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Abstract
Purpose This study aimed to determine the proportion of people living with HIV with anti-SARS-CoV-2 IgG antibodies in
a sample from a large single HIV center in Munich, Germany, after the first phase of the coronavirus pandemic and to infer
the prevalence of SARS-CoV-2 co-infection in people living with HIV.
Methods Prospective sub-study of the ongoing ArcHIV cohort between May and July 2020. Anti-SARS-CoV-2 IgG antibodies were measured using the recomWell SARS-CoV-2 IgG ELISA (Mikrogen, Neuried, Germany); positive and borderline
results were re-tested using the recomLine SARS-CoV-2 IgG immunoassay (Mikrogen, Neuried, Germany). Demographic
and medical data were extracted from the electronic patient files.
Results Overall, 500 people living with HIV were included in the study (83% male, median age 51 years). Three participants
had been diagnosed with COVID-19 prior to study inclusion. Of those, nine were confirmed positive for SARS-CoV-2 IgG
antibodies, resulting in an estimated seroprevalence (accounting for sensitivity and specificity of the test) of 1.5% (CI 95%:
0.69; 3.13) for the entire study sample, and 2.2% (CI 95%: 1.1; 3.9) for the subset of the Munich citizens. There were no
marked differences for people living with HIV with and without SARS-CoV-2 co-infection.
Conclusion The seroprevalence of SARS-CoV-2 co-infection in people living with HIV as found in our study does not seem
to exceed previous reports from general populations of ‘hot-sport’ areas; comparative data from the Munich population can
be expected to be published soon. Our data also highlight, once more, the need to do confirmatory testing on positive samples
to minimize the impact of false-positive results.
Keywords COVID-19 · Antiretroviral therapy · Munich

Introduction
The global spread of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) beginning in December 2019
was declared a pandemic by the World Health Organization
(WHO) in early 2020 and has infected more than 35,000,000
people worldwide and caused more than 1,000,000 deaths
as of October 2020 [1]. The Munich area played a particular role in the global spread of the disease, with the first
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patient—the first in Germany—being diagnosed with the
coronavirus disease 2019 (COVID-19) as early as January 2020, therefore becoming an early ‘hotspot’ of the disease outside China. It was also here that first evidence for
the transmission of the disease via asymptomatic carriers
emerged [2], which had not been considered before. While
the risk of transmission was generally assumed to be high in
SARS-CoV-2, it became clear that certain risk factors might
contribute to acquisition or a more severe course of the
disease: male sex, age, and pulmonary and cardiovascular
comorbidities have been identified as potential risk factors
[3], among others. In contrast, the role of HIV-1 infection
remains controversial due to the lack of data on this subject.
As an immunodeficiency disease, HIV infection could be
associated with a higher risk of acquiring COVID-19 and/or
worse outcomes. However, due to the high efficacy of current antiretroviral therapies (ART), most people living with
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HIV (PLWH) are virologically suppressed and often show
normal or only slightly diminished CD4 cell counts. Furthermore, several antiretroviral agents directed against the
reverse transcriptase (RT) exhibit structural analogy to the
novel nucleotide analogue remdesivir that has demonstrated
moderate positive effects on the course of COVID-19 [4].
However, data on potential effects of modern ART regimens
on the course of COVID-19 are inconclusive [5–7]. Based
on current knowledge, it is hence unclear if data about the
prevalence of SARS-CoV-2 infection from general populations can be extrapolated to PLWH. Better understanding would yet be important to obtain an impression about
a potential contribution of HIV to an excess risk of SARSCoV-2 co-infection in PLWH.
The seroprevalence, defined as a prevalence derived from
the number of positive serologic tests in a representative
study sample after accounting for sensitivity and specificity
of the test used, can give a deeper insight into the spread
of SARS-CoV-2 between the outbreak and a defined time
during the pandemic.
Therefore, the objective of our study was to determine the
proportion of PLWH with anti-SARS-CoV-2 IgG antibodies in a sample from a large single HIV center in Munich
after the first phase of the corona pandemic in Germany.
We aimed to establish the prevalence of SARS-CoV-2 coinfection in a population of PLWH at this site and sought
to investigate into factors associated with positive SARSCoV-2 serology.

Methods
This study was performed as a prospective, cross-sectional
sub-study of the observational Munich ArcHIV cohort,
an ongoing cohort in PLWH in Munich, Germany, with
approval of the local ethics committee dating May 28th,
2020. Patients attending the center for routine laboratory
controls for chronic HIV-1 infection (with or without treatment) between May 29th and July 15th, 2020 were consecutively asked to participate in the study. There were no
exclusion criteria except for the unwillingness or inability
to give written informed consent. After obtaining informed
consent, an additional 8 ml blood sample was drawn. All
patients were asked if they had been diagnosed with SARSCoV-2 infection before, and if they were in contact with a
person with confirmed SARS-CoV-2 infection. Physicians
were asked to determine the ethnicity of each participating
patient. Data on demographics, laboratory results, and ART
were obtained from the electronic patient files. Anti-SARSCoV-2 IgG antibodies were determined using the recomWell
SARS-CoV-2 IgG ELISA (Mikrogen, Neuried, Germany).
Results of the ELISA were reported as ‘positive’, ‘negative’, or ‘borderline’. ‘Positive’ and ‘borderline’ results were
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re-tested using the recomLine SARS-CoV-2 IgG immunoassay (Mikrogen, Neuried, Germany). The specificity of this
sequential approach was found to be at least 99.5% [8], while
the sensitivity is determined by the initial test (recomWell),
that was found to have a sensitivity of 86.4% [9]. Results
from re-testing of the initially ‘positive’ or ‘borderline’ samples using two additional ELISA test systems (Euroimmun
[Lübeck, Germany] and Roche [Basel, Switzerland]) were
used for a sensitivity analysis; only those samples with a
positive result in all tests were used for a very conservative
estimation of anti-SARS-CoV-2 antibody prevalence. The
specificity for this approach when estimating the population
prevalence was assumed to be 100%.
Other predefined variables of interest in the study were
age, sex, ethnicity, HIV-RNA level, and CD4 cell count. The
primary outcome was the seroprevalence of SARS-CoV-2
co-infection in PLWH, approximated by the number of
PLWH tested positive for anti-SARS-CoV-2 IgG antibodies
(in both, the recomWell and the recomLine test):
Assuming that the number of PLWH tested positive is
the sum of ‘true’ positive (T+ D+) and ‘false’ positive (T+
D) results, with conditional probabilities p(T D) = sensitivity
and p(T D) = 1-specificity, the.
seroprevalence was estimated using the following equation derived from Bayes’ theorem:
npos

SP =

n

+ spec − 1

sens + spec − 1

,

where SP = seroprevalence, n = number of patients tested,
npos = number of patients tested positive, sens = sensitivity
of the test, and spec = specificity of the test. Exact 95% confidence intervals (CI 95%) were calculated as described by
Clopper and Pearson.
As many PLWH at the study site are living outside
Munich, the analyses were performed for the overall
study sample as well as only for those participants living
in Munich separately. To investigate possible bias due to
the study design, a comparison to the overall population
of PLWH under permanent medical care of the study site
(referred to as PLWH population subsequently) was performed, including all PLWH attending the study site within
the last year prior to termination of the current study.
As enrollment of 500 PLWH would allow for detection
of a seroprevalence of up to 15% with a precision of a
maximum of about 3%. We therefore planned to enroll 500
PLWH. Statistical analysis was performed in an explorative manner using R 4.0.0. Descriptive statistics were performed using means with standard deviations (SD) (for the
comparisons of the study sample with the overall PLWH
population of the study site) or medians with interquartile
ranges (IQR) (for the comparison of PLWH with positive and negative SARS-CoV-2 serology) for continuous
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variables; frequencies (absolute and relative) were used
for categorical variables. T test and Mann–Whitney test
were used for comparison of continuous variables, and
Fisher’s exact test for categorical variables. Unless otherwise declared, p values < 0.05 were considered to be statistically significant without adjusting for multiple testing. The manuscript was written in accordance with the
‘Strengthening the Reporting of Observational Studies in
Epidemiology’ (STROBE) statement [10].

Table 1  Demographic data of 500 PLWH included in this study in
comparison to the PLWH population, defined as all PLWH attending
the study site within the previous year

Age [years], mean (SD)
Missing, n
Male, n (%)
Missing, n
Munich citizens, n (%)
Missing, n
Homosexual transmission,
n (%)
Missing, n
ART naive, n (%)
Missing, n
Patients with viral load <
50 copies/mL, n (%)
Missing, n

Study sam- (CI 95%)
ple (n = 500)

PLWH
population
(n = 2728)

50 (11)
0
415 (83)
0
292 (58.4)
0
232 (46.4)

48, (13)
0
2173 (79.7)
0
1595 (58.5)
0
997 (50.2)

0
7 (1.4)
0
466 (93.2)
0

[49–51]
[79.4–86.1]
[53.7–62.5]
[49.1–58.0]

[0.6–3.0]
[90.5–95.2]

741
15 (0.8)*
741
2499 (91.6)
0

Asterisks marking population parameters differing significantly from
the sample estimates on a α = 0.05 level
Table 2  Comparison of
characteristics between
the groups of PLWH with
confirmed positive and negative
anti-SARS-CoV-2 serostatus
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Results
In total, 500 PLWH were included in this study. The baseline characteristics of the study sample together with a
comparison to the overall PLWH population can be found
in Table 1. 75.2%, 6.6%, 29.4%, and 10% of the study
sample were on integrase inhibitor-, protease inhibitor-,
non-nucleoside reverse transcriptase inhibitor-, and TDFcontaining regimens, respectively; 172 (34.4%) were on
a two-drug regimen. In the study sample, 437 (87.4%)
and 28 (5.6%) were of Caucasian and African ethnicity,
respectively. Three patients (0.6%) reported having been
tested positive for SARS-CoV-2 before (all of them living in Munich) and 29 (5.8%) reported prior contact to a
person with confirmed COVID-19.

Entire study sample
Overall, 22 PLWH were tested positive for anti-SARSCoV-2 IgG antibodies using the recomWell test, with nine
confirmed to be positive using the recomLine immunoassay, corresponding to a fraction of positive test results in
the study sample of 0.018 (CI 95%:0.008; 0.034). These
results showed high agreement with test results obtained
from the alternative confirmation tests (Fig. 2). A comparison of PLWH with positive and negative serology
can be found in Table 2. From the nine PLWH confirmed
positive, only two had been diagnosed with COVID-19
before (22.2%); one additional subject that reported positive testing for COVID-19 before was found to be antibody
negative.
Assuming a sensitivity of 86.4% and a specificity of
99.5% (using the two-step approach), the estimated seroprevalence in a PLWH population as represented in our
study was 1.5% (CI 95%: 0.7; 3.1).

Serostatus

Age, years, median (IQR)
Male sex, %
Munich citizens, %
Homosexual transmission risk, %
Caucasian ethnicity, %
African ethnicity, %
HIV-RNA level below 50 copies/mL, %
CD4 cells [cells/µL], median (IQR)
CD4 cell count [cells/µL], median (IQR)

p value

Positive (n = 9)

Negative (n = 491)

41 (38;57)
100.0
77.8
55.6
77.8
11.1
88.9
790.0
(615;1220)

51 (42;57)
82.7
57.8
53.6
87.6
5.5
93.3
714.0
(553;923)

0.296
0.369
0.316
1.000
0.316
0.407
0.472
0.244

Due to the marked differences in the sizes of both groups, frequencies are only displayed as percentages
instead of absolute numbers. Asterisks marking p values < 0.05
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Munich subset of the study sample
A subgroup analysis was performed for the Munich residents
(n = 292). Within Munich, 13 PLWH were tested positive
using the recomWell test (fraction of positive results: 0.045),
with seven confirmed positive tests in the recomLine, corresponding to a fraction of 0.024 (CI 95%: 0.010; 0.049) of
positive test results from the Munich study sample.
Assuming a sensitivity of 86.4% and a specificity of
99.5%, the estimated seroprevalence in a PLWH population
in Munich as represented in our study was 2.2% (CI 95%:
1.1; 3.9). The geographic representativeness of the Munich
study sample when compared to all PLWH from Munich in
clinical care at the study site is shown in Fig. 1. All three
study participants with confirmed history of COVID-19
were living in Munich, therefore, the proportion of PLWH
tested positive (by means of PCR from oro-pharyngeal
swabs) in the Munich sample was 0.010, while the city of

Sensitivity analysis
To account for the variability of results according to the
choice of the confirmatory test, for a sensitivity analysis,
only those samples that were positive for anti-SARS-CoV-2
antibodies in all of the three confirmatory tests (i.e., the
recomLine SARS-CoV-2 IgG immunoassay (Mikrogen) and
the ELISA test systems of Euroimmun [Lübeck, Germany]
and Roche [Basel, Switzerland]) were considered as ‘truly’
positive (Fig. 2). This approach resulted in six positive tests
and therefore a prevalence of 1.4% (CI95: 0.4; 2.6). For the
Munich study sample, this resulted in five positive tests and
therefore a prevalence of 2.0% (CI95: 0.6; 4.0).

48.25

N
48.20

[%]

12
9

lat

Fig. 1  Comparison of the
percentage of PLWH in each
district from (a) the study sample and (b) the overall PLWH
population from the study site
in Munich. Red dots in (a) are
indicating the residence of
PLWH with confirmed positive
tests for anti-SARS-CoV-2
antibodies in the study sample.
Numbers in (b) are referring to
the different districts

Munich reported a proportion of 0.004 (6964 cases tested
positive in a population of 1,561,720 residents) at the end
of our study (p = 0.142).
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Fig. 2  Results of the re-test of
the initially positive (n = 22)
or borderline (n = 8) results in
the recomWellassay. While 27
tests yielded in positive results,
two were found to be borderline
in re-testing, with another one
being negative. For the primary
endpoint, all confirmed positive
results in the recomLine test
were considered’truly’ positive
(highlighted in gray)
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Primary endpoint
Mikrogen

Sensitivity analysis
Roche

Euroimmun

ID

recomWell

recomLine

IgG

IgG

IgA

26
36
63
84
85
110
125
143
161
163
168
182
247
264
283
285
292
296
316
321
332
341
359
363
372
407
417
427
439
469

Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Negative
Positive
Positive
Positive
Borderline
Positive
Positive
Positive
Positive
Positive
Positive
Positive
Borderline
Positive
Positive
Positive

Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Positive
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Positive
Positive
Positive
Negative
Negative
Negative
Negative
Positive
Positive

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Positive
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Positive
Positive
Positive
Negative
Negative
Negative
Negative
Positive
Positive

Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Borderline
Positive
Positive
Negative
Negative
Negative
Negative
Positive
Positive

Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Negative
Negative
Negative
Positive
Negative
Negative
Positive
Negative
Negative
Negative
Negative
Positive
Borderline
Positive
Negative
Negative
Negative
Negative
Positive
Positive

Discussion
To the best of our knowledge, we herein present the first data
on the seroprevalence of SARS-CoV-2 co- infection in a
representative sample of PLWH, derived from a large single
HIV center in Munich, Germany, one of the first European
‘hotspots’ in the SARS-CoV-2 pandemic outside China.
Based on the number of confirmed positive test results
(n = 9), the seroprevalence of SARS-CoV-2 co-infection in
a population of PLWH as represented by the sample from
our center is estimated to be 1.5% (CI 95%: 0.7; 3.1).
As many of the participating PLWH were not from
Munich, the subset with residency in Munich was analyzed
separately for a more homogeneous baseline risk of acquiring SARS-CoV-2 co-infection. From the Munich-only
study sample, seven PLWH had confirmed positive tests for
SARS-CoV-2 antibodies, resulting in a seroprevalence of

2.2% (CI 95%: 1.1; 3.9). The estimates for the overall and
the Munich prevalence in PLWH were robust in sensitivity
analysis, which used a conservative approach for the underlying specificity. The estimated prevalence for the Munich
population of PLWH exceeded the cumulative prevalence
derived from the number of reported cases for the city substantially: in Munich, at the time of the end of our study,
overall 6964 people out of a population of 1,561,720 had
been tested positive by SARS-CoV-2 nucleic acid amplification technique, resulting in a cumulative prevalence of only
0.45% [11]. Yet, this finding is neither surprising nor attributable to HIV infection. This discrepancy has been found
before, with the seroprevalence being more than tenfold
higher than estimated by the confirmed cases [12, 13], inherent to the different methods and underlying motivations of
capturing (cumulative) prevalence. Of note, among all 500
PLWH included in this study, three had been diagnosed with

13

318

COVID-19 (by PCR) before (two with positive, one with
negative serology, all living in Munich). Therefore, deriving
a cumulative prevalence from positive swabs in the Munich
subset of the sample resulted in 1.0%, which did not differ
significantly from the proportion of reported cases within
the entire city of Munich (p = 0.142).
While there are no comparative data about the seroprevalence of SARS-CoV-2 infection in the general population
of Munich yet, there are limited data from other regions in
Germany, some of which were also considered having high
infection rates. However, while one study (from convenience sampling from blood donors from different states of
Germany) reported a lower proportion of people with SARSCoV-2 antibodies [14], Streeck and colleagues, who systematically investigated a small German town that became a
hotspot area after a ‘super-spreading’ event, reported a proportion as high as 15.5% [12]. However, in the latter study,
enormous clustering might limit the generalizability.
When comparing findings from PLWH with positive
and negative SARS-CoV-2 serology, there were trends that
failed to achieve statistical significance, probably due to the
overall low number of events. Therefore, we were not able
to identify risk factors for co-infection with SARS-CoV-2
in PLWH.
Our data highlight, once more, the influence of false-positive results in a low-prevalence disease. Using confirmed
versus unconfirmed positive samples reduced the proportion
of PLWH with SARS-CoV-2 antibodies significantly from
0.044 to 0.018% (p = 0.003). Of note, even though ‘only’ 9
out of 22 being confirmed positive might sound intuitively
little, it means that (assuming perfect sensitivity) out of 491
‘truly’ negative PLWH, 478 were classified correctly as
being negative by the initial ‘screening’ test (recomWell),
resulting in a specificity of 97.4%. This estimate did not
change relevantly when modifying sensitivity over a wide
range, going as low as 80% (data not shown). Similarly,
using the most conservative approach to estimate the specificity of the sequential approach by only considering samples ‘truely’ positive, that were also confirmed by the two
other confirmation tests (n = 7), led to an approximation of
the specificity of 99.6%, which is in perfect line with the
expectations of the performance [8].
Our study has several limitations. Most importantly, as
demonstrated by our results, there can be a high degree
of uncertainty with serologic tests, with issues about
specificity being of high impact on the overall results
in a low-prevalence disease. However, we could address
this issue by performing several confirmatory tests as
suggested before in this setting [15]. On the other hand,
while remaining unaddressed, sensitivity is of less impact
under these conditions and might, therefore, not have led
to substantial impact on the results for a wide range of
assumptions of sensitivity. Adding to the uncertainty of
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serologic testing, it is important to keep in mind that the
sole use of IgG antibodies by the recomWell test, which
was used for a pre-selection of ‘positive’ or ‘borderline’
samples, could have missed COVID-19 infections in their
early phases. However, at the time the study was carried
out, infection rates were low, and therefore, this should
not have been of substantial impact on the overall results.
On the other hand, not every subject with a history of
SARS-CoV-2 infection seems to develop specific antibodies and also at least in some subjects, specific antibodies
could disappear as early as 3 months after an infection
[16]. The results of our study derived from convenience
sampling, limited to PLWH attending the clinic for routine
clinical care during a short period of time, which might
have resulted in a selection bias. However, comparing the
study sample with the overall PLWH population yielded
in very similar characteristics (Table 2), and we therefore
assume no major bias in our sample. However, it has to
be kept in mind that the prevalence in our study sample
might be driven by the biggest ‘group’ namely men having sex with men. With the lack of knowledge about differences in prevalence throughout the ‘subgroups’ of the
heterogeneous community of PLWH (e.g., people of color,
intravenous drug users, and trans people), the estimated
prevalence might change with increasing sample size. This
was also true for the geographic representativeness within
in the Munich study subset (Fig. 1), with the percentage
of PLWH in our study sample from each of the Munich
neighborhoods being close to the distribution in the overall
population of PLWH under permanent medical care at the
study site. Unfortunately, we were not able to adequately
compare ART status and the distribution of different ART
regimens within the PLWH population. Also, ethnicity was
not available for the whole PLWH population. It is reasonable to assume overdispersion for our data due to the partly
clustered nature (on several levels, from couples and people tested from the same household, to similar exposures
within the MSM community or probably within certain
ethnic groups) that we did not account for. Given the low
overall prevalence, these clusters might though be highly
important when establishing the population prevalence.
Among the PLWH tested positive, we were, however, not
able to detect any kind of obvious clustering.
The generalizability of our data might be limited by a different epidemiology of SARS-CoV-2 infection in different
areas in the world, but also within Germany itself. However,
it might offer the possibility to compare data from PLWH
to a representative sample from Munich as a whole with
the results from the prospective Munich COVID-19 cohort
(KoCo19) [17], expected to be published soon. This comparison, in turn, could serve as the first of its kind and help
us to understand whether or not PLWH are at excess risk of
(co-)infection with SARS-CoV-2. However, it has to be clear
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that in a rapidly evolving pandemic, our results can only be
seen as a snapshot and repeated studies are necessary for
valid estimates of a cumulative prevalence (Fig. 2).

Conclusion
The seroprevalence of SARS-CoV-2 co-infection in a population of PLWH in a large single HIV center in Munich,
Germany, is estimated to be 1.5% based on our results, with
a higher prevalence (2.2%) when only considering participants with residency in Munich. In the latter group, three
subjects reported having been diagnosed with COVID-19
prior to entering the study (1.0%), which is a proportion that
is not significantly different from the proportion reported
from the overall Munich population at the same time (0.4%).
With the prospect of data on the seroprevalence of SARSCoV-2 infection from over 3000 random Munich households
being available soon from the prospective Munich COVID19 cohort [17], our data will offer the possibility for a first
head-to-head comparison of people living with and without
HIV from representative samples of the same city.
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