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BACKGROUND
Ebola virus has been detected in the semen of men after their recovery from Ebo-
la virus disease (EVD), but little information is available about its prevalence or the 
duration of its persistence. We report the initial findings of a pilot study involving 
survivors of EVD in Sierra Leone.

METHODS
We enrolled a convenience sample of 100 male survivors of EVD in Sierra Leone, 
at different times after their recovery from EVD, and recorded self-reported infor-
mation about sociodemographic characteristics, the EVD episode, and health sta-
tus. Semen specimens obtained at baseline were tested by means of a quantitative 
reverse-transcriptase–polymerase-chain-reaction (RT-PCR) assay with the use of 
the target-gene sequences of NP and VP40.

RESULTS
A total of 93 participants provided an initial semen specimen for analysis, of 
whom 46 (49%) had positive results on quantitative RT-PCR. Ebola virus RNA was 
detected in the semen of all 9 men who had a specimen obtained 2 to 3 months 
after the onset of EVD, in the semen of 26 of 40 (65%) who had a specimen ob-
tained 4 to 6 months after onset, and in the semen of 11 of 43 (26%) who had a 
specimen obtained 7 to 9 months after onset; the results for 1 participant who had 
a specimen obtained at 10 months were indeterminate. The median cycle-thresh-
old values (for which higher values indicate lower RNA levels) were 32.0 with the 
NP gene target and 31.1 with the VP40 gene target for specimens obtained at 2 to 
3 months, 34.5 and 32.3, respectively, for specimens obtained at 4 to 6 months, 
and 37.0 and 35.6, respectively, for specimens obtained at 7 to 9 months.

CONCLUSIONS
These data showed the persistence of Ebola virus RNA in semen and declining 
persistence with increasing months since the onset of EVD. We do not yet have 
data on the extent to which positivity on RT-PCR is associated with virus infectiv-
ity. Although cases of suspected sexual transmission of Ebola have been reported, 
they are rare; hence the risk of sexual transmission of the Ebola virus is being 
investigated. (Funded by the World Health Organization and others.)
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The number of new cases of Ebola 
virus disease (EVD) in western Africa has 
declined from a peak of 1063 cases in the 

week of October 9, 2014, to fewer than 10 con-
firmed cases per week for 11 consecutive weeks 
as of October 7, 2015.1. The main mode of trans-
mission is direct contact with the blood or body 
fluids of a person with EVD or from the body of 
a person who died from EVD.2,3 However, Ebola 
virus can persist in the body fluids of survivors 
during convalescence,4,5 which may result in 
transmission of the virus. The potential for the 
persistence of Ebola virus in the semen of male 
survivors raises concern regarding the possible 
transmission of the virus to sexual partners.6

Previously, survivors of EVD were told to 
practice sexual abstinence or to use a condom 
for 3 months after recovery. These recommenda-
tions were based on virus-isolation results from 
semen specimens obtained from eight survivors 
of EVD or Marburg virus disease in previous 
epidemics,5,7-10 in which the longest period that 
infectious virus was found in semen after the 
onset of symptoms was 82 days.

In March 2015, a woman in Liberia received a 
diagnosis of EVD and her only potential expo-
sure that could be ascertained was sexual con-
tact with a male survivor of EVD. Further inves-
tigation found Ebola virus RNA in the survivor’s 
semen 199 days after the onset of his symptoms, 
with a genetic sequence that matched the se-
quence from the case patient.11 Although no in-
fectious virus was detected in this semen speci-
men, the possibility that infectious Ebola virus 
could persist in the semen of survivors approxi-
mately 6 months after the onset of illness 
prompted the World Health Organization (WHO) 
and the Centers for Disease Control and Preven-
tion (CDC) to revise their guidelines regarding 
the length of time that survivors of EVD should 
avoid unprotected sexual activity.12,13

There are thousands of survivors of EVD in 
western Africa, and many are sexually active 
men. Sexual transmission of the Ebola virus 
could possibly result in new outbreaks several 
weeks or months after all known chains of 
transmission in the region have stopped. Al-
though the epidemiologic observations to date 
suggest that sexual transmission is a rare event, 
the Sierra Leone Ministry of Health and Sanita-
tion, in collaboration with the Sierra Leone 
Ministry of Defense, the Sierra Leone Ministry of 

Social Welfare, Gender, and Children’s Affairs, 
the WHO, and the CDC initiated a study of the 
duration of virus persistence in the body fluids of 
survivors in Sierra Leone. We report initial find-
ings from the pilot phase of the study, which in-
vestigated the persistence and viability of Ebola 
virus in the semen of male survivors of EVD.

Me thods

Study Design and Oversight

The Sierra Leone Ministry of Health and Sanita-
tion, the Sierra Leone Ministry of Social Welfare, 
Gender, and Children’s Affairs, the WHO, and 
the CDC designed the study, and the Sierra Le-
one Ministry of Defense, the WHO, and the CDC 
gathered the data. The data analysis was per-
formed and supervised by the CDC and the 
WHO. Manuscript planning and drafting were 
also overseen and performed by the Ministry of 
Health and Sanitation, the CDC, and the WHO. 
All these activities were performed in accor-
dance with all applicable laws, regulations, and 
policies related to the protection of human par-
ticipants and animals. A complete list of the 
members of the steering committee and the tech-
nical working group is provided in the Supple-
mentary Appendix, available with the full text of 
this article at NEJM.org.

Study Population, Sampling, and Eligibility 
Criteria

We recruited a convenience sample of 100 male 
survivors from the Western Area District of Si-
erra Leone, which includes the capital of Free-
town. We identified study participants who, at 
informational events that were held in conjunc-
tion with survivor associations, indicated inter-
est in participation, as well as persons who were 
referred from Ebola treatment centers.

Participants were eligible for inclusion if they 
were men 18 years of age or older, could provide 
an official survivor certificate issued by the Minis-
try of Health and Sanitation (such certificates are 
provided to persons with laboratory-confirmed 
cases of EVD when they are discharged from an 
Ebola treatment center), and could provide written 
informed consent to participate in the study. We 
compensated participants for each visit to the 
study site. The research protocol was reviewed and 
approved by the Sierra Leone Ethical Review Board 
and the WHO Ethical Review Committee.
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Data Collection

A member of the study team administered a 
questionnaire to all the participants at the time 
of enrollment to gather information about their 
EVD episode, self-reported health status, sexual 
behavior, and sociodemographic characteristics. 
The date of EVD onset was self-reported, and the 
date of discharge from the Ebola treatment cen-
ter was ascertained from the participants’ survi-
vor certificates. We asked participants to provide 
a semen specimen in a private room and pro-
vided instructions to ensure that proper infec-
tion-control procedures were followed.

We gave participants pretest counseling at 
the time of enrollment and post-test counseling 
2 weeks later when they received their individual 
reverse-transcriptase–polymerase-chain-reaction 
(RT-PCR) results. The counseling included infor-
mation about the test performed, the meaning of 
the results, and education about sexual risk-reduc-
tion practices, including appropriate condom use 
and disposal. Trained counselors also offered par-
ticipants a voluntary, confidential rapid test for the 
human immunodeficiency virus (HIV), according 
to the national testing algorithm. We referred par-
ticipants to a clinic for survivors of EVD if it was 
needed, as determined by the trained medical staff 
of the study, or requested.

Laboratory Analyses

After the semen specimens were collected, they 
were refrigerated (at 5 to 8°C) for no longer than 
3 days and transported to the CDC field labora-
tory in Bo District, Sierra Leone. We performed 
quantitative RT-PCR testing using Ebola virus–
specific gene targets (NP and VP40) and the hu-
man β2-microglobulin (B2M) gene, as described 
previously.14,15 We considered a specimen to be 
positive if the VP40 and NP gene targets were 
both detected within 40 cycles of replication. The 
specimen was considered to be negative if neither 
Ebola virus gene target was detected and the find-
ings with respect to B2M status were positive. The 
findings were ruled to be indeterminate if either 
the VP40 or the NP gene target was detected but 
not both. Amplification of B2M served as an ex-
traction control and RNA quality control.

The cycle-threshold value for each gene target 
is reported as the number of replication cycles that 
had occurred when the target was first detected. 
Cycle-threshold values have an inverse association 
with virus quantity, such that higher quantities 

of virus in given specimens have lower cycle-
threshold values.16

Statistical Analysis

We report the number of participants who had a 
positive, indeterminate, or negative result on quan-
titative RT-PCR at enrollment according to the 
number of days between the self-reported onset 
of illness and the date that the semen specimen 
was obtained, rounded to the nearest whole 
month. Median cycle-threshold values, according 
to months after the onset of EVD, are reported, 
with the range of values observed for the NP and 
VP40 gene targets. Sociodemographic character-
istics at baseline are also presented. Analysis of 
the data was performed with the use of Stata 
software, version 13.1 (StataCorp).

R esult s

Study Participants

RT-PCR results were available for 93 of the 100 
participants enrolled. Three participants were 
withdrawn from the study in accordance with 
the protocol after they were unable to provide a 
specimen at two consecutive visits. Four partici-
pants did not have diagnostic RT-PCR results 
from semen testing at baseline (i.e., the cycle-
threshold value for B2M was above the cutoff 
value) and were excluded from this analysis.

The mean age of the 93 participants was 30 
years (range, 18 to 58). A total of 15% of the par-
ticipants had no formal education, 22% had less 
than 6 years of education, and 63% had 6 or more 
years. When the participants were asked about 
income, 43% reported not knowing their monthly 
income, 24% reported earning less than $100 
(U.S.) per month, 13% reported earning in the 
range of $100 to $1,000 per month, 10% reported 
earning more than $1,000 per month, and 10% 
did not answer. No participant reported having 
received a diagnosis of HIV infection, tuberculo-
sis, or diabetes. Among the 93 participants, the 
time from illness onset to study enrollment was 
2 to 3 months (64 to 120 days) for 9 men (10%), 
4 to 6 months (121 to 210 days) for 40 men (43%), 
7 to 9 months (211 to 300 days) for 43 men (46%), 
and 10 months (306 days) for 1 man (1%).

Detection of Ebola RNA in Semen

A total of 46 of the 93 men (49%) had a specimen 
that was positive on quantitative RT-PCR. Ebola 
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virus RNA was detected in the semen of all 9 men 
from whom a specimen was obtained during the 
first 3 months after the onset of illness, in the 
semen of 26 of 40 men (65%) from whom a 
specimen was obtained at 4 to 6 months, and in 
the semen of 11 of 43 men (26%) from whom a 

specimen was obtained at 7 to 9 months (Fig. 1). 
The results for 1 participant who had a specimen 
obtained at 10 months were indeterminate. The 
proportions of men with semen samples that 
were negative or indeterminate on quantitative 
RT-PCR were higher with increasing months af-
ter the onset of EVD.

The median cycle-threshold values increased 
as the months after the onset of EVD increased. 
For specimens obtained at 2 to 3 months, the 
values were 32.0 with the NP gene target and 
31.1 with the VP40 gene target; for those ob-
tained at 4 to 6 months, the values were 34.5 and 
32.3, respectively; and for those obtained at 7 to 
9 months, the values were 37.0 and 35.6, respec-
tively (Table 1).

The longest time after the onset of a partici-
pant’s EVD symptoms that a semen specimen ob-
tained at baseline remained positive on quantita-
tive RT-PCR was 284 days (9 months). Conversely, 
the shortest time after symptom onset in a partici-
pant that an initial semen specimen was negative 
on quantitative RT-PCR was 128 days (4 months). 
Indeterminate results were encountered in 10 ini-
tial specimens in the range of 152 to 273 days 
after the onset of symptoms.

When we considered the number of days after 
a participant’s discharge from the Ebola treat-
ment center, the longest time that an initial se-
men specimen remained positive on quantitative 
RT-PCR was 272 days (9 months). The shortest 
time after a participant’s discharge that an ini-
tial semen specimen was negative on quantita-
tive RT-PCR was 100 days (3 months).

Discussion

We gathered evidence showing that an Ebola 
virus RNA signal on quantitative RT-PCR was 
found in the semen of male survivors of EVD at 
least 9 months after the onset of symptoms. 
Because the data in this report are cross sec-
tional, we are limited to reporting only the point 
prevalence among participants rather than de-
scribing individual-level persistence and clear-
ance of the RT-PCR signal over time. Among this 
cross-sectional group of participants, all 9 male 
survivors who provided a sample during the first 
3 months after the onset of illness had positive 
results on quantitative RT-PCR. During months 
4 to 6, more than half the enrolled survivors had 
positive results on quantitative RT-PCR. The per-

Figure 1. Results on Quantitative RT-PCR in Initial Semen Specimens  
Obtained from Survivors of Ebola Virus Disease, According to Time  
after Symptom Onset.

We performed quantitative reverse transcriptase–polymerase chain reac-
tion (RT-PCR) testing using Ebola virus–specific gene targets (NP and 
VP40) and the human β2-microglobulin (B2M) gene, as described previ-
ously.14,15 We considered the findings to be positive if the VP40 and the  
NP gene targets were both detected within 40 cycles of replication. The 
findings were considered to be negative if neither Ebola virus gene target 
was detected and the findings regarding B2M status were positive. The 
findings were ruled to be indeterminate if either the VP40 or the NP gene 
target was detected but not both.
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4–6 mo 26/40 (65) 34.5 (25.7–38.4) 32.3 (24.6–37.9)

7–9 mo 11/43 (26) 37.0 (28.1–38.9) 35.6 (27.9–37.9)

*  We performed quantitative reverse-transcriptase–polymerase-chain-reaction 
(RT-PCR) assays using Ebola virus–specific gene targets (NP and VP40) and 
the human β2-microglobulin (B2M) gene, as described previously.14,15 We con-
sidered the findings to be positive if the VP40 and the NP gene targets were 
both detected within 40 cycles of replication. Higher cycle-threshold values in-
dicate lower RNA levels. The results for one participant who had a specimen 
obtained at 10 months were indeterminate.

Table 1. Proportion of Positive Findings on Quantitative RT-PCR and Cycle-
Threshold Values in the Semen of Survivors of Ebola Virus Disease, 
According to Time after Symptom Onset.*
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centage of male survivors with positive results 
continued to decline over time, with approxi-
mately one quarter of the participants having 
positive findings on quantitative RT-PCR at 7 to 
9 months after onset.

We observed that the median cycle-threshold 
values for the NP and VP40 gene targets in-
creased over time, which indicated that the me-
dian quantity of viral RNA in the semen de-
creased over time. Our study cohort included 
only survivors whose onset of illness was 10 
months or less before enrollment, so we do not 
yet know how long survivors of EVD may have 
Ebola RNA detectable on quantitative RT-PCR in 
semen. Follow-up of this cohort is ongoing, and 
this report will be finalized when additional data 
to address the issues of infectivity are available.

The detection of Ebola virus RNA by quanti-
tative RT-PCR does not necessarily indicate that 
infectious virus is present. The quantitative RT-
PCR assay used in this study is highly sensitive, 
with a detection limit per reaction of 30 median 
tissue-culture–infective doses (TCID50) for the 
NP and VP40 gene targets in blood and urine 
samples to which a known quantity of live virus 
was added.14,15 However, the targeted RNA se-
quences detected by quantitative RT-PCR could 
be detecting the presence of the full genome 
from an intact replicating virus or from smaller 
fragments that are unable to replicate and infect 
a host cell. Virus-isolation assays are under way, 
in which the specimens will be inoculated onto 
mammalian cells and the cell cultures will be 
observed for cytopathic effect as the virus repli-
cates, which is the best available standard to 
approximate infectivity.

The cycle-threshold value for Ebola RNA has 
been shown to be a good approximation of the 
viral load in blood,16 with an increasing cycle-
threshold value indicating a decrease in the viral 
load. A limited study that examined the relation-
ship between cycle-threshold values and virus 
isolation did not detect infectious virus in blood 
specimens from patients with EVD when cycle-
threshold values were greater than 35.5 with the 
NP gene target.17 However, experiments have not 
yet been performed to predict the cycle-thresh-
old value at which viable virus can no longer be 
cultured in semen. It is possible that even if men 
provide samples that are positive on quantitative 
RT-PCR several months after the onset of illness, 
the higher cycle-threshold values (such as the 

median values of 37.0 value with the NP gene 
target and 35.6 with the VP40 gene target at 7 to 
9 months observed in the current study) may 
indicate that their semen is no longer infectious. 
Ongoing serial testing until the men in this 
study cohort have two consecutive negative re-
sults on quantitative RT-PCR, as defined above, 
and performing viral culture of the RT-PCR–posi-
tive specimens will enable us to address the 
question of the duration of persistence of poten-
tially infectious virus in semen.

Our cross-sectional analysis of baseline data 
describes the preliminary results in this cohort. 
Follow-up of this preliminary report continues 
so that we may investigate the presence and 
persistence of virus in the semen of survivors of 
EVD, including studying the relationship among 
cycle-threshold values, viral isolation, and genome 
sequencing; assessing how long semen from a 
survivor of EVD will remain positive; and explor-
ing risk factors for the persistence of Ebola virus 
in semen.

Although our findings are based on a cohort 
of 100 male survivors of EVD, the public health 
implications are still uncertain. The ongoing 
study of quantitative RT-PCR positivity and virus 
isolation in semen will provide better estimates 
of the duration of viral persistence and related 
probabilities of persistence at various points in 
time.

We do not yet have sufficient information to 
assess the risk of transmission through sexual 
intercourse, oral sex, or other sex acts from men 
with viable virus in their semen. Before the Eb-
ola epidemic in western Africa, a single case of 
Marburg virus disease and one case of EVD had 
been linked to sexual contact with survivors of 
Marburg virus disease and EVD, respectively.7,10 
In western Africa, cases that have been linked to 
sexual contact with survivors of EVD have not 
been systematically documented, and fewer than 
20 in total have been suspected (Knust B, CDC; 
Formenty P, WHO: personal communication).

Although the potential contribution of sexual 
transmission to the scale of the epidemic is 
largely unknown, the unprecedented number of 
more than 16,000 survivors of EVD across Sierra 
Leone, Guinea, and Liberia, roughly half of whom 
are male, creates the potential for transmission 
and initiation of new chains of transmission, 
even months after the outbreak has ended. Even 
though there have been only rare cases of EVD 
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linked to sexual transmission, research is need-
ed to investigate whether infectious virus may be 
present in vaginal fluid or other body fluids after 
recovery, and the testing of additional body fluids 
in both male and female survivors is planned.

Programs such as semen testing and preven-
tive behavioral counseling are needed in order to 
help survivors of EVD appreciate and mitigate 
the possible risk of sexual transmission. Such 
programs would help men and women under-
stand their individual risk and take appropriate 
measures to protect their sexual partners, spe-
cifically in regard to condom use and disposal, 
and could provide links to care and counseling 
programs for survivors. Because semen-testing 
programs are not yet universally available, out-
reach activities are needed to provide education 
regarding recommendations and risks to survi-
vor communities and sexual partners of survi-
vors in a way that does not further stigmatize 
the community of survivors of EVD.

Persons who survive EVD face myriad chal-
lenges. Many survivors have family members and 
friends who died from EVD. Many are unem-
ployed, face stigma from their communities, and 
have lingering sequelae in addition to the risk of 
persisting virus in semen. Due respect and con-
tinuing efforts that have strong sustainable sup-
port from within the local communities are 
crucial in mitigating negative effects in terms 
of further stigma attached to survivors.
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