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Importance: Travel among US citizens is becoming increasingly common, and travel during pregnancy is also
speculated to be increasingly common. During pregnancy, the obstetric provider may be the first or only clinician
approached with questions regarding travel.

Objective: In this review, we discuss the reasons women travel during pregnancy, medical considerations for
long-haul air travel, destination-specific medical complications, and precautions for pregnant women to take
both before travel and while abroad. To improve the quality of pretravel counseling for patients before or during
pregnancy, we have created 2 tools: a guide for assessing the pregnant patient’s risk during travel and a pretravel
checklist for the obstetric provider.

Evidence Acquisition: A PubMed search for English-language publications about travel during pregnancy
was performed using the search terms “travel” and “pregnancy” andwas limited to those published since the year
2000. Studies on subtopics were not limited by year of publication.

Results: Eight review articles were identified. Three additional studies that analyzed data from travel clinics
were found, and 2 studies reported on the frequency of international travel during pregnancy. Additional pub-
lications addressed air travel during pregnancy (10 reviews, 16 studies), high-altitude travel during pregnancy
(5 reviews, 5 studies), and destination-specific illnesses in pregnant travelers.

Conclusions and Relevance: Travel during pregnancy including international travel is common. Pregnant
travelers have unique travel-related and destination-specific risks. We review those risks and provide tools for
obstetric providers to use in counseling pregnant travelers.

Target Audience: Obstetricians and gynecologists, family physicians, and midwives.
Learning Objectives: After completing this activity, the learner should be better able to ask appropriate ques-

tions of women who are planning travel during pregnancy; understand the increased risks borne by pregnant
women who travel, especially to locations with limited medical resources and/or high rates of foodborne, water-
borne, or mosquito-borne illnesses; counsel women about precautions regarding air travel including reducing
risk of venous thromboembolism; and counsel women about destination-specific risks or feel empowered to re-
fer women to travel clinics for patients with comorbidities, planning travel to high-risk destinations, or who require
immunizations not used for routine vaccination of US patients.
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In 2014, 68.2 million US citizens crossed interna-
tional borders compared with 61.3 million in 2013
and 28.5 million in 2010.1,2 Travel in pregnancy is also
speculated to be increasing in frequency, but women
may not be fully aware of the potential risks of traveling
while pregnant.3–11 In rare instances, travel may be con-
traindicated.12 A majority of women do not seek pre-
travel advice prior to their departure, representing a
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98 Obstetrical and Gynecological Survey
significant opportunity to improve patients’ knowledge
and health.10 Pregnant women are also more likely than
nonpregnant travelers to be visiting friends and rela-
tives, which poses additional accommodation-, food-,
and water-related risks.2,6

While the American College of Obstetricians and
Gynecologists offers guidance on precautions for air
travel, the organization does not provide destination-
specific risks for women who are pregnant.13 This
review summarizes what is known regarding obstet-
ric-specific and destination-specific risks including
the increased risk of adverse outcomes from medical or
obstetric complications if they were to occur in low-
resource areas. The level of evidence for most recom-
mendations discussed here is based on expert opinion
due to the lack of well-controlled prospective trials.
However, the overall safety of travel in general is well
established with notable exceptions.
Knowledge of travel-related risks will allow obstetric

providers to better advise their traveling patients includ-
ing whether a referral to a maternal-fetal medicine spe-
cialist and/or travel clinic is warranted.
FREQUENCYAND PURPOSE OF TRAVEL
DURING PREGNANCY

The frequency of domestic or international travel
among women residing in the United States during
pregnancy is not known. Two studies totaling 1214
women admitted to a labor and delivery unit found that
53% to 55% of women traveled by air at least once
during the course of their pregnancy.14,15 Studies in-
vestigating the frequency of international travel dur-
ing pregnancy found that 22% of pregnant women in
Grenoble, France, and 58.7% of pregnant women in
London, England, had traveled abroad during preg-
nancy.9,10 The frequency of travel among pregnant
women in the United States may vary from that of
European women.
Pregnant and nonpregnant women of reproductive

age travel for different purposes. Many travelers, in-
cluding pregnant women, visit travel clinics to prepare
for tourism. Recent retrospective analyses of such
travel clinic populations found that pregnant women
were more likely to travel to visit friends and relatives
than women who were not pregnant.2,6 Correspond-
ingly, pregnant women are more likely to stay in a lo-
cal residence (likely with friends and relatives) than
nonpregnant travelers.2 This has important implica-
tions for counseling because the risks of travelers
who are residing with friends and relatives may differ
from the risks of persons staying in standard ho-
tels.2,16,17 Travelers visiting friends and relatives have
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higher risks of acquiring infections such as malaria,
and travelers staying in nonhotel accommodations have
higher risks of traveler’s diarrhea.16–21

Studies of nonpregnant travelers have documented
several reasons for these elevated risks. Travelers who
are visiting friends and relatives are less likely to seek
pretravel health advice or to be adequately vacci-
nated.18,19,22 Travelers who are residing with friends
and relatives may also be more likely to stay in resi-
dences that either lack window screens or that have
window screens that no longer serve as an adequate bar-
rier to mosquitoes because of holes or other breaches.
Private residences are less likely to have air condition-
ing, which indirectly increases the exposure to mosqui-
toes if windows are left open at night. Studies among
nonpregnant travelers also found that traveler’s diarrhea
is more common among travelers whose food is pre-
pared by friends or family.17

Taken together, the reason for travel among preg-
nant women is more likely to be for the intent of visit-
ing friends and relatives than their nonpregnant peers.
When they visit friends and relatives, they are less
likely to seek pretravel advice and may be at higher risk
than tourists of suffering complications such as malaria
and traveler’s diarrhea due to exposures.2,16,17 Simi-
larly, when pregnant women did present to travel
clinics, they presented closer to the date of travel than
did their nonpregnant counterparts, which places them
at additional risk because certain medications, such as
antimalarial medications, are most effective when they
are started a specified amount of time before travel,
and some vaccinations require more than 1 dose over
time to be fully effective (eg, hepatitis A and B, Japanese
encephalitis virus, rabies).6
TRAVEL DESTINATIONS DURING
PREGNANCY

Studies of non-US travel clinics have found that preg-
nant women travel to similar destinations as nonpreg-
nant travelers, and they travel to areas with similar
levels of medical risk (based on the International SOS
assessment of access to high-quality health care infra-
structure and risk of contracting foodborne and water-
borne illness or serious infections such as malaria or
dengue fever).2,4,6,23 Among pregnant or breast-feeding
women visiting a Swiss travel center, the top 2 destina-
tions were Thailand and India, respectively.6 These
destinations were followed by Cambodia, Indonesia,
Kenya, Laos, South Africa, Tanzania, and Vietnam
(alphabetical order).6 Similarly, among pregnant women
(or women who became pregnant during travel) seek-
ing care at a travel clinic in Israel, the most popular
Health, Inc. All rights reserved.
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destination was also Thailand.4 Fifteen percent of
pregnant or breast-feeding travelers travel to coun-
tries with “very high”medical risk, and another 30% of
pregnant or breast-feeding travelers travel to countries
with “high” medical risk.6,23
MINIMIZING MEDICAL AND OBSTETRIC
COMPLICATIONS WHILE TRAVELING

Considerations for Long-Haul Air Travel

Although air travel during pregnancy is often a con-
cern for patients, physicians, and airlines, the risks of
air travel itself are low.7,13 The American College of
Obstetricians and Gynecologists’ committee opinion
on air travel during pregnancy states that “in the ab-
sence of obstetric or medical complications, pregnant
women can observe the same precautions for air travel
as the general population and can fly safely.”13

Historically, concerns about air travel have included
noise, turbulence, cosmic radiation, and low oxygen
saturation. Other considerations include risks of venous
thromboembolism (VTE), infectious diseases related to
air travel itself, delivery en route, and pregnancy out-
comes following air travel. Some gravid women have
comorbidities that may be exacerbated by flight or that
could require emergency care.

Noise and Turbulence

There is no evidence that aircraft noise has significant
perinatal effects.24 There is a single case report of se-
vere turbulence causing placental abruption, despite
the fact that the pregnant passenger was wearing a seat
belt, possibly loosely.25 Therefore, it is recommended
that pregnant women always use their seat belt while
seated. The seat belt should be firmly belted low across
the hips between the abdomen and the pelvis.13

Radiation Exposure

During high-altitude flight, the cosmic radiation dose
within an aircraft is significantly higher than it is at
ground level, and the levels of radiation rise as the alti-
tude above sea level increases.26,27 This risk, although
negligible for an occasional traveler who takes short
trips, can accumulate over the course of a pregnancy
for a frequent flyer or airline staff.13,26 Both the Na-
tional Council on Radiation Protection and Measures
and the International Commission on Radiological
Protection recommend a maximum exposure of 1 mSV
of radiation over the course of a 40-week pregnancy.26,28,29

A long transcontinental, transpolar flight would ex-
pose travelers to no more than 15% of this limit,
and the radiation exposure from a 10-hour flight
Copyright © 2017 Wolters Kluwer 
would be estimated to be even lower, approximately
0.05 mSv.5,26 A study by Chen and Mares calculated
the in-flight radiation exposure using altitude and
latitude and estimated that 10 round trips on com-
mercial flights between Toronto and Frankfurt
would exceed the limit.30 They also concluded that
air travel up to 190 hours remained below the
limit.30 If a traveler or aircrew member would like
to calculate her individual exposure to cosmic radia-
tion, an online tool to estimate exposure is available
from the Federal Aviation Administration’s Web site
(http://jag.cami.jccbi.gov/cariprofile.asp).

Decreased Oxygenation

The partial pressure of oxygen (PO2) present during
flight is lower than at sea level because most commer-
cial flights are pressurized to an altitude that ranges
from 5000 to 8000 f. (1524–2438 m). This change re-
sults in physiologic adaptations. A 1986 study on
Swissair flights examined the physiologic and fetal
effects of air travel on 10 healthy pregnant women be-
tween 32 and 38 weeks’ gestational age.31 No obstetric
complications occurred during the flight. Maternal
transcutaneous PO2 did decrease during the flight, and
this decrease paralleled the decrease in cabin pres-
sure.31 However, there was no corresponding change
in respiratory rate or change in PCO2.

31 There were also
statistically significant increases in heart rate, which
persisted throughout the flight with secondary peaks
during takeoff and landing.31 Similarly, the systolic
blood pressure was increased at peak altitude but re-
turned to baseline after the flight.31 There is a theoret-
ical concern about low oxygen pressure impacting
uterine artery blood flow based on human studies that
demonstrated that flow was reduced at high altitude.32

However, the aforementioned study on Swissair flights
also evaluated the fetal heart rate throughout the flights
and found no evidence of reduced fetal heart rate var-
iability.31 In addition, because fetal hemoglobin has
a greater affinity for oxygen than does adult hemo-
globin, in the setting of an airplane cabin where the
PO2 is only slightly lower than at sea level, the fetus
is able to maintain its oxygen saturation during routine
flight conditions.5

Risk of Thromboembolism

Normal pregnancy is accompanied by an increase in
coagulation factors causing a relatively hypercoagula-
ble state.33–35 Such a hypercoagulable state has been
posited to be protective against hemorrhage at the time
of delivery, but also predisposes to VTE, which is 5 to
10 times more common in pregnant women than in
Health, Inc. All rights reserved.
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matched control subjects.36–38 This thrombotic poten-
tial is exacerbated by venous stasis in the lower extrem-
ities, which is worsened by the hormone-mediated
increase in venous capacitance and by compression of
the inferior vena cava and pelvic veins by an enlarging
uterus.39 Although prolonged travel and pregnancy
each increase the risk of thromboembolism, the fre-
quency of VTE during long-distance flights in preg-
nancy is not known.13,40 In the nongravid population,
long-haul flights (greater than eight hours) are associ-
ated with VTE risk increase of up to 4-fold, depending
on the study methods, and this risk starts to increase
when the flight duration exceeds 4 hours.41–48 The in-
creased risk is related to immobilization and venous
stasis, but may also be related to hypobaric hypoxia
(which reduces fibrinolytic activity and increases sys-
temic inflammation), dehydration, excessive caffeine or
alcohol use, or lower humidity.40,49,50 While there are
no published studies that investigate travel-associated
VTE in pregnancy, Martinelli and colleagues44 exam-
ined the effect of oral contraceptive use among travelers
with travel-associated VTE and found that the risk of
VTE increased 14-fold among oral contraceptive users.
Cannegieter and Rosendaal51 used studies performed in
air travelers and pregnant women separately to theoret-
ically estimate the risk of the combination of air travel
and pregnancy and found an estimated risk of 0.03%
to 0.1%, or 0.3 to 1 VTE per 1000 pregnant women
who fly once during their pregnancy. When this group
reanalyzed data from their prior studies, they similarly
found an odds ratio of VTE for both pregnancy and
air travel of 14.3, whereas it was only 4.3 for women
who had only been pregnant and 2.6 for women who
had only been flying, suggesting a multiplicative ef-
fect.47,51,52 Similarly, both the British Thoracic Society
and the American College of Chest Physicians consider
pregnant women to be at increased risk of VTE.53,54

While pharmacological thromboprophylaxis for air
travel in pregnancy is not recommended, simple pre-
ventive measures can be used to minimize the risks.
Such measures include frequent ambulation, seating at
an aisle seat, adequate hydration, leg exercises every
30 minutes, support hose, avoiding alcohol and caf-
feine, and avoiding restrictive clothing.13,55–57
Risk of Infection

Air travelers spend prolonged periods in enclosed
spaces, which facilitates the spread of infectious dis-
ease. Outbreaks of influenza, severe acute respiratory
syndrome, tuberculosis, food poisoning, viral enteritis,
and smallpox have occurred among air travelers.41,58–67

Many of these diseases pose a significant risk to a
Copyright © 2017 Wolters Kluwer 
pregnant woman and her fetus.While there are no guide-
lines for the prevention of infectious complications of
air travel, following general pregnancy recommenda-
tions would be prudent, including vaccination against
influenza and pertussis and the use of frequent hand
washing or sanitizing while traveling.68,69

Delivery En Route

The risk of delivery en route while in the air is low,
even in high-risk pregnancies. In a European study that
retrospectively examined air travel for fetoscopic laser
coagulation treatment for twin-to-twin transfusion syn-
drome, there were no flight-related pregnancy compli-
cations or in-flight deliveries in 16 flights that ranged
in duration from 2.5 to 7 hours.70 Despite this low risk,
most agree that delivery on board is not ideal; thus, most
commercial airlines restrict travel after 36 weeks, al-
though this varies by airline.13 Restrictions on interna-
tional travel can occur at an earlier gestation. Women
should be aware that some airlines require that pregnant
women carry documentation of their gestational age or
clearance from their obstetric provider before being per-
mitted to fly.13

Adverse Pregnancy Outcomes

The effects of air travel on pregnancy outcomes have
been investigated for decades, with some conflicting re-
sults on relationships with pregnancy loss and other ad-
verse pregnancy outcomes. Early reports based on birth
certificate data suggested that flight attendants may
have a slightly increased risk of pregnancy loss from
either spontaneous abortion or fetal demise (relative
risk, 1.8–1.9).71,72 Other early reports corroborated
concerns about spontaneous abortion.73 However, these
risks were similar to the risks among other working
women.71,72 It is also notable that flight attendants
who experienced pregnancy loss reported working sig-
nificantly more flight hours per month during their
pregnancies (74 hours per month) compared with flight
attendants who delivered a live birth (64 hours per
month); however, this finding was not significant when
adjusted for maternal age, income, number of prior
abortions, and alcohol use during pregnancy.74 Later
studies found no increased risk of spontaneous abortion
among flight attendants.74–76 A 2010 review article per-
formed a meta-analysis of the published articles on
spontaneous abortion alone and found a nonsignificant
difference in flight attendants compared with control
subjects (odds ratio, 0.88; 95% confidence interval,
0.72–1.07).77 The majority of studies have also found
no relationship between air travel and other adverse
pregnancy outcomes. Importantly, many studies have
Health, Inc. All rights reserved.
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found no association of air travel with vaginal bleeding,
preeclampsia, low birth weight, preterm birth, neonatal
intensive care unit admission, low 1- or 5-minute Apgar
score, or abnormal distribution of infant sex.14,72,74,78

However, 2 of these studies evaluated only pregnancies
that reached 16 or 20 weeks,14,78 and 1 study14 eval-
uated any travel during pregnancy, not only flight at-
tendants. A more recent study from Saudi Arabia
contrastingly found that primigravidae who traveled
did have an increased risk of preterm birth and admis-
sion to the neonatal intensive care unit.15 The travelers
in this recent study traveled more than the women
in Freeman and colleagues’ study, with a median of
7 flights lasting an average of 7.8 hours, and they also
found a relationship between gestational age at delivery
and total hours airborne.15 The aforementioned 2010
review article performed a meta-analysis that evaluated
preeclampsia, preterm birth, neonatal intensive care
unit admission, and birth weight less than the 10th per-
centile.77 They found that air passengers compared with
control subjects indeed had a greater risk of preterm
birth at less than 37 weeks (odds ratio, 1.44; 95% con-
fidence interval, 1.07–1.93) but not greater risks of pre-
eclampsia, neonatal intensive care unit admissions, or
birth weight less than the 10th percentile.77 Flight atten-
dants compared with control subjects did not have sig-
nificantly increased risks of preterm birth or birth
weight less than the 10th percentile.77 In summary,
there may be a greater risk of spontaneous abortions
or fetal demise in flight attendants and a greater risk
of preterm birth less than 37 weeks in air passengers,
but further research of higher methodological quality
is needed.77
Comorbid Conditions

Air travel during pregnancy among women with
comorbid medical conditions warrants an individual-
ized approach. Women with preexisting cardiovascular
problems may be at particularly high risk. Women
with sickle cell anemia may be at slightly increased risk
of sickle crisis with air travel, but this risk is improved
with pressurized cabins.5,79 Sickle cell trait may also
pose a risk of crisis.5,79,80 Severe anemia may also pre-
dispose to complications due to the lower PO2.

5 Medi-
cal contraindications to air travel in the nongravid
population include infectious tuberculosis, pneumo-
thorax with persistent air leak, major hemoptysis, and
patients on long-term oxygen therapy who require
greater than 4 L/min at sea level.81 In pregnancy, it is
prudent to carefully evaluate a patient prior to travel
in the setting of cerebrovascular disease, cardiac dis-
ease (such as unstable angina, symptomatic valvular
Copyright © 2017 Wolters Kluwer 
heart disease, cardiomyopathy, congestive heart failure,
or pulmonary hypertension), significant pulmonary dis-
ease (such as difficult-to-control asthma, cystic fibrosis,
or bullous lung disease), renal insufficiency, diabetes,
hypertension, or a recent VTE.57,81–83 These are sum-
marized in Table 1.
Consideration of Medical and Obstetric Risks in
Low-Resource Settings

Travel is rarely contraindicated during a normal preg-
nancy. As shown in Table 1, absolute contraindications
to travel include placental abruption, active labor, cervi-
cal insufficiency, premature labor, premature rupture of
the fetal membranes, suspected ectopic pregnancy,
threatened abortion with vaginal bleeding, and eclamp-
sia.12 However, pregnancies of all risk levels require
careful consideration. Patients experiencing an obstet-
ric complication in a low-resource setting are at in-
creased risk of adverse outcomes including fetal and
maternal morbidity and mortality. At particular risk
of these adverse outcomes are patients with abnormal
fetal presentation, fetal growth restriction, maternal
age younger than 15 years or older than 35 years,
multifetal gestation, placenta previa or other placental
abnormality, the presence of a cervical cerclage, mater-
nal medical contraindications to travel such as severe
asthma or renal failure, or a history of infertility, miscar-
riage, preterm birth, ectopic pregnancy, hypertension,
or diabetes12,83 (Table 2).
Travel to international destinations poses a risk of

acquiring diseases unique to the destination, such as al-
titude sickness, infectious diseases, traveler’s diarrhea,
dehydration, trauma, terrorism, and animal or insect
bites.3–5,8 Environmental hazards and recreational ac-
tivities at the destination can also pose distinct risks of
complications. All of these illnesses or injuries can be
compounded by poor health care availability for both
general medical care and obstetric care.3 The risk of
such complications varies by trimester. These are sum-
marized in Tables 3 and 4. Details of trauma risks and
terrorism will not be covered here; however, if such
trauma occurs, the risk is compounded by possible poor
access to health care facilities.
Maternal mortality in low- and middle-income coun-

tries (LMICs) is significantly worse than in high-
income countries (HICs).110 Some deaths are related
to characteristics of patients chronically living in
resource-poor settings such as anemia, malaria, and
the inability to afford medical care. However, pregnant
travelers are at increased risk in these settings even if
they have good baseline health and can afford to pay
for medical care while traveling. Skilled health workers
Health, Inc. All rights reserved.



TABLE 1
Absolute and Relative Contraindications to International Travel During Pregnancy

Absolute Contraindications Relative Contraindications

Placental abruption Abnormal fetal presentation
Active labor or preterm labor Fetal growth restriction
Cervical insufficiency History of infertility
Premature rupture of the fetal membranes History of miscarriage or ectopic pregnancy*
Suspected ectopic pregnancy* Maternal age <15 y or >35 y
Threatened abortion with vaginal bleeding† Multifetal gestation
History of or current eclampsia Placenta previa or other placental abnormality

History of preterm birth or preterm premature rupture of the fetal membranes
Hypertension
Diabetes
Cervical cerclage
Medical contraindications to travel or air travel

Cardiovascular disease, such as unstable angina, symptomatic valvular disease,
cardiomyopathy, congestive heart failure, or pulmonary hypertension‡

Sickle cell anemia or significant anemia
Significant pulmonary disease, such as poorly controlled asthma, cystic fibrosis, tuberculosis,

pneumothorax, hemoptysis, long-term oxygen therapy, or bullous lung disease‡
Venous thromboembolism
Renal insufficiency
Other chronic disease that requires frequent medical attention

*Until ruled out with sonographic evaluation.
†Until resolved.
‡Or other conditions of similar severity.
Adapted from Cooper,83 Morof et al,12 and Josephs et al.81
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including obstetric providers, a safe blood supply, and
lifesaving therapies such as intravenous fluids, magne-
sium sulfate, oxytocin, and antibiotics may simply not
be available111 Even if medical care, medications, and
TABLE 2
Indications for Referral to a Travel Clinic

High-Risk Conditions
Pregnancy
Breast-feeding
Immunocompromised state
Chronic illness
Visiting friends and relatives
Long-term traveler or expatriate
Last-minute traveler
Child or elderly
Missionary, humanitarian, or medical work
High-risk destination
Planned contact with animals, especially those species known to

carry rabies virus
Provider Uncomfortable with Destination-Specific Counseling
Food and water precautions and animal avoidance
Precautions regarding high-risk activities
Traveler’s diarrhea
Malaria prevention and prophylaxis
Protection against mosquitoes, ticks, and other insects
Travel health kits
Medical insurance

Discussing and Administering Vaccines

Adapted from Aw et al.230

Copyright © 2017 Wolters Kluwer 
blood products are readily available in a country, dis-
tance from these resources can negatively impact preg-
nancy outcomes. There was a study in the Netherlands
that demonstrated an increased risk of neonatal mortality
TABLE 3
Destination-Specific Considerations While Traveling, Not Related to
Infectious Diseases

Availability of Health Care
Availability of resources in the destination country, specifically

obstetric resources
Proximity to resources

Environmental factors
Air pollutants, both indoor and outdoor12

Extremes of heat12,84

Recreational activities
SCUBA diving is not recommended during pregnancy85,86

Skiing may result in falls87

Cruising
Confirm timing of travel with gestational age3,12,88

Consider risks of gastrointestinal and other illnesses, motion
sickness, and falls12,89,90

Limited obstetric resources3

Altitude
Travel to sleeping altitudes of 9842 f. (3000 m) is

not recommended87,91,92

Screen for heart disease, lung disease, anemia, hypertension,
preeclampsia, evidence of uteroplacental insufficiency, fetal
growth restriction, and smoking: considered to be
contraindications to high altitude travel after 20 wk93

Health, Inc. All rights reserved.



TABLE 4
Infectious Disease–Related Considerations for the Pregnant Traveler

Destinations to Avoid During Pregnancy
Areas endemic for malaria or viral hepatitis E91

Areas with ongoing Zika virus transmission94

Areas with ongoing epidemics of influenza, severe acute respiratory syndrome, or Middle East respiratory syndrome
Areas with general travel warnings or restrictions (eg, political unrest)

Illness of Concern During Pregnancy That Are Transmitted via Food or Fecal-Oral Route
Hepatitis E causes severe disease in pregnancy12,95,96

Listeriosis can lead to congenital infection, miscarriage, stillbirth, or preterm birth97

Toxoplasmosis can lead to congenital infection98

Typhoid fever
Traveler’s diarrhea; strict hygiene and food and water precautions are recommended12

Illnesses of Concern During Pregnancy That Are Transmitted by Mosquito
Zika can be vertically transmitted and causes congenital anomalies99–101

Pregnantwomenaremore susceptible tomalaria, andmalaria ismore severe in pregnancy; there are also associated obstetric complications102–104

Dengue may be associated with prematurity and fetal death105,106

Yellow fever may be vertically transmitted, albeit rarely107,108

Japanese encephalitis may be vertically transmitted and may be associated with pregnancy loss109
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and adverse pregnancy outcomes for women with
a travel time to the maternity unit that exceeded
20 minutes compared with women whose travel times
were less than 20 minutes.112 In LMICs, health care fa-
cilities may be hours away, and these travel times can
be further increased by poor road maintenance, heavy
and poorly orchestrated traffic, weather conditions,
and lack of reliable emergency transportation.
A preterm baby delivered abroad in an LMIC has a

worse prognosis than a preterm baby delivered in an
HIC.113 If the preterm baby is delivered abroad in an-
other HIC, chances of survival are higher, but the
biopsychosocial stressors on the family can be pro-
found. A preterm infant may require a neonatal in-
tensive care unit stay, which can be prolonged. The
parents therefore may need to remain in the travel des-
tination separated from their support network and em-
ployment. This unanticipated extended stay poses
financial and emotional burdens.3 For example, stud-
ies of women who had to travel from remote com-
munities to give birth demonstrate that such women
report negative experiences including social and emo-
tional distress.114
Timing of Travel During Pregnancy

The second trimester is generally considered to have
the least complications and therefore is generally con-
sidered to be the best time to travel in pregnancy.3,5,13

While travel in the first trimester is generally safe, com-
plications such as miscarriage and ectopic pregnancy
can be life threatening.3 When traveling in the first tri-
mester, an ultrasound before travel is recommended.3

The purpose of this ultrasound is 2-fold. First, it
Copyright © 2017 Wolters Kluwer 
confirms the pregnancy’s location. Second, the risk of
miscarriage is less following sonographic documenta-
tion of a fetal heartbeat; thus, some reassurance can be
provided.3,115–117 Although not life threatening, travel
in the first trimester may be more uncomfortable for
pregnant women because of fatigue and nausea.3 In
the second trimester, risks of an adverse pregnancy out-
come are small, although the risk of preterm or
periviable birth remains.5,110 In the third trimester, the
biggest risk is the risk of preterm delivery and delivery
abroad.3,5 Women who have had a prior preterm deliv-
ery or periviable delivery are at risk of recurrent preterm
delivery, and such risks should be considered when
counseling regarding travel.118,119 The third trimester
is also when complications such as antepartum hemor-
rhage, preeclampsia, premature preterm rupture of the
fetal membranes, or cord prolapse occur, and such oc-
currences during travel can delay appropriate manage-
ment, resulting in fetal or maternal morbidity and
mortality. Thus, for travel at any time during pregnancy,
a discussion regarding such risks is warranted (Fig. 1),
and a reminder to do so is included in the pretravel pro-
vider checklist (Fig. 2). Prior to travel, the pregnant
woman should also obtain her obstetric records with
laboratory results and ultrasound records, should com-
plications arise while traveling domestically or interna-
tionally. Travel insurance should also be discussed,
especially because coverage of pregnancy and particu-
larly newborn care may be limited.3,5
Environmental Exposures

International destinations may have higher levels of
air pollutants, and this can cause health problems during
Health, Inc. All rights reserved.



FIG. 1. SamplePre-Travel Questions (Please note, these are less detailed thanquestions on a routine pretravel questionnaire froma travel clinic
and do not substitute for a travel clinic consultation, but these may guide the obstetric conversation).
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pregnancy because ciliary clearance of the bronchial
tree is slowed and mucous is more abundant during
pregnancy.12 In addition, extreme heat can result in
vasodilation capable of causing syncope; therefore,
controlled-temperature environments are preferable.12

Low- and middle-income countries often have higher
levels of indoor air pollutants, partly owing to indoor
cooking over open fires.84 Survey data suggest that preg-
nant women who reside in such areas have high levels of
exposure to indoor air pollutants.84 Such exposures have
been associated with congenital malformations,120 still-
birth,121 and reduced birth weight.122,123 Whereas preg-
nant women who temporarily visit such environments
have not been explicitly investigated, women who visit
or stay overnight in such households may be expected
to have exposure to these hazards and could carry risk
of adverse pregnancy outcomes.

Recreational Activities

Both the Professional Association of Diving Instruc-
tors and the Divers Alert Network state that SCUBA
Copyright © 2017 Wolters Kluwer 
diving is not recommended during pregnancy.85,86

While data in humans are limited, there is a risk of de-
compression stress, and gas emboli (even if asymptom-
atic) could pose a risk for fetuses.86 One retrospective
study evaluated potential links between diving during
pregnancy and fetal abnormalities, but there were not
enough dives per pregnancy to identify statistically sig-
nificant differences between the groups.124 In order to
gather more data, the Professional Association of Div-
ing Instructors has an online survey for female divers
who went diving and later learned that they were preg-
nant, which may ultimately yield more useful data.85

Results are pending.
It is recommended to avoid skiing in the second half of

pregnancy because of the increased risk of falls, injuries,
and strains from changes in the center of gravity, changes
in joint laxity, and pregnancy-related weight gain.87
Cruising

Many cruise lines have gestational age limitations;
the patient should review these restrictions in advance
Health, Inc. All rights reserved.



FIG. 2. Sample Pre-Travel provider checklist.
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of booking and traveling.3,12,88 Cruise ships have been
the sites of gastroenteritis and influenza outbreaks,
which pose risks to pregnant travelers.12,89,90 There
are also risks of motion sickness and falls.12 Finally,
cruise ships have limited resources for managing an
obstetric emergency.3

Altitude

The World Health Organization advises that pregnant
women should avoid sleeping at altitudes greater than
9842 f. (3000 m) because of the risk of hypobaric hyp-
oxia, but travel to areas with altitudes up to 8202 f.
(2500 m) is generally considered to be safe.87,91,92

The usual physiological changes of pregnancy and alti-
tude are additive in some cases and opposite in
others.93,125 For example, the increased minute ventila-
tion rate observed in normal pregnancy is further in-
creased at high altitude.93 Uterine artery blood flow is
lower at high altitude as compared with low altitude,
which likely decreases oxygen delivery to the fetus.32,93

Pregnancy at high altitude is also hyperviscous com-
pared with the physiologic anemia observed during
pregnancy at sea level.125 When women reside at high
altitudes permanently, the chronic hypoxia appears to
alter placental structure and function. Such women also
have higher rates of pregnancy complications such as spon-
taneous abortion, gestational hypertension, preeclampsia,
Copyright © 2017 Wolters Kluwer 
placental abruption, fetal growth restriction, and neona-
tal hyperbilirubinemia.87,93,126–128 When women reside
at altitudes greater than 2500 m for weeks to months,
they similarly have increased rates of pregnancy com-
plications such as bleeding, hypertension, preeclamp-
sia, placental abruption, preterm labor, fetal growth
restriction, and stillbirth.92

Pregnant women are not thought to be at increased
risk of altitude illness, but if it occurs, the ensuing hyp-
oxia can compromise uteroplacental circulation and
cause placental hypoxia.92,128–131 Although fetal oxy-
genation and circulation could theoretically be further
compromised with maternal exercise, a study that di-
rectly monitored the fetal heart rate at sea level and alti-
tude both before and after exercise revealed that the
fetal heart rate remained reactive.132 Pregnant travelers
should allow 2 to 3 days for acclimatization before
exercising at altitudes greater than 2500 m and waiting
for full acclimatization (2 weeks) before undergoing
strenuous exercise.93 The use of acetazolamide to pre-
vent or treat altitude sickness in pregnancy is controver-
sial.3 Acetazolamide has caused limb defects in rodents,
but human reports have not shown an increase in
malformations following exposure during pregnancy
other than a single case report of a sacrococcygeal
teratoma.133–135 Because it generates a metabolic aci-
dosis, acetazolamide may increase minute ventilation
Health, Inc. All rights reserved.
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needs and create increased dyspnea in pregnant
women.136 Use may be warranted, however, to treat al-
titude illness because the potential benefit would be
posited to outweigh any potential risks. Regardless,
avoiding altitude illness is the best approach. Pregnant
women should follow the usual recommendations to
avoid altitude illness (not increasing sleeping elevation
by >300 to 500 m per day and resting frequently).87,137

Adequate hydration is also recommended because both
pregnancy and high altitude cause hyperventilation,
and most areas with high altitude have low humid-
ity.87,93 If pregnant women are planning trips to high
altitude, experts recommend screening her for heart
disease, lung disease, anemia, hypertension, preeclamp-
sia, evidence of uteroplacental insufficiency, fetal growth
restriction, and smoking because they are considered
to be contraindications to travel to high altitude after
20 weeks of pregnancy.3,93

Infectious Diseases

International destinations, and tropical destinations
in particular, put pregnant women at risk of exposure
to communicable diseases which manifest more se-
verely during pregnancy. These diseases, including
traveler’s diarrhea, fecal-oral hepatitis, foodborne ill-
ness, and mosquito-borne illnesses are reviewed below
and summarized in Table 4. While the World Health
Organization states that travel is not contraindicated
during an otherwise healthy pregnancy until close to
the estimated due date, travel to areas endemic for ma-
laria or viral hepatitis E should be avoided.91 We will
also discuss strategies to prevent destination-specific
illnesses.

Foodborne and Waterborne Illnesses

Traveler’s diarrhea is the most common travel-related
illness; it was previously reported to affect up to 60% of
visitors to tropical or semitropical regions, but more re-
cent studies suggest that improved hygiene has lowered
this rate to 8% to 25%.138–140 In pregnancy, delayed
gastric emptying and slowed intestinal transit time
may result in more profound dehydration and ketosis.5

If the traveler’s diarrhea manifests itself while the preg-
nant woman is still abroad, it could occur in a setting
with few resources for management. Therefore, strict
hand hygiene and food and water precautions are rec-
ommended.12 If traveler’s diarrhea occurs, azithromycin
may be used if clinically indicated.12

Both hepatitis A and hepatitis E are spread via the
fecal-oral route. Hepatitis A is endemic in many areas,
and the vaccine can be given during pregnancy.141 Hep-
atitis A has been reported to increase the risk of
Copyright © 2017 Wolters Kluwer 
placental abruption, premature rupture of the fetal
membranes, and premature delivery.12,142,143 Hepatitis
E frequently causes fulminant hepatic failure in preg-
nancy and has no vaccine.5,12 In the modern era, severe
morbidity remains at 48.9% in some countries, with the
highest mortality rate (100%) seen in women with he-
patic coma.95 Hormonal changes occurring in preg-
nancy may facilitate replication of the hepatitis E
virus, resulting in severe disease.96 When acquired dur-
ing the third trimester, hepatitis E is also associated with
fetal complications and fetal death.12 While a vaccine
may be available in the future,142 currently prevention
depends on hand hygiene and having a clean water sup-
ply. Thus, it is recommended to avoid areas endemic for
hepatitis E during pregnancy.91

Typhoid fever is another foodborne and waterborne
illness endemic to many international destinations. The
general consensus is that typhoid does not appear to af-
fect pregnancy outcome, although the bacteremic fever
may last longer during pregnancy, and there have been
intermittent reports of hepatic dysfunction, vertical trans-
mission, preterm birth, and pregnancy loss.144–148 Early
diagnosis and treatment improve outcome, so a low in-
dex of suspicion is warranted.144,146,149 Treatment with
antibiotics should be guided by local resistance pat-
terns; treatment with fluoroquinolones and chloram-
phenicol during pregnancy is avoided.144,146

Other foodborne illnesses of particular concern dur-
ing pregnancy include listeriosis and toxoplasmosis.12

Listeriosis commonly presents with fever, gastroenter-
itis, fatigue, and aches, but during pregnancy it can
also lead to miscarriage, stillbirth, premature delivery,
or life-threatening infection of the newborn.97 Foods
that are at a high risk of contamination with Listeria in-
clude lunch meats, cold cuts, refrigerated pâté and
meat spreads, hot dogs, refrigerated smoked seafood,
raw milk, unpasteurized soft cheeses, and unwashed
raw produce.97 Toxoplasmosis is acquired by con-
sumption of Toxoplasma gondii cysts in undercooked
meat from infected animals, consumption of insect-
contaminated food, contact with oocytes from the fe-
ces of infected cats, or contact with infected materials
or insects in soil.98 Like listeriosis, it can be asymp-
tomatic in pregnancy but cause severe neonatal infection
with neurodevelopmental delay, visual impairment, rash,
hepatosplenomegaly, ascites, intracranial calcifications,
ventriculomegaly, and seizures.98

Intestinal helminths can occur but rarely require
treatment during pregnancy.12 However, protozoal in-
fections, such as Giardia, Entamoeba histolytica, and
Cryptosporidium, do require treatment.12 To avoid
schistosomiasis, pregnant women are advised to avoid
swimming or wading in freshwater lakes, streams, and
Health, Inc. All rights reserved.
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rivers that may harbor shistosomes.12 Treatment with
praziquantel has not been not associated with adverse
pregnancy or fetal outcomes during animal studies and
with a few treated human cases; it also is not expected
to increase the risk of congenital anomalies.150,151

Ensuring a clean water supply can be challenging
while abroad. The most reliable method of sterilizing
water is by boiling it for at least 1 minute or, at altitudes
above 2000 m, by boiling it for 3 minutes. Portable wa-
ter filters, water purifiers, or UVwater purifiers are also
an option. Although water treatment tablets are avail-
able, their use in pregnancy has not been studied.
Iodine-based formulations have known effects on adult
thyroid function, so there are theoretical concerns about
the effects on fetal thyroid function.152–154 In addition,
the performance of such tablets in preventing parasitic
infection is variable.155,156

Mosquito-Borne Illnesses

Mosquito-borne illnesses have garnered attention
because of the recent Zika epidemic in the Americas.
Infections with malaria, yellow fever, and Japanese en-
cephalitis also occur via mosquito vectors. Pregnant
women are particularly vulnerable to mosquito-borne
illnesses because they appear to have a higher risk of
being bitten by mosquitoes than nonpregnant women.
A study in The Gambia found that pregnant women
attracted twice the number of Anopheles gambiae
complex mosquitoes than did their nonpregnant coun-
terparts; they also attracted more Mansonia mosqui-
toes.157 (A. gambia are the predominant vector of
malaria in Africa.) The rate of biting was also increased
but not significantly so for Aedes aegypti mosquitoes,
which are the vector for the Zika virus.157 This group
later demonstrated that pregnant women also had a
higher proportion of bites than others sharing their
bed as determined by genetic fingerprinting of DNA
extracted from the blood within the mosquitoes that
were collected under the bed nets.158 Thus, pregnant
women both attract more mosquitoes and have more
bites than do their bedmates. The authors postulated
that this finding was due to physiologic and behavioral
characteristics of pregnant women that predispose them
to mosquito bites.157 They used an infrared carbon di-
oxide analyzer to show that pregnant women exhale
21% more carbon dioxide per breath than do their non-
pregnant counterparts, which is consistent with known
physiologic changes of pregnancy.157 Carbon dioxide
is a potent mosquito attractant159,160 and has even been
used in mosquito traps.161 Other mosquito attractants
include body warmth, moist convection currents, and
host odors.157 During pregnancy, blood flow to the skin
increases, which helps in heat dissipation; similarly, this
Copyright © 2017 Wolters Kluwer 
study found that the abdomen of the pregnant women
was on average 0.7°C warmer than that of her non-
pregnant counterparts.157 Changes in the behavior of
pregnant women may also increase exposure to night-
biting mosquitoes. Pregnant women in this study left
their bed net twice as frequently at night as compared
with nonpregnant women, probably to urinate.157 Such
behavior may allow more mosquitoes to enter the bed
net in addition to allowing more bites while they are
outside the bed net.157,158

In addition to increased mosquito exposure, pregnant
women may be more susceptible to malaria itself.
McGregor102 demonstrated that malaria parasitemia was
significantly higher in pregnant women than in their non-
pregnant peers.Martinez Espinosa et al162 reported the ra-
tio of Plasmodium falciparum to Plasmodium vivax was
higher than expected in pregnant women, suggesting a
greater susceptibility or vulnerability to P. falciparum in-
fection during pregnancy. There may be increased expres-
sion of adherence factors in the placenta, which enhances
the conditions forP. falciparum development.163,164 Since
1915, it has been known that malaria parasites can be
found in maternal placental blood about twice as com-
monly as in maternal peripheral blood.165 This suggests
that in P. falciparum malaria the parasites sequester in
the placenta and evade host defense mechanisms.166

Parity may also play a role. McGregor102 demon-
strated that both malaria parasitemia and placental ma-
laria parasite density were higher across gestational age
in women of lower parity.
When pregnant women get malaria, the disease tends

to bemore severe.103 Pregnant women experience more
cerebral malaria, hypoglycemia, and respiratory com-
plications, such as pulmonary edema and acute respi-
ratory distress syndrome, and may present much like
HELLP (hemolysis, elevated liver enzymes, and low
platelets) syndrome.103,104,167,168 Pregnancy-specific
complications include sequelae of the systemic in-
fection, such as preterm birth (<37 weeks of gesta-
tion),103,169,170 miscarriage,102,169,171 fetal distress,103,104

stillbirth,102,103,169–171, and maternal102,103,172 and neo-
natal mortality.173,174 Adverse pregnancy outcomes
also result from the parasitemia itself, including fetal
growth restriction,169 low birth weight (<2500 g at
birth),102,170,175 congenital infection,102,171,176 and ane-
mia.104,166,177 These effects may be attenuated based on
whether endemicity is high or low.102

It is also important to consider that pregnant women
frequently travel abroad to visit friends and relatives.2,6

Such immigrants and second- or third-generation rela-
tives returning home often incorrectly assume that they
are immune from malaria and are therefore they are
less likely to take malaria prophylaxis.166,178 Such
Health, Inc. All rights reserved.
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misperceptions can set pregnant women up for adverse
pregnancy outcomes, as described previously.
Dengue fever does not appear to increase in incidence

or severity during pregnancy, although the symptoms
overlap considerably with the symptoms of preeclamp-
sia.12,179 However, it may predispose to adverse preg-
nancy complications or severe fetal or neonatal illness.179

There is an increased rate of prematurity and fetal death,
with rates of prematurity possibly exceeding 50%.105,106

When infection occurs at or near term, there may be den-
gue fever in the newborn due to insufficient time for ma-
ternal production of protective antibodies.180 Dengue in
the neonate can be severe, with reports of fevers, hypo-
tonia, cyanosis, hypotension, thrombocytopenia, pete-
chiae, elevated liver enzymes, pleural effusions, rashes,
and intracerebral hemorrhage.181

Yellow fever is also a concern with travel to endemic
areas, although there have been only 2 cases of verti-
cally transmitted yellow fever in the literature. The first
case occurred in a womanwho was inadvertently vacci-
nated in early pregnancy; the neonate was born with im-
munoglobulin M (IgM) and neutralizing antibodies to
the yellow fever virus, but appeared normal on physical
examination.107 The second case occurred in late preg-
nancy, shortly before delivery.108 In this case, the preg-
nant woman developed symptoms and delivered 3 days
later while still ill. The neonate developed symptoms
of fever, cyanosis, and suspected pneumonia on the
third day of life. The neonate ultimately developed
hematemesis, melena, bleeding from venipuncture sites,
hypoglycemia, oliguria, jaundice, and hepatomegaly
with markedly elevated liver enzymes; she died on the
12th day of life.108 Because of the incubation period,
the onset of symptoms favored vertical transmission
over mosquito transmission, although transmission via
breast-feeding could not be ruled out.108

Japanese encephalitis virus produces devastating
encephalitis with symptoms of abnormal movements,
paralysis, seizures, and coma and carries a high mor-
tality rate. Transplacental infection with Japanese en-
cephalitis virus has been demonstrated with isolation
of the virus from the fetal brain, liver, and placental
tissues of an aborted fetus.109 During a 1978 outbreak
of Japanese encephalitis in Uttar Pradesh, India, 5 cases
were noted to occur among pregnant women.109 Of
those cases, 2 pregnancies aborted, 2 delivered appar-
ently normal neonates, and the outcome of the fifth
pregnancy is unknown. The trend in this limited series
was toward worse outcomes (abortions) among preg-
nancies infected earlier in pregnancy, which in this se-
ries was 20 and 22 weeks of gestation. Pregnancies
infected at 36 weeks or greater had apparently normal
outcomes.109
Copyright © 2017 Wolters Kluwer 
Zika virus infection is also emerging as a threat to
pregnancy. Zika virus is primarily transmitted by the
Aedes mosquito, but it can also be transmitted sexu-
ally and vertically.182–184 While Zika virus infection
is typically a relatively benign illness characterized
by an acute onset of fever, headache, conjunctivitis,
arthralgias, malaise, and maculopapular rash, it can
rarely cause Guillain-Barré syndrome.99,100 Recently,
it has also been discovered to cause congenital anom-
alies.99–101 In particular, Zika virus appears to cause
severe fetal brain injury.100,185 One case report de-
scribed the virus as demonstrating “neurotropism:”
the presence of the virus and pathologic changes in
the fetal brain with neither the virus nor pathologic
changes in any other fetal organ.185 However, a larger
study demonstrated additional fetal anomalies, includ-
ing fetal growth restriction, miscarriages, and still-
births.100 Ocular changes and hearing loss have also
been reported.186–191 Altogether, in 1 report, fetal ab-
normalities were detected by ultrasonography in 29%
of pregnant women positive for Zika virus.100

Currently, Zika virus transmission is ongoing across
the Caribbean, Central America, and South America
with recent evidence of local transmission in Florida and
Texas.192 However, this map is constantly changing; an
updated map is available at http://www.cdc.gov/zika/
geo/index.html.94 The Centers for Disease Control and
Prevention (CDC) currently recommends that pregnant
women avoid travel to areas with Zika.182 Similarly, they
recommend that if the sexual partner of a pregnant woman
has traveled they either abstain from intercourse or cor-
rectly and consistently use condoms for the remainder
of the pregnancy.183 The CDC also recommends screen-
ing pregnant women at every prenatal visit for possible
Zika virus exposure (ie, asking about travel history).193

If pregnant women travel to areas with known
mosquito-borne illnesses, mosquito prevention strate-
gies are recommended. Such strategies include wearing
long-sleeved shirts and long pants, using US Environ-
mental Protection Agency–registered insect repellents,
using permethrin-treated clothing and gear, and staying
and sleeping in screened-in areas or areas with air con-
ditioning.182 While permethrin-treated bed nets can be
helpful in preventing malaria, the mosquitoes that
spread Zika virus are active during the daytime.182

Therefore, protection throughout the day is important.
N,N-diethyl-meta-toluamide (DEET), picardin, and ethyl
butylacetylaminopropionate (IR3535) are safe for use
in pregnancy when used as directed.182,194,195

Travel to areas endemic for malaria should be
avoided if possible. If travel does occur, malaria pro-
phylaxis is recommended.91 Chloroquine’s safety dur-
ing pregnancy is well established.196–198 However,
Health, Inc. All rights reserved.
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chloroquine resistance is common in many parts of the
world. Mefloquine and atovaquone-proguanil are consid-
ered safe in the second and third trimesters.199–201 The
safety of mefloquine use during the first trimester is
less clear. There is a case report of an infant with
achalasia-microcephaly syndrome whose mother used
mefloquine during the first 8 weeks of pregnancy.202

In addition, 1 study of 72 US Army servicewomen
who inadvertently received mefloquine showed an in-
creased miscarriage rate.203 However, other larger re-
ports with up to 646 women show no increase in
congenital malformations.204–206 Thus, based on the
available publications, mefloquine did not appear to
increase the risk of adverse pregnancy outcomes.
Doxycycline and primaquine phosphate are contra-
indicated.8,11,83,177,207–210 It is also critical to note that
because malaria prophylaxis is not 100% effective
there is a risk of developing malaria despite prophylaxis.5

IMMUNIZATIONS DURING PREGNANCY

Immunizations are critical in preventing many seri-
ous travel-associated illnesses. A summary of guide-
lines regarding the use of vaccines in pregnant women
is shown in Table 5. The majority of vaccinations are
nonlive. According to the American College of Obste-
tricians and Gynecologists, the benefits of nonlive
vaccines outweigh any potential concerns.69,215 An
additional advantage of vaccination during pregnancy
is that it can allow protection of both the mother and
the neonate.216,217 However, live attenuated vaccines,
such as measles-mumps-rubella, varicella, oral typhoid,
yellow fever, and live attenuated influenza vaccines, do
pose a theoretical risk to the fetus and are generally
avoided.69,215 Data on the typhoid vaccine are scant,
but both the live attenuated oral vaccine and inactivated
inoculation form have been given to pregnant travelers
without reported adverse effects.2,218 Reports following
the inadvertent administration of both the seasonal
TABLE 5
Guidelines Regarding the Use of Travel-Related Vaccines in Pregnant W

Vaccine

All pregnant women Tetanus, diphtheria, pertussis (DTa
Influenza (inactivated)

Travel related Bacillus Calmette-Guerin
Hepatitis A
Hepatitis B

Japanese encephalitis
Measles, mumps, rubella

Rabies
Typhoid
Varicella

Yellow fever

Adapted from the CDC,211 Carroll and Williams,212 and Hill et al.214
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influenza vaccine and H1N1 vaccine similarly did not
demonstrate adverse obstetric outcomes.219,220 Studies
performed on women who inadvertently received the
yellow fever vaccine during pregnancy also have not
noted increases in major congenital malformations,
complications to the central nervous system, or adverse
perinatal results.218,221–224 One retrospective, case-
control study described a statistically nonsignificant
risk of spontaneous abortion225,226 There was also 1
case (of a cohort of 41) of congenital yellow fever dem-
onstrated by IgM and neutralizing antibodies in the ne-
onate.107 A larger study of 101 pregnant women by
Nasidi et al227 found no IgM in cord blood, but did find
neutralizing antibodies in 35% of cord blood samples.
Notably, at 4-year follow-up, Nasidi et al227 found no
children with physical or psychological abnormalities
related to vaccine exposure during pregnancy. The
authors conclude that vaccinating pregnant women
may not be contraindicated, particularly during an
epdemic.227 This study also found a poor response of
the pregnant women to the yellow fever vaccination
(39% seroconversion), consistent with T- and B-cell
function immunosuppression during normal preg-
nancy.227 However, later studies demonstrated high
maternal seroconversion rates (98.2%).223 Overall, the
yellow fever vaccine should be generally avoided dur-
ing pregnancy. However, pregnant women may be vac-
cinated during epidemics or if travel to a country or area
with a high risk of transmission is unavoidable.213 Be-
cause of the variable rates of seroconversion in the liter-
ature, if a woman is immunized during pregnancy,
antibody titers should be checked after pregnancy in
women who remain at risk of yellow fever to ensure
an appropriate immune response.213,227,228

STUDY LIMITATIONS

Methodologically robust research has been difficult
using pregnant study subjects because of researcher
omen

Recommendation

P) Recommended every pregnancy69

Recommended every season68

Contraindicated211

Recommend if otherwise indicated211

Recommend if nonimmune212

Inadequate data for specific recommendation211

Contraindicated211

May be used if otherwise indicated211

Inadequate data for specific recommendation211

Contraindicated211

May use if benefits exceed risk211,213
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and patient concerns regarding risk to mother and fe-
tus. Research regarding travel in pregnancy has often
used retrospective analyses of travelers visiting travel
clinics,2,4,6 but these studies likely underreport the
number of women who travel during pregnancy. Stud-
ies from travel clinics only capture women who utilize
such resources. In the general population, only 38% to
52% of travelers present to travel clinics to seek travel
advice.22,229 Travelers may choose to seek pretravel con-
sultations only when malaria prophylaxis or destination-
specific immunizations are required; thus, travel to many
destinations, such as the Caribbean, would not necessar-
ily be captured. Second, researchers performing travel
clinic-based studies typically do not have an accurate
denominator of pregnant women. The gravid popula-
tion of a city could be used as a denominator, but pa-
tients seen in the city’s travel clinic may come from
outside the city, or there may be multiple travel clinics
within 1 city. Nevertheless, the travel clinic provides a
convenience sample that could yield important infor-
mation about travel destinations and reasons for travel
by gravid women (Table 6).
CONCLUSIONS

Travel during pregnancy is reported to be increas-
ingly common.3–8 Obstetric providers therefore should
ask pregnant women about whether travel is planned
during pregnancy and should also be prepared to dis-
cuss basic considerations for both long-haul air travel
and destination-specific medical complications and pre-
cautions. Obstetric providers should also ask about
whether travel has already occurred so that relevant
posttravel testing may be offered for infectious diseases
such Zika virus.193 For example, women who fly are at
increased risk of thromboembolism and, if flying fre-
quently, radiation exposure. Women who travel during
pregnancy are more likely to visit friends and relatives,
which increases risk of traveler’s diarrhea andmalaria. In-
fection with many mosquito-borne viruses significantly
TABLE 6
Additional Travel Resources for Providers

CDC Traveler’s health http://wwwnc.cdc.gov/travel
World Health Organization http://www.who.int/ith/en/
International travel and health

International SOS https://www.internationalsos.com/
risk-outlookTravel risk map

The Practice of Travel Medicine Hill et al214

Guidelines by the Infectious
Diseases Society of America

Medical considerations before
international travel

Freedman et al207
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increases the risk of adverse pregnancy outcomes. Most
vaccines can be used safely in pregnancy.
Some tools, including sample pretravel questions for

patients (Fig. 1) and a discussion checklist for providers
(Fig. 2), are provided here as possible options to guide
pretravel discussion.
Obstetric providers should refer their patients to a

travel clinic if the provider does not feel comfortable
with pretravel consultation, if the woman is planning
travel to high-risk areas, or if destination-specific vacci-
nations are required such as yellow fever, typhoid, or
Japanese encephalitis virus. This allows the gravid pa-
tient to minimize potential risks of travel. Future efforts
should focus on continuing to develop tools and proto-
cols to guide the obstetric provider to adequately coun-
sel this ever increasing group of pregnant travelers.
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