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A prospective cohort of women with reverse transcription poly-
merase chain reaction (RT-PCR) confirmed Zika virus infection 
aged 18–39 years in Puerto Rico found that pregnant women have 
about a 3-fold longer estimated median detection of Zika virus 
RNA in serum, which can increase definitive diagnosis of infec-
tion and facilitate timely and appropriate clinical management.

Zika virus (ZIKV) infection in pregnant women has been 
associated with congenital Zika syndrome, which includes 
microcephaly and severe brain anomalies and developmental 
disabilities in the infant [1–3]. Several case reports have demon-
strated longer-than-expected detection of ZIKV RNA in preg-
nant women, including a case study that reported detection of 
ZIKV RNA in serum 10 weeks post symptom onset [4, 5].  
However, existing evidence has been limited to case reports 
which lack nonpregnant controls and are unable to deter-
mine if pregnancy is independently associated with pro-
longed detection of ZIKV RNA. Understanding the risk for 
prolonged detection of ZIKV RNA may inform guidelines 
for diagnostic testing and clinical counseling for pregnant 
women.

A preliminary analysis of data collected during the Zika 
Virus Persistence Study (ZiPer) found that the median time 
to loss of ZIKV RNA detection in serum among all sympto-
matic ZIKV-infected participants was 13.9  days (95% con-
fidence interval [CI]: 11.2, 16.6) [6]. We used data from the 

ZiPer study to test if symptomatic pregnant women have 
longer detection of ZIKV RNA than symptomatic, nonpreg-
nant women of similar ages.

MATERIALS AND METHODS

Data Source

ZiPer is an ongoing prospective cohort study in Puerto Rico 
that began in May 2016 and includes rigorous participant fol-
low-up. ZiPer participants included males and females of all 
ages with ZIKV infection diagnosed by RT-PCR, the methods 
of which have been previously described [6]. Briefly, sympto-
matic patients who presented for care and tested positive for 
ZIKV by RT-PCR (index participants) were offered enroll-
ment. Household members of index participants were invited 
to participate regardless of the presence or absence of disease, 
and those who tested positive for ZIKV infection by RT-PCR 
were eligible to join the prospective cohort. Upon enrollment, 
participants completed a survey including pregnancy status 
and information on Zika-like illnesses (ie, fever, conjunctiv-
itis, rash, or arthralgia) during the prior 30 days. Serum, urine, 
saliva, semen, and vaginal secretions (the last 2 in adults only 
and self-collected) were collected weekly for the first month 
and at 2, 4, and 6  months post-enrollment. For participants 
in whom ZIKV RNA was detected in any specimen at week 
4, biweekly collection continued until all specimens tested 
negative. Detailed instructions were given to participants that 
self-collected vaginal secretions or semen samples. Specimens 
were tested by Trioplex RT-PCR assay to detect dengue, chi-
kungunya, and ZIKV RNA [7]. All participants received a $50 
reimbursement per visit. The ZiPer protocol was approved 
by the Centers for Disease Control and Prevention (CDC) 
Institutional Review Board and all participants gave informed 
consent.

Only women aged 18–39 years who reported a recent Zika-
like illness were included in this analysis. We summarized par-
ticipants’ demographic characteristics, and described detection 
of ZIKV RNA in serum by days post symptom onset of spec-
imen collection. “Time-to-loss” of ZIKV RNA was defined as 
the number of days between onset of ZIKV symptoms and the 
first nonpositive (negative or below the threshold of detection) 
RT-PCR result in serum that was sustained for the duration of 
the study. For analysis purposes, we assumed that all infected 
participants had ZIKV RNA in serum at symptom onset. For 
participants who had intermittent shedding of ZIKV (defined as 
the detection of viral RNA that was followed by a lack of detec-
tion and then subsequent detection, regardless of the interval 
between specimen collections), we used the first negative result 
after the final recorded test result that was positive by RT-PCR.
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Statistical Analysis

We used Fisher exact test to assess if characteristics were asso-
ciated with pregnancy and t-test to compare continuous vari-
ables. Because participants were not tested daily we could not 
identify the precise day when women lost detectable ZIKV 
RNA. Consequently, to estimate time-to-loss of ZIKV RNA in 
serum we used nonparametric maximum-likelihood Turnbull 
estimator, which accounts for interval censoring due to loss of 
detection occurring between 2 visit dates [6]. The lower inter-
val was the last specimen collected with a positive ZIKV result 
by RT-PCR and the upper interval was the first specimen col-
lected with a nonpositive ZIKV result by RT-PCR immediately 
following the lower interval. We used general linear model to 
compare the distribution of the length of the intervals (in days) 
by pregnancy status to assess if the intervals could bias the 
Turnbull model estimator. We used Turnbull regression models 
to conduct a sensitivity analysis to address uncertainty resulting 
from the interval-censored data that conservatively assumed 
that ZIKV RNA was no longer detectable the day after the last 
positive ZIKV RT-PCR test. We also conducted a sensitivity 
analyses to assess if the intermittent positive results influenced 
the estimated time-to-loss of ZIKV RNA detection. For this we 
ignored any lone RT-PCR positive result that occurred after 1 
or more negative result. We adjusted the upper interval to be 
the first specimen collected with a nonpositive ZIKV result by 
RT-PCR and the lower interval to be the previous specimen col-
lected with a positive result and we applied the same nonpara-
metric maximum-likelihood Turnbull estimator. All statistical 
analyses were performed using SAS version 9.4 and α = 0.05.

RESULTS

During May 2016–April 2017, a total of 300 participants were 
recruited into ZiPer, including 58 symptomatic  women aged 
18–39 years, 9 of whom were pregnant. Age and days post symp-
tom onset at enrollment were not different between pregnant 
and non-pregnant women, and 55.2% of study participants were 
recruited within 2 days of symptom onset (see Supplementary 
Table  1). There were no differences in frequency of reported 
symptoms of rash, arthralgia, and conjunctivitis, but nonpreg-
nant women were more likely to report fever than pregnant 
women (78% vs. 22%, respectively; P = .003).

Pregnant women provided an average of 9.9 serum specimens 
compared to 8.2 among nonpregnant women (P = .08) and both 
groups provided the same number of specimens after the last 
ZIKV RNA positive specimen (6.7 vs. 6.7) (see Supplementary 
Table  1). The last serum specimen collected from pregnant 
women was, on average, 169  days post illness onset, whereas 
nonpregnant women provided serum until 152 days post illness 
onset on average (P = .26).

At some point during the study, ZIKV RNA was detected 
in the serum of all 9 pregnant women and among almost all 
nonpregnant women (96%). Detecting ZIKV RNA in urine at 

any point during the study was more common among nonpreg-
nant women (49%) than pregnant women (11%) but was not 
significantly (P  =  .06). ZIKV RNA was detected in the saliva 
of 1 participant. Due to infrequent detection of ZIKV RNA in 
urine and saliva, we were unable to estimate time-to-loss in 
these specimens. ZIKV RNA was not detected in any vaginal 
secretion specimens.

The Turnbull model derived median time-to-loss of detect-
able ZIKV RNA in serum was about 3 times longer among preg-
nant women than nonpregnant women (40  days vs. 14  days; 
P < .001) (see supplemental Table 2 and supplemental Figure 1). 
Similarly, the sensitivity analysis using the last-positive RT-PCR 
result to estimate duration showed that pregnant women had 
significantly longer duration of detectable ZIKV RNA than 
non-pregnant women (see supplemental Table 2). Two pregnant 
women (Figure 1) and four nonpregnant women were intermit-
tent shedders. When removing the positive time points after 
negative RT-PCR results from the analyses, the difference in 
duration between pregnant and nonpregnant women remained 
statistically significant (P = .01). The median interval between 
the last specimen collected that tested positive for ZIKV RNA 
and the first subsequent specimen that tested nonpositive for 
ZIKV RNA among pregnant women (14 days; range; 7, 57) was 
not significantly different from the interval among nonpregnant 
women (17 days; 1, 56) (P = .85). The similar distribution of the 
intervals between pregnant and nonpregnant women suggests 
that differences in estimated ZIKV RNA duration were not due 
to differences in testing frequency.

A detailed description of all of the RT-PCR testing results of 
the specimens collected from the 9 pregnant women and the 
last day of the pregnancy is include in Figure  1. The last day 
of the pregnancy for 1 participant was 55 days after symptom 
onset, was followed by 3 negative ZIKV test results, and then 
a specimen that tested positive for ZIKV RNA 120 days after 
symptom onset (participant 5 in Figure  1). Participant 6 also 
had a specimen test positive for ZIKV RNA 36 days after the 
last day of her pregnancy. All other pregnant women had no 
specimens test positive for ZIKV RNA after the last day of their 
pregnancies. Birth outcomes for all pregnancies, other than one, 
were normal births with infants with apparently no dysmorphic 
features. One pregnancy (participant 5), resulted in fetal death 
at 24 weeks gestation.

DISCUSSION

This prospective cohort study provides evidence that time-to-
loss of ZIKV RNA in serum among pregnant women can be 
longer than among nonpregnant women of similar ages. Three 
different models consistently demonstrated a significantly 
longer median duration among pregnant women. Only 1 preg-
nant woman had detectable ZIKV RNA in urine or saliva after 
enrollment. This study contributes to the body of knowledge by 
systematically collecting serum samples from all participants, 
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allowing for statistical modeling to estimate duration, and was 
the first to provide a comparison group of nonpregnant women.

The mechanism of prolonged ZIKV RNA detection in the 
serum of pregnant women is unknown, but several hypoth-
eses have been proposed. Placental trophoblasts have been 
observed to be infected during pregnancy and support in 
vitro growth of ZIKV, indicating that they may act as a viral 
reservoir [8, 9]. Additionally, the fetus has been suggested as 
another possible ZIKV reservoir [5]. Last, altered immunity 
during pregnancy has been postulated as a reason for delayed 
immune clearance of viruses [10]. Two of the 9 pregnant 
women in our study had a specimen positive for ZIKV RNA 
after the last day of their pregnancies. This may have been left 
over viral particles as opposed to live virus or may suggest 
reservoirs other than the placenta or fetus. Further research 
to identify definitively the mechanism of prolonged ZIKA 
RNA detection could assist in development of interventions to 
reduce risk of fetal infection.

This study has limitations. First, a small number of pregnant 
women were enrolled, and we could not identify the precise 
day when women lost detectable ZIKV RNA, which resulted 
in imprecision around the median duration of persistence of 
ZIKV RNA in serum. Nonetheless, all models demonstrated 
that time-to-loss of ZIKV RNA among pregnant women is sig-
nificantly longer than among nonpregnant women. Pregnant 

women were tested slightly more often, and their last specimen 
collected was longer post illness onset compared to nonpreg-
nant women, but neither of these were significantly different. 
Slightly increased testing among pregnant women is likely an 
artifact of the protocol, which required more frequent testing 
until ZIKV RNA was no longer detected. Additionally, both 
groups had equal numbers of specimens collected after their 
last ZIKV RNA positive test. Consequently, more and longer 
testing among pregnant women likely do not introduce bias 
into the results. Last, as this analysis only included symptomatic 
women, results may not be generalizable to women with asymp-
tomatic infections.

To facilitate timely diagnosis of ZIKV infection and appropri-
ate clinical management of pregnancies, the Centers for Disease 
Control and Prevention (CDC) currently recommends nucleic 
acid testing (such as RT-PCR) of symptomatic pregnant women 
within 12 weeks of illness onset [11]. The findings of this study 
support CDC’s current recommendations. Additionally, CDC 
recommends that healthcare providers consider nucleic acid 
testing at least once per trimester, unless a previous test has been 
positive, for pregnant women who live in or frequently travel to 
areas with ZIKV transmission [11]. Clinicians managing preg-
nant women with evidence of confirmed ZIKV infection should 
follow CDC guidelines, including considering serial ultrasounds 
every 3–4 weeks to assess fetal anatomy and growth [11].

Figure 1.  Detection of Zika virus RNA in the serum of pregnant women aged 18–39 years (n = 9) enrolled in the Zika Virus Persistence Study in Puerto Rico, 2016–2017. 
Numbers below the PCR results indicate the days post symptom onset of specimen collection. Last day of pregnancy for line 3 is an estimate within one week. The lower and 
upper intervals used in statistical modeling are shown for each pregnant woman. PCR positive results = CT value <38; Below threshold of detection = CT value >38–≤40; PCR 
negative = CT value >40. Abbreviations: CT, cycle threshold; PCR, polymerase chain reaction.
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Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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