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Abstract

Background Zanzibar has made substantial progress in malaria control with vector control, improved diagno-

sis, and artemisinin-based combination therapy. Parasite prevalence in the population has remained around 1%

but imported infections from mainland Tanzania contribute to sustained local transmission. Understanding travel pat-
terns between mainland Tanzania and Zanzibar, and the risk of malaria infection, may help to control malaria importa-
tion to Zanzibar.

Methods A rolling cross-sectional survey linked to routine reactive case detection of malaria was carried out in Zan-
zibar between May 2017 and October 2018. Households of patients diagnosed with malaria at health facilities

were surveyed and household members were tested for malaria using rapid diagnostic tests and a sub-sample

by quantitative PCR (qPCR). Interviews elicited a detailed travel history of all household members who had travelled
within the past two months, including trips within and outside of Zanzibar. We estimated the association of malaria
infection with travel destinations in pre-defined malaria endemicity categories, trip duration, and other co-variates
using logistic regression.

Results Of 17,891 survey participants, 1177 (7%) reported a recent trip, of which 769 (65%) visited mainland Tanza-
nia. Among travellers to mainland Tanzania with travel destination details and a gPCR result available, 241/378 (64%)
reported traveling to districts with a‘high’malaria endemicity and for 12% the highest endemicity category was ‘mod-
erate’ Travelers to the mainland were more likely to be infected with malaria parasites (29%, 108/378) than those
traveling within Zanzibar (8%, 16/206) or to other countries (6%, 2/17). Among travellers to mainland Tanzania, those
visiting highly endemic districts had a higher odds of being gPCR-positive than those who travelled only to dis-

tricts where malaria-endemicity was classified as low or very low (adjusted odd ratio=7.0, 95% confidence interval:
1.9-25.5). Among travellers to the mainland, 110/378 (29%) never or only sometimes used a mosquito net during their
travel.

Conclusions Strategies to reduce malaria importation to Zanzibar may benefit from identifying population groups
traveling to highly endemic areas in mainland Tanzania. Targeted interventions to prevent and clear infections in these
groups may be more feasible than attempting to screen and treat all travellers upon arrival in Zanzibar.
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Background

There has been substantial progress in malaria control
over the last two decades as a result of the large-scale
rollout of vector control, improved diagnosis and highly
effective artemisinin-based combination therapy (ACT)
[1]. While there is heterogeneity in the progress made
between countries, some have achieved very low trans-
mission and are approaching malaria elimination. The
E-2025 initiative, launched in April 2021, identified 25
countries with the potential to interrupt local malaria
transmission by the year 2025 [2].

Movement of individuals between malaria endemic
areas and receptive areas approaching elimination may
result in importation of malaria parasites and contrib-
ute to sustaining local transmission, hence undermining
elimination efforts [3]. Semi-immune adults who travel
for work or recreation may act as asymptomatic parasite
reservoirs and contribute to local transmission [4, 5]. On
the other hand, non-immune travellers and migrants may
have a higher risk of becoming symptomatic and suffer
from more severe consequences of a malaria infection [6,
7].

Parasite importation poses a challenge to malaria
elimination efforts, as previously documented in coun-
tries such as Sri Lanka [8] and China [9]. Addressing
importation is therefore one of the priorities of malaria
elimination programmes [10, 11]. Epidemiological infor-
mation on each malaria infection that is detected in an
elimination setting is required to classify the case fol-
lowing World Health Organization definitions as locally
acquired (indigenous or introduced) or imported, and
establish the extent of local transmission and importation
[3]. Information on the source of imported malaria infec-
tions and human mobility data is important for designing
effective intervention strategies against parasite importa-
tion [12, 13].

In Zanzibar, a semi-autonomous archipelago in the
United Republic of Tanzania, renewed malaria control
efforts aiming at elimination started in 2002 [14], and
substantial reductions in the malaria burden have since
been documented [15]. Zanzibar has achieved these
reductions by scaling-up the use of long lasting insecti-
cidal nets, indoor residual spraying, effective diagnosis
using rapid diagnostic tests (RDTs) and treatment with
ACT [15, 16]. As a result of these efforts, supported by
substantial funding for malaria elimination, the preva-
lence of malaria declined to around 1% over the past
decade [17-20]. Between 2010 and 2020, the annual
incidence of reported clinical malaria cases has ranged
between 2 and 9 per 1000 inhabitants [16, 18, 21].

An individual case-based surveillance-response sys-
tem implemented since 2012 allows the Zanzibar Malaria
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Elimination Programme (ZAMEP) to detect every
patient diagnosed with malaria in public and private
health facilities in near real-time, reactively investigate
whether additional cases are present in their households,
and distinguish imported from locally acquired infec-
tions based on a person’s self-reported travel history [22].
A recent survey conducted in Zanzibar and using qPCR
to diagnose malaria infections found that secondary
infections were most likely to be found in households of
clinical ‘index cases’ with a recent travel history outside
of Zanzibar among co-travelling household members
[23]. Malaria parasite importation by travellers between
Zanzibar and mainland Tanzania has previously been
described to contribute to sustaining malaria transmis-
sion in Zanzibar [24-26]. Focusing additional interven-
tions on imported malaria cases is therefore central to
preventing secondary cases and reducing local transmis-
sion [27].

In order to develop effective strategies to address the
importation of malaria infections to Zanzibar, there is
a need to understand relevant human behaviour [28],
particularly travel patterns, and how these relate to
the importation of parasites. A mathematical model-
ling study analysing mobile phone usage data found that
malaria importation is primarily driven by traveling Zan-
zibar residents rather than infected visitors [25]. Yet, this
study provides only limited evidence on the characteris-
tics of travel to and from Zanzibar and how specific travel
patterns may relate to malaria importation.

Building on previous analyses that found an increased
risk of infection associated with travel to mainland Tan-
zania [23, 24], here, we investigated whether imported
malaria infections found during individual case-based
surveillance implemented in Zanzibar are associated
with particular travel patterns in order to identify oppor-
tunities for targeting interventions to reduce the impor-
tation of malaria to Zanzibar.

Methods

Study setting

The study was conducted in five selected districts of
Unguja [Magharibi (West) and Kusini (South)] and
Pemba (Micheweni, Chake Chake and Mkoani), the two
major islands of Zanzibar, United Republic of Tanzania.
The total population of both islands was approximately
1.3 million in 2012 [29]. Unguja is more urban and more
populated, and most of the movement crossing the
Indian Ocean channel to mainland Tanzania takes place
from this island. Being politically semi-autonomous,
Zanzibar has its own Ministry of Health that oversees
the activities of the Zanzibar Malaria Elimination Pro-
gramme (ZAMEP).
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In the reactive case detection (RACD) system rou-
tinely implemented by ZAMEP since 2012, clinical cases
diagnosed at health facilities (‘index cases’) are notified
through an electronic surveillance system and followed-
up by district malaria surveillance officers (DMSO).
Health facility staff send individual malaria case notifica-
tions to the system using their mobile phones. DMSOs
assigned to the district where the index case resides
receive the notification on their tablets and mobile
phones. One of the DMSOs then visits the patients’
household to conduct malaria testing by RDT of all
household members, and provide treatment to those who
test positive [22].

Malaria incidence in Zanzibar exhibits clear seasonal-
ity following the bimodal rainfall patterns, with two rainy
seasons in March to June and October to November [16,
30].

Study design and survey procedures

We conducted a rolling cross-sectional survey linked
to the RACD activities implemented by ZAMEP. We
included index case households and, for the purpose
of this study, an additional sample of four neighbour-
ing households and five households along a 200 m tran-
sect leading away in a random direction from the index
household. All members of the sampled households aged
three months and above were eligible for inclusion in the
study, as described in more detail elsewhere [23].

Data was collected between May 2017 and October
2018 by teams of trained local field research assistants.
The research assistants accompanied DMSOs during
routine households follow-ups, usually during the first
follow-up of the day. They conducted the study-specific
data and sample collection after the DMSO had com-
pleted their routine tasks.

Detailed information on recent travel was collected
for all members of surveyed households. Information
regarding their trip duration, locations visited, and their
use of protective measures against mosquito bites (mos-
quito nets, repellents or coils) were recorded for each trip
undertaken in the 60 days preceding the survey.

From all household members available on the day of
the survey, a blood sample was collected from a finger-
prick and tested for malaria using a RDT (SD BIOLINE
Malaria Ag P.f/pan, Standard Diagnostics Inc., Giheung-
gu, Yongin-si, Gyeonggi-do, Republic of South Korea)
following the manufacturer’s instructions. Patients
found positive by RDT were treated free of charge by
the DMSOs according to national treatment guidelines.
In addition, a dried blood spot (DBS) was collected on
filter paper for the detection of Plasmodium falciparum
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DNA by quantitative polymerase chain reaction (qPCR),
as described elsewhere [31]. Within the frame of this pro-
ject, not all DBS could be analysed by qPCR. The prior-
itization of samples for qPCR was carried at the cluster
level, and all individuals within the prioritized clusters
underwent qPCR analysis.

Participants, data management and analysis

Descriptive analyses included all individuals who
reported to have travelled in the past 60 days. Since travel
details were recorded only for the first trip undertaken in
the 60 day period, additional trips undertaken by eight
individuals who visited mainland Tanzania were not con-
sidered in these analyses. We summarized the reported
travel destinations using frequencies and proportions.

Analyses of predictors of malaria infection were limited
to those who reported having spent at least one night in
mainland Tanzania, had their travel destination (district
name) reported and had a valid qPCR result available.
To identify the season during which travel occurred, we
created a new variable using the start date of the first
reported trip as a reference point for each study sub-
ject. Trips starting July to September were classified as
occurring during dry reason, while those starting out-
side of this time were classified as occurring during the
rainy season. To assess the association of qPCR positivity
with specific predictors, we used logistic regression with
a random effect to account for clustering by household.
We selected covariates with a plausible association with
malaria infection, including the travel destinations, the
malaria endemicity in the travel destinations, trip dura-
tion, age, sex and information about the socio-economic
status (SES) of households.

Malaria endemicity at district council level in mainland
Tanzania was defined according to four endemicity cat-
egories (high, moderate, low, and very low) as presented
in the national malaria strategic plan [32] and described
in detail by Thawer et al. [33].

Wealth quintiles as an index of SES were constructed
using principal component analysis (PCA) using a pre-
viously described method [34, 35]. The household-level
variables used in the PCA were: source of drinking water,
cooking and lighting energy, sanitation facilities, floor-
ing material, refrigerator, and mobile phones owned by a
household. Households were then grouped into the fol-
lowing quintiles according to the wealth index derived
from the PCA: Lowest, 2nd, Middle, 4th, and Highest.

Data were analysed using STATA version 16 (Stata-
Corp, College Station TX, USA) and QGIS software ver-
sion 3.4.4.1 (https://www.qgis.org/en/site/) was used to
produce choropleth maps.
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Results

Study population

The rolling cross-sectional survey included 3473 house-
holds with 17,891 individuals, 1177 (7%) of whom
reported recent travel including details of their travel
destination. Of these, 379 (32%) had travelled only within
Zanzibar, 769 (65%) to mainland Tanzania, and 29 (3%)
outside of the United Republic of Tanzania (Additional
file 1: Fig. S1). A qPCR result was available for 206 (54%)
of those traveling within Zanzibar, 378 (49%) of those
travelling to mainland Tanzania, and 17 (59%) of those
going outside of the United Republic of Tanzania. Of
the travellers to mainland Tanzania with a qPCR result,
232 (61%) were from Magharibi district in Unguja and
255 (67%) were from an index household as opposed to
neighbouring/transect households. The majority (80%)
were older than 15 years. Members of households in the
lower wealth quintiles were underrepresented amongst
the travellers (12%) (Table 1 and Additional file 2:
Table S1).

Prevalence of malaria infection

Among the 601 survey participants with a qPCR result,
21% [95% confidence interval (CI) 17-25%] tested posi-
tive for malaria. Malaria prevalence was 29% (95% CI
23-34%) among travellers to mainland Tanzania, 8%
(95% CI 4-14%) among those who had travelled within
Zanzibar, and 6% (95% CI 0.3-61%) among those who
had travelled outside of the United Republic of Tanzania.
The RDT results (available for 774 travellers) were posi-
tive in 6% (95% CI 4—8%) of travellers to mainland Tan-
zania, 4% (95% CI 0.6—6%) of those who had travelled
within Zanzibar, and 1% (95% CI 0.3—-5%) in the ones who
had travelled outside of the United Republic of Tanzania
(Additional file 2: Table S2).

Travel destinations in mainland Tanzania and travel
duration

Districts in coastal regions (Dar es Salaam, Tanga and
Pwani) of mainland Tanzania were the most commonly
visited, followed by districts in Morogoro, in the north-
west (Shinyanga, Mwanza, Geita, and Tabora), and in
south-east Tanzania (Mtwara and Lindi) (Fig. 1 and
Additional file 2: Table S8). A majority (64%) of the 378
travellers to mainland Tanzania reported having visited
districts with a high malaria endemicity, 45 (12%) visited
districts with moderate endemicity and 92 (24%) went
only to districts with low or very low endemicity. A fifth
(77/378) of travellers to mainland Tanzania only went to
the four low-endemicity councils of Dar es Salaam (Ilala,
Kinondoni, Temeke, Ubungo).
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Table 1 Characteristics of travellers to mainland Tanzania who
had a gPCR result

Variables n (%)
Sex
Male 177 (47)
Female 201 (53)
Age group (years)
Less than 5 21 (6)
5-15 53(14)
16-25 107 (26)
26+ 197 (52)
Household type
Index households members 255 (67)
Other households members 123 (33)
District of residence
Magharibi (Unguja) 232 (61)
Kusini (Unguja) 77 (20)
Micheweni (Pemba) 21 (6)
Chakechake (Pemba) 39(10)
Mkoani (Pemba) 9(2)
Occupation
Enterpreneur 103 (27)
Not employed 133 (35)
Student 102 (27)
Wage Job 40 (11)
Wealth quintile
Lowest 45(12)
2nd 65 (17)
Middle 99 (26)
4th 79 (21)
Highest 90 (24)
Highest endemicity category visited
High 241 (64)
Moderate 45(12)
Low or very low 92 (24)
Days in high malaria endemicity
Did not visit high endemicity district 137 (36)
1-7 days 49 (13)
8-14 days 82(22)
15-30 days 38(10)
More than 30 days 72 (19)
Season at beginning of trip
Long rains 40 (11)
Short rains 69 (18)
Dry season 269 (71)
Total 378 (100)
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Fig. 1 a Malaria endemicity categories for 2017/2019; b malaria endemicity in districts visited by travellers from Zanzibar; ¢ mean travel duration

in days

The median duration of trips made to mainland Tan-
zania was 4 days [interquartile range (IQR): 2—4)]. The
median number of nights spent in highly endemic dis-
tricts was 15 days (IQR: 10-58), while the median dura-
tion of trips exclusively to low-endemicity areas of
Dar es Salaam was 2 days (IQR: 1-9) (Additional file 2:
Table S4).

Travel and malaria infection by qPCR

The higher the malaria endemicity of the visited dis-
tricts in mainland Tanzania, the more likely a person
was malaria positive (Fig. 2a and Table 2). Travellers who
had visited a district with high malaria endemicity con-
tributed 83 (77%) of the 108 infections found in travel-
lers to mainland Tanzania. Individuals who travelled to
high endemicity districts for more than thirty days had
a higher proportion of positive test results compared to
those who spent fewer days in the same areas (Fig. 2a and
Additional file 2: Table S7).

A subset of 205 travelers to mainland Tanzania had
data on the use of protective measures during their
trip. Of those, 121 (58%) reported using bed nets, 23
(11%) burnt mosquito coils and 30 (15%) used topical

repellents at some stage during their travels (Additional
file 2: Table S5). There was no evidence of a difference in
net use by season (P=0.24) or by endemicity category
of the destination districts (P=0.25) (Additional file 2:
Table S6).

Relative to individuals travelling to districts with lower
endemicity, travelling to districts with a high malaria
endemicity was associated with a seven-fold increase
in the odds of malaria infection [adjusted odds ratio
(OR)=7.0,95% CI 1.9-25.5, P=0.003] (Table 2) adjusting
for the participant’s background characteristics, season
and net use. Those travelling in the dry season had almost
three times higher odds of being PCR positive than those
travelling in the rainy season (adjusted OR=2.7, 95% CI
0.98-7.55, P=0.054). Other covariates were not signifi-
cantly associated with malaria infection (Table 2).

Discussion

Addressing malaria importation in a near-elimination
setting requires an understanding of how and from
where parasites are imported. Our study provides
details on travel patterns between the low transmission

A 60% B 60%
50% 50%
14 14
© 40% Q 40%
o o
> >
a2 30% < 30%
2 2
8 20% 3 20%
a o
10% 10%
0% 0%
High Moderate Low/very low 0 1-7 8-14 15-30 30+

Highest endemicity category visited

Number of days in high endemicity districts

Fig. 2 a Malaria prevalence in travellers by the highest endemicity category of their trip; b Malaria prevalence by the number of days spent in high

endemicity districts
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Table 2 Crude and adjusted odds ratios for factors associated with malaria infection in travellers to mainland Tanzania (N=378)

qPCR results Univariable analysis Multivariable analysis**
Negative  Positive  OR 95% ClI P-value AdjustedOR 95%Cl  P-value
n (%) n (%)
Sex
Males 126 (71) 5129 Ref 0.85 Ref 0.57
Females 144 (72) 57 (28) 1.0 0.6-1.8 0.8 04-1.7
Age groups (years)
Less than 5 15(71) 6 (29) 09 0.3-29 0.36 0.7 02-2.8 0.75
5-19 81(78) 23(22) 0.6 0.3-1.1 0.5 0.2-1.2
20-25 38 (68) 18 (32) 1.0 05-2.2 0.7 0.3-2.0
26+ 136 (69) 61 (31) Ref Ref
Households types
Other households members 115 (93) 9(7) Ref <0.001
Index households members 156 (61) 99 (39) 14 54-413
Districts of residence
Pemba 51(74) 18 (26) 09 04-2.1 0.78 Ref 0.89
Unguja 219(71) 90 (29) Ref 1.1 03-36
Occupation
Entrepreneur 60 (58) 43 (42) Ref <0.001
Not employed 95 (71) 38(29) 05 03-10
Wage Job 28 (70) 12 (30) 0.6 02-14
Student 87 (85) 15(15) 0.2 0.1-0.5
Wealth quintile
Lowest 32(71) 13(29) 18 0.5-6.2 0.15 1.2 03-5.8 0.28
2nd 47 (72) 18 (28) 1.7 0.6-54 16 04-7.1
Middle 61 (62) 38(38) 35 1.2-9.6 26 0.7-9.7
4th 60 (76) 19 (24) 12 04-37 09 0.2-35
Highest 70 (78) 20(22) Ref Ref
Highest endemicity district visited
High 158 (66) 83 (34) 54 20-14.2 0002 70 1.9-255 0.004
Moderate 34 (76) 11 (24) 20 0.6-7.1 1.7 0.3-85
Low or very low 78 (85) 14 (15) Ref Ref
Travel nights by endemicity
High endemicity districts
Did not visit 113(82) 25(18) Ref 0.002
1-7 days 32 (65) 17 (35) 4.7 1.5-14.6
8-14 days 62 (76) 20 (24) 1.9 0.7-52
15-30 days 27 (71) 11 (29) 26 0.7-9.1
More than a month 37 (51) 35 (49) 8.6 3.0-25.1
High and moderate endemicity districts
Did not visit 78 (85) 14(15) Ref 0.008
1-7 days 44 (69) 20(31) 42 14-13.1
8-14 days 60 (72) 23(28) 3.0 1.0-8.8
15-30 days 36 (73) 13(27) 27 08-9.0
More than a month 52 (58) 38(42) 8.1 26-24.7
Low endemicity councils of Dar es Salaam region only**
Did not visit 203 (75) 99 (92) Ref 0.001
1-7 days 48 (18) 5(5) 0.2 0.1-0.6
8-14 days 6(2) (1) 03 0-29
15-30 days 14 (5) 3(3) 0.4 0.1-16
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Table 2 (continued)
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qPCR results Univariable analysis Multivariable analysis**
Negative  Positive  OR 95% ClI P-value Adjusted OR 95%Cl  P-value
n (%) n (%)
Malaria protective measures during travel
Bed net use
Never used 48 (56) 37 (44) 0.7 03-16 <0.001 0.7 02-18 <0.001
Used sometimes 13(52) 12 (48) 16 04-6.7 19 04-10.0
Always used 46 (48) 49 (52) Ref Ref
Missing 163 (94) 10 (6) 0 0-0.1 0 0.0-0.1
Burn coils
Never used 95 (52) 87 (48 14 0.3-6.7 <0.001
Used sometimes 3(33) 6 (67 43 0.3-56.2
Always used 9 (64) 5(36) Ref
Missing 163 (94) 10 (6) 0 0-0.3
Repellent use
Never used 89 (51) 86 (49 1.5 0.4-6.0 <0.001
Used sometimes 6 (60) 4 (40 0.8 0.1-7.7
Always used 12 (60) 8 (40 Ref
Missing 163 (94) 10 (6) 0 0-0.2
Seasons
Rainy season 79(72) 30 (28) Ref 0.49 Ref
Dry season 191 (71) 78 (29) 1.3 0.6-2.7 2.7 1.0-7.6 0.05

Classification of endemicity categories according to Thawer et al. [33]
*Multivariable logistic regression model with household as random effect
**Excluding Kigamboni district council (moderate endemicity category)

setting of Zanzibar and mainland Tanzania. It identifies
an increased risk of malaria infection in those Zanzibar
residents who travel to districts in mainland Tanzania
that are classified as highly malaria endemic based on a
national malaria risk stratification [33]. These findings
can inform the development of tailored approaches to
target the importation of malaria parasites into Zanzibar
using data that can be collected routinely.

While residual local transmission persists in Zanzi-
bar, with Anopheles arabiensis being the most abundant
vector [36], previous analyses of malaria data have con-
sistently identified travel to mainland Tanzania as a risk
factor for malaria infection among residents of Zanzi-
bar [18, 23, 26, 30, 37]. Our results complement these
studies by providing details about the precise travel
destination and the likely origin of the malaria infec-
tions in Tanzania mainland [23, 38]. Genotypic analyses
of our data published elsewhere [39] provide evidence
of local transmission between people without reported
travel history, and of local onward transmission that
originated from reportedly imported infections and
persisted over a period of several months. The domi-
nant local vector, An. arabiensis, was found to bite
preferentially outdoors [36], making it less susceptible

to current indoor vector control interventions such as
indoor residual spraying and insecticide-treated nets,
potentially driving persistent malaria transmission in
Zanzibar. While the probability of transmission from
individuals with low-density infections is generally
lower [40, 41], subpatent infections have been found to
later result in a higher density, potentially symptomatic
infection, increasing the probability of transmission
[42-44]. Furthermore, low-density chronic infections
may be associated with other sequelae, such as anaemia
[45]. In light of the persisting receptivity of Zanzibar
and ongoing local transmission [23, 30, 36], identifying
and eliminating both patent and subpatent infections
can therefore contribute to preventing morbidity and
onward transmission, both of which should be consid-
ered essential in the frame of a local malaria elimina-
tion programme.

Malaria endemicity remains high in the south-east of
Tanzania, including the Indian Ocean coastline south
of Dar es Salaam, and in the north-west of the coun-
try [33]. Roughly two-thirds of the trips reported by
our study participants from Zanzibar included visiting
a district classified as highly malaria endemic accord-
ing to Thawer et al. [33] while few travelers exclusively
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visited areas with a low malaria endemicity (which
includes the centre and north of Tanzania, as well as
most of Dar es Salaam). Travelers who visited highly
endemic districts contributed the majority (77%) of all
infections detected among travellers to mainland Tan-
zania. Trips to high endemicity areas were not only
more frequent but also generally longer than those to
other areas (including Dar es Salaam, the main port of
entry to mainland Tanzania), which was expected to
result in an increased chance of exposure to infective
mosquito bites.

Previous studies applied mobile phone data to capture
the movement of travellers between Zanzibar and main-
land Tanzania and model the risk of importing parasites
based on travel destinations in five large telecommunica-
tion coverage regions of the mobile phone service pro-
vider ‘Zantel’ in mainland Tanzania [24, 25]. Yet, these
coverage regions are very large and comprise a variety of
endemicity settings. For example, the Dar es Salaam cov-
erage region, previously identified as the primary travel
destination from Zanzibar [24], comprised the entire
coastline from the Kenyan to the Mozambican border.
While Dar es Salaam is where most of the travellers from
Zanzibar start their journey to other destinations in
mainland Tanzania, our study established that only 20%
of travellers remain in Dar es Salaam without travelling
onwards to other destinations, and of those who did stay,
only a few were infected with malaria parasites.

Our study combined self-reported travel data that can
be collected routinely in RACD household follow-up
activities by ZAMEP and malaria endemicity data based
on routine health information system data from main-
land Tanzania [46]. The advantages of our approach
include the higher granularity of the travel data, reflect-
ing the heterogeneity of malaria endemicity in mainland
Tanzania, and the continuous data availability through
routinely implemented surveillance activities. The strong
association between malaria endemicity in the travel
destinations and infection among travellers observed in
our analysis, provides a clear rationale for prioritising
those who travel to highly endemic areas with more strict
measures to prevent malaria importation in Zanzibar. At
the same time, it underlines the importance of reducing
malaria transmission in high endemicity areas in main-
land Tanzania in order to reduce parasite importation in
the isles, as also suggested in a recent modelling study
[26].

Considering that Dar es Salaam is the main port of
entry and exit for travellers between Zanzibar and main-
land Tanzania and an important commercial centre
connecting regions within Tanzania and neighbouring
countries, measures to reduce transmission must include
preventing the invasion of more aggressive urban malaria
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vector species, namely An. stephensi, that could also be
carried to Zanzibar via different modes of human or
cargo transport [47]. In light of the high connectivity of
Zanzibar and mainland Tanzania, both vector and para-
site surveillance and adequate targeted response should
be a priority for both the mainland Tanzania national
malaria control programme and ZAMEP, working closely
together.

Albeit available only for a sub-set of travellers recruited
in the later part of the study, our data indicates that trav-
ellers were not likely to consistently use mosquito nets
or other measures to prevent mosquito bites while trav-
elling. Although there is a high mosquito net coverage
in mainland Tanzania (84% use in 9-19 year old pupils)
[48], households may not have sufficient (spare) nets for
temporary guests. Travellers would have to carry their
own protective gear if it is not provided where they stay
overnight. Risk awareness or personal preferences may
further influence the use of protective measures even if
they are available [49]. Our findings suggest that malaria
infection and importation in Zanzibar have an associa-
tion with travelling during the dry season. In Zanzibar,
there is a strong relationship between seasonality and
malaria transmission peaks, as a significant proportion
of infections occur towards the end of the rainy seasons.
The slightly lower use of mosquito nets during the dry
seasons, when the temperatures are likely to be higher
outside and in the room and sleeping space, may be due
to discomfort when sleeping under the net, as previously
reported elsewhere [50]. The observed increase in the
odds of infection during the rainy season can be attrib-
uted to the timing of data collection. This is due to the
fact that there were only a few observations in the rainy
seasons.

The analyses in this manuscript used self-reported
travel information over a period of 60 days with broad
categories of number of days travelled in the analysis of
travel duration. Data collection for this study was linked
to ZAMEP’s reactive case detection, that is, each data
collection activity was triggered by a reported confirmed
malaria case. Even though the sample included transect
households (with a malaria prevalence comparable to the
general population [23]), households with travellers who
returned without a malaria infection might be under-
represented in this study, potentially biasing the sample
towards travel to higher endemicity areas and higher
malaria prevalence than that found in the general popu-
lation. While the frequency of travel destinations might
therefore not be representative of all travellers from
Zanzibar, the destinations are likely to be an adequate
reflection of locations from which malaria infections
are imported. At the same time, our study only included
five districts of Zanzibar [excluding, for example, Mjini



Fakih et al. Infectious Diseases of Poverty (2023) 12:80

(Urban), the district with the highest number of travel-
lers according to routine ZAMEP data, and possibly the
highest number of imported infections [25]]. Hence some
of the results may not be representative of all of Zanzi-
bar. Travel destination data collected by ZAMEP through
the routine surveillance-response system may be used
to update our analyses of travel destinations, classified
based on their level of endemicity. The use of qPCR for
diagnosing infections in our study, rather than RDT, as
in routine case management and surveillance, results in
a higher sensitivity and specificity as qPCR detects lower
density infections [31] and does not provide false-positive
results due to the prolonged HRP2 antigenaemia [51].
Analyses based on routinely collected data may therefore
differ slightly from our study results. A qPCR result was
not available from all surveyed individuals, partly due to
their non-availability during sampling, and due to a den-
sity cut-off introduced during screening, as described in
Grossenbacher et al. [31]. Neither of these reasons for
non-availability of a qPCR result are likely to be linked to
the probability of being infected among travelers. Even
though there was a slightly larger proportion of samples
available from the second study year (273/528 in 2018 vs
105/241 in 2017) and from Magharibi compared to the
other study districts (232/527 vs 146/242), it is unlikely
that the magnitude of the difference would compromise
the generalizability of our findings.

Based on our findings, interventions addressing malaria
importation could preferentially target individuals who
travel to and from high endemicity areas in mainland
Tanzania. Regular analyses of surveillance data indicating
the origin of infections classified as ‘imported’ and fur-
ther qualitative research may be needed to identify socio-
demographic characteristics of these ‘high risk’ groups
and to develop and implement effective targeted inter-
ventions. Similarly, additional in-depth investigations of
drivers of local transmission could help to identify high
risk groups who are susceptible to contracting infections
locally in Zanzibar. Interventions to prevent and clear
imported malaria infections, for example malaria chem-
oprophylaxis, sensitization activities, or test-and-treat
programmes at the port of entry, may be more feasible
and cost-effective to implement in clearly defined ‘high
risk’ groups rather than all incoming travellers.

Conclusions

As Zanzibar is aiming to eliminate malaria, the key
challenge of malaria parasite importation needs to be
addressed. Our study identified specific travel patterns
that increased the risk of malaria infection. Measures to
reduce importation would benefit from identified ‘high
risk’ population groups for targeted interventions. By
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identifying population groups with similar characteris-
tics and travel patterns, targeted interventions may be
more effective in preventing and clearing infections dur-
ing and after travel than a blanket approach targeting all
travellers.

Abbreviations

ACT Artemisinin-based combination therapy
a Confidence interval

DMSO District Malaria Surveillance Officer

OR Odds ratio

gPCR Quantitative polymerase chain reaction
RACD Reactive case detection

Ref Reference category

RDT Rapid diagnostic test

ZAMEP Zanzibar Malaria Elimination Programme

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540249-023-01129-5.

Additional file 1: Figure S1. Study flow chart and description of the
study population.

Additional file 2: Table S1. Study population by travel destination and
socio-demographic characteristics. Table S2. Prevalence of malaria
infection. Table S3. Number of travellers to mainland Tanzania by highest
endemicity category of visited districts. Table S4. Median and IQR of the
number of nights spent, by endemicity category (N=378). Table S5.
Malaria protective measures during travel N=205. Table S6. Malaria pro-
tective measures during travel N=205. Table S7. Adjusted odds ratios for
factors associated with malaria infection in travellers to mainland Tanzania
(N=378). Table S8. Prevalence of malaria infection by districts visited.

Acknowledgements

We would like to extend our sincere acknowledgement to everyone who
participated in this study, our study team members, the community leaders
(Shehas) in all the study districts, all DMSOs in the study districts, and the
management and staff at ZAMEP for their full support.

Author contributions

BSF: contributed to planning, coordinating, data analysis, implementing of
field study, developed the first draft of the manuscript, and writing—review
and editing. AH: laboratory analysis, writing—review and editing. AR: statistical
support, analysis, writing—review and editing. LS: planning, coordinating,
data management, and implementing of field studies, writing—review and
editing. RA: data management, and writing—review and editing. AA: writ-
ing—review and editing. Il: planning, data management, and implementing
of field studies—review and editing. AM: planning, and implementing of field
studies—review and editing. SGT: contribution of data, and writing—review
and editing. SS: writing—review and editing. SA: writing—review and editing.
AA: writing—review and editing. GF: supervision, writing—review and editing.
JY: conceiving, design, supervision, planning the study, implementing of field
study, interpretation and editing of the final manuscript. MWH: conceiving,
design, supervision, planning the study, implementing of field study, interpre-
tation and editing of the final manuscript. All authors read and approved the
final version of the manuscript.

Funding

Open access funding provided by University of Basel. Bakar S. Fakih was sup-
ported by the Department of Education of the Canton of Basel-Stadt (PhD
scholarship) and the Freiwillige Akademische Gesellschaft, Basel, Switzerland.
This is a secondary analysis using data generated in the Reactive Case Detec-
tion in Zanzibar: Effectiveness and Cost (RADZEC) project [23].


https://doi.org/10.1186/s40249-023-01129-5
https://doi.org/10.1186/s40249-023-01129-5

Fakih et al. Infectious Diseases of Poverty (2023) 12:80

Availability of data and materials
All the relevant datasets relating to this study are available upon reasonable
request to the co-authors.

Declarations

Ethics approval and consent to participate

Ethical clearance for the initial data collection was obtained from the Ethics
Commission of Northwest and Central Switzerland (EKNZ Reg-2017-00162),
Tulane University (Study Number: 993573), Ifakara Health Institute IRB (IHI/
IRB/No: 003-2017), and the Zanzibar Medical Research and Ethics Committee
(ZAMREC/0001/February/17). Administrative permission was obtained in all
study districts and sensitization meetings were done with community leaders
(Shehas) in the study areas. Written informed consent was obtained from all
participating individuals or adult caregivers of children prior to an interview
and collection of blood samples. Assent was obtained from minors prior

to collecting a blood sample. All personal data were anonymized by giving
the participants unique software computer generated IDs and omitting all
personal identifiers in the analysis databases.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Ifakara Health Institute, Dar es Salaam, Tanzania. 2Swiss Tropical and Public
Health Institute, Allschwil, Switzerland. 2University of Basel, Basel, Switzerland.
“Department of Biological Sciences, Eck Institute for Global Health, University
of Notre Dame, Notre Dame, USA. *Tulane University School of Public Health
and Tropical Medicine, New Orleans, LA, USA. ®Present Address: Amsterdam
Institute for Global Health and Development, Amsterdam, Netherlands. ’Zan-
zibar Malaria Elimination Programme, Zanzibar, United Republic of Tanzania.

Received: 11 April 2023 Accepted: 11 August 2023
Published online: 28 August 2023

References

1. Bhatt S, Weiss DJ, Cameron E, Bisanzio D, Mappin B, Dalrymple U, et al.
The effect of malaria control on Plasmodium falciparum in Africa between
2000 and 2015. Nature. 2015;526:207-11.

2. World Health Organization. World Malaria Report 2022. Geneva: World
Health Organization; 2022.

3. World Health Organization. A framework for malaria elimination. Geneva:
World Health Organization; 2017.

4. Moonasar D, Maharaj R, Kunene S, Candrinho B, Saute F, Ntshalintshali N,
et al. Towards malaria elimination in the MOSASWA (Mozambique, South
Africa and Swaziland) region. Malar J. 2016;15:419.

5. Cotter C, Sturrock HJ, Hsiang MS, Liu J, Phillips AA, Hwang J, et al. The
changing epidemiology of malaria elimination: new strategies for new
challenges. Lancet. 2013;382:900-11.

6.  Prothero RM. Disease and mobility: a neglected factor in epidemiology.
Int J Epidemiol. 1977,6:259-67.

7. Guyant P, Canavati SE, Chea N, Ly P, Whittaker MA, Roca-Feltrer A, et al.
Malaria and the mobile and migrant population in Cambodia: a popula-
tion movement framework to inform strategies for malaria control and
elimination. Malar J. 2015;14:252.

8. Bagcchi S. Sri Lanka declared malaria free. BMJ. 2016;354:i5000.

9. XuJW, Liu H, Zhang Y, Guo XR, Wang JZ. Risk factors for border malaria in
a malaria elimination setting: a retrospective case-control study in Yun-
nan, China. Am J Trop Med Hyg. 2015;92:546-51.

10. World Health Organization. Malaria surveillance, monitoring & evaluation:
a reference manual. Geneva: World Health Organization; 2018.

11. Chang H-H, Wesolowski A, Sinha |, Jacob CG, Mahmud A, Uddin D, et al.
Mapping imported malaria in Bangladesh using parasite genetic and
human mobility data. Elife. 2019;8: e43481.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Page 10 of 11

. Behrens RH, Carroll B, Hellgren U, Visser LG, Sitkamaki H, Vestergaard LS,

et al. The incidence of malaria in travellers to South-East Asia: is local
malaria transmission a useful risk indicator? Malar J. 2010;9:266.

. Tejedor-Garavito N, Dlamini N, Pindolia D, Soble A, Ruktanonchai NW, Ale-

ganaV, et al. Travel patterns and demographic characteristics of malaria
cases in Swaziland, 2010-2014. Malar J. 2017;16:359.

. Johansson EW, Cibulskis RE, Steketee RW. Global Partnership to Roll Back

Malaria: Malaria funding and resource utilization: the first decade of Roll
Back Malaria. Geneva: World Health Organization; 2010.

. Bhattarai A, Ali AS, Kachur SP. Martensson A, Abbas AK, Khatib R, et al.

Impact of artemisinin-based combination therapy and insecticide-
treated nets on malaria burden in Zanzibar. PLoS Med. 2007;4: e309.

. Ashton RA, Bennett A, Al-Mafazy AW, Abass AK, Msellem MI, McElroy P,

et al. Use of routine health information system data to evaluate impact
of malaria control interventions in Zanzibar, Tanzania from 2000 to 2015.
EClinicalMedicine. 2019;12:11-9.

. Bate R, Hess K. Prioritizing malaria control in a time of foreign aid auster-

ity. Health Policy Outlook. 2012;4:1-6.

. Bjorkman A, Shakely D, Ali AS, Morris U, Mkali H, Abbas AK; et al. From

high to low malaria transmission in Zanzibar-challenges and opportuni-
ties to achieve elimination. BMC Med. 2019;17:14.

. Abubakar KH, Feng Z, Ramadhan AA. The control condition toward

malaria In Tanzania Isles (Zanzibar).

Smith DL, Cohen JM, Moonen B, Tatem AJ, Sabot OJ, Ali A, et al. Solving
the Sisyphean problem of malaria in Zanzibar. Science. 2011;332:1384-5.
U.S. President’s Malaria Initiative: Tanzania (Zanzibar) Malaria Profile. 2022.
https://dTu4sg1s9ptcdz.cloudfront.net/uploads/2023/01/Tanzania-Zanzi
bar-Malaria-Profile-1.pdf Accessed 01 Aug 2023.

van der Horst T, Al-Mafazy AW, Fakih BS, Stuck L, Ali A, Yukich J, et al. Oper-
ational coverage and timeliness of reactive case detection for malaria
elimination in Zanzibar, Tanzania. Am J Trop Med Hyg. 2020;102:298-306.
Stuck L, Fakih BS, Al-Mafazy AH, Hofmann NE, Holzschuh A, Grossen-
bacher B, et al. Malaria infection prevalence and sensitivity of reactive
case detection in Zanzibar. Int J Infect Dis. 2020,97:337-46.

Tatem AJ, Qiu Y, Smith DL, Sabot O, Ali AS, Moonen B. The use of mobile
phone data for the estimation of the travel patterns and imported Plas-
modium falciparum rates among Zanzibar residents. Malar J. 2009;8:287.
Le Menach A, Tatem AJ, Cohen JM, Hay SI, Randell H, Patil AP, et al. Travel
risk, malaria importation and malaria transmission in Zanzibar. Sci Rep.
2011;1:93.

Das AM, Hetzel MW, Yukich JO, Stuck L, Fakih BS, Abdul-wahid H, et al. The
impact of reactive case detection on malaria transmission in Zanzibar in
the presence of human mobility. Epidemics. 2022;41:10069.

ZAMEP: National Guidelines for Malaria Surveillance and Response in
Zanzibar. Zanzibar: Ministry of Health, Zanzibar Malaria Elimination Pro-
gram (ZAMEP); 2016. https://www.measureevaluation.org/measure-evalu
ation-tz/resources/national-guidelines-for-malaria-surveillance-and-respo
nse-in-zanzibar/at_download/file Accessed 01 Aug 2023.

Monroe A, Mihayo K, Okumu F, Finda M, Moore S, Koenker H, et al. Human
behaviour and residual malaria transmission in Zanzibar: findings from
in-depth interviews and direct observation of community events. Malar J.
2019;18:220.

The United Republic of Tanzania. 2012 Population and Housing Census:
Population Distribution by Administratve Areas. Dar es Salaam and
Zanzibar: National Bureau of Statistics, Dar es Salaam and Office of Chief
Government Statistician, Zanzibar; 2013.

Bisanzio D, Lalji S, Abbas FB, Ali MH, Hassan W, Mkali HR, et al. Spatiotem-
poral dynamics of malaria in Zanzibar, 2015-2020. BMJ Glob Health.
2023;8: €009566.

Grossenbacher B, Holzschuh A, Hofmann NE, Omar KA, Stuck L, Fakih BS,
et al. Molecular methods for tracking residual Plasmodium falciparum
transmission in a close-to-elimination setting in Zanzibar. Malar J.
2020;19:50.

National Malaria Control Programme (Tanzania): National Malaria Strate-
gic Plan 2021-2025. Dar es Salaam: United Republic of Tanzania, Ministry
of Health, Community Development, Gender, Elderly and Children; 2020.
http://api-hidl.afya.go.tz/uploads/library-documents/1641210939-jHOmMK
Ctz.pdf Accessed 01 Aug 2023.


https://d1u4sg1s9ptc4z.cloudfront.net/uploads/2023/01/Tanzania-Zanzibar-Malaria-Profile-1.pdf
https://d1u4sg1s9ptc4z.cloudfront.net/uploads/2023/01/Tanzania-Zanzibar-Malaria-Profile-1.pdf
https://www.measureevaluation.org/measure-evaluation-tz/resources/national-guidelines-for-malaria-surveillance-and-response-in-zanzibar/at_download/file
https://www.measureevaluation.org/measure-evaluation-tz/resources/national-guidelines-for-malaria-surveillance-and-response-in-zanzibar/at_download/file
https://www.measureevaluation.org/measure-evaluation-tz/resources/national-guidelines-for-malaria-surveillance-and-response-in-zanzibar/at_download/file
http://api-hidl.afya.go.tz/uploads/library-documents/1641210939-jH9mKCtz.pdf
http://api-hidl.afya.go.tz/uploads/library-documents/1641210939-jH9mKCtz.pdf

Fakih et al. Infectious Diseases of Poverty

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

(2023) 12:80

Thawer SG, Chacky F, Runge M, Reaves E, Mandike R, Lazaro S, et al. Sub-
national stratification of malaria risk in mainland Tanzania: a simplified
assembly of survey and routine data. Malar J. 2020;19:177.

Mkopi A, Mtenga S, Festo C, Mhalu G, Shabani J, Tillya R, et al. Factors
affecting non-coverage of measles-rubella vaccination among children
aged 9-59 months in Tanzania. Vaccine. 2021;39:6041-9.

Viyas S, Kumaranayake L. Constructing socio-economic status indi-

ces: how to use principal components analysis. Health Policy Plan.
2006;21:459-68.

Musiba RM, Tarimo BB, Monroe A, Msaky D, Ngowo H, Mihayo K, et al.
Outdoor biting and pyrethroid resistance as potential drivers of persistent
malaria transmission in Zanzibar. Malar J. 2022,21:172.

Mkali HR, Reaves EJ, Lalji SM, Al-Mafazy AW, Joseph JJ, Ali AS, et al. Risk
factors associated with malaria infection identified through reactive case
detection in Zanzibar, 2012-2019. Malar J. 2021;20:485.

Le Menach A, Tatem AJ, Cohen JM, Hay SI, Randell H, Patil AP, et al. Travel
risk, malaria importation and malaria transmission in Zanzibar. Sci Rep.
2011;1:1-7.

Holzschuh A, Lerch A, Gerlovina |, Fakih BS, Al-mafazy A-H, Reaves EJ, et al.
Multiplexed ddPCR-amplicon sequencing reveals isolated Plasmodium
falciparum populations amenable to local elimination in Zanzibar, Tanza-
nia. Nat Commun. 2023;14:3699.

Gongalves BP, Kapulu MC, Sawa P, Guelbéogo WM, Tiono AB, Grignard

L, et al. Examining the human infectious reservoir for Plasmodium falci-
parum malaria in areas of differing transmission intensity. Nat Commun.
2017;8:1133.

Ouedraogo AL, Goncalves BP, Gneme A, Wenger EA, Guelbeogo MW,
Ouedraogo A, et al. Dynamics of the human infectious reservoir for
malaria determined by mosquito feeding assays and ultrasensitive
malaria diagnosis in Burkina Faso. J Infect Dis. 2016;213:90-9.

Bretscher MT, Maire N, Chitnis N, Felger I, Owusu-Agyei S, Smith T. The
distribution of Plasmodium falciparum infection durations. Epidemics.
2011;3:109-18.

Slater HC, Ross A, Felger |, Hofmann NE, Robinson L, Cook J, et al. The
temporal dynamics and infectiousness of subpatent Plasmodium falcipa-
rum infections in relation to parasite density. Nat Commun. 2019;10:1433.
Felger |, Maire M, Bretscher MT, Falk N, Tiaden A, Sama W, et al. The
dynamics of natural Plasmodium falciparum infections. PLoS ONE. 2012;7:
e45542.

Lufungulo Bahati Y, Delanghe J, Bisimwa Balaluka G, Sadiki Kishabongo A,
Philippe J. Asymptomatic submicroscopic Plasmodium infection is highly
prevalent and is associated with anemia in children younger than 5
years in South Kivu/Democratic Republic of Congo. Am J Trop Med Hyg.
2020;102:1048-55.

Thawer SG, Golumbeanu M, Munisi K, Aaron S, Chacky F, Lazaro S, et al.
The use of routine health facility data for micro-stratification of malaria
risk in mainland Tanzania. Malar J. 2022,21:345.

Mnzava A, Monroe AC, Okumu F. Anopheles stephensi in Africa requires a
more integrated response. Malar J. 2022;21:156.

MoHCDGEC: The 2019 School Malaria and Nutrition Survey (SMNS)
Report, Mainland Tanzania. Dar es Salaam: United Republic of Tanza-

nia, Ministry of Health, Community Development, Gender, Elderly and
Children (MoHCDGEC); 2021. https://ihi.ortz/media/List_and_report/
The_2019_School_Malaria_and_Nutrition_Survey_SMNS_Report.pdf
Accessed 01 Aug 2023.

Pulford J, Hetzel MW, Bryant M, Siba PM, Mueller I. Reported reasons for
not using a mosquito net when one is available: a review of the pub-
lished literature. Malar J. 2011;10:83.

Koenker HM, Loll D, Rweyemamu D, Ali AS. A good night's sleep and

the habit of net use: perceptions of risk and reasons for bed net use in
Bukoba and Zanzibar. Malar J. 2013;12:203.

Dalrymple U, Arambepola R, Gething PW, Cameron E. How long do rapid
diagnostic tests remain positive after anti-malarial treatment? Malar J.
2018;17:228.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://ihi.or.tz/media/List_and_report/The_2019_School_Malaria_and_Nutrition_Survey_SMNS_Report.pdf
https://ihi.or.tz/media/List_and_report/The_2019_School_Malaria_and_Nutrition_Survey_SMNS_Report.pdf

	Risk of imported malaria infections in Zanzibar: a cross-sectional study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study setting
	Study design and survey procedures
	Participants, data management and analysis

	Results
	Study population
	Prevalence of malaria infection
	Travel destinations in mainland Tanzania and travel duration
	Travel and malaria infection by qPCR

	Discussion
	Conclusions
	Anchor 19
	Acknowledgements
	References


