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There are an estimated 226 000 hospitaliza-
tions annually in the United States caused by
influenza, with 3000 to 49 000 deaths annu-
ally over the past 3 decades.1,2 Pregnant
women are at increased risk for influenza
morbidity and mortality.3 Although pregnant
women represent only 1% of the US popula-
tion, in the 2009 H1N1 pandemic, they had
a disproportionately higher mortality risk.4,5

Infants are also more likely than other age
groups to experience influenza-related mor-
bidity and mortality, but infants younger than
6 months of age are too young to be vacci-
nated. Vaccination during pregnancy helps to
protect newborns both through passive trans-
fer of immunity6 and by “cocooning” the
newborn from influenza exposure by vacci-
nating those in close proximity.7 It is, therefore,
strongly recommended that women receive
influenza vaccination during pregnancy; those
who are not vaccinated during pregnancy
should be vaccinated in the postpartum pe-
riod.2,3 Women should be vaccinated early in
the fall, as soon as the vaccine becomes avail-
able, to achieve protection before influenza
begins circulating in the community.3 Despite
these recommendations, only 47% of pregnant
women in the United States received the in-
fluenza vaccine in the 2011---2012 season.8

Protection against influenza is especially im-
portant in low-income communities where
the risk of influenza transmission is higher.9

Text messaging has been successfully used
to increase vaccination coverage in general
pediatric and adolescent populations, as well
as in an adult travel clinic.10---14 Although
pregnant women have demonstrated interest
in text messages,15,16 vaccine text message
reminder-recalls have been limited in this
population. Text messages can be used to
remind women to be vaccinated against in-
fluenza, remind those who remain unvacci-
nated, and provide educational information
regarding influenza and the vaccine.15,17---19

Most adults in the United States have a cell
phone,20 and cell phone use is higher in lower
income populations.21

We assessed the impact of influenza
vaccine-related text messages in low-income
urban obstetric patients. We hypothesized
that text messages would be more efficacious
compared with usual care.

METHODS

This randomized controlled trial included
women who initiated prenatal care at 1 of 5
multispecialty community-based clinics affili-
ated with an academic medical center in New
York City, New York, during the 2011---2012
influenza season. The 5 sites are part of
a centrally administered ambulatory care
network, are located within 2 miles of the
medical center, and use a common electronic
health record (EHR). Four sites are staffed

by 1 obstetric group practice, and the fifth
site is staffed by family medicine providers.
These sites routinely provide influenza vacci-
nation to pregnant women. The clinics pri-
marily serve a publicly insured, Latina pop-
ulation. Uninsured pregnant women seen
at these sites are routinely enrolled in Med-
icaid, which covers vaccination.19

The study used a 2-step inclusion process.
Women were eligible for a screening text
message if they (1) had a first trimester ob-
stetric visit between February 1 and August
15, 2011, at 1 of the 5 clinical sites; (2) had
an estimated date of delivery after August 31,
2011; and (3) had a cell phone number
recorded in the institution’s registration system.
Vaccination was not offered for the 2011---
2012 season before August 15, 2011. All
women meeting these criteria were sent an
introductory text message that informed them
that they might receive pregnancy-related
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health messages. Women were instructed that
they could stop receiving messages either by
sending a text reply or by calling a phone
number. Messages were sent in English or
Spanish based on the patient’s language pref-
erence as specified in the registration system.
Messages provided an option to have the
message resent in the other language. Messages
that received an automated bounce response
were resent 1 week later. Text messages were
sent using a customized text-messaging plat-
form integrated with the institution’s immuni-
zation information system, EzVac. EzVac au-
tomatically collects outpatient and inpatient
vaccine administration data from the common
EHR used at the study sites and the hospital.10

Women were eligible for the trial if they had
a cell phone able to receive text messages,
defined as no automated bounce response on
the 2 attempts. Exclusion criteria included (1)
request to stop messages, (2) having the same
phone number listed in the database as another

person meeting eligibility criteria, and (3) pre-
vious receipt of an influenza vaccination in the
2011---2012 season (Figure 1).

Eligible women were individually random-
ized to the text messaging intervention or to
usual care using 1:1 allocation stratified by
clinic site, using the random sample algorithm
in SPSS version 19.0 (SPSS Inc., Chicago, IL)
with a randomly generated start point. The
study analyst was blinded to which group re-
ceived the intervention. To detect an absolute
difference of 9% or greater between groups in
influenza vaccination, as observed from a pilot
study in 294 pregnant women (unpublished
data), we needed a minimum of 458 partici-
pants in each group that allowed for 5% type I
error, 80% power, and equal allocation.

Intervention

Women in the intervention group received
a sequence of 5 weekly, automated text mes-
sage influenza vaccine reminders that were

developed based on focus groups.15 The first
message was introductory to let women know
they were due for an influenza vaccine. Three
other messages provided educational informa-
tion, including (1) that pregnant women and
their newborns are at increased risk for
influenza-related illness, (2) vaccine safety, and
(3) that doctors recommend the influenza
vaccine. Some messages suggested that women
discuss the vaccine at their next prenatal visit.
The fifth message was interactive; women
could select to receive more information re-
garding influenza risk, common misperceptions
regarding the influenza vaccines, side effects,
and need for yearly influenza vaccination
(data available as a supplement to the online
version of this article at http://www.ajph.org).
A final message was sent to assess satisfaction
with the text messaging service to which
participants were asked to reply whether they
“really liked” the messages, thought they were
“ok,” or “did not like” them. The messages
were written at a fourth grade level per the
Flesch-Kincaid readability statistic.

The first message was sent during the third
week of September, and the last in the series
was sent during the third week in October;
messages were discontinued for a woman once
she was vaccinated. The satisfaction message
was sent to all at the beginning of November.
Unvaccinated women in the intervention group
also received 2 text message appointment re-
minders, which included a reminder to ask for
the influenza vaccine at their next prenatal
visit. The first was sent for the first appoint-
ment between September 21 and November
2, 2011, and the second was sent for the first
appointment between November 3 and De-
cember 15, 2011. Women in both groups
received routine automated telephone pre-
and postnatal appointment reminders pro-
vided directly from the clinic network.

Statistical Analyses

The prespecified trial endpoints were the
receipt of vaccination calculated cumulatively
at the end of each month during the interven-
tion and an observation period (i.e., September
30, October 31, November 30, and Decem-
ber 31, 2011). These endpoints were selected
to better address protection during variable
times of onset of influenza activity in a com-
munity.22 Vaccination data were collected

17 excluded  
     15 vaccinated between randomization and     
          study initiation 
       2 < 14 weeks gestational age at study initiation 

17 excluded  
     13 vaccinated between randomization and     
          study initiation 
       3 < 14 weeks gestational age at study initiation 
       1 duplicate patient

  788 excluded 
       616 estimated delivery date < 9/1/2011 
       172 no cell phone number available  

  131 excluded 
       68 bounces 
       24 declined further messages 
         4 shared number 
       35 already received influenza vaccine

  1318 women sent initial text message 

1187 randomized 

594 assigned to usual care group 593 assigned to intervention group 

577 analysis sample 576 analysis sample 

2106 pregnant women visit between February 1 and August 15, 2011, at study sites 

FIGURE 1—Study flow diagram: Influenza Vaccine Text Message Reminders Study, New

York, NY, 2011.
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from the hospital immunization information
system, EzVac. Vaccinations were adminis-
tered (or not administered) as part of the
routine care by the clinic sites. We derived
baseline characteristics of age, insurance, lan-
guage, and clinic site from the institution’s
registration system.

We evaluated differences in proportions
receiving influenza vaccine at each endpoint
between randomized groups by using the v2

test and reported asymptotic 95% confidence
intervals (CIs). We used multivariable logistic
regression analyses to adjust for baseline dif-
ferences between the groups. Results were also
adjusted for the number of visits between the
start of the intervention on September 19,
2011, and the end of the observation period on
December 31, 2011, for those with visits, to
account for more potential opportunities for
vaccination. Results were also stratified by
gestational age at start of the intervention: less
than 14 weeks, 14 to 27 weeks, 28 to 33
weeks, and 34 weeks or more (including

postpartum). These gestational age groups
were selected a priori based on gestational
age---specific differences in visit frequency
and content. Analyses were conducted with
SPSS 19.0.

RESULTS

Of the 2106 women who met the visit
eligibility criteria, 1187 met all criteria and
were randomized (Figure 1). Five women at
less than 14 weeks gestational age were re-
moved from further analysis, as were 28
women who were vaccinated after randomi-
zation but before the intervention, and 1
duplicate patient. The remaining 1153
women constituted the analytical group; in-
tervention and usual care groups were similar
with regard to baseline demographic charac-
teristics, but differed in gestational age at
the start of the intervention (Table 1). The
mean number of clinic visits during the in-
tervention period for those with visits did

not differ (intervention group [4.57 62.3] vs
usual care group [4.74 62.3]; P= .25). The
majority of vaccines administered were given
prepartum (84.1% intervention; 82.4%
usual care; P= .62).

The cumulative vaccination rates by De-
cember 31, 2011, were 49.3% in the inter-
vention group versus 46.6% in the usual care
group (difference 2.7%; 95% CI = –3.2%,
8.6%; Table 2). After adjusting for gestational
age and number of clinic visits, women who
received intervention were more likely to re-
ceive an influenza vaccination (adjusted odds
ratio [AOR] = 1.30; 95% CI = 1.003, 1.69).
Tests for interactions between clinic site and
intervention were nonsignificant. Differences
accrued early in the fall and then were sus-
tained (Table 2; data available as a supplement
to the online version of this article at http://
www.ajph.org). The greatest effects were seen
early in the intervention (October 31: AOR =
1.35; 95% CI = 1.05, 1.75). The median
number of messages sent before a woman in
the intervention group was vaccinated was 3
(interquartile range = 3), which represents 3
weeks.

The greatest effect of text messaging was
seen among women who were in their early
third trimester (28---33 weeks gestation) at
the start of the intervention. Among these
women, there was up to a 15% absolute
difference in vaccination between those in
the intervention group and those in the usual
care group (Table 3). The difference between
groups was sustained through December 31
(61.9% intervention vs 49.0% usual care;
P= .029). These differences also persisted after
adjusting for number of clinic visits (September
30: AOR = 1.80; 95% CI = 1.01, 3.20; Octo-
ber 31: AOR = 2.07; 95% CI = 1.24, 3.44;
November 30: AOR = 1.86; 95% CI = 1.10,
3.11; December 31: AOR = 1.88; 95% CI =
1.12, 3.15).

Sensitivity analyses yielded similar adjusted
odds when the 28 women who had been
vaccinated before the start of the intervention
were included in the analyses. Likewise, sim-
ilar results were seen when the 225 women
who were retrospectively found to have had
a pregnancy outcome before the start of the
intervention were removed from the analysis.
When the 10 women who did not receive
any text messages were removed from the

TABLE 1—Baseline Characteristics of Pregnant Women Randomized to Text Message

Reminders vs Usual Care: New York, NY, 2011

Characteristic Intervention (n = 576), No. (%) Usual Care (n = 577), No. (%) P

Age, y .14

< 20 41 (7.1) 50 (8.7)

20–29 338 (58.7) 308 (53.4)

30–39 179 (31.1) 189 (32.8)

‡ 40 18 (3.1) 30 (5.2)

GA at text message initiation .004

14–27 wk 194 (33.7) 241 (41.8)

28–33 wk 139 (24.1) 143 (24.8)

‡ 34 wk 243 (42.2) 193 (33.4)

Previous pregnancies .24

First pregnancy 153 (26.6) 136 (23.6)

Previously pregnant 423 (73.4) 441 (76.4)

Insurance at start of pregnancy .22

Uninsureda 179 (31.1) 181 (31.4)

Medicaid/SCHIP 394 (68.4) 387 (67.1)

Private 3 (0.5) 9 (1.6)

Language .95

English 193 (33.5) 188 (32.6)

Spanish 377 (65.5) 383 (66.4)

Other 6 (1.0) 6 (1.0)

Note. GA = gestational age; SCHIP = State Children’s Health Insurance Program.
aOf note, these uninsured women would be covered by Medicaid for their pregnancy.
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analyses (i.e., analyses only including those
“on treatment”), the following effects were
seen: September 30: AOR = 1.35; 95% CI =
0.98, 1.86; October 31: AOR = 1.39; 95%
CI = 1.08, 1.80; November 30: AOR = 1.31;
95% CI = 1.01, 1.69; and December 31:
AOR = 1.33; 95% CI = 1.02, 1.72.

Nearly one quarter (23.2%) of the women
who were not vaccinated by December 31 had
an influenza vaccine order written, but the
vaccine was not administered; this occurred
primarily for vaccinations ordered in the out-
patient setting. The proportion of such women
did not differ between intervention and usual
care groups. Overall, influenza vaccination
coverage for the entire cohort (intervention

and usual care combined) remained low,
48.0% by December 31; the small family
medicine site had higher coverage of 76.9%,
whereas the obstetric sites had coverage rates
from 41.5% to 52.2%.

Only 10 women declined further messages
during the study. Women who were at less
than 14 weeks gestational age at the start of the
intervention were more likely to decline further
messages. All women in the intervention group
were sent a text message to assess their satisfac-
tion with the text message service. Only 12.5%
replied; 83.3% of those reported they liked it,
and an additional 4.2% reported that it was “ok.”

The allocated time to update the preexisting
text messaging system for this project was

approximately 60 hours, at an estimated cost of
US $2700 for programming time. The ongoing
personnel costs were an additional $45 (1
hour) per week for preparation and monitoring
of messaging. The cost of the more than 3000
text messages was approximately US $84.

DISCUSSION

Influenza vaccination is important for the
health of both pregnant women and their
newborns. This randomized controlled study
illustrated the potential of using text messages
to encourage influenza vaccination in this
population. Vaccination differences between
groups were observed after accounting for

TABLE 2—Cumulative Influenza Vaccination Coverage by Month of Assessment for Pregnant Women Randomized to Text Message

Reminders Vs Usual Care: New York, NY, 2011

Month

Intervention (n = 576),

No. (%)

Usual Care (n = 577),

No. (%)

Absolute Difference,

% (95% CI) Relative Rate (95% CI) AORa (95% CI) AORb (95% CI)

By September 30 111 (19.3) 88 (15.3) 4.0 (–0.51, 8.60) 1.26 (0.98, 1.63) 1.34 (0.98, 1.83) 1.34 (0.98, 1.85)

By October 31 252 (43.8) 228 (39.5) 4.2 (–1.6, 10.1) 1.11 (0.97, 1.27) 1.29 (1.01, 1.64) 1.35 (1.05, 1.75)

By November 30 273 (47.4) 259 (44.9) 2.5 (–3.4, 8.4) 1.06 (0.93, 1.20) 1.22 (0.96, 1.54) 1.27 (0.98, 1.65)

By December 31 284 (49.3) 269 (46.6) 2.7 (–3.2, 8.6) 1.06 (0.94, 1.19) 1.24 (0.97, 1.57) 1.30 (1.003, 1.69)

Note. AOR = adjusted odds ratio; CI = confidence interval.
aOdds ratio adjusted for gestational age at start of intervention.
bOdds ratio adjusted for gestational age at start of intervention and number of visits between start of intervention and end of review period.

TABLE 3—Influenza Vaccination Coverage, by Gestational Age at Enrollment, for Pregnant Women Randomized to Text Message

Reminders Vs Usual Care: New York, NY, 2011

Gestational Age at Start Date

Based on EDD/Review Date Cumulative by September 30 P Cumulative by October 31 P Cumulative by November 30 P Cumulative by December 31 P

14–27 wk .73 .34 .38 .47

Intervention, no. (%) 29 (14.9) 99 (51.0) 112 (57.7) 117 (60.3)

Usual care, no. (%) 39 (16.2) 112 (46.5) 129 (53.5) 137 (56.8)

Absolute difference (95% CI) –1.2% (–8.5, 6.1) 4.6 (–5.3, 14.5) 4.2 (–5.6, 14.1) 3.5 (–6.3, 13.2)

RR (95% CI) 0.92 (0.59, 1.44) 1.10 (0.91, 1.33) 1.08 (0.91, 1.28) 1.06 (0.91, 1.24)

28–33 wk .049 .009 .03 .029

Intervention, no. (%) 39 (28.1) 80 (57.6) 84 (60.4) 86 (61.9)

Usual care, no. (%) 26 (18.2) 60 (42.0) 68 (47.6) 70 (49.0)

Absolute difference (95% CI) 9.9 (–0.6, 20.4) 15.6 (3.4, 27.8) 12.8 (0.63, 25.1) 12.9 (0.71, 25.1)

RR (95% CI) 1.54 (0.996, 2.39) 1.37 (1.08, 1.74) 1.27 (1.02, 1.58) 1.26 (1.02, 1.56)

‡ 34 wk .095 .82 .92 .79

Intervention, no. (%) 43 (17.7) 73 (30.0) 77 (31.7) 81 (33.3)

Usual care, no. (%) 23 (11.9) 56 (29.0) 62 (32.1) 62 (32.1)

Absolute difference (95% CI) 5.8 (–1.3, –12.9) 1.0 (–8.1, 10.1) –0.4 (–9.7, –8.8) 1.2 (–8.1, –10.5)

RR (95% CI) 1.49 (0.93, 2.38) 1.04 (0.77, 1.39) 0.99 (0.75, 1.30) 1.04 (0.79, 1.36)

Note. CI = confidence interval; EDD = estimated date of delivery; RR = relative rate.
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the number of clinic visits made by each
woman, suggesting that the intervention was
helpful in ways other than having a woman
attend a visit. Although vaccination coverage
remained low, influenza vaccine coverage for
the intervention group in this study was higher
than national coverage for the same period
(43.2% by November 2011, the standard re-
view date used by the Centers for Disease
Control and Prevention).23 The greatest absolute
differences between the intervention and usual
care groups were seen early in the fall, the most
beneficial time to vaccinate, because women are
protected before influenza begins circulating in
a community.3 Delay of vaccination reduces both
effectiveness and cost effectiveness of influenza
vaccination of pregnant women.24

Many other interventions in pregnant
women have focused on provider education
or system interventions, such as the use of
standing orders or educational posters.25---27

Reminder-recalls are not commonly employed.
In previous work, our group used text mes-
saging vaccine reminder-recalls to improve
influenza vaccination in pediatric and adoles-
cent populations.10 Text messaging is simple
and easily scalable, particularly when immu-
nization data are available in an immunization
registry or EHR system. Once a system is set
up, a large number of text messages can be
sent rapidly, simultaneously, and inexpen-
sively. This can substantially lower the cost
compared with many other methods of com-
munication. Although modest, the increases
in vaccination observed in our study could
yield considerable public health benefits if
achieved on a national level. National pro-
grams like Text4Baby illustrated the interest
in and potential reach of text messages for
pregnant women. As of September 2013,
more than 235 000 pregnant women and
more than 384 000 new mothers received
messages through Text4Baby.28

Although the intervention was modestly
effective for the entire intervention cohort, it
had a larger absolute effect for women early
in their third trimester of pregnancy. Interest-
ingly, even in the usual care population, women
in their early third trimester at the start of the
fall had higher vaccination rates than those
who were later in their third trimester at that
time, suggesting that vaccination practices
might differ for women at that gestational age;

this finding deserves further study. Because the
intervention seemed to result in the largest
absolute differences for this group, it might
indicate that they could be a particularly good
target for interventions. Importantly, pregnant
women in the third trimester have been shown
to be at higher risk than those in other trimesters
to have an influenza-like illness episode.29

These women also accounted for the majority
of pregnant women with the severe 2009
H1N1 infection.30 Of note, a recent study in
low-income, primarily African American women
did not demonstrate an effect of text messages
on influenza vaccination in pregnant women,
but only included women who were at less than
28 weeks gestational age at enrollment.31

Vaccine safety fears have been shown in
pregnant women.27,32 Women earlier in their
pregnancy might have had greater concerns
regarding safety and fetal development,
whereas those closer to the end of their
pregnancy might think that they no longer
needed the vaccine for themselves. Although
we included in the text messages that vacci-
nation of pregnant women has direct benefi-
cial effects on the health of their newborns,6

future interventions could further emphasize
that message. Another study showed that
when women understood this “two-for-one”
benefit of the influenza vaccine, they were
more accepting of the vaccine.18

This study took place in a busy clinic
setting with a population with many compet-
ing priorities. Understanding problems in
workflow and streamlining vaccination might
be important, such that once a vaccination
decision is made, it is implemented effectively
and immediately. For example, we observed
that nearly one quarter of women who
remained unvaccinated by the end of the
study had an order written for an influenza
vaccine in the EHR. We also noted differ-
ences in vaccination patterns among provider
types. Pregnant women who were seen by
family medicine providers were more likely
to be vaccinated against influenza than those
seen by obstetrics and gynecology providers.
Other studies showed poorer vaccination
practices among obstetrics and gynecology
providers versus adult primary care pro-
viders.33 In addition, the 2011---2012 season
was a relatively mild one for influenza, which
might have led to lower overall vaccination

rates. Finally, although the text messaging
intervention was targeted solely at patient
factors, multiple factors, including provider
and systemic factors, played a role in influ-
enza vaccination.34---36

Several potential limitations should be
noted. Vaccination might have been under-
reported; however, vaccine documentation
occurred automatically once an order was
recorded as “administered” in the EHR. Al-
though a woman could have been vaccinated at
an outside site, nationally most pregnant
women received the influenza vaccine at
a provider’s office.23 If underreporting oc-
curred, it was likely that intervention and usual
care groups were equally affected. Second, we
were limited to the socioeconomic and demo-
graphic characteristic data in the EHR. Third,
although women who responded to the satis-
faction question liked the text messages, the
response rate was very low. In a previous
telephone survey of 175 pregnant women who
received text messages in a small pilot study,
the response rate was 89%, and the majority of
respondents (95.3%) were satisfied to very
satisfied with receiving the text messages, and
95.9% were somewhat to very likely to rec-
ommend them to other pregnant women.
Finally, findings might not be fully generaliz-
able because this study took place in a single
primarily low-income urban population.
Strengths of our study included the random-
ized design, the low cost, and the high potential
for dissemination of the intervention.

In conclusion, although overall coverage
remained low, influenza vaccine text message
reminders increased vaccination among preg-
nant and recently postpartum low-income
women, after adjusting for gestational age and
number of visits. The largest differences were
found in women who started receiving text
messages in their early third trimester. j
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