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Abstract. - OBJECTIVE: Healthcare workers
are at risk for COVID-19 contamination. It is im-
portant to protect them in order to reduce noso-
comial transmission and maintain the assistance
capacity of health systems. To evaluate the diag-
nostic test and retest strategy with RT-PCR for
SARS-CoV-2 and factors associated with the di-
agnosis of COVID-19 among healthcare workers.

PATIENTS AND METHODS: Cross-section-
al study carried out in a Brazilian hospital. From
April 27 to June 16, 2020, symptomatic health-
care workers underwent an RT-PCR test on up-
per respiratory tract specimens as soon as pos-
sible and, if negative, it was repeated close to
the 5th day of symptom evolution. Working ar-
eas were divided into assistance areas dedicat-
ed or not dedicated to COVID-19 and non-assis-
tance areas. The type of activity was divided into
assistance or non-assistance activity.

RESULTS: 775 individuals were evaluated. 114
were diagnosed with COVID-19, of whom 101 fol-
lowed the testing protocol. A second RT-PCR
identified five (4.9%) of the positive cases. Work-
ing in an area dedicated to patients with COVID-19
was more prevalent among positive cases (35.1%
x 19.8%, p=0.001) as well as working in an assis-
tance activity (80.7% x 70.8%, p=0.031).

CONCLUSIONS: A second RT-PCR test after
the 5th day of symptom evolution showed limited
diagnostic improvement. The adoption of a single
test-based strategy, carried out at the right time
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after the onset of symptoms, allows the optimal
use of resources. Working in a COVID-19 dedicat-
ed area and in direct contact with patients is re-
lated to a higher prevalence of COVID-19 among
symptomatic healthcare workers.
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Introduction

After the outbreak of the COVID-19 pandemic
caused by the Severe Acute Respiratory Syndro-
me Coronavirus 2 (SARS-CoV-2), several strate-
gies have been used to deal with it'. A common
issue is the need to reduce the very rapid interper-
sonal transmission rate of the disease’.

Healthcare workers are at special risk for con-
tracting the virus®”. Promoting the protection of
this population is essential to reduce nosocomial
transmission and maintain the assistance capacity
of healthcare systems®. Preventive and controlling
approaches involve the use of personal protective
equipment (PPE)’'2, early and accurate identifica-
tion and isolation of individuals transmitting the
virus®®, definition of specific action protocols,
among others'”".
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Given the non-specificity of clinical manife-
stations, laboratory tests for viral identification
are very important to accurately diagnose CO-
VID-192°2!, The Real-Time Reverse Transcription
Polymerase Chain Reaction (RT-PCR) for viral
RNA identification in biological samples is con-
sidered the gold standard test. There are different
protocols for this test, each of them with its techni-
cal specificities and diagnostic characteristics*%.

The use of RT-PCR in clinical practice should
take into account the possibility that its diagnostic
performance may be modified by factors, such as
the origin of the biological sample and the dura-
tion of symptoms at the time it is collected. Ma-
terial from the upper airways is most commonly
used, especially in an outpatient setting, and na-
sopharyngeal samples may have a higher diagno-
stic value than those from the oropharynx?426,
Among healthcare workers with a short time of
symptom evolution, there is a similarity in the
diagnostic capacity of testing combined samples
from the oropharynx and nasal cavities in relation
to those from the nasopharynx alone”. Although
there may be a greater diagnostic gain, sputum
samples require an appropriate environment for
their collection and are not usually performed?#-°.
As for the best time to perform the test, previous
studies®* indicate that positive results can be
obtained already in the first days of symptoms
and that the viral load in upper airway samples is
higher in this period, especially in the first week.

Another very important issue regarding the RT-
PCR test is the occurrence of an initial negative
result in individuals with COVID-19 disease. Stu-
dies*** have reported rates of up to 30%, which me-
ans that an initial negative result does not exclude
the possibility of disease, especially in a suggestive
clinical and epidemiological context. The sequential
use of more than one RT-PCR test in a highly pro-
bable clinical setting, as a way to increase the dia-
gnostic capacity of the test, has been described**=*.

The present study evaluated the diagnostic strate-
gy of testing and retesting RT-PCR in upper airway
samples among healthcare workers with symptoms
suggestive of COVID-19. In addition, the profile of
symptoms in the clinical presentation was assessed
as well as the distribution of the disease among pro-
fessionals working in different sectors and activities.

Patients and Methods

This is a cross-sectional observational study
conducted at the Hospital de Clinicas de Por-
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to Alegre University Hospital. The institution is
a reference center for the treatment of patients
with COVID-19 in Rio Grande do Sul State, the
Southernmost State of Brazil.

Among the measures to combat nosocomial
transmission, the institution promoted actions,
such as the mandatory use of PPE, use of remote
working in some areas, organizational changes to
avoid face-to-face meetings and agglomerations,
allocation of patients with COVID-19 in specific
areas and increase in the number of intensive care
beds. Also, an outpatient clinic was implemented
dedicated to the evaluation of healthcare workers
suspected of having contracted COVID-19, accor-
ding to symptoms or exposure history, regardless
of the activity performed or working area.

From April 27 to June 16, 2020, this outpatient
clinic performed RT-PCR testing in upper respi-
ratory tract specimens for most individuals with
symptoms potentially attributable to COVID-19.
Symptoms that acted as an indication for testing
were those present in flu-like conditions, such as
fever, cough, sore throat, diffuse body pain, and
also upper airway symptoms, such as coryza and
nasal obstruction, gastrointestinal tract symp-
toms, such as diarrhea, abdominal distention,
nausea and vomiting, systemic symptoms, such as
body pain and fatigue, as well as changes in smell
or taste perception, headache, chest pain, dysp-
nea, or any other symptom at the discretion of the
attending physician. Subjects whose RT-PCR test
was negative and collected before the fifth day
of symptom evolution underwent a new test on
the fifth day or as close as possible to that. The
diagnosis of COVID-19 was made if the test was
positive in a symptomatic subject. If a healthcare
worker was diagnosed with COVID-19 at another
institution, he or she were required to inform the
Occupational Medicine Service team as soon as
possible.

The RT-PCR test was performed according to
the protocol recommended by the Center for Di-
sease Control and Prevention (CDC 2020), using
molecular detection with primer for two regions
of the viral nucleocapsid gene (N1 and N2) and
also for the P gene of human RNase. The samples
were collected by an oropharyngeal swab and bi-
lateral nasal mid-turbinate swab, stored both in
the same sterile tube containing saline, which was
stored in a refrigerator at a temperature between
4°C and 6°C and promptly transported for proces-
sing to a qualified institutional laboratory.

Working areas were divided into assistance
areas exclusively dedicated to COVID-19 patien-
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ts, assistance areas not exclusively dedicated to
COVID-19 patients and non-assistance areas. In-
stitutional practice determined that as soon as a
patient was diagnosed with COVID-19, he or she
was relocated to a COVID-19 unit. For analysis,
professional activities were divided into assistan-
ce and non-assistance activities. Professionals
classified in the assistance activity category were
doctors, nurses, nursing technicians, social wor-
kers, nutritionists, physiotherapists, and others
with direct and repetitive contact with patients.
Professionals considered in the non-assistan-
ce activity category were receptionists, security
guards, carpenters, nutrition assistants, cooks,
and any other without direct and repetitive con-
tact with patients.

Clinical, demographic and occupational data
were obtained from electronic medical records.
Data referring to initial clinical evaluations of
healthcare workers from April 27 to June 16,
2020, were included, without restrictions as to the
profession, area of activity, working area, age or
comorbidity. In cases in which the same profes-
sional had been evaluated more than once due to
different symptomatic episodes, data were inclu-
ded only from the episode with a positive RT-PCR
test result, preferably, or from the first episode. In-
dividuals who tested positive for SARS-CoV-2 in
a period prior to analysis were excluded. Subjects
who tested positive at another institution did not
have their data included in the evaluation of the
clinical presentation profile nor in the RT-PCR
diagnostic features analysis.

Continuous variables were expressed as mean
and standard deviation, or median and interquar-
tile range, as appropriate, and compared using
Student’s #-test or Mann-Whitney test, according
to the assumptions of each test. The normality of
the quantitative variables was evaluated by in-
spection of the histogram and the Shapiro-Wilk
test. Categorical variables were described in ab-
solute frequency and percentages and compared
using the chi-square test or Fisher’s exact test,
according to the assumptions of each test. A si-
gnificance level of 5% was adopted and 95% con-
fidence intervals with respect to point estimates
were calculated. Considering the scope of the stu-
dy, sample size calculations were not performed.

The study protocol was approved by the Ethi-
cs Committee of Hospital de Clinicas de Porto
Alegre under number 3080132400005327 and
financial support was provided by the Research
Incentive Fund of Hospital de Clinicas de Porto
Alegre (Brazil).

Results

In June 2020, the institution had 6267 active
professionals, of whom 41 had already been dia-
gnosed with COVID-19 before April 27. Among
the professionals evaluated from April 27 to June
16, 775 were included in the study. Twenty-six
initially considered for analysis were excluded:
sixteen for having a positive RT-PCR result pri-
or to the study period, one for having a positive
result only at a third test, and nine with negative
tests, six for having been tested while asympto-
matic, two for having incomplete medical records
(one for not filling out a specific questionnaire
to assess exposure and occupational factors and
one for error in the medical record), and one for
undergoing the first assessment after a prolonged
period of onset.

One hundred and fourteen new cases of CO-
VID-19 were identified based on a positive RT-
PCR test, resulting in a period prevalence among
symptomatic healthcare workers of 14.7%. Of the-
se, 13 underwent testing and a first clinical eva-
luation at another institution (Figure 1).

The demographic and occupational characteri-
stics of the 775 individuals evaluated are shown
in Table I. Comparison between individuals with
a positive and negative RT-PCR test identified
a lower average age among the former (39.7 x
42.5 years, difference of 2.9 years, 95% CI 0.9
to 4.8, p=0.004). There was no difference betwe-
en groups regarding the frequency of female sex
(78.1% x 79.7%, p=0.707) and age of 60 years or
more (1.8% x 4.8%, p=0.149).

Most of the evaluated individuals worked in
an assistance area not dedicated to COVID-19
(54.4% of RT-PCR positive individuals vs. 62.6%
of RT-PCR negative, p=0.097). Healthcare wor-
kers with a positive RT-PCR test reported working
in assistance activity more frequently than those
with negative tests (80.7% vs. 70.8%, p=0.031), as
well as working in an area dedicated to patients
with COVID-19 (35.1% vs. 19.8%, p=0.001). The
period prevalence of COVID-19 among evalua-
ted individuals, according to working area, was
23.4% in areas dedicated to COVID-19, 13% in
non-dedicated areas and 9.4% in non-assistance
areas. The prevalence rate of positive RT-PCR
among workers who reported working in areas
dedicated to COVID-19 vs. not working in these
areas was 1.90 (95% CI 1.35 to 2.69). Regarding
the activity performed, 16.4% of the individuals
who reported exercising assistance activity tested
positive for SARS-CoV-2, while among the re-
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- A positive RT-PCR before period
under analysis: 16

Active Healthcare
Workers (June, 2020)
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|

Evaluated for inclusion
K01

|

- Asymptomatic tested*: 6
- Incomplete medical record®: 2

- Positive RT-PCR on 3™ sample: | ‘
- Evaluated outside the protocol®: | /

Included
775

Diagnosis of COVID-19 J
114

Initial evaluation

at our institution
101

* All RT-PCR negative

another institution

Initial evaluation at
13"

# Excluded from analysis of clinical presentation and RT-PCR testing

Figure 1. Flowchart of included and excluded patients.

maining the prevalence was 10.2%. The prevalen-
ce rate of positive RT-PCR tests among professio-
nals who reported exercising assistance activity
vs. those who denied this level of contact was 1.60
(95% CI 1.04 to 2.49).

Among the 762 healthcare workers who followed
the diagnostic evaluation protocol with a test and re-
test RT-PCR, 101 were diagnosed with COVID-19
by one test and only 5 (4.9%) by a second test. There
was no difference in the duration of symptoms by
the time of the first test between individuals identi-
fied with a single or a second test (Table ).

The clinical presentation of these 762 indi-
viduals is described in Table III. The profile of
symptoms was mild in most individuals with
a positive test, with only 10.9% reporting some
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degree of dyspnea. Subjects diagnosed with CO-
VID-19 presented a higher prevalence of fever
(30.7% vs. 7.7%, p<0.001), altered perception of
smell (22.8% vs. 3.6%, p<0.0001), altered percep-
tion of taste (22.8% vs. 6.1%, p<0.0001), heada-
che (71.3% vs. 55.1%, p=0.002), body pain (58.4%
vs. 29.3%, p<0.001), fatigue (33.7% vs. 20.3%,
p=0.003) and nasal obstruction (26.7% vs. 13.5%,
p=0.001), but less sore throat (44.6% vs. 58.9%,
p=0.007). Symptoms of cough, coryza, chest
pain, diarrhea or abdominal pain, nausea or vomi-
ting and dyspnea showed no statistical difference
between groups (Table IIT). Only 1.7% of the in-
dividuals did not present fever or any respiratory
symptoms (cough, nasal obstruction, coryza, sore
throat, dyspnea) at presentation.
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Table I. Demographic and occupational characteristics of healthcare workers with and without a diagnosis of COVID-19, n (%).

Total COVID-19 COVID-19 diagnosed
Characteristics (n=775) undiagnosed (n = 661) (n=114) p*
Women 616 (79.5) 527 (79.7) 89 (78.1) 0.707
Age (years)* 42.1(9.8) 42.509.7) 39.7(9.7) 0.004
>60 years 34 (4.4) 32 (4.8) 2 (1.8) 0.149
Activity with a high degree of contact 560 (72.3) 468 (70.8) 92 (80.7) 0.031
with patients
Works in assistance to COVID-19 area 171 (22.1) 131 (19.8) 40 (35.1) 0.001
Works in assistance area not dedicated 476 (61.4) 414 (62.6) 62 (54.4) 0.097
to COVID-19
Works in non-assistance area 128 (16.5) 116 (17.5) 12 (10.5) 0.075

*p-value for comparison between “diagnosed COVID-19” and “undiagnosed COVID-19” groups. #Average (SD).

Table II. Demographic characteristics of positive cases according to diagnosis at the 1st or 2nd RT-PCR collection (only individuals

who performed both tests at the institution).

Characteristics Positive in the 1st test (n = 96) Positives in the 2nd test (n = 5)
Age (years)-Mean (SD) 39.8 (9.3) 33.2(11.6)

Women n (%) 76 (79.2) 5(100)

Time of symptom evolution

in the 1* collection (days) — median (Q1-Q3) 2 (1-4) 2(1-2)

Discussion

In our study, the strategy of sequential testing
with RT-PCR in symptomatic healthcare workers
showed low diagnostic improvement, identifying
only 5 (4.9%) additional cases among 101 subjects
diagnosed with COVID-19. A similar result was
found at a health institution in the United King-
dom, where the second test detected only 4.2%
of cases®. On the other hand, in a retrospective
study with 610 patients hospitalized in a reference
center for COVID-19 in Wuhan, China, who pre-
sented clinical and radiological pictures suggesti-
ve of the disease, 12.5% of the cases were diagno-
sed by retesting with RT-PCR in 1 to 2 days after
the first test*. In another Chinese study, 23% of
the subjects were diagnosed after the second test,
which was done 1 to 2 days after the first**. The
lower performance of the second test in our po-
pulation may be due in part to the low prevalence
of the disease in our region at the time and to the
unrestricted testing strategy, in which professio-
nals even with mild symptoms and without a clear
exposure were tested*!.

The relatively low prevalence of the disease ob-
served among symptomatic health professionals
at our institution is close to that reported in some
other countries*. Nevertheless, a health complex
in the United Kingdom that adopted a restricted
testing strategy, prioritizing individuals with a
greater suspicion of carrying the virus, identified
a prevalence of 43% among symptomatic heal-
thcare workers™.

The clinical profile at presentation indicated
mild manifestations of the disease in most indivi-
duals with COVID-19, which may be related to the
short time between the onset of symptoms and se-
eking medical care, as well as the low prevalence
of people over 60 years of age, a group considered
at risk for worse clinical outcomes. The symptoms
presented in our population are similar to those re-
ported in the literature, with a high prevalence of
headache®*, cough, fever, and asthenia®-’.

The high prevalence of changes in smell and
taste among individuals with COVID-19 has been
reported in different populations*-*. A study with
healthcare workers in a French tertiary hospital
identified a prevalence of 68% of anosmia and
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Table Ill. Symptoms in the first clinical evaluation of healthcare workers with and without a diagnosis of COVID-19, n (%).

Total COVID-19 undiagnosed COVID-19 diagnosed

Symptoms (n=762) (n = 661) (n=101) p*

Fever 82 (10.8) 51(7.7) 31(30.7) <0.001
Cough 351 (46.1) 302 (45.7) 49 (48.5) 0.668
Sore throat 434 (57.0) 389 (58.9) 45 (44.6) 0.007
Headache 436 (57.2) 364 (55.1) 72 (71.3) 0.002
Smell alteration 47 (6.2) 24 (3.6) 23 (22.8) <0.001
Change of taste 63 (8.3) 40 (6.1) 23 (22.8) <0.001
Coryza 362 (47.5) 315 (47.7) 47 (46.5) 0915
Nasal obstruction 116 (15.2) 89 (13.5) 27 (26.7) 0.001
Diarrhea or bloating 95 (12.5) 87 (13.2) 8(7.9) 0.149
Nausea or vomiting 64 (8.4) 55 (8.3) 9 (8.9) 0.847
Body pain 253 (33.2) 194 (29.3) 59 (58.4) <0.001
Chest pain 30 (3.9) 29 (4.4) 1(1) 0.163
Fatigue 168 (22.0) 134 (20.3) 34 (33.7) 0.003
Dyspnea 83 (10.9) 77 (11.6) 6(5.9) 0.089

*p-value for comparison between “diagnosed COVID-19” and “undiagnosed COVID-19” groups.

64% of ageusia®. At a Spanish center, healthca-
re workers diagnosed with the disease also had
a high prevalence of changes in smell (68%) and
taste (70%)*¢. An Italian study compared the pre-
sence of a change in smell between patients with
COVID-19 and healthy individuals, with a higher
risk of change found among diseased subjects™®.
Although the prevalence of changes in smell and
taste among individuals diagnosed with CO-
VID-19 in our study was lower than that reported
by these other centers, it was significantly higher
than in individuals without COVID-19. This is
important because it reinforces the need to value
these symptoms promptly in the initial diagnostic
evaluation of suspected cases. A limitation of our
work was the fact that the evaluation of changes
in smell and taste was exclusively subjective, and
not by means of objective tests that could allow
grading the intensity of symptoms and identifica-
tion of mild cases”.

The higher prevalence of COVID-19 among
professionals who perform activities that require
direct contact with patients in our center is also
in accordance with the results reported by other
groups'*#-253 Regarding the sector of activity,
we observed that areas dedicated to patients with
COVID-19 had a higher prevalence of positive ca-
ses among symptomatic individuals. This result
differs from that demonstrated in a French hospi-
tal, in which the highest prevalence of the disease
was among healthcare workers working in areas
not dedicated to COVID-19. In a European heal-
th complex with a high incidence of COVID-19
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among healthcare workers, there was no differen-
ce in risk for positivity in the RT-PCR test in re-
lation to the area of work or activity performed¥.
Also, a multicenter case-control study identified
that working in an area dedicated to patients with
COVID-19 (nursery or intensive care unit) meant
a smaller chance of COVID-19 than working in
regular wards but identified contact with patients
with COVID-19 and with a sick co-worker as fac-
tors associated with illness among professionals™.
This study also identified that the occurrence of
exposure outside the work environment was si-
gnificantly associated with illness among health
professionals®, however we were unable to mea-
sure this in our study.

Some of the limitations of our work are intrin-
sic to its design. The data used for analysis came
from medical records and semi-structured forms
designed for institutional risk management and
medical assistance. Factors such as exposure in
other workplaces or outside work could not be as-
sessed.

Conclusions

Our study shows the low diagnostic gain with a
testing strategy based on test and retest with RT-
PCR in upper respiratory tract specimens among
symptomatic healthcare workers from a tertiary
Brazilian hospital. This information is extremely
important in the context of a shortage of material
for carrying out RT-PCR tests as currently nee-
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ded. For this reason, our institution adopted a sin-
gle test strategy, preferably performed from the
4 to the 5™ days of symptom evolution.

Possibly, the best clinical scenario for sequen-
tial use of the RT-PCR test in healthcare workers is
among individuals with a high pre-test probability
for the disease. The observed difference of the ini-
tial symptoms presented by individuals with and
without COVID-19, the type of activity performed,
and area of work should be taken into account for
an easier identification of those most likely to have
the disease. These individuals should receive spe-
cial attention from their health institutions in order
to reduce the risk of contagion.
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