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Abstract
Background: While there is strong evidence that permethrin-treated clothing and topical insect repellents
are protective against insect bites, there are few studies assessing the impact on malaria infection. This
study will evaluate the impact of the protective e�cacy of bite prevention methods on the incidence of
malaria infection among military personnel in an operational setting. Permethrin-treated uniforms will be
compared to etofenprox-treated uniforms, with both clothing treatments used in conjunction with DEET
insect repellent. An additional study arm will test permethrin uniforms with placebo lotion to determine if
there is any additional protective effect of using DEET with insecticide-treated clothing.

Method: A cluster randomised double-blind placebo-controlled trial is planned to evaluate the
effectiveness of the interventions on preventing malaria infections in soldiers on active duty at Mgambo
National Service Camp in Tanga, Tanzania. The arms are (1) permethrin-treated uniform with 30% DEET
liposome formula; (2) permethrin-treated uniform with placebo lotion; (3) candidate insect repellent
system, i.e., etofenprox-treated uniform with 30% DEET liposome formula; and (4) placebo, i.e., untreated
uniforms with placebo lotion. The primary outcome is the incidence of Plasmodium falciparum malaria
infection detected by polymerase chain reaction (PCR) by active case detection using surveys every 2
weeks for 12 months. Rapid diagnostic tests will be used for diagnosis of participants with symptoms.

The unit of randomisation will be combania: companies formed by recruits aged 18 to 25 years;
combania do activities together and sleep in the same dormitory. Unequal randomisation will be used to
optimise statistical power for the primary comparison between permethrin-treated uniforms with DEET
and etofenprox-treated uniforms with DEET.

Discussion: This trial will estimate the effects of permethrin with DEET compared to those of the new
fabric treatment etofenprox with DEET and any additional effect of using DEET. The results will inform
strategies to protect military personnel and civilians who have more outdoor or occupational malaria
exposure than the general public.

Trial registration: clinicaltrials.gov Registration number NCT02938975.

Introduction
Background and rationale {6a}

People who live or stay away from permanent housing can be exposed to malaria vectors outdoors [2].
These people include military personnel on active duty [3, 4], residents and workers in the forests of South
America [5] and southeast Asia [6], migrants [7, 8] and displaced populations [9]. In addition to long-
lasting insecticide-treated nets (LLINs) and indoor residual spraying (IRS), measures used to tackle
vector-borne disease in these special populations include chemoprophylaxis, mass drug administration
(MDA) [10] and mosquito bite prevention [11].  



Page 4/23

Means of bite prevention include repellents, which are applied to the skin (topical repellents) or to an area
through volatilisation (spatial repellents) [12], and insecticide-treated clothing [13]. The most common
active ingredient (AI) used to treat clothes, including uniforms, is permethrin [13]. Recently, etofenprox has
become available. Etofenprox has a better human safety pro�le and is wash resistant up to 70
washes [14]. This breakthrough may improve disease control through prolonged protection. Permethrin
and etofenprox function by irritating mosquitoes and other arthropods so that they do not bite through
clothing [15]. DEET (N,N-diethyl-meta-toluamide) interferes with insect host location [16] and is the most
effective available broad-spectrum topical insect repellent [17]. It has an excellent safety pro�le and has
been in use for over 60 years [16]. It is applied directly to uncovered areas of skin. However, in the case of
military uniforms, the surface area of skin protected by DEET is small compared to that protected by
clothing, limited to hands, neck, and face, and it is likely that the additional DEET provides only minimal
additional protection. Furthermore, daily compliance with repellents as required for optimal disease
prevention is rarely met, even for short periods of time [18]. It is therefore useful to estimate the protection
provided by DEET in addition to treated uniforms to evaluate its utility and cost-effectiveness.  

While there is very strong evidence that repellents and treated clothing are effective in reducing bites from
biting arthropods [19], a recent systematic review found no evidence that topical repellents prevent
malaria, insu�cient evidence that spatial repellents prevent malaria and limited evidence that permethrin-
treated clothing prevents malaria [20]. Two randomised control trials (RCTs) were included in the review;
the evidence from them was deemed to be of low certainty due to the size and conduct of the studies.
These studies were conducted in speci�c populations in Colombia (military personnel) and Pakistan
(Afghan refugees). Insecticide-treated clothing may have a protective effect against clinical malaria
caused by Plasmodium falciparum (risk ratio: 0.49; 95% CI (0.29–0.83)) and P. vivax (risk ratio: 0.64; 95%
CI (0.40–1.01)). Therefore, World Health Organization (WHO) guidelines do not recommend insecticide-
treated clothing for day-to-day use by the general population, although it may be bene�cial as an
intervention to provide personal protection against malaria in speci�c population groups [21]. 

This study will evaluate the effectiveness on the incidence of malaria infection of permethrin-treated and
etofenprox-treated uniforms alone and in combination with DEET. It is known that compliance with
repellent use can reduce clinical impact [22]. We will also evaluate adherence to the interventions.

Objectives {7}

Primary objective
To estimate the effects of etofenprox-treated uniforms (ETUs) plus DEET lotion compared to permethrin-
treated uniforms (PTUs) plus DEET lotion on the incidence of Plasmodium falciparum malaria con�rmed
by polymerase chain reaction (PCR), i.e., the difference in protection between permethrin-treated and
etofenprox-treated clothing.  
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Secondary objectives
1. To estimate the protective e�cacy of PTUs with DEET lotion compared to PTUs with placebo lotion

on the incidence of PCR-detected Plasmodium falciparum malaria infection, i.e., additional
protection from DEET.

2. To estimate the protective e�cacy of PTUs plus placebo lotion compared to untreated uniforms and
placebo lotion on the incidence of PCR-detected Plasmodium falciparum malaria, i.e., the protection
of PTUs. 

3. To estimate the protective e�cacy of ETUs plus DEET lotion compared to untreated uniforms and
placebo lotion on the incidence of PCR-detected Plasmodium falciparum malaria infection, i.e., the
protection of etofenprox-treated clothing with DEET. 

4. To estimate the compliance of personnel with the system of tropical environment protection.

Trial design {8}

Study design
The trial is a four-arm cluster randomised double-blind placebo-controlled study. The unit of
randomisation is the company, or combania. A combania is a military subsection of recruits who carry
out all activities together and sleep in the same dormitory.

Methods: Participants, Interventions And Outcomes
Study setting {9}

The trial will take place at Mgambo National Service Camp in Kiswahili Jeshi la Kujenga Taifa (JKT)
military camp in Tanga region. Tanga is on the east coast of Tanzania, 250 km north of the commercial
capital of Tanzania, Dar es Salaam. The climate is tropical, with temperatures of 21 to 33 °C during the
hottest period (November to February) and 20 to 30 °C in the cooler period (May to August). The rainfall
seasons are bimodal, with shorter rains from October to December and longer rains from March to May.
Prevalence of malaria among recruits determined by rapid diagnostic test (RDT) is about 30% [23].

Eligibility criteria {10}

Study participants

Healthy recruits of the Tanzanian National Service Program JKT aged 18 to 25 who meet the trial
inclusion criteria (Table 1) and who are enrolled into the trial upon written informed consent. 

Who will take informed consent? {26a}



Page 6/23

Before enrolment, the aims of the study and study procedures will be explained to the participants, along
with their right to withdraw from the study at any time. People who agree to enrol in the study will sign a
consent form. Interviewers will be trained on the elements of informed consent and on interviewing
technique to respect the dignity and privacy of participants. Non-military staff will conduct all data
collection to prevent potential coercion by military staff. Any person not willing to participate will be
provided with standard untreated uniforms and will not be followed up.

Additional consent provisions for collection and use of participant data and biological specimens {26b}

After PCR testing for Plasmodium falciparum, blood spots will be destroyed by incineration. 

Interventions

Explanation for the choice of comparators {6b}

The trial will use PTUs in combination with DEET as an active comparator to ETUs with DEET because
PTU plus DEET is the existing personal protection method most widely used by the military globally.
Untreated uniforms with placebo DEET will be a placebo comparator group to examine the absolute
protective e�cacy in the PTU-with-DEET and ETU-with-DEET study arms. This provides an opportunity to
examine these two interventions systems simultaneously in a randomised control trial for the �rst time.
The use of PTU without DEET will allow the evaluation of any additional protective bene�t of using
DEET. 

Intervention description {11a}

Each participant will receive two uniforms, both treated according to the treatment arm. The uniforms will
be impregnated with insecticide at Warmkraft–Pine Belt Processing Inc. Participants will wear one of the
uniforms all day every day. The second uniform will be worn when the �rst is being washed. The
insecticide impregnated in the uniforms will still be viable even after 50 washes [24-26] 

PTU.

No adverse health risks are known to be associated with wearing PTUs. Safety testing of permethrin has
been ongoing since the 1970s, following its U.S. Environmental Protection Agency (EPA) registration for
use in a variety of applications, including food crops, animal feed crops, livestock, public health mosquito
abatement programs, pets and clothing [27]. Permethrin was �rst registered for use as a repellent on
military clothing in 1990 and is the only insect repellent currently used for factory treatment of clothing. It
is a broad-spectrum, non-systemic, synthetic pyrethroid insecticide that targets adults and larvae of many
species of biting insects. The EPA has determined that wearing or coming in contact with PTUs for
250 days a year is unlikely to cause adverse health effects[13]. The objective is to provide 90% bite
protection for at least 50 launderings, an objective easily met through factory treatment of the army
combat uniform (ACU) with permethrin, which demonstrates 99% to 100% bite protection for up to 50
launderings [28].
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ETU

No adverse health risks are known to be associated with wearing etofenprox-treated clothing. Etofenprox
has now received EPA registration for use on military uniforms. The WHO dermal risk assessment for
etofenprox is based on a no-observed-adverse-effect level (NOAEL) of 2100 mg/kg/day, which is four
times greater than that of permethrin. Uniforms will be factory treated with 0.9% etofenprox. When
compared to untreated control fabric, etofenprox-treated fabric demonstrated greater than 90% bite
protection after 3 washes [29] and has already been approved for use by U.S. Army personnel. 

DEET

Each participant from a combania that receives DEET will be given a 120 mL container of 30% DEET
repellent (Lipo DEET) for topical application, and the container will be replaced every 2 weeks. Combania
in placebo arms will be given 120 mL of placebo lotion. The DEET lotion and its placebo will be prepared
by Sawyer Ultra 30. Participants will be instructed to apply the repellent topically twice daily: once in the
morning and once in the evening. One application of Lipo DEET protects for up to 12 hours and has a
pleasant odour and non-greasy feel on the skin. This liposome-based repellent is the newest advance in
insect repellent technology. Like the earlier generation of polymer-based controlled release systems, the
liposome envelops the active ingredient, DEET, and slowly releases it as needed, thereby extending the
repellent’s effectiveness. DEET was selected for this study because it has been extensively tested for
safety and toxicity for human use [30-32] and for its e�cacy against a broad variety of arthropod vectors
[33-35]. DEET was �rst registered in 1957 and has an excellent safety pro�le [36, 37].

Criteria for discontinuing or modifying allocated interventions {11b}

There are no plans to discontinue or modify the interventions. Follow-up is planned for 12 months to
include the bimodal rainfall seasons, which affect mosquito abundance and malaria transmission. It is
likely to be di�cult to demonstrate futility without the full data set due to year-to-year variation in the
seasonal pattern. Issues of safety are not expected because the products are already approved. In the
case of severe adverse reactions, individual participants will be withdrawn from the trial. 

Strategies to improve adherence to interventions {11c}

During the consent procedure and the distribution of uniforms and DEET lotion, participants will be
introduced to the importance of adherence. Containers of DEET lotion will be replaced every 2 weeks
when the participants are tested for active malaria infection. Used containers will be weighed to calculate
average daily application. Since uniforms are worn every day at the camp and recruits are not allowed to
wear any other out�t, adherence to uniform wearing is expected to be extremely high. Every 2 weeks,
when participants are tested for active malaria infection, they will complete a questionnaire about
activities that may affect malaria exposure, such as emergency home leave, and about adherence to
uniforms and lotions. Participants who have left the camp during the 2 weeks before testing will be
removed from follow-up for those 2 weeks. 
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Relevant concomitant care permitted or prohibited during the trial {11d}

Participants are advised to refrain from self-prescription of any medication. All antimalarials will be
dispensed to only positive malaria tests. 

Provisions for post-trial care {30}

All recruits who will give their consent to participate will be insured for a period of 14 months (Fig 1). The
insurance will cover the 12 months of trial follow-up and 2 months after the trial ends. During the trial,
any participant who experiences a serious adverse event related to the study intervention will be
transported to Bombo Regional Hospital. 

Outcomes {12}

Primary Outcome 
The primary outcome is the incidence of Plasmodium falciparum infection as determined by active case
detection through quantitative polymerase chain reaction (qPCR) in blood samples taken every 2 weeks
and by passive case detection at the camp clinic in the case of illness. Personal travel by participants will
be assessed every 2 weeks with brief questionnaires to estimate time away from the camp. Time at risk
will exclude a 14-day period post-travel and a 14-day prophylactic period following any malaria treatment.
Malaria infections will be detected by qPCR; this method detects malaria infections below the limit of
detection (LOD) of rapid diagnostic tests (RDT), although RDT will be used at point of care for any
participants symptomatic for malaria. We will perform the PlasQ qPCR assay as described previously
[38]. This triplex TaqMan chemistry-based qPCR assay detects the pan-Plasmodium 18S rRNA sequence
(PSpp18S) [39, 40] and the P. falciparum–speci�c acidic terminal sequence of the var genes (PfvarATS)
[41]. The human RNaseP (HsRNaseP) gene serves as an internal control to evaluate the quality of DNA
extraction and qPCR ampli�cation. After �nger-pricking by a study nurse, a blood sample of 200μl of
whole blood is drawn into an EDTA-containing collection tube (Greiner, MiniCollect®); 180μl f the whole
blood will be mixed with an equal volume of DNA/RNA Shield™ (Zymo Research, Irvine, CA, USA) and
incubated at room temperature for 30 minutes before storage at –20 °C until transported from the �eld
site to the qPCR facility. Upon arrival, DNA will be extracted from the samples using Quick-DNA™ MiniPrep
kits (Zymo Research, Irvine, CA, USA), following the manufacturer’s guidelines. Ampli�cation and qPCR
measurements will be performed using the Bio-Rad CFX96 Real-Time PCR System (Bio-Rad Laboratories,
Hercules, CA, USA). All qPCR runs will be performed with a no-template control (NTC) and with P.
falciparum NF54 DNA as positive control.

Participant timeline {13}

Sample size {14}
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The sample size calculations are based on the comparison of the incidence of malaria infection between
the trial arms. The primary comparison is between ETU + DEET and PTU + DEET. An expected total of
1500 recruits per year form combania with a mean of 40 recruits each. We expect roughly 37 combania
available for randomisation. A combania is a military subsection of recruits who carry out all activities
together and sleep in the same dormitory. The dormitories can accommodate 30 to 50 recruits. The trial is
randomised by combania because of the risk of contamination between recruits in the same company if
the trial were individually randomised and because it is expected that a whole company will use the same
interventions in practice in a “real world” use scenario.

The outcome is the incidence of malaria infection determined by PCR every 2 weeks. As a baseline
estimate (with neither treated uniform nor repellent), the most recent available incidence of malaria
infection in Mgambo camp among recruits is 0.68 per person per year in 2015 [42].  

Sample size was estimated using a simulation of 1000 trials using generalized linear mixed effects
models (GLMMs) [43] in R statistical software version 3.3.2 to estimate the power and to provide the
precision of the estimate (the expected width of the con�dence interval). We assumed a Poisson
distribution for the incidence of malaria infections among recruits and a lognormal distribution of the
combania cluster effects. 

An assumed e�cacy of 50% for PTU + DEET with a compliance of 80% would lead to an incidence rate of
0.41. An assumed e�cacy of 70% for ETU + DEET and compliance of 80% would lead to an incidence
rate of 0.27 and an incidence rate ratio (IRR) of 0.66. With 12 clusters each of 40 recruits and 12 months
of follow-up, we would have 89% power with the simulation to detect this difference as signi�cant and be
able to estimate the IRR with a con�dence interval of 0.49 to 0.88. After exploring different scenarios for
unequal cluster randomisation to maximise power, we will randomise 12 combania (about 480
participants) for each arm of the primary comparison (PTU + DEET vs. ETU + DEET) and 6 combania
(about 240 participants) to each of PTU + placebo lotion and untreated uniform + placebo lotion. 

Recruitment {15}

The Mgambo JKT camp enrols 2000 recruits in every annual intake. We aim to recruit at least 1500 to the
study.  If new recruits join an existing combania in the trial, they will be approached for enrolment.

Assignment of interventions: allocation

Sequence generation {16a}

Randomisation of the combania will be carried out by an independent statistician using a random
number generator in R or Stata. 

Concealment mechanism {16b}
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Manufacturers of the uniforms and repellents will prepare active and placebo uniforms and repellent and
placebo lotions in identical containers identi�able by a 6-digit code sewn into the uniform or applied on
the lotion bottle. Each combania will be allocated an identi�cation code. The combania will be allocated
to the intervention by an independent statistician, who will carry out the randomisation and retain the
codes. This statistician will not be further involved in the trial. There will be one code per combania, to
limit the effect of accidental unblinding, and a separate code for additional untreated uniforms and
placebo DEET, in case of adverse events. The code master list will be provided to a site manager by the
statistician using email to ensure concealment. 

Implementation {16c}

Combania is the unit of randomisation, and enrolment will be performed by the study site manager
according to a list of combania and six-digit intervention codes generated by the independent statistician.
Uniforms and lotion will be assigned to combania by the study site manager following the code master
list. 

Assignment of interventions: Blinding

Who will be blinded {17a}

In this double-blinded placebo-controlled trial, the participants, investigators and study statistician will be
blinded to the allocation of interventions by a combination of intervention codes and combania codes. 

Procedure for unblinding if needed {17b}

In advent of a severe adverse event thought to be connected to the intervention, a recruit will be allocated
untreated uniforms. The time contributed to the study by a person who experienced an adverse event will
be included in the intention-to-treat analysis. Unblinding of the participant will be carried out if necessary
to allow the study doctor to provide appropriate care. Only the study doctor will be informed of the
person’s intervention allocation; other participants and investigators will remain blinded. The IHI
Institutional Review Board will be informed of the adverse event.

Data collection and management

Plans for assessment and collection of outcomes {18a}

Data collection will be via questionnaires “Additional �le 1” loaded onto tablet computers and uploaded
every 2 weeks via mobile phone network to the IHI server, where the data will be checked and veri�ed
monthly by the study investigators. 

Participants who are symptomatic (fever, de�ned as axillary temperature  38 ºC; chills; headache; nausea
and vomiting; muscle pain; fatigue) will be tested for Plasmodium infections using malaria rapid
diagnostic tests (mRDTs) at point of care for clinical diagnosis. RDT data will also be uploaded in real
time from tablet computers. During active case detection, every 2 weeks a blood spot will be taken on
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Whatman �lter papers [44] for analysis by real-time PCR [45] at Ifakara Health Institute. Each sample
(RDT, �lter paper and blood slides) will be labelled with participant identi�cation number, combania and
date. Treatment will be offered to all malaria-infected participants, and all treatment details will be �lled
in and added to the patient �le. 

Data from PCR analysis of blood spots taken to capture subpatent malaria cases will be entered into
tablet computers at the laboratory for inclusion in the study data set. Data will be checked for quality
before incorporation into the central database. 

Plans to promote participant retention and complete follow-up {18b}

Participants in this trial are military recruits who are expected to stay in the camp for at least 2 years. The
trial is designed to conclude before the end of voluntary participation in national service. However, new
recruits joining an existing combania will be asked if they wish to enrol and recruits who leave the camp
will not be followed up. Time when recruits are on leave will not be included in time of follow-up. 

Data management {19}

Data will be collected using tablet computers and uploaded weekly to the IHI server. Access to the data
will be password controlled. Data cleaning will be conducted weekly and will incorporate checking for
outliers, unusual values, inconsistencies and missing entries. This will be followed by �xing structural
errors, removing duplicates, correcting unusual values for which a true value can be located, and
removing unusual values for which a true value cannot be located [46]. 

To minimise data entry errors, questionnaires and data sheets on tablet computers will be programmed to
give warnings when values outside of the expected range are entered, when the type of value entered is
incorrect (for example, a numeric value rather than text), when a mandatory �eld is omitted and when
identical values are entered. 

Con�dentiality {27}

To maintain participants’ con�dentiality, data will be anonymised before analysis. Participants will be
identi�ed not by name but by codes known only to the researchers. The trial will report aggregate �ndings
at combania and study arm levels but not individual �ndings. 

Plans for collection, laboratory evaluation and storage of biological specimens for genetic or molecular
analysis in this trial/future use {33}

Not applicable; blood samples will be used only for malaria diagnosis.

Statistical methods

Statistical methods for primary and secondary outcomes {20a}
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The primary analysis will be an intention-to-treat analysis. A per-protocol analysis will also be performed
where person-time at risk will be adjusted to exclude 2 weeks of follow-up of participants who (1) have
not complied with the lotion, (2) have taken antimalarials, or (3) have travelled outside the camp for
personal reasons within the previous two weeks. Statistical analysis will be done in Stata (StataCorp,
College Station, TX, USA) and R (The R Foundation for Statistical Computing, Vienna, Austria).

Analysis of compliance

Compliance with the intervention will be estimated as the proportion of two-week time-intervals where the
participant was compliant, and estimated by study arm and over time. The JKT recruits must wear
uniforms and will be provided with two treated uniforms. They have no alternative clothing, leading to an
expected 100% compliance; compliance with clothing will not be monitored. Compliance with topical
repellents will be monitored by replacing bottles each month. Participants’ bottles will be weighed to
estimate daily application rates. If a bottle contains more than 50% of the required dose, the participant
will be recorded as non-compliant.

Descriptive Analysis
Baseline characteristics of participants will be summarised by study arm using appropriate measures of
centrality and variability such as the mean and standard deviation or median and 90% central range,
depending on the distribution. Clustering by combania will be considered throughout. 

Estimates of protective e�cacy

The primary outcome is the incidence of new malaria infections identi�ed by qPCR period per person-
month at risk.. The incidence rate ratio (IRR) to compare study arms will be estimated using a regression
model with combania as a random effect to account for the clustering. Initially, we will adopt a Poisson
or negative binomial model, depending on the data distribution. The effect of the intervention over time
will be investigated using interaction terms. The protective e�cacy of each intervention will be estimated
as (1 – IRR) × 100%.

An unadjusted estimate will be presented, as well as an estimate adjusted for factors that are identi�ed a
priori to be potential confounders (age, region of origin, body surface area, night-time activity, use of bed
nets, frequency of uniform washing). 

The results will be presented as incidence rate ratios with 95% con�dence intervals and p-values. 

Interim analyses {21b}

An interim analysis would be unlikely to stop the trial for futility or overwhelming intended bene�t
because the interventions are already approved products with tested mosquito bite prevention and
because the number of malaria infections may increase in tandem with conditions for mosquitoes at
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irregular times in the year. However, if during the trial unusual weather affects malaria transmission
intensity in the area resulting in decreased malaria transmission and if an incidence substantially of
lower than 0.68 is observed in the control arm, then the study may be extended to capture another
malaria transmission season. An interim analysis at six months will determine only the number of
malaria infection incidents detected and preserve the blinding of the investigators and study staff. 

Methods for additional analyses (e.g., subgroup analyses) {20b}

We do not plan any subgroup analysis.

Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing
data {20c}

We expect that there will be little missing data since there will be active follow-up during the trial. For all
analyses, participants will be included for all time points where their data is not missing. If there is
missing data, we will conduct sensitivity analyses to check that the calculations are not affected.

Plans to give access to the full protocol, participant-level data and statistical code {31c}

The project database containing entomological and epidemiological data will be de-identi�ed based on
local IRB requirements. The de-identi�ed data and accompanying metadata in the Ifakara Health Institute
data repository will be made available on reasonable request. 

Oversight and monitoring

Composition of the coordinating centre and trial steering committee {5d}

Not applicable. It is not a multicentre trial. Also; trials with minimal risks to participants do not necessarily
require a data monitoring committee. 

Composition of the data monitoring committee, its role and reporting structure {21a}

The trial is intended to examine interventions that reduce mosquito bites; permethrin, etofenprox and
DEET are known already to have excellent human safety pro�les [14, 16]. Trials with minimal risks to
participants do not necessarily require a data monitoring committee (DMC) [47]. The trial does not
examine prolonging of individual life or reduction of risk of a major adverse health outcome as do trials
comparing mortality or morbidity of participants. Therefore, the trial will be minimal risk. However, the
Ifakara Health Institute Institutional Review Bard (IRB) will provide oversight through annual reports. The
IRB comprises epidemiologists, statisticians, entomologists, social scientists and community leaders. 

Adverse event reporting and harms {22}

The team physician will determine the relationship between any adverse event and the intervention. All
adverse events will be treated as clinically indicated, and subsequent treatment will be recorded. If



Page 14/23

necessary, participants will be referred for special care at the local hospital. Study clinicians who
determine that an AE/SAE (adverse event or severe adverse event) is intervention related and that
stopping intervention is clinically indicated will stop the study intervention. All adverse events will be
reported to the IRB. Adverse events will be recorded, and descriptive analysis of adverse events will be
reported as part of the publication arising from the trial. 

Frequency and plans for auditing trial conduct {23}

The trial will be overseen by the IHI Quality Assurance Unit, which will audit the trial protocol and all
critical phases, i.e., enrolment, allocation of intervention, the study report and study archive. 

Plans for communicating important protocol amendments to relevant parties (e.g., trial participants,
ethical committees) {25}

Changes to the protocol, including modi�cation of objectives, study procedures, inclusion criteria, sample
sizes, trial outcome and analysis plan, will lead to a formal amendment to the protocol. Such changes
will be approved by the IHI Internal Review Board and the National Institute of Medical Research (NIMR
Tanzania). In addition, the IHI Quality Assurance Unit will be noti�ed. 

Dissemination plans {31a}

Final trial results will be disseminated to stakeholders at the Tanzania People’s Defence Force (TPDF)
and the scienti�c community via publication of study �ndings in open-access, peer-reviewed journals and
international conference forums. In addition, yearly progress reports will be distributed to key
stakeholders. All researchers and technical staff who contribute to the research will be authors on any
publications arising from the research as per the Vancouver Protocol. The results of this trial are intended
to be disseminated regardless of magnitude or direction of effect. 

Discussion
Better ways to protect military personnel from malaria on active duty are required. Findings from the
proposed trial will provide knowledge to improve malaria prevention among military personnel. We will
provide information on which combination of interventions is most effective and may reduce
unnecessary costs to institutions, such as the cost of topical repellents. Identifying factors for non-
adherence may improve the design of future bite prevention interventions. 

The trial will evaluate the impact of interventions in an active duty environment. The results may be
relevant to other occupations with exposure to an increased risk of mosquito bites and vector-borne
disease, including forest workers, guards and miners, loggers, and rubber tappers [48]. If bene�cial, other
potential users could include visitors to endemic regions [49], relief workers [50] and refugees [51].

Insecticide-treated clothing may also protect wearers from day-biting mosquitoes, such as Aedes aegypti,
which are currently increasing rapidly in Tanzania [52], as well as other arthropods that engage in
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nuisance biting. This trial will not test e�cacy against dengue but may generate data needed for
Tanzanian registration of insecticide-treated clothing that could have bene�ts for multiple vector-borne
diseases. Etofenprox has not previously been put into a trial that estimates e�cacy in combination with
another repellent. Due to low toxicity and environmental safety [53], vendors may �nd a new niche in the
community for impregnating clothes with the repellent. 

The study involves a group of young people who, because they must wear their uniform as part of their
job, will be more likely to comply effectively with the intervention than would the general population.
While this is necessary to determine the true effect of insecticide-treated clothing to reduce disease under
controlled conditions, the results may overestimate the effectiveness of the intervention for the general
population. However, it is likely that compliance among military personnel will be similar to that among
other users whose occupations require them to wear uniforms, such as guards, miners and nurses. This
may in�uence generalizability of the �ndings, as the effectiveness of any personal protection method is
dependent on compliance. Data generated from the comparison of the intention-to-treat and per-protocol
analyses [54-56] will give useful information about compliance among the troops.

Conclusions
Interventions that are always protective when vectors are active and when humans are away from their
houses need to be developed [57, 58]. This study will estimate the impact of insecticide-treated clothing
and DEET lotion on reducing malaria infection transmission in military personnel.

Trial status

Protocol Version: BIT014_URCT_PR_v12

Protocol Date 30/09/2020

Participant recruitment has not begun. 
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ACU army combat uniforms  

BIT Bagamoyo Insecticide Testing  

CO commanding o�cer  

DEET N,N-diethyl-meta-toluamide  

DMSNS Director of Medical Services National Service  

DNA deoxyribonucleic acid  

DWFP Deployed War-Fighter Protection  

EDTA ethylenediaminetetraacetic acid  

EPA Environment Protection Agency (U.S.)  

ETU etofenprox-treated uniforms  

GLMMs generalized linear mixed models  

HQ headquarters  

HsRNaseP human ribonuclease P  

IHI Ifakara Health Institute  

IRB Internal Review Board  

IRR incidence rate ratio  

JKT Jeshi la Kujenga Taifa (National Service)  

LOD limit of detection  

MDA mass drugs administration  

NIMR National Institute of Medical Research (Tanzania)

NOAEL non-observed adverse effect level

NTC non-template control

ORP HRPO O�ce of Research Protections Human Research Protection O�ce  

PCR polymerase chain reaction 

PfvarATS Plasmodium falciparum variant ATS  

PR protocol  

PTU permethrin-treated uniforms  

qPCR qualitative PCR  

QC quality control  
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RNA ribonucleic acid  

RDT rapid diagnostic test  

RNaseP ribonuclease P  

TPDF Tanzania People’s Defence Forces  

USAMRMC United States Army Medical Research and Materiel Command  

Declarations
Acknowledgements

We thank the TPDF’s Chief of Medical Services, Chief of National Service and Director of Medical
Services National Service (DMSNS), Commanding O�cer (CO) Mgambo National Service Camp for their
cooperation. 

Authors’ contributions {31b}

SJM conceptualised the trial. DM, AR and SJM and designed the study. DM, CM and YMK will supervise
data collection logistics. LT and IM will obtain study approvals and clearances. LH prepared the
diagnostic methods of the trial and will conduct PCR. DM, IM and LT prepared the Study Protocol
manuscript. AR, YMK and SJM edited the manuscript.
Funding {4}

The trial is funded by the Deployed War-Fighter Protection (DWFP) W911QY-15-1-0002_P00006. The
funder played no role in study design. 

Availability of data and materials {29}

Both principal investigators (PIs) and co-PIs will be given access to the cleaned data sets. Project data
sets will be held in the IHI Clinical Trial Data repository and will be password protected. Other
investigators will have access to data sets by request. For con�dentiality purposes, any participants’
information and data given to trial team members will be blinded. 

Ethics approval and consent to participate {24}

Ethical Clearance

The project has obtained institutional ethical clearance Internal Review Board certi�cate number
IHI/IRB/N°36–2015 and National Institute of Medical Research (NIMR-Tanzania) clearance certi�cate
number NIMR/HQ/R.8a/Vol. IX/2155. The trial is also internationally registered to Trials.gov, with
reference number NCT02938975 Unique Protocol ID: BIT014 PR001 V01 and in the United States as
USAMRMC ORP HRPO A-19327. 



Page 18/23

Consent for publication {32}

Permission to publish was granted by the NIMR-Tanzania Ref: NIMR/HQ/P.12 VOL XXXI/23.

Competing interests {28}

The authors declare that they have no competing interests. 

Authors’ information (optional) 

References
1.         Christophers S. Aedes aegypti (L.) the yellow fever mosquito: its life history basL, UK: Cambridge
University Press; 1960.

2.         Monroe A, Moore S, Koenker H, Lynch M, Ricotta E: Measuring and characterizing night time
human behaviour as it relates to residual malaria transmission in sub-Saharan Africa: a review of the
published literature. Malaria Journal 2019, 18:6.

3.         Kitchen LW, Lawrence KL, Coleman RE: The role of the United States military in the development of
vector control products, including insect repellents, insecticides, and bed nets. J Vector Ecol 2009, 34:50-
61.

4.         Pages F, Faulde M, Orlandi-Pradines E, Parola P: The past and present threat of vector-borne
diseases in deployed troops. Clin Microbiol Infect 2010, 16:209-224.

5.         Recht J, Siqueira AM, Monteiro WM, Herrera SM, Herrera S, Lacerda MVG: Malaria in Brazil,
Colombia, Peru and Venezuela: current challenges in malaria control and elimination. Malar J 2017,
16:273.

6.         von Seidlein L, Peto TJ, Tripura R, Pell C, Yeung S, Kindermans JM, Dondorp A, Maude R: Novel
Approaches to Control Malaria in Forested Areas of Southeast Asia. Trends Parasitol 2019, 35:388-398.

7.         Kounnavong S, Gopinath D, Hongvanthong B, Khamkong C, Sichanthongthip O: Malaria
elimination in Lao PDR: the challenges associated with population mobility. Infect Dis Poverty 2017, 6:81.

8.         da Silva-Nunes M, Codeço CT, Malafronte RS, da Silva NS, Juncansen C, Muniz PT, Ferreira MU:
Malaria on the Amazonian frontier: transmission dynamics, risk factors, spatial distribution, and
prospects for control. Am J Trop Med Hyg 2008, 79:624-635.

9.         Abdul-Ghani R, Mahdy MAK, Al-Eryani SMA, Fouque F, Lenhart AE, Alkwri A, Al-Mikhla� AM, Wilke
ABB, Thabet AAQ, Beier JC: Impact of population displacement and forced movements on the
transmission and outbreaks of Aedes-borne viral diseases: Dengue as a model. Acta Tropica 2019,
197:105066.



Page 19/23

10.       WHO: Mass drug administration for falciparum malaria: a practical �eld manual. Geneva: World
Health Organization; 2017.

11.       Wen S, Harvard KE, Gueye CS, Canavati SE, Chancellor A, Ahmed BN, Leaburi J, Lek D, Namgay R,
Surya A, et al: Targeting populations at higher risk for malaria: a survey of national malaria elimination
programmes in the Asia Paci�c. Malar J 2016, 15:271.

12.       Norris EJ, Coats JR: Current and Future Repellent Technologies: The Potential of Spatial
Repellents and Their Place in Mosquito-Borne Disease Control. Int J Environ Res Public Health 2017, 14.

13.       Banks SD, Murray N, Wilder-Smith A, Logan JG: Insecticide-treated clothes for the control of vector-
borne diseases: a review on effectiveness and safety. Med Vet Entomol 2014, 28 Suppl 1:14-25.

14.       Bernier U: New developments in skin repellents and repellent- treated uniforms for the United
States military. In 61st Meeting of the Entomological Society of America. Austin, Texas, USA2013.

15.       Agramonte NM, Bloomquist JR, Bernier UR: Pyrethroid resistance alters the blood-feeding behavior
in Puerto Rican Aedes aegypti mosquitoes exposed to treated fabric. PLoS Negl Trop Dis 2017,
11:e0005954.

16.       DeGennaro M: The mysterious multi-modal repellency of DEET. Fly (Austin) 2015, 9:45-51.

17.       Leal WS: The enigmatic reception of DEET - the gold standard of insect repellents. Curr Opin Insect
Sci 2014, 6:93-98.

18.       Lalani T, Yun H, Tribble D, Ganesan A, Kunz A, Fairchok M, Schnaubelt E, Fraser J, Mitra I,
Kronmann KC, et al: A comparison of compliance rates with anti-vectorial protective measures during
travel to regions with dengue or chikungunya activity, and regions endemic for Plasmodium falciparum
malaria. J Travel Med 2016, 23.

19.       Moore SJ, Mordue Luntz AJ, Logan JG: Insect bite prevention. Infect Dis Clin North Am 2012,
26:655-673.

20.       Maia MF, Kliner M, Richardson M, Lengeler C, Moore SJ: Mosquito repellents for malaria
prevention. Cochrane Database of Systematic Reviews 2018.

21.       World Health Organisation: Guidelines for malaria vector control Geneva2019.

22.       Gryseels C, Uk S, Sluydts V, Durnez L, Phoeuk P, Suon S, Set S, Heng S, Siv S, Gerrets R, et al:
Factors in�uencing the use of topical repellents: implications for the effectiveness of malaria elimination
strategies. Sci Rep 2015, 5:16847.

23.       Akili Kalinga, Reginald A Kavishe, Deus S Ishengoma, Gibson Kagaruki, Clement Mweya SM,
Lucas Mahikwano, Edwin Kamau, Mark Hickman, Norman Waters, Lucky Temu, et al: Prevalence of



Page 20/23

asymptomatic malaria infections in selected military camps in Tanzania. Tanzania Journal of Health
Research 2019, 21.

24.       Richards SL, Agada N, Balanay JAG, White AV: Permethrin treated clothing to protect outdoor
workers: evaluation of different methods for mosquito exposure against populations with differing
resistance status. Pathog Glob Health 2018, 112:13-21.

25.       Faulde M, Uedelhoven W: A new clothing impregnation method for personal protection against
ticks and biting insects. Int J Med Microbiol 2006, 296 Suppl 40:225-229.

26.       Vaughn MF, Meshnick SR: Pilot study assessing the effectiveness of long-lasting permethrin-
impregnated clothing for the prevention of tick bites. Vector Borne Zoonotic Dis 2011, 11:869-875.

27.       EPA: Clothing Factory-Treated with Permethrin http://www.epa.gov/pesticides/factsheets/factory-
treated-clothing.html. Washington: Environmental Protection Agency; 2012.

28.       Frances SP, Sferopoulos R, Lee B: Protection From Mosquito Biting Provided by Permethrin-Treated
Military Fabrics. J Med Entomol 2014, 51:1220-1226.

29.       Bernier U, Perry M, Agramonte N, Knue G: Development of etofenprox-treated U.S. military combat
uniforms Mosquito and Fly Research: Gainesville, FL: Agricultural Research Service

U.S. Department of Agriculture; 2016.

30.       USEPA: "U.S. Environmental Protection Agency. O�ce of Pesticides and Toxic Substances. Special
Pesticide Review Division. N,N-diethyl-m-toluamide (DEET) Pesticide Registration Standard (EPA-540/RS-
81-004). Washington, DC: U.S. Environmental Protection Agency; 1980. (PB81-207722) ". 1980.

31.       Osimitz T, Grothaus RH: The present safety assessment of deet. Journal of the American
Mosquito Control Association 1995, 11:274-278.

32.       Veltri JC, Osimitz TG, Bradford DC, Page BC: Retrospective analysis of calls to poison control
centers resulting from exposure to the insect repellent N, N-diethyl-m-toluamide (DEET) from 1985-1989.
Clinical Toxicology 1994, 32:1-16.

33.       Barnard DR, Xue RD: Laboratory evaluation of mosquito repellents against Aedes albopictus,
Culex nigripalpus, and Ochlerotatus triseriatus (Diptera: Culicidae). Journal of medical entomology 2004,
41:726-730.

34.       Goodyer L, Behrens RH: Short report: The safety and toxicity of insect repellents. The American
Journal of Tropical Medicine and Hygiene 1998, 59:323-324.

35.       Goodyer LI, Croft AM, Frances SP, Hill N, Moore SJ, Onyango SP, Debboun M: Expert review of the
evidence base for arthropod bite avoidance. Journal of travel medicine 2010, 17:182-192.

http://www.epa.gov/pesticides/factsheets/factory-treated-clothing.html


Page 21/23

36.       Fradin MS: Mosquitoes and mosquito repellents. Ann of Internal Med 1998, 128:931-940.

37.       Mark S. Fradin, John F. Day: Comparative E�cacy of Insect Repellents against Mosquito Bites. N
Engl J Med 2002, 347:13 - 18.

38.       Schindler T, Robaina T, Sax J, Bieri JR, Mpina M, Gondwe L, Acuche L, Garcia G, Cortes C, Maas C,
Daubenberger C: Molecular monitoring of the diversity of human pathogenic malaria species in blood
donations on Bioko Island, Equatorial Guinea. Malar J 2019, 18:9.

39.       Kamau E, Alemayehu S, Feghali KC, Saunders D, Ockenhouse CF: Multiplex qPCR for detection and
absolute quanti�cation of malaria. PLoS One 2013, 8:e71539.

40.       Kamau E, Alemayehu S, Feghali KC, Komisar J, Regules J, Cowden J, Ockenhouse CF:
Measurement of parasitological data by quantitative real-time PCR from controlled human malaria
infection trials at the Walter Reed Army Institute of Research. Malar J 2014, 13:288.

41.       Hofmann N, Mwingira F, Shekalaghe S, Robinson LJ, Mueller I, Felger I: Ultra-sensitive detection of
Plasmodium falciparum by ampli�cation of multi-copy subtelomeric targets. PLoS Med 2015,
12:e1001788.

42.       Kalinga A, Mswanya C, Amoo G, Mwanziva C, Temu L, Chiduo S, Anova L, Wurapa E, Schnabel D,
Fine I, et al: Developing a passive malaria case detection strategy using FionetTM Technology in
Tanzanian military health facilities. In American Society of Tropical Medicine and Hygiene.
Philadelphia2015.

43.       Johnson PCD, Barry SJE, Ferguson HF, Muller P: Power analysis for generalized linear mixed
models in ecology and evolution. Methods in Ecology and Evolution 2014.

44.       Taylor BJ, Martin KA, Arango E, Agudelo OM, Maestre A, Yanow SK: Real-time PCR detection of
Plasmodium directly from whole blood and �lter paper samples. Malaria journal 2011, 10:244.

45.       Singh B, Bobogare A, Cox-Singh J, Snounou G, Abdullah MS, Rahman HA: A genus- and species-
speci�c nested polymerase chain reaction malaria detection assay for epidemiologic studies. Am J Trop
Med Hyg 1999, 60:687-692.

46.       Van den Broeck J, Argeseanu Cunningham S, Eeckels R, Herbst K: Data Cleaning: Detecting,
Diagnosing, and Editing Data Abnormalities. PLOS Medicine 2005, 2:e267.

47.       Ellenberg SS, Culbertson R, Gillen DL, Goodman S, Schrandt S, Zirkle M: Data monitoring
committees for pragmatic clinical trials. Clin Trials 2015, 12:530-536.

48.       Sangoro O, Moore SJ: Evaluation of Repellent E�cacy in Reducing Disease Incidence. In Insect
Repellents Handbook, Second Edition. Edited by Debboun M, Frances SP, Strickman D. Boca Raton Florida
CRC Press, Taylor & Francis Group 2014



Page 22/23

49.       Croft A: Malaria prevention in travellers. Clinical Evidence 2010, 7:1-34.

50.       Sharp TW, DeFraites RF, Thornton SA, Burans JP, Wallace MR: Illness in Journalists and Relief
Workers Involved in International Humanitarian Assistance Efforts in Somalia, 1992-93. J Travel
Med 1995, 2:70-76.

51.       Kimani EW, Vulule JM, Kuria IW, Mugisha F: Use of insecticide-treated clothes for personal
protection against malaria: a community trial. Malar J 2006, 5:63.

52.       Mboera LE, Mweya CN, Rumisha SF, Tungu PK, Stanley G, Makange MR, Misinzo G, De Nardo P,
Vairo F, Oriyo NM: The Risk of Dengue Virus Transmission in Dar es Salaam, Tanzania during an
Epidemic Period of 2014. PLoS Negl Trop Dis 2016, 10:e0004313.

53.       World Health Organization: Report of the third WHOPES working group meeting. Review of
Deltamethrin 1% SC and 25% WT, Etofenprox 10% EC and 10% EW. . WHO/HQ Geneva1999.

54.       Gupta SK: Intention-to-treat concept: A review. Perspectives in clinical research 2011, 2:109-112.

55.       White IR, Horton NJ, Carpenter J, statistics rimas, Pocock SJ: Strategy for intention to treat
analysis in randomised trials with missing outcome data. BMJ 2011, 342.

56.       Hernán MA, Robins JM: Per-Protocol Analyses of Pragmatic Trials. N Engl J Med 2017, 377:1391-
1398.

57.       Govella N, Ferguson H: Why Use of Interventions Targeting Outdoor Biting Mosquitoes will be
Necessary to Achieve Malaria Elimination. Frontiers in Physiology 2012, 3.

58.       Zhu L, Müller GC, Marshall JM, Arheart KL, Qualls WA, Hlaing WM, Schlein Y, Traore SF, Doumbia S,
Beier JC: Is outdoor vector control needed for malaria elimination? An individual-based modelling study.
Malaria Journal 2017, 16:266.

Tables
Table 1: Inclusion, exclusion and withdrawal of trial participants
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Inclusion Criteria Exclusion criteria Withdrawal criteria

New recruits to national service
JKT at Mgambo

Already employed military personnel  

Member of a *combania Not assigned to a combania  

Passes physical examination –
no underlying health risks

Underlying health risks – does not
pass physical examination

(No recruits to JKT are accepted if they
have chronic health problems.)

 

Recruits who are not pregnant (Pregnant people are not recruited to
JKT.)

Participant known to
have become pregnant

Consents to participate Does not consent to participate Withdraws consent to
participate

* Recruits are grouped into companies, or combania, which will be the level of randomisation.

Figures

Figure 1

Schedule of events for the trial

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Additional�le1MonthlyFollowupQuestionnaire..doc

https://assets.researchsquare.com/files/rs-618550/v1/80af16969588886232a9243a.doc

