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The high level of adherence to personal
protective equipment in health care workers
efficiently protects them from COVID-19
infection
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Abstract.
BACKGROUND: The first case of coronavirus disease 2019 (COVID-19) was reported in December 2019 in Wuhan, China.
Healthcare workers (HCWs) are at high risk of acquiring and spreading the COVID-19 infection; using personal protective
equipment (PPE) reduces the risk of COVID-19 infection in HCWs.
OBJECTIVE: Our study aimed to investigate the seroprevalence of COVID-19 IgG, IgM antibodies among HCWs as well
as identifying the factors associated with this seroprevalence.
METHODS: This cross-sectional study was performed from July to August 2020 on healthcare workers at two COVID-19
referral hospitals of Birjand University of Medical Sciences. The level of COVID-19 IgG and IgM antibodies in sera was
measured by commercial qualitative ELISA kits.
RESULTS: In total, 192 individuals participated in the study: physicians (31.25%), nurses (30.2%). 84.2% of participants
had contact with confirmed COVID-19 cases and among them 42.9 % of had close contact with COVID-19 patients for more
than 3 months, and 31% reported close contact with more than 50 confirmed COVID-19 cases. Mask and gloves were the
most frequently used personal protective equipment (PPE) with 92.4% and 77.2% of usage.
CONCLUSIONS: The results of the current study showed high level of adherence to the use of PPE among HCWs as well
as very low prevalence of seropositivity for of COVID-19 antibodies, hence confirming the effectiveness of PPE in protecting
HCWs among COVVID-19 and possibly any other similar infections.
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1. Introduction

During the last 13 months from the detection of the
first case of coronavirus disease 2019 (COVID- 19)
in December 2019 in Wuhan, China, the COVID-19
pandemic has caused more than 93 million docu-
mented infections and over 2 million deaths [1].
In spite of all efforts and trials, no cure or highly
effective treatment is available. With regard to vac-
cines, although several types have been developed
and vaccination programs started in many countries,
coverage of vaccination in global scale is still low
and there is conflicting data about the level and dura-
tion of vaccines’ protection particularly against new
variants of SARS-2.

The extremely contagious nature of the severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) and prolonged incubation time contributes
toarise in the number of a symptom a ticcarriers who
may not take suitable precautions and possibly spread
the virus [2]. For example, in a study performed in
Italy, 44% of cases that had positive laboratory results
didn’t have any symptoms [3].

On the other hand, hospital-associated spread is
regarded as a key route for virus transmission, and
healthcare workers (HCWs) are at high risk for
acquiring and spreading the infection [4]. Several
surveys reported variable rate of COVID-19 infec-
tion among HCWs, around 4.2% in Oman and China
[5, 6] to 9% and even 17.8% in Italy and the USA
respectively [7, 8].

Asymptomatic patients or those with unusual
COVID-19 symptoms create a considerable hazard
for HCWs, furthermore infected HCWs can transmit
the infection to the patients as well [9]. Considering
the fundamental role of HCWs in the management
and treatment of COVID-19 patients, protecting them
from COVID-19 is of fundamental importance. From
the start of the pandemic, there has been a huge
amount of debate about the optimal way of protection
particularly for HCWs who have frequent close con-
tact with infected patients. During the early phase of
the pandemic, the role of personal protective equip-
ment (PPE) in the provision of adequate protection
for HCWs was not well-understood, and it was uncer-
tain whether the data regarding the protective effect
of N95 respirators, surgical masks, and hand hygiene
in other respiratory virus infections [10, 11] would
apply to COVID-19 as well. As we moved forward,
a growing body of evidence indicated that respira-
tory droplets containing viable virus constitute a key
transmission route for COVID-19, highlighting the

preventive efficacy of PPE, especially face masks and
respirators [12–14].

Although real time reverse transcriptase poly-
merase chain reaction (RT-PCR) is considered the
gold standard method for diagnosing COVID-19,
serology for COVID-19 antibodies is more useful
in seroepidemiological studies and for checking the
history of exposure particularly in asymptomatic
cases [15]. The antibody response in HCWs has
been studied in various reports with different rates,
depending on the region, the time of the study,
symptomatic status, and type of employee. Sero-
prevalence rates among HCWs has varied from 0.7%
to 11% in different studies [16–20]. Notably, some of
these investigations revealed the seropositivity rate
among asymptomatic cases ranges from 38% to 48%
[20–22]. Evaluating the presence of anti-SARS-CoV-
2 in healthcare workers gives evidence about the
effectiveness of PPEs usage in protection of health
care workers [21]. Eventually, surveillance outcomes
for asymptomatic HCWs are also helpful to decrease
the labor shortage due to excessive quarantine, to dis-
tinguish atypical, mild, or asymptomatic cases, and
in protecting all healthcare employees.

Regarding the important role of HCWs in control-
ling and treatment of pandemic and the role of PPE
in protection against COVID-19, the aims of the cur-
rent study was to evaluate the adherence of HCWs
to t proper use of PPEs and the seroprevalence of
SARS-CoV-2 antibodies among a group of HCWs in
COVID-19 referral hospitals at Birjand city, Iran.

2. Materials and methods

This cross-sectional study, performed from July to
August 2020, on healthcare workers at two COVID-
19 referral hospitals of Birjand University of Medical
Sciences. The rate of exposure to COVID-19 patients
inside and outside the hospitals, the level of adher-
ence to use of PPE among health care workers as
well as demographic information was assessed by a
questionnaire which was originated from the WHO
questionnaire with some modification. The study was
approved by the ethics committee of Birjand Uni-
versity of Medical Sciences (ir.bums.REC.1399.109)
and all participants signed an informed consent form.
All collected questionnaires were checked and five
milliliters of venous blood was taken from partic-
ipants who filled the questionnaires properly and
agreed to donate blood samples. Serum was separated
by centrifugation and kept at –20◦C until analysis.
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Table 1
Proportion of different participants based

on their occupation

Occupation Number (%)

Physicians 60 (31.25)
Nurses 58 (30.2)
Radiology staff 15 (7.8)
Service staff 10 (5.2)
Reception staff 7 (3.65)
Laboratory staff 9 (4.7)
Other 33 (17.2)
Total 192 (100)

The level of COVID-19 IgG and IgM antibodies in
sera was measured by commercial qualitative ELISA
kits (Pishtaz Teb Company, Tehran, Iran). The sen-
sitivity and specificity of the assay were 85.4% and
99.4% for IgM and 94.1% and 98.3% for IgG respec-
tively. Those with positive or borderline ELISA
results were re-checked.

2.1. Statistical analysis

The data were analyzed by Chi-square and Mann-
Whitney U test and the variables were expressed as
frequency and percentage. A p-value less than 0.05
were considered as significant. SPSS 23 software was
used for statistical analysis.

3. Result

In total, 192 HCWs (mean age: 35.45 ± 8.05, M/F
ratio: 0.51) participated in this study. Most of the
participants were physicians (31.25%) followed by
nurses (30.2%). Table 1 shows the proportion of par-
ticipants based on their occupation.

84.2% of participants had contact with confirmed
COVID-19 cases and among them 42.9 % of had
close contact with COVID-19 patients for more than
3 months and 31% reported close contact with more
than 50 confirmed COVID-19 cases. Figure 1 depicts
the duration of exposure to patients among HCWs.
Mask and gloves were the most frequently used PPE
with 92.4% and 77.2% of usage, respectively and
almost all of participants wear them always when
were at works. Table 2 shows the usage of different
PPE among participants.

In the case of seroprevalence, 137 participants
donated blood and among them only 7 cases (5.1%)
including 2 males and 5 females were positive and
2 cases (1.4%) had borderline results for COVID-19
IgG. None were positive for COVID-19 IgM. 71.42%

Fig. 1. Duration of close contacts with COVID-19 patients among
participants.

of the individuals with positive IgG results had symp-
toms four weeks before filling the questionnaire. Sore
throat and fatigue were the most common symptoms
in IgG-positive participants. Only one of the IgG-
positive individuals had an underlying disease (obe-
sity). There was no correlation between seropositivity
and occupation, rate of exposure or the level of adher-
ence to PPE.

4. Discussion

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is a highly contagious disease which
has left many casualties particularly among HCWs
around the world [22]. In spite of all efforts for treat-
ing and preventing this disease by different regimens
and vaccination, using PPE remains the best protec-
tive strategy, especially for HCWs [23]. In the current
we assessed the use of PPE among HCWs and the rate
of seroprevalence of COVID-19.

In the present study, face masks and gloves were the
most commonly used PPE. Recent studies indicated
that face masks and gloves were the most commonly
used PPE to protect from respiratory infections [24].

Although a loose mask does not provide complete
protection from respiratory infection [25]. studies
including the current study confirmed the protective
effect of a mask. Our result indicates that surgical
masks were a more commonly used PPE compared
to N95 masks. Availability, low cost, and low side
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Table 2
Percentage of using different personal protective equipment (PPE) among HCWs

PPE Percentage The frequency of PPE usage (%)
Rarely Occasionally Most of Always

the time

N95 or surgical mask 92.4 0 1 38.7 60.3
N95 mask 64.7 0 0 46.3 53.7
Surgical mask 77.2 0 2.8 44.4 52.8
Isolation gown 72.3 0 0 36.8 63.2
Gloves 92.4 1.6 39.7 58.7
Shoe cover 53.8 0 0 44.8 55.2
Hair cover 58.2 0 2.2 33.4 64.4

effects of surgical masks make it more commonly
used versus N95/PAPR masks [26]. Health workers
who use masks have symptoms such as respiratory
symptoms, pressure-related skin lesions, and der-
matosis of different grade or ocular symptoms. The
symptoms were higher in the healthcare staff wear-
ing an N95/FFP2 respirator mask and this justifies the
higher rate of surgical mask used [27].

Gloves are used to protect hands from blood and
body fluids, including respiratory secretions [28].
Medical gloves play an essential role in the COVID-
19 control strategy, and The Centers for Disease
Control and Prevention (CDC) and the European
Center for Disease Prevention and Control (ECDC)
recently recommended regular use of gloves both in
the health care setting and, in the community [29, 30].
Gloves should be worn when providing direct care
for a COVID -19 case and then removed, followed
by hand hygiene between COVID-19 patients. Using
the same gloves for a cohort of COVID-19 cases
(extended use) must not be done [26]. In contrast,
The World Health Organization (WHO) has warned
about the limited protective efficacy of gloves. Reg-
ular use of gloves for daily activities may lead to a
false sense of protection and increased hand-to-face
contact and contamination [26].

Overall, the percentage of glove use among health
workers in this study was higher than in other studies,
which due to the low seroprevalence of COVID-19
can indicate the correct and appropriate use of gloves
among HCWs [27].

According to the protocols of the World Health
Organization, the use of gloves, medical mask, gown,
eye protection (goggles or face shield) and masks
is recommended for Health care workers who are
in direct contact with the patient, in the absence of
aerosol-generating procedures; and in the presence
of aerosol-generating procedures, respirator N95 or
FFP2 or FFP3 standard, or equivalent masks should
be used [26]. In present study, 50.86% of the partic-

ipants wore 3 or more PPE, which was very similar
to the protocol of the World Health Organization.

In this study seroprevalence for SARS-CoV-2
among HCWs, was low (5.1%) while the rate of
exposure to COVID-19 patients was fairly high. This
prevalence was higher than other studies including
the Santa Clara County, United States with approx-
imately 3500 subjects and an IgG seroprevalence of
1.5 %, the Germany study on 316 with IgG sero-
prevalence antibody 1.6% during the weeks between
25 March and 21 April 2020 [31, 32]. Also, the
IgG and IgM seroprevalence was 3.8% and 0.8%
respectively among HCWs (n = 714) from the city
of Wuhan. The IgG seropositive prevalence rate was
lower (1.3%) within the HCWs (n = 3091) in two
nearby cities of the Hubei province and to 1.2%
among 260 HCWs from two other cities farther south
of Wuhan [33]. The variety of seroprevalence in
different geographic areas was consistent with the
SARS-CoV-2 distribution trend in China. In con-
trast, several studies have examined seropositivity
in healthcare workers that mostly showed a higher
seropositive prevalence among healthcare workers
including Spain (9.3%), Belgium (6.4%), and the
United States (7.6% to 8.8%) [19, 34, 35]. Also,
a higher rate of HCW infection was observed in a
study from the United Kingdom by Keeley et al., that
revealed 18 % IgG positive in HCWs [36]. A study
on seroprevalence in healthcare workers in Sweden
revealed that the seroprevalence of IgG antibodies
against SARS-CoV-2 was 19.1% among the 2149
healthcare workers recruited between April 14th and
May 8th, 2020 [37]. Higher rates of seropositivity for
COVID-19 IgG in some reports can be due to unpre-
paredness of the organizations, unawareness of the
personnel and shortage of PPE. In addition, several
factors can affect the rate of transmission including
time of study, awareness of the people, local and
national infection control policies, availability of PPE
and so on.
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Some reports indicate that in the UK and Italy,
HCWs experienced extreme situations during the
COVID-19 pandemic, wearing paper face masks and
plastic aprons instead of appropriate masks, and
gowns [2, 38, 39]. Lack of IgM response in our study
is logical as IgM usually appears during acute phase
of infections and declines rapidly during time and
among our participants, no one had active COVID-19
and those with positive IgG, passed the acute phase of
disease and the IgM was undetectable [40]. The tim-
ing of the blood assortment and also the different early
immune response can have an effect on the interpre-
tation of the serological results. These differences in
seroprevalence among studies may be attributable to
several reasons, such as different study populations,
different antibody test accuracy (e.g., on sensitivity
and specificity), different lockdown and quarantine
measures, and different dates of data collection [7].
Low seroprevalence of SARS- CoV-2 in this study
might be explained by good adherence to infection
prevention and control measures and appropriate use
of PPE among HCWs in the Birjand hospitals.

The current investigation has some limitations.
The present seroprevalence is based on a cross- sec-
tional design and, at that point, cannot demonstrate
the incidence of infection and disease in a cohort of
patients; the follow-up could be vital to better assess
the seroconversion in individuals exposed to con-
tagious patients. Besides, employees were included
based on volunteering to participate. Volunteers may
have had more reason to think they could be positive
than those who did not volunteer.

Unlike previous studies, there was no significant
relationship between HCWs wearing an N95/PAPR
mask and those use surgical/other masks or no mask,
which may relate to the small sample size [35, 41].

Generally, optimal PPE is unclear yet, but the
thorough utilization of PPE measures and absolute
adherence to all infection prevention and control mea-
sures are crucial to reduce nosocomial transmission
of SARS-CoV-2 and shortages of PPE increase the
probability of a SARS-CoV-2 seropositive test in
HCWs [7].

5. Conclusion

The results of the current study showed high level
of adherence to use PPE among HCWs as well as very
low prevalence of seropositivity for of COVID-19
antibodies which confirmed the effectiveness of PPE
in protecting HCWs from COVID-19 and possibly
other infection with similar transmission way.
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J, Thompson M, et al. Seroprevalence of SARS-CoV-2 anti-
bodies among hospital workers in a German tertiary care
center: A sequential follow-up study. International Journal
of Hygiene and Environmental Health. 2021;232:113671.

[33] Xu X, Sun J, Nie S, Li H, Kong Y, Liang M, et al. Sero-
prevalence of immunoglobulin M and G antibodies against
SARS-CoV-2 in China. Nature Medicine. 2020;26(8):1193-
5.

[34] Steensels D, Oris E, Coninx L, Nuyens D, Delforge M-L,
Vermeersch P, et al. Hospital-wide SARS-CoV-2 antibody
screening in 3056 staff in a tertiary center in Belgium. Jama.
2020;324(2):195-7.

[35] Sims MD, Maine GN, Childers KL, Podolsky RH, Voss
DR, Berkiw-Scenna N, et al. COVID-19 seropositivity and
asymptomatic rates in healthcare workers are associated
with job function and masking. Clinical infectious diseases:
an official publication of the Infectious Diseases Society of
America. 2020.

[36] Keeley AJ, Evans C, Colton H, Ankcorn M, Cope A, Ben-
nett T, et al. Roll-out of SARS-CoV-2 testing for healthcare
workers at a large NHS Foundation Trust in the United King-
dom, March 2020. Eurosurveillance. 2020;25(14):2000433.

[37] Rudberg A-S, Havervall S, Månberg A, Falk AJ, Aguil-
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