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Prevention and control of neglected tropical diseases: overview of

randomized trials, systematic reviews and meta-analyses
Shanthi Kappagoda® & John PA loannidis®

Objective To analyse evidence from randomized controlled trials (RCTs) on the prevention and control of neglected tropical diseases (NTDs)
and to identify areas where evidence is lacking.

Methods The Cochrane Central Register of Controlled Trials and PubMed were searched for RCTs and the Cochrane Database of Systematic
Reviews and PubMed were searched for meta-analyses and systematic reviews, both from inception to 31 December 2012.

Findings Overall, 258 RCTs were found on American trypanosomiasis, Buruli ulcer, dengue, geohelminth infection, leishmaniasis, leprosy,
lymphatic filariasis, onchocerciasis, rabies, schistosomiasis or trachoma. No RCTs were found on cysticercosis, dracunculiasis, echinococcosis,
foodborne trematodes, or human African trypanosomiasis. The most studied diseases were geohelminth infection (51 RCTs) and leishmaniasis
(46 RCTs). Vaccines, chemoprophylaxis and interventions targeting insect vectors were evaluated in 113,99 and 39 RCTs, respectively. Few
addressed how best to deliver preventive chemotherapy, such as the choice of dosing interval (10) or target population (4), the population
coverage needed to reduce transmission (2) or the method of drug distribution (1). Thirty-one publications containing 32 systematic
reviews (16 with and 16 without meta-analyses) were found on American trypanosomiasis, dengue, geohelminths, leishmaniasis, leprosy,
lymphatic filariasis, onchocerciasis, schistosomiasis or trachoma. Together, they included only 79 of the 258 published RCTs (30.6%). Of 36
interventions assessed, 8 were judged effective in more than one review.

Conclusion Few RCTs on the prevention or control of the principal NTDs were found. Trials on how best to deliver preventive chemotherapy
were particularly rare.

Abstractsin ( ,<, H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

More than one billion of the world’s poorest people are affected
by neglected tropical diseases (NTDs), which are a group of
parasitic, viral and bacterial infections that each year cause an
estimated 534000 deaths and a disease burden of 57 million
disability-adjusted life-years (DALYs).' The World Health
Organization (WHO) advocates five strategies for preventing
and controlling NTDs: preventive chemotherapy, intensified
case management, control of disease vectors, provision of clean
water and sanitation and veterinary public health measures.’
Historically, the development of drugs for these diseases has
been limited by a lack of market incentives.” More recently,
the formation of public-private partnerships for drug develop-
ment has increased investment in research and development
but the results have been uneven, with some diseases benefit-
ing more than others.* For some NTDs, such as geohelminth
infection, affordable and effective treatments do exist but their
availability for people living in highly endemic areas is often
limited.” For many others, treatment is inconvenient, poorly
tolerated and expensive. A rational and comprehensive ap-
proach to disease control may, therefore, involve: (i) preven-
tion strategies, including combined preventive chemotherapy
(i.e. the treatment of more than one disease by the mass admin-
istration of more than one drug concurrently); (ii) improved
access to clean water and sanitation; and (iii) the reduction of
disease transmission by insect vectors. In addition, integrating
efforts to control several NTDs into a single programme may
reduce costs and streamline implementation.”*"*

Evidence from randomized controlled trials (RCTs) can
provide valuable information about the relative merits of dif-

ferent preventive interventions. However, the evidence may
be scattered across several different trials. Moreover, although
several systematic reviews and meta-analyses have been car-
ried out, typically each has considered only one or a few in-
terventions for a single disease, thereby creating a fragmented
picture of the evidence available from RCTs. To prioritize
research into the control of NTDs and to make evidence-based
decisions about prevention, we must know: (i) the extent to
which the RCTs available and associated systematic reviews
and meta-analyses address the most important questions about
control and prevention; (ii) whether these studies leave modest
or large gaps in evidence and (iii) whether any interventions
have been found to be consistently effective.

To address these issues, we systematically collected evi-
dence from RCTs available in the peer-reviewed literature on
the prevention or control of the principal NTDs and from
corresponding systematic reviews and meta-analyses. Our
aims were to evaluate the evidence from RCTs, to identify
interventions that were found to be effective in systematic
reviews and meta-analyses, to determine whether different
meta-analyses on the same topic yielded similar or conflict-
ing conclusions and to identify gaps in the evidence available.

Methods
Randomized controlled trials

We searched PubMed and the Cochrane Central Register of
Controlled Trials for RCTs published on or before 31 De-
cember 2012 that addressed the prevention or control of 16
NTDs: American trypanosomiasis (Chagas disease), Buruli
ulcer, cysticercosis, dengue, dracunculiasis (guinea-worm
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disease), echinococcosis (hydatid cyst
disease), foodborne trematode infec-
tion, geohelminth infection, human
African trypanosomiasis, leishmaniasis,
leprosy, lymphatic filariasis, oncho-
cerciasis, rabies, schistosomiasis and
trachoma. We sought additional trials
by reviewing our own literature col-
lections, English-language systematic
reviews, meta-analyses and Cochrane
reviews, and the references of eligible
publications we identified. The search
strategy is given in detail in Table 1
(available at: http://www.who.int/bulw
letin/volumes/92/5/13-129601).

For several diseases, prevention,
control and treatment overlap. For
example, preventive chemotherapy is
a disease control strategy that encom-
passes treatment and prevention: in
highly endemic areas, periodic mass
drug administration both provides
treatment for infected individuals and
decreases the burden of disease in the
community by reducing transmission
and preventing new cases.” Currently,
preventive chemotherapy is used for
schistosomiasis, lymphatic filariasis,
geohelminth infection, onchocerciasis
and trachoma.’ Our study included pre-
ventive chemotherapy trials, which were
defined as trials in which chemotherapy
was given to a group of participants
regardless of their infection status (i.e.
without testing or screening for disease),
either by mass drug administration to
the whole population or by targeting
treatment at a known high-risk group
(e.g. schoolchildren). We excluded trials
of individual treatment in which only
infected participants were randomized.
We also excluded trials of diagnostic
tests, pharmacokinetic studies in healthy
volunteers, trials with nonhuman sub-
jects, non- and pseudo-randomized
trials and trials that addressed the pre-
vention of disease complications (e.g.
trials of footwear for preventing foot
ulcers in leprosy patients). Furthermore,
we excluded trials published only as
abstracts, descriptions of planned stud-
ies, subgroup or secondary analyses of
previously published RCTs and trials
reported in languages other than Dutch,
English, French, German, Portuguese or
Spanish. When we found a preliminary
report of clinical trial data that were later
included in a more complete publica-
tion, we included only the final publi-
cation. Trials that addressed more than
one disease were included in the data set
only once, although, for completeness,
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they are listed in each relevant disease
section in Table 2.

Systematic reviews and meta-
analyses

We carried out a separate search of
PubMed and the Cochrane Database of
Systematic Reviews to identify English-
language meta-analyses and systematic
reviews on the control or prevention of
NTDs published on or before 31 Decem-
ber 2012. Eligible reviews had to contain
at least one RCT that had been reported
in a peer-reviewed publication and had
to address the efficacy of any interven-
tions used to prevent or control one of
the 16 diseases of interest. We excluded
articles on treatment, diagnosis, epi-
demiology, disease burden or the mo-
lecular biology, evolution or ecology of
the etiological agent. We also excluded
reviews that exclusively addressed ani-
mals (for example, vaccines in livestock)
and protocols for planned reviews. For
Cochrane reviews, we included only
the most recent update. Systematic re-
views had to include a methods section
that described a comprehensive search
strategy, with inclusion and exclusion
criteria. A subset of systematic reviews
included a meta-analysis that provided
a formal quantitative synthesis of study
results. We excluded three publications
that were primarily reviews of reviews
rather than of primary research data,
though we read these publications to
identify any additional suitable RCTs or
systematic reviews. The search strategy
is described in detail in Table 3 (avail-
able at: http://www.who.int/bulletin/
volumes/92/5/13-129601).

Data analysis

We extracted the following informa-
tion from each published RCT: first
author, publication year, journal title,
study country or site, study design (i.e.
cluster, crossover or neither), interven-
tions, sample size and follow-up period.
We used the “unit of randomization”
for calculating sample sizes: for trials
in which individual participants were
randomized, the sample size was the
total number of individuals random-
ized and, for cluster randomized trials,
the sample size was the total number of
clusters (for example, neighbourhoods
or villages). For both individually and
cluster randomized trials, the sample
size was taken to be the total number of
individuals or clusters initially random-
ized rather than the number remain-
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ing after accounting for those lost to
follow-up. We noted whether the trial
report included a funding statement
and ascribed funding to one or more of
four sources: (i) a government or other
public agency, including WHO and
national public organizations such as
the National Institutes of Health in the
United States of America; (ii) industry;
(iii) a charity or foundation; and (iv) a
university or hospital. For each of the 10
diseases for which data were available,
we calculated the Pearson correlation
coefficient for the correlation between
the number of RCTs performed and
the annual global burden of disease,
expressed in DALYs, and between the
total sample size and the annual global
disease burden.'” We obtained data
on the disease burden of American
trypanosomiasis,'' dengue," leishmani-
asis,'" leprosy,'' lymphatic filariasis,"’
onchocerciasis,' rabies,'” geohelminth
infections,'" schistosomiasis'' and
trachoma.'’ No reliable estimates were
available for Buruli ulcer.

For each systematic review, we
extracted details of the first author, the
publication year and the interventions
addressed. Most meta-analyses and sys-
tematic reviews included both RCTs and
nonrandomized studies. For each RCT,
we extracted data on the sample size and
the primary outcome. For reviews that
included a meta-analysis, we recorded
the effect size with 95% confidence in-
tervals and, for all systematic reviews, we
recorded the authors’ conclusions, in-
cluding their views on whether the inter-
vention could be classified as: (i) likely
to be effective; (ii) likely to be ineffective
or (iii) of unknown efficacy due to a
lack of sufficient evidence. When two or
more reviews were available on the same
intervention, we recorded whether they
had similar or conflicting conclusions.
Finally, we determined which RCTs in
our RCT data set had not been included
in a systematic review.

Results
Randomized controlled trials

The initial literature search for RCTs
identified 2855 publications (Fig. 1,
available at: http://www.who.int/bulle-
tin/volumes/92/5/13-129601), of which
223, containing 236 eligible RCTs, were
retained for analysis. Five publications
were added from our literature collec-
tion or from the bibliographies of the
publications retained; 18 were added
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Table 2. Randomized controlled trials (RCTs) and annual global disease burden for selected neglected tropical diseases (NTDs), to 2012

NTD and management RCTs Disease burden in DALYs*
No.? Total sample size” el
Geohelminth infection 51 22848 379
Preventive chemotherapy? 47 22101 NA
Non-antihelminthic preventive chemotherapy (e.g. 2 608 NA
micronutrients or iron)
Strongyloidiasis prophylaxis in immunocompromised hosts 1 103 NA
Hookworm vaccine 1 36 NA
Leishmaniasis 46 22758 2090
Leishmaniasis vaccine 29 19605 NA
Interventions targeting vectors® 17 3153 NA
Rabies 34 5176 1780
Pre-exposure vaccine 29 4489 NA
Pre-exposure vaccine administered with other vaccines or 4 621 NA
schedules
Pre-exposure vaccine delivery system' 1 66 NA
Dengue 31 71206 616
Dengue vaccine 20 70539 NA
Interventions targeting vectors® 10 658 NA
Education exclusively 1 9 NA
Schistosomiasis 29 14023 1702
Preventive chemotherapy? 13 9643 NA
Chemoprophylaxis in high-risk individuals who test negative 9 3783 NA
for the disease
Education 4 90 NA
Non-antihelminthic preventive chemotherapy (e.g. 2 491 NA
micronutrients or iron)
Vaccine 1 16 NA
Trachoma? 27 8338 2329
Preventive chemotherapy? 15 1114 NA
Trachoma vaccine 8 5515 NA
Sanitation or fly control 5 77 NA
Facial cleanliness 1 424 NA
Neonatal conjunctivitis 1 2004 NA
Leprosy 25 736567 198
Leprosy vaccine 18 730284 NA
Contact chemoprophylaxis 7 6283 NA
Lymphatic filariasis 10 5538 5777
Preventive chemotherapy? 10 5538 NA
Onchocerciasis 8 15268 484
Preventive chemotherapy? 7 15124 NA
Chemoprophylaxis in high-risk individuals who test negative 1 144 NA
for the disease
American trypanosomiasis
Chemical vector control 8 3340 667
Buruli ulcer
BCG vaccine 2 6769 ND

BCG, Bacillus Calmette—Guérin; DALY, disability-adjusted life—year; NA, not applicable; ND, not determined.

¢ The total number of trials listed exceeds 258 because some addressed more than one disease concurrently: 8 addressed geohelminth infection and schistosomiasis,
2 addressed geohelminth infection and lymphatic filariasis, 1 addressed geohelminth infection and onchocerciasis and 1 addressed geohelminth infection, filariasis
and schistosomiasis.

b The sample size was the number of “units of randomization”in each trial, including the number of clusters in cluster randomized trials. It underestimates the number
of individual participants.

¢ ADALY is a year of life lost due to ill health, disability or early death associated with a disease.'”

4 Trials were included in this category if any arm involved preventive chemotherapy.

¢ Includes environmental modification, biological control, insecticide spraying and insecticide-treated bednets, curtains and clothing.

" This trial compared four different lengths of intradermal needle for intradermal injection and an epidermal abrasion system with intramuscular delivery of rabies
vaccine.

9 The sum of the number of trials in each intervention category does not add to 27 because several trials contained more than one modality (e.g. sanitation and
preventive chemotherapy).
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Table 4. Randomized controlled trials (RCTs) on the prevention and control of selected
neglected tropical diseases (NTDs), to 2012

Characteristic No. (%)? of RCTs
(No.=258)
Location®
WHO African Region 59 (21.2)
WHO Region of the Americas 78 (28.1)
WHO South-East Asia Region 62 (22.3)
WHO European Region 20(7.2)
WHO Eastern Mediterranean Region 26 (9.4)
WHO Western Pacific Region 33(11.9)
Number of study sites
Single centre 248 (96.1)
Multicentre 10 (3.9)
Type of trial
With individual participants 187 (72.5)
Cluster randomized trial 71 (27.5)
Funding
Publication explicitly stated funding source 191 (74.0)
Any public funding 144 (55.8)
Any charity or foundation funding 53 (20.5)
Any industry funding 26 (10.1)
Any university or hospital funding 31(12.0)
Publication did not explicitly state funding source 66 (25.6)
Unable to ascertain 1(0.4)
Duration of follow-up
1 year or less 155 (60.1)
Longer than 1 year 103 (39.9)
Sample size®
Mean 3517

Median (interquartile range)

151 (36-553)

WHO, World Health Organization.

¢ All values in the table represent absolute numbers and percentages unless otherwise stated.

® The sum of the number of trials in each location exceeds 258 because some were multicentre trials.

¢ The mean and the median were calculated using the “unit of randomization”in each trial, including the
number of clusters in cluster randomized trials. Consequently, the number of individual participants was
underestimated. When the number of participants in cluster randomized trials was taken into account,
when available, rather than the number of clusters, the median sample size was 396 (interquartile range:

123-1425).

from the bibliographies of systematic
reviews or meta-analyses. The final anal-
ysis included 246 publications contain-
ing details of 258 RCTs (Appendix A,
available at: https://stanford.box.com/s/
nm7ri7xnxq58m744gcl5).

Table 2 shows, for 11 NTDs, the
number of RCTs on prevention or con-
trol performed, the total sample size and
the annual global disease burden. Geo-
helminth infection was studied most (51
RCTs with a total sample size of 22 848),
followed by leishmaniasis (46 RCTs with
a total sample size of 22 758) and rabies
(34 RCTs with a total sample size of
5176). No RCT had been performed on
the prevention or control of five diseases:
cysticercosis, dracunculiasis, echinococ-
cosis, foodborne trematode infection

and human African trypanosomiasis.
There was no significant correlation
between disease burden and either the
number of RCTs (p=0.12, P=0.73) or
the total sample size (p=-0.38; P=0.28).
Although the disease burden was great-
est for lymphatic filariasis, only 10 RCTs
had been performed.

Table 4 shows that most RCTs were
conducted in the WHO Region of the
Americas, the South-East Asia Region or
the African Region. Only 10 RCTs (3.9%)
were multicentre trials. There were 71
(27.5%) cluster randomized trials. Most
trials were publicly funded (55.8%) or
had no reported funding source (25.6%)
and only 10.1% were funded by industry.
The median sample size was 151 (inter-
quartile range: 36 to 553).
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Overall, 113 of the 258 RCTs
(43.8%) involved vaccines, 99 (38.4%)
involved topical or oral chemoprophy-
laxis and 39 (15.1%) involved inter-
ventions that targeted insect vectors,
such as insecticide-treated bednets or
indoor residual spraying. In addition,
80 (31.0%) had one or more preventive
chemotherapy arms - either mass drug
administration or targeted treatment.
Few trials addressed the delivery of
preventive chemotherapy: only 10 con-
sidered dosing intervals, 4 considered
the choice of target population, 2 con-
sidered the population coverage needed
for mass drug administration and 1
considered how best to deliver preven-
tive chemotherapy. The other preventive
chemotherapy trials either compared a
drug with placebo or compared two or
more drugs. Only 12 trials addressed
co-treatment of more than one disease
by mass drug administration. Preventive
chemotherapy is the main intervention
for four diseases — lymphatic filariasis,
onchocerciasis, schistosomiasis and
geohelminth infections - and is a
key component in the control of tra-
choma.”” Although 80 of 112 RCTs on
these five diseases had a targeted treat-
ment or mass drug administration arm,
again very few addressed how best to
deliver preventive chemotherapy: only
10 investigated different time intervals
for drug distribution, 2 considered
population coverage, 4 considered the
target population and 1 considered the
method of drug distribution. Moreover,
of the 80 RCTs, 27 compared mass treat-
ment and placebo, whereas 24 compared
different drugs.

Systematic reviews and meta-
analyses

The literature search identified 31
publications that reported one or more
systematic reviews, with or without a
formal meta-analysis (Fig. 2, available
at: http://www.who.int/bulletin/vol/
umes/92/5/13-129601). They addressed
36 different interventions for nine differ-
ent diseases: American trypanosomiasis,
dengue, geohelminths, leishmaniasis,
leprosy, lymphatic filariasis, onchocer-
ciasis, schistosomiasis and trachoma.
Of the 16 systematic reviews that in-
cluded a meta-analysis, there were 2
on dengue,'*" 1 on leishmaniasis,'® 5
on leprosy (3 on the bacillus Calmette—
Guérin [BCG] vaccine’"" and two
on chemoprophylaxis®>*'), 2 on schis-
tosomiasis,”>*’ 1 on onchocerciasis,”
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4 on lymphatic filariasis*** and 1 on
trachoma.” Of the 16 systematic reviews
that did not include a meta-analysis (re-
ported in 15 publications), there were 4
on trachoma,”~* 3 on dengue,”° 1 on
leprosy,” 2 on leishmaniasis,”*** 1 on on-
chocerciasis,” 3 on schistosomiasis, " ~**
1 on geohelminths* and 1 on American
trypanosomiasis.** Details of the sys-
tematic reviews are given in Appendix
B (available at: https://stanford.box.
com/s/af4co496byngxlfwnlgc).

Appendix C (available at:
https://stanford.box.com/s/ftoxgslp-
pc4d9qzno3j5) lists the RCTs included
in each review. Overall, only 79 of the
258 RCTs (30.6%) were included in a
systematic review: 31 (12.0%) were in-
cluded only in a systematic review with-
out a meta-analysis, 40 (15.5%) were
included only in a systematic review
with a meta-analysis and 8 (3.1%) were
included in both a systematic review
without a meta-analysis and one with a
meta-analysis.

Nineteen interventions had been
assessed by a single systematic review
(Table 5). Of the 19, 14 were found to
be effective, 3 were found to be ineffec-
tive and, for 2, there was insufficient
evidence to judge efficacy. Another 17
interventions had been assessed by two
or more systematic reviews (Table 6).
Of the 17, 8 were consistently found to
be effective (all had been assessed in a
meta-analysis), 1 was consistently found
to be ineffective and, for 8, different re-
views produced conflicting conclusions.
For 4 of the 8 interventions on which
conclusions conflicted, different system-
atic reviews concluded either that the
intervention was likely to be effective or
that there was insufficient evidence; for
1 other intervention, different system-
atic reviews concluded either that the
intervention was likely to be ineffective
or that there was insufficient evidence;
and for the remaining 3 interventions,
different reviews reported all possible
conclusions (i.e. likely to be effective,
likely to be ineffective and insufficient
evidence). Only interventions for tra-
choma, leprosy and schistosomiasis
were consistently judged to be effective
by more than one systematic review.
However, interventions for American
trypanosomiasis, geohelminth infection,
onchocerciasis and lymphatic filariasis
were judged effective by the one sys-
tematic review in which each had been
assessed.
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Table 5. Interventions for the prevention and control of neglected tropical diseases
(NTDs) evaluated in only one systematic review, to 2012

Effectiveness of intervention, NTD and
intervention

Systematic review

Without meta-analysis  With meta-analysis

Likely to be effective
American trypanosomiasis
Chemical vector control

Vector surveillance: notification of vector
presence by residents compared to active
searches by vector control staff plus vector
detection devices or active searches alone

Schistosomiasis

Abad-Franch 2011% NA
Abad-Franch 2011 NA

Repeated praziquantel doses versus single King 2011% NA

doses

Educational programmes that include videos  Bieri 2012 NA
Praziquantel plus artesunate NA Liu 2011
chemoprophylaxis

Leprosy

Rifampin chemoprophylaxis NA Reveiz 2009”
Onchocerciasis

Single-dose ivermectin for prevention NA Basafiez 2008
Lymphatic filariasis

Diethylcarbamazine for prevention NA Tisch 2005
Ivermectin for prevention NA Tisch 2005
Geohelminth infection

Albendazole for prevention Uneke 2010%2 NA
Mebendazole for prevention Uneke 2010*2 NA
Levamisole for prevention Uneke 2010%2 NA
Mebendazole plus levamisole for prevention  Uneke 2010*2 NA
Pyrantel-oxantel for prevention Uneke 2010*2 NA

Likely to be ineffective

Leishmaniasis

Killed whole parasite Leishmania vaccines NA Noazin 2009
Insecticide spraying Romero 2010 NA
Combined insecticide spraying and dog Romero 2010 NA

culling

Insufficient evidence

Onchocerciasis

Ivermectin to prevent visual loss in Ejere 2012% NA
onchocercal eye disease

Trachoma

Health education Rabiu 2012 NA

NA, not applicable.

¢ Allfive drugs or drug combinations were judged likely to be effective against Ascaris lumbricoides and
hookworm but were judged less effective against Trichuris trichiura.

For Buruli ulcer and rabies, no
systematic review of a prevention or
control intervention containing a peer-
reviewed RCT had been performed,
though RCTs had been carried out. For
cysticercosis, dracunculiasis, echinococ-
cosis, foodborne trematode infection
and human African trypanosomiasis,
neither a systematic review nor an RCT
had been performed.

Discussion

Our analysis of 258 RCTs and 32 sys-
tematic reviews provides a summary of
the evidence available on the prevention
and control of NTDs and identifies gaps
in that evidence. Although prevention
is likely to be more cost-effective than
treatment for these diseases,** far fewer
trials of prevention than treatment have
been carried out.”” We found that RCTs
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Table 6. Interventions for the prevention and control of neglected tropical diseases (NTDs) evaluated in more than one systematic

review, to 2012

Effectiveness of intervention, NTD and
intervention

Systematic review

Without meta-analysis

With meta-analysis

Consistently likely to be effective
Trachoma

Topical tetracycline Kuper 2003* Evans 20117

Azithromycin Kuper 2003* Evans 2011%

Leprosy

Bacillus Calmette—Guérin vaccine for Barreto 2006" Setia 2006,'® Zodpey 2007, Merle 2010'
prevention

Dapsone chemoprophylaxis NA Smith 2000,”' Reveiz 20097
Acedapsone chemoprophylaxis NA Smith 2000,”' Reveiz 20097
Schistosomiasis

Artesunate chemoprophylaxis NA Liu 2011, Pérez del Villar 2012%
Artemether chemoprophylaxis NA Liu 2011, Pérez del Villar 2012%
Praziquantel chemoprophylaxis Uneke 2010% Liu 20117

Consistently likely to be ineffective

Leishmaniasis

Dog culling Costa 2011, Romero 2010% NA

Discordant results
Lymphatic filariasis
Albendazole

Albendazole plus ivermectin

Albendazole plus diethylcarbamazine

Trachoma

Face and eye washing, including face
washing plus topical tetracycline

Environmental improvements, including
fly control with pit latrines or with
insecticide spraying and water provision
Dengue

Chemical vector control

Biological control

Community-based or educational
interventions or both, including
environmental management and
integrated vector management

NA

NA

NA

Insufficient evidence (for preventing active
trachoma): Emerson 2000, Ejere 2012
Likely to be effective: Kuper 2003
Insufficient evidence: Emerson 2000, Rabiu
2012

Likely to be effective: Kuper 2003

Insufficient evidence: Ballenger-Browning
2009

Likely to be ineffective: Esu 2010*
Insufficient evidence: Ballenger-Browning
2009*

Insufficient evidence: Ballenger-Browning
2009, Heintze 2007

Insufficient evidence: Critchley 2005, Critchley 2005
Likely to be ineffective: Tisch 2005”/

Insufficient evidence: Critchley 2005,” Critchley 2005
Likely to be ineffective: Tisch 2005.”
Likely to be effective: Gyapong 2005%

Insufficient evidence: Critchley 2005* Critchley 2005.
Likely to be ineffective: Tisch 2005/
Likely to be effective: Gyapong 2005%

NA

NA

Likely to be effective: Erlanger 2008'*

Likely to be effective: Erlanger 2008'*

Likely to effective: Al-Muhandis 2011," Erlanger 2008'*

NA, not applicable; RCT, randomized controlled trial.

2 This review included two RCTs and concluded: “[There is]. .. evidence that face washing can be effective in increasing facial cleanliness and in reducing severe
trachoma, but its effect in reducing active trachoma is inconclusive. In another trial, there was no evidence of effect of face washing alone or in combination with
tetracycline in reducing active trachoma in children with already established disease”’

® This paper concluded that there was “weak supportive evidence”for the effectiveness of facial cleanliness and environmental modification but the evidence was

minimal.

on prevention or control had been per-
formed for only 11 of the 16 principal
NTDs and that systematic reviews had
been performed for only 9. Most RCTs

had not been included in a systematic
review. We identified 8 interventions that
were consistently found to be effective
in two or more systematic reviews:
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topical tetracycline and oral azithromy-
cin chemotherapy for the prevention of
trachoma; BCG vaccination, dapsone
and acedapsone chemoprophylaxis for
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the prevention of leprosy; and artesunate,
artemether and praziquantel chemopro-
phylaxis for schistosomiasis (Table 6).
For another 14 interventions, a single
review concluded that they were effective
(Table 5). However, for 8 interventions for
which two or more reviews were available,
conclusions were conflicting (Table 6).
A range of nonpharmacological
interventions for disease control was re-
ported. Future meta-analyses would be
made easier by standardizing the design
of trials on vector control strategies, in-
cluding habitat modification, the use of
insecticide-impregnated materials and
spraying for dengue and leishmaniasis.
Furthermore, most vector control trials
for leishmaniasis and dengue did not
consider human disease as an outcome
and there is a need for more research
on the relationship between vector con-
trol and human disease to justify such
interventions. In particular, research
on leishmaniasis and dengue is very
different from that on trachoma: the
recent literature on trachoma reports
that collaborative, large-scale studies
have been carried out, study designs
and protocols have been published and
efforts have been made to standardize
definitions and outcome measures.'>***’
There was either limited evidence
that trachoma could be prevented by
environmental improvements, such as
increased access to sanitation, or con-
flicting conclusions in meta-analyses and
systematic reviews. However, since such
interventions may have broader benefits
for other conditions, such as childhood
diarrhoea’”' and geohelminth infec-
tion,” and may reduce overall childhood
mortality,” it may not be a good use of
resources to carry out further studies
into their effect on this one disease.
Publications on the five NTDs for
which no systematic review or RCT
had been performed - cysticercosis,
dracunculiasis, echinococcosis, food-
borne trematode infections and human
African trypanosomiasis - generally
focused on treatment.” These diseases
all have a focal form of transmission,
which means that controlled trials would
require the collaboration of veterinary
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public health experts, clinical researchers
and behavioural health experts. For two
diseases — rabies and Buruli ulcer - RCTs
had been carried out but no systematic
review containing an RCT was found
in the literature search. For example,
the systematic reviews found on rabies
prevention did not include RCTs from
peer-reviewed publications.”*

Limitations

Our study has several limitations. First,
we did not consider unpublished findings
or the results of trials that were published
only as abstracts because such material
is difficult to identify systematically and
formal peer-reviews have not been carried
out. Consequently, we do not know the
extent to which publication or selective
reporting bias may have influenced the
reliability of the evidence available. How-
ever, it is unlikely that such biases would
completely invalidate the large preven-
tive effects observed. Second, we did not
conduct our own systematic review or
meta-analysis because this would have
been difficult to achieve for the dozens
of different interventions used for 16
diseases. However, the reviews and meta-
analyses we identified provide a summary
of the evidence available and our analysis
highlights those interventions that remain
controversial and indicates those that
need to be evaluated in systematic reviews
and meta-analyses and those that need
to be tested in RCTs. Third, we avoided
adopting a specific conclusion when
different systematic reviews and meta-
analyses reached different conclusions.
Instead, we registered the discrepancy,
which may have reflected differences in
eligibility criteria, data analysis or inter-
pretation.”*** For example, different eligi-
bility criteria were used in the reviews of
chemical vector control for dengue,'****
different eligibility criteria and different
methods for calculating summary effect
measures were used in the meta-analyses
of albendazole for lymphatic filariasis,”**
and mainly the same evidence was inter-
preted in different ways in the reviews of
eye or face washing and environmental
improvements for trachoma.”**>*

Shanthi Kappagoda & John PA loannidis

Although trials of individual treat-
ments can help in selecting drugs for use
in mass drug administration programmes,
such trials are not usually designed to ad-
dress rare but serious side-effects or drug
resistance, both of which are concerns in
large-scale programmes. In addition, these
trials rarely include nursing or pregnant
women, who could also benefit from pre-
ventive chemotherapy.”*' Furthermore,
while the evidence supporting the use of
individual drugs included in mass drug
administration programmes may be ad-
equate, there are few reports of prevention
or treatment trials involving combinations
of drugs for several diseases, which are es-
sential for evaluating integrated preventive
chemotherapy.”

In conclusion, our study provides
an overview of what is and is not known
about the effectiveness of prevention and
control measures for the principal NTDs.
Where strong evidence is available, it
can be used to guide the introduction
and scale-up of prevention and control
programmes; where gaps in evidence
have been identified, the result should
be new RCTs on prevention and control
measures, although carrying out such
trials in endemic areas is challenging.
Moreover, these trials may have to be
large to detect significant effects in the
population and the costs may be prohibi-
tive. However, a considerable amount of
money has already been invested in, for
example, mass drug administration pro-
grammes. Such programmes could only
become more acceptable and financially
viable if the most effective and cost-
effective ways of delivering preventive
chemotherapy were identified. H
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Résumé

Prévention et contrdle des maladies tropicales négligées: vue d'ensemble des essais randomisés, des revues systématiques et

des méta-analyses

Objectif Analyser les données tirées des essais controlés randomisés
(ECR) sur la prévention et le contréle des maladies tropicales négligées
(MTN) et identifier les domaines ou les données manquent.
Méthodes Des recherches sur les ECR ont été menées dans le registre
central de Cochrane des essais controlés (Cochrane Central Register of
Controlled Trials) et PubMed, et des recherches sur les méta-analyses et
les revues systématiques ont été effectuées dans la base de données
de Cochrane et PubMed, depuis la date de leur création jusqu‘au
31 décembre 2012.

Résultats Globalement, 258 ECR ont été trouvés sur la trypanosomiase
américaine, I'ulcére de Buruli, la dengue, les infections a géohelminthes,
la leishmaniose, la lepre, la filariose lymphatique, l'onchocercose, la
rage, la schistosomiase ou le trachome. Aucun ECR n'a été trouvé sur
la cysticercose, I'échinococcose, les trématodes d'origine alimentaire,
la dracunculose ou la trypanosomiase humaine africaine. Les maladies
les plus étudiées étaient les infections a géohelminthes (51 ECR)
et la leishmaniose (46 ECR). Les vaccins, la chimioprophylaxie et
les interventions ciblant les insectes vecteurs ont été évalués dans
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113,99 et 39 ECR, respectivement. Un faible nombre sintéressait a la
meilleure maniére d'administrer une chimiothérapie préventive, comme
le choix de lintervalle posologique (10) ou de la population cible (4),
la couverture de population nécessaire pour réduire la transmission
(2) ou la méthode de distribution des médicaments (1). Trente et une
publications contenant 32 revues systématiques (16 avec et 16 sans
méta-analyses) ont été trouvées sur la trypanosomiase américaine,
la dengue, les géohelminthes, la leishmaniose, la lepre, la filariose

Shanthi Kappagoda & John PA loannidis

lymphatique, l'onchocercose, la schistosomiase ou le trachome.
Ensemble, ils comptent seulement 79 des 258 ECR publiés (30,6%).
Parmi les 36 interventions évaluées, 8 ont été jugées efficaces dans
plusieurs revues.

Conclusion Nous avons trouvé peu d'ECR sur la prévention ou le controle
des principales MTN. Les essais sur la meilleure facon d'administrer une
chimiothérapie préventive ont été particulierement rares.

Peslome

MpodunakTtrka n 60pb6a ¢ 3a6bITbIMM TPONUUECKMMYU GONE3HAMU: 0630p PaHAOMMN3MPOBAHHBIX
NCCIeAOBaHNIN, cMCTeMATUYECKUX 0630pOB U MeTa-aHann3oB

Uenb [MpoaHanu3npoBaTb AaHHble PaHLOMWU3MPOBAHHbIX
KOHTpONMpyembix nccnegosanuii (PKIA) no npodunaxTiike n 6opede
C 3a0bITbIMY TROMMUECKMMI Gone3Hamu (3Th) v onpenenvTb obnacTy,
B KOTOPbIX AaHHbIE OTCYTCTBYIOT.

MeTtoppi [Nposoannca nounck PKV B KOKpaHOBCKOM LieHTPanibHOM
PErnCTPe KOHTPONMPYEMBIX CCIEA0BaHWI 11 6a3ax AaHHbIX PubMed,
a TakXe MOUCK MeTa-aHann30B 1 cucTemMaTuuecknx o63opos B
KokpaHoBCKolt 6a3e faHHbIX CUCTeMaTUeCcKxX 0630poB 1 ba3ax
naHHbIX PubMed ¢ Havyana co3paHma 6a3 gaHHbIx No 31 gekabps
2012 roga.

Pe3ynbratbl B Lienowm, 6bi10 HaraeHo 258 PKI no ameprikaHcKkomy
TPUNAaHOCOMO3Y, A3Be bypynu, Nxopagke LeHre, reoreflbMUHTHON
nHOeKUMK, neiumannosy, nenpe, numdartmieckomy GUAAPUaTosy,
OHXOL|epKOo3y, GeleHCTBY, WMCTOCOMO3Y Un Tpaxome. He Geinuv
HaraeHbl PKM no umctnuepkosy, aSXMHOKOKKO3Y, TpemaToae
NULLEBOrO NPOUCXOXKAEHUA, APaKyHKyNe3y 1M adpruKaHCKomy
TPUNaHOCOMO3y Yenoseka. Hanbonee 13yyeHHbIMIN 3a001eBaHAMN
ABNAOTCA reoreNbMUHTHaA nHdekuma (51 PKM) v neilumaHmnos
(46 PKM). OueHKa BaKLMH, XUMVOMPOGUNAKTUKA 1 MEPOTPUATUI,

HampasneHHbIX Ha 6opbby C HaceKOMbIMK-MEepPeHOCUMKaMU
nMHbeKUMI, NposeaeHa cooTBeTCTBEHHO B 113, 99 1 39 PKM. Jnwb
B HemHorux PKI paccmatpriBanca BOnpoc O TOM, Kak JlyyLle BCero
NPOBOANTL MPOGUNAKTUUECKYIO XMMUOTEPANMIO, HanpumMep, BbIoop
MNHTepBana fo3upoBaHna (10) unuv Lenesow rpynnbl Hacenerus (4),
OXBaTa HacefeHus ANA CHKEHWA KONMUECTBa ClyYaeB nepedaun
NHbEKUWM (2) UK MeTOAOB pacnpoCTpaHeHus nekapcTs (1).
Bbina HalgeHa TPUALATL OfHa Nybnukauus, coaepkaulan
cmcTemaTyeckme 063opbl (16 ¢ meTa-aHanu3om u 16 6e3 Hero) no
aMePVIKaHCKOMY TPUMaHOCOMO3Y, TMXOPaAKe AeHre, reoreflbMVHTaM,
nelwMaHmo3y, nenpe, iumdaTtueckomy GrnapraTosy, OHXOLIEPKO3Y,
LUIMCTOCOMO3Y MIN TPaxoMe. Bce BMeCTe OHY COCTaBMAM TOMbKO 79
13 258 onybnvkoBaHHbix PKM (30,6%). V13 36 oLieHeHHbIX Mep no
MCNpaBneHnio cUTyaumm 8 Ouinn npursHaHsl 3GdeKTBHbIMM B Gonee
yem oaHoM 0b30pe.

BbiBog bbl10 HamgeHo He3HauuTenbHoe konmyectso PKK no
NPOGUNAKTUKE UM KOHTPOIO OCHOBHbIX 3TB. OCObEeHHO peako
BCTPEeYaloTCA UCCIe0BaHWA, KacalolWmMecs Nomcka Hammylumnx
CNocoboB NposefeHNsa NPOGUNAKTUUECKON XUMUOTEPAMMN.

Resumen

La prevencion y el control de enfermedades tropicales desatendidas: una vision general de ensayos aleatorios, examenes

sistematicos y metaanalisis

Objetivo Analizar las evidencias procedentes de ensayos controlados
aleatorios (RCT, por sus siglas en inglés) sobre la prevencién y el control
de enfermedades tropicales desatendidas e identificar las dreas en las
que se carece de evidencias.

Métodos Se buscaron RCT en el Registro Central Cochrane de
Ensayos Controlados y en PubMed, asi como metaandlisis y exdmenes
sistematicos en la Base de Datos Cochrane de Revisiones Sistematicas
y en PubMed, en ambos casos, desde sus comienzos hasta el 31 de
diciembre de 2012.

Resultados En total, se hallaron 258 RCT acerca de la infeccion
por el parésito Trypanosoma cruzi, la Ulcera de Buruli, el dengue, las
infecciones por geohelmintiasis, la leishmaniasis, la lepra, la filariasis
linfética, la oncocercosis, las rabias, la esquistosomiasis o el tracoma.
No se encontraron RCT sobre la cisticercosis, la equinococosis, las
nematodiasis transmitidas por los alimentos, la dracunculosis ni la
tripanosomiasis africana humana. Las enfermedades mas estudiadas
fueron la infeccién por geohelmiantiasis (51 RCT) y la leishmaniasis
(46 RCT). Las vacunas, quimioprofilaxis e intervenciones cuyo objetivo
eran los insectos que actlian como vectores quedaron evaluadas en

113, 99 y 39 RCT, respectivamente. Unos pocos ensayos abordaron
la mejor manera de administrar quimioterapia preventiva, como la
eleccion del intervalo de dosificacién (10) o la poblacién objetivo (4),
la cobertura de la poblacion requerida para reducir la transmision (2)
o el método de distribucion de medicamentos (1). Se encontraron
31 publicaciones que incluian 32 exdmenes sistematicos (16 con
metaandlisis y 16 sin metaanalisis) sobre la infeccion por el pardsito
Trypanosoma cruzi, el dengue, los geohelmintos, la leishmaniasis, la lepra,
la filariasis linfatica, la oncocercosis, la esquistosomiasis y el tracoma.
En su conjunto, solo incluyeron 79 de los 258 RCT publicados (30,6 %).
De las 36 intervenciones evaluadas, 8 se consideraron eficaces en mds
de un examen.

Conclusién Se hallaron pocos RCT sobre la prevencion y el control
de las principales enfermedades tropicales desatendidas. Los ensayos
sobre la mejor manera de administrar quimioterapia preventiva fueron
especialmente escasos.
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Table 1. Search strategy for randomized controlled trials on neglected tropical diseases (NTDs), to 2012

NTD

Search terms for PubMed?*

Search terms for Cochrane Central Register of
Controlled Trials"

Leishmaniasis
Geohelminthiases

Schistosomiasis
Leprosy

Lymphatic filariasis

Onchocerciasis

Trachoma
Rabies
Cysticercosis

Dengue

American trypanosomiasis
Echinococcosis

Foodborne trematodiases

Human African
trypanosomiasis

Dracunculiasis

Buruli ulcer

leishmaniasis[MeSH] or leishman* or kala-azar
ascariasis[MeSH] or ascari*[tw] or
strongyloidiasis[MeSH] or strongyl*[tw] or
ancylostomatoidea[MeSH] or hookworm or
Ancylostomal[tw] or Necator[tw] or trichuris[MeSH]
or trichur*[tw] or whipworm or “soil-transmitted
helminths”or geohelminths

schistosomiasis[MeSH] or schistosomiasis or bilharz*

leprosy[MeSH] or leprosy

“Elephantiasis, filarial [MeSH] or “lymphatic filariasis”
or “Wuchereria bancrofti " or “Brugia malayi " or
wucherer*[tw] or brugia*[tw]

onchocerciasis[MeSH] or onchocerciasis or onchocerc*
or “river blindness”

trachoma[MeSH] or trichiasis or trachoma
rabies[MeSH] or rabies

cysticercosis[MeSH] or cysticercosis or
neurocysticercosis or “Taenia solium”

dengue[MeSH] or dengue or “dengue hemorrhagic
fever”or“dengue shock syndrome”

“Chaga* disease” or “Chagas disease’[MeSH]
echinococcosis[MeSH] or echinococc* or “hydatid cyst”
or multilocularis or granulosus or hydatid*

trematoda and foodborne[MeSH] or “foodborne
trematodes” or clonorch® or opisthorch* or paragonim*
or fasciolop* or fasciol* or “intestinal flukes”
“trypanosomiasis, African’[MeSH] or “human African
trypanosomiasis”

“dracunculus nematodes’[MeSH] or “Guinea worm” or
dracontiasis or dracunculosis

“Buruli ulcer"[MeSH] or “Buruli ulcer” or “Mycobacterium
ulcerans”

leishmaniasis or kala-azar or leishman*

ascar* or trichur* or strongyloid* or whipworm
or ancylo® or hookworm or Necator or “intestinal
nematodes” or “soil-transmitted helminths”

schistosom* or schistosomiasis or bilharz*

leprosy or “Mycobacterium leprae” or "erythema nodosum
leprosum”

"lymphatic filariasis” or Brugia* or Wuchereria or
"elephantiasis, filarial”

onchocerciasis or onchocerc* or “river blindness”

trachoma or trichiasis
Rabies
cysticercosis or neurocysticercosis or “Taenia solium”

dengue or“dengue hemorrhagic fever” or “dengue shock
syndrome”

“Chagas disease” or "American trypanosomiasis”

echinococc* or“hydatid cyst” or multilocularis or
granulosus

Opisthorchis or opisthorch® or clonorch* or clonorchis
or paragon* or fasciol* or “intestinal flukes” or “foodborne
trematodes”

"African trypanosomiasis” or “sleeping sickness”

“Guinea worm” or dracunculiasis

“Buruli ulcer” or “Mycobacterium ulcerans”

MeSH, medical subject heading; tw, title word.
¢ The PubMed search was done first and was intentionally broad and included redundancies. The medical subject heading (MeSH) term for each disease was used
first, followed by additional search terms we thought would capture additional trials. The “randomized controlled trial”limit was used for the PubMed searches.

® The asterisk (*) denotes that the preceding search letters (e.g. echinococc) can be followed by any subsequent letters (e.g. echinococcus, echinococcosis or

echinococcal).

¢ For the Cochrane Central Register of Controlled Trials search, we used the search terms shown in the table in text word searches.
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Table 3. Search strategy for systematic reviews on neglected tropical diseases (NTDs), to 2012

NTD

Search terms for PubMed**

Search terms for Cochrane Central Register of
Controlled Trials"

Leishmaniasis
Geohelminthiases

Schistosomiasis
Leprosy

Lymphatic filariasis

Onchocerciasis

Trachoma
Rabies
Cysticercosis

Dengue

American trypanosomiasis

Echinococcosis

Foodborne trematodiases

Human African
trypanosomiasis

Dracunculiasis

Buruli ulcer

leishmaniasis[MeSH] or leishman* or kala-azar
ascariasis[MeSH] or ascari*[tw] or strongyloidiasis[MeSH]
or strongyl*[tw] or ancylostomatoidea[MeSH] or
hookworm or Ancylostomaltw] or Necator[tw] or
trichuris[MeSH] or trichur*[tw] or whipworm or “soil-
transmitted helminths” or geohelminths
schistosomiasis[MeSH] or schistosomiasis or bilharz*
leprosy[MeSH] or leprosy

“Elephantiasis, filarial [MeSH] or “lymphatic filariasis”
or “Wuchereria bancrofti” or “Brugia malayi " or
wucherer*[tw] or brugia*[tw]

onchocerciasis[MeSH] or onchocerciasis or onchocerc*
or“river blindness”

trachoma[MeSH] or trichiasis or trachoma

rabies[MeSH] or rabies

cysticercosis[MeSH] or cysticercosis or neurocysticercosis
or “Taenia solium”

dengue[MeSH] or dengue or “dengue hemorrhagic
fever”or “‘dengue shock syndrome”

“trypanosomiasis, American’[MeSH] or “Chaga* disease”
echinococcosis[MeSH] or echinococc® or “hydatid cyst”
or multilocularis or granulosus or hydatid*

“trematoda and foodborne”’[MeSH] or “foodborne
trematodes” or clonorch* or opisthorch* or paragonim*
or fasciolop® or fasciol* or “intestinal flukes”
“trypanosomiasis, African’[MeSH] or “human African
trypanosomiasis”

“dracunculus nematodes’[MeSH] or “Guinea worm”or
dracontiasis or dracunculosis

“Buruli ulcer”"[MeSH] or “Buruli ulcer” or “Mycobacterium
ulcerans”

leishmaniasis or kala-azar or leishman*

ascar* or trichur* or strongyloid* or whipworm
or ancylo* or hookworm or Necator or “intestinal
nematodes” or “soil-transmitted helminths”

schistosom*® or schistosomiasis or bilharz*

leprosy or “Mycobacterium leprae” or “erythema nodosum
leprosum”

“lymphatic filariasis” or Brugia* or Wuchereria or
“elephantiasis, filarial”

onchocerciasis or onchocerc* or “river blindness”

trachoma or trichiasis
rabies
cysticercosis or neurocysticercosis or “Taenia solium”

dengue or“dengue hemorrhagic fever”or “dengue shock
syndrome”

Chagas disease or “American trypanosomiasis”

echinococc* or “hydatid cyst” or multilocularis or
granulosus

Opisthorchis or opisthorch® or clonorch* or clonorchis
or paragon* or fasciol* or “intestinal flukes” or “foodborne
trematodes”

“African trypanosomiasis” or “sleeping sickness”

“Guinea worm”or dracunculiasis

"Buruli ulcer” or “Mycobacterium ulcerans”

MeSH, medical subject heading; tw, title word.
¢ The PubMed search was done first and was intentionally broad and included redundancies. The medical subject heading (MeSH) term for each disease was used
first, followed by additional search terms we thought would capture additional reviews. The “meta-analysis”and “systematic review" limits were used for the PubMed

searches.

® The asterisk (*) denotes that the preceding search letters (e.g. echinococc) can be followed by any subsequent letters (e.g. echinococcus, echinococcosis or

echinococcal).

¢ For the Cochrane Central Register of Controlled Trials search, we used the search terms shown in the table in a search of titles, abstracts and keywords.
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Fig. 1. Literature search for randomized controlled trials on the prevention and control
of neglected tropical diseases, to 2012
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