
Dengue is a mosquitoborne viral disease common 
in regions with tropical climates. Worldwide an-

nual dengue incidence is estimated at ≈100 million 
diagnosed and ≈300 million asymptomatic infections. 
To date, it is estimated that >55% of the population 
worldwide is exposed to dengue virus (DENV), an 
RNA virus from the genus Flavivirus of the Flaviviri-
dae family. The disease represents a global health is-
sue because it is endemic in >100 countries and the 
World Health Organization listed dengue as a top 
10 disease threat in 2019 (https://www.who.int/

news-room/spotlight/ten-threats-to-global-health-
in-2019). Climate change and increased circulation 
of Aedes albopictus mosquitoes in temperate countries 
mean that dengue incidence is being forecast to in-
crease and extend to regions not previously affected.

Most dengue-infected persons are asymptom-
atic or develop a mild form of the disease with com-
mon signs and symptoms resembling those of influ-
enza, such as fever, retroocular pain, headache, rash, 
muscle and joint pain, nausea, vomiting, and fatigue. 
However, a small proportion of infections progress to 
severe illness that can cause rapid onset of capillary 
leakage leading to bleeding, thrombocytopenia, and 
rapid shock. Severe dengue can be fatal, and it is of-
ten impossible to predict the progression from mild 
infection to severe dengue (1). 

Dengue virus (DENV), which has 4 antigenically 
distinct genotypes (1–4), is transmitted to humans by 
bites from female Aedes mosquitoes, usually Ae. ae-
gypti and Ae. albopictus. In addition, like Zika virus 
(ZIKV), DENV transmission by routes other than 
mosquitoes has been documented. Vertical transmis-
sion of DENV from pregnant women to fetuses, as-
sociated with increased rates of preterm birth, low 
birthweight, and miscarriage, has been reported (2–
5). DENV has been found in breast milk, and trans-
mission to infants through breast-feeding has been 
reported (6). Transmission has also been reported 
through blood products by mucocutaneous contact or 
needlestick injury during patient care or laboratory 
work (7,8) and by blood transfusion (9,10) or organ 
(11) or blood stem cell (12) transplants.

Sexual transmission of DENV was recently re-
ported in a male patient returning to Spain from 
Cuba and Puerto Rico who developed dengue symp-
toms at the time of arrival, 7–10 days after having 
unprotected sexual intercourse with a male partner, 
who also developed dengue (13). Reverse transcrip-
tion PCR (RT-PCR) testing of semen samples found 
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We investigated the effects of dengue virus (DENV) 
on semen using samples collected 7, 15, 30, 60, and 
90 days after symptom onset from 10 infected volun-
teers on Réunion Island. We assessed characteristics 
of semen and reproductive hormones and isolated mo-
tile spermatozoa from semen. We assayed semen for 
DENV using reverse transcription PCR and searched for 
DENV RNA by virus isolation in Vero E6 cell cultures. 
Four volunteers had >1 DENV RNA-positive semen 
samples; 2 volunteers had DENV RNA–positive semen 
at day 15 and 1 at day 30. No motile sperm were DENV 
positive. After exposure to positive semen, few Vero E6 
cells stained positive for DENV antigens, indicating low 
levels of replicative virus. We found DENV had shorter 
duration in semen than in blood. These findings support 
the possibilities that DENV is sexually transmissible for 
a short period after acute dengue illness and that acute 
dengue induces reversible alterations in sperm.
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identical genomic DENV viral sequences in both part-
ners. Probable woman-to-man sexual transmission of 
DENV in South Korea was reported elsewhere (14). 
Two studies on DENV in semen have yielded dis-
crepant results. A case report described detection of 
DENV RNA in semen 9, 24, and 37 days after symp-
tom onset, but viral isolation using cell culture was 
unsuccessful (15). In contrast, another study docu-
mented failure to detect DENV RNA in semen from 
5 DENV-infected men studied 3–5 days after fever 
onset (16). We conducted a prospective longitudinal 
study to investigate the relationships between whole 
blood, serum, urine, and semen DENV RNA viral 
loads over time, to identify characteristics of DENV in 
semen and within the different semen compartments, 
and to determine semen characteristics and reproduc-
tive hormone levels up to 90 days after infection to 
research the effects of DENV infection on human re-
productive function.

Methods

Study Design and Subjects
For the study, we included men 18–45 years of age 
in France’s overseas department of Réunion Island 
(located in the Indian Ocean) who had diagnosed 
DENV-2 infection (DENV RNA detected in blood se-
rum). We excluded men who had other acute illness-
es, were unable to provide a semen sample >1.5 mL, 
had an ejaculation disorder, or tested negative for 
DENV RNA in serum or urine. Patients attended fol-
low-up visits 7, 15, 30, 60, and 90 days after symptom 
onset (Appendix, https://wwwnc.cdc.gov/EID/
article/28/6/21-2317-App1.pdf). We collected whole 
blood, serum, urine, and semen samples at each visit.

After a press information campaign in Réunion 
Island, 12 male patients with clinical symptoms of 
acute dengue virus infection were recruited through 
physicians and underwent a DENV RNA test in se-
rum. Of these 12 men, we excluded 1 with a negative 
DENV RNA test and 1 with very low semen volume. 
We enrolled the remaining 10 men, who were diag-
nosed with acute symptomatic DENV infection and 
were positive for DENV RNA, in Saint-Pierre Univer-
sity Hospital, Réunion Island. This area has been an 
officially designated DENV-2 outbreak area since the 
beginning of 2018. 

The study was registered at ClinicalTrials.gov 
(NCT03612609) and approved by the institutional 
ethics review board (CPP Sud-Méditerranée II). All 
volunteers gave written informed consent and re-
ceived compensation (€400) for their participation. 
At each visit, participants completed a questionnaire 

about any unusual events since their previous visit to 
the laboratory.

Specimen Collection and Analysis
Volunteers provided 46 semen samples by masturba-
tion after a recommended 3–6 d abstinence period. 
We processed the samples within 1 h after ejaculation 
for analysis. We centrifuged the samples at 600 × g 
and obtained seminal plasma and whole semen cells 
from a 200 μL semen aliquot and froze the products 
at −80°C. We performed semen analysis according to 
World Health Organization guidelines (Appendix).

At 7 and 15 days after symptoms began, we pro-
cessed an aliquot of semen to isolate spermatozoa 
cell populations (80% fraction and swim-up fraction) 
according to methods used for HIV-infected men, 
published elsewhere (17) (Appendix). We performed 
DENV RNA searches on 40% and 80% fractions ob-
tained from DENV RNA-positive seminal plasma or 
semen cells samples. We collected morning urine, 
whole blood, and serum samples at Saint-Pierre Uni-
versity Hospital, Réunion Island, and froze the sam-
ples until DENV RT-PCRs were performed at Tou-
louse University Hospital (Toulouse, France).

Hormonal Analyses
We assessed serum AMH (anti-Müllerian hormone), 
FSH (follicle-stimulating hormone), LH (luteiniz-
ing hormone), and testosterone levels using Cobas 
8000e602 automated immunoassay (Roche Diagnos-
tics, https://www.roche.com). We quantified serum 
inhibin B levels in duplicate using a manual ELISA 
assay (Ansh Labs, https://www.anshlabs.com) with 
a quantification limit of 4.6 pg/mL.

Virologic Methods—DENV RNA Detection
We extracted RNA from whole blood, serum, urine, 
and semen fractions with the MagNA Pure 96 instru-
ment using the DNA and viral NA small volume kit 
(Roche Diagnostics) with 200 μL input and 100 μL 
output minimum volumes. For semen cell fractions, 
we adjusted input volume to 2 × 106 cells. We detect-
ed DENV RNA using a homemade 1-step real-time 
RT-PCR triplex protocol to specifically detect DENV, 
ZIKV, or chikungunya (CHIKV) RNA (18). We added 
15 μL of extracted RNA to a 45 μL amplification con-
taining 140 nmol/L of each primer; 100 nmol/L each 
of GAPDH-LC670, DENV-LC610, and ZIKV-FAM 
TaqMan probes; 45 nmol/L of CHIKV-Cyan500 Taq-
Man probe; and 1 μL of enzyme (Superscript III Plati-
num One-step RT-PCR kit, ThermoFisher Scientific, 
https://www.thermofisher.com). We used a Light-
Cycler 480 Thermocycler (Roche Diagnostics) for  
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amplification and detection with reverse transcrip-
tion at 52°C for 20 min, melting at 95°C for 2 min, fol-
lowed by 45 cycles with denaturation at 95°C for 15 s, 
hybridization at 55°C for 45 s, elongation at 68°C for 
20 s, and finally, cooling at 40°C for 30 s.

Virological Methods—Isolation of Infectious DENV
We incubated semen samples from the 2 donors with 
the highest DENV RNA levels in seminal plasma, cell 
fractions, or both, or from an uninfected donor on sub-
confluent Vero cells, as described elsewhere (19), with 
some modifications. We incubated 200 μL seminal 
plasma diluted 5-fold in culture medium or cell pellets 
diluted in 900 μL medium for 5 h with subconfluent 
Vero E6 cells cultured onto glass coverslips in 24-well 
plates (250 μL diluted seminal plasma/well or 300 μL 
diluted cells/well). We washed out seminal plasma 
and cell pellets and cultured Vero cells with fresh me-
dium for 6 d. We submitted Vero cells from this first 
passage to immunofluorescence using the flavivirus 
group antigen antibody, clone D1-4G2-4-15 (Millipore 
Sigma, https://www.emdmillipore.com), to search for 
DENV-positive cells, as described elsewhere (20). We 
observed no labeling in Vero cells incubated with un-
infected or infected semen samples. We performed a 
second passage by adding 800 μL of supernatants col-
lected from the first passage (i.e., Vero cells cultured 
for 6 d after direct contact with semen fractions) to 
fresh Vero cells, which we also cultured for 7 d. At the 
end of this second round of amplification, we submit-
ted Vero cells to immunofluorescence using the 4G2 
antibody. The negative controls (i.e., mock-exposed 
Vero cells and Vero cells exposed to semen from unin-
fected donors) showed no labeling, ensuring the speci-
ficity of DENV detection. We transferred all frozen 
samples to the Germethèque biobank (BB-0033-00081; 
https://www.chu-toulouse.fr/-germetheque-centre-
de-ressources-biologiques) and centralized data from 
case report forms at Toulouse University Hospital.

Statistical Analysis
Data are presented as medians and interquartile 
ranges, quartiles 1–3, and as boxplots for graphic rep-
resentation. We recorded differences between day 
7 after symptom onset and days 15, 30, 60, and 90 
for sperm characteristics using the Wilcoxon signed 
rank-sum test and for hormone values. Because there 
were multiple comparisons, we used a Bonferroni 
correction with p<0.0125 considered significant. We 
considered p<0.05 significant if there was no Bonfer-
roni correction. We used Stata IC15 software (Stata-
Corp, LLC, https://www.stata.com) to perform sta-
tistical analyses.

Results
We included 10 DENV-2–positive men in the study. 
Mean age was 33.4 [SD 6.1] years; 7 of the men were 
Creole and 3 were White. All were RNA-negative for 
ZIKV and CHIKV in blood. All 10 patients reported 
febrile episodes, muscle aches, joint pain, and asthe-
nia; 9 reported headaches, and 5 had skin rash or 
conjunctivitis. However, all disease signs and symp-
toms were mild, and no patient was hospitalized. We 
found no clinical signs of orchitis. We did not explore 
sexual function in this study, and no patient sponta-
neously reported sexual dysfunction.

Four men had no children, and 6 had 1–3 children. 
Only 1 man had previously provided a sperm sample 
for fertility investigation. No patient had a history 
of genital infection or previous genital surgery. One 
patient had diabetes and 1 had Crohn’s disease. All 
patients experienced a febrile episode with a median 
duration of 4 days (range 3–5 days). Two patients 
were moderate smokers (3 and 10 cigarettes/d). All 
patients worked but we identified no occupational 
risk to fertility. We prospectively followed 9 patients 
for 90 days; 1 patient withdrew after his first visit on 
Day 7 (no reason given). We included in our statis-
tical analysis only data from the 9 patients who at-
tended all visits.

DENV RNA Detection
During follow-up, we found that all but 1 volunteer 
had a DENV RNA-positive result in >1 body fluid 
sample. Among whole blood samples, 25/46 (54.3%) 
were DENV RNA-positive (Ct range 27.95–42.89), but 
the number of volunteers with positive whole blood 
samples decreased over time. Only 1 volunteer had 
a positive whole blood sample at 90 days (Figure 1; 
Appendix Table). Four volunteers had DENV RNA-
positive urine specimens from >1 visit and a total of 
7/46 (15.2%) urine specimens were DENV RNA-pos-
itive (Ct range 32.66–38.33). One volunteer had a posi-
tive urine specimen at day 30 but no volunteer tested 
positive after day 30.

Among the 10 volunteers supplying semi-
nal plasma or semen samples at day 7, a total of 4 
(40%) had >1 DENV RNA-positive result. We never 
detected DENV RNA in semen or its fractions in 6 
(60%) volunteers, including 1 tested only on Day 7. 
We found DENV RNA in both seminal plasma and 
semen cell samples from 2 volunteers and only in 
seminal plasma samples from 2 others. We system-
atically confirmed all RNA detections by retesting 
the samples (Ct range 33.9–41.6); 3/30 (10%) semen 
cell samples and 6/30 (20%) seminal plasma samples 
were DENV RNA-positive. Two of 9 volunteers had 
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positive seminal plasma and semen cells samples at 
day 15 and 1/9 had a positive semen cell result at day 
30. We isolated spermatozoa fractions from all but 2 
semen samples at day 7 and from all semen samples 
at day 15. We found no 80% fractions containing only 
spermatozoa positive for DENV RNA and two 40% 
fractions among 12 samples tested that were DENV 
RNA-positive.

DENV Isolation
We attempted to isolate DENV from semen samples 
displaying the highest viral loads: whole semen cells 
from patient 3 and seminal plasma and 40% fractions 
obtained from patient 6 after isolation from semen. We 
detected a few DENV-positive Vero E6 cells after ex-
posure to semen samples using immunocytofluores-
cence against the viral envelope (Figure 2). However, 
we detected no DENV RNA in the supernatants of the 
semen-exposed Vero E6 cultures (data not shown).

Median sperm count, total sperm count, and total 
motile sperm count significantly decreased by day 30 
(p<0.0125); median sperm count was only 15% and to-
tal sperm count only 19% of sperm production at day 7. 
The percentage of normal sperm was lowest at day 30 
but this decrease did not reach statistical significance, 
probably because of the small number of volunteers 
studied (Table 1; Figure 3). We found no statistical 
differences between results at the different follow-up 
times for any of the hormones studied; however, the 
testosterone/LH ratio was significantly lower at day 7 
than at days 15 and 30 (p<0.0125) (Table 2).

Discussion
Our prospective study provides results from a longitu-
dinal assessment of different biologic samples (whole 
blood, urine, and semen) and reports semen and re-
productive hormones characteristics after acute DENV 
infection in men. We also document the detection and 

clearance of DENV RNA in different semen fractions 
and the presence of replicative virus, including in mo-
tile spermatozoa fractions, generally used in assisted 
reproductive procedures.

Ten symptomatic patients provided first samples 
7 days after symptom onset. We recruited these pa-
tients after they were diagnosed with DENV infec-
tion through positive results from molecular testing 
during the 2018–2019 dengue epidemic on Réunion 
Island. Whole blood samples were DENV RNA-pos-
itive for all but 1 patient, who was negative at days 7 
and 15 after symptom onset. Viremia remained in 2 
patients at day 60 and in 1 at day 90 after symptom 
onset. The duration of DENV viremia has been esti-
mated at ≈9.1 days (95% CI 4.4–13.9 days) (21). DENV 
RNA detection was more sensitive and the diagnostic 
window was probably longer for whole blood than 
serum samples (22). Prolonged viremia of 18–80 days 
has been reported in hematopoietic stem cell trans-
plant recipients with hematological malignancies 
(23). However, the patient with the longest duration 
of viremia in our study had no disease. We detected 
DENV RNA less frequently in urine than in whole 
blood; only 40% of patients had a positive urine re-
sult. One urine sample was DENV RNA-positive at 
day 30 in a patient whose whole blood sample was 
positive at the same time, but no later urine samples 
were positive.

Two previous studies looked for DENV in se-
men from infected men, with discrepant results. 
In a case report of a man returning from Thailand, 
DENV-2 RNA was detected in semen (Ct 24–31.8) 9, 
24, and 37 days after dengue symptom onset, but no 
infectious virus could be detected (15). In contrast, 
in another study from Singapore of 5 DENV-infect-
ed men, DENV RNA was not detected in semen 3–5 
days after fever (16). In our study, 4 (40%) of the 10 
infected men tested had >1 DENV RNA-positive  
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Figure 1. Frequency of dengue 
virus RNA detection in different 
fluids in 9 volunteers from 
Réunion Island with dengue 
virus infection in a study of 
virus clearance and effects on 
reproductive function, according 
to time points (days) after onset of 
signs and symptoms.
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semen samples. Seminal plasma was more often 
positive than semen cell pellets. Positivity in semen 
was independent of results from urine, suggesting 
that infection of these fluids originated in different 
tissues. However, unlike in some other viruses, such 

as ZIKV (19), DENV positivity in semen was always 
associated with whole-blood positivity in our study. 
Of note, semen was DENV positive 30 days after 
symptom onset in our study, a duration similar to 
that reported elsewhere (15).
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Figure 2. Immunofluorescent images from Vero E6 cells exposed to semen samples obtained at day 7 after symptom onset from 
volunteers from Réunion Island with dengue virus (DENV) infection in a study of virus clearance and effects on reproductive function. A) 
Seminal plasma (patient 6); B) whole semen cells (patient 3); C) cells from 40% fraction obtained after semen preparation (patient 6); D) 
DENV-1 infected Vero E6 cells (positive control) (multiplicity of infection 0.01 for 3 days); E) noninfected Vero E6 cells; F) Vero E6 cells 
inoculated with noninfected semen (negative controls). VeroE6 cells were inoculated with the semen fractions indicated from DENV-
infected (A, B, C) or uninfected patients (E) and cultured for 7 days (first passage). Images were made after detection of DENV envelope 
protein (DENV-E) from a second passage on VeroE6 of culture supernatants collected after the first passage. Red indicates DENV-E, 
blue indicates DAPI staining. Scale bars indicate 20 μm. 

 
Table 1. Semen characteristics of 9 dengue virus–infected volunteers according to time points after symptom onset, Réunion Island* 

Characteristic 
Median value (interquartile range) 

Day 7 Day 15 Day 30 Day 60 Day 90 
Volume, mL 1.8 (1.7–2.2) 3 (2–6) 2.2 (1.6–2.5) 2.5 (2–3.8) 2.4 (1.8–2.9) 
Sperm count, millions/mL 60 (46–72) 55 (13–70) 9 (6–20)† 25 (20–49) 54 (22–80) 
Total sperm count, millions/ejaculate 108 (96–403.2) 78 (27.3–189) 20.7 (16.8–22.5)† 96 (34–142.1) 97.2 (81.4–273.6) 
Total motile sperm count, 
millions/ejaculate 

53.76  
(48.96–193.54) 

34.32  
(8.51–75.6) 

6.53  
(4.76–9.75)† 

47.52  
(18.36–68.16) 

55.35  
(49.92–120.38) 

Progressive motility, % 47 (45–55) 43 (40–44) 34 (26–37) 53 (45–59) 53 (50–67) 
Vitality, % 86 (75–91) 80 (71–83) 81 (75–88) 87 (84–90) 87 (83–91) 
Normal, % 15 (10–17) 14 (11–19) 10 (9–14) 15.5 (11–18) 16.5 (11.5–20) 
*Ten volunteers were recruited, but only 9 completed follow-up. 
†p<0.0125 between day 7 and days 15, 30, 60, 90. 
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Other flaviviruses, such as hepatitis C virus or 
ZIKV, have been found in semen (19,24). Although 
DENV is a more widespread flavivirus than ZIKV, 
data on the tropism and effects of DENV in the male 
genital tract are scarce. Four cases of acute scrotal 
edema associated with DENV infection have been 
reported, but their mechanisms were not elucidated 
(25,26). Although ZIKV actively replicates in the hu-
man testis ex vivo and persists in this organ (20,27), it 
is unknown whether DENV can infect the human tes-
tis, an established viral reservoir (28). In vitro DENV 
was able to infect a human Sertoli cell line, but less 
efficiently than ZIKV (29). In nonhuman primates in-
fected with DENV, viral proteins were observed in 
the seminal vesicles and prostate but not in the testis 
(30). The origin of DENV in semen requires further 
studies. Because detection of DENV RNA in semen 
does not imply that semen is infectious, we attempted 
to isolate replication-competent virus from semen us-
ing Vero E6 cells. Only a few Vero E6 cells positive 
for DENV envelope were observed after contact with 
seminal plasma or cell pellets (40% fraction), suggest-

ing a low level of replicative virions in those samples. 
This finding is in line with a relatively low level of 
DENV RNA in semen, as suggested by the Ct values 
in the range of 33.9 to 41.6. DENV RNA detection was 
negative in the Vero E6 culture supernatants, which 
might be because of a replication level below the de-
tection limit. Further studies will be needed to con-
firm the isolation of replication-competent virus in 
semen from DENV-infected men.

Although dengue is a common infection world-
wide, only 2 cases of sexually transmitted DENV 
have been reported (13,15), unlike ZIKV, for which 
sexual transmission has been reported in 14 countries 
outside the epidemic area. Those results may reflect 
a lower viral load in semen for DENV. In addition, 
some evidence supports a shorter duration of DENV 
excretion in semen compared with ZIKV; ZIKV RNA 
has been detected in semen up to 414 days after 
symptom onset (31), and replicative virus has been 
shown to persist in seminal cells up to 90 days (27), 
whereas for this study we detected DENV RNA in 
semen no longer than 30 days after symptom onset. 
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Figure 3. Semen characteristics of 9 dengue virus–infected volunteers from Réunion Island at specific time points (days) after onset 
of signs and symptoms from dengue virus infection. A) Total sperm count (millions/ejaculate); B) total motile sperm count (millions/
ejaculate). Horizontal lines within boxes indicate medians; box tops and bottoms indicate interquartile ratios; error bars indicate 
minimums and maximums. Significant value (*p<0.0125) between day 7 and subsequent days

 
Table 2. Hormone values in serum samples of 9 dengue virus–infected volunteers at different time points after symptom onset, 
Réunion Island* 

Hormones† 
Median value (interquartile range) 

Day 7 Day 15 Day 30 Day 60 Day 90 
LH, IU/L 5.1 (4.2–6.7) 3.8 (3.3–7.3) 4 (2.9–5.3) 3.8 (3.4–4.8) 5 (3.6–6.6) 
FSH, IU/L 3.6 (2.5–5) 3.5 (2.6–6) 3.9 (2–4.7) 3.0 (2.1–4.1) 3.3 (2–4.8) 
Inhibin, pg/mL 157 (141–230) 163 (133–249) 179 (147–270) 167 (135–215) 179 (160–204) 
AMH, ng/mL 6.4 (5.5–6.6) 5.9 (5.5–6.4) 6.9 (6.1–7.8) 7.1 (6.6–9.4) 7.6 (5.5–8.8) 
Testosterone, ng/dL 333 (321–403) 479 (353–645) 507 (312–570) 438 (302–557) 450 (394–511) 
Testosterone/LH ratio 72 (20–106) 114 (56–191)‡ 113 (61–181)‡ 106 (47–199) 89 (49–162) 
*Ten volunteers were recruited, but only 9 completed follow-up; AMH, anti-Müllerian hormone; FSH, follicle-stimulating hormone; LH, luteinizing hormone. 
†Normal range values: LH, 1.7–8.6UI/l; FSH, 1.5–12.4 IU/l; inhibin, 152–174 pg/mL; testosterone, 260–1,000 ng/dL. 
‡p<0.0125 between day 7 and days 15, 30, 60, and 90. 
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Moreover, infectious virus was readily detected in the 
semen from ZIKV-infected persons, unlike for DENV 
patients, in whom we observed only sparse counts of 
infected reporter Vero E6 cells, suggesting a low level 
of infectious virions in the semen samples.

To better identify the location of DENV within 
semen, we submitted the collected semen to a den-
sity gradient process, which separates the different 
fractions of semen and isolates sperm cell fractions. 
Semen pellets (sperm and nonsperm cells) and semi-
nal plasma from our patients were positive for DENV 
RNA, but not motile spermatozoa cell fractions, in-
dicating that either DENV was not associated with 
motile spermatozoa or the viral load was below the 
detection threshold. The sperm processing methods 
used for assisted reproductive technology therefore 
seem to be effective for isolating spermatozoa free of 
DENV virus as they do for several other viruses. Nev-
ertheless, this finding remains to be demonstrated in 
cases of high DENV shedding in semen, because this 
technique was not sufficient to remove infectious 
spermatozoa from the semen of ZIKV-infected men 
with a high semen viral load (19).

In this prospective study, we found that sperm 
production decreased 30 days after symptom onset. 
Although we found no significant changes in repro-
ductive hormones, the significant decrease in the 
testosterone/LH ratio might reflect subtle Leydig 
cell dysfunction at day 7 after symptom onset. These 
transient sperm alterations could have resulted from 
the viral infection itself, from fever, or from both, 
because all patients self-reported febrile episodes. 
Although the precise origins of such alterations af-
ter DENV infection still need to be identified, it is 
noteworthy that increased sperm DNA fragmenta-
tion has been observed after testicular or epididymal 
hyperthermia (32).

One limitation of our prospective study was the 
relatively low number of patients and the absence of 
a control group of noninfected men for the study of 
semen and hormonal characteristics. Also, this study 
included men with slight or mild symptoms of den-
gue infection; no data were available on the effects in 
men with asymptomatic or severe dengue.

In conclusion, this study provides a longitudinal 
assessment of the detection and clearance of DENV 
in different body compartments. We demonstrate 
that DENV RNA is detected in whole blood longer 
than in serum and urine and show that DENV RNA 
was found in semen up to 30 days after symptom 
onset but was not associated with motile sperm 
cells. Development of knowledge about the interac-
tions between DENV and the reproductive tract is 

currently in its infancy. These findings emphasize 
the need for further studies in this field and also 
have implications for public health policy, such as 
contributing to increased diagnostic efficiency and 
limiting sexual transmission of DENV. Finally, our 
findings provide information relevant to counseling 
DENV-infected patients and couples who wish to 
conceive a child.
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