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We conducted a randomized, controlled trial to test the ef-
fectiveness of a text-messaging system used for notification
of disease outbreaks in Kenya. Health facilities that used
the system had more timely notifications than those that
did not (19.2% vs. 2.6%), indicating that technology can
enhance disease surveillance in resource-limited settings.

utbreaks of epidemic diseases pose serious public

health risks (/). Kenya, like other Africa countries,
lacks the means to deliver adequate healthcare services.
This weakness compromises the success of the World
Health Organization’s Integrated Disease Surveillance and
Response (IDSR) and International Health Regulations
(IHR) strategies and often results in incomplete, delayed,
and poor-quality (i.e., not following standard case defini-
tions in the IDSR guidelines) paper-based reporting from
health facilities in remote areas. Furthermore, inadequate
reporting limits health managers’ ability to take appropriate
and timely action in response to health events (2,3).

Widespread expansion of mobile phone coverage in
Africa (4) offers opportunities to overcome weaknesses
in health systems and to improve medical and public
health practice through mobile health (mHealth) (5). De-
spite many mHealth projects undertaken in Africa, their
effectiveness has rarely been rigorously evaluated, lim-
iting evidence-based policy adoptions or project expan-
sion in scope or geography (6—9). In particular, evidence
of effectiveness of mHealth interventions for enhanc-
ing disease surveillance is scarce (/0). We undertook a
clustered, randomized, controlled trial with 135 health
facilities in Busia and Kajiado Counties in Kenya dur-
ing November 2013—April 2014 to test the effectiveness
of a mobile short-message-service (SMS)-based disease
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outbreak alert system (mSOS) for reporting immediately
notifiable diseases.

The Study

mSOS is a formatted text-messaging system that enables
communications between healthcare facility workers
and Ministry of Health managers and uses a Web-based
portal to monitor disease notifications and response ac-
tions taken by health managers (Figure 1; online Techni-
cal Appendix, http://wwwnc.cdc.gov/EID/article/22/4/15-
1459-Techappl.pdf). In our trial, health workers used
mSOS for 6 months to send information about suspected
cases or health events that required notification within 24
hours. Twelve diseases and conditions were selected for
the study (online Technical Appendix Table 1). Before
mSOS was implemented, we conducted a 1-day refresher
training course on IDSR for in-charges (i.e., medical of-
ficers in charge) of 135 participating health facilities; the
training focused on case definitions of notifiable diseases
and on paper-based reporting. During the training, facili-
ties were randomized into intervention and control groups;
the intervention group received an additional day of train-
ing on mSOS. Paper-based reporting continued throughout
the study period for both groups, so the intervention group
would report cases 2 ways.

Our primary outcome was determining how many
of the cases that required immediate notification were re-
ported within the time specified. Our secondary outcome
was determining, from among the cases for which notifica-
tions were sent, the proportion for which response actions
were taken. For evaluation purposes, data from health fa-
cilities were collected for 6-month periods before and after
the intervention launch (i.e., IDSR and mSOS training and
use of mSOS for 6 months). Cases detected, notifications
submitted, and responses undertaken were extracted from
facility records in both study groups. Notifications sent by
SMS were retrieved from the mSOS system. Our primary
analysis was intention-to-treat (i.c., analysis of cases from
all health facilities as they were randomized, regardless of
intervention exposure). Our secondary analysis was per-
protocol (i.e., our trial protocol) and was restricted to cases
reported by facilities whose in-charges had received train-
ing (i.e., IDSR training for control group; IDSR and mSOS
training for intervention group; Figure 2).

Characteristics of health facilities and in-charges were
similar; data from preintervention and postintervention
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Figure 1. Structure and communication flow of a mobile short-message-service—based disease outbreak alert system (mSOS) in Kenya.

Source: mSOS Technical Working Group, Ministry of Health Kenya.

surveys showed no significant differences between con-
trol and intervention groups (Table 1). Follow-up surveys
conducted 6 months after the intervention showed that
34 (51.6%) of 66 intervention group in-charges received
mSOS and IDSR training and 32 (49.2%) of 65 control
group in-charges received IDSR training (Figure 2; online
Technical Appendix).

A retrospective review of the baseline (preinterven-
tion) surveys showed that 36 cases (19 for intervention
group, 17 for control group), all measles, required imme-
diate notification. Of these 36 cases, only 1 immediately
notifiable case was reported (from a control facility using
paper forms). During the 6-month period after the interven-
tion, 169 immediately notifiable cases (130 for the inter-
vention group, 39 for the control group) were detected: 160
measles, 6 anthrax, 2 Q fever, and 1 guinea worm. Of the
39 cases detected in the control group, notification of only
1 case (2.6%), which was measles, was sent. Of the 130
immediately notifiable cases detected in the intervention
group, 25 (19.2%) were reported to disease surveillance
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coordinators at the subcounty, county, and national levels.
This proportion of cases reported was significantly higher
than that reported by the control group (% difference 16.7,
95% C12.71-25.07; Table 2).

All 25 cases for which notifications were sent from
the intervention group were measles cases reported
through mSOS; 2 cases were also reported with paper
forms. For these 25 mSOS notifications, the threshold
for a measles outbreak response (5 suspected cases) was
met once, and disease surveillance coordinators at the
subcounty level responded to this event. Furthermore,
24 (96%) of the 25 suspected measles cases were report-
ed within 24 hours.

In the per-protocol analysis, the percentage of cases
for which notification was sent was greater in the interven-
tion group than in the control group (27.3% vs. 4.8%), but
the difference was of borderline statistical significance (%
difference 22.5, 95% CI -0.32 to 34.13 by Wilson proce-
dure with continuity correction [//]). Similar differences
were found when the analysis was restricted to health
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Figure 2. Profile of control and intervention health facilities

and exclusions during the course of a study of a mobile short-
message-service—based disease outbreak alert system (mSOS) in
Kenya. IDSR, Integrated Disease Surveillance

and Response.

facilities that stocked paper-based tools (i.e., control group,
1/18 [5.6%] vs. intervention group, 22/78 [22.6%]; % dif-
ference 17.0, 95% CI -2.93 to 35.30).

Conclusions

This study showed that SMS intervention significantly in-
creased timely notifications; however, despite a relatively
large improvement, response remained suboptimal, with
timely notifications of only one fifth of detected cases.
These findings mirror results of a study in Tanzania, which
showed that SMS considerably increased vital registration
coverage but fell far short of reporting actual birth and
death events in the community (/2).

Our study has implications for health managers who
implement interventions to improve disease surveillance
in resource-limited settings. First, the number of de-
tected cases requiring immediate notification increased
postintervention. This effect was observed in both inter-
vention and control groups but was higher in the group
using SMS; this group had a 7-fold increase in detected
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cases compared with baseline findings. IDSR refresher
training may have contributed to increased case de-
tection, and the combined interventions, including the
technology component, resulted in a greater detection
effect. Second, expecting health workers to complete
paper-based forms and deliver them without incentive
within 24 hours is ineffective for ensuring notification
of cases, with or without exposure to the refresher train-
ing. Third, we observed a large drop-out rate (47.4%) for
health facility in-charges participating in the study. The
study took place during a period of health management
decentralization in Kenya, resulting in 47 new counties
and in health worker transfers. Lack of on-the-job train-
ing for staff who did not attend the training and lack of
support through posttraining follow-up and supportive
supervision were weaknesses in the intervention. These
systemic challenges, reported in other IDSR (/3) and
mHealth surveillance (/4) projects, must be addressed
to avoid compromising the sustainability of such inter-
ventions. Finally, attrition of health workers exposed to
the intervention and lack of paper-based tools explain
only part of our results. The short duration of the train-
ing deployed (/5) and the possibly suboptimal quality
of the training delivered (3) may have contributed to the
unrealized full potential of the intervention.

Despite its limitations (online Technical Appendix),
this study shows how technology in the form of mSOS can
increase the rate of notifications of suspected disease out-
breaks and enhance IHR compliance in resource-limited
settings. Further investigation into ways to optimize the
quality of delivery of mSOS interventions in countries with
weak healthcare systems is justified.
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Table 1. Characteristics of health facilities and their in-charges for intervention and control groups and study periods, Kajiado County,
Kenya*

Preintervention, no. (%) Postintervention, no. (%)

Characteristic Control, N =65 Intervention, n = 66 Control, n =65 Intervention,n =66 p valuet
Health facilities, Kajiado County 42 (64.6) 41 (62.1) 42 (64.6) 41 (62.1) 0.767
Ownership
Public 39 (60.0) 45 (68.2) 39 (60.0) 45 (68.2) 0.329
Private 15 (23.1) 13 (19.7) 15 (23.1) 13 (19.7) 0.637
FBO/NGO 11 (16.9) 8 (12.1) 11 (16.9) 8 (12.1) 0.435
Level of care
Hospital/health center 20 (30.8) 19 (28.8) 20 (30.8) 19 (28.8) 0.804
Dispensary 40 (61.54) 43 (65.15) 40 (61.5) 43 (65.2) 0.668
Other facility 5(7.7) 4 (6.1) 5(7.7) 4 (6.1) 0.712
Resource availability
Mobile phone 65 (100) 66 (100) 65 (100) 66 (100) -
Electricity 45 (69.2) 47 (71.2) 54 (83.1) 49 (74.2) 0.217
Water 54 (83.1) 47 (71.2) 51 (78.5) 50 (75.8) 0.713
Surveillance focal person 48 (73.9) 44 (67.7) 44 (67.7) 47 (71.2) 0.662
IDSR reporting toolf 22 (33.9) 23 (34.9) 34 (52.3) 32 (48.5) 0.662
IDSR job aid 44 (67.7) 44 (66.7) 49 (75.4) 55 (83.3) 0.261
Characteristic of in-charge
Female sex 32 (49.2) 39 (59.1) 32 (49.2) 39 (59.1) 0.257
Median age, y (IQR)§ 34 (29-48) 35 (3042) 36 (30—49.5) 37 (30-44) 0.677
Doctor/clinical officer 12 (18.5) 15 (22.7) 16 (24.6) 13 (19.7) 0.498
Nurse 46 (70.8) 48 (72.7) 44 (67.7) 48 (72.7) 0.529
Other healthcare worker 7 (10.8) 3(4.6) 5(7.7) 5(7.6) 0.980

*The table does not show data for Busia County because values will be inverse of data for Kajiado County (i.e., N minus n). N = total facilities in both
counties. The intervention group is the group of facility in-charges who were exposed to IDSR and mSOS training and to the mSOS intervention; the
control group is the group of in-charges who were exposed to IDSR training only. FBO, faith-based organization; IDSR, Integrated Disease Surveillance
and Response; in-charge, medical officer in charge of facility; IQR, interquartile range; NGO, nongovernment organization.

1x?test was used to compare the proportions between control and intervention groups. Wilcoxon Mann Whitney test was used to compare medians
between control and intervention groups (i.e., age of in-charges). Analyses were conducted by using an a level of 0.05. The p value is shown for the
postintervention period only.

tStandardized IDSR paper-based reporting form for immediately notifiable diseases.

§Data are median and Interquartile range rather than numbers and percentages. Denominator excludes 3 facilities with missing values in the
preintervention control group and 1 facility with missing values for each of the remaining 3 study groups.

Table 2. Postintervention reporting of immediately notifiable cases by study group under the intention-to-treat and per-protocol
analysis*

Control Intervention
Type of analysis Total Cases notified, no. (%) Total Cases notified, no. (%) % Difference (95% ClI)
Intention to treat 39 1(2.6) 130 25(19.2) +16.7 (2.71-25.07)
Per protocol 21 1(4.8) 88 24 (27.3) +22.5 (-0.32 to 34.13)

*Intention-to-treat analysis indicates analysis of treatment groups as they were randomized, regardless of the intervention exposure; per-protocol analysis
indicates restricted analysis of groups that completed the entire study according to the trial protocol.
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JOURNAL BACKGROUND AND GOALS

What are “emerging” infectious diseases?

Infectious diseases whose incidence in humans has increased in the past 2 decades or threatens to increase in
the near future have been defined as “emerging.” These diseases, which respect no national boundaries, include

New infections resulting from changes or evolution of existing organisms.

Known infections spreading to new geographic areas or populations.

Previously unrecognized infections appearing in areas undergoing ecologic transformation.

Old infections recmerging as a result of antimicrobial resistance in known agents or breakdowns in
public health measures.

Why an “Emerging” Infectious Diseases journal?

The Centers for Disease Control and Prevention (CDC), the agency of the U.S. Public Health Service charged
with discase prevention and health promotion, leads cfforts against emerging infections, from AIDS, hantavirus

pulmonary syndrome, and avian flu, to tuberculosis and West Nile virus infection. CDC’s efforts encompass
improvements in disease surveillance, the public health infrastructure, and epidemiologic and laboratory
training.

Emerging Infectious Discases represents the scientific communications component of CDC’s efforts against
the threat of emerging infections. However, even as it addresses CDC’s interest in the elusive, continuous,
evolving, and global nature of these infections, the journal relies on a broad international authorship base and is
rigorously peer-reviewed by independent reviewers from all over the world.

What are the goals of Emerging Infectious Diseases?

1) Recognition of new and reemerging infections and understanding of factors involved in discase emergence,
prevention, and elimination. Toward this end, the journal

* Investigates factors known to influence emergence: microbial adaptation and change, human
demographics and behavior, technology and industry, economic development and land use, international
travel and commerce, and the breakdown of public health measures.

Reports laboratory and epidemiologic findings within a broader public health perspective.

Provides swift updates of infectious disease trends and research: new methods of detecting,
characterizing, or subtyping pathogens; developments in antimicrobial drugs, vaccines, and prevention
or elimination programs; case Ieports.

2) Fast and broad dissemination of reliable information on emerging infectious diseases. Toward this end, the
journal

Publishes reports of interest to researchers in infectious diseases and related sciences, as well as to public
health generalists learning the scientific basis for prevention programs.

Encourages insightful analysis and commentary, stimulating global interest in and discussion of
emerging infectious discase issues.

Harnesses electronic technology to expedite and enhance global dissemination of emerging infectious
discase information.
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