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Abstract

The true burden of COVID-19 in Yemen is underestimated. The healthcare system is dys-
functional and there is a high shortage of health care workers in the country. Testing for
SARS-CoV-2 remains limited and official surveillance data is restricted to those who are
severe or highly suspected. In this study, Médecins Sans Frontieres (MSF) aimed to con-
duct serological screening using rapid tests for asymptomatic staff at the MSF Aden Trauma
Center to determine the SARS-CoV-2 antibody seropositivity. Four months after the peak of
the first wave, we offered all the staff at the MSF Aden Trauma Center PCR if symptomatic,
and a baseline SARS-CoV-2 serology screening followed by follow-up screenings. A final
round was scheduled four months after the baseline. A rapid serology lateral flow test, NG-
Test IgM-1gG was used in all rounds and in the final round, an electrochemiluminescence
immunoassay (ECLIA) (Elecsys Anti-SARS-CoV-2 assay). Univariate and multivariate anal-
yses were used to identify risk factors for seropositivity. The level of agreement between the
different serology assays used was investigated. Overall 69 out of 356 participants (19.4%,
95% CIl 17.9-20.8) tested positive by NG-Test between September and November 2020. A
sub-sample of 161 staff members were retested in January 2021. Of these, the NG-Test
detected only 13 positive cases, whereas the ECLIA detected 109 positive cases. The
adjusted seroprevalence by ECLIA was 59% (95%ClI 52.2—65.9). The non-medical staff had
significantly lower odds of seropositivity compared to the medical staff (AOR 0.43, 95% CI
0.15-0.7, p<0.001). The positive percent agreement between the two tests was very low
(11%). Our results suggest a very high SARS-CoV-2 seroprevalence in healthcare workers
in Yemen, highlighting the need for regular testing and rapid vaccination of all healthcare
workers in the country.

Introduction

After seven years of civil war, Yemen is facing the worst humanitarian crisis in the world.
Around 80 percent of the Yemeni population (24.1 million people) are in need of
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humanitarian assistance [1, 2]. The health care system is crippled, with more than half of the
country’s health facilities dysfunctional and a severe shortage of skilled medical personnel [1, 3].
Since 2017, Yemen has faced the largest cholera outbreak in the world besides other epidemics
of diphtheria, dengue, and malaria, which thrived as a consequence of the conflict [2]. Adding
to this dire situation, Yemen was challenged with the COVID-19 pandemic in 2020 [4].

The true burden of COVID-19 in Yemen remains unknown. As of 18 May 2021, the total
number of official cases reported was 6,572 and 1,295 associated deaths. The first wave of the
COVID-19 outbreak in Yemen was between May and September 2020, with the highest weekly
number of cases (244 cases) recorded in epi week 24 (June 8 to June 14, 2020). Very few cases
were reported between October 2020 and January 2021. In February 2021, the number of
weekly cases started to increase significantly, indicating the start of the second wave in the
country. During epi week 13 of 2021, the country recorded its highest weekly number of
reported cases (765 confirmed cases and 95 deaths [5]). The naive case fatality rate (CFR) of
19.7% was the highest reported worldwide, but was largely due to the limited number of tests
performed, poor access to testing, and under-reporting of COVID-19 cases (with only highly
suspected cases tested [4, 6]) and deaths [3].

Protecting health care workers (HCWs) in Yemen is critical as the country has already
fewer than 10 health workers for every 10,000 people. Médecins Sans Frontiéres (MSF) priori-
tized the protection of its staff in Yemen by ensuring the availability of personal protective
equipment (PPE) and by strengthening Infection Prevention and Control (IPC) measures in
its facilities [7]. Despite this, staff absence due to illness was high during the first peak. MSF
needed to rapidly identify, and manage staff illness, and also understand better community
transmission in Aden, given the limited information available from official testing.

In this study we aimed to conduct serological screening using rapid tests for asymptomatic
staff at the MSF Aden Trauma Center to determine the SARS-CoV-2 antibody seropositivity.
When the study was conceived in mid-2020, access to reverse transcription polymerase chain
reaction (RT-PCR) test was extremely limited and validated rapid antigen tests were not avail-
able. Therefore, we performed serological screening using rapid tests for asymptomatic staff,
reserving PCR for those with symptoms, as this was the only feasible approach. An electroche-
miluminescence immunoassay (ECLIA) became available in November 2020 in Aden and was
used in the final round of screening, given its superior performance. Therefore the main objec-
tives of this study were to measure the seroprevalence of antibodies to SARS-CoV-2 in the
MSF staff at the Aden Trauma Center, to identify the potential risk factors for seropositivity,
and to compare the results of the serology lateral flow test with the electrochemiluminescence
immunoassay used in the final screening.

Methods

Enrolment of study subjects

All staff members (n = 404) were invited to take part in the study on a voluntary basis. A writ-
ten consent was obtained from all the study participants. The screening appointments were
organized during information sessions provided by the study team. On the day of the screen-
ing, participants received an awareness session on COVID-19 prevention, an explanation of
the study objectives, and interpretation of their serological test result.

Data collection

A baseline SARS-CoV-2 serology screening was conducted between September 27™ and Octo-
ber 4™, 2020. Then three follow up screenings took place every two weeks, between October
11™ and November 12%, 2020. In the follow-up rounds, new participants and those who tested
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negative in previous screenings were targeted. A final screening was scheduled on the 10™ of
January 2021 after access to ECLIA testing became possible. As it was not feasible to invite all
the staff members to participate in the final round, a sub-sample was invited including 61 of
those who had tested positive in previous rounds, and 100 among those who had tested nega-
tive. The final round aimed to measure the change in the results of seropositivity in the lateral
flow immunoassay (NG-Test) over the study period and to assess the test agreement between
the two different assays used.

For each participant, we collected baseline information on sex, age, job role, existing
chronic illnesses, and self-reported adherence to COVID-19 related IPC measures. In each
testing round, the study doctor or nurse performed an assessment of any current symptoms
associated with COVID-19 and recent potential exposure to SARS-CoV-2. Participants who
met the WHO case definition of a suspect COVID-19 case were not tested for antibodies but
were offered diagnostic testing using RT-PCR.

Tests for presence of antibodies to SARS-CoV-2

We used a rapid serology lateral flow test, NG-Test IgM-IgG COVID-19 (NG Biotech, Guipry,
France) according to the manufacturer’s instructions. The NG-Test detects specific IgG and
IgM antibodies using the nucleocapsid protein (N) as the target antigen. As reported by the
manufacturer, the test has 100% sensitivity and specificity (CI95% [56.1-100]) and (CI95%
[85-100]), respectively, at 15 days after the onset of symptoms. The NG-Test was used in all
the screening rounds of our study [8].

In the final screening, we also used an electrochemiluminescence immunoassay (ECLIA)
by Elecsys Anti-SARS-CoV-2 assay using the cobas e411 module (Roche Diagnostics, Rotkeuz,
Switzerland). The test provides a qualitative detection of all antibodies (including IgG) to
SARS-CoV-2 in human serum and plasma [9]. The test result is expressed as cut-off index
(COI) value, calculated by dividing the electrochemiluminescence signal of the sample with
the signal obtained by calibration. The cut-off is 1.0 COI [10]. As reported by the manufac-
turer, the test has a sensitivity of 99.5% (CI95% [97-100]) and specificity of 99.8% (CI95%
[99.7-99.9]) [9]. Serum samples were collected by the MSF laboratory team and analyzed at
the laboratory of the Aden National Blood Transfusion and Research Center in agreement
with MSF and Epicentre.

Statistical analysis. We described the study participants using summary measures, and
estimated seroprevalence with 95% confidence intervals (CI95%), by type of job, IPC adher-
ence and recent exposure, in addition to the baseline characteristics. We performed univariate
logistic regression analysis and constructed a multivariate logistic regression model including
all variables that could potentially explain the differences in seropositivity. The finite popula-
tion correction (fpc) factor was included in the calculation of our estimated parameters.
Weighted estimates were calculated in the final screening results to adjust for the oversampling
of the cases with positive rapid test results. Rao-Scott Chi-square tests were used to compare
categorical variables and a p-value of less than 0.05 was considered statistically significant. In
the absence of a reference standard test to measure the sensitivity and specificity of the diag-
nostic tests used, we calculated the positive percent agreement (NPA) and the negative percent
agreement (PPA), in addition to the Kappa measure of agreement to compare the results of the
NG-Test and Elecsys used in the final screening. For all analyses, we used RStudio v.1.2.5033
statistical software.

Ethical considerations. This protocol was approved by the MSF Ethics Review Board on
July 30, 2020, reference number 2056a, and by Aden University Institutional Review Board on
August 9, 2020 (Research Code: REC-79-2020).
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Results
Time period screening implementation

The baseline screening took place at the end of September 2020, which was four months after
the peak of the outbreak in June 2020 (Fig 1). During the study period (Sep 2020- Jan 2021)
the number of official cases reported in the country was low, ranging from 1 to 10 cases per

week, suggesting low transmission. The last round was performed 8 months after the first
peak.

Characteristics of study participants

A total of 356/404 staft members working at the MSF Aden Trauma center agreed to partici-
pate in the study. Participants were predominantly male (87%) with a mean age of 37.8 years
(SD = 8.4). The majority reported no chronic illnesses (80%). Most participants had a perma-
nent work contract (79%); the remainder were daily or temporary workers. Forty-nine percent
were medical staff, including physicians, nurses, and physical therapists. Twenty five percent
of participants were other health personnel who had indirect patient contact, such as

Staff sick leave days

[Screening rounds] [Final screening]
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Fig 1. Yemen COVID-19 epi curve, number of admissions at MSF covid19 treatment center and number of sick leave days taken by MSF staff in Aden

Trauma Center—Sep 2020 and Jan 2021.

https://doi.org/10.1371/journal.pgph.0000767.9001
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laboratory technicians, IPC officers, and cleaners. The other participants (26%) worked at the
health facility with no link to patient care such as watchmen, drivers, and administration staff.
Over half attended at least one IPC training session related to COVID-19 (51%). Forty-eight
percent indicated being a contact of a suspect or confirmed COVID-19 case during the two
weeks prior to their screening. During the study period, 19 percent reported COVID-19
related symptoms and only one tested PCR positive during the study period.

Overall estimate of infection based on seropositivity

The total number of participants who tested positive by NG-Test IgG-IgM in any of the rounds
between the initial screening and end of follow-up was 69/356. Hence, the overall SARS-CoV-
2 seropositivity measured by rapid test was 19.4% (95% CI 18-20.7). The IgG and IgM sero-
positivity were 17% (CI95% [15.8-18.4]) and 18.5% (CI95% [17.2-19.9]), respectively. Charac-
teristics of those who were seropositive by NG-Test are summarized in Table 1. (The results of
each round are presented in Table A in S1 File).

In January 2021, 161 participants, of whom 61 were positive by NG-Test in previous
rounds, were re-tested. 13 (8%, 95% CI 6.6-9.5) were seropositive by NG-Test whereas 109
(67.7%, CI95%[65.3-70.1]) were positive by ECLIA. Adjusting for oversampling of cases with
positive NG-Test results, the weighted seroprevalence by ECLIA was 59% (95% CI 52.2-65.9).

Univariate and multivariate risk factor analyses of seropositivity. Univariate analysis
based on the 161 participants with ECLIA results shows that daily workers were significantly
more likely than permanent staff to be infected by SARS-CoV-2 (OR = 1.44, p = 0.05), how-
ever, temporary staff had less the odds of being infected compared to permanent staff
(OR = 0.6, p =0.04) (Table 2). The non-medical staff were 38% less likely to be seropositive
compared to the medical personnel (OR = 0.38, p < 0.001). Staff members who reported
comorbidities were less likely to be infected by SARS-CoV-2 (OR = 0.77, p = 0.043). Those
who reported being a contact with a suspect COVID-19 case had lower the odds of seropositiv-
ity compared to those who reported no exposure (OR = 0.69, p = 0.001). Multiple regression
analyses retain significant associations only for non-medical personnel and being a contact
(OR =0.43,p < 0.01 & OR = 0.72, p = 0.008, respectively) (see Table B in S1 File). Analyses
based on NG-Test results are presented in Table C in S1 File.

Test agreement between Elecsys and NG-Test

The test agreement was assessed in the last round of 161 samples that were tested by both the
NG-Test and Elecsys immunoassay. As shown in Table 3, the positive percent agreement
(PPA) of these two testing methods was 11% (95% CI [5.8-18.4]) and the negative percent
agreement (NPA) was 98% (95% CI [89.7-99.9]), with a kappa coefficient of 0.061 (95% CI
[0.012-0.11]) indicating slight agreement. In our analysis, the cut-off index (COI) values gen-
erated by Elecsys ranged between 0.059 and 254 with a mean of 30.8 and a median of 6.54
(IQR [0.096-33.55]). The majority of COI results were below 30. The median COI among
those who tested negative by NG-Test in previous rounds was 0.36 (95%CI [0.15-1.52]) com-
pared to 45.48 (95%CI [40.7-58.4]) among those who tested positive (p <0.001) (Fig 2).

Discussion

To our knowledge, this study is the first to report on the prevalence of SARS-CoV-2 antibodies
among HCWs in Yemen. Our results show that seropositivity in this cohort was high (19.4%)
using rapid serology lateral flow tests. In the last screening round, the ECLIA, which has supe-
rior performance, suggested that the true extent of infection was grossly underestimated, as it
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Table 1. SARS-CoV-2 seroprevalence results detected by NG-Test in MSF Aden Trauma Center during follow-up screenings from 27 Sep to Nov 8 2020 and a final

screening from 10 to 24 Jan 2021.

Characteristics NG-Test Results* NG-Test Results*
Sep 27 to Nov 8 2020 10 to 24 Jan 2021
N Prevalence [CI 95%] N Prevalence [CI 95%]
Overall 69/356 19.4% [18-20.7] 13/161 8% [6.6-9.4]
Sex
male 64/310 20.6% [19.11-22.09] 12/144 8.3% [6.79-9.8]
female 5/46 10.8% [7.8-13.8] 1/17 5.9% [2.2-9.6]
Age Group (years)
20-29 8/44 18.18% [14.5-21.9] 1/19 5.3% [2-8.6]
30-39 30/183 16.4% [14.6-18.2] 5/76 6.57% [4.7-8.4]
40-49 21/92 22.82% [20.1-25.6] 4/47 8.5% [5.8-11.2]
50-59 7/28 25% [19.7-30.3] 1/13 7.7% [2.9-12.5]
60+ 3/9 33.3% [23.1-43.5] 2/6 33.3% [20.7-45.9]
Type of contract
daily work 12/45 26.6% [22.3-30.9] 1/20 5% [0.9-9.1]
temporary 2/29 6.9% [3.8-10] 0/9 0% [NA]
permanent 55/282 19.5% [18 - 21] 12/132 9% [7 - 11]
Job role
medical Staff 45/173 26% [23.8-28.2] 8/82 9.7% [7.5-11.9]
other personnel at health facility 11/90 12.2% [10-14.4] 3/42 7.14% [4.4-9.8]
other health personnel 13/93 14% [11.7-16.4] 2/37 5.4% [2.9-7.9]
Comorbidities
yes 16/71 22.5% [19.3-25.7] 2/41 4.9% [2.6-7.2]
no 53/285 18.6% [17-20.1] 11/120 9.2% [7.4-11]
Attended IPC Training
yes 30/181 16.6% [14.8-18.4] 6/82 7.3% [5.3-9.3]
no 39/175 22.3% [20.3-24.3] 7179 9% [6.7-11]
PPE use at work
always 69/349 19.7% [18.3-21] 13/158 8.2% [NA]
not always 0/7 0 0/3 0
Contact with suspect/confirmed case in the past 2 weeks
yes 25/169 14.8% [13-16.6] 9/81 11% [8.8-13.5]
no 44/186 23.6% [21.6-25.6] 4/80 5% [3.4-6.6]

*estimates adjusted using finite-population correction factor (fpc).

https://doi.org/10.1371/journal.pgph.0000767.t001

was over eight times higher than what was detected by the NG-Test, with an overall adjusted
seroprevalence estimate of 59%.
A systematic review and meta-analysis estimated an overall seroprevalence of 8.7% (range
0%-45.3%) among HCWs globally [11]. The adjusted seroprevalence of 59% in our study may
be one of the highest to be reported in HCWs in a non-COVID-19 hospital worldwide. Similar
studies conducted in other neighboring countries have shown much lower seropositivity in
HCWs; for example, in a tertiary hospital in Saudi Arabia a seroprevalence of 6.3% was
reported [12]. Another seroprevalence study using ELISA and ECLIA in a COVID-19 hospital
in Oman reported an infection rate of 10.5% [13]. This highlights the wide gap between the
conflict setting of Aden and other countries demonstrating the direct impact of the war on the

healthcare system and its diminished capacity to protect its HCWs.
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Table 2. Univariable analyses for risk factors of seropositivity to SARS-CoV-2 in 161 participants in the MSF Aden Trauma Center.

N Crude Prevalence [CI 95%)] Weighted* Prevalence [CI Univariate OR [CI 95%] | P-value
95%]
Overall 109/ 67.7% [65.3-70.1] 59% [52.2-66] - -
161
Sex
male 97/144 67.4% [64.8-67] 58.4% [51.1-65.6] Ref -
female 12/17 70.6% [63.3-77.8] 64.5% [45-84] 1.16 [0.8-1.51] 0.42
Age group (years)
20-29 13/19 68.4% [61.3-74.5] 60% [40.4-76.6] Ref -
30-39 51/76 67.1% [63.6-70.6] 59.3% [49.3-69.3] 0.94 [0.59-1.29] 0.74
40-49 32/47 68% [63.7-72.3] 60% [47-73] 0.98 [0.6-1.35] 0.93
50-59 10/13 76.9% [69.3-84.5] 66.5% [41-92] 1.53 [1-2.06] 0.11
60+ 3/6 50% [36.7-63.3] 30% [20 - 59] 0.46 [-0.17-1.09] 0.01
Type of contract
daily work 15/20 75% [68.7-81.3] 66% [46.4-85.6] 1.44 [1.06-1.81] 0.05
temporary 5/9 55.5% [44.7-66.3] 52.5% [23.1-82] 0.6 [0.13-1.07] 0.04
permanent 89/132 67.4% [64.7-70.1] 58.6% [51-66.2] Ref -
Job role
medical Staff 60/82 73.2% [70-76.3] 63.6% [53.8-73.4] Ref -
other health personnel 30/42 71.4% [66.9-75.9] 66.3% [53.2-79.4] 0.9 [0.62-1.17] 0.54
other personnel at health facility 19/37 51.3% [46-55.6] 42.3% [28.2-56.4] 0.38 [0.12-0.63] <0.01
Comorbidities
no 53/285 18.6% [17-20.1] 61% [47.3-74.7] Ref -
yes 16/71 22.5% [19.3-25.7] 53.6 [45.8-61.4] 0.77 [0.53-1] 0.043
Attended IPC training
1o 54/79 68.3% [65-71.7] 60% [50-70] Ref -
yes 55/82 67% [63.7-70.3] 60% [50-69.6] 0.94 [0.72-1.15] 0.6
PPE use at work
not always 2/3 66.7% [49-87.3] 66.6% [21.5-112] Ref -
always 107/ 67.7% [65.4-70] 59% [52.1-65.9] 1.04 [0.24-1.84] 0.9
158
Contact with suspect/confirmed case in the past 2
weeks
no 58/81 71.6% [64-81.3] 61.6% [51.8-71.4] Ref -
yes 51/80 63.7% [60.2-67.2] 57% [47.1-66.7] 0.69 [0.47-0.9] 0.001
*Weighted by NG-Test results of previous rounds to adjust for over-sampling of RDT positive.
https://doi.org/10.1371/journal.pgph.0000767.t002
Table 3. Test agreement between NG-Test and Elecsys in 161 samples in MSF Aden Trauma Center-January 2021.
NG-Test
Positive, n Negative, n Total, N
Elecsys Positive, n 12 97 109
Negative, n 1 51 52
Total, N 13 148 161

Note: Positive Percent Agreement (PPA) = 12/ 109 = 0.11 | Negative Percent Agreement (NPA) = 51/52 = 0.98.

https://doi.org/10.1371/journal.pgph.0000767.t003
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Fig 2. Boxplot of Elecsys COI levels by NG-Test results of the initial and follow-up screenings (61 positive & 100 negative) in MSF Aden Trauma Center-

January 2021.

https://doi.org/10.1371/journal.pgph.0000767.9002

Several risk factors associated with a positive SARS-CoV-2 antibody test in HCWs have
been reported [11]. A higher probability of SARS-CoV-2 seropositivity was observed in HCWs
working in COVID-19 units. Similarly, front-line HCW providing patient care have been
reported to have higher odds of seropositivity [11, 14]. Our results concur with these findings,
as medical and nursing staff were at higher risk of SARS-CoV-2 infection compared to other
staff. The fact that daily workers had higher rates of infection than those on temporary or per-
manent contracts suggests that either they were exposed to very high levels of community
exposure outside the workplace, or perhaps were less likely to adhere to protective measures at
work. The majority of staff reported using PPE at work; this also suggests that community
exposure to SARS-CoV-2 infection was important, although correct PPE and IPC measures
may not always have been respected in the workplace.

Unlike other studies that showed a significant association of higher seropositivity in con-
tacts of a confirmed or a suspect case [11], in our study cohort those who reported being a con-
tact had lower odds of being seropositive. This was not expected, but transmission was very
low in the community during the study period, as reported by the national surveillance; hence
participants could have over-reported being in contact with “suspect COVID-19” cases, which
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were rather due to illness from other causes besides that the wide definition of a suspect case
that could have led to an overestimation in the reporting.

Several studies have shown that the use of serological rapid diagnostic tests in low-resource
settings has limitations and they are not optimal for active surveillance [15-18]. The NG-Test
may have lower specificity for IgM and results for IgM should be interpreted with caution [19,
20]. Rapid serological tests have not been robustly evaluated for use in time periods late (more
than several months) after infection. The use of Elecsys in the final screening gave us the
opportunity to increase the sensitivity in identifying participants with SARS-CoV-2 antibodies.
This showed that the NG-Test missed many Elecsys positive cases, leading to a high proportion
of false negatives (97 out of 109) and very low level of agreement in the results of the final
round (8% vs 67.7% seropositivity). Studies evaluating Elecsys have consistently reported high
performance and reliability [21-23].

Information on onset of symptoms in our study cohort was lacking, but there is strong epi-
demiological evidence suggesting that the majority of infections among the staff occurred dur-
ing the first peak of transmission. This is reinforced by the high level of staff absence due to
illness observed in this period. This could also partly explain the poor performance of NG-Test
in our study context; more than 4 months after infection, antibody levels may have been below
the level of detection of this test. Additionally, the Elecsys COI levels were lower among those
who tested negative by NG-Test. Though COI levels do not directly quantify the antibody
titer, other studies have shown that it is closely associated with the assay composition and reac-
tion kinetics [10]. Other studies have also shown that the antibody titer level is associated with
the severity of infection [15]. There were no recorded hospitalizations for COVID-19 among
the study participants; we thus assume that the COVID-19 infections that occurred in our
study participants were asymptomatic or mild.

Our study has limitations. Participation in the study was voluntary; however the majority
(over 88%) of staff agreed to participate in the study, limiting potential bias. Information and
recall bias could have affected the measurement of potential risk factors including reporting of
the use of PPE, attending IPC training and being a contact. The unavailability of ECLIA or
other confirmatory tests was also a constraint, unavoidable in this context, and only a sub-pop-
ulation could be screened with both tests. The limitations and performance of the serology
tests could have also resulted in biased estimates; however, the use of the ECLIA in the last
round confirms a high infection rate and low false positive rapid test results.

In conclusion, the results presented in our study highlight a very high SARS-CoV-2 sero-
prevalence in HCWs in Yemen. In a country with a fragile health system and underreporting
of cases, this study confirms evidence from other sources of extremely high transmission of
COVID-19 in Aden in 2020 [23], including a high seroprevalence rate of 27.4% that was esti-
mated in a population-based survey conducted during the same period of our study [24].
Rapid vaccination of all health workers and reinforcement of IPC and barrier measures is key
to preventing morbidity and potentially preventable deaths, especially hospital acquired infec-
tions in staff and patients with risk factors for severe disease.
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