 2020 ). 

The multivariate analysis showed that risk of mortality increased

ith age, with those in the older age group (40–65 years) having a

igher risk of mortality compared with the young age group (20–29

ears). Older age groups have been shown to be more vulnerable to

OVID-19 infection and severe outcomes, such as mortality, compared

ith younger age groups (Wan et al. 2021). Compromised immunity and

hronic diseases, often reported in older patients, are some of the factors

hat increase the risk of mortality among older age groups. The impact

f age on mortality among the HCWs in our study was further reinforced

y the high case fatality rate observed in older age groups (12.2% and

3.4% among those aged 50–59 and 60–65 years, respectively). Like-

ise, increased COVID-19 mortality has been reported among older age

roups in other studies, especially in those aged ≥ 60 years ( Sornette et

l., 2020 ; Rastad et al., 2020 ). 

A systematic review and meta-analysis reporting on characteristics

f HCWs with COVID-19 and associated risk factors from several coun-

ries, including China, USA, Netherlands, Italy, Germany, and Spain,

howed that HCWs had better COVID-19 outcomes when compared with

he general population ( Gholami et al., 2021 ). According to the study,
57 
OVID-19-related mortality was reported in 1.5% of HCWs. Risk fac-

ors associated with COVID-19 mortality in patients were the presence

f comorbidities, sex, and age ( Gholami et al., 2021 ). 

A study comparing risk factors for HCWs with those of the general

opulation or non-HCWs across different studies found age to be a com-

on predictor of COVID-19 mortality in sub-Saharan Africa ( Dalal et

l., 2021 ). For example, a cross-sectional study assessing differences in

ortality rates in countries across sub-Saharan Africa found that 51.3%

f all reported deaths occurred in the over 60 years age group ( Dalal et

l., 2021 ). 

Previous studies have shown that males were twice as likely to be

t high risk of mortality than females across all age groups ( Clark et

l., 2020 ; Undurraga et al., 2021 ; Becerra-Muñoz et al., 2020 ; Boulle

t al., 2020 ); however, our study did not find an association between

ale sex and mortality among HCWs. The presence of comorbidities

n our study was identified as a significant factor for HCW admission

nd in-hospital mortality related to COVID-19 ( Zamparini et al., 2020 ;

assat et al., 2020 ; Palaiodimos et al., 2020 ). For example, HCWs with

besity had a 70% increased risk of hospital admission during the study

eriod. Comorbidities have previously been shown to increase the de-

elopment of infectious diseases, including COVID-19 (Chutiyami et al.,

022). Furthermore, our results showed that admitted HCWs who had

ypertension, diabetes, chronic renal diseases, malignancy, or current

r past TB history were more likely to die compared with those without

hese comorbidities (Barek, 2020; Jassat et al., 2020 ; Noor and Islam,

020 ). 

Even though obesity has been shown to increase COVID-19 mortal-

ty, as an independent risk factor for comorbidities such as diabetes

nd hypertension (Bello-Chavolla et al. 2020; Chu et al. 2020 ), our

tudy did not find obesity to be a significant factor in COVID-19-related

ortality among HCWs; this was likely due to the underreporting of

his variable. In addition, our study found that HIV infection in HCWs

as not associated with COVID-19 mortality in admitted HCWs, as re-

orted in the study by Jassat et al. (2020) , in which HIV and TB were

ound to increase the risk of hospital mortality in the general population

 Jassat et al., 2020 ). Drugs used in antiretroviral therapy (ART), such as

enofovir (TDF) and lopinavir-ritonavir, have been found to reduce the

isk of severe COVID-19 in people living with HIV ( Davies, 2020 ; Jassat

t al., 2020 ). The lack of association in our study could be the result of

IV-infected HCWs receiving ART. 
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Table 1 

Characteristics of hospitalized HCWs and non-HCWs with COVID-19, South Africa; March 5, 2020 to April 30 2021 ( N = 169 678). 

Characteristic HCWs ( N , %) N = 6364 Non-HCWs ( N , %) N = 163 314 OR p -value aOR p -value 

Sex 

Female 4571 (71.9) 90 295 (55.4) 1.00 (ref) 1.00 (ref) 

Male 1791 (28.2) 72 760 (44.6) 0.5 (0.4–0.5) < 0.001 0.3 (0.3–0.4) < 0.001 

Age group (in years) 

20–29 464 (7.3) 15 540 (9.5) 1.00 (ref) 1.00 (ref) 

30–39 1341 (21.1) 31 129 (19.1) 1.4 (1.3–1.6) < 0.001 1.4 (1.1–1.9) 0.005 

40–49 1769 (27.8) 38 715 (23.7) 1.5 (1.4–1.7) < 0.001 1.6 (1.2–2.0) < 0.001 

50–59 2103 (33.1) 49 927 (30.6) 1.4 (1.3–1.6) < 0.001 1.4 (1.1–1.8) 0.005 

60–65 687 (10.8) 28 003 (17.2) 0.8 (0.7–0.9) < 0.001 0.8 (0.6–1.0) 0.139 

Race ( n / N , %) 

Black 3865/6273 (61.6) 89 298/162 518 (55.0) 1.00 (ref) 1.00 (ref) 

Mixed race 387/6273 (6.2) 7562/162 518 (4.7) 1.2 (1.1–1.3) 0.002 1.0 (0.8–1.3) 0.799 

Indian 457/6273 (7.3) 6043/162 518 (3.7) 1.7 (1.6–1.9) < 0.001 0.9 (0.7–1.1) 0.296 

White 648/6273 (10.3) 7054/162 518 (4.3) 0.4 (0.3–0.4 < 0.001 1.4 (1.0–1.7) 0.014 

Other 916/6273 (14.6) 52 561/162 518 (32.3) 2.1 (1.9–2.3) < 0.001 0.4 (0.3–0.5) < 0.001 

Sector 

Public 2334 (36.7) 84 316 (51.6) 1.00 (ref) 1.00 (ref) 

Private 4030 (63.3) 78 998 (48.4) 1.8 (1.7–1.9) < 0.001 1.3 (1.1–1.5) < 0.001 

Province 

Western Cape 721 (11.3) 32 140 (19.7) 1.00 (ref) 1.00 (ref) 

Eastern Cape 891 (14.0) 19 601 (12.0) 2.0 (1.8–2.2) < 0.001 1.8 (1.5–2.4) < 0.001 

Free State 276 (4.3) 9646 (5.9) 1.3 (1.1–1.5) 0.001 1.0 (0.7–1.4) 0.784 

Gauteng 2045 (32.1) 44 504 (27.3) 2.0 (1.9–2.2) < 0.001 2.1 (1.6–2.6) < 0.001 

Kwa-Zulu Natal 1658 (26.1) 31 612 (19.4) 2.3 (2.1–2.6) < 0.001 2.3 (1.9–2.9) < 0.001 

Limpopo 138 (2.2) 6207 (3.8) 1.0 (0.8–1.1) 0.924 1.7 (1.2–2.6) 0.002 

Mpumalanga 144 (2.3) 6753 (4.1) 1.0 (0.8–1.1) 0.583 0.6 (0.4–1.2) 0.178 

North West 424 (6.7) 9683 (5.9) 2.0 (1.7–2.1) < 0.001 2.8 (2.1–3.6) < 0.001 

Northern Cape 67 (1.1) 3168 (1.9) 0.9 (0.7–1.2) 0.648 1.5 (1.0–2.6) 0.073 

Wave 

Pre-wave 1 418 (6.6) 7068 (4.3) 2.0 (1.8–2.2) < 0.001 3.0 (2.4–3.7) < 0.001 

Wave 1 3095 (48.6) 52 707 (32.3) 2.0 (1.9–2.1) < 0.001 2.1 (1.8–2.5) < 0.001 

Post-wave 1 500 (7.9) 17 530 (10.7) 1.0 (0.9–1.1) 0.725 1.3 (1.0–1.7) 0.040 

Wave 2 2036 (32.0) 70 124 (42.9) 1.00 (ref) 1.00 (ref) 

Post-wave 2 315 (4.9) 15 885 (9.7) 0.7 (0.6–0.8) < 0.001 1.0 (0.7–1.4) 0.976 

Chronic diseases ( n / N , %) 

Obesity 

No 1398 (81.1) 36 412 (88.2) 1.00 (ref) 1.00 (ref) 

Yes 325 (18.9) 4857 (11.8) 1.7 (1.5–1.9) < 0.001 1.8 (1.5–2.1) < 0.001 

Hypertension 

No 3318/5049 (65.7) 79 728/118 636 (67.2) 1.00 (ref) 1.00 (ref) 

Yes 1731/5049 (34.3) 38 908/118 636 (32.8) 1.1 (1.0–1.1) 0.028 1.1 (0.9–1.3) 0.054 

Diabetes 

No 3852/4993 (77.2) 86 727/116 665 (74.3) 1.00 (ref) 1.00 (ref) 

Yes 1141/4993 (22.9) 29 938/116 665 (25.7) 0.9 (0.8–0.9) < 0.001 0.9 (0.8–1.0) 0.187 

Asthma 

No 4543/4880 (93.1) 104 936/111 741 (93.9) 1.00 (ref) 1.00 (ref) 

Yes 337/4880 (6.9) 6805/111 741 (6.1) 1.1 (1.0–1.3) 0.020 1.3 (1.0–1.5) 0.014 

HIV 

No 4492/4807 (93.5) 98 308/111 731 (88.0) 1.00 (ref) 1.00 (ref) 

Yes 315/4807 (6.6) 13 423/111 731 (12.0) 0.5 (0.5–0.6) < 0.001 0.7 (0.6–0.9) < 0.001 

TB (current/past) 

No 4751/4842 (98.1) 105 661/110 877 (95.3) 1.00 (ref) 1.00 (ref) 

Yes 91/4842 (1.9) 5216/110 877 (4.7) 0.4 (0.3–0.5) < 0.001 0.9 (0.7–1.3) 0.708 

Chronic kidney disease 

No 4778/4807 (99.4) 106 527/108 836 (97.9) 1.00 (ref) 1.00 (ref) 

Yes 29/4807 (0.6) 2309/108 836 (2.1) 0.3 (0.2–0.4) < 0.001 0.2 (0.1–0.5) < 0.001 

Malignancy 

No 4755/4779 (99.5) 107 899/108 565 (99.34) 1.00 (ref) 1.00 (ref) 

Yes 24/4779 (0.5) 666/108 565 (0.6) 0.8 (0.5–1.2) 0.334 0.8 (0.4–1.4) 0.396 

Pregnancy ( n / N , %) 

No 6234/6364 (98.0) 157 608/157 608 (96.1) 1.00 (ref) 1.00 (ref) 

Yes 130/6364 ((2.0) 5706/16 314 (3.5) 0.6 (0.5–0.7) < 0.001 0.3 (0.2–0.4) < 0.001 

Admission outcome 

Discharged alive 5761 (90.3) 128 238 (81.3) 1.00 (ref) 1.00 (ref) 

Died 603 (9.7) 29 588 (18.7) 0.5 (0.4–0.5) < 0.001 0.6 (0.5–0.7) < 0.001 
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A study conducted in the Western Cape in South Africa on the risk

f HIV for COVID-19 mortality found an overall increased risk among

eople living with HIV, while those who received TDF as ART treat-

ent had a lower risk of COVID-19 mortality. In a poorly resourced

ountry such as South Africa, TB infection prevention and control (IPC)

easures are frequently poorly implemented. Some reports have shown

hat HCWs who care directly and indirectly for TB patients irregularly
58 
se appropriate respiratory protection, resulting in a high prevalence of

B among HCWs ( Malotle et al,. 2017 ). Our study found that a current

r past TB history was associated with HCW COVID-19 mortality. 

Hospital capacity was assessed in our study using the national weekly

umber of admissions as a proxy for burden of hospital admission. The

isk of in-hospital mortality for HCWs was significantly associated with

igher weekly national admissions, indicating that occupational factors,
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Table 2 

Factors associated with COVID–19 in–hospital mortality among hospitalized HCWs in South Africa, March 5, 2020 to April 30, 

2021. 

Characteristics Case fatality ratio, n / N (%) Unadjusted OR (95% CI) p -value Adjusted OR (95% CI) p -value 

Sex 

Female 390/4462 (8.7) 1.00 (ref) 1.00 (ref) 

Male 213/1756 (12.1) 1.4 (1.2–1.7) < 0.001 1.2 (0.9–1.4) 0.144 

Age group (in years) 

20–29 8/453 (1.8) 1.00 (ref) 1.00 (ref) 

30–39 47/1318 (3.6) 2.1 (1.0–4.4) 0.062 1.7 (0.7–4.1) 0.229 

40–49 142/1730 (8.2) 4.9 (2.4–10.2) < 0.001 3.8 (1.6–8.8) 0.002 

50–59 249/2047 (12.2) 7.7 (3.8–15.6) < 0.001 4.7 (2.0–10.9) < 0.001 

60–65 157/672 (23.4) 16.9 (8.2–34.7) < 0.001 9.8 (4.2–23.0) < 0.001 

Race 

Black 391/3758 (10.4) 1.00 (ref) 1.00 (ref) 

Mixed race 28/75 (37.3) 0.7 (0.5–1.0) 0.074 0.5 (0.3–0.8) 0.008 

Indian 59/454 (13.0) 1.3 (0.9–1.7) 0.092 1.2 (0.8–1.7) 0.329 

White 68/635 (10.7) 1.0 (0.8–1.4) 0.817 0.8 (0.6–1.0) 0.081 

Other 48/911 (5.3) 0.5 (0.4–0.7) < 0.001 1.0 (0.6–1.5) 0.911 

Occupation 

Administrators/porters 35/497(7.0) 1.00 (ref) 1.00 (ref) 

Allied healthcare 25/183 (13.7) 1.5 (0.7–2.9) 0.279 1.6 (0.6–3.9) 0.315 

Doctors 24/126 (19.0) 4.2 (2.2–8.0) < 0.001 3.2 (1.4–7.7) 0.008 

Nurses 132/1271 (10.4) 1.4 (0.9–2.4) 0.160 1.1 (0.6–2.2) 0.796 

Paramedics 3/49 (6.1) 0.8 (0.2–3.4) 0.718 0.9 (0.2–4.3) 0.858 

Other 383/4071 (10.4) 1.1 (0.7–1.9) 0.604 0.8 (0.4–1.6) 0.484 

Wave 

Pre-wave 1 19/412 (4.6) 0.5 (0.3–0.9) 0.015 0.6 (0.3–0.9) 0.041 

Wave 1 274/3044 (9.0) 1.00 (ref) 1.00 (ref) 

Post-wave 1 33/489 (6.7) 0.8 (0.67–1.2) 0.322 0.8 (0.4–1.3) 0.386 

Wave 2 277/1999 (13.9) 1.8 (1.5–2.2) < 0.001 1.1 (0.9–1.5) 0.373 

Post-wave 2 29/276 (10.5) 1.3 (0.9–2.0) 0.157 1.0 (0.6–1.8) 0.905 

Weekly national number 

Low, < 3500 166/1949 (8.5) 1.00 (ref) 1.00 (ref) 

Medium, 3500–7999 270/2998 (9.0) 1.2 (0.9–1.4) 0.142 1.1 (0.8–1.5) 0.385 

High, 8000–12499 167/1110(15.0) 2.1 (1.6–2.6) < 0.001 1.5 (1.1–2.3) 0.025 

Sector 

Private 440/3967 (11.1) 1.00 (ref) 1.00 (ref) 

Public 163/2253 (7.2) 0.6 (0.5–0.8) < 0.001 0.7 (0.5–0.9) 0.011 

Province 

Western Cape 65/710 (9.2) 1.00 (ref) 1.00 (ref) 

Eastern Cape 134/872 (15.4) 1.8 (1.3–2.5) < 0.001 1.9 (1.3–2.9) 0.003 

Free State 19/251 (7.6) 0.8 (0.5–1.4) 0.445 0.8 (0.4–1.6) 0.516 

Gauteng 142/2016 (7.0) 0.8 (0.6–1.0) 0.069 0.9 (0.6–1.5) 0.861 

Kwa–Zulu Natal 176/1639 (10.7) 1.2 (0.9–1.6) 0.246 1.0 (0.6–1.6) 0.895 

Limpopo 19/130 (14.6) 1.7 (0.9–2.9) 0.059 2.5 (1.3–5.2) 0.009 

Mpumalanga 18/136 (13.2) 1.5 (0.9–2.6) 0.145 1.8 (0.8–3.7) 0.117 

North West 25/404 (6.2) 0.7 (0.4–1.1) 0.089 0.7 (0.3–1.2) 0.209 

Northern Cape 5/62 (8.1) 0.9 (0.3–2.4) 0.774 1.3 (0.3–4.6) 0.658 

Hypertension 

No 276/3259 (8.5) 1.00 (ref) 1.00 (ref) 

Yes 283/1686 (16.8) 2.2 (1.8–2.6) < 0.001 1.3 (1.0–1.6) 0.027 

Diabetes mellitus 

No 329/3779 (8.7) 1.00 (ref) 1.00 (ref) 

Yes 218/1111 (19.6) 2.6 (2.1–3.1) < 0.001 1.8 (1.4–2.2) < 0.001 

Chronic kidney disease 

No 516/4690 (11.0) 1.00 (ref) 1.00 (ref) 

Yes 9/28 (32.1) 3.8 (1.7–8.5) 0.001 4.1 (1.6–10.0) 0.002 

Malignancy 

No 518/4674 (11.1) 1.00 (ref) 1.00 (ref) 

Yes 6/23 (26.1) 2.8 (1.1–6.9) 0.029 3.7 (1.1–7.2) 0.014 

TB (current/past) 

No 514/4665 (11.0) 1.00 (ref) 1.00 (ref) 

Yes 12/87 (13.8) 1.3 (0.7–2.3) 0.473 2.2 (1.1–4.4) 0.019 
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uch as overwhelmed hospital admissions, may increase work stress, re-

ulting in higher odds of severe COVID-19 outcomes in HCWs ( WHO,

021 ; Costantino et al., 2021 ). Variations in CFR observed among hos-

italized HCWs may be the result of differences in COVID-19 infection

t a population level, varying prevalence of comorbid diseases, differ-

nces in healthcare access and treatment, or the incomplete reporting

f deaths within the target population ( Jassat et al., 2021b ). 

Some studies investigating the association of ethnicity with COVID-

9-related mortality and have found that HCWs from ethnic minority
59 
roups were at increased risk of severe COVID-19 outcomes compared

ith white HCWs (Phiri et al., 2021; Zhang et al., 2022 ). Our study

howed that HCWs who were of mixed race were less likely to die when

ompared with admitted black HCWs. In South Africa and in many

ther countries, HCWs from ethnic minority groups are at an increased

isk of COVID-19 infection and adverse outcomes due to many fac-

ors, including lifestyle factors and lower socioeconomic status, which

ay increase disease transmission ( Jassat et al., 2021b ; Phiti et al.,

021). 
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HCWs reported as doctors in our study were found to have increased

isk of COVID-19 in-hospital mortality (aOR 3.2; 95% CI 1.4–7.7) com-

ared with other HCW occupational groups. Doctors, like nurses, pro-

ide more direct patient care than most other HCWs, which may be the

eason for the observed increased risk of COVID-19-related mortality in

his group ( Spilchuk et al., 2022 ). 

HCWs in the Eastern Cape and Limpopo provinces had increased risk

f COVID-19 mortality. While most HCWs would have medical insur-

nce to access private health care, our study showed that COVID-19

ortality was 30% less likely to occur in HCWs admitted in the public

ector compared with the private sector. In contrast, other studies have

eported admission of non-HCWs to public-sector facilities as being asso-

iated with an increased risk of COVID-19 mortality ( Phaswana-Mafuya

t al., 2021 ). Mortality differences observed between provinces and sec-

ors may be associated with differences in socioeconomic factors in the

opulations served by each sector, as well as the quality of care offered

n healthcare facilities at the provincial level ( Jassat et al., 2021a ). 

In summary, HCWs in our study had an approximately 60% lower

ortality compared with non-HCWs. Older age group, ethnicity, pres-

nce of existing comorbidities, and healthcare facilities accessed at

rovincial and sector levels were risk factors for increased mortality ob-

erved in the cohort. 

trengths and limitations 

The main strength of this study was that it used real-time data from

n ongoing hospital surveillance system (DATCOV), covering a large

umber of public and private health facilities across provinces in South

frica. While the results of this study are not generalizable to the entire

CW population in South Africa, the results provide adequate represen-

ativeness of the target population — i.e. hospitalized HCWs in SA. The

aily hospital surveillance therefore provides an opportunity for imple-

enting a nationwide registry on COVID-19 admissions and monitoring

he impact of targeted interventions, such as vaccinations, on admis-

ions and mortality, and thus supports informed decision-making with

egard to public health policy. 

As a newly developed surveillance programme, there are some lim-

tations with DATCOV. First, the system has not yet been linked with

ther data sources, such as laboratory records, mortality records, and

ther national hospital records, to verify and confirm occupation and

omorbid disease status, which may result in under-reporting of such

elds. Second, data submitted to DATCOV are dependent on informa-

ion submitted by healthcare institutions; thus, possible incompleteness

f data was a limitation in this study. The risk of heterogeneity of study

ariables due to data quality was minimized in the study through data

uality checks to increase representativeness of the data (Supplemen-

ary material). 

The proportions of incomplete data for comorbidities that were in-

luded in the multivariate model for mortality ranged from 20.7% to

4.9% ( Supplementary material ). Obesity data were excluded from

he final model due to the high proportion of missing data (72.9%). 

Another limitation was that information gathered on comorbidities

as based on the patient’s written or electronic hospital records, and

as not verified, because there were no existing information systems

hat would confirm patient history or existing comorbidities. In addition,

linical measurements of hypertension and diabetes were not reported

n this study to validate the patient-reported comorbidities submitted to

ATCOV. 

ONCLUSIONS 

The purpose of this study was to describe the characteristics of ad-

itted HCWs on the DATCOV surveillance system, and assess factors

ssociated with HCW in-hospital mortality. In wave 1 of the pandemic

here was a higher proportion of HCW admissions in South Africa com-

ared with wave 2. Mortality was less likely among HCWs in wave 2,
60 
espite the more transmissible and severe beta variant. Better aware-

ess of the disease, improved treatment protocols, and increased anti-

ody levels and subsequent immunity against the infection may have

ontributed to the decline in HCW admissions and mortality in the sec-

nd wave. Our results suggest that targeted intervention, such as the

accination of older age groups and those with comorbidities, has the

otential to reduce mortality further. 
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