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Introduction: Zika virus (ZIKV) is primarily transmitted through mosquito bites
though may act as a sexually transmitted infection. Men can shed the virus in their
semen for extended periods, with reports indicating shedding for up to six
months after the initial infection. This poses a concern for couples planning
pregnancy, whether through natural or assisted methods due to the risk of
congenital Zika disease. Human reproductive clinics typically perform serologic
tests to screen for Zika infection.

Methods: In this study, we evaluated semen samples stored in a human
reproduction clinic in Salvador, Brazil, during the Zika virus outbreak, using
real-time quantitative reverse transcription polymerase chain reaction (RT-
gPCR) technique.

Results: 36 sperm samples from 23 donors were analyzed, including 5 with
positive IgG serology for ZIKV and all negative for IgM. Despite these serologic
findings, all analyzed samples were negative by RT-gPCR ZIKV.

Discussion: Despite the limited number of samples, this study raises further

concern that the use of serology may be an unreliable surrogate method to
predict the presence of ZIKV in semen.
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Introduction

Zika virus (ZIKV) is an RNA flavivirus with the first
documented case of ZIKV infection reported in 1947 in the Zika
Forest in Uganda. In 2013 an outbreak occurred in French
Polynesia spreading widely throughout the world including South
America (1).

While most infected people are asymptomatic, nearly 20-30% of
patients may develop clinical symptoms, including fever, skin rash,
arthralgia, arthritis, and conjunctivitis (1-5). Notably, neurological
complications such as Guillain Barré Syndrome are life-threatening
complications associated with acute infection (6). During the ZIKV
outbreak in Brazil in 2015 (7), there were also numerous cases of
Congenital Zika Syndrome, which is characterized by severe
neurological conditions, particularly microcephaly (8).

Zika transmission typically occurs through the bite of the Aedes
aegypti mosquito and through vertical transmission, though sexual
transmission has been well documented. It primarily occurs from
men to women with reports of infection in partners of travelers
to ZIKV endemic areas (9-12). One important aspect of
sexual transmission is the potential for ZIKV persistence in
semen (13-15). The male genital tract provides a favorable
microenvironment for viral persistence, particularly in the testis,
where the blood-testis barrier confers immune privilege (15).
Mathematical modeling suggests that 3-23% of Zika infections
may occur through sexual transmission, even in areas with
mosquito derived ZIKV infections (16-18).

Given the risk of Zika sexual transmission, guidelines have been
developed for couples during reproductive planning. These
recommendations include the use of condoms or abstaining from
sexual activity for at least 3 months after traveling to an area with
ongoing Zika virus circulation. In cases of confirmed infection or
residence in a high-risk area, continuous condom use is advised for
the duration of pregnancy (19, 20). In addition, ZIKV investigations
in assisted fertilization clinics were implemented in endemic areas
during the outbreak period (21), including testing of couples and
semen donors.

The gold standard for diagnosing an ongoing ZIKV infection
depends on the presence of viral RNA in blood or other body fluids
(including urine, vaginal secretions, saliva, or semen) using RT-
qPCR. However, serologic tests may be an alternative to molecular
testing in certain situations, particularly in the later stages of
infection or when there is a strong suspicion of Zika virus
infection despite negative RT-PCR results (4, 19). In Brazil, only
ZIKV serology tests (IgM and IgG) were incorporated into the
infectious disease screening protocol for Cell and Germinative
Tissue Banks, which includes testing for other infectious diseases
such as HIV (Human Immunodeficiency Virus), Hepatitis B, and
Hepatitis C (22).

It remains unknown whether immunoglobulin tests for ZIKV
are sufficiently accurate to determine presence of prior infection and
eligibility as a semen donor. The present study seeks to evaluate
whether serologic tests are reliable for screening semen donors for
ZIKV compared with virus screening using RT-qPCR.
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Methodology
Study population

In 2019, we selected samples from a sperm bank at the Instituto
Valenciano de Infertilidade (IVI), located in Salvador, Bahia, Brazil,
which was the epicenter of the ZIKV outbreak in Brazil. These
samples were chosen from aliquots designated for discard. 36 sperm
samples were identified, originating from 23 donors. All donors
resided within Bahia state. These samples were collected between
2013 and 2019, a time window that encompasses both the beginning
of the epidemic period of ZIKV and the years following it in Brazil.

We analyzed socio-demographic data and serologic tests for
ZIKV (IgM and IgG), performed at the time of each semen
donation as part of standard screening. Cryopreserved semen
samples were then tested for the presence of ZIKV using RT-
gPCR. This study received approval from the ethics and research
committee of the Faculdade de Medicina da Universidade Federal
da Bahia, under approval number 4.409.879.

Real-time quantitative reverse
transcription PCR

For the molecular diagnosis of ZIKV infection, sperm samples
(200 pL) were tested. Viral RNA was initially extracted using a
modified two-step protocol that involved TRIzol Reagent-based
extraction, followed by a magnetic bead-based technology for
further purification. Specifically, we combined 200 pL of sperm
samples with 800 pL of TRIzol Reagent (Thermo Fisher Scientific,
Cat. no. 15596026) and 160 pL of chloroform (Sigma-Aldrich, Cat.
no. 516726), then centrifuged the mixture for 15 minutes at
12,000xg at 4°C. The resulting aqueous phase was subjected to
additional purification using magnetic bead-based technology to
ensure high-quality RNA extraction. This further purification was
conducted using the MagMAX Viral/Pathogen II (MVP II) Nucleic
Acid Isolation Kit (Thermo Fisher Scientific, Cat. no. A48383R) on
the KingFisher Flex System (Thermo Fisher Scientific, Cat. no.
5400630), all according to the manufacturer’s instructions. ZIKV
detection was carried out using the ZDC Molecular Kit (Instituto de
Biologia Molecular do Parana, ANVISA no. 80142170032) on a
7500 Real-Time PCR System (Applied Biosystems, Cat. no.
4351105), also following the manufacturer’s instructions.

Spiking of sperm samples for limit of
detection calculations

To assess the feasibility of using RT-qPCR with sperm for ZIKV
identification and to determine the minimum detectable
concentration, we spiked certain semen samples with varying
ZIKV dilutions. Briefly, three known ZIKV-negative sperm
samples were spiked with Zika virus culture dilutions from 1:10
to 1:10,000. The virus stock solution was 3.1x10° PFU/mL and RT-
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qPCR was performed in all above-described dilutions, confirming
the presence of ZIKV in those samples. The detection limit of the
RT-qPCR test for ZIKV presence in sperm samples demonstrated
the ability to detect up to a 6.2x10? PFU/extraction (Table 1).

Results

A total of 36 samples from 23 healthy donors with no arboviral-
like symptoms and a median age of 31 years (IQR: 26-39), were
evaluated using RT-qPCR. Four donors provided more than one
sample, each collected at distinct time points (Figure 1). Ten donors
were tested for both IgM and IgG antibodies against ZIKV. Among
these, five tested positive and one was inconclusive for IgG
anti-ZIKV. Two IgG-positive donors made four and five semen
donations, respectively, during the study period. One of these
donors was tested for IgG at three different time points during

10.3389/fitd.2024.1489647

semen donation, yielding positive IgG results in all samples. All
semen samples, whether from IgG-positive or IgG-negative donors,
tested negative for ZIKV via RT-qPCR (Table 2).

Discussion

In this study, no positive results were observed for ZIKV
through RT-qPCR in 8 semen samples from 5 individuals with
IgG positive serology for ZIKV. Therefore, despite the small sample
size, these findings provide additional evidence that IgG serologic
testing for ZIKV may be unreliable to determine risk of sexual
transmission of ZIKV, particularly within the immunological
window. With confirmation of ZIKV sexual transmission through
semen, protocols have been established for human reproduction
clinics that rely on serologic testing for ZIKV (20, 21). In addition to
the recommendations for travelers and couples of childbearing age,

TABLE 1 Cq values to determine sensitivity for ZIKV detection in sperm samples.

Specimens
Dilution Nuclease-Free Water Spiked-in Sperm 1
with ZIKV P
1:10 16.85 (2.12) 20.78 (0.24) 20.62 (0.15) 22.04 (6.21)
1:100 20.88 (2.06) 24.33 (0.39) 24.72 (0.16) 26.40 (5.22)
1:1,000 24.89 (2.03) 27.69 (0.11) 29.95 (1.46) 2272 (6.11)
1:10,000 28.29 (2.16) 32.52 (1.75) 32.50 (0.00) 27.62 (6.57)
1:100,000 32.09 (2.81) - - -
Each dilution series started with an initial ZIKV concentration of 3.1 x 10° PFU. The standard deviation is shown in parentheses.
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FIGURE 1

Semen samples distribution during the Congenital Zika Virus Syndrome (CZS) Epidemic in Northeast Brazil. The right Y-axis represents the number of
confirmed CZS cases in the Northeast from 2015 to 2019 (Epidemiological Bulletin 35, Cgiae/Daent/SVS/MS). The left Y-axis shows the selected
sperm samples: grey represents single samples, while pink, black, green, and purple represent serial samples from the same subjects. The
introduction of ZIKV was determined by molecular dating analyses, which revealed that the virus likely entered Brazil in the second half of 2013 (7).

Frontiers in Tropical Diseases

03

frontiersin.org


https://doi.org/10.3389/fitd.2024.1489647
https://www.frontiersin.org/journals/tropical-diseases
https://www.frontiersin.org

Ferraz et al. 10.3389/fitd.2024.1489647

TABLE 2 RT-gPCR semen samples and IgG serology results of the participants.

ZIKV diagnosis

Patient ID Collection date
IgG serology IgM serology
ZKE0001 2013-09-03 negative NC NC
ZKE0002 2014-03-27 negative NC NC
ZKE0003 2014-04-04 negative NC NC
ZKE0004 2014-05-15 negative NC NC
2014-07-10 negative NC NC
ZKE0005
2014-09-19 negative NC NC
ZKE0006 2017-01-31 negative negative negative
2014-09-04 negative NC NC
2014-09-19 negative NC NC
ZKE0007 2017-01-05 negative negative negative
2017-02-16 negative negative negative
2017-08-23 negative positive negative
ZKE0013 2014-09-11 negative NC NC
ZKE0014 2014-09-12 negative NC NC
ZKE0015 2014-09-19 negative NC NC
ZKE0016 2016-07-08 negative negative negative
ZKE0017 2018-11-19 negative negative negative
ZKE0018 2018-12-12 negative negative negative
ZKE0019 2017-08-17 negative negative negative
2017-11-07 negative negative negative
2018-01-05 negative positive negative
ZKE0020 2018-10-26 negative positive negative
2018-11-01 negative positive negative
2017-09-14 negative negative negative
ZKE0021 2018-02-22 negative negative negative
2018-09-26 negative negative negative
2018-11-09 negative negative negative
ZKE0022 2019-01-10 negative positive negative
2019-02-22 negative negative negative
2019-03-25 negative negative negative
ZKE0023 2018-09-06 negative negative negative
ZKE0024 2018-09-13 negative negative negative
ZKE0025 2018-12-06 negative negative negative
ZKE0026 2019-05-17 negative positive negative
ZKE0027 2019-06-13 negative positive negative
ZKE0028 2019-07-11 negative inconclusive negative

NC, Test not conducted.
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accurate testing is required to exclude infection and allow use of
semen samples (19). Typically, candidates for assisted fertilization
undergo serological testing, specifically IgM and IgG tests. RT-
qPCR testing of the collected semen samples is not commonly
performed, raising two important points. First, serological testing
may result in false positive testing of ongoing ZIKV infection,
particularly in areas with other endemic arboviruses (Dengue in
particular) that may have demonstrate cross-reactivity serologically.
Second, the duration and viability of ZIKV in samples from various
body fluids may not correlate with serological test results.

A positive serological test for ZIKV can occur due to cross-
reactivity with other flaviviruses, including Dengue virus (DENV)
(23, 24). IgM typically becomes positive within two weeks after
infection and persists for up to 12 weeks (about 3 months), while
IgG antibodies can persist for an extended period (24). Plaque
Reduction Neutralization Test (PRNT) detects IgM and IgG broad
neutralizing action though may have significant cross-reactivity
among viruses from same family. Both IgG and PRNT can
remain positive for several years suggesting that IgM may be a
better diagnostic alternative to assess risk during the ZIKV sexual
transmissible window. However, many IgM tests are either highly
specific with low sensitivity or highly sensitive with low specificity
limiting their diagnostic accuracy. An alternative method to assess
ZIKV infection in travelers that is viable would be the CDC Zika
IgM MAC ELISA test (24). This test demonstrates excellent
specificity and sensitivity for Zika virus diagnosis, without the
risk of cross-reactivity with other arboviruses, as seen in
traditional serology utilized in the current study. Nevertheless, it
is a labor-intensive test requiring several days with a limited
number of samples able to be tested simultaneously.

ZIKV may persist up to 6 months in the male reproductive tract
and semen after serological conversion (14, 23), leading to
prolonged shedding of viral particles in sperm. However, in a
study by Paz-Bailey et al. (2017) (25), RT-qPCR positive results
in sperm from ZIKV infected men reaches 55% in the first month,
gradually decreasing thereafter with an average time for semen to
test negative between 40 to 54 days (about 2 months), similar to the
testing window of IgM serology. Moreover, in a study attempting to
culture ZIKV in Vero cells from 78 ZIKV positive semen samples,
only three samples had a positive culture. A higher likelihood of
culture positivity occurred in samples collected closer to the acute
stage of infection, with a higher viral load, and in individuals over 50
years of age, implying that sexual transmission might occur only
during the first month (23). Additionally, further studies
investigating the correlation between virus persistence in semen
and IgM titers are required to evaluate the utility of IgM as a
biomarker of ZIKV in semen.

The current study has several limitations, including a small
sample size of semen samples analyzed, which were obtained
through convenience sampling, and retrospective design.
Moreover, positive IgM or IgG identified in our study by
standard serology may be false positive for ZIKV given cross-
reactivity with DENV and may limit interpretation of discordant
serologic positive and negative RT-qPCR results. With a new
outbreak of Zika infection in the future, a prospective study may
determine the accuracy of different diagnostic tests (serologic PRNT
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and MAC-ELISA and nucleic acid testing) over a specified timeline
during and after infection. This approach would aid in the
development of diagnostic algorithms and evaluate their real-
world reliability and cost-effectiveness for individuals of
reproductive age and assisted reproduction clinics.

Several unresolved questions linger: Is it necessary to test semen
samples using the RT-qPCR technique? Would serological testing
alone be sufficient for a couple in which one partner has traveled to
the ZIKV endemic zone? Does a positive RT-qPCR in the semen
correspond to viable viruses with the potential for infection? An
approach based on available data may include condom use for the
first 30 days (about 4 and a half weeks) following possible ZIKV
exposure. Following this period, if available, the next recommended
test would be the ZIKV IgM MAC-ELISA, which can indicate a
probable recent infection. If this test is positive, RT-qPCR testing of
semen would be advised. Once the RT-qPCR results are negative, it
would be considered safe for spontaneous or assisted contraception.
For populations residing in endemic areas, where infection can be
transmitted by mosquitoes at any time, routine precautions against
mosquito bites must be maintained.
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