RESEARCH

Immunoglobulin (Ig)A seropositivity against SARS-

CoV-2 in healthcare workers in Israel, 4 April to 13 July

2020: an observational study

Yaniv Lustig*>", Carmit Cohen3", Asaf Biber>3, Hanaa Jaber3, Yael Becker Ilany3, Victoria Indenbaum*, Sharon Amit4, Michal

Mandelboim*2, Ella Mendelson*2, Gili Regev-Yochay>3

1. Central Virology Laboratory, Ministry of Health, Tel-Hashomer, Israel

2. Sackler Faculty of Medicine, Tel-Aviv University, Israel

3. Infection Prevention & Control Unit, Sheba Medical Center, Ramat-Gan, Israel
4. Microbiology Laboratory, Sheba Medical Center, Ramat-Gan, Israel

* These authors contributed equally to this article and share first authorship.

Correspondence: Yaniv Lustig (Yaniv.lustig@sheba.health.gov.il)

Citation style for this article:

Lustig Yaniv, Cohen Carmit, Biber Asaf, Jaber Hanaa, Becker Ilany Yael, Indenbaum Victoria, Amit Sharon, Mandelboim Michal, Mendelson Ella, Regev-Yochay
Gili. Immunoglobulin (Ig)A seropositivity against SARS-CoV-2 in healthcare workers in Israel, 4 April to 13 July 2020: an observational study. Euro Surveill.
2021;26(48):pii=2001690. https://doi.org/10.2807/1560-7917.ES.2021.26.48.2001690

Article submitted on 16 Sep 2020 / accepted on 07 Jun 2021 / published on 02 Dec 2021

Introduction: The COVID-19 pandemic has put health-
care workers (HCW) at significant risk. Presence of
antibodies can confirm prior severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection. Aim:
This study investigates the prevalence of IgA and IgG
antibodies against SARS-CoV-2 in HCW. Methods:
Performance of IgA and IgG antibody ELISA assays
were initially evaluated in positive and negative
SARS-CoV-2 serum samples. IgA and IgG antibodies
against SARS-CoV-2 were measured in 428 asympto-
matic HCW. We assessed the risk of two groups: HCW
with high exposure risk outside work (HROW) resid-
ing in areas where COVID-19 was endemic (n = 162)
and HCW with high exposure risk at work (HRAW) in
a COVID-19 intensive care unit (ICU) (n = 97). Results:
Sensitivities of 80% and 81.2% and specificities of
97.2% and 98% were observed for IgA and IgG anti-
bodies, respectively. Of the 428 HCW, three were posi-
tive for IgG and 27 for IgA. Only 3/27 (11%) IgA-positive
HCW had IgG antibodies compared with 50/62 (81%)
in a group of previous SARS-CoV-2-PCR-positive indi-
viduals. Consecutive samples from IgA-positive HCW
demonstrated IgA persistence 18-83 days in 12/20
samples and IgG seroconversion in 1/20 samples. IgA
antibodies were present in 8.6% of HROW and 2% of
HRAW. Conclusions: SARS-CoV-2 exposure may lead
to asymptomatic transient IgA response without IgG
seroconversion. The significance of these findings
needs further study. Out of work exposure is a possi-
ble risk of SARS-CoV-2 infection in HCW and infection
in HCW can be controlled if adequate protective equip-
ment is implemented.

Introduction

During December 2019, the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which causes
coronavirus disease (COVID-19), was identified in
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Wuhan, China [1] and since then has spread worldwide
[2]. As of 22 Oct 2021, there have been over 242.3 mil-
lion COVID-19 cases and 4.9 million deaths [3].

Acute COVID-19 is primarily diagnosed by quantitative
reverse transcriptase-polymerase chain reaction (qRT-
PCR) to detect SARS-CoV-2 RNA [4] and can be used to
characterise the incidence of the disease. To assess
the prevalence of COVID-19 in the population and prior
exposure in individuals, numerous serological Kkits
that measure antibody levels against SARS-CoV-2 have
been developed [5]. Because neutralising abilities are
derived from IgG antibodies, most serological tests
aim at detecting IgG levels. In addition, several recent
studies of samples from acute and past COVID-19 cases
demonstrated that I1gG, IgA and IgM antibody levels are
upregulated simultaneously following infection [6,7],
suggesting that IgG levels alone may be sufficient for
determining past exposure [8]. Interestingly, a recent
study comparing IgG and IgM antibodies in asympto-
matic and symptomatic qRT-PCR-positive individuals
demonstrated that asymptomatic individuals had a
weaker immune response to SARS-CoV-2 infection and
rapid decline in I1gG levels [9], although other studies
found that IgG levels against the spike proteins were
sustained for 5—7 months after infection [10].

IgA is the major immunoglobulin at the viral point of
entry at the mucosal surfaces and is expected to neu-
tralise SARS-CoV-2 before it binds to epithelial cells,
but IgA’s role in SARS-CoV-2 infections is not clear
[11,12]. Although serum circulating IgA functionally dif-
fers from mucosal IgA, the former possesses neutralis-
ing abilities and is expected to reflect the latter activity
in the upper airway mucosa [13]. A recent study has fur-
ther highlighted the connection between disease sever-
ity and sustainability of IgA high titres [11]. Therefore,



FIGURE 1

Flowchart of the study design, healthcare worker SARS-
CoV-2 seroprevalence study, Ramat Gan, Israel, 4 April
2020-13 July 2020
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evaluation of IgA in serum of asymptomatic individu-
als or with negative gRT-PCR results may reflect the
immune response performance in controlling COVID-19
and will aid in predicting disease outcomes.

Data suggest that a significant part of COVID-19 infec-
tion is asymptomatic [14]. Serosurveillance may assist
in assessing the effectiveness of protective meas-
ures and detecting asymptomatic carriers for control
and breech of infection networks [15]. Therefore, it is
important to assess the rates of asymptomatic carriers
in healthcare workers (HCW) who are facing potential
community and hospital exposure.

Here, we studied the seroprevalence of IgA and IgG
antibodies against SARS-CoV-2 in asymptomatic
HCW with no known history of COVID-19 at the Sheba
Medical Center during the early stages of the COVID-19
pandemic.

Methods

Setting

The Sheba Medical Centeris the largest tertiary medical
centre in Israel, with 1,400 acute care beds, 200 reha-
bilitation beds and 9,342 healthcare workers (HCWs),
including 1,855 physicians, 2,847 nurses, 1,992 para-
medical staff (physiotherapists, etc.) and 2,648 admin-
istrative personnel.

Study design and population

Between 4 April and 13 July 2020, we conducted a
seroprevalence study of HCW at the Sheba Medical
Centre (Figure 1). Participants responding to our call
were from medical departments, laboratories, para-
medical facilities and service providing departments.
HCW who were diagnosed with COVID-19 before the
survey were excluded. We sampled volunteers’ blood
for serology and obtained nasopharyngeal and oro-
pharyngeal swabs for gRT-PCR. Volunteers’ age, sex,
working department, position and home residence
were registered. Additionally, the volunteers received

a questionnaire containing a list of reported COVID-19
symptoms and were asked to mark any symptoms they
experienced in the 2 weeks before the surveillance.
HCW presenting with positive immunoglobulin expres-
sion were invited for follow-up serology.

We were interested in assessing the risk of two par-
ticular groups: (i) HCW with high exposure risk outside
work (HROW) residing in areas where rates of identified
COVID-19 cases exceeded 21 per 100,000 residents and
where the Israeli Ministry of Health declared the areas
endemic (red cities) and (ii) HCW with high exposure
risk at work (HRAW), i.e., HCW working in the COVID-
19 intensive care unit (ICU). During the study period,
HCW working in the COVID-19 ICU were instructed to
avoid any contacts apart from their household and
work. Furthermore, if a household member was ill, they
were given a temporary room within the hospital area.
The personal protective equipment (PPE) of HCW work-
ing in the COVID-19 ICU included a coverall, Ng5 face
mask, face-shield, gloves and shoe leggings. None of
the participants belonged to more than one of the two
groups (Table 1).

To define the sensitivity and specificity of the test, we
assessed IgA and IgG antibody levels in sera obtained
from 124 gRT-PCR-positive individuals up to 14 days
(<14, early positive COVID-19) and equal or above 14
days (214, positive COVID-19) post onset of symptoms
(PSO) [4] and from sera obtained before September
2019 from 157 (for 1gG) and 181 (for IgA) healthy indi-
viduals requesting their polio immunisation status
(termed negative COVID-19) (Table 2).

PCR testing

For qRT-PCR, nasopharyngeal and oropharyngeal swabs
were placed in 3 mL of universal transport medium
(UTM) or viral transport medium (VTM). Tests were
performed according to manufacturers’ instructions
on various platforms: Allplex 2019-nCoV (Seegene,
South Korea), NeuMoDx SARS-CoV-2 assay (NeuMoDx
Molecular, Ann Arbor, Michigan, US), and Xpert, Xpress
SARS-CoV-2 (Cepheid, Sunnyvale, CA, US).

IgA and IgG antibody analysis

IgA and IgG antibodies against the S1 domain of the
spike protein of SARS-CoV-2 (expressed recombinantly
inthe human cell line HEK 293) were detected by a semi-
quantitative enzyme-linked immunoassay (ELISA) (anti-
SARS-CoV-2 ELISA IgG and anti-SARS-CoV-2 ELISA IgA,
Euroimmun, Liibeck, Germany). Samples were tested
according to the manufacturer’s instructions. ELISA
index value was defined as the ratio between sample
and cut-off optical densities (OD). An ELISA index value
below 0.9 was considered negative, between 0.9 and
1.1 was considered borderline and equal or above 1.1
was considered positive. Borderline results were con-
sidered negative.
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TABLE 1

Characteristics of healthcare workers, healthcare worker SARS-CoV-2 seroprevalence study, Ramat Gan, Israel, 4 April

2020-13 July 2020 (n = 428)

Characteristics

All HCW HROW group

HRAW group
n % n % n %

Total population 428 100 162 38 97 23
Sex (female) 287 67 116 71 50 51
Age

40 (18-72) 42 (18-72) 38 (25-69)
Mean (range)
Range of confirmed COVID-19 cases / 100,000 population in place of residence? - 21.1-89.4 0-5.8
Direct patient contact® 282 66 48 30 94 97
SARS-CoV-2 gRT-PCR-positive 2 0.4 2 1.2 o o
Experiencing symptoms within last 2 weeks 75 17.5 19 12 10 10

COVID-19: coronavirus disease; HCW: healthcare worker; HRAW: high risk at work; HROW: high risk outside work; qRT-PCR: quantitative
reverse transcription-polymerase chain reaction; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

2 As published by the Israeli Ministry of Health on 30 April 2020.
® Practitioners and nurses.

Statistical analysis

Scatter plot and correlation analyses were performed
using GraphPad Prism 9.0 (GraphPad Software, Inc.,
San Diego, CA, US) by two-tailed parametric t-test
means with confidence intervals (Cl) of 95%. We com-
pared the rates of seropositivity in the two high risk
populations to the control negative group, from whom
the specificity of the ELISA test was calculated using
Fisher’s exact test and chi-squared test.

Ethical statement

The institutional review board of Sheba Medical Center
approved the study and waived the requirement for
informed consent on the basis of voluntary participa-
tion and preserving participants’ anonymity.

Results

IgA and IgG ELISA performance

We first evaluated the performance of the ELISA. IgG
and IgA sensitivity reached 27.5% (95% Cl: 17.8-39.8)
and 49.2% (95% Cl: 37.1-61.4) in the first 2 weeks
PSO and increased to 81.2% (95% Cl: 68.6-90.4) and
80% (95% Cl: 66.6—89.1), respectively, 2 weeks PSO.
Specificity was 98% for I1gG and 97.2% for IgA. Overall,
the area under the ROC curve was 0.89 and 0.91 for IgA
and IgG, respectively (Figure 2 and Table 2).

IgA and IgG SARS-CoV-2 seroprevalence in
healthcare workers

Of the 428 HCW included in this study (mean age 40
and 287 (67%) women), 75 (17.5%) reported experienc-
ing symptoms in the 2 weeks before sample collection,
and two were positive for SARS-CoV-2 RNA (one was
positive for both IgG and IgA and one for only IgA anti-
bodies against SARS-COV-2) at the time of recruitment.
The two positive participants did not report any symp-
toms (Table 1). Of the 428 HCW, three were positive for
both 1gG and IgA (95% Cl: 0.24—2) and 27 were posi-
tive for only IgA (95% Cl: 4.3—9.2) (Table 2). None of the
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IgA and IgG-positive individuals reported any previous
symptoms. Interestingly, there was a substantial dif-
ference in the proportion of IgA- and IgG-positive indi-
viduals between SARS-CoV-2 qRT-PCR-positive persons
and the HCW. Overall, 50/62 (81%) of SARS-CoV-2 qRT-
PCR-positive persons had both IgA and IgG antibodies
with an IgA mean ELISA index value of 4.4. However,
only 3/27 HCW with a positive IgA had detectable 1gG
and their IgA mean ELISA index value was 2.

To examine antibody kinetics, all HCW with positive
IgA were asked to have a repeated test at least 14 days
after the initial result (Figure 1). Of the 27 IgA positive
HCW, 20 returned for a second test 17 to 83 (mean of
60.1 days) days after the first test; 12 of the samples
were persistently IgA positive and two were persistently
IgG positive (Table 3). In addition, one sample serocon-
verted to IgG with simultaneous decrease in IgA, and
seven samples demonstrated an IgA decrease, either
to a borderline value (four samples) or a negative value
(three samples).

Comparison of two groups of healthcare
workers

Among the 428 HCW, 162 residing in COVID-19 endemic
areas were considered a high risk outside work group
(HROW), and 97 HCW working in the COVID-19 ICU
were considered a high risk at work group (HRAW). The
mean age of the participants was 42 and 38, respec-
tively. In the HROW group, 48 HCW were practitioners
and nurses who had direct contact with patients; in the
HRAW group, 94 HCW were practitioners and nurses
who had direct contact with patients (Table 1). IgG anti-
bodies were detected in serum from one HROW HCW
(95% Cl: 0.1-3) and none of the HRAW participants
(95% Cl: 0-3.8), and IgA antibodies were detected in
14 HROW participants (95% Cl: 5.2—14) and two HRAW
participants (95% Cl: 0.6-7.2) (Table 2). Although IgG
levels were not significantly higher than the negative
control group, which was assessed to define specificity



TABLE 2

Evaluation of ELISA assay performance and IgA and IgG seroprevalence, healthcare worker SARS-CoV-2 seroprevalence
study, Ramat Gan, Israel, 4 April 2020-13 July 2020 (n = 428)

Test performance

Negative
SARS-CoV-2?
Antibody P Positi
type EEINE Specificity ~ Positive/ Sensitivity ositive

(CLd)] total (95% CI)

/total /total

HCW seroprevalence

Early positive COVID-19° Positive COVID-19¢ AllHCW HROW group HRAW group

—_— o o
ositive Positive/ % Positive/

total  (95% Cl) total

Sensitivity
(95% CI)

% (95% CI)

% (95% Cl)
/total

97.2 49.2 80 (66.6— 6.3 8.6
IgA 181 6 27/428 14/162 2 2 (0.6-7.2
¢ 5/ (933-98.9)| 4% | 5raers) | 4455 89.1) 7/4 3-9.2) | (s.2-1) | 2197 (0.6-7.2)
81.8
98 27.5 B 0.7 0.6 _
IgG 3/157 (94-99.5) 19/69 (17.8-39.8) 45/55 (gi.z) 3/428 (0.24-2) 1/162 (0.1-3) 0/97 0(0-3.8)

Cl: confidence interval; COVID-19: coronavirus disease; HCW: healthcare worker; HRAW: high risk at work; HROW: high risk outside work; gRT-
PCR: quantitative reverse transcription-polymerase chain reaction; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.

2 Sera before September 2019.
b Sera from gRT-PCR-positive COVID-19 individuals<14 days.
¢ Sera from recovered COVID-19 individuals=z14 days.

(i.e., they were not higher than the false positivity rate),
IgA levels for HCW with HROW but not HRAW were sig-
nificantly higher than the false positive rate of the non-
COVID group (p=0.01).

Discussion

The COVID-19 pandemic has resulted in high exposure,
high infection and high isolation rates among frontline
HCW [16]. Thus, identifying HCW who were exposed to
SARS-CoV-2 and in whom infections remained unde-
tected and particularly identifying those with SARS-
CoV-2 antibodies who are presumably immune to
COVID-19 may be of high importance.

Our study found a 0.7% IgG seroprevalence for our
study population of 428 HCW (3/428) at the early stage
of the COVID-19 pandemic in Israel. This result agrees
with the Ministry of Health assessments of between
0.5% and 1% IgG seroprevalence in Israel and only
about16,000 gRT-PCR-positive COVID-19 cases at the
time the study, were confirmed. At least in terms of IgG
antibodies, this result suggests that Sheba HCW were
not exposed more than the general Israeli population.

One of the most important findings of this study is that
IgA seroprevalence is about6% among asymptomatic
HCW with unknown previous exposure or detection of
SARS-CoV-2. During the COVID-19 pandemic, numerous
serological kits have been developed and validated [17];
however, most of these assays are aimed at detecting
IgG antibodies as these are believed to be sufficient
to confer protection against SARS-CoV-2 infection both
at the individual and population level [18]. Importantly,
to date only one commercial company has developed
an IgA assay, which was used in this study and which
has been evaluated by several other studies [19,20].
The performance of this and other serological assays
varies between studies, an observation that may stem
from different cohorts or immunological backgrounds.
Also, limited cross reactivity of the IgA assay with

seropositive hepatitis C virus samples was recently
found [21], suggesting that caution should be exercised
when interpreting our results. Therefore, to increase
the specificity of the IgA assay, we used both non-
COVID-19 and SARS-CoV-2 gRT-PCR-positive individu-
als as controls and considered IgA borderline results
to be negative. Our validation with samples obtained
from both non-COVID-19 and SARS-CoV-2 qRT-PCR-pos-
itive persons from Israel showed that the seropositivity
results from HCW residing in highly endemic areas (i.e.,
with high exposure risk outside work) are significantly
higher than in negative controls and higher than in
HCW who are well protected by PPE, even if working in
departments with potential high exposure risk.

Most interesting are the differences in antibody profiles
we identified between SARS-CoV-2 gRT-PCR-positive
and our cohort of HCW. Unlike individuals diagnosed
with COVID-19, most HCW exposed to SARS-CoV-2 were
serologically positive only for IgA antibodies with a
comparably smaller mean ELISA index value. Indeed, a
study evaluating the seroprevalence of healthcare pro-
fessionals in Germany also found specific IgA but not
IgG seropositivity in 19/217 participants and only three
healthcare professionals had both IgA and IgG [22]. In
our study, despite an IgA response that was sustained
for at least several weeks, no IgG seroconversion was
observed over time in most cases. Assessment of IgA
kinetics overtime in large studies reveals that sus-
tained detection of individuals diagnosed with COVID-
19 may predict disease outcomes, and persistence may
last for over 3 months [11,23]. Future population-based
studies and predictive models should consider such
factors to generalise results. Furthermore, it would
be interesting to study what types of exposures lead
to an exclusive IgA response, or to both IgA and IgG
responses in asymptomatic individuals. The implica-
tions of these antibody responses should be explored
further.
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FIGURE 2

Performance of IgA and IgG ELISA, healthcare worker SARS-CoV-2 seroprevalence study, Ramat Gan, Israel, 4 April

2020-11 May 2020
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COVID-19: coronavirus disease; ELISA: enzyme-linked immunoassay; PCR: polymerase chain reaction; ROC: receiver operating characteristic; SARS-CoV-2: severe
acute respiratory syndrome coronavirus 2.

Scatter plots: Negative COVID-19 (Non-COVID) individuals; SARS-CoV-2-positive COVID-19 persons less than 14 days post symptom onset (PCR positive<14 days
PS0); and SARS-CoV-2-positive COVID-19 persons more than or equal to 14 days post symptom onset (PCR positivez14 days PSO). Area under the ROC curve
cut-off level is presented as a dashed line. Geometric mean titre and +/-95% confidence interval are shown.
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Two intriguing questions originating from this study
concern the function of IgA and the lack of IgG antibod-
ies in the participating HCW. It is well documented that
IgA antibodies have neutralising activity [24,25] and
recently IgA was demonstrated to be a potent SARS-
CoV-2 neutralising agent [26]. Our results suggest that,
unlike SARS-CoV-2-positive individuals, in most IgA-
positive HCW with a negative qRT-PCR result for SARS-
CoV-2, IgG does not develop, although IgA antibodies
have lower titres and can be sustained for at least sev-
eral weeks. Since IgA was shown to dominate the early
neutralising antibody response to SARS-CoV-2 [26], it
is possible that the development of IgA antibodies can
be sufficient to overcome SARS-CoV-2 infection under
certain circumstances such as low level or asympto-
matic infection. Under these conditions, SARS-CoV-2
infection may be cleared before IgG antibodies can be
produced. Despite being the most abundant antibody
isotype present at mucosal surfaces and the second
most abundant in serum [27], IgA levels need more
evaluation to be useful for diagnostics. It will be inter-
esting to examine the role of IgA antibodies in other
viral infections and to explore the differences between
serum and secretory IgA activities.

Our study also answers one key concern: the effec-
tiveness of PPE worn by HCW working long hours with
COVID-19 patients. To assess the risk of exposure at
work and the risk of exposure at home, we examined
the prevalence of antibodies against COVID-19 in two
groups of HCW: one group of HCW working 8-hour
shifts and returning to their residence in COVID-19
endemic areas and one group of HCW working in the
COVID-19 ICU under restricted residential conditions.
Interestingly, our results identified increased IgA but
not 1gG seroprevalence in the HCW with HROW, but no
significant increase was detected in the HRAW group.
This suggests that HCW working in the COVID-19 ICU
were more protected from COVID-19 than other HCW at
the Sheba Medical Center. This protection is probably
due to the strict PPE policy and the isolation of these
ICU personnel from their families and friends.

Limitations of this study include the relatively small
number of samples used for assessing the seropreva-
lence of both high risk at home and at work groups
and the substantial proportion of participants report-
ing symptoms, which might not be proportional to the
general population. Therefore, we were not able to
perform in-depth analysis and assess correlates for
antibody seropositivity. Larger studies of HCW that
include departments with differing exposure risks are
urgently needed to unravel the impact of the COVID-19
pandemic on HCW from different demographic charac-
teristics and work conditions.

In conclusion, this study, which was conducted during
the early stages of the COVID-19 pandemic in lIsrael,
corroborates the importance of adequate PPE for HCW
protection against SARS-2-CoV infection and highlights

a specific IgA antibody seropositivity among asympto-
matic HCW.
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