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The American Academy of Pediatrics recommends that infants
be breastfed exclusively* for the first 6 months of life, and that
mothers continue breastfeeding for at least 1 year (1). However,
in 2011, only 19.3% of mothers aged ≤20 years in the United
States exclusively breastfed their infants at 3 months, compared
with 36.4% of women aged 20–29 years and 45.0% of women
aged ≥30 years.† Hospitals play an essential role in providing care
that helps mothers establish and continue breastfeeding. The U.S.
Surgeon General and numerous health professional organizations recommend providing care aligned with the Baby-Friendly
Hospital Initiative (BFHI), including adherence to the Ten Steps
to Successful Breastfeeding (Ten Steps), as well as not providing
gift packs containing infant formula (2,3). Implementing BFHIaligned maternity care improves duration of any and exclusive
breastfeeding among mothers (4,5); however, studies have not
examined associations between BFHI-aligned maternity care
and breastfeeding outcomes solely among adolescent mothers
(for this report, adolescents refers to persons aged 12–19 years).
Therefore, CDC analyzed 2009–2011 Pregnancy Risk Assessment
Monitoring System (PRAMS) data and determined that among
adolescent mothers who initiated breastfeeding, self-reported
prevalence of experiencing any of the nine selected BFHI-aligned
maternity care practices included in the PRAMS survey ranged
from 29.2% to 95.4%. Among the five practices identified to be
significantly associated with breastfeeding outcomes in this study,
the more practices a mother experienced, the more likely she was
to be breastfeeding (any amount or exclusively) at 4 weeks and
8 weeks postpartum. Given the substantial health advantages
conferred to mothers and children through breastfeeding, and the
* Exclusive breastfeeding means that the infant receives only breast milk. No
other liquids or solids are given (not even water) with the exception of oral
rehydration solution, or drops/syrups of vitamins, minerals, or medicines (http://
www.who.int/elena/titles/exclusive_breastfeeding).
† http://www.cdc.gov/breastfeeding/data/nis_data/rates-any-exclusive-bf-sociodem-2011.htm.

particular vulnerability of adolescent mothers to lower breastfeeding rates, it is important for hospitals to provide evidence-based
maternity practices related to breastfeeding as part of their routine
care to all mothers, including adolescent mothers.
PRAMS is a surveillance project that collects state-specific,
population-based data on maternal attitudes and experiences
before, during, and after pregnancy among women with a recent
live birth.§ Because PRAMS surveys are completed by mothers
at approximately 2–9 months postpartum,§ CDC categorized
the duration of any and exclusive breastfeeding as ≥4 weeks and
≥8 weeks to ensure that all respondents had an equal opportunity
to be included in the analysis. CDC used 2009–2011 PRAMS
data (the most current data available) from New York City and
§ http://www.cdc.gov/prams/methodology.htm.
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10 states¶ that included the maternity practices module during
at least 1 study year and met the 65% response rate threshold.
The module assessed breastfeeding-related maternity care mothers
experienced during the delivery hospitalization. Only mothers
who had a hospital birth, initiated breastfeeding, and lived with
their infant at the time of the survey completed the maternity
practices module. CDC analyzed nine questions that assess
breastfeeding-supportive (BFHI-aligned) maternity practices;
eight correspond to the Ten Steps and one assesses distribution of
hospital gift packs containing formula (Table 1). Adolescent mothers with infants who were full-term (≥37 weeks), weighed ≥2,500 g
at birth, and were never admitted to the neonatal intensive care
unit were included in the analysis. Mothers with missing data on
maternity practice questions, breastfeeding variables, or covariates
(age, race/ethnicity, and Special Supplemental Nutrition Program
for Women, Infants and Children [WIC] participation) (n = 126)
were excluded. The final sample size included 1,325 adolescent
mothers, weighted to represent 104,030 adolescent mothers.
CDC estimated the prevalence of any and exclusive** breastfeeding for ≥4 weeks and ≥8 weeks. Of the nine BFHI-aligned
¶

Alaska, Arkansas, Colorado, Maine, Minnesota, New Jersey, New York,
Oregon, Texas, Vermont.
** Breastfeeding exclusivity was derived from the PRAMS question “How old was your
new baby the first time he or she drank liquids other than breast milk (such as
formula, water, juice, tea, or cow’s milk)?,” to which mothers could answer in weeks
or months, e.g., “my baby was less than 1 week old” or “my baby has not had any
liquids other breast milk.” Breastfeeding duration was derived from the PRAMS
question, “How many weeks or months did you breastfeed or pump milk to feed
your baby?” Mothers could answer in the number of weeks or months, or could
respond that she breastfed or pumped milk for her infant for less than 1 week.

maternity practices adolescent mothers experienced, five were
significantly associated with breastfeeding outcomes. For those
five significantly associated practices (significant practices),
CDC calculated adjusted prevalence ratios and 95% confidence
intervals (CIs) by using predicted marginal proportions from
logistic regression models (6) to assess the association between
the number of maternity practices experienced and any or
exclusive breastfeeding at 4 and 8 weeks postpartum. CDC also
assessed the dose-response relationship between the total number of these five significant practices that mothers experienced
and breastfeeding prevalence. All regression models controlled
for covariates. Statistical significance was defined as p<0.05.
Among this sample of adolescent mothers who initiated
breastfeeding, 64.4% (95% CI: 59.5–69.1) reported any
breastfeeding for ≥4 weeks and 40.9% (95% CI: 36.2–45.7)
reported exclusively breastfeeding ≥4 weeks. The prevalence
of any and of exclusive breastfeeding for ≥8 weeks declined to
44.6% (95% CI: 39.7–49.5) and 30.9% (95% CI: 26.6–35.6),
respectively. The prevalence of BFHI-aligned maternity practices experienced during the delivery hospitalization varied
across the nine selected practices: 95.4% of adolescent mothers
received information about breastfeeding, whereas only 29.2%
reported they did not receive a gift pack that contained infant
formula (Table 2). Only four maternity practices (receiving
information about breastfeeding, receiving assistance with
breastfeeding, newborn staying in the same hospital room as the
mother, and receiving a phone number to call for breastfeeding
help after hospital discharge) were experienced by more than
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80% of adolescent mothers; however, none of these practices
were associated with study outcomes. Feeding only breast milk
at the hospital and breastfeeding in the first hour after the
baby was born were the two maternity practices significantly
associated with all breastfeeding outcomes (any and exclusive
breastfeeding at both 4 and 8 weeks) (Table 2).
Only 7% of adolescent mothers reported experiencing all
five of the practices significantly associated with any of the
TABLE 1. Correspondence of the Ten Steps to Successful Breastfeeding and
indicators from the Pregnancy Risk Assessment Monitoring System maternity
care practices module, 2009–2011
WHO/UNICEF Ten Steps to
Successful Breastfeeding*

Corresponding indicator
from PRAMS maternity
practices module†

1. Have a written breastfeeding policy
that is routinely communicated to
all health care staff.
2. Train all health care staff in skills
necessary to implement this policy.
3. Inform all pregnant women about
the benefits and management of
breastfeeding.

Hospital staff gave me
information about
breastfeeding.

4. Help mothers initiate breastfeeding
within one hour of birth.

I breastfed in the first hour
after my baby was born.

5. Show mothers how to breastfeed
and how to maintain lactation, even
if they are separated from their
infants.

Hospital staff helped me learn
how to breastfeed.

6. Give newborn infants no food or
drink other than breast milk, unless
medically indicated.

My baby was fed only breast
milk at the hospital.

7. Practice “rooming in”— allow
mothers and infants to remain
together 24 hours a day.

My baby stayed with me in
the same room at the
hospital.

8. Encourage breastfeeding on
demand.

Hospital staff told me to
breastfeed whenever my
baby wanted.

9. Give no pacifiers or artificial nipples
to breastfeeding infants.

My baby used a pacifier in the
hospital.

10. Foster the establishment of
breastfeeding support groups and
refer mothers to them on discharge
from the hospital or clinic.

The hospital gave me a
telephone number to call for
help with breastfeeding.
The hospital gave me a gift
pack with formula

Abbreviations: PRAMS = Pregnancy Risk Assessment Monitoring System;
UNICEF = United Nations Children’s Fund; WHO = World Health Organization.
* Adapted from the WHO/UNICEF version by Baby-Friendly USA to reflect the
U.S. context (http://www.babyfriendlyusa.org/about-us/baby-friendlyhospital-initiative/the-ten-steps).
† Although not included as one of the WHO/UNICEF Ten Steps, the PRAMS
indicator “The hospital gave me a gift pack with formula,” was included, as this
is a practice that is detrimental to breastfeeding (http://www.surgeongeneral.
gov/library/calls/breastfeeding).

breastfeeding outcomes (breastfeeding in the first hour after
delivery, feeding the infant only breast milk at the hospital,
hospital staff encouragement to breastfeed the infant on
demand, not using a pacifier in the hospital, and not receiving
a hospital gift pack that contained formula); 9.6% reported
not experiencing any of the five practices (Table 3). There was
a significant dose-response relationship between the number
of practices experienced and any or exclusive breastfeeding for
≥4 weeks and ≥8 weeks. The association between the number of maternity practices experienced and the prevalence of
exclusive breastfeeding for ≥8 weeks was statistically significant
only among adolescent mothers who reported experiencing
all five practices.
Discussion

Breast milk is the recommended source of optimal nutrition for most†† infants. Although the maternal and child
health advantages associated with longer duration of any and
exclusive breastfeeding are well documented (1,3,7), this study
determined that among adolescent mothers who initiated
breastfeeding, prevalence of any and exclusive breastfeeding
was low. Specifically, the prevalence of any breastfeeding for
≥8 weeks among adolescent mothers (44.6%) was 40% lower
than among PRAMS respondents aged ≥20 years (74.8%).
The prevalence of exclusive breastfeeding for ≥8 weeks among
adolescent mothers (30.9%) was approximately 25% lower
than among PRAMS mothers aged ≥20 years (40.7%).
Maternity care practices a mother experiences during her
intrapartum hospital stay can influence whether she chooses
to initiate breastfeeding and how long she continues breastfeeding. The Ten Steps and the elimination of gift packs
containing formula are elements of evidence-based maternity
care that are associated with longer durations of any and
exclusive breastfeeding (3). This study determined that among
the five BFHI-aligned maternity practices with a significant
independent association with breastfeeding, a positive doseresponse relationship exists between the number of practices
experienced by adolescent mothers and their breastfeeding
duration and exclusivity. However, many adolescent mothers
who initiated breastfeeding were not provided this supportive
care. Specifically, approximately half of adolescent mothers
were exposed to fewer than three and 9.6% were not exposed
to any of the five maternity practices associated with breastfeeding duration and exclusivity in this study.
Previous research indicates that the majority of adolescent
mothers want to breastfeed their infants, and a substantial
††

Few medical contraindications to breastfeeding have been described, such as
untreated brucellosis in a mother and metabolic disorder of galactosemia in
an infant (http://pediatrics.aappublications.org/content/129/3/e827.full).
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TABLE 2. Weighted prevalence of maternity care practices and adjusted prevalence ratios of any breastfeeding and exclusive breastfeeding
(≥4 weeks and ≥8 weeks) by each maternity care practice experienced among adolescent* mothers — 10 states† and New York City, Pregnancy
Risk Assessment Monitoring System, 2009–2011
aPR (95% CI)§

Experienced
the practice
(%)

≥4 weeks

≥8 weeks

≥4 weeks

≥8 weeks

Hospital staff gave me information about breastfeeding

95.4

0.83 (0.67–1.02)

1.02 (0.63–1.64)

1.39 (0.79–2.45)

1.41 (0.67–2.98)

I breastfed in the first hour after my baby was born

59.0

1.26 (1.07–1.48)

1.42 (1.12–1.82)

1.63 (1.25–2.14)

1.46 (1.05–2.03)

Hospital staff helped me learn how to breastfeed

83.1

0.98 (0.80–1.21)

0.83 (0.63–1.09)

1.32 (0.90–1.95)

1.25 (0.78–2.02)

My baby was fed only breast milk at the hospital

38.9

1.33 (1.15–1.54)

1.57 (1.27–1.95)

2.46 (1.90–3.18)

2.40 (1.75–3.30)

My baby stayed with me in the same room at
the hospital

91.3

1.00 (0.77–1.29)

0.96 (0.65–1.41)

1.41 (0.82–2.45)

1.15 (0.63–2.11)

Hospital staff told me to breastfeed whenever my
baby wanted

72.5

1.28 (1.04–1.58)

1.70 (1.23–2.35)

1.39 (1.00–1.92)

1.43 (0.96–2.13)

My baby did not use a pacifier in the hospital**

36.1

1.19 (1.03–1.37)

1.32 (1.06–1.63)

1.00 (0.79–1.26)

0.94 (0.70–1.25)

The hospital gave me a telephone number to call for
help with breastfeeding

80.0

1.07 (0.89–1.29)

1.22 (0.91–1.63)

1.16 (0.85–1.58)

1.14 (0.78–1.66)

The hospital did not give me a gift pack with formula**

29.2

1.16 (1.00–1.34)

1.23 (0.99–1.53)

1.42 (1.13–1.79)

1.31 (0.97–1.77)

PRAMS module maternity practice†

Any breastfeeding¶

Exclusive breastfeeding¶

Abbreviations: aPR = adjusted prevalence ratios; CI = confidence interval; PRAMS = Pregnancy Risk Assessment Monitoring System.
* For this report, adolescents are defined as persons aged 12–19 years.
† Alaska, Arkansas, Colorado, Maine, Minnesota, New Jersey, New York, Oregon, Texas, Vermont.
§ Prevalence ratios adjusted for maternal age, race/ethnicity, and receipt of Women, Infants, and Children (WIC) services during pregnancy.
¶ Boldface indicates a statistically significant result.
** Negative responses to PRAMS questions “my baby used a pacifier in the hospital” and “the hospital gave me a gift pack with formula” is indicative of receiving
appropriate maternity practice supportive of breastfeeding, thus the results are representative of receiving the appropriate practice.

TABLE 3. Weighted prevalence of the number of maternity care practices* experienced by adolescent† mothers and multivariate association
between the number of maternity care practice experienced and any breastfeeding and exclusive breastfeeding (≥4 weeks and ≥8 weeks)
— 10 states§ and New York City, Pregnancy Risk Assessment Monitoring System, 2009–2011
aPR (95% CI)¶
Maternity care practices experienced*
No.

Any breastfeeding

Prevalence (%)

0
1
2
3
4
5
P-value for linear trend

9.6
18.3
28.1
22.4
14.3
7.4

≥4 weeks
1.00 Ref.
1.00 (0.59–1.68)
1.53 (0.97–2.41)
1.73 (1.10–2.72)
1.66 (1.05–2.64)
1.82 (1.13–2.92)
<0.05

≥8 weeks
1.00 Ref.
1.54 (0.62–3.82)
2.47 (1.04–5.85)
3.24 (1.38–7.57)
2.97 (1.26–7.03)
3.68 (1.55–8.73)
<0.05

Exclusive breastfeeding
≥4 weeks

≥8 weeks

1.00 Ref.
0.99 (0.47–2.09)
1.13 (0.56–2.30)
1.97 (1.01–3.85)
2.43 (1.25–4.72)
2.49 (1.24–4.97)
<0.05

1.00 Ref.
0.85 (0.37–1.98)
0.96 (0.43–2.14)
1.86 (0.87–3.97)
1.69 (0.78–3.68)
2.23 (1.01–4.92)
<0.05

Abbreviations: aPR = adjusted prevalence ratios; CI = confidence interval; Ref. = reference value.
* Maternity care practices are defined as practices that correspond with a step in the Ten Steps to Successful Breastfeeding as well as the practice of not providing a
hospital gift pack that contains infant formula. The significant maternity care practices in this study and included in this table, are breastfeeding in the first hour
after delivery, feeding infant only breast milk at the hospital, being told by hospital staff to breastfeed infant on demand, not using a pacifier in the hospital, and
not receiving a hospital gift pack that contained formula.
† For this report, adolescents are defined as persons aged 12–19 years.
§ Alaska, Arkansas, Colorado, Maine, Minnesota, New Jersey, New York, Oregon, Texas, Vermont.
¶ Boldface indicates a statistically significant result.

proportion make their decision to breastfeed late in pregnancy
or during the delivery hospitalization (8). Although breastfeeding is sometimes described as natural, it is also a learned
behavior, and many mothers, including adolescent mothers,
often need assistance to meet their infant feeding goals. To
breastfeed, a mother must establish lactation, the physiologic
process of producing breast milk, which occurs through a

20
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supply and demand relationship. Breastfeeding initiation and
the early biologic processes that establish lactation typically
occur during the intrapartum hospital stay (9). Approximately
99% of U.S. births occur in hospitals (10). Thus, the intrapartum hospital stay provides a critical opportunity to offer
adolescent mothers accurate information about breastfeeding
to enable them to make an informed decision about how they
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Summary
What is already known on this topic?
Breast milk is the optimal source of nutrition for most infants
and confers many health and economic benefits to both mother
and child. Maternity care practices that occur during the
intrapartum hospital stay influence the initiation and duration
of any and exclusive breastfeeding.
What is added by this report?
Among adolescent mothers (for this report, adolescents are
defined as persons aged 12–19 years) who initiated breastfeeding, the self-reported prevalence of experiencing breastfeedingsupportive maternity care practices ranged from 29.2% (not
receiving a hospital gift pack that contained formula) to 95.4%
(receiving information about breastfeeding from hospital staff ).
Among the maternity care practices with a significant independent association with any and exclusive breastfeeding for
≥4 weeks and ≥8 weeks, there was a positive dose-response
relationship between the number of practices experienced by
adolescent mothers and their breastfeeding outcomes.

breastfeeding initiation. In addition, the inclusion of only
mothers who initiated breastfeeding might explain why the
steps that are typically associated with breastfeeding initiation
were not significantly associated with duration or exclusivity of
breastfeeding. Finally, this study included only those adolescent
mothers with healthy newborns; hence, the results might not
be generalizable to more vulnerable infants, such as those who
are born preterm, and who might be most in need of the health
protections breast milk provides.
Breastfeeding confers numerous health advantages that
are particularly important for adolescent mothers and their
children, who constitute a vulnerable group, both in terms of
being at risk for suboptimal breastfeeding and related health
effects (1). Ensuring that adolescent mothers (and all mothers)
receive optimal, evidenced-based maternity care, can improve
breastfeeding duration and exclusivity rates, ultimately leading
to improved maternal and child health outcomes.
Acknowledgments

What are the implications for public health practice?
The intrapartum period is a critical time to reach adolescent
mothers with evidence-based maternity practices. Receiving
evidence-based breastfeeding-supportive maternity care can
increase the prevalence of any and exclusive breastfeeding
among adolescent mothers.

will feed their infant, and to provide assistance with breastfeeding, all of which contribute to the knowledge, skills, and
confidence adolescent mothers need to continue breastfeeding
after hospital discharge.
The Surgeon General’s Call to Action to Support Breastfeeding
includes a number of recommended actions that can be taken
to improve support for breastfeeding mothers. One of the
action steps calls on health care clinicians to ensure that
maternity practices throughout the United States are fully
supportive of breastfeeding (3). This study demonstrates that
adolescent mothers are not receiving care that is consistent with
evidence-based guidelines. The Ten Steps are evidence-based
maternity practices that support breastfeeding and that are
meant to be delivered to mothers as a comprehensive package
(3,5). The findings of this study indicate that it is important
for hospitals to ensure that all mothers, including adolescent
mothers, experience practices that are aligned with the Ten
Steps, and that they do not receive hospital gift packs that
contain formula as part of routine maternity care, to help them
meet their personal infant feeding goals.
This findings in this report are subject to at least three
limitations. First, PRAMS data are self-reported and might be
subject to recall bias. Second, the maternity practices module
was asked only of mothers who initiated breastfeeding; thus,
it was not possible to assess how the practices influenced
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Increasing Prevalence of Gastroschisis — 14 States, 1995–2012
Abbey M. Jones, MPH1; Jennifer Isenburg, MSPH1; Jason L. Salemi, PhD2; Kathryn E. Arnold, MD1; Cara T. Mai, DrPH1; Deepa Aggarwal, PhD3;
William Arias, MPH4; Gerard E. Carrino, PhD5; Emily Ferrell, MPH6; Olakunle Folorunso, MBBS7; Brendan Ibe, MD8; Russell S. Kirby, PhD9;
Heidi R. Krapfl, MS10; Lisa K. Marengo, MS11; Bridget S. Mosley, MPH12; Amy E. Nance, MPH13; Paul A. Romitti, PhD14; Joseph Spadafino, MPH15;
Jennifer Stock16; Margaret A. Honein, PhD1

Gastroschisis is a serious congenital defect in which the
intestines protrude through an opening in the abdominal wall.
Gastroschisis requires surgical repair soon after birth and is
associated with an increased risk for medical complications and
mortality during infancy. Reports from multiple surveillance
systems worldwide have documented increasing prevalence
of gastroschisis since the 1980s, particularly among younger
mothers (1,2); however, since publication of a multistate U.S.
report that included data through 2005 (1), it is not known
whether prevalence has continued to increase. Data on gastroschisis from 14 population-based state surveillance programs
were pooled and analyzed to assess the average annual percent
change (AAPC) in prevalence and to compare the prevalence
during 2006–2012 with that during 1995–2005, stratified
by maternal age and race/ethnicity. The pooled data included
approximately 29% of U.S. births for the period 1995–2012.
During 1995–2012, gastroschisis prevalence increased in every
category of maternal age and race/ethnicity, and the AAPC
ranged from 3.1% in non-Hispanic white (white) mothers aged
<20 years to 7.9% in non-Hispanic black (black) mothers aged
<20 years. These corresponded to overall percentage increases
during 1995–2012 that ranged from 68% in white mothers
aged <20 years to 263% in black mothers aged <20 years.
Gastroschisis prevalence increased 30% between the two periods, from 3.6 per 10,000 births during 1995–2005 to 4.9 per
10,000 births during 2006–2012 (prevalence ratio = 1.3, 95%
confidence interval [CI]: 1.3–1.4), with the largest increase
among black mothers aged <20 years (prevalence ratio = 2.0,
95% CI: 1.6–2.5). Public health research is urgently needed
to identify factors contributing to this increase.
To follow up on a study that included gastroschisis prevalence
data from 15 states and reported a near doubling of gastroschisis prevalence during 1995–2005 (1), CDC requested updated
data from each of these states for 1995–2012. Fourteen states*
provided data on gastroschisis cases crosstabulated by maternal
age groups (<20 years, 20–24 years, 25–29 years, 30–34 years,
and ≥35 years) and race/ethnicity (white, black, and Hispanic,
* The 14 states that provided data on gastroschisis and the years for which data
were provided were Arizona (1995–2012), Arkansas (1995–2012), California
(1995–2012), Colorado (1997–2012), Georgia (1995–2012), Iowa (1995–
2012), Kentucky (1998–2012), New Mexico (1998–2012), New York
(1995–2012), North Carolina (1999–2012), Oklahoma (1995–2012), Rhode
Island (2002–2012), Texas (1996–2012), and Utah (1997–2012).

with all other racial/ethnic groups included in the total). The
gastroschisis case definition was based on the British Pediatric
Association Classification of Diseases code (756.71) or the
International Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) code for gastroschisis
(756.73, or before 10/1/2009, 756.79, with verification to
confirm cases of gastroschisis, because the previous code was
shared with omphalocele). Gastroschisis cases included live
births, fetal deaths,† and elective terminations.§
Data were pooled at CDC, and gastroschisis prevalence was
calculated for each year, maternal age group, and race/ethnicity. Prevalence was calculated as number of gastroschisis cases
among all birth outcomes divided by the total number of live
births. The denominators of total number of live births in the
same catchment area as the birth defects surveillance program
were reported by states or obtained from public use data files.
Poisson exact methods were used to calculate 95% CIs for
each prevalence estimate. Prevalence ratios were calculated by
dividing the prevalence during 2006–2012 by the prevalence
during 1995–2005, and CIs for the prevalence ratios were
calculated using Poisson regression.
Because the comparison of prevalence between the two study
periods involved an artificial breakpoint during the 18-year
data span and only examined pooled prevalence within those
periods, joinpoint regression analysis was used to identify statistically significant changes in the annual prevalence of gastroschisis over the course of the entire study period (1995–2012).
Joinpoint regression initially models annual trend data by
fitting a straight line (i.e., zero joinpoints). Then, joinpoints
are added, one at a time, and a Monte Carlo permutation test
is used to determine the optimal number of joinpoints. Each
joinpoint in the final model corresponds to a significant change
in the trend, and an AAPC and its 95% CI are calculated to
describe how the rate changes within each time interval (3).
The estimated overall percent change was calculated by first
converting the AAPC to the projected single year change in
prevalence and then exponentiating to the number of years
studied minus one to estimate the total increase throughout
the 18 years. This gives the magnitude of the increase, which
† Fetal deaths were not reported from Rhode Island, Kentucky during 1998–2003,

or New York during 2008–2012.
terminations were not reported from Arizona, Colorado, Kentucky,
New York, North Carolina, and Rhode Island.

§ Elective
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is then converted to a percent increase. For example, an AAPC
of 5 represents a projected single year change of 1.05, which
would correspond to a 2.29-fold increase over the entire study
period (1.05^17 = 2.29). This corresponds to an overall change
of 129% ([2.29–1] x 100). The Joinpoint Regression Program,
version 4.2.0 (National Cancer Institute), was used to conduct
joinpoint regression.
During 1995–2005, 4,369 gastroschisis cases were detected
among 12,014,244 live births (prevalence = 3.6 per 10,000
live births, 95% CI: 3.5–3.7), and during 2006–2012, 4,497
gastroschisis cases were detected among 9,264,540 live births
(prevalence = 4.9 per 10,000 live births, 95% CI: 4.7–5.0).
Comparing the two periods, gastroschisis prevalence increased
30% (prevalence ratio = 1.3, 95% CI: 1.3–1.4) during
2006–2012 compared with 1995–2005. The prevalence of
gastroschisis increased over the course of the study period in
each of the five maternal age groups (Figure).

Because fewer cases were detected among older maternal age
groups, maternal age was collapsed into three groups (<20 years,
20–24 years, and ≥25 years) to stratify the data simultaneously
by maternal age and race/ethnicity. A significant increase in
gastroschisis prevalence occurred in each maternal age group
from the first period (1995–2005) to the second (2006–2012)
(Table). Statistically significant increases comparing the two
periods were seen in eight of the nine categories of maternal
age and race/ethnicity assessed. Among mothers aged <20 years
and 20–24 years, significant increases were seen in all racial/
ethnic groups examined. The prevalence of gastroschisis during 2006–2012 among mothers aged <20 years was higher
among white mothers (18.1 per 10,000 live births, 95% CI:
16.7–19.7) and Hispanic mothers (16.1 per 10,000 live births,
95% CI: 14.9–17.3) than among black mothers (10.2 per
10,000 live births, 95% CI: 8.7–11.9); however, black mothers
in this age group experienced the largest increase in prevalence,

FIGURE. Trends in gastroschisis prevalence, by maternal age group — 14 states,* 1995–2012
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* States contributing data and years for which data are provided: Arizona (1995–2012), Arkansas (1995–2012), California (1995–2012), Colorado (1997–2012), Georgia
(1995–2012), Iowa (1995–2012), Kentucky (1998–2012), New Mexico (1998–2012), New York (1995–2012), North Carolina (1999–2012), Oklahoma (1995–2012),
Rhode Island (2002–2012), Texas (1996–2012), Utah (1997–2012). Total live births = 21,278,784.
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which doubled between the two study periods (prevalence
ratio = 2.0, 95% CI: 1.6–2.5).
Using Joinpoint regression to assess temporal trends within
strata of maternal age and race/ethnicity, the AAPC indicated
a significant increase in prevalence for all nine groups (Table).
Zero joinpoints were identified for each of the nine strata,
indicating that a single AAPC estimate was appropriate for the
entire study period for each group. The two highest AAPCs
among these strata were in black mothers aged <20 years and
20–24 years. The AAPCs ranged from a low of 3.1 in white
mothers aged <20 years to a high of 7.9 in black mothers aged
<20 years. These corresponded to overall percent increases from
1995 to 2012 that ranged from 68% in white mothers aged
<20 years to 263% in black mothers aged <20 years.
Discussion

The prevalence of gastroschisis increased significantly during the study period, and prevalence has continued to increase
beyond 2005, the end of the period included in the previous
multistate report (1). Gastroschisis is associated with young
maternal age, with the highest prevalence among mothers aged
<20 years; however, significant increases in prevalence were seen
in all age groups during 2006–2012 compared with 1995–2005.
The greatest increases in prevalence occurred among younger,
black mothers, but the prevalence in black mothers remains
lower than in white and Hispanic mothers. Joinpoint analyses
demonstrated a steady and significant increase in prevalence
across all assessed categories of maternal age and race/ethnicity.

Increases in gastroschisis prevalence have been reported both
in the United States and internationally, but the current evidence
has not led to the identification of the underlying cause or causes
of these increases (1,2). The association between young maternal
age and gastroschisis was first reported in the late 1970s, and
this risk factor has been documented consistently in subsequent
studies (4–6). However, the increased prevalence of gastroschisis
is not because of an increase in teen births, which have declined
in recent years, or to a change in the distribution of births to teen
mothers, as birth rates have decreased among women of all ages
<20 years (7). Investigators in Norway reported an independent
association of young paternal age with gastroschisis, after accounting for maternal age (6). In addition, year of delivery, mother’s
year of birth, and father’s year of birth were each significantly
associated with increasing gastroschisis prevalence from 1967 to
1998 (6). Epidemiologic patterns indicate that lifestyle behaviors,
environmental exposures, or other risk factors disproportionately
affecting young women might play a role. A 2008 review noted
that risk factors associated with gastroschisis, after adjusting for
maternal age, have included lower socioeconomic status, lower
body mass index and other indicators of poor nutrition (lower
intake of high quality nutrients and dietary fats), smoking, use of
illicit drugs, alcohol, or analgesic medications, and genitourinary
infections (5). Additionally, among multiparous and multigravida
mothers, a change in paternity since the previous pregnancy has
been associated with gastroschisis (5). Studies have also indicated
possible age-specific associations between gastroschisis and prior
pregnancy loss (8), as well as with certain infections (9).

TABLE. Number of cases and gastroschisis prevalence, prevalence ratio, and average annual percent change, by maternal age group and race/ethnicity —
14 states,* 1995–2012
Maternal
age group
(yrs)†
<20

20–24

≥25

1995–2005
Maternal
race/ethnicity
Non-Hispanic white
Non-Hispanic black
Hispanic
Total§§
Non-Hispanic white
Non-Hispanic black
Hispanic
Total§§
Non-Hispanic white
Non-Hispanic black
Hispanic
Total§§

No.
816
137
698
1,749
846
135
601
1,687
501
71
213
853

Prevalence§
(95% CI)

15.4 (14.3–16.5)
5.2 (4.3–6.1)
11.6 (10.7–12.5)
11.9 (11.3–12.4)
6.0 (5.6–6.4)
2.9 (2.4–3.4)
5.5 (5.1–6.0)
5.3 (5.1–5.6)
1.2 (1.1–1.3)
0.9 (0.7–1.1)
1.2 (1.0–1.3)
1.2 (1.1–1.2)

Joinpoint analysis

2006–2012
No.
574
169
710
1,562
889
193
706
1,899
541
77
314
1,014

Prevalence§
(95% CI)

18.1 (16.7–19.7)
10.2 (8.7–11.9)
16.1 (14.9–17.3)
16.1 (15.3–16.9)
8.8 (8.2–9.4)
5.4 (4.7–6.2)
8.3 (7.7–8.9)
8.1 (7.7–8.4)
1.7 (1.6–1.9)
1.2 (1.0–1.5)
1.9 (1.7–2.1)
1.7 (1.6–1.8)

PR¶ (95% CI)

Average annual percent
change (95% CI**)

1.2 (1.1–1.3)
2.0 (1.6–2.5)
1.4 (1.2–1.5)
1.4 (1.3–1.5)
1.5 (1.3–1.6)
1.9 (1.5–2.3)
1.5 (1.3–1.7)
1.5 (1.4–1.6)
1.4 (1.3–1.6)
1.4 (1.0–1.9)
1.6 (1.3–1.9)
1.5 (1.3–1.6)

3.1 (1.5–4.7)
7.9 (5.7–10.1)
4.4 (3.1–5.7)
4.3 (3.3–5.3)
4.6 (3.5–5.7)
7.0 (3.7–10.4)
5.6 (4.3–6.8)
5.2 (4.4–6.0)
4.1 (2.6–5.6)
3.5 (0.4–6.8)
4.7 (2.4–7.2)
4.5 (3.5–5.4)

Overall percent
change††
68
263
108
105
115
216
151
137
99
81
120
111

Abbreviations: CI = confidence interval, PR = prevalence ratio.
* States contributing data and years for which data are provided: Arizona (1995–2012), Arkansas (1995–2012), California (1995–2012), Colorado (1997–2012), Georgia
(1995–2012), Iowa (1995–2012), Kentucky (1998–2012), New Mexico (1998–2012), New York (1995–2012), North Carolina (1999–2012), Oklahoma (1995–2012),
Rhode Island (2002–2012), Texas (1996–2012), Utah (1997–2012). Total live births = 21,278,784.
† Cases missing information on maternal age are not included in this table.
§ Prevalence per 10,000 live births.
¶ Prevalence during 2006–2012 divided by the prevalence during 1995–2005.
** Statistically significant differences from zero percent change.
†† Overall percent change is calculated using the average annual percent change and represents the estimated overall change in prevalence during 1995–2012.
§§ Total includes non-Hispanic white, non-Hispanic black, Hispanic, all other reported racial/ethnic groups and other/unknown maternal race/ethnicity.
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Summary
What is already known on this topic?
Gastroschisis is strongly associated with young maternal age,
and a previous U.S. report indicated that the prevalence of
gastroschisis nearly doubled from 1995 to 2005.
What is added by this report?
Gastroschisis prevalence has increased for all maternal age
groups. Significant increases as measured by the average
annual percent change were observed for all assessed categories of maternal age and race/ethnicity. The largest estimated
increase over the 18 year period (263% overall percent change)
was observed for non-Hispanic black mothers aged <20 years.
What are the implications for public health practice?
The observed increases in gastroschisis prevalence are not
explained by demographic changes in maternal age or race/
ethnicity. Public health research is urgently needed to identify
the causal factor(s) contributing to this increase.

The findings in this report are subject to at least three limitations. First, because no information on risk factors other than
maternal age and race/ethnicity was requested from state surveillance programs, potential causes for the increase in prevalence
could not be examined. Second, not all states were able to provide data as far back as 1995. However, incomplete data for the
earlier years of the study is unlikely to affect the results. Because
data were pooled for 1995–2005, the prevalence estimates for
that earlier study period are more heavily influenced by the later
years of that time frame. Previous research has demonstrated
an increase in prevalence from 1995 to 2005; therefore, the
missing data from earlier years in this study is likely to result
in prevalence ratios that are biased slightly and conservatively
toward the null. Finally, it is possible that the increase in prevalence could be due to improved ascertainment of gastroschisis
cases over time. However, this is unlikely because gastroschisis
is immediately apparent at birth. Additionally, omphalocele,
a defect that has a similar presentation at birth and previously
shared an ICD-9-CM code with gastroschisis, is not increasing
in prevalence, making it implausible that the increase observed
is due to any confusion between these defects (10).
These findings have implications for prioritizing public health
research on gastroschisis to identify factors contributing to the high
risk associated with young maternal age and factors associated with
the increasing prevalence over the past 20 years. Gastroschisis is
unusual among birth defects in that it disproportionately affects
younger mothers, a vulnerable population. The continued increase
in age-adjusted prevalence and the pace of the increase suggests
that unidentified risk factors might be contributing. Identification
of these risk factors is needed to inform public health interventions and reduce prevalence. Ongoing surveillance is essential to
monitor any further increases in prevalence.
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Inadequate Diagnosis and Treatment of Malaria Among Travelers Returning
from Africa During the Ebola Epidemic — United States, 2014–2015
Kathrine R. Tan, MD1; Karen A. Cullen, PhD1; Emilia H. Koumans, MD2; Paul M. Arguin, MD1

Among 1,683 persons in the United States who developed
malaria following international travel during 2012, more than
half acquired disease in one of 16 countries* in West Africa (1).
Since March 2014, West Africa has experienced the world’s largest epidemic of Ebola virus disease (Ebola), primarily affecting
Guinea, Sierra Leone, and Liberia; in 2014, approximately 20,000
Ebola cases were reported (2). Both Ebola and malaria are often
characterized by fever and malaise and can be clinically indistinguishable, especially early in the course of disease. Immediate
laboratory testing is critical for diagnosis of both Ebola and
malaria, so that appropriate lifesaving treatment can be initiated.
CDC recommends prompt malaria testing of patients with fever
and history of travel to an area that is endemic for malaria, using
blood smear microscopy, with results available within a few hours
(3). Empiric treatment of malaria is not recommended by CDC
(4). Reverse transcription–polymerase chain reaction (RT-PCR)
testing is recommended to diagnose Ebola (5). During the Ebola
outbreak in West Africa, CDC received reports of delayed laboratory testing for malaria in travelers returning to the United States
because of infection control concerns related to Ebola (6). CDC
reviewed documented calls to its malaria consultation service and
selected three patient cases to present as examples of deficiencies in
the evaluation and treatment of malaria among travelers returning
from Africa during the Ebola epidemic.
Malaria parasites can be detected by microscopic examination
of a Giemsa-stained drop of the patient’s blood (a blood smear).
CDC recommends that both thick and thin blood smears be
obtained immediately for all febrile patients who have a compatible travel history, regardless of other associated symptoms,
and that results be available within hours (3). Malaria can be
conclusively ruled out in 24 hours by three negative smears collected at 12-hour intervals. Blood smears also provide information
about the infecting species and level of parasitemia (percentage of
infected red blood cells), which, along with signs and symptoms,
determine appropriate antimalarial treatment. Severe malaria,
defined as the presence of ≥5% of infected red blood cells, or
at least one of several complications,† should be treated with
* Benin, Burkina Faso, Cape Verde, Côte d’Ivoire, Gambia, Ghana, Guinea, GuineaBissau, Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, and Togo.
† Severe malaria is defined as the presence of at least one of the following in a
patient with malaria: acidosis, acute respiratory distress syndrome, seizures,
disseminated intravascular congestion, hyperparasitemia (≥5% parasitemia),
hypoglycemia, impaired consciousness, jaundice, acute renal injury, severe
anemia (hemoglobin <7g/dL), or shock.

intravenous antimalarials (4). Treatment of malaria without
information from the blood smear can lead to poor outcomes
because of incorrect antimalarial selection, inappropriate treatment of severe malaria with oral antimalarials, and misdiagnosis
of other febrile illnesses that are not malaria. Empiric treatment
of malaria is not recommended (4).
Since October 2014, travelers from countries with ongoing
Ebola virus transmission have been screened upon arrival at
U.S. airports to ascertain risk factors and signs and symptoms of
Ebola, and are assigned to one of four risk categories.§ Healthy
travelers who are classified as having “low but not zero” risk
for Ebola are actively monitored by state or local public health
authorities; travelers must check their temperature twice daily
for 21 days after arrival, and must call the health department
for evaluation if symptoms or temperature ≥100.4°F occur.¶
A person with fever or symptoms suggestive of Ebola who had
an epidemiologic risk factor within 21 days before symptom
onset is considered a person under investigation for Ebola.**
Because malaria is endemic year-round and countrywide in the
countries where Ebola transmission is occurring (3), persons
who have fever and are under investigation for Ebola should
always receive immediate malaria testing (7).
At CDC, the Malaria Branch of the Division of Parasitic
Diseases and Malaria conducts malaria surveillance and provides clinical consultation for the diagnosis and management
of malaria. Through this consultation service, CDC became
aware of delays in malaria diagnosis and treatment related to
concerns about Ebola. Three case reports are presented to illustrate inadequate diagnosis and treatment of malaria in persons
who traveled to Africa during the Ebola epidemic.

Case 1
In March 2015, a man aged 34 years entered the United
States after visiting Sierra Leone, Guinea, and Senegal. He was
afebrile, classified as having low but not zero risk for Ebola, and
was enrolled in the active monitoring process. Seven days after
returning to the United States (day 1 of illness), he developed
nausea, anorexia, and a 105.8°F fever; early that morning, he
§

http://www.cdc.gov/vhf/ebola/exposure/risk-factors-when-evaluating-personfor-exposure.html.
¶ http://www.cdc.gov/vhf/ebola/exposure/monitoring-and-movement-ofpersons-with-exposure.html.
** http://www.cdc.gov/vhf/ebola/healthcare-us/evaluating-patients/casedefinition.html.

US Department of Health and Human Services/Centers for Disease Control and Prevention

MMWR / January 22, 2016 / Vol. 65 / No. 2

27

Morbidity and Mortality Weekly Report

called emergency medical services (EMS) rather than the local
health department. When he told EMS responders his travel
history while en route to the hospital, the responders stopped
the vehicle, donned personal protective equipment, and then
proceeded to hospital A, where the patient was placed in isolation and was given oral medications for his fever. Blood was
drawn for malaria testing, but the laboratory would not process
the specimens, citing concern about possible Ebola exposure.
The state laboratory agreed to test the specimens.
At 3:00 p.m. that afternoon, malaria PCR test results were
determined to be positive, and Ebola RT-PCR results and
influenza test results of a nasopharyngeal swab were both negative. The state health department and CDC advised hospital A
to begin antimalarial treatment immediately. Because blood
smear microscopy was not done, it was not known whether the
patient had hyperparasitemia (≥5% parasitemia), which is one
sign of severe malaria, and for which parenteral antimalarials
are indicated. However, because hospital staff members feared
Ebola, they were not comfortable placing an intravenous catheter. The patient was given an oral antimalarial (artemetherlumefantrine) on the evening of day 1, and was transferred to
hospital B on day 2, where a thin smear confirmed Plasmodium
falciparum malaria with a 2.5% parasitemia. He completed oral
therapy, had no complications, and was discharged 3 days later.

Case 2
In March 2015, 1 day before traveling to the United States
from Kenya, a man aged 69 years developed subjective fever.
No Ebola transmission has been reported in Kenya. On the
third day of fever, he visited an urgent-care clinic and reported
his recent travel to Kenya. No tests were performed, and the
patient was given a prescription for the antimalarial mefloquine
for empiric treatment of suspected malaria. He was unable to
fill the prescription because local pharmacies did not have the
medication in stock.
The man continued to have fever, myalgias, and weakness,
and went to an emergency department (ED) at midday. Blood
was drawn for malaria testing, but malaria microscopy services
were not available on weekends. The patient was released from
the ED and told that the laboratory results would be available
in 2 days. He received no treatment. His fever persisted, and
his weakness increased; at midnight he visited a different ED,
again reporting his travel to Kenya. Because of his history of
travel to Africa, he was placed in isolation and his medical
assessment was suspended for the next 4 hours until the hospital staff members were assured that a traveler from Kenya
was not at risk for Ebola. Blood smear microscopy was positive
for P. falciparum, but the level of parasitemia was not reported.
He was treated with oral atovaquone-proguanil and discharged
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later that morning. He completed his antimalarial treatment
and recovered with no complications.

Case 3
In May 2015, a woman aged 31 years returned to the United
States from Sierra Leone and visited an ED with fever and
abdominal pain. The hospital laboratory refused to perform
any diagnostic testing, including malaria smears, until a diagnosis of Ebola was ruled out. After discussions involving clinicians, the state health department, and CDC, and hours after
arrival, a malaria rapid diagnostic test that had been approved
by the Food and Drug Administration for laboratory use only
was performed at bedside and was negative. Following a negative Ebola RT-PCR result 9 hours later, other laboratory tests
were performed, leading to the diagnosis of a urinary tract
infection. A malaria smear was not performed. The clinical
outcome for this patient is not known.
Discussion

Malaria is a common cause of fever among travelers who
have been to areas where the disease is endemic. Patients in
whom a diagnosis of malaria is suspected should be urgently
evaluated. One study evaluating the etiology of fever among
returned travelers seeking care at a multicenter, multinational
travel clinic network found malaria to be the most common
single etiologic diagnosis, accounting for 21% of all diagnoses
(8). Health care providers should ask patients with fever about
places of recent travel. Febrile persons with history of travel
to a malaria-endemic area should be tested for malaria with
blood smear microscopy without delay, irrespective of whether
travel occurred in an Ebola-affected country. Although current
recommendations for preparing malaria smears remain the
standard (9), CDC has developed a Giemsa staining procedure
that inactivates viruses, including Ebola virus, during slide
preparation to increase the safety of this testing procedure (7).
These three case reports illustrate inappropriate practices in
evaluation and management of febrile travelers and inadequate
diagnosis and treatment for malaria because of concerns about
possible exposure to Ebola. In case 1, the hospital laboratory’s
reluctance to process the patient’s blood specimen introduced
delay in malaria testing, and PCR testing rather than blood
smear testing for malaria was performed at the state laboratory.
Furthermore, intravenous access is of paramount importance to
deliver fluids and medications in dehydrated or very ill patients;
therefore, unrestricted access to parenteral interventions was
important should the patient’s condition have deteriorated.
In case 2, a prescription for empiric malaria treatment was
provided without laboratory diagnosis, contrary to CDC
recommendations (4). Furthermore, delayed malaria testing
occurred when clinical assessment was halted until hospital staff
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Summary
What is already known on this topic?
Malaria cases are rarely diagnosed in the United States;
however, malaria is potentially fatal if the diagnosis or treatment, or both, are delayed. Febrile travelers who recently visited
a malaria-endemic area should be tested for malaria without
delay by blood smear microscopy, with results available within
hours. Empiric treatment of malaria is not recommended.
What is added by this report?
During the Ebola epidemic, there were deficiencies in malaria
diagnosis, treatment, and laboratory practices in the United
States related to concerns about exposure of laboratory and
clinical staff members to Ebola.
What are the implications for public health practice?
Malaria evaluation should be prioritized in febrile persons who
travelled to malaria-endemic areas regardless of travel to an
Ebola-affected country. Timely and immediate education is
needed for health care providers and laboratory managers to
encourage adherence to guidelines for evaluation and management of malaria in the febrile traveler to prevent poor outcomes.

members could be reassured that the patient was not at risk for
Ebola. In case 3, Ebola infection control fears led to the use of
a bedside rapid diagnostic test to rule out malaria, despite this
test not being approved by the Food and Drug Administration
for point-of-care testing. Using a rapid diagnostic test to rule
out malaria instead of blood smear microscopy is also contrary
to CDC recommendations (4).
An internal review of Ebola-related inquiries to CDC found
that 1) recommended steps in the evaluation of febrile persons
who traveled to an area with endemic malaria (3) were followed
in the evaluation of fewer than one third of febrile travelers,
regardless of whether they had come from an Ebola-affected
country; 2) although intravenous antimalarials are recommended
for all patients with severe malaria to rapidly reduce parasitemia,
increase the probability of survival, and decrease the likelihood
of complications (10), only one third of patients with severe
malaria received intravenous antimalarials; and 3) more than one
third of the antimalarials received by travelers were prescribed
empirically (Division of Parasitic Diseases and Malaria, Center
for Global Health, CDC, unpublished data, 2014–2015).
The findings in this report are subject to at least two limitations. First, the case reports were selected intentionally to
illustrate the occurrence of suboptimal practices; however,
the prevalence of these practices is not known. Second, the
cases described were reconstructed from consultation notes,
and clinical details were missing for some of these cases, such
as the outcome of case 3.
These selected case reports indicate inadequate implementation of current malaria diagnostic and treatment guidelines

among febrile travelers who had been to malaria-endemic
countries, related, in part, to health care provider and laboratory concerns about risks for possible exposure to Ebola
during diagnostic evaluations and clinical procedures. It is
important that all febrile patients with history of travel to a
malaria-endemic country be tested for malaria as soon as possible using blood smear microscopy, regardless of their other
risk factors, with results available within hours (3). Further
information on safe diagnosis of malaria can be found in
CDC’s Guidance for Malaria Diagnosis in Patients Suspected
of Ebola Infection in the United States (7). It is also critical
that after receipt of a positive malaria test result, appropriate
antimalarials, including parenteral antimalarials for severe
malaria, be started without delay (4). Empiric treatment of
malaria is not recommended (4).
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Please note: Updated guidance has been published. To view the update, please click here.
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Interim Guidelines for Pregnant Women During a Zika Virus Outbreak —
United States, 2016
Emily E. Petersen, MD1; J. Erin Staples, MD, PhD2; Dana Meaney-Delman, MD3; Marc Fischer, MD2; Sascha R. Ellington, MSPH1;
William M. Callaghan, MD1; Denise J. Jamieson, MD1

On January 19, 2016, this report was posted as an MMWR
Early Release on the MMWR website (http://www.cdc.gov/mmwr).
CDC has developed interim guidelines for health care providers in the United States caring for pregnant women during
a Zika virus outbreak. These guidelines include recommendations for pregnant women considering travel to an area with
Zika virus transmission and recommendations for screening,
testing, and management of pregnant returning travelers.
Updates on areas with ongoing Zika virus transmission are
available online (http://wwwnc.cdc.gov/travel/notices/).
Health care providers should ask all pregnant women about
recent travel. Pregnant women with a history of travel to an
area with Zika virus transmission and who report two or more
symptoms consistent with Zika virus disease (acute onset of
fever, maculopapular rash, arthralgia, or conjunctivitis) during
or within 2 weeks of travel, or who have ultrasound findings
of fetal microcephaly or intracranial calcifications, should
be tested for Zika virus infection in consultation with their
state or local health department. Testing is not indicated for
women without a travel history to an area with Zika virus
transmission. In pregnant women with laboratory evidence of
Zika virus infection, serial ultrasound examination should be
considered to monitor fetal growth and anatomy and referral
to a maternal-fetal medicine or infectious disease specialist with
expertise in pregnancy management is recommended. There is
no specific antiviral treatment for Zika virus; supportive care
is recommended.
Zika virus is a mosquito-borne flavivirus transmitted primarily by Aedes aegypti mosquitoes (1,2). These vectors also transmit dengue and chikungunya virus and are found throughout
much of the Americas, including parts of the United States.
An estimated 80% of persons infected with Zika virus are
asymptomatic (2,3). Symptomatic disease is generally mild
and characterized by acute onset of fever, maculopapular rash,
arthralgia, or nonpurulent conjunctivitis. Symptoms usually
last from several days to 1 week. Severe disease requiring hospitalization is uncommon, and fatalities are rare. Guillain-Barré
syndrome has been reported in patients following suspected
Zika virus infection (4–6).
Pregnant women can be infected with Zika virus in any
trimester (4,7,8). The incidence of Zika virus infection in
pregnant women is not currently known, and data on pregnant
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women infected with Zika virus are limited. No evidence exists to
suggest that pregnant women are more susceptible to Zika virus
infection or experience more severe disease during pregnancy.
Maternal-fetal transmission of Zika virus has been documented throughout pregnancy (4,7,8). Although Zika virus
RNA has been detected in the pathologic specimens of fetal
losses (4), it is not known if Zika virus caused the fetal losses.
Zika virus infections have been confirmed in infants with
microcephaly (4), and in the current outbreak in Brazil, a
marked increase in the number of infants born with microcephaly has been reported (9). However, it is not known how
many of the microcephaly cases are associated with Zika virus
infection. Studies are under way to investigate the association
of Zika virus infection and microcephaly, including the role
of other contributory factors (e.g., prior or concurrent infection with other organisms, nutrition, and environment). The
full spectrum of outcomes that might be associated with Zika
virus infections during pregnancy is unknown and requires
further investigation.

Recommendations for Pregnant Women
Considering Travel to an Area of Zika Virus
Transmission
Because there is neither a vaccine nor prophylactic medications available to prevent Zika virus infection, CDC recommends that all pregnant women consider postponing travel
to areas where Zika virus transmission is ongoing (10). If a
pregnant woman travels to an area with Zika virus transmission, she should be advised to strictly follow steps to avoid
mosquito bites (11,12). Mosquitoes that spread Zika virus
bite both indoors and outdoors, mostly during the daytime;
therefore, it is important to ensure protection from mosquitoes
throughout the entire day (13). Mosquito prevention strategies
include wearing long-sleeved shirts and long pants, using U.S.
Environmental Protection Agency (EPA)–registered insect
repellents, using permethrin-treated clothing and gear, and
staying and sleeping in screened-in or air-conditioned rooms.
When used as directed on the product label, insect repellents
containing DEET, picaridin, and IR3535 are safe for pregnant
women (14,15). Further guidelines for using insect repellents
are available online (http://wwwnc.cdc.gov/travel/page/avoidbug-bites) (11,15).
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Recommendations for Pregnant Women with
History of Travel to an Area of Zika Virus
Transmission
Health care providers should ask all pregnant women about
recent travel. Women who traveled to an area with ongoing
Zika virus transmission during pregnancy should be evaluated
for Zika virus infection and tested in accordance with CDC
Interim Guidance (Figure). Because of the similar geographic
distribution and clinical presentation of Zika, dengue, and chikungunya virus infection, patients with symptoms consistent
with Zika virus disease should also be evaluated for dengue
and chikungunya virus infection, in accordance with existing
guidelines (16,17).
Zika virus testing of maternal serum includes reverse
transcription-polymerase chain reaction (RT-PCR) testing
for symptomatic patients with onset of symptoms within the

previous week. Immunoglobulin M (IgM) and neutralizing
antibody testing should be performed on specimens collected
≥4 days after onset of symptoms. Cross-reaction with related
flaviviruses (e.g., dengue or yellow fever) is common with antibody testing, and thus it might be difficult to distinguish Zika
virus infection from other flavivirus infections. Consultation
with state or local health departments might be necessary to
assist with interpretation of results (18). Testing of asymptomatic pregnant women is not recommended in the absence of
fetal microcephaly or intracranial calcifications.
Zika virus RT-PCR testing can be performed on amniotic
fluid (7,9). Currently, it is unknown how sensitive or specific
this test is for congenital infection. Also, it is unknown if a positive result is predictive of a subsequent fetal abnormality, and
if so, what proportion of infants born after infection will have
abnormalities. Amniocentesis is associated with an overall 0.1%
risk of pregnancy loss when performed at less than 24 weeks of

FIGURE. Interim guidance: testing algorithm*,†,§ for a pregnant woman with history of travel to an area¶ with Zika virus transmission, with or
without clinical illness** consistent with Zika virus disease
Pregnant woman with history of travel
to an area with Zika virus transmission
http://wwwnc.cdc.gov/travel/notices/

Pregnant woman reports clinical illness
consistent with Zika virus disease during or
within 2 weeks of travel

Pregnant woman does NOT report clinical illness
consistent with Zika virus disease during or
within 2 weeks of travel

Test for Zika virus infection
Fetal ultrasound to detect microcephaly or
intracranial calcifications
Positive or inconclusive test for
Zika virus infection

Fetal ultrasound to detect
microcephaly or intracranial
calcifications
Offer amniocentesis for Zika virus
testing

Negative test(s) for Zika virus infection
Either finding present

No findings present

Fetal ultrasound to detect microcephaly
or intracranial calcifications
Either finding present

No findings present

Consider amniocentesis
for Zika virus testing

Test pregnant woman for
Zika virus infection
Consider amniocentesis
for Zika virus testing

Consider serial
ultrasounds to detect
development of
microcephaly or
intracranial calcifications
Either finding develops

* Availability of Zika virus testing is limited; consult your state or local health department to facilitate testing. Tests include Zika virus reverse transcription–polymerase
chain reaction (RT-PCR) and Zika virus immunoglobulin M (IgM) and neutralizing antibodies on serum specimens. Given the overlap of symptoms and endemic
areas with other viral illnesses, evaluate for possible dengue or chikungunya virus infection.
† Laboratory evidence of maternal Zika virus infection: 1) Zika virus RNA detected by RT-PCR in any clinical specimen; or 2) positive Zika virus IgM with confirmatory
neutralizing antibody titers that are ≥4-fold higher than dengue virus neutralizing antibody titers in serum. Testing would be considered inconclusive if Zika virus
neutralizing antibody titers are <4-fold higher than dengue virus neutralizing antibody titers.
§ Amniocentesis is not recommended until after 15 weeks of gestation. Amniotic fluid should be tested for Zika virus RNA by RT-PCR.
¶ Updates on areas with ongoing Zika virus transmission are available online (http://wwwnc.cdc.gov/travel/notices/).
** Clinical illness is consistent with Zika virus disease if two or more symptoms (acute onset of fever, maculopapular rash, arthralgia, or conjunctivitis) are present.
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gestation (19). Amniocentesis performed ≥15 weeks of gestation is associated with lower rates of complications than those
performed at earlier gestational ages, and early amniocentesis
(≤14 weeks of gestation) is not recommended (20). Health care
providers should discuss the risks and benefits of amniocentesis
with their patients. A positive RT-PCR result on amniotic fluid
would be suggestive of intrauterine infection and potentially
useful to pregnant women and their health care providers (20).
For a live birth with evidence of maternal or fetal Zika virus
infection, the following tests are recommended: histopathologic examination of the placenta and umbilical cord; testing
of frozen placental tissue and cord tissue for Zika virus RNA;
and testing of cord serum for Zika and dengue virus IgM
and neutralizing antibodies. CDC is developing guidelines
for infants infected by Zika virus. If a pregnancy results in a
fetal loss in a woman with history of travel to an area of Zika
virus transmission with symptoms consistent with Zika virus
disease during or within 2 weeks of travel or findings of fetal
microcephaly, Zika virus RT-PCR and immunohistochemical staining should be performed on fetal tissues, including
umbilical cord and placenta.
There is no commercially available test for Zika virus. Testing
for Zika virus infection is performed at CDC and several state
health departments. Health care providers should contact their
state or local health department to facilitate testing and for
assistance with interpreting results (4).

How to Treat Pregnant Women with Diagnoses of
Zika Virus Disease
No specific antiviral treatment is available for Zika virus
disease. Treatment is generally supportive and can include rest,
fluids, and use of analgesics and antipyretics (4). Fever should
be treated with acetaminophen (21). Although aspirin and
other nonsteroidal anti-inflammatory drugs are not typically
used in pregnancy, these medications should specifically be
avoided until dengue can be ruled out to reduce the risk for
hemorrhage (4,9,17).
In pregnant a woman with laboratory evidence of Zika
virus in serum or amniotic fluid, serial ultrasounds should
be considered to monitor fetal anatomy and growth every
3–4 weeks. Referral to a maternal-fetal medicine or infectious
disease specialist with expertise in pregnancy management is
recommended.
1Division of Reproductive Health, National Center for Chronic Disease
Prevention and Health Promotion, CDC; 2Arboviral Diseases Branch, National
Center for Emerging and Zoonotic Infectious Diseases, CDC; 3Office of the
Director, National Center for Emerging and Zoonotic Infectious Diseases, CDC.
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Notes from the Field
Outbreak of Locally Acquired Cases of Dengue
Fever — Hawaii, 2015
David Johnston, MPH1; Melissa Viray, MD1; Jenny Ushiroda1;
A. Christian Whelen, PhD1; Rebecca Sciulli1; Remedios Gose1; Roland
Lee1; Eric Honda1; Sarah Y. Park, MD1; Hawaii Dengue Response Team1

On October 21, 2015, the Hawaii Department of Health
(HDOH) was notified of a positive dengue immunoglobulin M
(IgM) antibody result in a woman residing on Hawaii Island (also
known as the Big Island). The patient had no history of travel off
the island, and other family members reported having similar signs
and symptoms, which consisted of fever, headache, myalgias and
arthralgias, and a generalized erythematous rash. HDOH initiated an investigation to identify any additional cases and potential
exposure sources. On October 24, HDOH received report of a
group of mainland U.S. visitors who had traveled together on
Hawaii Island, including several who had developed a febrile
illness. Additionally, on October 27, HDOH was notified of an
unrelated person, also on Hawaii Island, with a positive dengue
IgM result. As of November 26, 2015, HDOH had identified
107 laboratory-confirmed cases of dengue fever (1), with dates of
onset ranging from September 11 to November 18, 2015 (Figure).
To facilitate case finding, a medical advisory was distributed
to clinicians on Hawaii Island on October 29 to alert them and
request that they report any patients who were evaluated on or after
September 1, 2015, for suspected dengue fever (acute onset fever
and at least two of the following: headache or retro-orbital pain,
nausea, myalgias or arthralgias, or a generalized maculopapular
rash). A similar medical advisory was sent to clinicians in the rest of
the state on November 5. To identify other suspected cases of dengue fever in travelers who had been visiting Hawaii Island during
September–October 2015, on October 29, HDOH posted a call
for cases on Epi-X, CDC’s secure epidemic information exchange.
Among the 107 dengue patients identified, 15 (14%) were
hospitalized; no deaths were reported. Ninety-three (87%)
cases occurred in Hawaii Island residents, and 14 in travelers
visiting Hawaii Island; 62 (58%) patients were female, and
the median age was 29 years (range = 0–80 years). Exposure
information from a majority of patients suggested at least one
area of concern south of Kona, Hawaii. However, further investigations are ongoing, and cases have been reported in persons
who traveled to and potentially sustained or recalled actual
mosquito bites in other parts of the island. Among these cases
are at least 12 (12%) persons who were never in any area south
of Kona during the period of likely infection (3–10 days before
symptom onset). Staff persons from HDOH Vector Control
are conducting assessments across Hawaii Island to identify
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possible areas of mosquito activity, and public outreach and
education on mosquito avoidance and reduction are ongoing.
Dengue is not endemic in the state of Hawaii; however, Aedes
mosquitoes capable of spreading the virus are present, specifically
Aedes albopictus on all islands and, on Hawaii Island, A. aegypti
as well (2). Locally acquired cases can result when mosquitoes
bite infected travelers, including visitors and returning residents,
and then bite others. Since World War II, the state of Hawaii
has experienced only two other dengue fever outbreaks, in 2011
on the island of Oahu (Disease Outbreak Control Division,
Hawaii Department of Health, unpublished data, 2011) and
in 2001 on Maui, Oahu, and Kauai (2); before World War II,
autochthonous transmission of dengue had been common (2).
Although visitors were among the initial cases identified in
the latest outbreak, results of the HDOH call for cases suggest
the risk for infection is considerably greater for Hawaii Island
residents. Nonetheless, travelers to the state, and especially to
Hawaii Island, should refer to the HDOH website (http://health.
hawaii.gov/docd/dengue-outbreak-2015/) for details regarding
the ongoing outbreak or the CDC dengue website (http://www.
cdc.gov/Dengue/) for further information regarding dengue,
take appropriate precautions to avoid mosquito bites, and be
aware of the potential signs of dengue infection.
All travelers, whether visitors to the state of Hawaii or returning residents, should consult with and advise their health care
providers regarding their recent travel if they develop illness
within 2 weeks of their return home. All health care providers,
especially those in Hawaii, should be familiar with and alert for
signs and symptoms of dengue fever, as well as for other more
common infections such as leptospirosis, which sometimes
mimics dengue infection. Additionally, health care providers
should know the warning signs and management of potential
severe dengue (i.e., dengue hemorrhagic fever) (1). It is important for all persons, and especially for state of Hawaii residents
and those on Hawaii Island, to avoid exposure to mosquitoes,
eliminate potential mosquito breeding locations from their
property, and protect themselves from mosquito bites.
1Hawaii

Department of Health.
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FIGURE. Number of laboratory-confirmed cases (N = 107) of dengue fever, by date of onset — Hawaii Island, September 11–November 18, 2015
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Notes from the Field
Tetanus Cases After Voluntary Medical Male
Circumcision for HIV Prevention — Eastern and
Southern Africa, 2012–2015
Jonathan M. Grund, MA, MPH1; Carlos Toledo, PhD1; Stephanie M.
Davis, MD1; Renee Ridzon, MD2; Edna Moturi, MBChB3;
Heather Scobie, PhD3; Boubker Naouri, MD3; Jason B. Reed, MD4;
Emmanuel Njeuhmeli, MD5; Anne G. Thomas, PhD6; Francis Ndwiga
Benson, MSc, MBA7; Martin W. Sirengo, MBChB7; Leon Ngeruka
Muyenzi, MD8; Gissenge J.I. Lija, MD9; John H. Rogers, PhD10;
Salli Mwanasalli, DDS10; Elijah Odoyo-June, MBChB, PhD11; Nafuna
Wamai, MD12; Geoffrey Kabuye, MD12; James Exnobert Zulu13;
Jane Ruth Aceng, MBChB14; Naomi Bock, MD1

Voluntary medical male circumcision (VMMC) decreases
the risk for female-to-male HIV transmission by approximately
60% (1), and the President’s Emergency Plan for AIDS Relief
(PEPFAR) is supporting the scale-up of VMMC for adolescent
and adult males in countries with high prevalence of human
immunodeficiency virus (HIV) and low coverage of male circumcision (2). As of September 2015, PEPFAR has supported
approximately 8.9 million VMMCs (3).
During April 2012–November 2015, PEPFAR’s VMMC
program reported 12 tetanus cases in five sub-Saharan African
countries. Three cases occurred in 2012–2013 (one in Uganda
and two in Zambia), six in 2014 (one each in Kenya, Rwanda,
and Tanzania and three in Uganda), and three in 2015 (one
in Rwanda and two in Uganda). Eight patients received conventional VMMC surgery, and four received PrePex, a nonsurgical male circumcision device. No other VMMC-related
tetanus cases had been previously reported. Intensified adverse
event and death monitoring and reporting were instituted in
July 2014 in all 14 PEPFAR-supported countries providing
VMMC for HIV prevention.*
Detailed information was available for eight of the nine cases
reported during 2014 and 2015. Based on a case definition
established by the World Health Organization (WHO) (4), five
of the eight cases were determined by clinical investigation to
be causally associated with VMMC. The remaining three were
classified as indeterminate because of inconsistent or insufficient data. The age range of patients was 11–47 years. Each
patient was deemed eligible for VMMC through preoperative
screening and physical examination, and received counseling
on postoperative wound care. Among the six causally associated cases in 2014 and 2015, at least three patients (in Kenya,

Tanzania, and Uganda) reportedly had applied traditional
remedies to aid healing; these remedies might have contained
substances contaminated with spores of Clostridium tetani, the
causative agent of tetanus.
Six of the nine total cases from 2014 and 2015 were fatal
within 12–35 days of circumcision (case fatality ratio = 66.7%).
A previous study of tetanus among 154 adolescents and adults
at a rural Ugandan hospital reported an in-hospital case fatality
ratio of 42.1% among persons aged 14–45 years (5), although
this is likely an underestimate because it does not account for
deaths following hospital discharge. Several factors, including
delays in seeking medical attention, access to tetanus immune
globulin, and quality of supportive care, can affect survival.
WHO recommends a 3-dose infant primary series of tetanus vaccination administered as diphtheria-tetanus-pertussis
vaccine and, because tetanus immunity wanes over time,
3 booster doses through adolescence and young adulthood
(6). However, in most African countries, tetanus vaccination
coverage among infants is suboptimal (7), and booster doses
required for long-term immunity are predominantly provided
for young women as part of maternal and neonatal tetanus
elimination programs. As a result, a low proportion of males
in the age groups seeking circumcision would be expected to
be immune to tetanus.
PEPFAR is working with implementing partners and ministries of health to strengthen national surveillance systems for
VMMC-related adverse events, bolster the rapid investigation
of reported adverse events, and support the implementation of
tetanus mitigation strategies in accordance with WHO tetanus
prevention recommendations for VMMC programs, including clean wound care for VMMC clients (4). Despite these
12 reported events, VMMC is safe; <2% of VMMC clients
experience moderate or severe adverse events (2). As VMMC
scale-up continues, sensitive surveillance systems are needed
to monitor all adverse events, including rare events.
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QuickStats
FROM THE NATIONAL CENTER FOR HEALTH STATISTICS

Percentage* of Adults Aged 18–64 Years Who Did Not Wake Up Feeling Well
Rested on ≥4 Days in the Past Week,† by Parental Status, Sex, and Age of
Youngest Child§ — National Health Interview Survey,¶ 2013–2014
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Sex
* With 95% confidence intervals indicated with error bars.
† Based on the response of ≤3 days to the survey question “In the past week, on how many days did you wake
up feeling well rested?”
§ Based on the age of the youngest child living in the family.
¶ Estimates are based on household interviews of a sample of the noninstitutionalized U.S. civilian population
and are derived from the National Health Interview Survey’s sample adult component.

During 2013–2014, the percentage of adults who did not wake up feeling well rested on ≥4 days in the past week varied by
parental status and the presence of a young child in the family. Adults living with a child aged <3 years (48%) were most likely
to not wake up feeling well rested, followed by adults with children aged ≥3 years (41%) and adults with no children (36%). For
each category of parental status, women were more likely than men to not wake up feeling rested.
Sources: Nugent CN, Black LI. Sleep duration, quality of sleep, and use of sleep medication, by sex and family type, 2013–2014. NCHS data brief,
no. 230. Hyattsville, MD: US Department of Health and Human Services, CDC, National Center for Health Statistics; 2016. http://www.cdc.gov/
nchs/data/databriefs/db230.htm.
National Health Interview Survey, 2013–2014 data. http://www.cdc.gov/nchs/nhis.htm.
Reported by: Lindsey I. Black, MPH, lblack1@cdc.gov, 301-458-4548; Colleen N. Nugent, PhD.
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