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Abstract

This study aims to assess the COVID-19 seroprevalence in HCW at the Hospital Central de la Defensa Gémez Ulla (HCDGU)
(Madrid). From 27 April to 10 June 2020 nasopharyngeal swab and serum samples from employees were processed in order
to evaluate their seroprevalence and infective situation. Employees were classified according to their exposure to SARS-
CoV-2 infection as high, moderate, and low exposure groups (level 1, level 2, and level 3, respectively). A specific real-time
polymerase chain reaction (RT-PCR) was run to diagnose each patient, whereas the qualitative detection of IgG antibodies
to SARS-CoV-2 was performed by means of an immunoassay. In total, 2781 HCW were screened. From this sample, 30
employees (1.1%) were infected with SARS-CoV-2 and 450 (16.2%) were positive to SARS-CoV-2-IgG antibodies. The sero-
prevalence was higher in the high exposure group.The seroprevalence of antibodies against SARS-CoV-2 among employees
without any COVID-19 training was higher than in those who received COVID-19 training (14.5% vs 18.6%, P=0.035).
The seroprevalence in military and civilian personnel in level 1 was 18.2% and 20.0%, respectively (P=0.4616), while in
level 2 it was 6.0% and 16.0% (P =0.0008) and in level 3 it was 16.7% and 10.2% (P =0.0315). The results from the present
study have shown that the high exposure group and HCW not receiving specific training against COVID-19 showed higher
seroprevalence. Furthermore, the military employees from this hospital presented low percentage of seroprevalence.
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Introduction

On December 2019, a new virus called SARS-CoV-2
emerged in the city of Wuhan, China [1]. This virus has
since spread to many other countries and throughout the
world [2] and on 11 March 2020 was declared a pandemic
by the World Health Organization. It represents a great chal-
lenge for health care systems; so far 123,216,178 cases have
been reported and 2,714,517 persons have died worldwide.
Spain, with 3,234,319 cases and 73,744 deaths by 23 March
2021, is considered one of the most affected countries in the
European Union [3]. In order to avoid the disease spreading,
hospitals in Spain have implemented capacities by canceling
elective admissions.

The most frequent clinical symptoms of COVID-19 are
fever, sore throat, cough, and shortness of breath [4]. The
main route of transmission is person-to-person spread.
Health care workers represent a vulnerable cohort for infec-
tion due to frequent and close contact with COVID-19
patients [5]. The principal microbiological diagnostic test
to prove the presence of virus is the Polymerase Chain Reac-
tion (PCR), a molecular technique that detects the RNA of
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the virus. On the other hand, other methods based on the
detection of virus antigens have been evaluated, showing
lower sensitivity as compared to PCR [6, 7]. Therefore, PCR
remains the gold standard for the detection of for SARS-
CoV-2 [8]. Different studies have been published exploring
the combination of PCR and serological techniques, trying
to increase the sensitivity of the microbiological diagnosis
[9, 10]. The rationale to do antibody testing is to identify
individuals who have developed immunity after infection,
which could protect against subsequent reinfection. Moreo-
ver, by evaluating seroprevalence of antibodies, we could
monitor the extent of virus spread and the population’s herd
immunity at a societal level [11].

Seroprevalence studies can determine the prevalence of
the population who has suffered from recent or past infection
[12, 13]. These studies are accurate to evaluate the whole
community, but also for smaller groups, such as exposed
and vulnerable persons in nursing homes and health care
facilities.

In this sense medical records on health care workers
would help to better organize the health care resource plan-
ning according to their prevalence to COVID-19 during this
pandemic crisis [12]. Although there is substantial evidence
proving the immunological responses against SARS-CoV-2,
the dynamics of this process remains unclear. As an exam-
ple, today we still do not know the time needed for sero-
conversion, the antibody levels acquired, or the correlation
between antibody levels and protection against reinfection
[14, 15]. Moreover, the duration of a protective immunity
also remains uncertain [16].

The aim of this study was to assess the seroprevalence of
COVID-19 in health care workers of the Hospital Central de
la Defensa Gémez Ulla (Madrid).

Materials and Methods

This study was carried out at Hospital Central De la Defensa
Gomez Ulla, a Spanish military tertiary hospital located in
Madrid where most of the patients attended are civilians.
Thanks to a cooperation agreement between the Ministry of
Defense and the Autonomous Community of Madrid, this is
fully integrated in the Public Health System and represents
a reference hospital center that provides a 400-bed capacity
for a population of approximately 125,000 inhabitants in
southern Madrid. The workforce of the hospital is composed
of both military and civilian staff. Study participants were
recruited from the entire hospital employees. This study
period ranged from April 27 to June 10, 2020.

Study Design

The present investigation was designed as a cross-sectional
study. Samples from the hospital employees were taken by
the Occupational Health and Safety Service to evaluate
the seroprevalence and infective situation. Nasopharyngeal
swab and serum samples were obtained from 2781 health
care workers and processed at the Microbiology Labora-
tory for diagnostic purposes.

Employees were classified into three levels according
to their exposure to SARS-CoV-2 infection:

e Level 1 (High exposure group; n=1250): workers who
were in direct contact with infected patients (or sus-
pected of being infected with SARS-CoV-2), such as
nursing services and medical teams.

e Level 2 (Moderate exposure group; n=969): work-
ers who were not in direct contact with SARS-CoV-2
patients but they had daily contact with biological sam-
ples obtained from infected patients, such as laboratory
staff.

e Level 3 (Low exposure group; n=>535): workers who
were not in contact with SARS-CoV-2 at all, such as
administrative, catering, security, housekeeping, and
maintenance staff.

Since there was no information on the working activ-
ity of some subject, 27 workers were not included in any
group.

A questionnaire was created to collect demographic and
clinical data.

COVID-19 Training

Since the beginning of the pandemic, voluntary trainings
have been provided to health care staff. For those who
could not attend, online trainings were available.

Health workers had to be prepared to face different chal-
lenges. Therefore medical training programs were con-
ducted and implemented on general health areas and also
on more specific topics according to the medical specialty,
nursery, or health care assistance.

Health educational messages have been disseminated in
different ways. First, some educational videos were recorded
and posted on the intranet. Posters and educational mate-
rials were also displayed throughout the hospital facility.
Then, face-to-face recommendations were given for the most
appropriate use of Personal Protective Equipment (PPE). In
order to protect themselves and prevent transmission in the
hospital facility, health care workers were trained on how to
put on, remove, and dispose the PPE.
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Workshops were also organized to evaluate many differ-
ent scenarios. For example, a workshop on hand hygiene
by fluorescence analysis to assess hand washing was con-
ducted. Also workshops based on patient medical care
with or without exploration or workshops for orderlies on
the transport of the patients from one place to another
before and after procedures were organized. Each scenario
recreates hand hygiene and PPE moments (double gown,
impermeable gown, apron, goggles, or a face shield, etc.).

Finally, the implementation of every procedure included
in the safety protocol was supervised by a preventive physi-
cian and a nurse in order to clarify situations and to correct
bad practices.

Real-Time RT-PCR Assay

Two types of automatic extractors were used to obtain viral
RNA from clinical samples: MagCore HF16 (RBC biosci-
ence, Taipei, Taiwan) and Nimbus Microlab Seegene (Ham-
ilton Company, Bonaduz, Switzerland). RNA amplification
was made using two real-time PCR platforms: gCOVID-19
(Genomica,Madrid, Spain) and Allplex 2019-nCoV assay
(Seegene, Seoul, South Korea). The CFX96™ (Bio-Rad)
Real-Time Detection System was used.

These kits were used according to the manufacturer’s
instructions for the handling and the interpretation of the
results.

The Abbott SARS-CoV-2 IgG Assay (Abbott
Laboratories Inc. lllinois, USA)

The SARS-CoV-2 IgG assay is an automated, two-step
immunoassay for the qualitative detection of IgG antibodies
to SARS-CoV-2 in human serum and plasma using chemilu-
minescent microparticle immunoassay (CMIA) technology
(Architect System).

The assay is designed to detect IgG antibodies against the
nucleocapsid protein of SARS-CoV-2. A minimum of 100 pl
of serum or plasma (EDTA) is required.

Sample, SARS-CoV-2 antigen-coated paramagnetic
microparticles, and assay diluent are combined and incu-
bated (36.4-37.6 °C). The IgG antibodies to SARS-CoV-2
present in the sample bind to the SARS-CoV-2 antigen-
coated microparticles. The mixture is washed. Anti-human
IgG acridinium-labeled conjugate is added to create a reac-
tion mixture and incubated (36.4-37.6 °C). Following a
wash cycle, Pre-Trigger and Trigger Solutions are added.

The resulting chemiluminescent reaction is measured as
a relative light unit (RLU). There is a direct relationship
between the amount of IgG antibodies to SARS-CoV-2 in
the sample and the RLU detected by the system optics. This
relationship is reflected in the calculated Index (S/C). The
presence or absence of IgG antibodies to SARS-CoV-2 in
the sample is determined by comparing the chemilumines-
cent RLU in the reaction to the calibrator RLU. The cutoff
is 1.4 Index (S/C) (> 1.4 Positive; < 1.4 Negative).

This assay was performed according to the manufactur-
er’s instructions.

Statistical Analysis

Statistical analysis was carried out using the statistical pack-
age STATA/IC version 13.1 (StataCorp, Texas, USA). Con-
tinuous data were expressed as mean and interquartile range
(IQR), while categorical data were expressed as frequencies
and percentages. Comparison between variables were made
using two-tailed Fisher’s exact test or 7 test. For these com-
parisons, a P value <0.05 was considered significant.

Results

The entire hospital staff (n=2781) was screened included in
this study. The median age was 45.52 years (IQR =25.26)
and 60.1% (n=1672) were women. Approximately 26.3%
(n=734) were military personnel and 72.6% were civil-
ian (n=2020) (Table 1). Twenty seven subjects were not
included in the analysis between the three levels of exposure
due to the lack of information on the level of exposition.

Table 1 Results from workers

. Level 1 Level 2 Level 3 Total P value*

on the basis of the three levels (No=1250) (No=969) (No=535) (No=2781)

of exposure
IgG positive No (%) 244 (19.5) 139 (14.3) 67 (12.5) 450 (16.2) 0.0002*
rRT-PCR positive No (%) 12 (1.0) 10 (1.0) 8 (1.5) 30(1.1) 0.6171
Female No (%) 865 (69.2) 606 (62.5) 188 (35.1) 1672 (60.1) <0.0001*
Male No (%) 385 (30.8) 363 (37.5) 347(64.9) 1095 (39.8)
COVID-19 training No (%) 580 (74.5) 332 (62.2) 147 (44.8) 1060 (64.5) <0.0001*
Military No (%) 383 (30.6) 166 (17.1) 185 (34.5) 734 (26.3) <0.0001*
Civilian No (%) 867 (69.3) 803 (82.8) 350 (65.4) 2020 (72.6)

*A P value <0.05 was considered significant
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A total of 2781 health care workers were screened, 30
(1.1%) of whom were infected with SARS-CoV-2; there
were no statistically significant differences in the propor-
tion of SARS-CoV-2-positive PCR detection between the
three level of exposure (Level 1: 1.0%, level 2: 1.0%, level
3:1.5% P=0, 6171) (Table 1).

SARS-CoV-2-IgG antibodies were detected in 450
employees (16.2%) out of 2781. Statistically significant
differences were observed between the different groups.

Specifically, 244 subjects on level 1 (19.5%), 139
subjects on level 2 (14.3%), and 67 subjects on level 3
(12.5%) were positive for SARS-CoV-2-1gG antibodies
(P=0.0002) (Table 1).

263 subjects (58.4%) out of 450 with detectable anti-
bodies reported COVID-19-associated symptoms in
the past 3 months including fever (67.1%), headache
(62.2%), general malaise (63.6%), cough (67.1%), anos-
mia (49.7%), ageusia (40.6%), and diarrhea (39.8%).
Moreover, these symptoms were observed in 158 (64.7%)
subjects from level 1 of exposure, 72 (51.8%) from level
2, and 33 (49.3%) from level 3 (P =0.0007).

No differences in the rate of seroprevalence between
men and women could be observed (16.1% and 15.9%,
respectively, P=0.865). However, when considering the
level of exposure, the positive detection of IgG was sig-
nificantly greater in men in level 3 than in level 1 and 2
(67.2%, 36.5%, and 33.1%, respectively, P =0.001).

1060 subjects (64.5%) out of 1642 who answered the
questionnaire had received training against COVID-19.
The percentage of employees with COVID-19 train-
ing was different in each group (Level 1: 74.5%, level
2: 62.2%, level 3: 44.8% P=0.0001) (Table 1). SARS-
CoV-2-IgG antibodies were detected in 154 employees
(14.5%) out of 1060 who received training against SARS-
CoV-2 and 108 employees (18.6%) out of 582 who did
not receive any training (P =0.035). The seroprevalence
was higher in those subjects without COVID-19 training
at every level of exposure. Statistically significant differ-
ences were observed in level 1 of exposure, with 16.7%
of positive subjects to IgG receiving COVID-19 training
as compared to 25.3% positive subjects not receiving it
(P=0.009).

Overall, military personnel seropositivity was lower
than civilian personnel (15.1%, 16.7%, respectively,
P =0.2975). When comparing the positive rates of IgG in
military and civilian personnel depending on the level of
exposure, no differences were observed for level 1 (18.2%
and 20.0%, respectively; P =0.4616), more civilian were
positive in level 2 (16.0% vs. 6%; P =0.0008), and more
military personnel were positive in level 3 (16.7% vs.
10.2%; P=0.0315).

Discussion

The seroprevalence and SARS-CoV-2 infection in health
care workers from a military hospital was determined in
the present study. The main results showed that the preva-
lence of positive infection was low (1.1%) and that 16.2%
of the sample showed positive IgG against SARS-CoV-2.

This hospital is located in Madrid, one of the regions
with the highest COVID-19 rates in the country [17],
which could explain the high rate of antibodies detection.
However, no differences were observed between the results
from the present study and the expected seroprevalence of
15% based on an estimate from modeling studies for the
overall Spanish population in March 2020 [18].

Similar studies performed in other countries have
observed higher infection rates in health care workers. In
a study of 1533 employees from the UK, 282 (18%) tested
positive for SARS-CoV-2 infection [19].

The seroprevalence was higher in the high exposure
group (level 1) as compared to the moderate (level 2) and
low exposure group (level 3). These differences could be
in part explained by the type of activity carried out, since
Level 1 employees have daily contact with COVID-19
patients.

Another finding from the present study is that an impor-
tant approach to prevent infection between patient and
staff is to receive training on COVID-19 protocols, as for
example hygiene guidelines. It needs to be remarked that
the overall rate of employees with COVID-19 training
was 64.5%. This cohort of patients presented significantly
less seroprevalence of antibodies against SARS-CoV-2
as compared to employees without any COVID-19 train-
ing (14.5% vs 18.6%). Moreover, these findings could be
observed at every level of exposure.

A total of 263 seropositive employees (58%) had pre-
viously been diagnosed with COVID-19, whereas 42%
were asymptomatic, which denotes that early detection/
screening programs should be implemented in health care
workers to decrease in-hospital transmission and to maxi-
mize the available workforce [19]. This is in accordance
with other studies observing similar rates of asymptomatic
subjects [20].

Military and civilian personnel showed slightly differ-
ent results for the prevalence of IgG (15.1% and 16.7%,
respectively). When analyzing the seroprevalence by the
risk of exposure to SARS-CoV-2, civilian subjects within
level 1 and 2 presented higher positive results for IgG
than the military group. This could be explained by the
fact that military personnel are trained throughout their
professional life to attend emergency situations. Also
they received nuclear, radiologic, biologic, and chemical
courses on regular basis, allowing military personnel to
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enhance their preparedness to any arising health emer-
gency situation. Positive cases associated to level 3 sub-
jects were mainly related to external transmission due to
close contacts with positive relatives during family gather-
ings or others.

An important limitation related to the study design
should be acknowledged, since descriptive observational
approaches do not necessarily imply causality relation-
ships. Moreover, this study design can sometimes be use-
less and can also lead to confounding factors when dealing
with short-term or infrequent illnesses. Also, it should be
taken into consideration that the number of participants still
remains limited even if the entire health care staff had been
included in the study, which can be explained by the reduced
size of the hospital.

Finally, the accurate sensitivity and specificity of the
immunological assay performed still remain unknown as no
“gold standard” test is currently available for the determina-
tion of antibodies against SARS-CoV?2 infection. Addition-
ally, the Abbott SARS-CoV-2 IgG test is also limited as it
only detects IgG antibodies against the nucleocapsid.

As a strong point, to the best of our knowledge, this is
one of the first studies on anti-SARS-CoV-2 IgG antibodies
comparing military to civilian health care workers. However,
further multicenter studies with a large number of subjects
from different military hospitals would be necessary to fur-
ther evaluate the seropositivity in these different cohorts.

Conclusion

Taking into consideration the limitation found in the present
study, we can conclude that the global seroprevalence data of
the hospital was as expected. Three factors were associated
to the prevalence of patients positive to SARS-CoV-2 IgG
antibodies. First, health workers who attended COVID-19
trainings had a lower seroprevalence rate than those who did
not attend them, suggesting the great importance of train-
ings in safety protocols. Second, a lower seroprevalence rate
among military employees as compared to the civilian per-
sonnel could be observed. And third, subjects with higher
risk of exposure to SARS-CoV2 had higher seroprevalence
and higher infected rates.
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