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Background and Aim: The aim of the present study was to assess the diagnostic perfor
mance of an LFA compared with an ELISA test in a cohort of HWs operating in a COVID- 
19 unit of a teaching hospital in southern Italy.
Methods: We performed an observational, prospective, interventional study including 65 
COVID-19 unit personnel. On a total of 196 serum samples (at least 2 serum samples for 
each HW), LFA and ELISA tests for SARS-COV-2 IgG and IgM were performed. Also, 32 
serum samples of SARS-CoV-2 RNA positive patients at least 21 days before sampling, and 
30 serum samples of patients obtained up to November 2019, before COVID-19 outbreak in 
China, were used as positive and negative controls, respectively.
Findings: Of the 65 HWs enrolled, 6 were positive in LFA; overall, of the 196 serum 
samples, 20 were positive in LFA. All ELISA tests performed on serum samples collected 
from HWs were negative. The specificity of LFAs was 90.77% considering the 65 HWs and 
89.80% considering all the 196 health workers serum samples analyzed. Considering the data 
on HWs, ELISA test for SARS-COV-2 antibodies showed a specificity of 100%, including 
all the 196 serum samples collected, and 100% including the 65 HWs. The ELISA and LFAs 
performed after 21 days last COVID-19 patient was discharged were all negative.
Conclusion: LFAs compared to ELISA tests result in less specificity, considering COVID- 
19 negative personnel and patients. Thus, LFAs seem to be not adequate in the active 
surveillance of HWs.
Keywords: health workers, COVID-19, SARS-CoV-2, anti-IgG SAR-COV-2, active 
surveillance

Introduction
From the first description of pneumonia of unknown cause detected in Wuhan, 
China, at the end of December 2019, the pandemic caused by the novel coronavirus, 
named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is drama
tically accelerating worldwide.1

Given the significant impact of Coronavirus disease (COVID)-19 outbreak, it is 
of fundamental importance to implement the use of diagnostic tests for the quick 
identification of suspected cases. This might facilitate contact tracing of people 
exposed to the virus in order to put in place infection control measures, necessary to 
reduce the further spread of the pandemic.

Health workers (HWs) are at high risk of infection while caring for COVID-19 
patients and they can be responsible for nosocomial transmission clusters; thus, the 
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surveillance of HWs is a key point in the management of 
SARS-CoV-2 infection. Clinical passive surveillance with 
self-assessment for fever or other suggestive symptoms for 
COVID-19 is recommended for all exposed HWs. 
However, this strategy may lack information from asymp
tomatic or mildly symptomatic subjects. For this reason, it 
is of utmost importance that all HWs undergo, in addition 
to clinical passive surveillance, microbiological active sur
veillance with nucleic acid amplification tests (NAATs) or 
serological tests.

Although NAATs in respiratory samples represent the 
gold standard for the diagnosis of current infection with 
SARS-CoV-2, they have some limitations, such as the 
cost, the medium turnaround time ranged between 4 and 
24 hours2 and the fact that they require specialized 
personnel; in addition, insufficient viral RNA at the 
point of detection may lead to false-negative results.3 

Numerous serological immunoassays have been intro
duced for the identification of immunity against SARS- 
CoV-2; they could be easily implemented in any hospital 
with a much wider application than molecular tests.4 The 
IgM-IgG antibody test exhibited a useful adjunct to RT- 
PCR detection, and improved the accuracy in COVID-19 
diagnosis.5 Compared to NAATs, antibody assays are 
often faster, less expensive, require no trained techni
cians to operate4 and the requirement for specimen qual
ity is less stringent than for RNA-based assays.4 Their 
sensitivity may not depend on the type of serological test 
used only, but also on the timing of disease presentation 
and exposure to the virus; in fact, detection of IgM 
antibodies may take 3 to 6 days to appear and IgG 
antibodies typically appear after 8 days,6–8 features that 
make them unreliable in the early stages of the illness. 
Point-of-care lateral flow assays (LFAs) automated che
miluminescence immunoassay (CLIA) and enzyme- 
linked immunosorbent assay (ELISA) are the most 
widely used commercial tests. Rapid IgM/IgG tests by 
LFAs can be efficiently used in the surveillance of HWs 
since they are inexpensive and simple tests giving results 
in 10–15 minutes, thus particularly suitable to population 
scale diagnosis of SARS-CoV-2 in both high-income 
countries and low- and middle-income countries.9

The aim of the present study was to assess the diag
nostic performance of two serological assays, in particular 
of an LFAs compared with an ELISA test in a cohort of 
HWs in a COVID-19 unit of a teaching hospital in south
ern Italy.

Methods
Study Design
We performed an observational, prospective study in the 
COVID-19 unit of the University of Campania “L. 
Vanvitelli”, Naples: the unit included 24 beds for the 
care of COVID-19 patients and was active from 
22 March to 3 July 2020; the nursing staff included one 
nurse for every four beds.

All HWs employed at this unit were included in the study. 
They all followed the infection prevention and control (IPC) 
procedures according to the Azienda Ospedaliera 
Universitaria Vanvitelli protocol (prot.287/2020). 
According to these procedures, passive and active surveil
lance were performed for all HWs: passive surveillance was 
based on body temperature control at the beginning and at the 
end of every work shift and on COVID-19-related-symptoms 
check; active surveillance was done by a lateral flow assay 
(LFA) for SARS-CoV-2 IgG and IgM every 7 days. In case of 
fever (body temperature>37.5°C) and/or COVID-19-related 
symptoms and/or positive LFA, a NAAT for SARS-COV 
-2-RNA on nasopharyngeal swab was performed.

To satisfy the aims of the study, from May, 2 2020 to 
June, 8 2020, apart from the LFAs, surveillance was 
implemented with ELISA tests for SARS-COV-2 IgG 
and IgM on at least 2 serum samples for each HW and 
a further serum sample was collected 21 days since the last 
COVID-19 patient was discharged, as shown in Figure 1. 
A NAAT for SARS-CoV-2 on nasopharyngeal swabs for 
each HW was performed in May 2020 (Figure 1). 
Moreover, in August 2020, at least 45 days after the 
discharge of the last patient, tests for SARS-COV-2 IgG 
and IgM by ELISA and a NAAT for SARS-CoV-2 on 
nasopharyngeal swabs were performed in all HWs.

In order to assess the sensibility and specificity of LFA 
and ELISA, as positive controls, we tested 32 serum 
samples of COVID-19 patients, samples collected 21–32 
days from the first NAAT positivity, and, as negative 
controls, 30 serum samples of patients obtained from 
July 2019 up to November 2019 (8 in July, 6 in August, 
7 in September, 7 in October, 2 in November 2019). 
Moreover, all the 30 subjects did not have a history of 
traveling abroad in the last month before blood sampling.

The study was approved by the Ethics Committee of 
the University of Campania, Naples (n°10877/2020). All 
procedures performed in this study were in accordance 
with the ethics standards of the institutional and/or 
national research committee and with the 1964 Helsinki 
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declaration and its later amendments or comparable ethics 
standards. Informed consent was obtained from all parti
cipants included in the study.

Lateral Flow Assays (LFAs)
As LFAs, the Xiamen Wiz Biotec (Xiamen, China) Diagnostic 
Kit (Colloidal Gold) for IgM/IgG antibodies for SARS-CoV-2 
was used according to the manufacturer’s instructions: if the 
control line did not appear the test was considered invalid; in 
the presence of the control line, any visible band for IgG or 
IgM was indicative of a positive result.10

ELISA for SARS-CoV-2 Antibodies
For the ELISA test, we used WANTAI SARS-CoV-2 Ab 
ELISA (Xiamen, China), that tests for total antibodies to the 
SARS-CoV-2 receptor binding domain. The test was used 
according to the manufacturer’s instructions on at least 2 
sera for each HW during the activity of the COVID-19 unit 
and one serum at the end: if the specimen had absorbance 
less than the cut-off value (calculated using the negative 
control absorbance and a standard value), it was considered 
negative; otherwise, if it had absorbance more than the cut- 
off value, it was considered positive; the specimens with cut- 

off ratio absorbance between 0.9 and 1.1 were considered 
borderline and were re-tested. The specificity and sensitivity 
declared was respectively 100% and 94.5%.

NAAT for SARS-CoV-2
On all nasopharyngeal swabs collected for the study, SARS- 
CoV-2 RNA was sought by real-time polymerase chain 
reaction (PCR). Viral RNA was extracted from 140 µl of 
nasopharyngeal swab using a microspin column (QIAamp 
RNA viral kit, Qiagen GmbH, Hilden, Germany) in Qiagen 
platform. SARS-CoV-2 RNA was identified by performing 
a real-time PCR in a Light cycler 480 (Roche Diagnostics, 
Branchburg, NJ, USA) by REALQUALITY RQ-2019- 
nCoV (Ab ANALITICA, Padova, Italy), following the 
manufacturer’s instructions. The PCR primers targeted 
SARS-CoV-2-gene RDRP and gene E.

Statistical Analysis
Continuous variables were expressed as median (IQR); 
categorical variables were expressed as number (%). 
Confidence intervals of sensitivity and specificity are 
“exact” Clopper-Pearson confidence intervals. All analyses 
were performed using STATA v16.

Figure 1 Study design.
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Results
Assessment of Sensitivity and Specificity 
by Positive and Negative Controls
As positive controls, a total of 32 serum samples from 
hospitalized patients with a diagnosis of COVID-19 were 
tested by LFAs and ELISA. All sera but 3 resulted positive 
in LFAs; all sera but one resulted positive in ELISA 
(Tables 1 and 2). In particular, one serum resulted negative 
by both LFAs and ELISA, and 2 sera only in LFAs. Thus, 
the sensitivity of LFAs was 91.4% (95% CI: 76.9–98.2), 
that of ELISA test was 97.0% (95% CI: 84.2–99.9) 
(Tables 1 and 2).

As negative controls, 30 serum samples collected 
before the COVID-19 outbreak were tested by LFA and 
ELISA. All serum samples resulted negative, both for 
LFAs and ELISA, showing a specificity for both tests of 
100% (95% CI: 88.4–100.0) (Tables 1 and 2).

The Characteristics of the Health 
Workers Enrolled
Sixty-five HWs agreed to be included in the study between 
May 2 and June 8. Of the HWs enrolled, 25 (38.5%) were 
male, the median age was 32 (IQR 28–43), 5 were patient- 

care technicians, 35 were nurses, 25 physicians (14 infec
tious diseases, 5 cardiologists and 6 pulmonologists) (Table 
3). During the study no HW enrolled had fever or symptoms 
compatible with COVID-19. No-one showed any deviation 
from the protocol or close contact with SARS-COV-2 
infected patients without personal protective equipment.

Following our protocol, between May 8–13, between 
July 15–21 and between 17–30 August all HWs performed 
NAATs and no-one resulted positive for SARS-COV-2 
infection.

From July 15 to 21 and from August 17 to 30, the 
ELISA test was performed in all 65 HWs enrolled and 
resulted negative in all.

Assessment of Sensitivity and Specificity 
by Analysis of HWs
Overall, the 65 HWs enrolled performed 196 LFAs and 
ELISA tests for SARS-COV-2 antibodies: LFA and 
ELISA were performed three times in 64 HWs and four 
times in 1 subject.

The median between the first and the last LFA and 
ELISA tests, excluding one performed after 21 days after 
the last COVID-19 patient was discharged, was 16 days 
(range 7–37).

Table 1 Result of LFAs in Different Settings

Setting N° 
Sample

LFA 
Negative

LFA 
Positive

Sensitivity (%) (95% CI) Specificity (%) (95% CI)

Negative Control 30 30 0 – 100 (88.43–100.00)
Positive control 32 3 29 90.65 (74.98–98.02) –

Health workers* 65 59 6 90.77 (80.98–96.54)

HW population** 196 176 20 – 89.80 (84.68–93.65)
Negative control + Health workers 283 263 20 – 89.30 (89.30–95.63)

Notes: *HWs were defined positive, if tested positive in at least at one sample; HWs were defined negative, if tested negative in all samples. **Considering all tests 
performed over HWs population. 
Abbreviation: LFAs, lateral-flow assays.

Table 2 Results of ELISA Tests in Different Settings

Setting N° 
Sample

ELISA 
Negative

ELISA 
Positive

Sensitivity (%) (95% 
CI)

Specificity (%) (95% 
CI)

Negative Control 30 30 0 – 100 (88.43–100.00)
Positive control 32 1 31 96.88 (83.78–99.92) –

Health workers* 65 65 0 100 (94.48–100.00)

HW population** 196 196 0 – 100 (98.14–100.00)
Negative control + Health 

workers

283 283 0 – 100 (98.70–100.00)

Notes: *HWs were defined positive, if tested positive in at least at one sample; HWs were defined negative, if tested negative in all samples. **Considering all tests 
performed over HWs population. 
Abbreviation: ELISA, enzyme-linked immunosorbent assay.
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Of the 65 HWs enrolled, 6 (9.23%) tested positive in 
LFA; similarly, of the 196 LFA tests performed, 20 (10.2%) 
resulted in positive (Table 1). Of the 6 positive subjects, 5 
tested positive in all LFAs performed and one only tested 
positive in 1 test. All ELISA tests performed on serum 
samples collected from HWs were negative (Table 3).

Considering the data on the HWs, the ELISA test for 
SARS-COV-2 antibodies showed a specificity of 100% (95% 
CI: 98.1–100.0), including all 196 serum samples collected, 
and 100% (95% CI: 94.48–100.00) including the 65 HWs 
(Table 2). The specificity of LFAs was 90.77% (95% CI: 80.
98–96.54) considering only the 65 subjects and 89.80% (95% 
CI: 84.68–93.65) considering all 196 serum samples analyzed 
(Table 1).

Including the data of the negative controls on our HWs 
and the test performed 21 days after the last COVID-19 
patient was discharged, the specificity of LFAs was 90.65% 
(95% CI: 74.98–98.02) and the specificity of the ELISA test 
was 100% (95% CI: 98.7–100.0) (Tables 1 and 2).

Discussion
Although the management of the HWs working in 
COVID-19 units is fundamental in the infection control 

strategy, it lacks information for the best surveillance 
management.

There is no validated screening program for HWs 
involved in COVID-19 management, and further studies 
are required to identify the best active surveillance. The 
WHO published interim guidance on “Risk assessment 
and management of exposure of health workers in the 
context of COVID-19”, defining high and low risk 
depending on exposure.11 HWs exposed to a high-risk 
infection should stop all healthcare interaction with 
patients and get tested for COVID-19, should stay in 
quarantine and daily self-monitor temperature and respira
tory symptoms for 14 days after the last day of exposure to 
a COVID-19 patient. HWs considered at a low risk should 
self-monitor temperature and respiratory symptoms daily 
for 14 days after the last day of exposure to a COVID-19 
patient.11

However, various strategies of screening HWs have 
been put in place including active and passive 
surveillance.12,13 Considering active surveillance, various 
strategies have been used, based on NAAT or serological 
surveillance or both in order to reduce the limits of each 
test. Widely is the low sensitivity of serological tests in the 
early phase of infection,2,12–17 due to the natural antibody 
dynamic with 100% positivity for IgG after 17–19 days 
from infection.18 This delay can be limiting in a setting of 
HWs constantly exposed to SARS-CoV-2, hospital out
breaks. NAAT is one of the most expensive tests on the 
market, with the need for expert staff and adequate facil
ities, which limit its use in screening, making the serolo
gical test a preference especially in some population 
settings.

The present study assessed two serological approaches, 
a rapid serological and ELISA test, for the surveillance of 
HWs exposed to SARS-CoV-2. To our knowledge, this study 
is the first study that compared the diagnostic performance of 
LFAs with ELISA tests in a large cohort of HWs in 
a COVID-19 unit. In our cohort of HWs the specificity of 
LFAs was lower than that identified for the ELISA test 
(89.80% vs 100%); including also the patients admitted to 
our hospital before the outbreak in China, the specificity was 
89.30% for LFAs and 100% for the ELISA test. Moreover, 
considering the patients hospitalized in our COVID-unit, the 
sensitivity was lower in LFAs compared with that identified 
for ELISA (90.65% vs 96.88%). The low specificity of LFAs 
leaves a margin of doubt regarding the infection until the 
results of NAAT, creating difficulties in work organization 
and also psychological and social problems. The limitation 

Table 3 Description of HWs Enrolled

HWs Enrolled 65

Males (n,%) 25 (38,5%)

Females (n,%) 40 (61.5%)

Age (median, IQR) 32 (28–43)

Role:

Physician (n,%) 25 (38.5%)

Nurse (n,%) 35 (53.8%)

Patient-care technician (n,%) 5 (7.7%)

Type of exposure to COVID-19 patients:
● Direct care to patient (n,%) 64 (98.5%)
● Contact with patient or patient’s environment with

out direct care (n, %)
1 (1.5%)

Participation in training about PPE procedures:

Yes (n,%) 65 (100%)

No (n,%) 0 (0%)

HWs enrolled with fever or cough during the study 

period

0 (0%)

HWs reporting deviation from protocol procedures 0 (0%)

HWs reporting contact with COVID-19 patients 

without PPE

0 (0%)

Abbreviations: PPE, personal protective equipment; HWs, health workers.
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of LFAs was suggested also in other settings.19,20 For exam
ple, in an emergency room department of a tertiary hospital 
in northern Italy on 110 subjects (30 healthy volunteers, 30 
COVID-19-positive patients and 50 patients at their first 
access to an emergency room department with fever and 
respiratory syndrome), Cassaniti et al found that the sensi
tivity of LFA was 18.4%, specificity 91.7%, while NPV was 
26.2% and PPV was 87.5%.17 Ong et al, including patients 
presenting at a teaching hospital with respiratory symptoms, 
showed a very heterogeneous sensitivity using 5 different 
LFA kits, ranging from 2/20 (10%) to 11/20 (55%); after 
choosing the most sensitive LFA they tested 228 patients and 
showed a sensitivity of 43% and a specificity of 98%.2

Although there was a variation in performance charac
teristics, antibody testing with LFAs offers an additional 
value for estimating infection rate among HWs in 
resource-limited countries where PCR or ELISA are not 
readily available. Indeed, the main benefit of LFAs is the 
availability of real-time results and the advantage of being 
easily repeatable making them potentially useful in hospi
tal setting for HWs surveillance.

The present study has, however, some limits to con
sider. First, this study included only one of the LFA and 
ELISA tests available on market. Second, the number of 
positive controls are limited, but in line with the 
literature.2,14 Third, fortunately, no HW was infected dur
ing the COVID-19 experience, but this means in our 
analysis we cannot compare the sensitivity of tests during 
the early phase of infection.

In conclusion, considering the data of the present study and 
those of the studies available in the literature, the LFA test does 
not seem to be indicated in the active surveillance of HWs.

Abbreviations
LFA, lateral flow assay; NAAT, nucleic acid amplification 
test; HWs, Health workers; ELISA, enzyme-linked immu
nosorbent assay.
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