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Abstract. As countries transition toward malaria elimination, malaria programs rely on surveillance–response sys-
tems, which are often supported byweb- andmobile phone–based reporting tools. Such surveillance–response systems
are interventions for elimination, making it important to determine if they are operating optimally. Ametric to measure this
by is timeliness. This study used a mixed-methods approach to investigate the response time of Zanzibar’s malaria
elimination surveillance–response system, Malaria Case Notification (MCN). MCN conducts both passive and reactive
case detection, supported by a mobile phone–based reporting tool called Coconut Surveillance. Using data obtained
from RTI International and the Zanzibar Malaria Elimination Program (ZAMEP), analysis of summary statistics was con-
ducted to investigate the association of response time with geography, and time series techniques were used to in-
vestigate trends in response time and its association with the number of reported cases. Results indicated that response
time varied by the district in Zanzibar (0.6–6.05 days) and that it was not associated with calendar time or the number of
reported cases. Survey responses and focus groups with a cadre of health workers, district malaria surveillance officers,
shed light on operational challenges faced during case investigation, such as incomplete health records and trans-
portation issues, which stem from deficiencies in aspects of ZAMEP’s program management. These findings illustrate
that timely response for malaria elimination depends on effective programmanagement, despite the automation of web-
based or mobile phone–based tools. For surveillance–response systems to work optimally, malaria programs should
ensure that optimal management practices are in place.

INTRODUCTION

Between 2000 and 2015 there was marked progress in
malaria control worldwide, with a 41% decrease in malaria
incidence and a 62% decrease in malaria mortality.1 As a re-
sult, malaria elimination, or zeroing the incidence of in-
digenous malaria cases in a specific geographic region, has
become a stated objective.2 In fact, 35 countries across the
world have made formal commitments toward elimination.3

However, the prospect of eliminatingmalaria is only feasible in
countries that presently havea lowmalaria burden, are located
near “the margins of malaria-endemic regions,” and have the
health system capacity to conduct a “relentless focus on
surveillance and response.”4

Key to malaria elimination is the interruption of its trans-
mission, which requires rapid detection and treatment of all
infected individuals early in the course of illness.5 Infected indi-
viduals can become a source of the parasite if left untreated, so
the quicker a surveillance system can identify cases, the faster
response can be taken to halt onward transmission. Tradition-
ally, malaria programs use passive case detection (PCD), which
relies on health facilities to report cases they detect. However,
at near-elimination levels, malaria is characterized by temporal
and geographic micro-epidemiological variations6 and the pro-
portion of asymptomatic cases can be higher—especially in
regions that have recently reduced transmission.7 This renders
PCD insufficient to aid malaria elimination, as it is unable to de-
tect all malaria infections. As a result, malaria programs turn to
reactive case detection (RACD) when pursuing malaria elimina-
tion, which involves case investigation of household members
and/or surrounding households of a passively detected index

case.8 Secondary cases of malaria aremore likely to be found in
index case households or nearby households than in noncase
households,9–12 making RACD useful for targeting public health
efforts.13 Such surveillance–response systems produce spatio-
temporal data in near-real time14 to guide public health response
and are considered an intervention during the elimination
phase.8 To facilitate rapid surveillance and response, in addition
to making data more accessible, many malaria programs have
incorporated novel information communication technologies
into their surveillance–response systems.15

Zanzibar, an archipelago off the coast of Tanzania, with two
major islands (Unguja and Pemba), is one region that is pur-
suing elimination.16 The introduction and scale-up of inter-
ventions in 2004, supported by assistance from the Global
Fund to Fight AIDS, Tuberculosis, and Malaria17 and the U.S.
Presidents Malaria Initiative (PMI),18 reduced malaria preva-
lence from 35–40% in 199519 to 1% as of 2007.20 Because of
the low burden of malaria and the isolation of Zanzibar as an
island, the government of Zanzibar conducted a malaria
elimination feasibility assessment in 2009. The findings in-
dicated that elimination was possible but would require a high
coverage of interventions and a robust surveillance–response
system.19 As a result, the government of Zanzibar launched
Malaria Case Notification (MCN) in 2012, a surveillance–
response system that uses both PCD and RACD via a novel
mobile-based reporting technology called Coconut Surveil-
lance. Coconut Surveillance was developed by RTI In-
ternational21 with support provided by PMI’s Tanzania Vector
Scale-up Project (TVCSP).22 Furthermore, Zanzibar shifted
strategy from control to elimination by launching the Zanzibar
Malaria Elimination Program (ZAMEP) in 2013, which has a
goal of achieving malaria elimination by 2018.23

As an essential component of malaria elimination,
surveillance–response systems should undergo periodic evalu-
ations to assess their performance.24 A vital metric is timeliness,
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which captures the length of time taken to collect, analyze,
and disseminate data.25 Despite its importance, timeliness
has not been measured in a standardized manner and it is a
relatively underdeveloped metric. Most of the studies in-
vestigating timeliness of surveillance have focused on sim-
ple measures, such as summary statistics of response time
(i.e., median and interquartile range [IQR]), response time
ranges, and proportion of cases reported within a preset
time range.26,27 A few other studies went beyond simple
measures and investigated the relationship of timeliness
with health system and surveillance–response system fac-
tors, geographic factors, and epidemiological factors.28,29

To our knowledge, very few studies have investigated timeliness
ofmalaria surveillance in amalaria eliminatingcountry30–32 or in a
subnational elimination program.33 These studies investigated
the association of timeliness with health system factors and
compared timeliness before and after the introduction of
web-based and mobile phone–based reporting systems or
the initiation of an elimination program. However, to our
knowledge, none have investigated trends in surveillance
timeliness of a mobile phone–based elimination program.
This study aimed to fill a gap in the surveillance timeliness

literature by evaluating a subnational elimination program that
has yet to be studied, Zanzibar’s MCN system. Furthermore, it
primarily focused the analysis on trends in timeliness after the
mobile phone–based system was implemented and analyzed
the association of timeliness with geographical and epidemio-
logical factors. Investigating the trend in MCN’s timeliness can
assess if its ability to gather information and support decision-
making for elimination has changed over time. This study also
administered surveys and conducted focus groups to assess
operational challenges faced during case investigation, which
provided a more holistic understanding of timeliness.

MATERIALS AND METHODS

Study population.The study population comprisedmalaria
case data from PCD at health facilities and RACD, or case in-
vestigation, between October 5, 2012, and July 31, 2014. In
addition, a cadre of health workers called district malaria sur-
veillance officers (DMSOs), who conduct case investigation,
wereprovided paper-based surveys andasked toparticipate in
focus group discussions to provide qualitative data on opera-
tional challenges faced during case investigation.
Study setting: MCN and response. All 150 government

health facilities participate in MCN, a number which did not
change throughout the study period. When a malaria case is
passively detected at health facilities using a rapid diagnostic
test (RDT) or blood slide microscopy, health-care workers
record patient information in a malaria case register (MCR)34

and report the case to ZAMEP using a mobile phone.15 The
primary RDT used in Zanzibar is the SDBIOLINEMalaria Ag P.
f/Pan test (Chicago, IL).34 These steps comprise the PCD
component of MCN. RACD, or case investigation, is then
conducted by DMSOs.
There are 20DMSOs in Zanzibar, twoper each of Zanzibar’s

10 districts. Each DMSOs was provided a motorcycle by the
TVCSP for transportation purposes and a tablet preloaded
with Coconut Surveillance to record case information.35

Cases reported by health facilities are automatically transferred
to a DMSO’s tablet if they are assigned to the same district in
which the indexcasewas reported.Oncecasesare transferred,

DMSOs receive a case notification on Coconut Surveillance
and commence RACD. DMSOs then review and collect case
information at health facilities; travel to the index household to
geo-locate the household; capture additional information, such
as bed net usage; test all household members for malaria with
RDTs; and treat those with positive results.15,34 Data collected
on their tablets are opportunistically synced to the cloud (the
Coconut Surveillance server) to allow for near–real-time track-
ing of cases.21 This process is to take placewithin 48 hours,36 a
benchmarkwhich follows theWorldHealthOrganization (WHO)
guidelinesoncase investigationduring the eliminationphase.37

Once surveillance data are in the Coconut Surveillance server,
ZAMEPcananalyze themtodetermine if responseactivities are
needed. Figure 1 depicts the process of case detection and
reporting to case investigation.
Data sources. Data were obtained with permission from

RTI International and ZAMEP, and included all case records in
MCN from October 5, 2012, to July 31, 2014, which coincide
with the middle of the low-transmission season in 2012 and
the end of the high-transmission season in 2014. Although
MCN captures both PCD and RACD data, analysis used only
passively detected cases to analyze timeliness. The database
covers a period of 634 days and 4,774 reported index cases.
Malaria cases were not reported for 18 days during this time
period, whichwas interpreted as zero cases detected for each
day. TheMCN case data aremaintained at the patient level, and
includeade-identifiedcase identification (ID) number. Eachcase
ID has a corresponding time stamp for every step of PCD (case
reporting) and RACD (case notification, health facility follow-up,
household follow-up, and complete household member testing)
in addition to information on the patient, household size, health
facility the case was detected at, and an identifier for the DMSO
who was responsible for case investigation.
Using these data, Response Time Per Case was measured

as the period of time (in days) from case reporting to when
case investigation is finished (when all household members
are tested). There was one observed case in which response
timewas less than zero, and it is not knownwhy this occurred.
This observationwas excluded before data analysis. Similarly,
there is a large peak in response time observed just after MCN
was implemented (on November 5, 2012), which could be
attributed to training and learning curves of DMSOs. The raw
MCN case data, including both the number of reported cases
and the average response time compressed to the daily level,
can be seen in Figure 2. Note, high variability in average re-
sponse time per day can be observed at a time when the
number of reported cases is low. It is unclear why this oc-
curred. Using the case records, additional variables were
created to capture geographic and epidemiological factors
(the district a case was reported in and the number of cases
reported per day per district).
Ethics. The study protocol was approved by the In-

stitutional Review Board at Duke University in North Carolina.
The DMSOs provided written consent in Swahili to participate
in the interviews and focus groups. Furthermore, all personal
identifiers were removed from the datasets before analyses
were undertaken.
Data analysis.Quantitative analysis. The quantitative analysis

in this study was guided by three broad hypotheses. 1) Re-
sponse time per case varies by district. Operational capacity
to report and respondtocases is likely tobe inconsistentacross
Zanzibar’s districts. Measuring the variation of response time
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may identify districts that are lagging, which can be used to
more efficiently target public health resources. 2) Response
timeper case is negatively associatedwith calendar time—such
that response timegoes down (improves) over the course of the
study period. At the time of the study, MCN had been in oper-
ation for less than 2 years. For the purposes of supporting
ZAMEP to achieve malaria elimination, it was expected that
DMSOs would become more efficient as they became more
experienced. 3)Response timeper case is positively associated
with the number of reported cases. As the number of reported
cases increases, it was expected that DMSOswould takemore
time to respond. Identifying the degree towhich this happens is
an important operational measure of MCN’s performance.
The first hypothesiswas investigatedbyanalyzing summary

statistics (median reported cases, as well as the median and
IQR of response time). The second and third hypotheses were
analyzed by using time series techniques to characterize
timeliness of case investigation over the study period, and to
assess whether response time (Response Time per Case)
varied by calendar time (Time) - both measured in days - and
the number of reported cases (Reported Cases). Generalized
linear models were fitted to the dependent variable,Response
Time Per Case, hereafter referred to as response time. Fourier
terms were also included in the model to account for potential
periodicity in response time due to seasonal fluctuations in
malaria transmission. In this study, the Fourier terms con-
sisted of a sine and cosine function of Time. Table 1 sum-
marizes the variables used to analyze response time. In
addition to periodicity, there is likely to be short-term auto-
correlation and correlation of response time by DMSO be-
cause the same DMSO is responsible for investigatingmultiple
cases in the same district. As such, a general estimating
equation (GEE) was used to account for these potential corre-
lations in response time, with a log link, an exchangeable
working correlation structure, and a negative binomial distri-
bution to account for overdispersion in the outcome. Two

models were used in the analysis. The first model investigated
the association of calendar time with response time to un-
derstand linear trends in timeliness ofMCN. The secondmodel
included a term for the number of reported cases to investigate
the association of calendar time with response time, while
controlling for the number of cases. Sensitivity analyses were
conducted for both models by excluding the peak in response
time on November 5, 2012. This peak was excluded in the
modeling because its value stood far outside the surrounding
temporal values for response time.Otherpeaks in thedatawere
clustered together, whereas this peak was isolated.
Qualitative analysis. The second part of this study consisted

of survey administration and focus group discussions with
DMSOs to better understand the operational challenges faced
during case investigation. All 20 DMSOs in Zanzibar were
provided a survey with closed and open-ended questions that
covered the topics of transportation, completeness and accu-
racy of data in MCRs at health facilities, household follow-up,
and technological issues. Surveys were translated to Kiswahili
before administration. Responses from 18 of the 20 DMSOs
were received. The two surveys missing were from DMSOs in
Unguja. Results were analyzed for global themes which were
probed further during subsequent focus groups. Two separate
focus groups were held with DMSOs in Unguja (on July 25,
2014) and Pemba (on July 26, 2014). In-depth notes were later
evaluated for additional themes and details. The focus groups
were conducted in Kiswahili with the assistance of a translator.
All 20 DMSOs attended the focus groups.

RESULTS

Quantitative findings. Variation of response time by
district. The median and IQR of response time in each dis-
trict in Zanzibar, along with the median number of reported
cases in each district, can be found in Table 2. A notable
finding was that on average, the median response time is

FIGURE 1. Case reporting and district malaria surveillance officer (DMSO) follow-up. MCR = malaria case record. This figure appears in color at
www.ajtmh.org.
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higher in districts in Unguja than that in Pemba. Similarly, on
average, the median number of passively reported cases is
also higher in districts in Unguja than that in Pemba. Another
finding to note is the high variability in the median response
time across districts, ranging from 0.6 days (IQR: 0.03–0.07) in

Wete District to 6.05 days (IQR: 1.33–15.24) in South District.
Furthermore, there also seemed to be high variability in re-
sponse time within districts. This is illustrated by large IQRs,
with the spread of data being higher in districts in Unguja than
of those in Pemba.
Association of response time with time and reported cases.

Results of the GEE models can be seen in Table 3. The first
model indicated that there was no significant linear change in
response time over calendar time after controlling for the
seasonal effect. The results for the second model, which fur-
ther controlled for the number of reported cases, also in-
dicated that therewas no significant linear change in response
time. The association between the number of reported cases
and response time was positive: 1.004 (95% confidence in-
terval: 0.994–1.013), indicating that for each additional re-
ported case, the response time increased by 0.004 days.
However, this association was not statistically significant at
the 0.05 level.
Qualitative findings. Survey responses and focus group

discussions with DMSOs revealed that, across case investi-
gation, DMSOs encountered operational challenges in four
broad areas: missing and inaccurate information in MCRs,
difficulty finding households and surprise and distrust on
household follow-up, transportation and network connectivity

FIGURE 2. Average daily response time (days) and reported cases per day in MCN. Note: Peak seasons of malaria transmission occur between
May and August. This figure appears in color at www.ajtmh.org.

TABLE 1
Description of variables

Variable Description

Response time Overall response time fromcase reporting
to complete householdmember follow-
up for each case. Complete follow-up
captures the amount of time it takes to
capture case data on each household
member, which often necessitates
revisiting of households.

Time Length of time MCN
has been in place, measured in days

District Administrative district of the health facility
or hospital where the case was
detected

Reported cases Total number of cases reported within a
district on the same day

Fourier terms Sine and cosine functions of the time
variable
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issues, and finally varied case prioritization. These challenges
are summarized in Table 4.
Missing and inaccurate information in MCRs. A challenge

DMSOs consistently reported was incomplete or inaccurate
information found in MCRs at health facilities. DMSOs noted
that contact information of the patient (phone number and
address) was frequently missing from MCRs—a problem
which impaired theDMSOs’abilities to conduct thehousehold
follow-up step. Some DMSOs hypothesized that this was
because of a patient’s inability to provide answers or an un-
willingness to divulge personal information. It was posited by
some DMSOs that incorrect information in a MCR and a pa-
tient’s inability to provide certain information, such as their
address, were due to their recently arriving in Zanzibar.
However, other DMSOs theorized that health facilities failed to
collect this information because of either being too busy or an
overreliance on them to collect this information. In terms of the
latter, it wasperceivedbyDMSOs that health facility personnel
considered the recording and reporting of cases to be the sole
responsibility of DMSOs. In fact, DMSOs also reported that
they would occasionally find cases in MCRs that were not
reported to MCN. In such circumstances, DMSOs had to re-
quest health facility personnel to report the case to receive the
case notification.
Difficulty finding the household and surprise and distrust

on household follow-up. Because of missing information in
MCRs, DMSOs often had difficulties locating index case
households. However, even once they arrived for household
follow-up, DMSOs encountered additional problems. One
issue reportedwas that householdmemberswere surprised
to see DMSOs or were not present—necessitating repeat
follow-ups. Another issue reported was that household
members often refused to be tested, fearing the use of

needles or suspecting that the test was meant for HIV and
not malaria.
Transportation and network connectivity issues. An over-

arching issue reported which affected the entire case in-
vestigation process was transportation issues. DMSOs
primarily rely on the motorcycles provided by the TVCSP to
travel to health facilities and households. However, fuel
shortages in Zanzibar made it difficult for DMSOs to use
them—necessitating the use of public transportation. Issues
related to transportation were more commonly reported in
Pemba. In bothUnguja andPemba, DMSOs reported that lack
of reliable transportationbecameespecially problematicwhen
they faced a high number of reported cases or caseswith large
distances between them. Network connectivity issues were
also reported,whichdelayedwhenDMSOscould senddata to
Coconut Surveillance. This was exemplified by the fact that
DMSOsoften had to travel 8–20 km (5–12miles) to get a signal
for opportunistic synchronization with the Coconut Surveil-
lance server to occur.
Varied case prioritization. Finally, DMSOs revealed that their

case prioritization often did not follow the order in which case
notifications were received and that prioritization of cases
varied. Whereas some would prioritize cases that were re-
ported first, others would prioritize cases that were reported
most recently. Meanwhile, other DMSOs would prioritize
cases depending on their location.

DISCUSSION

Taken together, the quantitative findings and responses
from DMSO surveys and focus groups illustrate the com-
plexities of rapid reporting and case investigation for malaria
elimination. In fact, case investigation in Zanzibar often did not
occur within internationally agreed on standards. Over the
course of the study period, the median response time ranged
from0.602 days to 6.05 days. Onlywithin four of Zanzibar’s 12
districts (Chake Chake, Mkoani, North A, and Wete) were
DMSOs able to complete case investigation (follow-up to the
household and testing of all household members) within
WHO’s 48-hour benchmark. This challenge, however, is not
unique to Zanzibar and has been identified in other settings.12,31

Incidentally, the districts in which case investigation was
completed within 48 hours had some of the lowest numbers
of reported cases, which could explain a faster response
time. Furthermore, the IQR of response time in these districts

TABLE 2
Response time (days) and median reported cases per district

District
Median passive cases
reported (per day)

Response time (median and IQR)

Median 25th percentile 75th percentile IQR IQR–median ratio

Districts in Unguja
Central 6 6.04 2.17 10.49 8.32 1.38
North A 3 1.93 0.93 4.10 3.17 1.64
North B 4 5.88 2.06 12.44 10.38 1.77
South 5 6.05 1.33 15.24 13.91 2.30
Urban 3 4.95 1.96 11.18 9.22 1.86
West 5 5.00 2.25 9.29 7.04 1.41

Districts in Pemba
Chake Chake 1 1.96 0.98 3.98 3.00 1.53
Micheweni 3 4.11 1.20 15.13 13.93 3.39
Mkoani 2 0.92 0.16 1.93 1.77 1.93
Wete 2 0.60 0.03 1.07 1.04 1.73
IQR = interquartile range. Administratively, Zanzibar is divided into 10 districts, six of which are in Unguja and four of which are in Pemba.

TABLE 3
Modeling results for case response time

Variables Model 1 IRR (95% CI) Model 2 IRR (95% CI)

Time (days) 1.000 (0.999–1.000) 1.000 (0.999–1.000)
Sine (time) 0.924 (0.876–0.975)** 0.932 (0.881–0.986)*
Cosine (time) 1.591 (1.479–1.710)** 1.592 (1.480–1.713)**
Reported cases – 1.004 (0.994–1.013)
Constant 7.987 (6.697–9.526)** 7.870 (6.579–9.414)**
CI = confidence interval; IRR = incidence rate ratios. Output presented are IRR, with values

in parentheses being the 95% CI. Asterisks indicate that the variables are statistically
significant: * = at the 0.05 level and ** = at the 0.01 level of significance. Note: constant here
refers to the intercept, or the response time at the beginning of the time series.
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were also the lowest—illustrating the consistency of case
investigation. For the remaining districts, however, median
response times ranged from 4.11 days to 6.05 days and re-
sponse time IQRs ranged from 7.04 days to 13.93 days. The
varied nature of response time in Zanzibar showcases how
operational challenges can impede case investigation de-
spite the automation provided by mobile reporting, a finding
noted in other studies on malaria eliminating countries.12,38

In their responses to surveys and focus group discussions,
DMSOs shed light on four broad program management
challenges faced during case investigation that could impact
timely case investigation and malaria elimination efforts:
unclear definition and distinction of roles within ZAMEP, er-
roneous data provided by newcomers, transportation and net-
work connectivity issues, and finally varied case prioritization.
Definition and distinction of roles in ZAMEP. Some

DMOSs noted that health facility personnel seemed to be
overly reliant on them to collect the information in MCRs. This
wasmost evident by theoccurrenceof incomplete information
and a failure to report cases. This lack of clear division of labor
and distinction of roles between health facility personnel and
DMSOs could explain why patients and family members were
either surprised to see DMSOs or were not present during
household follow-up. The latter issue has been previously
reported in other studies.10 Without health facility personnel
collecting clear and full information and conveying to malaria
patients that a follow-up will occur, delays in the household
follow-up and household member testing can be inevitable.
This speaks to the need for clearly defining and distinguish-
ing roles of all parties involved in malaria case detection,
reporting, and investigation. Assuring standard operating
procedures (SOPs) and ensuring that all responsible parties un-
derstand program goals can make success more likely.24,39,40

For health facility personnel, this could be facilitated by the
introduction of an electronic platform on which cases can be
recorded and reported to reduce the dual burden of paper re-
cords and electronic reporting.
Erroneous data provided by newcomers. Another fre-

quent issue raised by DMSOs was the occurrence of errone-
ous information in MCRs. DMSOs reported this to be more
pertinent among those who recently arrived in Zanzibar be-
cause of their not knowing the information. Collection of ac-
curate information on all cases is vital for timely case
investigation and elimination efforts. However, it can be
more important for those who have recently arrived to un-
derstand the rate of imported cases. A prior study con-
cluded that malaria infections in Zanzibar resulted from
importation and subsequent transmission.41 Furthermore,

it is thought that prior resurgence events in Zanzibar have
been caused in part by importation.19 Tominimize the risk to
malaria elimination, all suspected imported cases need to
be identified, classified, and appropriately targeted through
focused strategies, such as border screening, or strengthening
of broader elimination strategies, such as reducing local
receptivity.42

Transportation and network connectivity issues. Trans-
portation issues were another challenge raised by DMSOs.
Although DMSOs were issued motorcycles by TVCSP, they
reported to experience fuel shortages. As a result, they had to
rely on public transportation, the schedule of which has been
reported to be unreliable in other studies.43 This obstacle could
result in delays throughout case investigation. A similar issue
DMSOs reported was poor network connectivity. Rather than
causing adelay in reaching a health facility or a household, poor
network connectivity requiredDMSOs to travel up to5–10miles
to sync case data with Coconut Surveillance. This workaround
could be hampered by unreliable transportation, thereby
delaying when ZAMEP receives data to inform response ef-
forts. Ameliorating these barriers will require ZAMEP tomake
use of TVCSP motorcycles more reliable, perhaps through
fuel disbursements, and to use a more dependable mobile
network.
Varied case prioritization. Although not a challenge re-

lated to case investigation, variations in case prioritization by
DMSOs could impact response time. That DMSOs choose to
investigate cases in an order that differed from the order in
which theywere reported by health facilities could explainwhy
median response time varied between districts even when
median number of reported caseswas the same. For example,
while both North A and Urban districts reported a median of
three cases per day, their median response times were
1.93 days (IQR: 0.93–4.10) and 4.95 days (IQR: 1.96–11.18),
respectively. Furthermore, differing case prioritization may
explain the lack of association between response time and
calendar time and between response time and the number of
reported cases. A pattern of case prioritization by DMSOs
should have been captured as the models addressed clus-
tering of data by DMSOs through the use of an exchangeable
correlation structure. However, if each DMSO was in-
consistent in how he or she prioritized cases, then a lack of
association could be explained. Another explanation for the
heterogeneity of response times within and across districts
could be variations in challenges DMSOs faced, as they were
not universally raised. For example, DMSOs may have en-
countered more challenges during RACD in the Urban district
than in North A district. In addition, if DMSOs encountered

TABLE 4
Summary of challenges that DMOSs face during reactive case detection, categorized by case detection stage

Case detection and reporting Health facility follow-up Household follow-up Case data synchronization

1. Incomplete and/or erroneous
information collected in MCRs

1. Transportation delays 1. Transportation delays 1. Poor network connectivity
delays when information
is sent to the Coconut
Surveillance server

2. Health facility personnel may
not report all cases

2. Inconsistent prioritization of cases 2. Inconsistent prioritization of cases
3. DMSO requests health facility

personnel to report cases found in
MCRs

3. DMSOs have difficulty locating
households because of missing or
incorrect information in MCRs

4. DMSOs need to conduct repeat visits
to test all household members

5. Household members suspect testing
is for HIV

DMSO = district malaria surveillance officer; MCR = malaria case record.
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health facilities with differing case-recording practices in the
same district, a high variance in the response time could
theoretically occur.
The introduction of malaria interventions in Zanzibar has

brought malaria prevalence down to elimination levels, a feat
that is being supported by Coconut Surveillance and DMSOs.
ZAMEP’s surveillance–response system demonstrates key
aspects of effective program management for malaria
elimination, such as system-wide access to data and spe-
cialist teams intervening on each case.39 Furthermore, its
strategy to screen only household members during RACD
has been found to be efficient in terms of cost per case
detected and the numbers of secondary cases identified.44

However, as ZAMEP continues down its path to elimination,
it will need to address deficiencies identified in its program
management: unclear distinction of roles, inconsistent
implementation of SOPs for case reporting and investigation,
and suboptimal anticipation of threats to elimination—specifically
case importation, unreliable transportation for case investigation,
and an undependable mobile network.
In the long-term, Zanzibar will need to maintain its political

commitment toward elimination. As prevalence levels de-
crease and remain low for long periods of time, complacency
can set it and interventions can be relaxed—a trend that is
associated with more than 90% of resurgence events.45 A
component of thiswill entail keeping healthworkersmotivated
even as cases become increasingly rare.46 Similarly, com-
munication strategies and community engagement activities
could remind the population of the threat of malaria and make
them aware of case investigation.
Limitations. Although this study does have some action-

able results for ZAMEP, it is not without its limitations. First,
forcing a fixed sinusoidal wave form to the data may have
oversimplified the complex patterning of response time over
calendar time. Furthermore, the data analyzed were also of a
relatively short duration and included some missing values.
Adequately accounting for periodic trends with just 2 years of
data is difficult. Had additional years of data been available for
use, longer term trends in response time could have been
more clearly estimated. Other data limitations for the quanti-
tative analysis were uncovered during the interviews and fo-
cus groups with DMSOs. This included the occurrence of
missing or incorrect information in MCRs, which the analysis
could not control for. Furthermore, the distances DMSOs
traveled and varied case prioritization could also not be con-
trolled for. Thus, variables that may have influenced the
modeling of response time were not captured. In addition,
DMSOs reported they would occasionally have to request
health facility personnel to report a case if they foundone in the
MCR that was not activated on their tablets. It is not known
how often this occurred. As response time was measured as
the time between health facility reporting and when all
household members are tested, this issue could have made
some of the response times artificially low. Last, the focus
group discussions with DMSOswere not transcribed and as a
result were not coded. Had focus group discussions been
recorded and transcribed, additional details lost during note
taking could have been analyzed.
Conclusion. The study’s findings indicate that mobile

reporting tools are not a panacea for rapid case detection and
investigation. Although Coconut Surveillance allowed for
near-real collection and sending of case data to ZAMEP,

quantitative and qualitative findings illustrated that opera-
tional challenges hampered this process. As ZAMEP prog-
resses toward elimination, it should strengthen aspects of its
programmanagement identified in the article: clear division of
labor and distinction of roles, consistent implementation of
SOPs, a more stringent focus on imported cases, the pro-
vision of reliable transportation for case investigation, and the
use of a dependable mobile network for synchronization of
data. These findings are relevant to other countries as they
embark on their own elimination goals. To make full use of a
surveillance–response system, malaria programs should en-
sure that optimal management practices are in place.

Received July 10, 2017. Accepted for publication October 10, 2018.

Published online December 10, 2018.

Acknowledgments: We are grateful to RTI International and ZAMEP
for hosting us and for granting access to the data within MCN,
without which this study would not be possible. We would also like to
show our gratitude to the health facilities and households that par-
ticipated in the Zanzibar’sMCNSystemand theDMSOs for responding
to surveys and for participating in the focus groups.

Financial support: This study was made possible through support
provided to the Tanzania Vector Control Scale-up Project (Co-
operative Agreement 621-A-00-10-00015-00) by the President’s
Malaria Initiative (PMI) via the U.S. Agency for International Develop-
ment (USAID) and an interagency agreement with the U.S. Centers for
Disease Control and Prevention (CDC).

Disclaimer: The opinions expressed herein are those of the author(s)
and do not necessarily reflect the views of USAID, CDC, or other
employing organizations or sources of funding.

Authors’ addresses: Eeshan Khandekar, Randall Kramer, and Joseph
R. Egger, Duke Global Health Institute, Duke University, Durham, NC,
E-mails: eeshan.khandekar@gmail.com, kramer@duke.edu, and
jre18@duke.edu. Abdullah S. Ali and Abdul-Wahid Al-Mafazy,
Zanzibar Malaria Elimination Programme, Zanzibar, Tanzania, E-mails:
abdullahsuleimanali@yahoo.com and mtash2@gmail.com. Sara
LeGrand,Center forHealth Policy, DukeGlobal Health Institute, Durham,
NC, E-mail: sara.legrand@duke.edu. Humphrey R. Mkali, The Palladium
Group, Zanzibar, Tanzania, E-mail: hrmkali@gmail.com.MichaelMcKay,
RTI International, Nairobi, Kenya, E-mail: mikeymckay@gmail.com.
Jeremiah M. Ngondi, RTI International, International Development
(Global Health), Dar es Salaam, Tanzania, E-mail: jngondi@rti.org.

REFERENCES

1. WHO, 2016. World Malaria Report. Geneva, Switzerland: World
Health Organization.

2. WHO, 2017. A Framework for Malaria Elimination. Geneva, Swit-
zerland: World Health Organization.

3. Newby G, Bennett A, Larson E, Cotter C, Shretta R, Phillips AA,
Feachem RGA, 2016. The path to eradication: a progress
report on the malaria-eliminating countries. Lancet 387: 1775–
1784.

4. Feachem RGA et al., 2010. Shrinking the malaria map: progress
and prospects. Lancet 376: 1566–1578.

5. Landier J, Parker DM, Thu AM, Carrara VI, Lwin KM, Bonnington
CA, Pukrittayakamee S, Delmas G, Nosten FH, 2016. The role
of early detection and treatment in malaria elimination.Malar J
15: 363.

6. Sturrock HJW, Hsiang MS, Cohen JM, Smith DL, Greenhouse B,
Bousema T, Gosling RD, 2013. Targeting asymptomatic
malaria infections: activesurveillance incontrol andelimination.
PLoS Med 10: e1001467.

7. Galatas B, Bassat Q, Mayor A, 2016. Malaria parasites in the
asymptomatic: looking for the hay in the haystack. Trends
Parasitol 32: 296–308.

8. Moonen B et al., 2010. Operational strategies to achieve and
maintain malaria elimination. Lancet 376: 1592–1603.

262 KHANDEKAR AND OTHERS

mailto:eeshan.khandekar@gmail.com
mailto:kramer@duke.edu
mailto:jre18@duke.edu
mailto:abdullahsuleimanali@yahoo.com
mailto:mtash2@gmail.com
mailto:sara.legrand@duke.edu
mailto:hrmkali@gmail.com
mailto:mikeymckay@gmail.com
mailto:jngondi@rti.org


9. Smith JL, Auala J, TamboM, Haindongo E, Katokele S, Uusiku P,
Gosling R, Kleinschmidt I, Mumbengegwi D, Sturrock HJW,
2017. Spatial clustering of patent and sub-patent malaria in-
fections in northern Namibia: implications for surveillance and
response strategies for elimination. PLoS One 12: e0180845.

10. Searle KM et al., 2016. Evaluation of the operational challenges in
implementing reactive screen-and-treat and implications of
reactive case detection strategies for malaria elimination in a
region of low transmission in southern Zambia.Malar J 15: 412.

11. Herdiana H et al., 2016. Malaria risk factor assessment using
active and passive surveillance data from Aceh Besar, Indo-
nesia, a low endemic, malaria elimination setting with Plas-
modium knowlesi, Plasmodium vivax, and Plasmodium
falciparum.Malar J 15: 468.

12. SturrockHJ,NovotnyJM,KuneneS,Dlamini S, ZuluZ,CohenJM,
Hsiang MS, Greenhouse B, Gosling RD, 2013. Reactive case
detection for malaria elimination: real-life experience from an
ongoing program in Swaziland. PLoS One 8: e63830.

13. Gerardin J, Bever CA, Bridenbecker D, Hamainza B, Silumbe K,
Miller JM, Eisele TP, Eckhoff PA, Wenger EA, 2017. Effective-
ness of reactive case detection for malaria elimination in three
archetypical transmission settings: a modelling study. Malar
J 16: 248.

14. Bergquist R, Yang G-J, Knopp S, Utzinger J, Tanner M, 2015.
Surveillance and response: tools and approaches for the
elimination stageof neglected tropical diseases.ActaTrop141:
229–234.

15. Ohrt C, Roberts KW, Sturrock HJ, Wegbreit J, Lee BY, Gosling
RD, 2015. Information systems to support surveillance for
malaria elimination. Am J Trop Med Hyg 93: 145–152.

16. Bjorkman A, Cook J, Sturrock H, MsellemM, Ali A, Xu W, Molteni
F, Gosling R, Drakeley C, Martensson A, 2017. Spatial distri-
bution of falciparummalaria infections in Zanzibar: implications
for focal drug administration strategies targeting asymptomatic
parasite carriers. Clin Infect Dis 64: 1236–1243.

17. Global Fund, 2006. Implementation of a New Malaria Treatment
Policy in Zanzibar. Available at: http://portfolio.theglobalfund.
org/en/Grant/Index/ZAN-102-G01-M-00. Accessed June 8,
2017.

18. PMI, 2006. 2006 Tanzania Malria Country Action Plan. Wash-
ington, DC: United States Presidents Malaria Initiatve.

19. ZMCP, 2009. Malaria Elimination in Zanzibar: A Feasibility As-
sessment. Zanzibar City, Zanzibar: Ministry of Health and So-
cial Welfare.

20. PMI, 2007. 2007 Tanzania Malaria Operational Plan. Washingotn,
DC: United States Presidents Malaria Initative.

21. RTI, 2013. Coconut Surveillance. Available at: http://www.rti.org/
impact/coconut-surveillance. Accessed June 10, 2017.

22. USAID, 2016. Tanzania Vector Scale-up Project (TVSCP): Final
Report. Washington, DC: United States Agency for Interna-
tional Development.

23. ZAMEP, 2012.2013–2018StrategicPlan. ZanzibarCity, Zanzibar:
Ministry of Health and Social Welfare.

24. Cotter C, Sudathip P, Herdiana H, Cao Y, Liu Y, Luo A,
Ranasinghe N, Bennett A, Cao J, Gosling RD, 2017. Piloting a
programme tool to evaluate malaria case investigation and re-
active case detection activities: results from 3 settings in the
Asia Pacific. Malar J 16: 347.

25. CDC, 2011. Updated guidelines for evaluating public health sur-
veillance systems: recommendations from the Guidelines
Working Group.MMWR Recomm Rep 50: 1–35.

26. LinW, Chen S, Seguy N, Chen Z, Sabin K, Calleja JG, Bulterys M,
2012. Is the HIV sentinel surveillance system adequate in
China? Findings from an evaluation of the national HIV sentinel
surveillance system.WesternPacSurveill ResponseJ 3:76–85.

27. VogtRL,SpittleR,CronquistA,Patnaik JL, 2006.Evaluationof the
timeliness andcompletenessof aweb-basednotifiabledisease
reporting system by a local health department. J Public Health
Manag Pract 12: 540–544.

28. Jones G, Le Hello S, Jourdan-da Silva N, Vaillant V, de Valk H,
Weill F, Le Strat Y, 2014. The French human Salmonella

surveillance system: evaluation of timeliness of laboratory
reporting and dactors associated with delays, 2007 to 2011.
Euro Surveill 19: pii: 20664.

29. Rachas A, Nakoune E, Bouscaillou J, Paireau J, Selekon B,
Senekian D, Fontanet A, Kazanji M, 2014. Timeliness of yellow
fever surveillance, central African Republic. Emerg Infect Dis
20: 1004–1008.

30. Akbari H, Majdzadeh R, Foroushani AR, Raeisi A, 2013. Timeli-
ness of malaria surveillance system in Iran. Iran J Public Health
42: 39–47.

31. Quan V, Hulth A, Kok G, Blumberg L, 2014. Timelier notification
and action with mobile phones-towards malaria elimination in
South Africa.Malar J 13: 151–158.

32. Sun JL, ZhouS,GengQB,ZhangQ, ZhangZK, ZhengCJ,HuWB,
Clements ACA, Lai SJ, Li ZJ, 2016. Comparative evaluation of
the diagnosis, reporting and investigation of malaria cases in
China, 2005–2014: transition from control to elimination for the
national malaria programme. Infect Dis Poverty 5: 65.

33. Chisha Z et al., 2015. Enhanced surveillance and data feedback
loop associatedwith improvedmalaria data in Lusaka, Zambia.
Malar J 14: 222.

34. PATH, 2014. Zanzibar Trip Report. Project DIAMETER (Diag-
nostisc for Malaria Elimination Towards Eradication). Seattle,
WA: PATH.

35. RTI, 2018. Tanzania Vector Control Scale-Up Project (TVCSP).
Available at: https://www.rti.org/impact/tanzania-vector-control-
scale-project-tvcsp. Accessed June 8, 2017.

36. PMI, 2015. Harnessing Innovation and Technology to Scale Up
Malaria Case Notification in Zanzibar. Available at: https://
www.pmi.gov/news/stories-from-the-field/stories-from-the-
field-detail/harnessing-innovation-and-technology-to-scale-
up-malaria-case-notification-in-zanzibar. Accessed June 12,
2017.

37. WHO, 2012.DiseaseSurveillance forMalaria Elimination. Geneva,
Switzerland: World Health Organization.

38. LittrellM, SowGD,NgomA, BaM,MboupBM,DieyeY,Mutombo
B, Earle D, Steketee RW, 2013. Case investigation and reactive
case detection for malaria elimination in northern Senegal.
Malar J 12: 331–342.

39. Gosling J, Case P, Tulloch J, Chandramohan D, Wegbreit J,
Newby G, Gueye CS, Koita K, Gosling R, 2015. Effective pro-
gram management: a cornerstone of malaria elimination. Am
J Trop Med Hyg 93: 135–138.

40. GueyeCS,NewbyG, Tulloch J, Slutsker L, TannerM,GoslingRD,
2016. The central role of national programme management for
the achievement of malaria elimination: a cross case-study
analysis of nine malaria programmes. Malar J 15: 488.

41. Le Menach A, Tatem AJ, Cohen JM, Hay SI, Randell H, Patil AP,
Smith DL, 2011. Travel risk, malaria importation and malaria
transmission in Zanzibar. Sci Rep 1: 93.

42. Sturrock HJW, Roberts KW, Wegbreit J, Ohrt C, Gosling RD,
2015. Tackling imported malaria: an elimination endgame. Am
J Trop Med Hyg 93: 139–144.

43. Abeid KI, 2015. Assessment of customer satisfaction in public
transport services in Zanzibar. Int J Adv Soc Sci Humanit 3:
41–51.

44. Kincaide Godbout S, 2016. Assessing Surveillance Elements of
the Zanzibar Malaria Elimination Program to Support Malaria
Elimination in Zanzibar. Durham, NC: Duke Global Health In-
stitute, Duke University.

45. Cohen JM, Smith DL, Cotter C, Ward A, Yamey G, Sabot OJ,
Moonen B, 2012. Malaria resurgence: a systematic review and
assessment of its causes.Malar J 11: 122.

46. Canavati SE, Lawpoolsri S, Quintero CE, Nguon C, Ly P,
Pukrittayakamee S, Sintasath D, Singhasivanon P, Peeters
Grietens K, Whittaker MA, 2016. Village malaria worker per-
formancekey to the elimination of artemisinin-resistantmalaria:
a western Cambodia health system assessment. Malar J 15:
282.

EVALUATING RESPONSE TIME IN ZANZIBAR’S MCN SYSTEM 263

http://portfolio.theglobalfund.org/en/Grant/Index/ZAN-102-G01-M-00
http://portfolio.theglobalfund.org/en/Grant/Index/ZAN-102-G01-M-00
http://www.rti.org/impact/coconut-surveillance
http://www.rti.org/impact/coconut-surveillance
https://www.rti.org/impact/tanzania-vector-control-scale-project-tvcsp
https://www.rti.org/impact/tanzania-vector-control-scale-project-tvcsp
https://www.pmi.gov/news/stories-from-the-field/stories-from-the-field---detail/harnessing-innovation-and-technology-to-scale-up-malaria-case-notification-in-zanzibar
https://www.pmi.gov/news/stories-from-the-field/stories-from-the-field---detail/harnessing-innovation-and-technology-to-scale-up-malaria-case-notification-in-zanzibar
https://www.pmi.gov/news/stories-from-the-field/stories-from-the-field---detail/harnessing-innovation-and-technology-to-scale-up-malaria-case-notification-in-zanzibar
https://www.pmi.gov/news/stories-from-the-field/stories-from-the-field---detail/harnessing-innovation-and-technology-to-scale-up-malaria-case-notification-in-zanzibar

