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Abstract

Sexual transmission of Ebola virus (EBOV) is well established and has been implicated in mul-
tiple resurgences during the West African Ebola epidemic. Given the persistence of viral RNA
in semen, guidelines from the World Health Organization (WHO) recommend abstinence or
condom use for at least 1 year or until two semen PCR tests are negative. To better under-
stand the impact of semen testing on sexual behavior, male EVD survivors were surveyed
regarding their sexual behavior before and after semen testing. Of the 171 men who enrolled,
148 reported being sexually active following discharge from an ETU with 59% reporting epi-
sodes of condomless sex. At least one semen sample for testing was provided by 149 men
and 13 of these men had EBOV RNA detected in their semen. When comparing sexual
behaviors before and after semen testing, a positive semen test result had limited impact on
behavior. Of those with seminal EBOV RNA detected, 61% reported no change in behavior
pre- and post-semen testing with 46% engaging in condomless sex before and after testing
and only 1 adopted safer sex behaviors following receipt of a positive result. Similarly, among
men with undetectable EBOV in their semen, 66% reported no change in sexual behaviors
with semen testing, with 55% forgoing condoms during sex. In only 11% was a negative
semen result followed by abandoning condoms. There were no known sexual transmission
events of Ebola virus in this cohort despite viral presence in semen during periods of condom-
less sex. This highlights the need to better understand the infectious potential of viral RNA per-
sistence and determine what constitutes effective counseling for survivors and their partners.

Author summary

Ebola virus (EBOV) is established as a sexually transmitted infection, however there is
limited information on the sexual behaviors of Ebola survivors. We surveyed a cohort of
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male Ebola survivors regarding sexual activity and condom use and offered semen testing
to assess EBOV persistence in semen. We found that a large majority of men who were
sexually active prior to contracting Ebola Virus Disease remained sexually active after
their recovery with most reporting only intermittent condom use. Semen testing for the
presence of Ebola virus had limited impact on sexual behaviors, with most continuing to
report engaging in condomless sex whether EBOV was detected or not. This finding has
implications for use of semen testing for outbreak control as well as counseling for Ebola
survivors and their partners.

Introduction

The development of acute Ebola Virus Disease (EVD) among female sexual partners of male
EVD survivors and the persistence of detectable Ebola virus (EBOV) RNA in semen demon-
strate the potential of Ebola as a sexually transmitted infection (STI)[1-4] which has important
implications for infection control both during and following outbreaks of this virus.

In the midst of the Ebola epidemic in West Africa, the World Health Organization (WHO)
issued guidance for the prevention of sexual transmission of Ebola and recommended semen
testing for male survivors beginning three months after recovery and continuing monthly
while engaging in safe sexual practices with condom use or abstinence from sex until semen
testing is negative on two consecutive occasions[5]. Where semen testing is unavailable, the
WHO advises men to abstain from sex for 12 months following recovery. However, subse-
quently reported data suggest EBOV RNA can persist in the semen of some survivors beyond
12 months([6], with viral RNA detected more than two years following recovery in a small
number of EVD survivors[7]. In addition, intermittent detection of EBOV RNA in the semen
has been reported, including a positive test following two negative tests, potentially complicat-
ing current WHO recommendations[7].

While numerous studies have highlighted the duration, patterns, and significance of viral
RNA detection in semen, there have been comparably few studies that have characterized the
sexual behavior of survivors[8]. This study examines the sexual behavior of male EVD survi-
vors in Liberia enrolled in a longitudinal cohort in which men over the age of 18 were invited
to have semen tested for the presence of EBOV RNA to determine the impact of EBOV semen
testing on sexual practices.

Methods

Men, women and children who were survivors of EVD were enrolled into the Liberian Longi-
tudinal Ebola Survivor Cohort between June 2015 and June 2016. The cohort was created at
the Eternal Love Winning Africa (ELWA) Hospital in Monrovia, Liberia, the site of two large
Ebola Treatment Units (ETUs) to assess the longer-term physical and emotional consequences
of EVD as well as the persistence of EBOV RNA in male and female genital secretions. The
study is supported by the National Institute of Allergy and Infectious Diseases (NIAID) at the
US National Institutes of Health (NIH). Participants were recruited to the cohort from an
Ebola Survivor Clinic established at ELWA Hospital and from the surrounding communities
via word of mouth. Cohort entry required written documentation of prior EVD as evidenced
by an ETU discharge certificate containing the name of the participant and verified by photo
identification. Participants underwent a comprehensive interview every three months to assess
physical symptoms, mental health, and stigma. Additionally, individuals 12 years and older
were asked questions about sexual behavior and men aged 18 years and older were invited to
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provide semen specimens for analysis of viral RNA persistence. All study visits and interviews
occurred at the UNC-ELWA research site in Monrovia, Liberia.

Questions related to sexual behavior were selected and adapted from a survey developed by
FHI360 to assess HIV risk among youth in Liberia [9]. Participants were asked if they were
sexually active, and if so, the number of sexual partners and the use of condoms. Men were
asked to report on sexual activity since discharge from the ETU and in the previous 30 days
including sexual activity with other men (MSM activity). Individuals who reported not being
sexually active were asked to select reasons for not engaging in sexual activity from multiple-
choice responses, with the option to choose “other” and provide a free-text response. Partici-
pants received $US30 for completion of study surveys.

All surveys and pre- and post-test counseling were conducted in private rooms in Liberian
English by research assistants who had received training on Good Clinical Practice (GCP) and
at least four hours of training on survey administration. Additionally, they all successfully
completed Collaborative Institutional Training Initiative (CITI) ethics and compliance
certification.

Detailed information on semen collection and analysis has been described previously [7].
Briefly, samples were collected at 3-month intervals and testing for EBOV RNA was performed
using the Cepheid Xpert Ebola Assay (Sunnyvale, CA) to detect Zaire EBOV total nucleic acid,
targeting the glycoprotein and nucleoprotein genes [10]. Based on a prior validation study,
samples were considered positive if either of the target genes was detected. The results of the
semen testing were shared with the participant soon after they became available. Participants
were counseled on the investigational nature of the test and that a negative result should not be
interpreted to mean no virus was present or that the participant was not potentially infectious
given the lower limit of detection determined during assay validation. They were further
advised to follow the Liberian Ministry of Health recommendations for Ebola survivors on
condom use and abstinence, which were adapted from the WHO interim recommendations
[5] and included correct and consistent condom use until two negative tests are received. Par-
ticipants who tested positive were advised to abstain from sexual activity or use condoms with
all sexual encounters until they received further testing. Condoms were provided to all partici-
pants. Regardless of semen EBOV RNA test result, the study protocol called for a second sam-
ple to be collected within 14 days for confirmation.

At baseline, sexual practices since discharge from the ETU and condom use in the prior 30
days were assessed. For men who provided semen for EBOV testing, we assessed sexual behav-
ior in the 30 days prior to semen testing and in the 30 days prior to their subsequent survey,
which occurred a median of 90 days later (range 57-146 days).

Ethics statement

This study was approved by the Institutional Review Boards of the University of North Caro-
lina at Chapel Hill and the University of Liberia—Pacific Institute of Research (UL-PIRE). All
participants provided written informed consent, with assent obtained for minors and consent
from their parent/guardian. As per above, participants had to be at least 18 years of age to be
eligible for semen analysis.

Results

Of the 326 people enrolled in the Liberia longitudinal Ebola survivor cohort, 180 (55%) were
male. Demographic characteristics of the male participants are shown in Table 1. At baseline,
171 (95%) of the males were aged 12 years and older (and thus had data collected on sexual
activity), and their mean age was 34 years (Range 13-68 years). One hundred sixty-six of the
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Table 1. Demographic characteristics study participants, N = 171.

Age at study entry (years) Number (%)
12-17 5(3%)
18-25 42 (25%)
26-39 76 (44%)
40-59 46 (27%)
60+ 2 (1%)
Relationship status at study entry

Not currently in a relationship 24 (14%)
Not married but in a relationship 104 (61%)
Married 33 (19%)
Widowed 8 (5%)
Divorced/separated 2 (1%)

https://doi.org/10.1371/journal.pntd.0008556.t001

171 (97%) had reached sexual debut and, of these, 148 (89%) reported being sexually active
since discharge from the ETU. Of the 148 men who reported sexual activity since ETU dis-
charge, more than half (87/148; 59%) reported having sex without a condom during this
period. Male participants had an average of 386 days from ETU discharge to study enrollment
(IQR 325 days to 442 days) and 75 were within 1 year from ETU discharge. At study entry, the
number of reported sexual partners since discharge from the ETU ranged from 1-20, with a
mean of 2 partners and a median of 1 partner. No individuals reported MSM activity.

At the time of study entry, 23 of the 171 male participants reported not being sexually active
since leaving the ETU with 5 of these reporting never having had sex. Among those who were
sexually active prior to EVD the most common reasons for abstinence were “I have had no
interest” followed by “I wanted to but did not have a partner”. No participants cited difficulty
achieving erection, feeling too tired or sick, partner refusal, or fear of transmitting Ebola to
their partner. Five of these 23 men (22%) reported wanting to engage in sexual activity but
were told not to by a healthcare provider because they previously had Ebola.

Results for those with positive semen testing for EBOV

Semen was donated at least once by 149 men and all but 7 participants provided 2 or more
samples for analysis. The median time from ETU discharge to first semen donation for all men
was 659 days (range 272-822 days). Thirteen (9%) of those who donated semen provided at
least one specimen that tested positive for EBOV RNA. At the time of study entry, 12 of the 13
men whose semen had detectable EBOV at any time point during study follow-up reported
being sexually active since their discharge from the ETU and 6 (50%) of these sexually active
men with detectable EBOV RNA in semen reported episodes of condom-less sex since ETU
discharge.

At the time of the first semen donation (median 288 days from study entry), all 13 partici-
pants reported being sexually active. Comparisons of reported sexual activity during the peri-
ods immediately prior to positive semen testing and immediately following receipt of a
positive result are shown in Table 2. For the majority (8/13; 61%), semen testing was not asso-
ciated with a change in condom use or abstinence. Of the 13 men who tested positive for
EBOV in semen, 6 (46%) reported episodes of condomless sex both before and after their posi-
tive test result. An additional 2 men (15%) reported consistent condom use both before and
after their positive testing. For the remaining 5 men, a change in sexual behavior was observed
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Table 2. Sexual behavior of men before and after semen testing for EBOV.

Behavior before and after semen testing Semen EBOV positive Semen EBOV negative
N (%) N (%)
No behavior change
Sex without condoms—sex without condoms 6 (46%) 75 (55%)
Consistent condom use—Consistent condom use 2 (15%) 12 (9%)
Abstinence—abstinence 0(0) 3(2%)
Behavior change
Consistent condom use — Any sex without condoms 2 (15%) 15 (11%)
Consistent condom use —abstinence 1 (7%) 3 (2%)
Abstinence— Consistent condom use 1(7%) 5 (4%)
Abstinence— Any sex without condoms 0(0) 5 (4%)
Sex without condoms—abstinence 1(7%) 4(3%)
Sex without condoms— Consistent condom use 0 11 (8%)
Data missing 0 3
Total 13 136

https://doi.org/10.1371/journal.pntd.0008556.t002

following seminal EBOV testing but in only one was this change from higher risk to lower risk
behaviors (condomless sex to abstinence).

Results of those with negative semen testing for EBOV

Of the 136 men who provided at least one semen sample and never had EBOV RNA detected,
the majority (90/136; 66%) reported no change in sexual behavior, with most of these men (75/
136; 55%) reporting episodes of condomless sex both before and after testing negative (Fig 1).
Fifteen of 136 men (11%) reported a behavior change from always using condoms in the 30
days prior to semen testing to having at least one episode of sex without a condom in the sur-
vey conducted immediately after having negative semen testing. In contrast, 13 of 136 (13%)
reported a change from less safe to more safe sexual practices following receipt of a negative
semen test result. Responses did not quantify the number of sexual encounters.

Discussion

In this large cohort of male Ebola survivors in Liberia we found that the majority of those who
were sexually active prior to EVD continued to be sexually active after their discharge from the
ETU and that more than half reported having sex without a condom. Importantly, in this
study semen testing for the presence of EBOV had limited effect on condom use whether
EBOV was detected or not detected. In particular, 6 of the 13 men who had EBOV detected in
their semen reported condomless sex both before and after testing positive. Two men who
were using condoms prior to testing positive stopped using them after receipt of their test
result, suggesting a positive result did not encourage condom use. For 5 of the 13 men with
detectable EBOV RNA in semen, consistent condoms or abstinence was practiced, however
many of these men reported sexual activity without a condom on prior surveys suggesting they
did not all consistently adhere to the recommendations. Collectively, this highlights the chal-
lenges in dissemination and implementation of guidance on the prevention of sexual transmis-
sion of EBOV and emphasizes the need to develop effective strategies to mitigate the risk of
sexual transmission of EBOV.

Similarly, most of the men whose semen testing did not reveal EBOV RNA also reported lit-
tle change in sexual behavior, with most reporting condomless sex both before and after
semen EBOV testing. Only 15% either abandoned condoms or became sexually active after
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Fig 1. Results of semen testing and subsequent behavior change.

https://doi.org/10.1371/journal.pntd.0008556.9001

being abstinent following the testing, perhaps influenced by the negative results despite the
caveats that accompanied the test report detailing the limitations of the assay.

Our finding of a limited impact of semen testing on sexual behavior stands in contrast to a
report detailing the results of the Liberian national semen testing program for EVD survivors
[11]. That study found rates of reported condom use (defined by condom use at last sexual
encounter) increased with semen testing. It is noteworthy that nationwide, Liberia has lower
rates of condom use than most other countries in West Africa, with 29.4% of individuals
reporting condom use with their last high-risk sexual encounter[12], defined as sex with a
non-cohabitating partner. It is possible that the national semen testing program was sought
out by those concerned about the possible transmission of EBOV to their partners and that
counseling delivered during the visit encouraged condom use. Additionally, the national
semen testing program tested men earlier in recovery (median 384 days) than we did in our
cohort, which may have contributed to higher rates of condom uptake. Co-enrollment into the
national cohort was permitted but not tracked.

In our cohort, a small number of men reported being sexually abstinent at study entry and
lack of desire was the most commonly cited reason. We did not probe as to the underlying rea-
son for lack of desire or if this impacted participants’ quality of life, however it is possible that
ongoing symptoms or mental health post-EVD may play a role in sexual health. It is notable
that on study entry only 5 participants reported not engaging in sexual activity on the advice of
healthcare personnel given their history of EVD, despite 75 of 171 men being less than 1 year
from ETU discharge. None of the men reported abstaining from sex due to concerns for trans-
mitting EBOV. This finding underscores the importance of developing sexual health strategies
and survivor guidance that acknowledges that most men will remain sexually active. Such
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strategies should be developed with active input from the survivor community and imple-
mented in a manner that does not add additional stigma to this already marginalized group.
Traditional approaches to reducing the risk of STIs, may be a useful starting point to prevent
EBOV infection of the partners of male survivors, particularly early in convalescence when the
risk of transmission appears to be greatest. Studies conducted to enhance condom use to pre-
vent HIV infection have shown success with interventions targeting heterosexual men through
group and individual counseling, peer educators, and mass national communication cam-
paigns;[13] however there is evidence to suggest that individuals in long-term or monogamous
relationships are less likely to use condoms than those in casual partnerships.[14] The large
proportion of individuals in our cohort who reported being in long-term relationships may
have contributed to the overall low condom use. Engaging the partners of EVD survivors in
couples counseling regarding risk of transmission and condom use may prove beneficial in
increasing condom uptake, as has been shown in HIV-serodiscordant couples [15], [16].

The continued sexual activity of male survivors and inconsistent use of condoms we
observed has a number of implications. Foremost, the risk of transmission posed by the persis-
tence of EBOV RNA in semen requires greater scrutiny. While viral RNA has been detected in
the semen of men two years or more out from acute EVD, in all the documented cases of sex-
ual transmission of the virus, the male source was within 16 months from ETU discharge[6].
In our study, men more than a year past acute EVD who had persistent detection of EBOV
RNA in their semen reported condomless sex, yet no female partner is known to have been
infected with EBOV—suggesting a possible decline in transmission potential or attenuation of
virus hampering transmission. Additional studies to determine the infectiousness of semen
containing EBOV RNA are needed.

As discussed, real-time semen testing for EBOV RNA was not found to generally influence
behavior in our study but may have an impact when offered as part of routine care and when
coupled with other interventions such as counseling and the provision of condoms, as had
been shown in other settings[17]. Counseling provided by our team at the time of testing
emphasized the research nature of the test and we continued to encourage condom use for all
participants. It is possible this was confusing for participants and may have blunted the impact
of testing on behavior change. However, semen testing, as described by the WHO, is intended
to provide information that allows an individual to calibrate his risk of transmitting EBOV to a
partner. As such, abandonment of abstinence and/or condoms can be expected after negative
testing, and while in our study only 15% of men with an undetectable EBOV RNA semen
result followed such a pattern, it is important to recognize the limitations of EBOV RNA test-
ing of semen including variability in the lower limit of detection across assays and an incom-
plete understanding of the threshold below which infection is not possible—information that
was shared with participants via post-test counseling with opportunities to ask questions to
ensure understanding. We and others have also shown that detection of EBOV RNA in semen
can be intermittent and can follow repeatedly undetectable tests[7], [18]. In particular, 5 of the
13 men in our cohort who ultimately tested positive had an initial negative test.

While the relatively large sample size, and standardized surveying and semen testing for
EBOV RNA are strengths of our study, there were several limitations that should be considered
when interpreting our findings. Questionnaires were administered in-person and although
conducted by trained staff, there is the possibility of social desirability and/or recall bias.
Despite this potential for under-reporting of risk behavior, more than half of the participants
reported condomless sex. Additionally, questions on condom use assessed if there were any
episodes of condomless sex since ETU discharge and in the past 30 days. This approach may
have missed more complex patterns and trends in condom use over time. We also did not
determine if participants with more than one sexual partner were using condoms differently
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with each partner, for example less commonly using condoms with their primary partner but
consistently using them with casual partners, as has been found in prior studies related to con-
dom use and other STIs.[19-21] Lastly, a substantial proportion of participants entered the
study a year or more after ETU discharge—past the one-year period during which the WHO
advises abstinence or condom use. However, of the 148 men who were sexually active on
study entry, 73 (49%) were less than a year into their recovery from EVD. Additionally,
reports of persistence of seminal EBOV RNA beyond a year were widely known in the survivor
community.

While there has been considerable investigation of the dynamics of EBOV in genital com-
partments, considerably less attention has been paid to the sexual behaviors of EVD survivors.
We found that most men in this cohort of EVD survivors remained sexually active with high
rates of condomless sex after discharge from ETU and that testing semen for the presence of
EBOV had limited impact on condomless sex, including among those with positive EBOV
detected. The continued sexual activity of men who survive EVD underscores the importance
of determining their actual potential to transmit the virus. Such data are critical to developing
evidence-based recommendations and policy to prevent sexual transmission of Ebola and
approaches to counseling that will allow survivors and their partners to make informed
decisions.
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