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Abstract

symptoms without a positive RT-PCR test from

Background: Limited information is available on

public hospitals in Bologna, Northern Italy. Tests

prevalence and determinants of serologic response to

were performed between March and August 2020.

SARS-CoV-2 infection among healthcare workers

We fitted multivariate logistic regression models to

(HCWs).

identify determinants of positive serology.

Methods: We analyzed the results of serologic

Results: The sensitivity of SARS-CoV-2 was 75.2%

testing

immunoassay

(LFIA) and 90.6% (CLIA). No differences in

analyzer (CLIA), lateral flow immunoassay (LFIA)

seropositivity were observed by sex, while older

and enzyme-linked immunosorbent assay (ELISA)

HCWs had higher positivity than other groups, and

test among 544 HCWs with at least one positive RT-

nurses had higher positivity compared to physicians,

PCR test and 157 HCWs with Covid-19 related

but not other HCWs. An estimated 73.4% of HCWs

with

chemiluminescence
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with Covid-19 symptoms without RT-PCR test were

Few studies have reported either current or past

not infected with SARS-CoV-2.

infection status using both RT-PCR and serological
testing [2, 3]. One meta-analysis has summarized the

Conclusions: Our study provides the best available

results of studies on serologic response in patients

data on sensitivity of serologic tests and on

with Covid-19 [4]; however, little is known about the

determinants of serologic response among HCWs

seroconversion

positive for SARS-CoV-2, and provide evidence on

infection in health care personnel. A recent Cochrane

the low specificity of Covid-19 related symptoms to

Review assessed the diagnostic accuracy of antibody

identify infected HCWs.

tests to determine current or previous SARS-CoV-2

rate

following

asymptomatic

infection and their use in seroprevalence surveys. The

Keywords: SARS-CoV-2; Healthcare workers;

sensitivity of antibody tests was found too low in the

Sensitivity

first week since symptom onset to have a primary
role for the diagnosis of COVID-19. However,

1. Introduction

antibody tests may have a role complementing other

Infection with the virus, Severe Acute Respiratory

testing in individuals presenting later, when RT-PCR

Syndrome Coronavirus-2 (SARS-CoV-2), which may

tests are negative, or are not done and for detecting

cause Coronavirus Disease 2019 (Covid-19), spread

previous SARS-CoV-2 infection if used 15 or more

extensively following its identification in December,

days after the onset of symptoms. Most studies

2019, becoming a global pandemic by March, 2020.

included hospitalized patients, little is known among

Healthcare workers (HCWs) are considered a high-

asymptomatic cases [5].

risk population for the acquisition of SARS-CoV-2
infection, due to the probability and potentially high

In the present study we aimed to analyze the

level of exposure associated with clinical care of

prevalence of positive serology testing following

positive cases and infected coworkers. Use of

positive RT-PCR or the appearance of symptoms

personal protective equipment (PPE) and stringent

suggestive of Covid-19 among high-risk HCWs

infection prevention and control measures aim to

employed in public hospitals of Bologna, Northern

mitigate the risk and minimize both workplace-

Italy, an area at high incidence of infection with

related infection of HCWs and onward transmission

SARS-CoV-2 and mortality from Covid-19, and to

[1].

compare the sensitivity of different types of
serological

tests,

including

During the initial period, when the incidence of new

immunoassay

analyzer

cases was high, but reverse transcriptase polymerase

immunoassay

(LFIA)

chain reaction (RT-PCR) testing was not yet widely

immunosorbent assay (ELISA).

chemiluminescence

(CLIA),
and

lateral

flow

enzyme-linked

available, a large proportion of symptomatic Italian
HCWs

were

not

tested.

Thus,

SARS-CoV-2

prevalence in this population remains poorly defined.
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PCR results and serology data collected among

detecting antibodies to SARS-CoV-2. Conversely,

HCWs employed in a large university hospital, or in

some HCWs who tested positive at LFIA or CLIA

a specialized orthopedic hospital and other public

did not undergo an ELISA test. The tests used were

hospitals in Bologna, who were included in a

the SARS-CoV-2 IgM and IgG CLIA kits (Shenzhen

surveillance program managed by the Occupational

YHLO Biotech, Shenzhen, China), with cutpoint for

Health Unit of the university hospital. HCWs who

positivity at 10 AU/ml for IgG and IgM combined,

experienced a close contact with a confirmed case of

the

Covid-19 (whether a coworker or a patient) and/or

(Technogenetics, Milan, Italy) LFIA, and the ELISA

exhibited symptoms compatible with Covid-19

(DiaPro, Milan, Italy) test, the latter with cutpoint for

(either two major symptoms, including cough, sore

positivity for IgG at 3 signal/threshold ratio. RT-PCR

throat, fever, myalgia, asthenia, anosmia, ageusia,

testing and identification of symptomatic HCWs

and dyspnea, or one major and two minor symptoms,

were performed between 6 March 2020 and 6 July

including rhinorrhea, chills, arthralgia, diarrhea,

2020, while serological tests for detecting antibodies

conjunctivitis, and vesicular erythema) were tested

to SARS-CoV-2 were performed between 2 April

for SARS-CoV-2 infection and were included in a

2020 and 4 August 2020.

surveillance

program,

that

included

nCOVID-19

IgG

and

IgM

POCT

telephone

contacts for symptoms monitoring and, where

The outcome of the present analysis was the presence

required,

medications.

of at least one positive result for anti-SARS-CoV-2

Nasopharyngeal swab/oropharyngeal swab samples

(IgG for LFIA and ELISA; IgG/IgM for CLIA, which

were analyzed by RT-PCR according to the

does not distinguish between the different classes of

guidelines

Health

Ig). Each HCWs entered in the study on the day of

Organization [6]. An additional group of healthcare

the first positive RT-PCR test or, for those without

workers who developed symptoms related to Covid-

such test, the day when Covid-19-related symptoms

19, but did not have a positive RT-PCR result, was

were first reported. For each subject, we ignored the

included in the surveillance program (based on

results of antibody tests conducted less than 7 days

clinical diagnostic criteria). Some of the HCWs in the

following the enrollment. For each type of test, we

latter group were tested by RT-PCR at the end of the

assessed whether the HCWs with valid results had at

14-day surveillance period, with a negative result.

least one positive results or only negative results. We

the

prescription

proposed

by

the

of

World

fitted multivariable logistic regression models to the
The two groups underwent antibody test using one or

data to estimate odds ratios (OR) of a positive

more out of three different methods, including CLIA,

serology result for each type of test, together with

LFIA and ELISA. The protocol included first an

95% confidence intervals (CI). All regression models

CLIA or a LFIA test, followed, in case of positive

included sex, age (categorized as 20-34, 35-44, 45-

result, by a confirmatory ELISA test. Due to changes

54, and 55 and over), job title (physician, nurse,

in the diagnostic methods over time, a subgroup of

health worker, and other jobs), date of first positive

HCWs who tested negative at LFIA or CLIA, or not

RT-PCR test (categorized as 6 March – 18 March, 19

having been tested, underwent an ELISA test for

March – 29 March, 30 March – 19 April, and 20
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April – 6 July; a comparable variable was not

HCWs with either a positive RT-PCR test or a

available for HCWs without RT-PCR test because

positive ELISA result); the estimate of the specificity

information on symptom onset was self-reported, and

was 100% ( 95% CI 85.2%-100%, based on 23

therefore subject to misclassification), and the

negative results among 23 HCWs with no RT-PCR

institution (university hospital, orthopedic hospital,

test and only negative ELISA results). Corresponding

other public hospitals) as potential confounders. We

estimates for CLIA test were 90.6% (95% CI 80.7%-

also estimated the proportion p of HCWs with Covid-

96.5%; 58/64 HCWs) and 100% (95% CI 47.8%-

19 related symptoms, who were not infected with

100%; 5/5 HCWs).

SARS-CoV-2, using the formula
𝑝=

(𝑁 × 𝑒̂ ) − 𝑛
(𝑁 × 𝑒̂ )

The proportions of positive results for the three types
of serologic test according to the criterion for
inclusion in the study and selected characteristics are

where N is the total number of HCWs with Covid-19

reported in Table 1, and the results of the

related symptoms who were tested with LFIA, ê is

multivariable logistic regression for LFIA and ELISA

the estimated sensitivity of the LFIA test (based on

test among HCWs with positive RT-PCR test are

the results among HCWs with either a positive RT-

reported in Table 2 (results of the corresponding

PCR test or a positive ELISA result), and n is the

analysis of results of CLIA tests were hampered by

number of HCWs with Covid-19 related symptoms

small numbers, resulting in unstable estimates, and

who tested positive.

are not reported in detail). The overall proportion of
positive results was higher for all three types of test

3. Results

among HCWs with a positive RT-PCR test (86.9%

A total of 701 HCWs were included in the study, of

for CLIA, 73.7% for LFIA and 96.3% for ELISA)

whom 544 (77.6%) had at least one positive RT-PCR

than among HCWs with Covid-19 related symptoms

test and 157 (22.4%) had Covid-19 related symptoms

(38.5%, 20.0% and 57.1%, respectively, test of the

without a RT-PCR test. Among the 701 HCWs, 74

difference between two groups of HCWs, p = 0.001

had at least one ECLIA test, 660 had at least one

for CLIA and p < 0.00001 for LFIA and ELISA).

LFIA test, and 458 had at least one ELISA test.
Among HCWs who underwent CLIA testing, 58

Table 3 shows the results of the analysis of

(74.4%; 95% confidence interval [CI], 69.0% -

determinants of positive serology test. No differences

87.8%) had at least one positive result. Among 660

in the proportion of positive results were observed by

HCWs with at least one LFIA test, 403 (61.1%; 95%

sex, while older HCWs tended to have a higher

CI 57.3% - 64.8%) had at least one positive results;

proportion of positive antibody results compared to

this proportion was 91.5% (95% CI, 88.9% - 94.0%;

younger subjects – although the difference was not

419 positive results out of 458 HCWs) in those with

statistically significant for results of ELISA results.

at least one ELISA test. The estimate of the

Compared to nurses, physicians had a lower

sensitivity of LFIA test was 75.2% (95% CI 71.3%-

proportion of positive results (not significantly so for

78.8%, based of 403 positive results among 536

ELISA test), while no differences were detected for
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other HCWs. The proportion of HCWs with a

with RT-PCR between 8 March and 19 April, and

positive antibody test was highest among those tested

decreased among those tested later.

LFIA test

ELISA test
Total
Positive

Negative

Not performed

Positive

399

3

1

403

Negative

5

33

219

257

Not performed

15

3

Total

419

39

18
220

678

LFIA, lateral flow immunoassay
ELISA, enzyme-linked immunosorbent assay

Table 1: . Results of LFIA and ELISA test among HCWs with positive RT-PCR testribonucleoprotein antibody.

HCWs with positive RT-PCR
Characteristics

HCWs

with

Covid-19

related

symptoms (positive/negative)

(positive/negative)
CLIA

LFIA IgG

ELISA IgG

CLIA

LFIA IgG

ELISA IgG

(N=61)

(N=505)

(N=402)

(N=13)

(N=155)

(N=56)

Female

42/5

253/93

266/9

02-May

22/80

22/17

Male

11-Mar

119/40

121/6

03-Mar

Sep-44

10-Jul

20-34

16-May

91/52

96/4

03-Jan

Sep-32

10-Aug

35-44

12-Jan

80/31

84/3

0/2

Jul-46

07-Jul

45-54

19-Jan

114/32

120/5

0/4

Oct-28

10-Jul

55+

06-Jan

87/18

87/3

02-Jan

May-18

05-Feb

24-Apr

209/55

211/8

-

-

-

University hospital

29-Apr

111/58

124/7

05-Jul

19/90

20/23

Orthopedic hospital

0/0

52/20

52/0

0/1

Dec-34

12-Jan

Nurse

27-Jun

173/51

180/5

02-Apr

13/57

14/13

Physician

09-Jan

88/44

90/6

03-Feb

Apr-26

04-May

Health worker

9/0

64/19

67/3

0/1

Jul-22

07-Apr

Other

08-Jan

47/19

50/1

0/1

Jul-19

07-Feb

6 March-18 March

05-Jan

92/59

92/8

-

-

-

RT-PCR

19 March-29 March

10-Feb

129/27

130/2

-

-

-

test

30 March-19 April

21-Jan

115/26

124/3

-

-

-

Sex

Age

Other
Institution

Job title

Date

of

public hospitals
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Total
Proportion
positive

%

DOI: 10.26502/acbr.501700177

17-Apr

36/21

41/2

-

-

-

53/8

372/133

387/15

05-Aug

31/124

32/24

86.9

73.7

96.3

38.5

20

57.1

69.8-77.5

94.4-98.1

13.7-26.3

44.2-70.1

78.4-

95% CI

95.4

12.064.9

ECLIA, electro-chemiluminescence immunoassay
LFIA, lateral flow immunoassay
ELISA, enzyme-linked immunosorbent assay
CI, confidence interval

Table 2: Results of serologic test by selected characteristics of HCWs.

LFIA IgG
Characteristics
Sex

Age

Institution

Job title

Date of RT-PCR test

ELISA IgG

OR

95% CI

OR

95% CI

Female

1

Ref.

1

Ref.

Male

1.39

0.86-2.24

0.85

0.27-2.62

20-34

1

Ref.

1

Ref.

35-44

1.31

0.74-2.32

1.19

0.23-6.22

45-54

1.92

1.09-4.00

0.93

0.22-3.93

55+

3.35

1.73-6.49

1.71

0.34-8.50

Other public hospitals

1

Ref.

1

Ref.

University hospital

0.46

0.29-0.75

0.66

0.22-2.01

Orthopedic hospital

0.76

0.40-1.47



-

Nurse

1

Ref.

1

Ref.

Physician

0.57

0.33-0.96

0.37

0.10-1.39

Health worker

0.81

0.43-1.53

0.47

0.10-2.18

Other

0.62

0.31-1.25

1.01

0.11-9.25

6 March-18 March

1

Ref.

1

Ref.

19 March-29 March

3.05

1.76-5.30

6.59

1.32-32.8

30 March-19 April

3.64

2.03-6.53

5.22

1.26-21.7

20 April-6 July

1.19

0.60-2.34

2.17

0.41-11.4

LFIA, lateral flow immunoassay; ELISA, enzyme-linked immunosorbent assay; OR, odds ratio adjusted for the factors in the
table; CI, confidence interval; Ref., reference category

Table 3: Determinants of positive serology test – Results of multivariable logistic regression restricted to HCWs
with positive RT-PCR test.
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4. Discussion

Lahmer and colleagues reported that 80% of RT-PCR

In this population of HCWs with positive RT-PCR

positive HCWs were positive for ELISA IgG after an

test for SARS-CoV-2 infection from three institutions

interval of 14 days; this proportion increased to 100%

in Bologna, Italy, the sensitivity of serologic LFIA

after an interval of 20 days (the exact number of

test was 75.2% and that of CLIA test, based on

HCWs was not reported but was lower than 58) [7].

smaller number of tests, was 90.6%. It is not possible

In a study from Germany, 21/27 (78%) HCWs tested

to

separate negative results due to lack of

positive at RT-PCR, displayed also an IgG-positive

seroconversion from those due to false negative tests.

ELISA test [8]. Another study found among 126 RT-

. In the group of HCWs who exhibited Covid-19

PCR positive HCWs from Belgium, a proportion of

related symptoms but were not tested with RT-PCR,

positive CLIA test of 86.5% [9]. Finally, in a study of

the proportion of positive results for these two tests

340 RT-PCR positive HCWs from Denmark, a total

were 20.0%, and 38.5%, respectively. The lower

of 334 subjects were tested positive for total ELISA

proportion of positive serologic tests among HCWs

Ig [10]. Our results, based on either LFIA or ECLIA,

with Covid-19 related symptoms compared to that of

testing the largest group of RT-PCR HCWs studied

HCWs with RT-PCR test is likely due to lack of

so far, are comparable to those of previous studies.

infection

estimated

The regression analysis, based on LFIA, offers the

specificity of LFIA and CLIA tests, based on small

most informative figures with respect to determinants

samples of HCWs likely negative for SARS-CoV-2

of positive anti-SARS-CoV-2 antibodies; the fact that

infection, was 100% for both tests. Because of the

they are consistent with the results of the comparable

design of the surveillance program, it is not possible

analysis ELISA, provides additional support. To our

to estimate the sensitivity and specificity of ELISA

knowledge, these are the first results reported in the

test. However, since most of the HCWs tested with

scientific literature on determinants of serologic

ELISA had a positive LFIA result, it is likely that the

response among HCWs infected by SARS-CoV-2,

proportion of positive ELISA results in our study

and are in line with similar analysis conducted among

overestimates the true sensitivity of the test.

HCWs regardless of infection status [8,10-12].

In a systematic review and meta-analysis of studies

It is well established that the main clinical

of serologic results in patients with Covid-19, Lisboa

manifestations of Covid-19 are fever (90% or more),

Bastos and colleagues calculated a pooled sensitivity

cough (around 75%), and dyspnea (up to 50%)

of 84.3% (95% CI 75.6%-90.9%) for ELISA tests

[13,14]. In addition, as demonstrated in a recent

measuring IgG or IgM, 66.0% (95% CI 49.3%-

review

79.3%) for LFIA tests, and 97.8% (95% CI 46.2%-

dysfunction is a characteristic sign of Coid-19

100%) for CLIA tests [4]. Pooled specificity ranged

patients, which can occur independently from other

from 96.6% to 99.7%. To our knowledge, four

symptoms, even if its pathogenesis is not well

studies reported results of serological tested among

understood [15]. In the scientific literature, on the

RT-PCR-positive HCWs. In a series from Italy,

other hand, there are few studies that correlate the

with

SARS-CoV-2.The

by

Meng

and

colleagues,

olfactory

presence of suspected symptoms for Covid-19 with
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the probability of having contracted this infection. In

to the time of examination with respect to symptoms,

a model-based study, Sun and colleagues [16] found

if any [20].

that elevated body temperature was the strongest
predictor of Covid-19, in a study of HCWs, Lan and

In addition to the large sample size, strengths of the

colleagues [17] found that fever, anosmia/ageusia,

study include the fact that the same tests were

and myalgia were the strongest predictors of SARS-

consistently used for all HCWs, and analyzed in a

CoV-2 infection, while isolated sore throat and nasal

single laboratory. Furthermore, data on potential

congestion were negatively associated with the

determinants of serological results were collected

infection. In our study approximately 73% of HCWs

before the results of the tests were known, suggesting

with Covid-19 related symptoms, who were not

that any misclassification was likely to be non-

tested with RT-PCR, were not infected with SARS-

differential and lead to an underestimate of the

CoV-2. This is not surprising given the relatively low

associations. Testing plays a vital role in the clinical

prevalence of SARS-Cov-2 infection, both in the

management of Covid–19; in particular among high-

general population and even among HCWs, a group

risk groups such as HCWs, and the availability of

at increased risk of infection. In a separate analysis

serologic assays to detect antibodies against SARS-

we calculated at 5.8% the prevalence of RT-PCR

CoV-2 provide us additional tools in response to the

positive results among the same group of workers

Covid-19 pandemic. Our results add substantially to

infected

The

the available data on sensitivity of serologic LFIA

corresponding cumulative incidence of infection in

and CLIA tests and on determinants of serologic

the population of the province of Bologna, measured

response among HCWs confirmed SARS-CoV-2

on 6 July 2020, was 0.52% [19]. Our work shows the

cases and provide evidence on the low specificity of

difficulty in structuring a clinical and laboratory

using Covid-19 related symptoms to identify infected

evaluation approach aimed at identifying suspected

HCWs.

up

to

early

June

2020

[18].

cases of Covid-19 only on clinical basis. Our study
suffers from several limitations. Data were collected

Funding:

during medical surveillance established in response

This work was supported by internal resources of the

to the first wave of SARS-CoV-2 pandemic during

participating institutions.

the spring of 2020, rather than within an ad hoc
designed study. Furthermore, the protocol established
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for the surveillance of HCWs prevented us from
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analyzing the sensitivity of the ELISA test, that was

Carlotta Zunarelli, Giulia Di Felice, Carmine

mostly performed following a positive result based

Mastrippolito

on LFIA. An additional limitation is that the current

management.

reference

standard

for

SARS-CoV-2

helped

in

data

collection

and

infection

confirmation, has a reported proportion of false
negatives as low as 2% and as high as 37% according

Archives of Clinical and Biomedical Research

Vol. 5 No. 3 – June 2021. [ISSN 2572-9292].

434

Arch Clin Biomed Res 2021; 5 (3): 427-436

DOI: 10.26502/acbr.501700177

outbreak: A prospective longitudinal study. J
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