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ABSTRACT

Taenia solium taeniasis-cysticercosis and soil-transmitted helminths (STHs) are parasitic Neglected Trop-
ical Diseases endemic throughout Southeast Asia. Within Lao PDR, a remote northern hill tribe village
had previously been identified as a hyper endemic focus for T. solium. To reduce this observed prevalence,
a One Health intervention covering both pigs and humans was implemented, which included two Mass
drug administrations (MDA1 and MDA2) for village residents using a triple dose albendazole 400 mg
treatment regime. In addition to the effect on T. solium levels, the dual impact of this anthelmintic regime
on STHs within the community was also monitored.

Faecal samples were collected pre and post MDA1 and MDA2 and analysed for the presence of Tae-
nia species and the STHs Ascaris lumbricoides, Trichuris trichiura and hookworm species. The McMaster
technique was used to measure the changes in both prevalence and intensity of infection. Molecular
characterisation of Taenia and hookworm species was conducted to detect zoonotic species.

The level of taeniasis within the sampled population decreased by 79.4% after MDA1, remained steady
during the five month inter-treatment interval and decreased again by 100% after MDA2. The prevalence
of STHs decreased by 65.5% and 62.8% after MDA1 and MDA2 respectively; however an increase to 62.1%
of pre MDAT1 levels was detected during the inter-treatment interval. Individually, hookworm prevalence
decreased by 83.4% (MDA1) and 84.5% (MDAZ2), A. lumbricoides by 95.6% and 93.5% and T. trichiura by 69.2%
and 61%. The intensity of infection within the sampled population also decreased, with egg reduction rates
0f 94.4% and 97.8% for hookworm, 99.4% and 99.3% for A. lumbricoides and 77.2% and 88.5% for T. trichiura.
Molecular characterisation identified a T. solium tapeworm carrier from 21.6% (13/60) of households in
the village. T. saginata was identified in 5% (3/60) of households. The zoonotic hookworm A. ceylanicum
was detected in the resident dog population.

These results suggest that the triple dose albendazole 400 mg treatment regime achieved a significant
reduction in the level of taeniasis whilst simultaneously reducing the STH burden within the village.
The increased STH prevalence detected between MDAs reflects the need for behavioural changes and a
sustained chemotherapy programme, which may also need to include the resident dog population.

© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

endemic throughout Southeast Asia (World Health Organisation,
2012). The conditions for their transmission include sub-optimal

Taenia solium taeniasis-cysticercosis and soil-transmitted hygiene and sanitation and close contact with animal reservoirs, all
helminths (STHs) are parasitic Neglected Tropical Diseases (NTDs) of which are common to developing country contexts worldwide.

T. solium has been reported in China, Nepal, India, Philippines,
Indonesia, Thailand, Cambodia, Vietnam and Lao PDR (Conlan et al.,
2008; Willingham et al., 2010). Programmes targeting T. solium
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within Southeast Asia, despite the necessary control tools being

0001-706X/© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.

0/).


dx.doi.org/10.1016/j.actatropica.2015.05.018
http://www.sciencedirect.com/science/journal/0001706X
http://www.elsevier.com/locate/actatropica
http://crossmark.crossref.org/dialog/?doi=10.1016/j.actatropica.2015.05.018&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:a.ash@murdoch.edu.au
dx.doi.org/10.1016/j.actatropica.2015.05.018
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

172 A. Ash et al. / Acta Tropica 174 (2017) 171-178

available (Willingham et al., 2010). One of the main reasons cited
for this failure is the lack of sufficient integrated surveillance in both
the human and animal populations (Willingham et al., 2010). Pigs
are the natural intermediate host, harbouring encysted T. solium
larvae in the musculature (cysticercosis); therefore surveillance of
pig carcasses in slaughterhouses is vital to disease control. While
humans harbour the adult tapeworm, determining the infection
as T. solium (as opposed to the non-pathogenic T. saginata and T.
asiatica human tapeworm species) requires morphological identi-
fication of expelled adult worms or molecular tools, both of which
are not regularly available in ongoing, large-scale surveillance pro-
grammes. A significant human health risk is posed when people
accidently ingest T. solium eggs, either through auto-infection or
from contaminated environments as a result of poor hygiene and
sanitation. In this case, the larval form of the parasite may develop,
often with a predilection for the brain. This results in neurocysticer-
cosis, a major cause of acquired epilepsy in developing countries
(Garciaetal.,,2003). A patient with a single adult T. solium tapeworm
can release thousands of eggs into the environment, a potential
source of neurocysticercosis to both themselves and others in
close contact. Consequently, identification and treatment of tae-
niasis patients is of great importance, and subsequent intervention
programmes which attempt to break the transmission cycle will
require a One Health approach targeting both humans and pigs
within those environments.

Similarly, STH infections are endemic throughout Asia; this
region holds 67% of the global infection, currently estimated to
occur in around 1 billion people worldwide (De Silva et al., 2003;
Hotez et al., 2008). The most common human STHs include round-
worms (Ascaris lumbricoides), whipworms (Trichuris trichiura) and
the hookworms (Necator americanus and Ancylostoma duodenale).
Individually, infection with any of these STHs can have a detri-
mental effect on human health; however the impact of infection
increases where multiple species are present; a commonly occur-
ring syndrome called polyparasitism (Conlan et al., 2012; Lymbery
and Thompson, 2012). The use of chemotherapy is the corner-
stone to controlling parasitic infections within human populations;
however evidence of sustained control in endemic regions is still
limited. A combination of factors such as sociocultural issues
around MDA compliance and ongoing environmental contamina-
tion from human and animal reservoirs can significantly reduce the
efficacy of these programmes (Parker and Allen, 2014; Heukelbach
et al., 2002). For instance within Southeast Asia, dogs have been
found to harbour the zoonotic hookworm Ancylostoma ceylanicum;
(Traub et al., 2008; Inpankaew et al., 2014) dogs therefore remain a
potentially continuous source of STH infection that is not addressed
through an MDA intervention in the human population alone.

Over the last few decades several studies have investigated
human parasitism within Lao PDR, with reported prevalences of
Taenia spp. ranging from 0.6% to 3.7% and STHs from 62% to 86%
(Conlanetal.,2012; Rim et al., 2003; Sayasone et al., 2009; Chai and
Hongvanthong, 1998). The study by Rim et al. (2003) instigated a
biannual national MDA programme targeting STHs within school
children, commencing in 2006. However, subsequent studies have
continued to report both high prevalences of STHs and the contin-
ued presence of T. solium in Lao PDR (Conlan et al., 2012; Sayasone
et al., 2009; Soukhathammavong et al., 2012). More recently, a
study investigating pig-associated zoonoses conducted across four
provinces in Lao PDR identified several areas where T. solium is
suspected to exist at elevated levels (Inthavong et al., 2012).

Subsequent investigation into one of these suspected hyper-
endemic regions revealed a taeniasis prevalence of 26.1%,
confirmed as T. solium via genetic sequencing of a subset of samples
(Okello et al., 2014). Given the serious human health implications
posed by T. solium, a two year One Health intervention was planned
for this village, aiming to break T. solium transmission at several

points of the life cycle. This consisted of a three pronged approach
that combined interventions in both the pig and human reservoirs
with a communication and advocacy campaign that brought in
various social and economic assessments. Given the human MDA
intervention was assumed to concurrently impact on the level
of STHs within the village, the burdens of these parasites were
incorporated into the monitoring framework. It was expected this
would improve the overall cost-benefit of the intervention, simul-
taneously providing data to measure the effect of anthelmintic
treatment against multiple parasites. This research paper exam-
ines the impact of two albendazole triple dose regimes, undertaken
five months apart, on the prevalences of T. solium and STHs within
the target community, as determined by microscopy and PCR. The
concurrent pig intervention is still ongoing and therefore not the
focus of this paper, with the findings from the sociocultural work
reported elsewhere (Bardosh et al., 2014).

2. Materials and methods
2.1. Study site

The study village is located in the province of Phongsaly
approximately 700 km north of Vientiane in a mountainous area
bordering Vietnam, with limited vehicle access during the wet sea-
son (May-October). The village is homogenous for the Tai Dam
ethnic group, an animistic culture which practises the consump-
tion of raw pork associated with ancestral sacrificial ceremonies
throughout the year (Bardosh et al., 2014). Approximately 300 peo-
ple (298 and 295 at the times of MDA) are dispersed amongst 60
households.

2.2. Ethics

This study was approved by Australia’s Commonwealth Scien-
tific and Industrial Research Organisation (CSIRO) Animal, Food
and Health Sciences Human Research Ethics Committee (CAFHS
HREC), approval number 13/10. The study also has ethical approval
from the Lao PDR Ministry of Health’s Council of Medical Sci-
ence National Ethics Committee for Health Research (NECHR),
approval number 013/NEHCR. The study is registered with the
Australia New Zealand Clinical Trials Registry (ANZCTR), trial
number ACTRN12614001067662. Consent to undertake the inter-
vention was sought from the village chief, and all MDA participants
undertook a consultation process and provided written consent via
a signature or thumb print.

2.3. Human mass drug administration

Following an initial baseline study in January 2013 (Okello
et al,, 2014), two MDAs were conducted in October 2013 and
March 2014. Treatment consisted of triple dose albendazole 400 mg
(Eskazole®, GlaxoSmithKline) delivered over three consecutive
days and offered to all eligible residents of the village. Eligibil-
ity required participants to be over six years of age, not pregnant
or breastfeeding and not suffering acute illness. Treatment was
administered by the Lao PDR Ministry of Health Department
of Communicable Disease Control (DCDC) and Department of
Prevention and Hygiene, who were also available for the post treat-
ment monitoring of adverse reactions. Each village household was
assigned a number (1-60), which was then used to co-ordinate
the three day anthelmintic administration and monitoring process.
Treatment was distributed to individual households on a daily basis
to avoid the potential cysticidal effect of high dose albendazole if
multiple tablets were ingested simultaneously (Product Informa-
tion Eskazole® Tablets, 2015).
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Fig. 1. Schematic presentation of the number of participants for (a) MDA1 and (b) MDAZ2; the number of faecal samples volunteered and collected pre/post each MDA and

compliance from participants for the triple-dose protocol.

2.4. Sample collection

All village participants were asked to volunteer faecal sam-
ples, collected on four occasions throughout the monitoring period
according to the following timeline; October 2013 (pre-MDA 1
monitoring), November 2013 (post-MDA 1 monitoring), March
2014 (Pre-MDA 2 monitoring) and April 2014 (post-MDA 2 mon-
itoring) (Fig. 1). Only those people who obtained treatment were
asked to volunteer post MDA samples. Villagers were given house-
hold numbered plastic bags for faecal collection, toilet paper, soap,
and educational posters outlining the lifecycle of T. solium and
associated hygiene and sanitation messages. Faecal samples were
collected 24 h prior to the administration of anthelmintics, and
again at 7-21 days post treatment. In addition a small number of
village dog faecal samples (n=13) were opportunistically collected
and subjected to microscopy and molecular analysis. All collected
samples were preserved on the day of collection (2 parts faeces, 8
parts preservative) in 10% formalin (for microscopy analysis) and
70% ethanol (for molecular characterisation) and analysed at Mur-
doch University in Perth, Australia.

2.5. Sample analysis

2.5.1. Microscopy

The formalin fixed samples were washed twice with distilled
H, 0 before flotation techniques were implemented. Quantitative
data was obtained for all sampling events during the two MDA pro-
grammes through the McMaster method as described by Levecke
et al. (2011). Two grams of washed faeces was weighed and used
for this technique. The eggs per gram of faeces (EPGs) detected
were then used to measure parasite intensity within the sampled
population pre and post anthelmintic treatment.

2.5.2. Statistical analysis

Parasite prevalences were expressed as a percentage of positive
samples found by microscopy, with 95% confidence intervals cal-
culated assuming a binomial distribution using the software

Quantitative Parasitology 3.0 (Rozsa et al, 2000). Egg
reduction rates (ERR) were calculated for all STHs mon-

itored using the following formula; ERR(%)= 100 x
___ arithretic mean egg counts at follow up _
(l arithretic mean egg count at follow base line ) and used as a mea

sure for the reduction in intensity of infection (worm burden).
ERR’s were not calculated for Taenia spp. as the intermittent nature
of expelling of proglottids does not allow for a correlation between
egg output and worm burden. The increase in prevalence of STHs
between the two anthelmintic treatment periods was determined
using the following formula;
100 x (m%). Differences in prevalences

observed between sampling events was tested using the Fisher’s
exact test.

2.5.3. Molecular characterisation

Molecular characterisation of Taenia spp. and hookworm spp.
was conducted on human and dog faecal samples to determine the
risk of zoonotic species present within the village.

DNA extraction: A 2 ml aliquot of each ethanol-preserved sam-
ple was centrifuged; ethanol eluted and used for DNA extraction
using the Maxwell® 16 Instrument (Promega, Madison, USA) as per
manufacturer’s instruction.

Amplification of Taenia species: A multiplex PCR amplifying
the rrnS locus was used for differentiation of Taenia species from
human and dog faecal samples, as per Trachsel et al., (2007). The
267 bp amplicons representing Taenia spp. were sequenced using
the internal sequencing primer Cest 5seq (Trachsel et al., 2007).

Amplification of hookworm species: A PCR amplifying the
ITS1-5.85-1TS2 region was used for differentiation of hookworm
species from human and dog faecal samples, with slight modifica-
tions from Traub et al. (2008). Using primers RTHW1F and RTHW1R
a380bp product was amplified. The PCRreaction was performed in
25wl volumes consisting of 1 .l of extracted DNA, 2.5 mM MgCl,,
1 x reaction buffer (20 mM Tris-HCL, pH 8.5 at 25°C, 50 mM KCl),
200 uM of each dNTP, 10 pmol of each primer, 1 unit of Tag DNA
polymerase (Fisher Biotec, Perth Australia), and dH,0. Conditions
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for amplification were initiated with a denaturing step of 94°C for
5 min, then 40 cycles of 94°C for 305, 60°C for 30s and 72 °C for
30s, followed by a final extension of 72°C for 7 min. Amplicons
were sequenced in both directions.

Purification of genetic material: PCR products were purified
using an Agencourt AMPure XP system (Beckman Coulter Inc., Brea
USA) and sequence reactions were performed using the Big Dye
Terminator Version 3.1 cycle sequencing kit (Applied Biosystems)
according to the manufacturer’s instructions. Reactions were elec-
trophoresed on an ABI 3730 48 capillary machine.

Identification: Resultant nucleotide sequences were compared
with published sequences on NCBI using the basic alignment search
tool (BLAST). Further sequence analysis was conducted using the
sequence alignment program Sequencer™ 4.8 (Gene Codes Corpo-
ration, Ann Arbor, USA).

3. Results
3.1. Coverage of the human MDA intervention

The MDA regimes conducted in October 2013 and March 2014
administered treatment to approximately 64% of the village resi-
dents on both occasions (Fig. 1). Those that did not participate (108)
were either ineligible (pregnant, breastfeeding or under the age of
6), absent from the village, or did not consent to treatment. Of those
treated, 76.8% and 93.5% (MDA 1 and 2 respectively) received the
recommended protocol of 3 doses of albendazole 400 mg over three
consecutive days, while 13.7% and 4.9% of participants received 2
doses and 9.5% and 1.6% received 1 dose (Fig. 1).

3.2. Mass drug administration 1: October 2013

Pre-intervention faecal samples for MDA1 were obtained from
33.5% (100/298) of the total village population across 75% (45/60)
households. Microscopy analysis revealed an overall parasite
prevalence of 90% (95% Cl=83-95). The greatest individual species
prevalence was T. trichiura (60%) followed by hookworm (56%), A.
lumbricoides (43%), and Taenia spp. (18%) (Table 1).

Post MDA1 faecal samples were obtained from 30.5% (58/190) of
the treated population across 55.7% (34/60) of households. Overall
parasite prevalence was found to be 31% (95% Cl = 20-44), reflecting
areduction in prevalence of 66% (Fisher’s exact test, P<0.0001). The
greatest prevalence reduction for individual parasite species was
detected for A. lumbricoides (95.6%; Fisher’s exact test, P<0.0001),
followed by hookworm (83.4%; Fisher’s exact test, P<0.0001), Tae-
nia spp. (79.4%; Fisher’s exact test, P=0.012) and lastly T. trichiura
(69.2%; Fisher's exact test, P<0.0001). Egg reduction rates (ERR) for
each STH monitored found that the average EPG within the sam-
pled population was reduced for A. lumbricoides by 99.4%, followed
by hookworm 94.4% and T. trichiura 77.2% (Table 1).

3.3. Mass drug administration 2: March 2014

Pre-intervention faecal samples for MDA2 were obtained from
20% (59/295) of the total village population across 58.3% (35/60)
households. The overall parasite prevalence obtained through
microscopy techniques was found to be 55.9% (95% Cl=43-68),
which represents an increase from the post-MDA1 prevalence
of 31% (Fig. 2). The greatest individual species prevalence was
detected for T. trichiura (42.4%) followed by A. lumbricoides (32.2%),
hookworm (27.1%), and Taenia spp. (3.4%) (Table 1).

Post-MDA?2 faecal samples were obtained from 25.9% (48/185)
of treated individuals across 53.3% (32/60) households. Overall par-
asite prevalence was found to be 20.8%, reflecting a reduction of
62.8% (Fisher’s exact test, P<0.0001). The greatest reduction in indi-
vidual parasite species was detected for Taenia spp. (100%) followed
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Fig. 2. Overall parasite prevalence (%) and individual parasite species prevalences
(%) detected pre and post MDA1 and MDA2.
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Fig. 3. The level of polyparasitism (%) detected pre and post MDA1 and MDA2.

by A. lumbricoides (93.5%; Fisher’s exact test, P<0.0001), hookworm
(84.5%; Fisher’s exact test, P=0.002) and lastly T. trichiura (61%;
Fisher’s exact test, P=0.006). Egg reduction rates (ERR) found that
the average EPG within the sampled population was reduced for
A. lumbricoides by 99.3%, followed by hookworm (97.8%) and T.
trichiura (88.5%) (Table 1). During the 5 month inter-treatment
interval between MDA1 and MDAZ2, an increase in STH preva-
lence was detected, with the overall prevalence reaching 62.1% of
pre-MDAT1 levels (Fig. 2). Among the individual parasite species
detected A. lumbricoides had the greatest increase in prevalence,
reaching 74.8% of pre-MDA1 levels followed by 70.6% for T. trichiura
and 48.4% for hookworm. Prevalences for Taenia sp. consistently
declined over the monitoring period (Fig. 2).

3.4. Polyparasitism

The number of samples for which polyparasitism (co-infection
with more than one parasite) was detected displayed a similar
pattern to the observations of singular parasite levels during the
intervention. At the pre-MDA1 sampling of October 2013, polypar-
asitism was detected in 60% of samples. This decreased post-MDA1
to 3.5%, increased during the inter-MDA interval to 36%, before
decreasing again post-MDA2 to 2% (Fig. 3).

3.5. Molecular characterisation of Taenia spp. and hookworm
Spp.

Taeniid eggs were detected by microscopy in a total of 21 human
samples over the 4 sampling events, of which 19 were molecu-
larly characterised and species identification achieved (Table 2).
Of these, 15 were identified as T. solium, with the remaining 4
matching published sequences for T. saginata; T. asiatica was not
detected. At the household level, 26.6% (16/60) of village house-
holds were found to have a tapeworm carrier. Of these households,
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Table 1

The prevalences obtained for Taenia spp. Ascaris lumbricoides, Hookworm spp. and Trichuris trichiura using microscopy techniques during the MDA monitoring period.
Reduction in parasite prevalence and egg reduction rates (ERR) are calculated for hookworm, A. lumbricoides and T. trichiura and presented as a percentage (95% confidence

intervals in parentheses).

Sample date Taenia sp. Hookworm A. lumbricoides T. trichiura Total
prevalence

Prevalence Prevalence Avg EPG Prevalence Avg EPG Prevalence Avg EPG

Pre MDA1 18% 56% 233 43% 2818 60% 166.5 90% (=90)

October 2013 (n=18) (n=56) (n=43) (n=60) (82.6-94.7)

(n=100) (11.3-27) (46-65.6) (33.5-53) (50-69.5)

Post MDA1 3.7% (n=2) 9.3% (n=5) 13 1.9% (n=1) 17.6 18.5% 38 31%(n=18)

November 2013 (0.6-12.7) (3.7-20.1) (0.01-9.9) (n=10) (20.3-43.9)

(n=58) (9.9-31.3)

Prevalence reduction 79.4% 83.4% 95.6% 69.2% 65.5%

ERR MDA1 94.4% 99.4% 77.2%

Pre MDA2March 2014 (n=59)  3.4%(n=2) 27.1% (n=16) 247 32.2% (n=19) 2358 42.4% (n=25) 127 55.9% (n=33)
(0.6-11.6) (16.7-39.8) (21-45) (30.4-55.2) (43.2-68.2)

Post MDA2 0 4.2% (n=2) 5.3 21%(n=1) 16.6 16.7% 14.6 20.8%

April 2014 0 (0.7-14.3) 5(0.1-11) (n=8) (n=10)

(n=48) (7.8-30) (11.1-34.3)

Prevalence reduction 100% 84.5% 93.5% 61% 62.8%

ERR MDA2 97.8% 99.3% 88.5%

81.3% (13/16) were identified as T. solium and 18.7% (3/16) were
identified as T. saginata. None of the dog samples were positive for
taeniids either by microscopy or molecular techniques.

A subset of hookworm positive human samples detected by
microscopy were molecularly characterised and species identifica-
tion achieved. Genotypic information was obtained for 31 samples
over the 4 sampling events. Of these, 22 (70.9%) were identified as
Necator americanus, 2 (6.4%) as Ancylostoma duodenale, 2 (6.4%) as A.
ceylanicum and unusually 6 (19.4%) were identified as A. braziliense.
One of these samples contained a mixed infection with N. ameri-
canus and A. ceylanicum. Genotypic information was obtained for
9 dog samples and of these 4 (44.4%) were identified as A. ceylan-
icum, 4 as A. caninum (44.4%) and 2 as N. americanus (22.2%). One of
these samples contained a mixed infection with A. ceylanicum and
A. caninum.

4. Discussion

The primary objective of this study was to monitor the impact of
atargeted drug administration on the high levels of T. solium within
the village, utilising an albendazole 400 mg triple dose regime.
Secondary to this but of substantial value was the ability to simulta-
neously monitor the impact this treatment had on the levels of STH
infections also existing within the community. While a recognised
limitation of this study was that a varying proportion of uniden-
tified faecal samples were obtained throughout the monitoring
period, the statistically significant reduction in both T. solium and
STH prevalence indicate that the sampling frame was sufficient to
detect an effect from chemotherapy treatment. The results from
this sample set should therefore be considered as representative
for the treated village population.

Table 2

4.1. Impact of triple dose albendazole treatment against taeniasis

The use of albendazole to target T. solium was chosen over
other possibilities such as niclosamide and praziquantel due to
its reported broad-spectrum efficacy against both Taenia spp. and
STHs, high compliance, acceptability to the Lao PDR Ministry of
Health and ease of administration (Horton, 2000; Steinmann et al.,
2011). In addition there have been reports of serious adverse
reactions in asymptomatic neurocysticercosis patients when given
praziquantel, of which there were suspected cases present in this
village (Okello et al., 2014; Inthavong et al., 2013; Wandra et al.,
2011).The triple dose 400 mg regime was chosen due toits reported
success in similar studies treating taeniasis. (Steinmannetal., 2011;
de Kaminsky, 1991). These studies found that a single dose of alben-
dazole 400 mg had a cure rate of approximately 50% against Taenia
spp. infections, while a 3-dose treatment can achieve a cure rate of
up to 100%. Indeed, the 3-dose treatment regime appeared to have
a significant impact on the level of taeniasis within this population.
Prevalences were observed to decrease by 79.4% after the first inter-
vention (18-3.7%), remaining steady during the inter-treatment
interval and decreased further by 100% after MDA2. For a number of
reasons treatment compliance with the MDAT1 in October 2013 was
relatively low, with 77% of treated individuals receiving 3 doses and
the remaining 23% receiving 1 or 2 doses, hence the requirement
for MDA2. Compliance for MDA2 was substantially greater, with
93.5% of treated individuals receiving 3 doses and subsequent sam-
pling detected 0% prevalence for taeniasis by microscopy. Whilst it
is recognised that sensitivity for the detection of Taenia spp. eggs
with microscopy is low, this is the methodology used for many
human taeniasis studies to date. (Conlan et al., 2008; Steinmann
et al,, 2011; de Kaminsky, 1991). In addition, detection was com-

Molecular characterisation of Taenia spp. with reference to samples positive for taeniid ova on microscopy, the number of households with a member positive for taeniasis

and the Taenia species identified.

Sampling event PCR/micro positive Individual households Genotyping results of Taenia sp.
T. solium T. saginata

October 2013 (pre MDA1) 16/18 14 14 3

November 2013 (post MDA1) 2/2 2 2 0

March 2014 (pre MDA2) 151 1 0 1

April 2014 (post MDA2) 0 0 0 0

Total 19/21 417 16 47

2 Number includes two samples from the same household.
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plemented by PCR which can often detect taeniid DNA missed on
microscopy, although in this study microscopy and molecular tech-
niques were consistent.

The high level of taeniasis detected within the village gained sig-
nificance with the molecular characterisation of T solium in 15/19
taeniasis positive samples. This provided confirmatory evidence
that this village was indeed a hotspot for T. solium infections as
previously suggested (Okello et al., 2014). At the household level,
genotyping revealed a T. solium tapeworm carrier in at least one
occupant from 21.6% (13/60) of households in the village dispersed
across a wide area. T. saginata was identified in only 5% (3/60)
of households. Given the widespread and dominant prevalence of
T. solium, coupled with the relatively low levels of hygiene and
sanitation as described by Bardosh et al. (2014), the potential for
cysticercosis in this close living community is considered to be
extremely high, further validating the suspicion that a large num-
ber of residents currently suffer from cysticercosis (Okello et al.,
2014).

A major explanation for this hyper endemic focus is the high
consumption of raw and/or undercooked pork, practised regularly
throughout the year for various animistic ceremonies at both the
household and village level (Bardosh et al., 2014). Whilst buffalo are
kept by a small proportion of the village, they are rarely consumed
given their high economic value; reflected by the low prevalence
of T. saginata detected. Lack of adequate latrine provision perpetu-
ates the parasite life cycle via the common practice of promiscuous
defecation and the free ranging smallholder pig production system
(Bardosh et al., 2014). The village is also quite isolated from the
wider community due to its geographical position and inaccessi-
bility during the wet season. This isolation, and the village practice
ofraising pigs predominantly for personal consumption rather than
trade, reduces any dilution effect which may have been achieved
through the regular sale and purchase of pigs from outside the vil-
lage. This then has the potential for a saturation of cysticercosis
positive pigs in this isolated and close living community.

4.2. Impact of triple dose albendazole treatment against STHs

The triple dose albendazole treatment protocol used in this
study had previously been reported to be efficacious against STHs,
particularly hookworm, which can pose significant health risks
to at-risk members of the community such as pregnant women
and children (Bethony et al., 2006; Hotez et al., 2004). A recent
review (Keiser and Utzinger, 2008) found that single dose albenda-
zole (400 mg) was more efficacious than single dose mebendazole
(500 mg) against hookworm. Further to this a study involving
school-age children in Lao PDR found that while single dose alben-
dazole performed better than mebendazole against hookworm
infections both single dose regimes displayed low efficacy (36%
vs 17%) (Soukhathammavong et al., 2012). Steinman et al. (2011)
conducted a comparative study using single dose and triple dose
albendazole regimes and found that a significantly greater efficacy
against hookworm was attained with the triple dose treatment,
reporting cure rates against individual STHS of 92% for hookworm,
96% for A. lumbricoides and 56% against T. trichiura.

Similarly, the triple dose treatment regime in this study dis-
played a significant post-treatment impact in STH prevalence each
time. Overall levels of parasitism were found to decrease by 65.5%
and 62.8% for MDA1 and MDA2 respectively. Individually, hook-
worm prevalence decreased by 83.4% (MDA1) and 84.5% (MDAZ2), A.
lumbricoides by 95.6% and 93.5% and T. trichiura by 69.2% and 61%.
In addition, the intensity of infection within the sampled group
also greatly decreased, with ERRs found for hookworm of 94.4%
and 97.8%, A. lumbricoides of 99.4% and 99.3% and T. trichiura of
77.2% and 88.5%. The intensity of infection is often linked with the
level of host morbidity, given a high number of parasite ova sug-

gest a high worm burden (Bethony et al., 2006; Anderson and May,
1991). Therefore the significant reduction in parasite ova observed
here suggests a marked decrease in worm burden and subsequently
an improved level of health and well-being for many of the treated
individuals within the village, as reflected in concurrent socioe-
conomic research throughout this intervention (Okello WO et al.,
in preparation). Importantly, the level of polyparasitism, another
detrimental factor for host health, was also substantially reduced
from 60% in October 2013 to 2% in April 2014. The significance of
this is emphasised statistically with reports that globally, A. lumbri-
coides, T. trichiura and hookworm species are responsible for 1.32,
0.64 and 3.23 million Disability Adjusted Life Years (DALYs) respec-
tively (Murray et al., 2012). Grouped together, the STHs have the
highest DALY calculation of all Neglected Tropical Diseases accord-
ing to the most recent Global Burden of Disease (GBD) study (Hotez
etal., 2014).

The pre-treatment parasitism level of 90% detected in October
2013 was found to be comparatively high, particularly when com-
pared to the recent large scale study in northern Lao PDR where
the overall STH prevalences presented here were found to be
greater than any provincial (70.6%) or high risk ethnic group (85.2%)
detected by Conlan et al. (2012). These results support the sugges-
tion that hot spots for parasitism exist within Lao PDR which are
not being adequately addressed by the school-based worming pro-
gramme, consistent with suggestions by others (Conlanetal.,2012;
Soukhathammavong et al., 2012). Reasons for the hyper endemic
status of this community are most likely linked to their relative iso-
lation, in conjunction with high levels of poverty and sub-optimal
sanitary conditions resulting in significant environmental contam-
ination and a constant cycle of re-infection.

4.3. Challenges of mass drug administration

This study experienced many of the challenges recognised by
others in achieving significant and sustainable cure rates with
MDA:s, specifically, eligibility and compliance of community mem-
bers, and the level of re-infection which is attained post treatment
(Keiser and Utzinger, 2008; Parker and Allen, 2011; Jia et al., 2012).

4.3.1. Eligibility and compliance

Obtaining full coverage within marginalised rural settings can
be affected by eligibility and compliance of the targeted popula-
tion. This is especially significant in populations with high numbers
of children or those not accustomed to taking drugs, and were
identified as a significant factor in the coverage achieved by the
anthelmintic treatment regime within this village. For both treat-
ment programmes, approximately one third of the village residents
were either not eligible (pregnant, breastfeeding, less than 6 years
or age) or not willing to participate; for those that did, full treat-
ment compliance ranged from 76.8% in MDA1 to 93.5% in MDA2.
Whilst compliance was undoubtedly improved through the use
of Eskazole® (albendazole; Zentel) - a chewable tablet with a
sweet taste that does not result in excessive mouth foaming or
require a purgative -researchers still could not achieve 100% com-
pliance (Bardosh et al., 2014). Surprisingly, the greatest number of
non-compliant participants was school-age children who had par-
ticipated in the bi-annual school deworming programme. These
individuals either did not want to participate due to the stigma
and fear of large worms being purged during the process, or their
parents would not consent to their participation, fearful of them
having too many drugs (Bardosh et al., 2014).

4.3.2. Reinfection and zoonoses

Overlaying the issues around eligibility and compliance are
the environmental and behavioural factors associated with poor
communities such as promiscuous defecation and lack of sanitary
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conditions, which support a high frequency of parasite transmis-
sion and therefore re-infection rate. This study observed substantial
reinfection with STHs in the five month interval between the two
treatment periods, with hookworm reaching 48% of the October
2013 pre-treatment levels, A. lumbricoides 75% and T. trichiura 71%.
This is a common problem; a recent meta - analysis reviewing
the reinfection rate of STHs post-treatment found that reinfec-
tions can achieve 100% of pre-treatment levels within 12 months
if chemotherapy is not sustained (Jia et al., 2012). The reinfection
levels observed in this study certainly reflect this rapid reinfection
rate. In addition to reinfection from environmental contamination,
consideration needs to be given to the sympatric species operating
as reservoir hosts within these communities. Pigs are the obvi-
ous reservoir host for T. solium, and as such porcine chemotherapy
remains a significant component of this One Health intervention.
The dog is another important animal reservoir within these com-
munities, hosting a number of zoonotic gastrointestinal parasites
such as hookworm. Evidence for dog-human transmission was
detected within this study with the identification of the zoonotic
hookworm A. ceylanicum in both dog and human samples, and the
dog hookworm A. braziliense in human samples. A. ceylanicum is
prevalent throughout SE Asia and has been implicated as a zoono-
sis transmitted by dogs on several occasions (Conlan et al., 2012;
Traub et al., 2008; Inpankaew et al., 2014, 2007; Areekul et al.,
1970). The finding of A. braziliense however, was unusual as this
species of hookworm has not been found to cause patent infection
in humans, as distinct from its role as a cause of cutaneous larva
migrans. Whilst the finding of A. braziliense DNA in human faecal
samples may suggest a ‘new’ infection, it is perhaps more likely
the result of accidental ingestion of parasite ova by humans and
therefore this observation represents a spurious infection. Simi-
larly, what appeared to be dog whipworm eggs, Trichuris vulpis,
were observed in several human samples. This observation has
been previously reported and until substantial proof can be pro-
vided is assumed to also be spurious in nature (Steinmann et al.,
2015). In addition to zoonotic transmission dogs have been impli-
cated in the mechanical transmission of human parasites such as
A. lumbricoides, whereby parasite ova are passed though the dog
gastrointestinal tract and back into the environment for possible
transmission to humans (Traub et al., 2002). Evidence for this was
observed in the village dog samples collected with parasite ova of
Ascaris sp. and Trichuris sp. of human (or pig) origin and DNA for the
human hookworm N. americanus being detected. Therefore, despite
the small dog sample size, these findings suggest dogs in this vil-
lage do play an important role in both the zoonotic and mechanical
transmission of human parasites and add an additional element
to the rate of infection achieved post anthelmintic treatments. As
such the authors recommend this species be considered in any large
scale One Health parasite intervention.

5. Conclusions

Despite the recognised challenges of implementing the MDA,
the results presented here suggest that treatment with triple
dose albendazole has achieved a significant reduction in the level
of taeniasis, whilst also dramatically reducing the current level
of STHs within the village. Whilst the detected increase in the
STH prevalence between the first and second treatment interven-
tions reflects the need for broader environmental and behavioural
changes and sustained chemotherapy, the level of taeniasis at
this point has remained reduced since the first treatment. Ongo-
ing monitoring will ascertain if the T. solium lifecycle has been
sufficiently restricted by the concurrent interventions in the vil-
lage pig population. This treatment regime may prove beneficial
for other suspected hot spots where a targeted approach is war-

ranted. Finally, the authors strongly recommend the consideration
of T. solium in broader STH and sanitation programmes currently
being rolled out under various development frameworks. Con-
versely, those implementing T. solium control programmes should
be encouraged to monitor the broader impacts of their interven-
tions on STHs and/or other coexisting parasites in their target
communities, further promoting the economic and policy ratio-
nales for integrated approaches to NTD control.

Competing interests

The authors declare that they have no competing interests.

Authors’ contributions

AO, AA, BK, PI, JA and AT were involved in the study design. AA,
AO, BK and PI undertook the collection of samples and monitoring
of the treatment regime. AA conducted the laboratory analysis and
drafted the manuscript with subsequent input from AO, AT and JA.

All authors read and approved the final manuscript.

Acknowledgments

The researchers would like to thank the Lao PDR Ministry of
Health Department for Communicable Disease Control (DCDC),
Department of Hygiene and Prevention, and the Neglected Tropi-
cal Diseases unit at the World Health Organisation (WHO) Lao PDR
national office for their valuable assistance and support in rolling
out the Mass Drug Administration programme. The researchers
would also like to thank the staff from the Provincial and District
Health offices who were fundamental to achieving the high lev-
els of compliance during the MDA interventions. The researchers
would also like to thank the community members for their par-
ticipation and patience during this intervention. This work was
wholly funded by the Australian Centre for International Agricul-
tural Research (ACIAR) One Health Smallholder Pig Systems Project
(SPSP), grant number AH/2009/001 and AH/2009/019.

References

Anderson, R.M., May, R.M., 1991. Infectious Diseases of Humans, vol. 1. Oxford
University Press, Oxford.

Areekul, S., Radomyos, P., Viravan, C., 1970. Preliminary report of Ancylostoma
ceylanicum infection in Thai people. J. Med. Assoc. 53 (5), 315-320.

Bardosh, K., Inthavong, P., Xayaheuang, S., Okello, A.L., 2014. Controlling parasites,
understanding practices: the biosocial complexity of a One Health intervention
for neglected zoonotic helminths in northern Lao PDR. Social Sci. Med. 120,
215-223.

Bethony, J., Brooker, S., Albonico, M., Geiger, S.M., Loukas, A., Diemert, D., Hotez,
P.J., 2006. Soil-transmitted helminth infections: ascariasis, trichuriasis, and
hookworm. Lancet 367 (9521), 1521-1532.

Chai, J.-Y., Hongvanthong, B., 1998. A small-scale survey of intestinal helminthic
infections among the residents near Pakse, Laos. Korean J. Parasitol. 36, 55-58.

Conlan, ., Khounsy, S., Inthavong, P., Fenwick, S., Blacksell, S., Thompson, R., 2008.
A review of taeniasis and cysticercosis in the Lao People’s Democratic Republic.
Parasitol. Int. 57 (3), 252-255.

Conlan, ].V., Khamlome, B., Vongxay, K., Elliot, A., Pallant, L., Sripa, B., Blacksell, S.D.,
Fenwick, S., Thompson, R.A., 2012. Soil-transmitted helminthiasis in Laos: a
community-wide cross-sectional study of humans and dogs in a mass drug
administration environment. Am. J. Trop. Med. Hyg. 86 (4), 624-634.

De Silva, N.R,, Brooker, S., Hotez, P.J., Montresor, A., Engels, D., Savioli, L., 2003.
Soil-transmitted helminth infections: updating the global picture. Trends
Parasitol. 19 (12), 547-551.

de Kaminsky, R.G., 1991. Albendazole treatment in human taeniasis. Trans. R. Soc.
Trop. Med. Hyg. 85 (5), 648-650.

Garcia, H.H., Gonzalez, A.E., Evans, C.A.W., Gilman, R.H., 2003. Taenia solium
cysticercosis. Lancet 362 (9383), 547-556.

Heukelbach, J., Mencke, N., Feldmeier, H., 2002. Editorial: Cutaneous larva migrans
and tungiasis: the challenge to control zoonotic ectoparasitoses associated
with poverty. Trop. Med. Int. Health 7 (11), 907-910.

Horton, J., 2000. Albendazole: a review of anthelmintic efficacy and safety in
humans. Parasitology 121 (S1), S113-S132.


http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0005
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0010
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0015
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0020
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0025
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0030
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0035
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0040
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0045
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0050
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0055
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0060

178 A. Ash et al. / Acta Tropica 174 (2017) 171-178

Hotez, P.J., Brooker, S., Bethony, J.M., Bottazzi, M.E., Loukas, A., Xiao, S., 2004.
Hookworm infection. New Engl. J. Med. 351 (8), 799-807.

Hotez, P.J., Brindley, P.J., Bethony, J.M., King, C.H., Pearce, E.J., Jacobson, ]., 2008.
Helminth infections: the great neglected tropical diseases. J. Clin. Invest. 118
(4),1311-1321.

Hotez, P.J., Alvarado, M., Basaiiez, M.-G., Bolliger, 1., Bourne, R., Boussinesq, M.,
Brooker, S.J., Brown, A.S., Buckle, G., Budke, C.M., 2014. The global burden of
disease study 2010: interpretation and implications for the neglected tropical
diseases. PLoS Negl. Trop. Dis. 8 (7), e2865.

Inpankaew, T., Traub, R.J., Thompson Sukthana, R.C.A.Y., 2007. Canine parasitic
zoonoses and temple communities in Thailand. Southeast Asian J. Trop. Med.
Public Health 38 (2), 247-255.

Inpankaew, T., Schadr, F., Dalsgaard, A., Khieu, V., Chimnoi, W., Chhoun, C,, Sok, D.,
Marti, H., Muth, S., Odermatt, P., 2014. High prevalence of Ancylostoma
Ceylanicum hookworm infections in Humans, Cambodia, 2012. Emerg. Infect.
Dis. 20 (6), 976-982.

Inthavong, P., Khamlone, B., Phimphachanhvongsod, V., Blaszak, K., Allen, ]., Durr,
P., Gilbert, J., Donnelly, B., 2012. A participatory ecohealth study of smallholder
pig systems in upland and lowland Lao PDR. Fourth Biennial Conference of the
International Association for Ecology and Health: 2012.

Inthavong, P., Durr, P., Khamlome, B., Blaszak, K., Somoulay, V., Allen, J., Gilbert, J.
2013. A participatory Ecohealth study of smallholder pig systems in upland
and lowland Lao PDR.

Jia, T.-W., Melville, S., Utzinger, J., King, C.H., Zhou, X.-N., 2012. Soil-transmitted
helminth reinfection after drug treatment: a systematic review and
meta-analysis. PLoS Negl. Trop. Dis. 6 (5), e1621.

Keiser, J., Utzinger, ]., 2008. Efficacy of current drugs against soil-transmitted
helminth infections: systematic review and meta-analysis. Jama 299 (16),
1937-1948.

Levecke, B., Behnke, ].M., Ajjampur, S.S., Albonico, M., Ame, S.M., Charlier, J., Geiger,
S.M,, Hoa, N.T., Ngassam, R.LK., Kotze, A.C., 2011. A comparison of the
sensitivity and fecal egg counts of the McMaster egg counting and Kato-Katz
thick smear methods for soil-transmitted helminths. PLoS Negl. Trop. Dis. 5 (6),
e1201.

Lymbery, A., Thompson, R., 2012. The molecular epidemiology of parasite
infections: tools and applications. Mol. Biochem. Parasitol. 181 (2), 102-116.

Murray, CJ.L., Vos, T., Lozano, R., Naghavi, M., Flaxman, A.D., Michaud, C., Ezzati, M.,
Shibuya, K., Salomon, J.A., Abdalla, S., 2012. Disability-adjusted life years
(DALYs) for 291 diseases and injuries in 21 regions, 1990-2010: a systematic
analysis for the Global Burden of Disease Study 2010. Lancet 380 (9859),
2197-2223.

Okello, A., Ash, A., Keokhamphet, C., Hobbs, E., Khamlome, B., Dorny, P., Thomas, L.,
Allen, J., 2014. Investigating a hyper-endemic focus of Taenia solium in
northern Lao PDR. Parasites Vectors 7 (1), 134.

Parker, M., Allen, T., 2011. Does mass drug administration for the integrated
treatment of neglected tropical diseases really work? Assessing evidence for
the control of schistosomiasis and soil-transmitted helminths in Uganda.
Health Res. Policy Syst. 9 (1), 3.

Parker, M., Allen, T., 2014. De-politicizing parasites: reflections on attempts to
control the control of neglected tropical diseases. Med. Anthropol. 33 (3),
223-239.

Product Information Eskazole® Tablets, 2015 [www.gsk.com.au/resources.ashx/./
622/FileName/./PI_Eskazole.pdf].

Rim, H.-J., Chai, J.-Y., Min, D.-Y., Cho, S.-Y., Eom, K.S., Hong, S.-J., Sohn, W.-M.,, Yong,
T.-S., Deodato, G., Standgaard, H., 2003. Prevalence of intestinal parasite
infections on a national scale among primary schoolchildren in Laos. Parasitol.
Res. 91 (4), 267-272.

Rozsa, L., Reiczigel, J., Majoros, G., 2000. Quantifying parasites in samples of hosts.
J. Parasitol. 86 (2), 228-232.

Sayasone, S., Vonghajack, Y., Vanmany, M., Rasphone, O., Tesana, S., Utzinger, J.,
Akkhavong, K., Odermatt, P., 2009. Diversity of human intestinal helminthiasis
in Lao PDR. Trans. R. Soc. Trop. Med. Hyg. 103 (3), 247-254.

Soukhathammavong, P.A., Sayasone, S., Phongluxa, K., Xayaseng, V., Utzinger, J.,
Vounatsou, P., Hatz, C.,, Akkhavong, K., Keiser, ]., Odermatt, P., 2012. Low
efficacy of single-dose albendazole and mebendazole against hookworm and
effect on concomitant helminth infection in Lao PDR. PLoS Negl. Trop. Dis. 6
(1), e1417.

Steinmann, P., Utzinger, J., Du, Z.-W., Jiang, J.-Y., Chen, J.-X., Hattendorf, J., Zhou, H.,
Zhou, X.-N., 2011. Efficacy of single-dose and triple-dose albendazole and
mebendazole against soil-transmitted helminths and Taenia spp.: a
randomized controlled trial. PloS One 6 (9), e25003.

Steinmann, P., Rinaldi, L., Cringoli, G., Du, Z.-W., Marti, H., Jiang, ].-Y., Zhou, H.,
Zhou, X.-N., Utzinger, J., 2015. Morphological diversity of Trichuris spp. eggs
observed during an anthelminthic drug trial in Yunnan, China, and relative
performance of parasitologic diagnostic tools. Acta Tropica 141, 184-189.

Trachsel, D., Deplazes, P., Mathis, A., 2007. Identification of taeniid eggs in the
faeces from carnivores based on multiplex PCR using targets in mitochondrial
DNA. Parasitology 134, 911-920.

Traub, RJ., Robertson, .D., Irwin, P., Mencke, N., Thompson, R.C.A., 2002. The role of
dogs in transmission of gastrointestinal parasites in a remote tea-growing
community in northeastern India. Am. J. Trop. Med. Hyg. 67 (5), 539-545.

Traub, RJ., Inpankaew, T., Sutthikornchai, C., Sukthana, Y., Thompson, R., 2008.
PCR-based coprodiagnostic tools reveal dogs as reservoirs of zoonotic
ancylostomiasis caused by Ancylostoma ceylanicum in temple communities in
Bangkok. Vet. Parasitol. 155 (1), 67-73.

Wandra, T., Raka Sudewi, A., Swastika, L.K,, Sutisna, P., Dharmawan, N.S., Yulfi, H,,
Darlan, D.M,, Kapti, L.N., Samaan, G., Sato, M.O., 2011. Taeniasis/cysticercosis in
Bali, Indonesia. Southeast Asian J. Trop. Med. Public Health 42, 793-802.

Willingham 111, A.L., Wu, H.-W., Conlan, J., Satrija, F., 2010. Combating Taenia
solium/ cysticercosis in Southeast Asia: an opportunity for improving human
health and livestock production. Adv. Parasitol. 72, 235-266.

World Health Organisation, 2012. Accelerating work to overcome the global
impact of neglected tropical diseases: a roadmap for implementation:
executive summary. In: Uniting to Combat Neglected Tropical Diseases, Ending
the Neglect and Reaching 2020 Goals. World Health Organisation, London.


http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0065
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0070
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0075
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0080
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0085
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0090
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0100
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0105
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0110
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0115
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0120
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0125
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0130
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0135
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://www.gsk.com.au/resources.ashx/./622/FileName/./PI_Eskazole.pdf
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0145
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0150
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0155
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0160
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0165
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0170
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0175
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0180
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0185
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0190
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0195
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200
http://refhub.elsevier.com/S0001-706X(15)30011-5/sbref0200

	Controlling Taenia solium and soil transmitted helminths in a northern Lao PDR village: Impact of a triple dose albendazol...
	1 Introduction
	2 Materials and methods
	2.1 Study site
	2.2 Ethics
	2.3 Human mass drug administration
	2.4 Sample collection
	2.5 Sample analysis
	2.5.1 Microscopy
	2.5.2 Statistical analysis
	2.5.3 Molecular characterisation


	3 Results
	3.1 Coverage of the human MDA intervention
	3.2 Mass drug administration 1: October 2013
	3.3 Mass drug administration 2: March 2014
	3.4 Polyparasitism
	3.5 Molecular characterisation of Taenia spp. and hookworm spp.

	4 Discussion
	4.1 Impact of triple dose albendazole treatment against taeniasis
	4.2 Impact of triple dose albendazole treatment against STHs
	4.3 Challenges of mass drug administration
	4.3.1 Eligibility and compliance
	4.3.2 Reinfection and zoonoses


	5 Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgments
	References


