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Surveillance for acute respiratory infection (ARI) and influenza-like illness (ILI) relies primarily on reports of med-

ically attended illness. Community surveillance could mitigate delays in reporting, allow for timely collection of re-

spiratory tract samples, and characterize cases of non–medically attended ILI representing substantial personal

and economic burden. Text messaging could be utilized to perform longitudinal ILI surveillance in a community-

based sample but has not been assessed. We recruited 161 households (789 people) in New York City for a

study of mobile ARI/ILI surveillance, and selected reporters received text messages twice weekly inquiring whether

anyone in the household was ill. Home visits were conducted to obtain nasal swabs from persons with ARI/ILI. Par-

ticipants were primarily female, Latino, and publicly insured. During the 44-week period from December 2012

through September 2013, 11,282 text messages were sent. In responses to 8,250 (73.1%) messages, a household

reported either that someonewas ill or no onewas ill; 88.9% of responseswere receivedwithin 4 hours. Swabswere

obtained for 361 of 363 reported ARI/ILI episodes. Themedian time from symptom onset to nasal swab was 2 days;

65.4% of samples were positive for a respiratory pathogen by reverse-transcriptase polymerase chain reaction. In

summary, text messaging promoted rapid ARI/ILI reporting and specimen collection and could represent a prom-

ising approach to timely, community-based surveillance.

acute respiratory infection; influenza; influenza-like illness; respiratory viruses; surveillance; text messaging

Abbreviations: ARI, acute respiratory infection; ILI, influenza-like illness; MoSAIC, Mobile Surveillance for Acute Respiratory

Infections and Influenza-Like Illness in the Community.

Surveillance for influenza-like illness (ILI) in the United
States is conducted by state and local health departments
and the Centers for Disease Control and Prevention (1, 2).
These data are crucial for informing public health officials
about influenza activity during seasonal epidemics and pan-
demics (3) and for tracking other acute respiratory infections
(ARIs), which can also be associated with serious disease (4).
Surveillance for ILI and ARI relies primarily on reports of
outpatient visits made by primary-care providers and reports
of emergency department visits and/or hospitalizations (2,
5–8). This type of surveillance, however, captures only med-
ically attended ILI and therefore underestimates disease prev-
alence; it may also be biased by factors associated with
seeking medical care. Additionally, while capturing more

severe influenza cases that require medical attention is impor-
tant from a health-care utilization perspective, from a per-
sonal, societal, and economic perspective, understanding
the true burden of all influenza cases is important, since ILI
leads to many lost days of school and work. For example, in 1
US study, non–medically attended influenza was estimated to
cost $2 billion annually (9).
Although performance of ILI surveillance by persons in

the community is rarely undertaken, this strategy has several
benefits. Community surveillance is valuable, as it captures
cases of non–medically attended ILI/ARI and thereby allows
better estimates of the true disease burden and the spectrum
of disease. Further, surveillance of whole households allows
for assessment of secondary transmission. Reporting of acute
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illness at illness onset also facilitates more rapid reporting of
ILI/ARI, since there is no lag time associated with waiting for
a person to seek medical care. In previous pandemics, the
time delay from illness onset to acute-care visit to provider
report has been problematic (7). Finally, direct reporting
may also facilitate more timely collection of respiratory tract
secretions for pathogen testingwithin theoptimal 48–72hours
after illness onset (10).

Text messaging has been used for vaccination reminders
and other behavioral interventions (11, 12) and for vaccine
adverse event surveillance (13). In Madagascar, outpatient
providers have used text messaging to report aggregate
practice-level ILI incidence data (14), and in Mexico, text
messaging was pilot-tested for a one-time query of ILI symp-
toms in the general population during the 2009 influenza
A(H1N1) pandemic (15). However, to our knowledge, text
messaging has not been evaluated for longitudinal ILI/ARI
surveillance in a community-based sample. Thus, we aimed
to assess the feasibility of using text messaging to conduct
ILI/ARI surveillance in a US community and the impact of
text messaging on timeliness of illness reporting and speci-
men collection.

METHODS

Study design and participants

Between December 2012 and February 2013, we recruited
households in New York City for a 5-year community-based
study of ILI/ARI surveillance, the Mobile Surveillance for
Acute Respiratory Infections and Influenza-Like Illness in
the Community (MoSAIC) Study. Households were identi-
fied by contacting a random sample of participants who had
taken part in a large population-based survey of an urban,
primarily immigrant Latino community (http://www.wicer.
org). For the current study, eligible households had 3 or more
members with at least 1 member under 18 years of age, were
Spanish- or English-speaking, and had a cellular telephone
with text messaging. During household visits, 1 person vol-
unteered to be the household reporter, and research staff
collected sociodemographic information and health history
for all household members from the household reporter.
The institutional review boards of the Columbia University
Medical Center (New York, New York) and the Centers for
Disease Control and Prevention (Atlanta, Georgia) approved
this study.

Text messages and specimen collection

The household reporter received the following text mes-
sage twice weekly: “Reply with 1 or 2. Does anyone in the
household have runny nose, congestion, sore throat, cough,
body aches, or fever, or feels [sic] hot? 1: yes; 2: no.” Mes-
sages were sent in English or Spanish based on the reporter’s
preference. As an incentive to participate, household report-
ers received $20 each month if they responded to at least 75%
of the month’s text messages.

Research staff followed up on text message reports of a po-
tentially ill person via a phone call to the household reporter
to assess whether criteria for ILI/ARI had been met. If the

criteria were met, staff conducted a home visit to obtain a
nasal swab from persons who had been ill for 5 days or
less. If, at that visit, an index case (defined as the first symp-
tomatic individual in the household) was identified and had
been sick for more than 5 days but was still symptomatic, that
person was also swabbed. Additionally, households were vis-
ited monthly to promote retention. If a household member
met ILI/ARI criteria at an enrollment visit or during the
monthly visit, a swab was obtained. Informed consent from
adults and verbal assent from appropriately aged children
were obtained for collection of the sample.

The MoSAIC text messaging system is automated; mes-
sages are prescheduled to be sent, replies are precoded, and
receipt of replies is also automated. Updating of messages
to include new enrollees or to change phone numbers takes
approximately 10 minutes for 1–5 participants. Study staff
spend up to 15–20 minutes per week updating the system
with changes to phone numbers and approximately 5–10
minutes in total twice a week reviewing all responses. For
those responses indicating “sick,” the staff spends 5–60 min-
utes twice weekly to confirm ARI/ILI criteria and schedule a
home visit, depending on how many sick participants there
are. Each home visits takes approximately 45 minutes, in-
cluding time needed to travel to the household, obtain the
swab, update the study database, and deliver the swab to the
laboratory.

Analysis

To evaluate the feasibility of text messaging for community-
level surveillance, we determined the first year’s outcomes re-
garding text message response rates, median numbers of days
from symptom onset to swab collection, and the proportions of
each pathogen detected. All analyses were conducted using
SPSS, version 20 (SPSS Inc., Chicago, Illinois). Swabs were
analyzed by means of a nested multiplex polymerase chain re-
action assay (FilmArray Respiratory Panel 1.7) that identifies
17 viral and 3 bacterial respiratory pathogens (BioFire Diag-
nostics, LLC, Salt Lake City, Utah).

RESULTS

We recruited 158 of 187 (84.5%) eligible households;
nearly all (98.1%) remained in the study throughout the
first year (December 2012–September 2013), and 3 were re-
placed because they moved out of the catchment area. There-
fore, the study comprised a total of 161 households. Fewer
than 1% of households were ineligible to participate because
they did not have a cell phone, and 5.5% were ineligible be-
cause they did not have text messaging. Households included
an average of 4.9 members, and participants (n = 789) were
primarily female, Latino, and publicly insured (Table 1).

During the first year, 11,282 text messages were sent, and
responses were received for 8,250 (73.1%). Response rates
remained high throughout the study period (range, 68.1%–
83.7% per month). In the first full month of the study, the re-
sponse rate was 75.1%, and in the last month, the rate was
70.1%. On average, 84.5% of households responded at least
once in a given week (range, 74.7%–100% per study week).
Most responses (88.9%) were received within 4 hours, and
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96.2% were received within 12 hours. The rates of response
within 4 hours were similar for all study months (range,
85.6%–93.5%).
There were 363 ILI/ARI episodes reported, for which 361

(99.4%) nasal swabs were obtained (2 participants refused).
Most swabs (74.5%) included a report of symptoms of ARI/
ILI; the remainder were collected during a monthly visit only
(17.7%) or during an enrollment visit (7.8%). Approximately
half (52.9%) of reported cases of ARI/ILI occurred among
children. Two-thirds of swabs (69.5%) were from index
cases. The median time from symptom onset to nasal swab

was 2 days. Nearly half (41.6%) of samples were obtained
within 1 day of symptom onset; 65.7% were obtained with-
in 2 days, 82.3% within 3 days, and 95.8% within 5 days.
Collection of specimens within 3 days of symptom onset
was similar for all study months (range, 69.8%–92.3%). If
messages had been sent once a week and samples had been
collected on the same day as the message was sent, 47.4% of
swabs would have been obtained within 3 days of symptom
onset, and 68.1% would have been obtained within 5 days.
Overall, 236 (65.4%) samples were positive for a respi-

ratory pathogen, of which 44 (18.6%) were positive for
influenza A(H3N2) or influenza B. In addition, 12 other
respiratory pathogens were detected, including subtypes of
coronavirus (n = 39), subtypes of parainfluenza (n = 20), re-
spiratory syncytial virus (n = 9), adenovirus (n = 2), human
metapneumovirus (n = 13), rhinovirus/enterovirus (n = 117),
andChlamydophila pneumoniae (n = 3).A few of these cases
(n = 10) represented co-infection with more than 1 pathogen.
There was no significant difference in rates of detection of a
respiratory virus in samples collected within 3 days of symp-
tom onset and those collected after 3 days (66.0% and 62.5%,
respectively; P = 0.59).
One-quarter (24.9%) of the swabs collected were obtained

from children under 5 years of age; their positivity rate was
72.2%, and 8 (12.3%) were positive for influenza. Addition-
ally detected pathogens among children under 5 included
subtypes of coronavirus (n = 5), subtypes of parainfluenza
(n = 8), respiratory syncytial virus (n = 5), adenovirus (n = 1),
human metapneumovirus (n = 5), and rhinovirus/enterovirus
(n = 42). Most (n = 8) of the instances of co-infection were in
this age group. The positivity rate (55.6%) for persons aged
65 years or more was the lowest observed among the age cat-
egories. Of the 5 positive cases, 3 were cases of rhinovirus/
enterovirus, 1 was coronavirus, and 1 was parainfluenza.
Overall, 85 (23.5%) of the 361 ARI/ILI episodes and 12

(27.3%) of the 44 laboratory-confirmed influenza episodes
were associated with a medical visit. Among all of the ARI/
ILI episodes, health care was sought only a portion of the
time, with 16.6% of episodes including a visit to a primary-
care provider, 4.4% including a visit to an emergency depart-
ment, 1.4% including visits to both a primary-care provider
and an emergency department, and less than 1% including
a visit to a retail clinic or occupational health service. There
were significant differences in the frequency of illness epi-
sodes involving medical visits by insurance status (42.0%
commercial, 21.9% public, and 7.1% uninsured; P = 0.001)
and age (41.1% <5 years, 18.8% 5–17 years, 17.4% 18–64
years, and 11.1%≥65 years; P < 0.0001). There were nonsig-
nificant trends based on language spoken in the household
(18.9% Spanish, 12.7% English; P = 0.32) and patient’s ed-
ucation (adults only) (22.0% less than high school, 11.1%
high school, and 16.2% some college; P = 0.38).

DISCUSSION

Using this novel approach to prospective ILI/ARI surveil-
lance in the community, a high and rapid rate of response to
textmessages facilitatedprompt collection of respiratoryspec-
imens, which was sustained during the 10-month analysis
period. This suggests that text messaging is a potentially

Table 1. Characteristics of the Study Population, MoSAIC Study,

New York, New York, December 2012–September 2013

Characteristic

Participants
(n = 789)

No. %

Age group, years

<5 91 11.5

5–17 246 31.2

18–64 425 53.9

≥65 27 3.4

Sex

Female 482 61.1

Male 307 38.9

Latino ethnicity 784 99.4

Race

White 293 37.1

Black 4 0.5

Asian 1 0.1

Othera 491 62.2

Type of health insurance

Medicaid 603 76.4

Private 76 9.6

Uninsured 110 13.9

Nativity

Born in United States 356 45.1

Foreign-born, ≥10 years in United States 254 32.2

Foreign-born, <10 years in United States 179 22.7

Language (adults)

Spanish 322 71.2

English 124 27.4

Other 6 1.3

Education (adults)

Less than high school 195 43.1

High school graduation 113 25.0

Some college 144 31.9

Abbreviation: MoSAIC, Mobile Surveillance for Acute Respiratory

Infections and Influenza-Like Illness in the Community.
a In this primarily Dominican-born population, “other” represents

self-reported race and includes multiracial, Latino/Hispanic, and other

self-described racial groups.
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valuable tool for performing ILI/ARI surveillance in the
community.

Other household-based cohort studies in the United States
and internationally have used various methods to perform
surveillance for ILI/ARI, including telephone or e-mail re-
minders, symptom diaries and reporting hotlines, and weekly
home visits (16–18). The use of text messaging as a surveil-
lance tool has several advantages. Currently, 90% of US
adults own a cell phone (19). Minority adults also often use
text messaging (20), which could make text messaging a par-
ticularly effective mechanism for conducting surveillance in
minority populations (20, 21). Text messaging also prompts
timely reporting, which can decrease recall bias. A key fea-
ture of text messaging is scalability, allowing large numbers
of participants to be monitored at one time; after the initial
investment, the cost of each additional message is negligible.
Messages can be automated and sent simultaneously to as
many people as desired. If precoded responses are used, as in
this study, screening of responses is also rapid. Additionally,
while many people can be accessed simultaneously across
large geographical areas and in different languages, the send-
ing of the messages can be centralized; this allows wide-
spread deployment with standardization of data collection.

Rapid monitoring of ARI/ILI is essential for national and
international seasonal and pandemic influenza planning (22).
US public health officials and international consortiums have
endorsed community surveys in well-defined populations
and household studies as primary methods for assessing inci-
dence and secondary attack rates of pandemic influenza (23,
24). Surveillance of medically attended ARI/ILI under-
estimates illness incidence; in our study, only one-quarter
of ill persons sought medical care, and this was more likely
to occur for younger persons and those with commercial
insurance.

Other technology has been used for non–medically at-
tended disease surveillance at a broader community level,
such as Google Flu Trends (Google, Mountain View, Cali-
fornia) and Twitter (Twitter Inc., San Francisco, California)
(25–27) or crowd-sourcing of surveillance data. However,
these strategies have not been fully validated (28), and they
can only collect aggregate data without any specific details
about any 1 individual’s illness. More importantly, these
strategies monitor trends of people discussing or searching
for ARI-/ILI-related subject matter, and as such there cannot
be confirmation of symptoms. Additionally, samples cannot
be obtained to confirm an infectious etiology; confirmation of
ARI/ILI etiology is important, since there is poor correlation
between ILI symptoms and actual laboratory-confirmed in-
fluenza (29). In our study, surveillance by text messaging al-
lowed collection of individual-level data as well as collection
of a respiratory specimen for confirmation of disease. The use
of text messaging also facilitated rapid collection, resulting
in most specimens being obtained within 48–72 hours of
symptom onset, when viral shedding is highest (10). How-
ever, in this study there was no difference in the detection
of a respiratory viral pathogen among samples obtainedwithin
72 hours of symptom onset and samples obtained after 72
hours; this finding may be due to the ability of polymerase
chain reaction assays to detect small amounts of virus or non-
viable virus after several days of illness.

Therewere limitations to this study. Although participation
rates were high, persons who chose to participate could have
differed from the general population. For example, text-
message surveillance may be difficult to perform in the el-
derly (19, 30). As with any surveillance study, there is a
risk of underreporting, but we received 73% of expected re-
plies. Since households reported twice weekly, we do not
know how reporting would have been affected if they were
only asked to report once a week. However, we have not re-
ceived complaints about twice-weekly reporting, and this fre-
quency allows for optimal timing of specimen collection. We
do not know the extent to which compensation paid to partic-
ipating households may have contributed to reporting rates.
The issues associated with compensation for participating
in ongoing active surveillance are likely to be the same re-
gardless of the data collection method utilized. However,
reaching and tracking each household by phone is more time-
consuming than sending 1 batch of text messages simultane-
ously and following up via phone solelywith thosewho report
symptoms. It also may be more burdensome and intrusive for
families to have to answer a phone call as opposed to return-
ing a text message at a time that is convenient for them. In
addition, tracking of phone calls requires more data entry
than tracking of text message replies, which can be automat-
ically retrieved from the text message platform. In future
studies, investigators could assess differences in reporting
and costs for phone reporting versus text messaging. We
identified a respiratory pathogen for only 65% of ARI/ILI ep-
isodes, although this is consistent with other studies using
reverse-transcriptase polymerase chain reaction assays (31,
32). Finally, the project was conducted in an English- and
Spanish-speaking low-income urban population. Thus, our
findings may not apply to other communities, and this should
be assessed.

In summary, text messaging promoted rapid ILI reporting
and specimen collection and represents a promising approach
to timely surveillance in the community. In further work, re-
searchers should explore the feasibility of expanding data
collection to a larger population for wider surveillance of in-
fluenza or other infections. This rapid surveillance approach,
coupled with specimen collection, could be useful for mon-
itoring other seasonal and pandemic respiratory and nonre-
spiratory illnesses, as well as for a bioterrorism event.
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