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ARTICLE INFO ABSTRACT

Keywords: Objective: Currently, little is known about the progression of an immune response against SARSCoV- 2 upon
SARS-CoV-2 infection or sub-infection-exposure over time. We examined the serologic response in healthcare workers up to
Corona virus 12 weeks after a well-documented and contained outbreak and compared results with findings from earlier
COVID-19

serologic testing in the same population.

Methods: This study followed 166 health care workers of the University Perinatal Care Center, Regensburg,
Germany, for up to 12 weeks. 27 of the subjects had previously tested positive for the presence of SARS-CoV-2 by
PCR testing and developed COVID-19. Serologic responses were tested with two independent commercially
available test kits.

Results: 77.8 % of COVID-19 study subjects developed a specific IgG-response over the course of the 12-week
study, while none of the COVID-19 contact groups had a detectable IgG response. Amongst most COVID-19
patients the values of detectable IgG-responses significantly increased over time as confirmed with both tests,
while that of positive IgA responses decreased. Between the number of reported symptoms and antibody re-
sponses in COVID-19 patients no correlation was found and no new cases of seroconversion were identified in
asymptomatic coworkers with negative PCR during the outbreak.

Conclusions: Immune response after COVID-19 increases significantly over time but still approximately 22 % of
COVID-19 patients did not mount a measurable serologic immune response within 60 days. Exposed co-workers
did not develop any relevant antibody levels at all. We conclude that immunity after infection increases over
time, but the antibody response does not develop reliably in all infected people.

Health care workers
Immune response
SARS-CoV-2 antibodies

1. Introduction Health care workers are at exceptionally high risk of infection as

they work on the frontline of this pandemic [2]. Perinatal centers seem

Up to now (July 2020) around 10 million people worldwide have
been identified as infected with SARS-CoV-2, of which nearly 500.000
succumbed to COVID-19 [1]. In addition to China, early outbreaks took
place in South Korea, Japan, and Central Europe where by now, the
spread of the virus could be contained with great efforts. However,
COVID-19 had been declared a pandemic by the WHO on March 10,
2020 (World Health Organization, 2020) and many countries like the
USA, Russia, Brazil, and India are still showing rising daily case num-
bers.

to be an underestimated hotspot due to the increased presence of
young, often paucisymptomatic patients, high aerosol exposure in the
delivery room, and a multidisciplinary care team that requires the close
proximity of staff members from multiple hospital departments such as
anesthesiologists, midwifes, obstetricians, nurses and others [3].

In a well described outbreak at our University perinatal center in
Regensburg, Germany, a total of 36 staff members were confirmed virus
RNA-positive by reverse transcription, followed by real-time (RT)-PCR
and 34 developed COVID-19 [4]. Our previously reported observations
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Fig. 1. Flow of participants throughout
the study with time periods of serologic
testing and applied tests including the

‘W respective numbers.

| n=379/COVID-19 pos: n=36 | | Baseline n= 202/COVID-19 pos: n= 31 I

| Follow-up n= 166/COVID-19 pos: n= 27 |

and initial antibody testing showed that 2-3 weeks after the initial PCR-
based screening only a limited number of staff members affected by
COVID-19 had developed relevant antibody responses (48.4 %). At this
time point, very few staff members who were in contact with diseased
co-workers but tested negative in the PCR-test, showed any antibody
response which was limited to IgA (8.2 %) and in one case, to bor-
derline elevated IgG [6]. The objective of this follow up study was now
to investigate the progression of the immune response approximately
12 weeks after the outbreak in our hospital staff of COVID-19 affected
and contact persons.

2. Methods
2.1. Study design and participants recruitment

The study was designed as a prospective cross-sectional study with
optional longitudinal analysis, focused on immune response to SARS-
CoV-2 in health care workers approximately 12 weeks after a COVID-19
outbreak in a large University children's and maternity hospital. Details
of the outbreak have been reported elsewhere [4]. Briefly, extensive
RT-PCR testing was performed on hospital employees (n = 379) in-
itially and after the first serological test was commercially available, all
employees were offered a voluntary participation in a SARS-CoV-2
serological test.

All study subjects were categorized into four groups according to
their state of infection or exposure to SARS-CoV-2 positive individuals
as previously reported [6]: The categories were briefly: (a) “COVID-19
patients”: individuals with at least one positive RT-PCR SARS-CoV-2
test; (b) “Close contact”, (¢) “Moderate contact”, and (d) “No contact”
(meaning health care workers not belonging to the groups mentioned
before but working in the hospital during the outbreak; b, ¢ and d:
“Covid-19 contact group”).

Details of symptoms, RT-PCR results and short-term im-
munoglobulin development (2-4 weeks) have already been reported
[6]. All participants in the first assessment were invited to participate in
the second assessment. As all data in both studies were fully anon-
ymized and only accessible at an individual level to the participant,
data from the first study could only be connected to the second study
with the individual approval of the study participants and under the
condition that the initial personal study log-in was still remembered by
the participant. Therefore, longitudinal analyses were possible in 127 of
the 166 participants of the second assessment. The study was approved
by the Ethics Committee of the University of Regensburg (file-number:
20-1767-101).

2.2. SARS-CoV-2 testing

Specific antibody response to SARS-CoV-2 was now evaluated by
the use of two different commercially available test kits - the Anti-
SARS-CoV-2 IgG and IgA ELISA (EUROIMMUN AG, Liibeck, Germany;
https://www.euroimmun.com) and the Elecsys Anti-SARS-CoV-2
(Roche Diagnostics, Rotkreuz, Switzerland; https://diagnostics.roche.
com). Both tests were performed according to the manufacturer’s pro-
tocol. For EUROIMMUN Kkits, reagent wells were pre-coated with re-
combinant structural protein (S1 domain) of SARS-CoV-2 for the IgA
and IgG assay as previously reported [6]. According to manufacturer’s
recommendations, for the IgA and IgG assay an OD ratio of > 1.0 was
considered positive.

The qualitative Elecsys Anti-SARS-CoV-2 Antibody immunoassay
analyzer was used. The assay does not discriminate between the anti-
body type(s) present and can detect IgA, IgM, and IgG. The test is based
on a recombinant nucleocapsid (N) antigen and has a threshold value of
1.0. Accordingly, all samples with a value < 1.0 were considered ne-
gative.

2.3. Statistical analyses

Characteristics of the study cohort are presented using descriptive
statistics. Fisher’s exact test was used to examine group differences. For
the comparison of the proportions of participants who showed antibody
responses over time the McNemar test for paired samples was used. To
analyze correlation between the two different antibody tests and for
correlation of antibody test results with symptoms, Spearman's rank
correlation coefficient or coefficient of determination was used, where
applicable. All analyses were performed using SPSS 26 (IBM SPSS
Statistics for Windows, USA)

3. Results

After a COVID-19 outbreak at the University children's and mater-
nity hospital in Regensburg, Germany, serologic testing was performed
2-4 weeks after the outbreak as previously described [6] and now again
8-12 weeks after the outbreak in 166 individuals, including 27 COVID-
19 patients who had participated also in the first testing (Fig. 1).
Median time span between the first and second serologic tests was 38
days (range 29-47). Of the 166 participants in the follow up study, the
longitudinal serological antibody course, symptoms and contact cate-
gory could be analyzed for both timepoints in 127 subjects. The overall
study participant number and the demographic characteristics of study
participants with longitudinal follow up stratified for exposure groups
are summarized in Table 1.

First, the development of IgG antibody responses between baseline
and follow up serological test was investigated in COVID-19 patients
and COVID-19 contact persons (Fig. 2). Only one subject of the COVID-
19 contact group had relevant IgG antibody levels at baseline, and none
at the follow up testing. A positive IgG response (> 1.0) of COVID-19
patients at baseline was detected in 48.4 % of cases. This proportion
showed a significant increase to 77.8 % (p < 0.05) at follow up. When
analyzed on an individual level, a majority of COVID-19 cases (n = 18)
showed an increase of IgG values over time (72 %) while only three
individuals with initially positive IgG values (> 1.0) showed decreased
levels at follow up and two did neither (Fig. 3).

Individual values of both serological tests, the Euroimmun IgG
ELISA and the Roche Elecsys assay, at follow up showed good corre-
lation (Fig. 3) in the overall study population (R? 0.74). However, the
correlation obtained for the Euroimmun IgA ELISA and the Roche
Elecsys assay was low (R%0.24) (Supplement Fig. 1).

As expected, sequential measurement of IgA antibodies showed a
significant decrease from elevated IgA values in 76 % of subjects at
baseline to 32 % of subjects (—44 %, p = 0.042) at follow up.
Furthermore, IgA antibodies did not predict later IgG response, as
COVID-19 patients who never had a detectable IgA-response, developed
a specific IgG response in 40 % of cases at the later time point (data not
shown).

We further reasoned, that multiple symptoms in our group of
moderately to mildly affected COVID-19 cases could indicate a more
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Table 1
Characteristics of the study cohort.
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All groups COVID-19 COVID-19 contact group (all health care workers of the hospital with negative SARS- Difference between COVID-19
CoV-2-RT PCR) and all
other groups, p (Fisher Exact,
Close contact moderate contact no contact two-sided)
All at follow up (n) 166 27 139
longitudinal follow up 127 25 22 39 41
(n)
Female, N (%) 109 858% 22 88.0% 15 68.2 % 35 89.7 % 37 90.2 % n.s.
Male, N (%) 18 142% 3 120% 7 31.8 % 4 10.3 % 4 9.8 % n.s.
Age
18—35years, N (%) 37 291% 10 400% 6 27.3 % 10 25.6 % 11 26.8 % n.s.
36—50 years, N (%) 51 40.2% 320% 9 40.9 % 18 46.2 % 16 39.0 % ns.
51-65years, N(%) 39 307% 7 280% 7 31.8 % 11 28.2 % 14 34.1 % ns.

The given numbers refer to absolute case numbers. “All groups” describes all included study participants, “COVID-19“ describes those who suffered from COVID-19.
The “COVID-19 contact group” includes all participating health care Workers (HCW) working in the hospital during the described outbreak with negative SARS-CoV-
2-RT PCR. Included within this are the groups “close contact“ (unprotected contact with a distance of less than 2 m for 15 minutes or longer), “moderate contact*
(individuals with a negative PCR SARS-CoV-2 test who had moderate contact to a co-worker with COVID-19 or who had recently returned from a risk area) and “no
contact“ (no significant contact with COVID-19-patients) [10]. The statistical significances of the differences between the groups were tested using the Fisher Exact
Test and are enlisted on the right. “All at follow up” are all study participants at the time of the follow up measurement; “longitudinal follow up“ describes the HCW
for whom the data from the follow up analysis was exactly relatable to the results from the baseline antibody-testing. “Female*, “Male“ and “Age“ give the gender-

and age-distribution of the study participants within each enlisted group.

[ ]

** (FisherExact)

** (Fisher Exact)

[ o

o
77,8%

90%

80%

70%
60%
48,4%
50% P

40%

lgG positive

30%

20%
r n.s.5—|
10%

0,6% 0,0%

0%

COVID-19 contact group COVID-19 patients

| baseline (n=202; COVID-19 patients: 31, COVID-19 contact group: 171)

m follow up (h=166; COVID-19 patients: 27, COVID-19 contact group: 139)

a: with exact longitudinalfollow up (n=127; McNemar-Test)

Fig. 2. Development of anti-SARS-CoV-2-IgG antibody response over time in
COVID-19 patients and COVID-19-contact groups.

Shown is the number of positive results in the Euroimmun IgG-testing at time
points “baseline” (dark) and “follow up” (light) relative to all tests per group at
the given time. The results are displayed separately for health care workers with
initially positive PCR testing for SARS-CoV-2 (“COVID-19 patients”) and health
care workers with negative PCR (“COVID-19 contact groups”). * p < 0.05; **
p < 0.01 (McNemar).

systemic disease and thus, may be associated with a higher likelihood to
develop antibodies. Therefore, we correlated the number of reported
symptoms with the strength of IgG antibody responses in the group of
COVID-19 patients (Fig. 4). The correlation was positive, but not sta-
tistically significant.

Finally, we investigated if hospital staff in contact with COVID-19

coworkers or those without any contact had acquired SARS-CoV-2 an-
tibodies in the aftermath of the outbreak, which may have not been
detectable at the early, first timepoint of the survey. However, neither
with the Euroimmune IgA and IgG test nor with the Elecsys test ser-
oconversion or indications for more recent infections could be detected
in our study population.

4. Discussion

The detailed tracking of health care workers after a COVID-19
outbreak situation in our perinatal center confirms an increasing IgG
based immune response after a COVID-19 infection over time but no
silent seroconversion in hospital staff in contact with diseased cow-
orkers.

Out of the 27 COVID-19 patients, 77.8 % developed a humoral IgG
response after 8-12 weeks. The course of IgG responses were in line
with other reports [5,6], however, our observation period was sub-
stantially longer. Therefore the main finding of the study is the sig-
nificant rate of increasing detectable IgG levels from the first to the
second test. Somehow concerning is the fact, that a relevant proportion
of COVID-19 patients (22.2 %) did still not develop IgG antibody levels
within our observation period. This results leave the possibility that
patients without immune response might continue to be or again be-
come susceptible to reinfection in the future [7].

Among the COVID-19 cases, the variability of values was wide: IgG
values ranged from 0.1 to 7.3 using the Euroimmun IgG ELISA and the
antibody values from the Elecsys ranged from 0.1 to 128.3. A few pa-
tients had particularly high IgG levels (Fig. 3). Further research is
needed to examine whether high IgG levels are indicative of long-term
immunity. A further point of interest regarding high IgG values after
COVID-19 infection is the connection with the development of multi-
system inflammatory disease, as it is currently being discussed in the
literature [8]. Multisystem inflammatory disease is a rare complication
of COVID-19 that typically affects children, but has recently been re-
ported to also affect young adults [8,9].

Results of the Euroimmun IgG ELISA and the Roche immunoassay
correlated well, while this was not the case for comparison of the IgA
ELISA with the Elecsys immunoassay. These results are in line with
other studies confirming good sensitivity and specificity of the IgG
ELISA and the Elecsys Immunoassay [13,14]. Our longitudinal testing
with the same assay (Euroimmun) allowed comparison of the two time
points. The additional test with the Elecsys assay confirmed the results
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Fig. 3. Shift of individual anti-SARS-
CoV-2-1gG ratio from “baseline”- to
“follow up”-antibody testing in COVID-
19-patients.

Depicted is the individual anti-SARS-
CoV-2-IgG antibody ratio (“antibody
ratio”) for each study participant being
initially positive in the SARS-CoV-2-
PCR-testing at the time points “base-
line” and “follow up”. The datapoints
covering one individual are connected
with colored lines; the colors represent
an increasing (blue, left), stable
(yellow, middle) and decreasing (red,
right) antibody ratio.

The exact follow up-IgG antibody ratios
(Euroimmun, “IgG (ratio)”) are shown
paired with their respective results
from the Elecsys® SARS-CoV-2-test
(“Elecsys”) in the table below each

\
%

1gG baseline

01 02 16
0,79 0,14 59,7

decreasing ratio (n=>5)

1gG follow up

chart. The colors of the result pairs are matching the respective results in the charts above them. The number of increasing ratios differs highly significantly
(p < 0.01) from the stable and decreasing ratios, whereas comparing the stable and decreasing ratios gives no significant difference in their numbers.

p =.82523; Spearman's rho (p) = 0.04

p =.54901; Spearman's rho (p) = 0.77

Fig. 4. Correlation of initially reported

8 8 symptoms and anti-SARS-CoV-2-IgG
- ° [ - ° ratios for COVID-19 patients. The
® ° number of ten of the most common
6 o 6 L ° symptoms seen with COVID-19
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g % 5 ® nose, sore throat, headache, exhaus-
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2, e, tion/fatigue, muscle aches, anosmia,
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follow up (n = 25). The p-value and the
Spearman’s rho are depicted above
each chart.

HCW with positive PCR at baseline and exact longitudinal follow up (n=25)

of seroconversion and further added to the sensitivity of early detection
of humoral responses.

As expected, the sequential study of IgA antibody levels showed that
in the COVID-19 group, the rate of patients with detectable IgA anti-
bodies decreased significantly over time. This finding supports the hy-
pothesis already described by other authors, that IgA is not an adequate
marker for the long-term course of an immunological response after
COVID-19 infection and may only play a role in patients with mild
symptoms, especially since our COVID-19 cohort was only affected by
mild to moderate symptoms [10].

Further, also the number of experienced symptoms of the COVID-19
patient group did not correlate with immune response. None of our
study participants experienced severe symptoms or symptoms corre-
lated with a multisystem inflammatory disease. In this respect, the lack
of correlation of the number of symptoms with IgG titers might be
explained, but the low number of COVID-19 positive patients in our
study population must also be taken into account.

We had initially speculated that exposure to colleagues with COVID-
19 might lead to an antibody responses in some hospital staff dependent
on the degree of exposure. Interestingly, our results showed no anti-
body responses in the contact group, rejecting the hypothesis of silent,
antibody dependent immunization in this cohort. These results re-
garding the immune response of COVID-19 contact subjects are in line
with the first reports on development of antibody response to COVID-19

[11,12]. In addition, the significant decrease in IgA levels over time in
the contact group fits with reports of unspecific IgA reaction to common
cold coronaviruses [10,13].

The fact that we did not identify additional seropositive cases in our
study cohort 8-12 weeks after the outbreak also allows the conclusion
that no new infections have occurred during the study period, although
COVID-19 patients have been treated in our hospital throughout the
study period. More importantly, this result underlines the effectiveness
of the applied hygiene measures to slow the spread of the virus.

For our clinical work we can draw some encouraging results from
this study. Firstly, we see that the immunological response of COVID-19
patients has increased significantly over time, and we can therefore
assume an increase in immunity. Secondly, we found that none of our
hospital staff developed COVID-19 after increased hygiene measures
have been applied as described previously [5]. This finding confirms
the conclusion, that maintaining service in an obstetric unit during an
outbreak is feasible when personal protective equipment, workspace
distancing and good hand hygiene are implemented [3,15,16].

The strengths of this observational serologic study are the close and
detailed follow up in a population at high risk of COVID-19 infection,
allowing correlation of exposure and symptoms of COVID-19 with
serologic responses. A further strength is also the long monitoring
period of our study with a follow up of up to 12 weeks. Limitations of
our study are a recall bias on voluntary participation in the study and a
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follow up loss of participants. Further, the details of exposure to COVID-
19 have been assessed at the time of the outbreak and are less reliable
over time, due to possible exposure outside the hospital.

5. Conclusion

We conclude from our data that immune response after a COVID-19
outbreak increases significantly over time but still approximately 22 %
of COVID-19 patients did not mount a measurable serologic immune
response within 60 days after symptoms have occurred. Additionally,
we can summarize that exposed co-workers did not develop any re-
levant IgG antibody levels over time. Maintaining clinical services using
protective measures seems to be safe for employees and patients, even
in an outbreak situation, if the necessary measures are taken fast and
ferociously. Use of these protective measures need to be continued as
neither immunity after infection nor herd immunity are reliable.
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