
Every year, an estimated 96 million persons world-
wide are given a clinical diagnosis of  severe 

dengue infection (1). In 2017, a total of 188,401 cases 
of dengue were diagnosed in India, and the mortal-
ity rate was 0.1%. The mortality rate in Maharashtra 
State was 0.8% in 2017, nearly 8 times higher than the 
national average (2,3). The prevalence of dengue in-
fection among pregnant women is not reported, but 

pregnant women may be uniquely susceptible to den-
gue infection because of the immune changes that oc-
cur during pregnancy (4).

In some countries in Southeast Asia, dengue fever 
is the most common cause of acute febrile illness dur-
ing pregnancy (5). Dengue infection during pregnancy 
has been associated with poor maternal and infant 
outcomes, including preterm birth (6), hemorrhage, 
preeclampsia, and caesarean delivery (7–15). Dengue 
virus can also be vertically transmitted to the infant, 
resulting in neonatal dengue, thrombocytopenia, and 
cerebral hemorrhage (16–19). Vertical transmission is 
most likely if the infection occurs in the third trimester 
or is present during delivery by cesarean section (20).

Despite the devastating consequences, the diag-
nosis of dengue infection during pregnancy remains 
challenging. This challenge is partially caused by over-
lapping signs and symptoms of dengue infection with 
other conditions, such as HELLP (hemolysis, elevated 
liver enzymes, low platelet count) syndrome, pneumo-
nia, pulmonary embolism, and other febrile illnesses 
(21,22). Moreover, molecular assays to diagnose den-
gue are not widely available. However, there is a re-
markable reduction in the case-fatality rate after early 
diagnosis and access to appropriate medical care (23).

This study was planned after detection of Zika 
virus in India. The goal of this study was to deter-
mine the prevalence of dengue, chikungunya, and 
Zika virus among pregnant women in Pune, India. 
We also aimed to identify clinical predictors of these 
infections to improve screening and detection during 
the antenatal setting.

Methods

Ethics
This study was approved by the Byramjee Jeejeeb-
hoy Medical College Clinical Trials Unit and Johns 
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Mosquitoborne diseases (e.g., malaria, dengue, and 
chikungunya) are endemic to India and pose diagnostic 
challenges during pregnancy. We evaluated an intensi-
fied short symptom screening program in India to diag-
nose dengue during pregnancy. During October 2017–
January 2018, we screened pregnant women during 
antenatal surveillance for symptoms of mosquitoborne 
diseases (fever only, fever with conjunctivitis, fever with 
rash, or all 3 symptoms) within the previous 15 days. Of 
5,843 pregnant women screened, 52 were enrolled and 
tested for dengue, chikungunya, and Zika viruses by us-
ing a Trioplex real-time reverse transcription PCR. Of 49 
who had complete results, 7 (14%) were dengue positive. 
Of these, ocular pain was seen in 4 (57%) and conjunc-
tivitis in 7 (100%). Intensified symptom screening using 
conjunctivitis, in addition to rash, in pregnant women with 
fever might improve dengue case detection and can be 
included in routine symptom screening during pregnancy.
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Hopkins University Institutional Review Boards. 
Written consent was obtained from all participants.

Study Setting and Procedures
During October 2017–January 2018, we surveyed 
pregnant women who came to the antenatal clinic at 
Sassoon Government Hospital in Pune. All pregnant 
women were screened by a postgraduate physician 
who used a short symptom screening for fever, con-
junctivitis, and rash occurring in the preceding 15 days 
(24). Women with any of these complaints underwent 
a secondary confirmatory screening by a senior phy-
sician. At this secondary screening, detailed histories, 
such as onset and duration of symptoms, reported by 
the women were collected. All women who had fever 
and conjunctivitis or fever and rash within the previ-
ous 15 days, confirmed in the secondary screening, 
were approached for enrollment in the study. After 
obtaining consent, research staff collected data on de-
mographics, obstetric history, and travel history (25).

Blood samples were tested for dengue, chikungu-
nya, and Zika viruses at the Indian National Institute 
of Virology by using Trioplex, a multiplex real-time 
reverse transcription PCR (RT-PCR) developed by 
the US Centers for Disease Control and Prevention 
(26). The primary physicians might have also ordered 
an IgM ELISA and a nonstructural protein 1 antigen 
test to assess for dengue or chikungunya infection if 
there was clinical suspicion for either infection. We 
abstracted this information from medical charts.

We completed follow-up visits at delivery and 6 
months postpartum. For women who delivered out-
side Sassoon Hospital, we abstracted data from their 
medical records through home visits or postpartum 
follow-ups. Infants born to enrolled mothers had 
follow-up visits at birth and 6 months of age to coin-
cide with maternal visits. We planned for additional 
evaluations if any abnormality was detected.

All data collected were stored on a secure electronic 
database. This database was specifically designed for 
our study by Persistent Systems (https://www.persis-
tent.com) on a Salesforce platform (https://www.sales-
force.com) by using tablets or laptops.

Sample Size
We did not have a predetermined sample size, but 
screened all women who came to the center during 
October 2017–January 2018. A total of 5,843 patients 
were screened for enrollment.

Results
Among 5,843 pregnant women who attended antena-
tal visits during the study period, 106 (2%) reported 

fever, rash, or conjunctivitis in the 15 days preced-
ing their visit in the primary screening. Of these 106 
women, we enrolled 52 (49%) who were found to be 
eligible in the secondary screening by the medical 
team. These women had the following symptoms: 18 
(34%) fever only, 4 (7%) fever plus rash, 18 (34%) fe-
ver plus conjunctivitis, and 12 (23%) all 3 symptoms 
(Figure). We screened out the remaining 54 patients 
during the secondary screening because they had 
their symptoms >15 days before the visit, which were 
our inclusion criteria. 

The median age of enrolled participants was 22 
years (interquartile range [IQR] 19–25 years). The 
median gestational age at enrollment was 23 weeks 
(IQR 18–34 weeks); half of the participants were preg-
nant for the first time. The most common symptoms 
reported by participants were headache (n = 33/52, 
63%), cough (n = 26/52, 50%), conjunctivitis (n = 
26/52, 50%), and rash (n = 13/52, 25%) (Table 1).

Trioplex testing reports were available for 49/52 
(94%) participants. Positive results for dengue were 
obtained for 7/49 (14%) participants. Per routine 
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Figure. Screening and enrollment flowchart for participation in an 
intensified short symptom screening program for dengue infection 
during pregnancy, India.
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clinical care, a few patients underwent immunoas-
say testing for dengue (n = 4) and chikungunya (n 
= 3). Of the 7 women who were positive for dengue 
by Trioplex, 1 (14%) showed negative results by a 
rapid diagnostic test and 1 (14%) showed positive 
results by IgM ELISA. Among the remaining 42 
women who were negative for dengue by Trioplex, 1 
(2%) was negative by a dengue rapid diagnostic test 
and 1 (2%) was positive by IgM ELISA. All samples 
showed negative results for Zika and chikungunya 
viruses by Trioplex. A chikungunya IgM ELISA was 
performed for 3 participants; 2 (4%) had positive re-
sults (Table 2).

We found no major difference in demographic 
features between participants who were positive 
for dengue and those who were negative (Table 1). 
Symptomatically, dengue diagnosis was associated 
with eye pain (OR 7.5, 95% CI 1–65.6; p = 0.02). All 
women given a diagnosis of dengue had conjunctivi-
tis (p = 0.01), and 2 women (29%) had rash.

Data collected at the time of delivery were avail-
able for 42 (85%) patients; we were unable to ob-
tain delivery date for 7 (15%) patients. The median  

gestational age at the time of delivery was 38 weeks 
(IQR 37–39 weeks), which did not differ between 
mothers who had been given a diagnosis of den-
gue and those who had not (Table 2). Ten (24%) 
births were performed by cesarean section. There 
were 9 (21%) premature infants, 10 (24%) low birth 
weight infants, 2 (5%) pregnancies complicated by 
oligohydramnios, and 9 (21%) infants with head 
circumferences less than the third percentile; none 
of these findings were associated with maternal 
dengue infection. There was 1 (2%) stillbirth to a 
dengue-negative mother. By the time of 6 months 
follow-up, 3 infant deaths were recorded. Maternal 
dengue infection was not associated with any of the 
observed adverse birth outcomes (Table 3).

Discussion
We report a dengue prevalence of 14% among preg-
nant women with rash or conjunctivitis and a his-
tory of recent fevers. However, we did not identify  
chikungunya and Zika cases in our study. The 
prevalence of dengue infection in pregnant women, 
in general, is not reported in the literature, but the 
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Table 1. Clinical characteristics for 52 pregnant women with fever during intensified short symptom screening program for dengue 
infection during pregnancy, India* 

Clinical characteristic 
Entire population, 

n = 52 
Maternal dengue PCR 

positive, n = 7 
Maternal dengue PCR 

negative, n = 42† OR (95% CI) p value 
Age 22 (19–25) 20 (19–23.5) 22.5 (19.2–25) 0.9 (0.7–1.0) 0.42 
Gestational age at enrollment 23 (18–34) 30 (22.5–31.5) 23 (16.5–34) 0.1 (0–0.9) 0.57 
Primigravida 25 (48) 4 (57) 21 (50) 1.3 (0.2–10.2) 1 
HIV positive 2 (4) 0 (0) 2 (5)‡ 0 (0–33.9) 1 
Recent travel 15 (29) 1 (14) 14 (33) 0.3 (0–3.2) 0.41 
Signs/symptoms 

     

 Myalgia 18 (35) 3 (43) 15 (36) 1.3 (0.2–9.1) 0.7 
 Body pain 5 (10) 1 (14) 4 (10) 1.6 (0–20.1) 0.55 
 Arthralgia 13 (25) 3 (43) 10 (24) 2.4 (0.3–16.7) 0.36 
 Weakness 3 (6) 1 (17§ 2 (5)¶ 3.5 (0.1–80.7) 0.36 
 Malaise 2 (4) 1 (14) 1 (2)§ 6.2 (0.1–533.1) 0.27 
 Lymphadenopathy 0 (0) 0 (0) 0 (0)§ NA NA 
 Abdominal pain 1 (2) 1 (14) 0 (0)§  (0.2–) 0.15 
 Vomiting 14 (27) 3 (43) 11 (26) 2.1 (0.3–14.6) 0.39 
 Diarrhea 5 (10) 1 (14) 4 (10)§ 1.5 (0–19.6) 0.56 
 Poor appetite 14 (27) 3 (43) 11 (27)§ 2 (0.3–14.1) 0.4 
 Sore throat 16 (31) 1 (14) 15 (36) 0.3 (0–2.9) 0.4 
 Eye pain 10 (19) 4 (57) 6 (14) 7.5 (1–65.6) 0.02 
 Conjunctivitis 26 (50) 7 (100) 19 (46)§  (1.4–) 0.01 
 Rash 13 (25) 2 (29) 11 (26) 1.1 (0.1–8.2) 1 
 Headache 33 (63) 6 (86) 27 (64) 3.3 (0.3–163.2) 0.4 
 Cough 26 (50) 3 (43) 23 (56)§ 0.6 (0.1–4) 0.69 
*Values are no. (%) or no. (range). NA, not applicable; OR, odds ratio. 
†Trioplex results were not available for 3 women. 
‡Incomplete symptom data for 5 participants. 
§Incomplete symptom data for 1 participant. 
¶Incomplete symptom data for 3 participants. 

 

 
Table 2. Trioplex and standard of care test results during intensified short symptom screening program for dengue infection during 
pregnancy, India 
Trioplex results Standard of care results 
Dengue positive, n = 7 1 rapid diagnostic negative, 1 IgM positive, 5 not tested 
Dengue negative, n = 42 1 rapid diagnostic negative, 1 IgM positive, 40 not tested 
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prevalence of laboratory-confirmed dengue among 
persons with clinically suspected cases in the popu-
lation in India was reported to be 38% (27).

The lower prevalence in our population could 
reflect our short enrollment period, which did not 
include the full peak monsoon season because the 
reports of Zika in India only began in May 2017. An-
other explanation might be related to the diagnostic 
method we used. The RT-PCR used in this study 
identifies dengue infection in the acute phase of infec-
tion within 5 days of infection, which coincides with 
viremia and the febrile phase of illness (28). Although 
RT-PCR is the most sensitive test for diagnosis of 
acute dengue and can distinguish between dengue 
and Zika, its high cost and complexity precludes its 
use for routine care in India. Most studies in India re-
ported diagnosis of dengue by using serologic tests 
(IgM and IgG), which are less sensitive in early in-
fection but become more sensitive after 5 days of in-
fection (29). Regardless, a prevalence rate of 14% is a 
cause for concern, given possible adverse maternal–
fetal outcomes.

A useful finding of our study was the predictive 
value of ocular findings in the diagnosis of dengue 
in our pregnant cohort. A separate study of pregnant 
women with dengue in northern India reported sim-
ilar findings: 100% of the dengue patients had con-
junctivitis, and 57% had eye pain (30). According to 
the World Health Organization, dengue should be 
considered in patients with a high fever and retro-
orbital pain (31–34), but there is no specific mention 
of conjunctivitis as a trigger for dengue testing. The 
mechanism behind dengue infection and ophthal-
mic involvement is not clear, but studies suggest it 
is related to an immune-mediated process involv-
ing specific dengue serotypes (31,32). Given the re-
sults of our studies and others for pregnant women,  

conjunctivitis should be added to screening for den-
gue in pregnancy during high-burden months.

In our study, we found that 29% of women with 
dengue had preterm births and low birthweight in-
fants, which is consistent with recent reviews re-
porting these factors as the 2 most common adverse 
pregnancy outcomes (9). Although 9 (21%) infants 
had head circumferences less than the third percen-
tile, this finding was not associated with maternal 
dengue infection. We also did not find any adverse 
outcomes related to bleeding in the mother or the ne-
onate; thrombocytopenia was not seen in our group 
of patients. This finding is different from those of 
most studies in which postpartum hemorrhage and 
disseminated intravascular coagulation have been re-
ported. Other obstetric complications, including pre-
eclampsia, eclampsia, placenta previa, or retroplacen-
tal hematoma, have been reported in the literature. 
The gestational age at manifestation of dengue fever 
results in a major effect on outcomes; manifestations 
with early or late onset during pregnancy are associ-
ated with the worst prognosis (35).

Immunologic changes that occur in mid-to-late 
pregnancy could lead to an increase in the risk for 
severe dengue if infections occur during pregnancy 
(9,36,37). In our study, women were screened mainly 
during the second and third trimesters because the 
woman usually come for antenatal care during that 
period. Moreover, none of the patients in this study 
had placenta previa, abruptio placentae, or severe 
preeclampsia associated with thrombocytopenia, 
thus avoiding bleeding and need for transfusions, al-
though preeclampsia was present in 2 of the dengue 
patients. The 1 stillbirth that occurred was the result 
of the umbilical cord being wrapped around the neck 
of the infant and is unlikely to have been related to 
maternal dengue.
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Table 3. Birth outcomes by maternal dengue infection status among 42 deliveries analyzed by intensified short symptom screening 
program for dengue infection during pregnancy, India* 

Clinical characteristic 
All births, n = 

42 
Maternal dengue 

positive, n = 6 
Maternal dengue 
negative, n = 34 OR (95% CI) p value 

Gestational age, wk 38 (37–39) 37.7 (37.2–38.1) 39.1 (37.9–39.9) 1.0 (0.7–1.5) 0.28 
Cesarean section 10 (24) 1 (17) 9 (26) 0.6 (0–6.1) 1 
Premature 9 (21) 1 (17) 8 (24) 0.7 (0–7.3) 1 
Low birthweight 10 (24) 2 (33) 7 (21) 1.9 (0.1–16.8) 0.60 
Head circumference <3rd percentile† 9 (21) 2 (33) 7 (22)‡ 1.8 (0.1–15.6) 0.60 
Head circumference <10th percentile† 14 (33) 2 (33) 12 (38)‡ 0.8 (0.1–6.9) 1 
Stillbirth 1 (2) 0 (0) 1 (3) 0 (0–220.2) 1 
Deceased at birth or before 6-mo follow-up§ 3 (7) 0 (0) 3 (9) 0 (0–15) 1 
Oligohydramnios 2 (5) 1 (17) 1 (3) 6.1 (0.1–530.4) 0.28 
Apgar score at 1 min 8 (7–8) 8 (8–8) 8 (7–8) 2.1 (0.4–16.2) 0.36 
Apgar score at 5 min 9 (9–9) 9 (9–9) 9 (9–9) 0.9 (0.3–6.7) 0.65 
*Values are no. (%) or no. (range). OR, odds ratio.  
†Intergrowth standards.  
‡Head circumference data were not available for 2 infants. 
§Six-month follow-up data were available for 22 infants. 
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Other studies have also reported a later diag-
nosis of dengue during pregnancy; a study in Sri 
Lanka reported 96% of cases in the second or third 
trimester (38). The reason why illness onset usual-
ly occurs in mid-to-late pregnancy is unclear. One 
reason that dengue is not diagnosed easily in early 
pregnancy is because women do not come to a clinic 
early or they believe that their symptoms are normal 
for early pregnancy (e.g., fever, nausea, vomiting). 
Some patients might not have been aware of their 
pregnancies in the first several weeks after concep-
tion and therefore are less likely to recall a febrile 
episode than a patient with a known pregnancy. The 
physiologic and immunologic changes that occur in 
mid-to-late pregnancy might also contribute to an 
increase in dengue virus susceptibility. Because den-
gue infection is common in India, active symptom-
based screening of all pregnant women should be 
incorporated into antenatal care during the high-risk 
months. Our implementation of an active screening 
algorithm may have decreased the incidence of ad-
verse pregnancy and birth outcomes.

Our study had several limitations. First, the num-
ber of cases detected was small, which might limit 
detection of major associations with maternal and 
neonatal outcomes. Because we conducted the study 
only during September–February, the full temporal 
pattern of dengue and its complications in pregnancy 
might have been missed. For this study, because we 
did not enroll afebrile women with ophthalmic symp-
toms, we were not able to assess if these symptoms 
are independently predictive of dengue infection in 
pregnancy. We plan to incorporate dengue screen-
ing into antenatal care in the coming years and with 
longer infant follow-up to improve the yield of this 
intervention. However, even with these limitations, 
we were still able to identify 7 cases of dengue, sug-
gesting that scaling up the study would result in an 
even higher detection rate.

Although the primary purpose of conduct-
ing this study was Zika surveillance, we instead 
identified 7 cases of dengue on the basis of simi-
lar symptoms. This finding suggests that intensi-
fied symptom screening by using conjunctivitis, 
in addition to rash, in pregnant women with fever 
might increase the efficiency of dengue case detec-
tion. The symptom screening is short and can be 
administered by ancillary medical staff with mini-
mal training to detect cases in the field or in a busy 
antenatal clinic. Given that the mortality rate for 
severe dengue fever is 0.8%–2.5% (2), this type of  
active symptom-based screening for dengue might 
help prevent adverse maternal and fetal outcomes.

Acknowledgments
We thank the Department of Obstetrics and Gynecology  
at Byramjee Jeejeebhoy Medical College and Sassoon 
Hospital and Pradip Awate for assistance during the study 
and the US Centers for Disease Control and Prevention for 
providing the Trioplex assay.

This study was supported, in part, by the National  
Institute of Allergy and Infectious Diseases, National  
Institutes of Health (grants UM1AI069465 and 
R01HD081929 to A.G., grant K23AI129854 to J.M., grant 
UM1AI104681 to M.L.R., and grant D43TW009574 to R.B.), 
as well as the Kellen Foundation, the Ujala Foundation, the 
Gilead Foundation, and the Wyncote Foundation.

About the Author
Dr. Naik is an associate professor and postgraduate  
instructor at Byramjee Jeejeebhoy Government Medical 
College, Pune, India. Her primary research interests  
include tuberculosis, infertility, and HIV during pregnancy.

References
  1. Bhatt S, Gething PW, Brady OJ, Messina JP, Farlow AW, 

Moyes CL, et al. The global distribution and burden of 
dengue. Nature. 2013;496:504–7. https://doi.org/10.1038/
nature12060

  2. Directorate of National Vector Borne Disease Control  
Programme. Dengue cases and deaths in the country since 
2015: National Health Mission. [cited 2019 Dec 19].  
https://www.nvbdcp.gov.in/index4.php?lang=1&level=0&l
inkid=431&lid=3715

  3. Population of Maharashtra. 2018, updated January 8, 2019 
[cited 2019 Dec 19]. http://indiapopulation2018.in/ 
population-of-maharashtra-2018.html

  4. Kourtis AP, Read JS, Jamieson DJ. Pregnancy and infection. 
N Engl J Med. 2014;371:1077.

  5. Chansamouth V, Thammasack S, Phetsouvanh R,  
Keoluangkot V, Moore CE, Blacksell SD, et al. The aetiologies  
and impact of fever in pregnant inpatients in Vientiane, Laos. 
PLoS Negl Trop Dis. 2016;10:e0004577. https://doi.org/ 
10.1371/journal.pntd.0004577

  6. Robbins JR, Bakardjiev AI. Pathogens and the placental  
fortress. Curr Opin Microbiol. 2012;15:36–43. https://doi.org/ 
10.1016/j.mib.2011.11.006

  7. Pouliot SH, Xiong X, Harville E, Paz-Soldan V,  
Tomashek KM, Breart G, et al. Maternal dengue and  
pregnancy outcomes: a systematic review. Obstet Gynecol 
Surv. 2010;65:107–18.

  8. Teixeira MG, Paixão ES, Costa MC, Cunha RV, Pamplona L,  
Dias JP, et al. Arterial hypertension and skin allergy are risk 
factors for progression from dengue to dengue  
hemorrhagic fever: a case control study. PLoS Negl  
Trop Dis. 2015;9:e0003812. https://doi.org/10.1371/ 
journal.pntd.0003812

  9. Machain-Williams C, Raga E, Baak-Baak CM, Kiem S, 
Blitvich BJ, Ramos C. Maternal, fetal, and neonatal outcomes 
in pregnant dengue patients in Mexico. BioMed Res Int. 
2018;2018:9643083. https://doi.org/10.1155/2018/9643083

10. Basurko C, Carles G, Youssef M, Guindi WE. Maternal  
and fetal consequences of dengue fever during pregnancy. 

742 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 4, April 2020



 Screening for Dengue during Pregnancy

Eur J Obstet Gynecol Reprod Biol. 2009;147:29–32.  
https://doi.org/10.1016/j.ejogrb.2009.06.028

11. Chitra TV, Panicker S. Maternal and fetal outcome of dengue 
fever in pregnancy. J Vector Borne Dis. 2011;48:210–3.

12. Carles G. What are the true consequences of dengue  
during pregnancy? Lancet Infect Dis. 2016;16:765–6.  
https://doi.org/10.1016/S1473-3099(16)00130-4

13. Friedman EE, Dallah F, Harville EW, Myers L, Buekens P,  
Breart G, et al. Symptomatic dengue infection during  
pregnancy and infant outcomes: a retrospective cohort study. 
PLoS Negl Trop Dis. 2014;8:e3226. https://doi.org/10.1371/
journal.pntd.0003226

14. Paixão ES, Teixeira MG, Costa MD, Rodrigues LC. Dengue 
during pregnancy and adverse fetal outcomes: a systematic 
review and meta-analysis. Lancet Infect Dis. 2016;16:857–65. 
https://doi.org/10.1016/S1473-3099(16)00088-8

15. Sharma S, Jain S, Rajaram S. Spectrum of maternofetal  
outcomes during dengue infection in pregnancy: an  
insight. Infect Dis Obstet Gynecol. 2016;2016:5046091. 
https://doi.org/10.1155/2016/5046091

16. Adam I, Jumaa AM, Elbashir HM, Karsany MS. Maternal 
and perinatal outcomes of dengue in Port Sudan, eastern 
Sudan. Virol J. 2010;7:153. https://doi.org/10.1186/ 
1743-422X-7-153

17. Tan PC, Rajasingam G, Devi S, Omar SZ. Dengue infection in 
pregnancy: prevalence, vertical transmission, and pregnancy 
outcome. Obstet Gynecol. 2008;111:1111–7. https://doi.org/ 
10.1097/AOG.0b013e31816a49fc

18. Sirinavin S, Nuntnarumit P, Supapannachart S,  
Boonkasidecha S, Techasaensiri C, Yoksarn S. Vertical dengue  
infection: case reports and review. Pediatr Infect Dis J. 2004; 
23:1042–7. https://doi.org/10.1097/01.inf.0000143644.95692.0e

19. Morgan-Ortiz F, Rodríguez-Lugo SM, León-Gil Mdel S, 
Gaziola-Villa M, Martinez-Félix NS, Lars-Avila L.  
Hemorrhagic dengue and vertical transmission to the 
newborn: a case report and literature review [in Spanish]. 
Ginecol Obstet Mex. 2014;82:401–9.

20. Basurko C, Matheus S, Hildéral H, Everhard S, Restrepo M, 
Cuadro-Alvarez E, et al. Estimating the risk of vertical  
transmission of dengue: a prospective study. Am J Trop 
Med Hyg. 2018;98:1826–32. https://doi.org/10.4269/
ajtmh.16-0794

21. Malhotra N, Chanana C, Kumar S. Dengue infection in  
pregnancy. Int J Gynaecol Obstet. 2006;94:131–2.  
https://doi.org/10.1016/j.ijgo.2006.05.002

22. Agrawal P, Garg R, Srivastava S, Verma U, Rani R.  
Pregnancy outcome in women with dengue infection 
in northern India. Indian Journal of Clinical Practice. 
2014;24:1053–6.

23. Machado CR, Machado ES, Rohloff RD, Azevedo M,  
Campos DP, de Oliveira RB, et al. Is pregnancy associated 
with severe dengue? A review of data from the Rio de  
Janeiro surveillance information system. PLoS Negl Trop Dis. 
2013;7:e2217. https://doi.org/10.1371/journal.pntd.0002217

24. Centers for Disease Control and Prevention. Symptoms and 
what to do if you think you have dengue [cited 2019 Dec 19]. 
https://www.cdc.gov/dengue/symptoms/index.html

25. Beltran-Silva SL, Chacon-Hernandez SS, Moreno-Palacios 
E, Pereyra-Molina JA. Clinical and differential diagnosis: 
dengue, chikungunya and Zika [in Spanish]. Revista  
Médica Hospital General de México. 2018;81:146–53.  
https://doi.org/10.1016/j.hgmx.2016.09.011

26. Santiago GA, Vázquez J, Courtney S, Matías KY,  
Andersen LE, Colón C, et al. Performance of the Trioplex 
real-time RT-PCR assay for detection of Zika, dengue, and 
chikungunya viruses. Nat Commun. 2018;9:1391.  
https://doi.org/10.1038/s41467-018-03772-1

27. Ganeshkumar P, Murhekar MV, Poornima V,  
Saravanakumar V, Sukumaran K, Anandaselvasankar A,  
et al. Dengue infection in India: a systematic review and  
meta-analysis. PLoS Negl Trop Dis. 2018;12:e0006618. 
https://doi.org/10.1371/journal.pntd.0006618

28. Centers for Disease Control and Prevention. Dengue  
testing guidance USA; 2019 [cited 2019 Dec 19].  
https://www.cdc.gov/dengue/healthcare-providers/ 
testing/testing-guidance.html

29. Centers for Disease Control and Prevention. Dengue:  
laboratory guidance and diagnostic testing; 2019 [cited  
2019 Dec 19]. https://www.cdc.gov/dengue/clinicallab/
laboratory.html

30. Gehlot H, Yadav OP, Sharma S, Nagar G, Yadav A, Gupta P. 
A study of dengue fever in pregnancy and its maternal and 
fetal prognosis. International Journal of Reproduction,  
Contraception, Obstetrics, and Gynecology. 2017;6:3414. 
https://doi.org/10.18203/2320-1770.ijrcog20173454

31. Yip VC, Sanjay S, Koh YT. Ophthalmic complications of  
dengue fever: a systematic review. Ophthalmol Ther. 
2012;1:2. https://doi.org/10.1007/s40123-012-0002-z

32. Chan DP, Teoh SC, Tan CS, Nah GK, Rajagopalan R,  
Prabhakaragupta MK, et al.; Eye Institute Dengue-Related 
Ophthalmic Complications Workgroup. Ophthalmic  
complications of dengue. Emerg Infect Dis. 2006;12:285–9. 
https://doi.org/10.3201/eid1202.050274

33. Seet RC, Quek AM, Lim EC. Symptoms and risk factors of 
ocular complications following dengue infection. J Clin Virol. 
2007;38:101–5. https://doi.org/10.1016/j.jcv.2006.11.002

34. World Health Organization. Dengue and severe dengue; 
2018 [cited 2019 Dec 19]. https://www.who.int/news-room/
fact-sheets/detail/dengue-and-severe-dengue

35. Kanakalatha D, Radha S, Nambisan B. Maternal and fetal 
outcome of dengue fever during pregnancy. International 
Journal of Reproduction, Contraception, Obstetrics, and 
Gynecology. 2016;5:3959–64. https://doi.org/10.18203/ 
2320-1770.ijrcog20163871

36. Guabiraba R, Ryffel B. Dengue virus infection: current  
concepts in immune mechanisms and lessons from murine  
models. Immunology. 2014;141:143–56. https://doi.org/ 
10.1111/imm.12188

37. Zhang H, He Z, Zeng W, Peng HJ. Roles of interferons 
in pregnant women with dengue infection: protective 
or dangerous factors. Can J Infect Dis Med Microbiol. 
2017;2017:1671607. https://doi.org/10.1155/2017/ 
1671607

38. Waduge R, Malavige GN, Pradeepan M, Wijeyaratne CN, 
Fernando S, Seneviratne SL. Dengue infections during  
pregnancy: a case series from Sri Lanka and review of the 
literature. J Clin Virol. 2006;37:27–33. https://doi.org/ 
10.1016/j.jcv.2006.06.002

Address for correspondence: Shilpa Naik, Department of 
Obstetrics and Gynaecology, Byramjee Jeejeebhoy Medical 
College and Sassoon Hospital, Main Bldg, 3rd Fl, Pune 411 001, 
India; email: shilunnaik@yahoo.co.in

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 4, April 2020 743


