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Abstract 

Background: Peru has some of the worst outcomes worldwide as a result of the SARS‑CoV‑2 pandemic; it is pre‑
sumed that this has also affected healthcare workers. This study aimed to establish whether occupation and other 
non‑occupational variables were risk factors for possible reinfection, hospitalization, and mortality from COVID‑19 in 
cohorts of Peruvian healthcare workers infected with SARS‑CoV‑2.

Methods: Retrospective cohort study. Healthcare workers who presented SARS‑CoV‑2 infection between March 
1, 2020, and August 6, 2021, were included. Occupational cohorts were reconstructed from the following sources 
of information: National Epidemiological Surveillance System, molecular tests (NETLAB), results of serology and 
antigen tests (SICOVID‑19), National Registry of Health Personnel (INFORHUS), and National Information System of 
Deaths (SINADEF). The incidence of probable reinfection, hospitalization, and death from COVID‑19 was obtained 
in the cohorts of technicians and health assistants, nursing staff, midwives, dentists, doctors, and other healthcare 
workers. We evaluated whether the occupation and other non‑occupational variables were risk factors for probable 
reinfection, hospitalization, and death from COVID‑19 using log‑binomial and probit binomial models, obtaining the 
adjusted relative risk  (RRAJ).

Results: 90,398 healthcare workers were included in the study. Most cases were seen in technicians and health 
assistants (38.6%), and nursing staff (25.6%). 8.1% required hospitalization, 1.7% died from COVID‑19, and 1.8% had 
probable reinfection. A similar incidence of probable reinfection was found in the six cohorts (1.7–1.9%). Doctors had 
a higher incidence of hospitalization (13.2%) and death (2.6%); however, they were also those who presented greater 
susceptibility linked to non‑occupational variables (age and comorbidities). The multivariate analysis found that 
doctors  (RRAJ = 1.720; CI 95: 1.569–1.886) had a higher risk of hospitalization and that the occupation of technician 
and health assistant was the only one that constituted a risk factor for mortality from COVID‑19  (RRAJ = 1.256; 95% CI: 
1.043–1.512).
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Conclusions: Peruvian technicians and health assistants would have a higher risk of death from COVID‑19 than 
other healthcare workers, while doctors have a higher incidence of death probably linked to the high frequency of 
non‑occupational risk factors. Doctors present a higher risk of hospitalization independent of comorbidities and age; 
likewise, all occupations show a similar risk of probable reinfection.

Keywords: COVID‑19, Healthcare workers, Death, Reinfection

Background
Since the onset of the COVID-19 pandemic, healthcare 
workers have been identified as one of the groups at 
most risk due to their direct exposure to SARS CoV-2 in 
the course of providing healthcare [1–6]. Thus, the first 
reports made in China and later in European countries 
[7–11] evidenced the rapid and exponential transmission 
in healthcare personnel. As of May 7, 2020, health per-
sonnel accounted for 22% of COVID-19 cases in Spain 
[9]. In the region of the Americas, according to the Pan 
American Health Organization, as of August 20, 2021, 
1,792,212 cases and 10,302 deaths from COVID-19 were 
reported in healthcare workers [6].

The increased risk of SARS-CoV-2 infection in health-
care workers is explained by their greater exposure to 
patients with COVID-19, to the procedures that gener-
ate aerosol, to the prolonged use of personal protective 
equipment (masks, gloves, gown, eye protection), or to 
the lack of any protective equipment [12, 13]. For this 
reason, the World Health Organization, as part of their 
public health strategies to safeguard their health and 
guarantee the continuity of healthcare, prioritized the 
vaccination of healthcare workers [14].

Although healthcare workers have a much higher risk 
of SARS-CoV-2 infection and adverse outcomes than the 
general population, this risk may vary by occupational 
group and analyzed result (reinfection, hospitalization, 
and death). Likewise, the risk granted by healthcare is 
added to that derived from individual risk factors such as 
age, sex, and diagnosis of comorbidities, among others [2, 
4, 5, 7].

Peru has some of the worst outcomes worldwide as a 
result of the SARS-CoV-2 pandemic, having reached the 
highest cumulative global mortality rate per hundred 
thousand inhabitants since the first wave, a phenomenon 
that continues to this day [15]. It is to be assumed that 
these outcomes have also been transferred to health-
care workers, during the time of the greatest pandemic 
activity, with a great incidence of infections, reinfec-
tions, hospitalizations and deaths [16–18]. To reduce the 
transmission of SARS-CoV-2, the Peruvian government 
established various measures such as remote work for 
tasks that could be carried out from home and for peo-
ple belonging to risk groups, which included healthcare 
workers [19].

In order to quantify the risk of adverse outcomes asso-
ciated with SARS-CoV-2 infection in Peruvian healthcare 
workers, it is crucial to differentiate between occupa-
tional and non-occupational risk factors. The purpose 
of this study was to establish whether occupation and 
other non-occupational variables were risk factors for 
possible reinfection, hospitalization, and mortality from 
COVID-19 in cohorts of Peruvian healthcare profession-
als infected with SARS-CoV-2.

Methods
This was a national retrospective cohort study made from 
secondary sources (databases). The studied population 
consisted of healthcare workers who presented SARS-
CoV-2 infection between March 1, 2020 and August 6, 
2021. All healthcare workers who presented SARS-CoV-2 
infection were included in the study, whether they were 
symptomatic or asymptomatic, as long as they were posi-
tive or reactive to RT-PCR, antigen, or serology testing; 
in the case of serology reagents, we took into account 
those that presented a positive result or were reactive to 
IgM or IgM/IgG (recent infection). Healthcare workers 
older than 70 years and those with inconsistent records 
were excluded from the study. Sampling was not carried 
out; we worked with all healthcare workers who met the 
inclusion and exclusion criteria because they were acces-
sible through secondary sources.

The cohort of healthcare workers infected with SARS-
CoV-2 was reconstructed from the following sources of 
information: National Epidemiological Surveillance Sys-
tem (NOTI COVID-19), molecular test results (NET-
LAB), serology results, and antigen (SICOVID-19), 
National Registry of Health Personnel (INFORHUS) and 
National Deaths Information System (SINADEF) uniting 
them to form a database.

From the resulting database, the incidence of probable 
reinfection by SARS-CoV-2 as well as hospitalization and 
death by COVID-19 was obtained in six occupational 
cohorts: technicians and health assistants; nursing staff; 
midwives; dentists; doctors; and other healthcare work-
ers. This last category grouped together biologists, health 
career interns, veterinarians, nutritionists, chemical 
pharmacists, medical technologists, and psychologists. 
We assessed if these occupation cohorts constituted 
a risk factor for probable reinfection by SARS-CoV-2, 
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hospitalization, and death by COVID-19. The following 
occupational and non-occupational variables were also 
evaluated:

• Probable SARS-CoV-2 reinfection: Work institution, 
work region where the hospital is located, direct con-
tact with COVID-19 cases in the work environment, 
age, sex, and diagnosis of comorbidities. Within the 
work institution, the hospitals of the Ministry of 
Health and regional governments (MINSA/GORE), 
Social Security of Peru (EsSalud), National Police and 
Armed Forces (PNP/FF. AA) and private establish-
ments were considered.

• Hospitalization for COVID-19: Work region, year of 
hospitalization, sex, age, diagnosis of comorbidities 
and likely reinfection.

• Death by COVID-19: Work region, year of hospitali-
zation, age, sex, and diagnosis of comorbidities.

A health worker was considered to have probable rein-
fection if he or she presented more than one positive or 
reactive laboratory result separated by at least 3 months 
[20]. Death due to COVID-19 was defined as death 
occurring as a consequence of the natural history or clin-
ical course of the disease (without recovery period) and 
must meet at least one of the following criteria [20]:

• Virological: Death in a health worker with clinical 
disease who dies within 60  days after a molecular 
(RT-PCR) or reactive antigen test for SARS-CoV-2.

• Serologic: Death in an infected health worker with 
clinical disease who dies within 60 days of a positive 
IgM or IgM/IgG serologic test for SARS-CoV-2.

• Radiological: Death in an infected healthcare worker 
with clinical disease who presents a radiological, 
tomographic, or nuclear magnetic resonance image 
compatible with COVID-19 pneumonia.

• Epidemiological link: Death in a health worker with 
pneumonia that has an epidemiological link with 
a case of COVID-19. Death in a healthcare worker 
with pneumonia who registered in the data base to 
have had an epidemiological link with a COVID-19 
case.

• Epidemiological investigation: Death in a health 
worker suspected of COVID-19 that is verified by an 
epidemiological investigation. Death of a healthcare 
worker with suspected COVID-19 who required an 
epidemiological investigation by the epidemiology 
personnel, who concluded that the most probable 
cause of death was COVID-19.

• Clinical criteria: Death in a suspected case of 
COVID-19 with a clinical picture compatible with 
the disease.

• Death certificate: Death in a health worker who has a 
death certificate in which the diagnosis of COVID-19 
is presented as the cause of death.

Descriptive statistics were performed based on the 
obtained frequencies, percentages, measures of central 
tendency, and dispersion. In addition, bivariate statistics 
were performed with Pearson’s Chi-square test, which 
was used to compare proportions. To assess the risk of 
developing adverse outcomes of SARS-CoV-2 infection, 
multivariate statistics were performed with a log-bino-
mial model (probable reinfection and death) and probit 
binomial model (hospitalization), obtaining the adjusted 
relative risk  (RRAJ) for other covariates or potentially con-
founding variables as well as their confidence intervals. 
In this model, probable reinfection, hospitalization, and 
death were considered dependent variables, and occupa-
tional and non-occupational variables (older adults, male 
gender, and presence of comorbidities) were considered 
independent variables. The calculations were made with 
a confidence level of 95%.

Results
Healthcare workers characteristics
The study included 90,398 healthcare workers who pre-
sented with SARS-CoV-2 infection during the study 
period. Most cases were seen in technicians and health 
assistants and in nursing staff.

Results indicated a higher frequency of female cases 
and a total of 8.9% comorbidity in the entire group. They 
worked in MINSA/GORE establishments in the depart-
ment of Lima. 17.2% of the cases reported having direct 
contact with cases of COVID-19 in their work environ-
ment. 85.9% presented with symptoms of the disease. The 
most used test to confirm the sickness was serology and 
RT-PCR. This is shown in Table 1.

Adverse outcomes of SARS‑CoV‑2 infection
Our analysis also found that 8.1% of those infected 
required hospitalization and 1.7% died from COVID-19, 
while 1.8% presented with probable reinfection. A simi-
lar incidence of probable reinfection was observed in the 
six occupational cohorts (between 1.7% and 1.9%), while 
it was the doctors who presented the highest incidence 
of hospitalization (13.2%) and death (2.6%) (Table  2). 
Doctors also presented greater susceptibility not linked 
to occupational variables. In this sense, 3.7% of doctors 
were older adults compared to 2.1% of technicians and 
health assistants, 1.6% of nursing staff, 1.0% of midwives, 
1.5% of dentists and 1.5% of the rest of healthcare work-
ers (Pearson’s Chi-square test; p < 0.001). Furthermore, 
13.1% of doctors had comorbidities compared to 8.6% of 
nursing staff, 8.5% of dentists 8.1% of midwives, 7.8% of 
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technicians and health assistants, and 7.7% of the rest of 
healthcare workers (Pearson’s Chi-square test; p < 0.001).

The risk of probable reinfection was similar across the 
different occupational cohorts of healthcare workers. 
Regardless of occupation, a higher risk of probable rein-
fection was observed in those who worked outside of 
Lima. It was also higher in those who had direct contact 

Table 1 Non‑occupational, occupational, clinical, and laboratory 
characteristics of healthcare workers infected with SARS‑CoV‑2 in 
Peru

Description Cases %

Non‑occupational

 Sex

  Male 26,785 29.6

  Female 63,613 70.4

 Age group

  18–29 (young) 17,544 19.4

  30–65 (adult) 70,935 78.5

  65–70 (older adult) 1919 2.1

 Comorbidity

  Heart disease 2445 2.7

  Obesity 2144 2.4

  Bronchial asthma 1914 2.1

  Diabetes 1535 1.7

  Lung disease 384 0.4

  Cancer 230 0.3

  Renal disease 193 0.2

  Liver disease 180 0.2

  Neurological disease 141 0.2

  Immunodeficiency 83 0.1

  Any comorbidity 8082 8.9

Occupational

 Occupation

  Technician and health assistant 34,853 38.6

  Nursing staff 23,182 25.6

  Doctor 16,117 17.8

  Midwife 6256 6.9

  Dentist 2162 2.4

  Other health professionals 7828 8.7

 Labor status

  Appointed worker 44,471 49.2

  Contracted worker 33,945 37.6

  Resident doctor 1547 1.7

  Rural and Marginal 1978 2.2

  Urban Health Service

  Intern 862 1.0

  Not specified 7595 8.4

 Work institution

  MINSA/GORE 64,087 70.9

  ESSALUD 16,006 17.7

  PNP / Armed Forces 3459 3.8

  Others 4761 5.3

  Private establishments 2085 2.3

 Work region

  Lima 33,631 37.2

  Rest of the Coast 19,847 22.0

  Mountain range 25,691 28.4

  Jungle 11,229 12.4

Table 1 (continued)

Description Cases %

 Direct contact with known COVID‑19 cases in the workplace

  Yes 15,526 17.2

  No 74,872 82.8

Clinics and laboratories

 Clinical presentation

  Symptomatic 77,643 85.9

  Asymptomatic 12,755 14.1

Positive or reactive diagnostic test

  RT‑PCR 43,150 47.8

  Antigen test 13,424 14.8

  Serology 48,280 53.4

Table 2 Adverse outcomes of SARS‑CoV‑2 infection in 
healthcare workers in Peru

Adverse outcomes # of cases Incidence (%)

Probable reinfection

 Technician and health assistant 629 1.8

 Nursing staff 417 1.8

 Midwife 119 1.9

 Dentist 39 1.8

 Doctor 269 1.7

 Other health professionals 125 1.9

 Total 1598 1.8

Hospitalization

 Technician and health assistant 2587 7.4

 Nursing staff 1598 6.9

 Midwife 328 5.2

 Dentist 152 7.0

 Doctor 2124 13.2

 Other health professionals 511 6.5

 Total 7300 8.1

Death

 Technician and health assistant 663 1.9

 Nursing staff 224 1.0

 Midwife 55 0.9

 Dentist 40 1.9

 Doctor 418 2.6

 Other health professionals 121 1.5

 Total 1521 1.7
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with COVID-19 cases in their work environment and in 
those who had some comorbidity (Table 3).

The multivariate analysis shows that doctors 
 (RRAJ = 1.271) and to a lesser extent, nursing staff 
 (RRAJ = 1.143) and technicians and health assistants 
 (RRAJ = 1.043) presented a higher risk of hospitaliza-
tion. Regardless of the occupation, a higher risk was 
observed in those who worked in Lima and other parts 
of the coast. It was also a higher rate in those with some 
comorbidities and the older adults, the latter being the 
ones with the highest risk  (RRAJ = 2.273). The risk was 
also statistically significant, albeit mild, greater in those 

hospitalized in 2020 and those that presented a prob-
able reinfection. This is shown in Table 4.

The trend of deaths from COVID-19 in healthcare 
workers, compared to the trend in the general Peru-
vian population, is shown in Fig.  1. After controlling 
for occupational variables, it was found that the occu-
pation of technician and health assistant was the only 
one that constituted a risk factor for mortality from 
COVID-19  (RRAJ = 1.256; 95% CI: 1.043–1.512). There 
was also a higher risk of death for those who worked 
in Lima, those who died in 2021 (during the second 
pandemic wave), for those who had some comorbidity, 
males and for older adults. The latter are the ones with 
the highest risk (Table 5).

Table 3 Multivariate analysis of occupation and other possible 
risk factors for probable SARS‑CoV‑2 reinfection in healthcare 
workers

*Reference category

**Log-binomial model

Risk factors RRAJ** CI 95%

Occupational

 Occupational cohorts

  Technician and health assistant 1.055 0.872–1.277

  Nursing staff 1.084 0.888–1.324

  Midwife 1.018 0.792–1.309

  Dentist 1.118 0.783–1.596

  Doctor 1.059 0.856–1.309

  Other health professionals* 1

 Work institution

  MINSA/GORE 1.388 0.919–2.098

  ESSALUD 1.091 0.711–1.675

  PNP / Armed Forces 1.176 0.716–1.934

  Others 0.808 0.492–1.328

  Private establishments* 1

 Work region

  Jungle 2.665 2.319–3.063

  Mountain range 1.349 1.170–1.554

  Rest of the Coast 1.273 1.111–1.459

  Lima* 1

 Direct contact with COVID‑19 cases in the workplace

  Yes 3.209 2.749–3.747

  No* 1

Non‑occupational

 Gender

  Male 0.907 0.807–1.019

  Female* 1

 Older adult

  Yes 0.853 0.584–1.245

  No* 1

 Comorbidities

  Yes 1.344 1.156–1.563

  No* 1

Table 4 Multivariate analysis of occupation and other possible 
risk factors for hospitalization for COVID‑19 in healthcare workers

*Reference category

**Probit binomial model

Risk factors RRAJ** CI 95%

Occupational

 Occupational cohorts

  Technician and health assistant 1.120 1.067–1.176

  Nursing staff 1.143 1.085–1.203

  Midwife 1.043 0.973–1.118

  Dentist 0.987 0.900–1.083

  Doctor 1.271 1.208–1.338

  Other health professionals* 1

 Work region

  Lima 1.206 1.156–1.257

  Rest of the Coast 1.122 1.072–1.124

  Mountain range 1.058 1.011–1.106

  Jungle* 1

 Year of hospitalization

  2020 1.130 1.099–1.162

  2021* 1

Non‑occupational

 Older adult

  Yes 2.273 2.137–2.419

  No* 1

 Gender

  Male 1.479 1.440–1.520

  Female* 1

 Comorbidities

  Yes 1.742 1.682–1.804

  No* 1

 Likely reinfection

  Yes 1.105 1.004–1.216

  No* 1
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Discussion
This study shows that the risk of hospitalization and 
death due to COVID-19 varies among occupational 
cohorts of Peruvian healthcare workers. It is also noted 
that non-occupational factors have a significant impact 
on the probability of SARS-CoV-2 infection-related 
complications.

Death from COVID-19 represents the main adverse 
outcome of SARS-CoV-2 infection. The case fatality rate 
(CFR) in healthcare workers in Peru infected by SARS-
CoV-2 found in our study was 1.7%, which is higher 
than that CFR reported by Gholami [21], who found 
mortality of 1.5% in a meta-analysis of 28 studies which 
grouped healthcare workers from five countries (China, 
USA, Netherlands, Italy, Germany, and Spain). A sec-
ond meta-analysis by Gómez-Ochoa [22] that included 
97 studies carried out in healthcare workers in the USA, 
countries of Asia and Europe, found that mortality from 
COVID-19 in infected workers was 0.5%, notably lower 
than that reported for Peruvian healthcare workers. Our 
results were also higher than mortality from COVID-19 
obtained by Bandyopadhyay [23] in a systematic review 
that included studies up to May 2020 where global mor-
tality among healthcare workers was 0.92%. However, the 

regional analysis shows similar results since, in Ameri-
cas, 2.0% of healthcare workers with COVID-19 had 
died, which represents an intermediate situation among 
regions with low mortality such as Europe (0.6%) and 
other with greater mortality such as Eastern Mediterra-
nean (5.7%) and Southeast Asia (3.1%). The countries that 
reported the highest number of deaths from COVID-19 
in Bandyopadhyay’s study were Italy, USA, United King-
dom, Russia, Iran, Ecuador, Indonesia, Mexico, Spain, 
Philippines, China, Turkey and France. Gholami, Gomez-
Ochoa, as well as Bandyopadhyay, included studies that 
reported the CFR of healthcare workers without carrying 
out comparisons with the general public.

It should be emphasized that the meta-analysis con-
ducted by Gholami included 119,883 healthcare workers 
infected with SARS-CoV-2, whereas the meta-analysis 
conducted by Gómez-Ochoa contained 96,813, and the 
Peruvian health worker cohort alone had 90,672 infected 
healthcare workers. This shows the great impact caused 
by the pandemic among Peruvian healthcare workers in 
absolute terms. Some reasons for this high risk among 
Peruvian healthcare workers may be the high workload, 
continuous exposure, and lack of personal protective 
equipment (especially at the beginning of the pandemic), 

Fig. 1 Trend of COVID‑19 deaths in healthcare workers compared to the general Peruvian population
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but also because of the informal nature of work and the 
worsening labor conditions observed in many countries 
before the pandemic, particularly in low- and middle-
income countries [16, 24–26].

The results of our research show that the cohort with 
the highest risk of death from COVID-19 was that of 
technicians and health assistants, who had a 25.6% higher 
risk of dying than other healthcare workers. One possible 
explanation is that the cohort of technicians and health 
assistants includes technicians and auxiliaries in nurs-
ing, laboratory, dental, pharmacy, nutrition, radiology, 
rehabilitation, and physical therapy. This occupational 
cohort, particularly nursing technicians, who collaborate 
with patient care in consulting rooms, emergencies, hos-
pitalization (including feeding, cleaning, mobility, and 
patient oxygen administration, among others), as well as 
radiology and laboratory technicians, have close contact 
with patients while taking X-rays (radiology technicians) 
or while drawing blood samples and/or manipulation of 

biological samples for their analysis (laboratory techni-
cians) [27]. This leads to a higher viral load exposure and 
would explain their greater overall risk [28–30]. The bib-
liographic review does not find studies with the category 
of technicians and health assistants like that defined 
in Peru, but an approximation is found in the cohort of 
Mexican healthcare workers that finds a higher risk of 
death in medical assistants, laboratory technicians, phar-
macy, and radiology staff [31].

The case of the doctors is particular because they pre-
sent an occupational risk of dying similar to other health-
care workers; however, they are the ones with the highest 
unadjusted mortality (2.6%). This is consistent with the 
results of a systematic review [23] that found that the 
group with the highest mortality among infected health-
care workers was doctors (6.0%). One possible explana-
tion for this phenomenon is that in Peru, the doctors 
cohort is the one with the highest proportion of older 
adults and comorbidities compared to the other cohorts 
of healthcare workers, which could explain their higher 
mortality from COVID-19, regardless of their occupa-
tional risk. Another possible explanation is that doctors 
have performed diagnostic tests less frequently in the 
presence of mild disease and more frequently in the pres-
ence of moderate and severe disease, which could have 
biased the results towards greater lethality [32].

It is observed that non-occupational risk factors lead 
to a higher risk of death from COVID-19 than occupa-
tional factors, the main one being older adults; thus, 
older adults have about nine times the risk of dying than 
those under 65 years of age. Male gender, as well as the 
presence of comorbidities, are risk factors for death 
from COVID-19. This agrees with other studies carried 
out on healthcare workers, such as the one carried out 
by Ferland in 9 European countries [33] and the one by 
Robles-Pérez in Mexico [30]. The main comorbidities 
identified were cardiovascular disease, obesity, bron-
chial asthma, and diabetes mellitus, representing 8.9% of 
the total healthcare workers infected in this study. These 
values are similar to those found in the meta-analysis by 
Gómez-Ochoa, who found that the prevalence of comor-
bidities was 7% (95% CI: 4–10%) [22].

The trend of COVID-19 mortality among healthcare 
professionals is comparable to that of the general Peru-
vian population; however, this correlation breaks down 
following the introduction of immunization. Thus, 
the trend in mortality reduced following vaccination, 
whereas the tendency in the general population was to 
climb until reaching its peak during the second wave 
of the pandemic. This confirms the results of Escobar-
Agreda [34], who found a higher survival rate in Peruvian 
healthcare workers in 2021 after the start of vaccination. 
This would show the effectiveness of vaccination since, 

Table 5 Multivariate analysis of occupation and other possible 
risk factors for death from COVID‑19 in healthcare workers

*Reference category

**Log-binomial model

Risk factors RRAJ CI 95%

Occupational

 Occupational cohorts

  Technician and health assistant 1.256 1.043–1.512

  Nursing staff 0.853 0.685–1.061

  Midwife 0.867 0.632–1.189

  Doctor 0.940 0.773–1.142

  Dentist 1.063 0.775–1.498

  Other health professionals* 1

 Work region

  Lima 1.444 1.230–1.694

  Rest of the Coast 1.173 0.982–1.401

  Mountain range 0.980 0.820–1.174

  Jungle* 1

 Year of death

  2021 1.279 1.162–1.407

  2020* 1

Non‑occupational

 Gender

  Male 2.720 2.440–3.032

  Female* 1

 Older adult

  Yes 8.896 7.939–9.969

  No* 1

 Comorbidity

  Yes 2.537 2.275–2.829

  No* 1
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without it, the number of deaths from COVID-19 would 
likely have increased, similar to the Peruvian population.

In the instance of COVID-19 hospitalizations, doctors 
had a 72.0% higher risk than other healthcare workers, 
whereas technicians and health assistants had a 10.7% 
higher risk of hospitalization. The fact that technicians 
and health assistants have the highest risk of mortality, 
but a modestly increased chance of hospitalization may 
indicate inequity in access to hospitals, which may also 
explain the greater risk of COVID-19-related deaths in 
this cohort. It is possible that the efforts of the profes-
sional associations in obtaining air transport for their 
members and the coordination for their referrals, as is 
the case of the Peruvian Medical Association, have con-
tributed to the timely hospitalization of its members, 
reducing their mortality [35]. Unfortunately, there is no 
school, society, or association of technicians and health 
assistants support in Peru that would ensure the timely 
hospitalization of its members, which may have put them 
at a disadvantage with other occupations that do have 
professional associations. Although it is true that our bib-
liographic review has not found studies that show inequi-
ties in access to hospitalization services in occupational 
groups of healthcare workers, this is possible since there 
is evidence of inequities for hospitalization in more dis-
advantaged or invisible groups during the SARS-CoV-2 
pandemic [36, 37].

Probable reinfection was documented in 1.7% of health-
care workers. It was observed that the risk of probable 
reinfection was similar in the cohorts of healthcare work-
ers studied; however, other occupational factors were rel-
evant. The greatest risk of probable reinfection was found 
in those who worked outside the capital, particularly in 
establishments in the Amazon and the Andean region; a 
higher risk was also documented in those who had direct 
contact with COVID-19 cases in their workplace. It is 
possible that the greater limitations existing in the estab-
lishments of the MINSA/GORE, PNP/FAA, and outside 
the capital of Peru have contributed to the reinfection of 
healthcare workers during the pandemic’s greatest activ-
ity, moments in which there have been documented defi-
cit of personal protective equipment, as well as greater 
exposure to COVID-19 due to the overwhelming patient 
demand [17, 34, 38–40].

Our study was conducted utilizing secondary sources, 
so it is probable that there are quality issues with data 
and some degree underreporting of adverse outcomes 
of SARS-CoV-2 infection; nevertheless, the fact that we 
considered many sources of information, as well as the 
verification and investigation of deaths, somewhat com-
pensates for these limitations. Similarly, the data uti-
lized could not identify which healthcare staff provided 
in-person care and which worked remotely nor measure 

the impact of the personal protective equipment deficit 
on infected healthcare worker hospitalization and death. 
Because the identification of SARS-CoV-2 lineages is not 
routinely performed in all cases of infection in Peru, it 
was not possible to confirm the reinfection of healthcare 
workers; therefore, probable reinfection was investigated. 
Lastly, our study did not have a control group made up of 
healthcare workers not infected by SARS-CoV-2 to com-
pare our results, since, aside from the SINADEF base, 
the other databases used only provided data of infected 
people.

Despite these constraints, we believe that the acquired 
results are similar and comparable to what was observed 
in Peruvian healthcare workers during the pandemic.

Conclusion
Peruvian technicians and health assistants would have a 
higher risk of death from COVID-19 than other health-
care workers, while doctors have a higher incidence of 
death probably linked to the high frequency of non-
occupational risk factors such as age and the diagnosis of 
comorbidities. Doctors present a higher risk of hospitali-
zation independent of comorbidities and age; likewise, all 
occupations show a similar risk of probable reinfection.
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