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a  b  s  t  r  a  c  t

The  occurrence  and  spatial  distribution  of intestinal  helminth  infection  in children  is  fairly  well  under-
stood.  However,  knowledge  on  how  helminth  infections  govern  intestinal  morbidity  is scarce.  We
conducted  a cross-sectional  study  to assess  and  quantify  the  relationship  between  single  and  multiple
species  helminth  infection  with  clinical  and  self-reported  morbidity  indicators  and  nutritional  status  in
Champasack  province,  southern  Lao People’s  Democratic  Republic  (Lao  PDR).  A random  sample  of  1313
children,  aged  6 months  to  12  years,  from  villages  in nine  rural  districts  were  enrolled  and  examined
for  helminth  infection  using  duplicate  Kato-Katz  thick  smears.  Morbidity  was  assessed  by  self-reported
symptoms,  coupled  with  clinical  examination  and  appraisal  of nutritional  status  and  anaemia.  Bivari-
ate  and  multivariate  logistic  regression  was  employed  to  study  associations  between  helminth  infection
and  morbidity  indicators  and anaemia.  We  found  considerable  morbidity  among  the  surveyed  children,
including  hepatomegaly  (13.7%),  pale  conjunctiva  (13.2%)  and  abdominal  pain  (10.4%).  Anaemia  was
recorded  in  60.4%  of  the  children,  whilst  signs  of stunting  and  low body  mass  index  (BMI)  were  observed
in  49.8%  and 33.3%  of the  surveyed  children,  respectively.  Hookworm  and  Opisthorchis  viverrini  were
the  predominant  helminth  species  with  prevalences  of 51.0%  and  43.3%,  respectively.  The  prevalence
of  Schistosoma  mekongi  in the  surveyed  children  was  5.6%.  Multiple  species  helminth  infections  were
recorded  in  40.4%  of  the study  cohort.  Morbidity  was  associated  with  specific  helminth  species  infec-
tion  (e.g.  S.  mekongi  with  hepatomegaly;  adjusted  odds  ratio  (aOR):  9.49,  95%  confidence  interval  (CI):
2.07–43.51)  and  multiparasitism  (e.g.  two or  more  helminth  species  with  abdominal  pain;  aOR:  2.40,  95%
CI:  1.46–3.93).  Anaemia  was  associated  with  hookworm  infection  (aOR:  1.64,  95%  CI:  1.16–2.34)  and  mul-

tiparasitism  (aOR:  1.64,  95%  CI: 1.18–2.29).  Low  BMI was  associated  with  O.  viverrini  infection  (aOR:  1.68,
95%  CI:  1.14–2.49)  and  multiparasitism  (aOR:  1.42,  95%  CI: 1.01–2.00).  The  multiple  strong  associations
reported here  between  helminth  infections  (single  or multiple  species)  and  intestinal  morbidity  among
children  in  rural  parts  of  southern  Lao  PDR  call  for  concerted  efforts  to control  helminth  infections,  which
in turn  might  improve  children’s  health  and  development.
. Introduction

Parasitic worm infections, including soil-transmitted helminths
Please cite this article in press as: Sayasone, S., et al., Multiparasitism
and nutritional status among children: A cross-sectional study in s
http://dx.doi.org/10.1016/j.actatropica.2014.09.015

STHs), food-borne trematodes (FBTs) and Schistosoma spp., remain
mportant public health issues in low- and middle-income
ountries in the tropics and subtropics (Colley et al., 2014; Fürst
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et al., 2012b; Murray et al., 2012; Pullan et al., 2014). More than 5
billion people are at risk of helminthiases, an estimated 2 billion are
infected and hundreds of millions suffer from some kind of mor-
bidity (Hotez et al., 2008; Pullan and Brooker, 2012; Utzinger et al.,
2012). The occurrence of morbidity varies from individual to indi-
vidual and is related to the type, number and intensity of helminth
species and host factors (e.g. school-aged children and pregnant
women are of particular risk of morbidity) (Hall et al., 2008;
 and intensity of helminth infections in relation to symptoms
outhern Lao People’s Democratic Republic. Acta Trop. (2014),

Quinnell, 2003). In children, chronic helminth infections may  cause
a number of negative health outcomes, such as impaired phys-
ical and cognitive development (Al-Mekhlafi et al., 2005; Bundy
et al., 2009; Fürst et al., 2012a,b; Oninla et al., 2010). Additionally,
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http://www.elsevier.com/locate/actatropica
mailto:peter.odermatt@unibas.ch
dx.doi.org/10.1016/j.actatropica.2014.09.015


 ING Model
A

2  Tropi

h
e
d

a
t
h
t
o
R
e
M
S
i
m
(
o
b
H
m
r

q
a
s
e
s
s

2

2

M
a
n
f
H
i
o
A
e
t
a
t
u
s
t
n

2

o
f
l
C
S
r
d
P
n
2

ARTICLECTROP-3466; No. of Pages 10

 S. Sayasone et al. / Acta

elminth infections are aetiological factors of anaemia and protein-
nergy malnutrition, which account for half of child mortality in
eveloping countries (Al-Mekhlafi et al., 2005; Oninla et al., 2010).

In Lao People’s Democratic Republic (Lao PDR) helminthiasis
re highly endemic with distinct spatial patterns depending on
he helminth species. For example, STHs (i.e. Ascaris lumbricoides,
ookworm and Trichuris trichiura) show highest prevalence rates in
he northern provinces (Rim et al., 2003), Opisthorchis viverrini and
ther FBTs are particularly prevalent in the lowlands in the Mekong
iver basin (Forrer et al., 2012; Phongluxa et al., 2013; Sayasone
t al., 2007, 2011) and Schistosoma mekongi is restricted to the lower
ekong River basin (Lao-Cambodian border) (Muth et al., 2010;

ayasone et al., 2011). In many provinces, the distributions of var-
ous helminth species are geographically overlapping, and hence,

ultiple species helminth infections are a common phenomenon
Phongluxa et al., 2013; Sayasone et al., 2011). Multiparasitism is
f concern, as multiple species helminth infections can exacer-
ate morbidity (Ezeamama et al., 2005; Steinmann et al., 2010).
owever, data pertaining to morbidity associated with single and
ultiple species helminth infections and intensity are scarce in

esource-constrained settings, including Lao PDR.
We  conducted a cross-sectional parasitological, clinical and

uestionnaire survey focussing on children aged between 6 months
nd 12 years in nine rural districts of Champasack province in the
outhern part of Lao PDR where STHs, FBTs and S. mekongi co-
xist. Our aim was to assess and quantify the relationship between
ingle and multiple species helminth infections with clinical and
elf-reported morbidity indicators and nutritional status.

. Materials and methods

.1. Ethics statement

Ethical approval for the current study was obtained from the
inistry of Health (MOH) of Lao PDR (reference no. 027/NECHR)

nd the ethics committee of Basel, Switzerland (EKBB; reference
o. 255/06). Permission for field and laboratory work was  obtained

rom the MOH, the Provincial Health Office (PHO) and the District
ealth Office (DHO). Village meetings were held and local author-

ties and inhabitants were given detailed explanations about the
bjectives, procedures and potential risks and benefit of the study.
n information sheet in the local language was read aloud to par-
nts in the presence of their children and sufficient time was given
o pose any kind of questions related to the study. Parents were
sked for written informed consent and a local witness observing
his procedure also signed the consent form. Participation was  vol-
ntary, and hence, parents could withdraw their children from the
tudy anytime without further obligations. Children found posi-
ive for any intestinal helminth infection were treated according to
ational guidelines (MOH, 2004).

.2. Study area

The study was carried out in Champasack, the largest province
f southern Lao PDR, covering an area of 15,415 km2, stretching
rom 13◦55′ to 15◦29′ N latitude and from 105◦11′ to 106◦46′ E
ongitude. According to the 2005 census, the total population of
hampasack province was  603,370 inhabitants (Census 2005, Lao
tatistics Bureau, Vientiane; www.nsc.gov.la). The study was  car-
ied out in all nine rural districts of Champasack province (i.e.
Please cite this article in press as: Sayasone, S., et al., Multiparasitis
and nutritional status among children: A cross-sectional study in 
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istricts of Bachieng, Champasack, Khong, Mounlapamok, Paksong,
athoumphone, Phonthong, Sanasomboun and Soukhouma). Of
ote, helminth infections, including multiparasitism (Chai et al.,
005; Eom et al., 2014; Sayasone et al., 2009) and the prevalence
 PRESS
ca xxx (2014) xxx–xxx

and extent of malnutrition in Champasack province are similar to
other rural parts of Lao PDR (Kamiya, 2011).

2.3. Study design and population

Epidemiological data were collected during a cross-sectional,
community-based survey carried out between January and May
2007 in Champasack province (Forrer et al., 2012). We employed a
two-stage sampling method. In a first step, 54 villages were ran-
domly selected. Second, in each village 15–20 households were
selected at random. All children of the selected household aged
between 6 months and 12 years were invited to participate.

2.4. Field and laboratory procedures

Data on behaviour (e.g. food consumption and hygiene) and
medical history were obtained from each child with assistance
of parents or legal guardians using a pre-tested questionnaire.
For children aged <6 years, only parents or legal guardians were
interviewed. Older children (up to 12 years) participated dur-
ing the interviews with their parents or caregivers. A household
questionnaire was administered to heads of household to obtain
socioeconomic data, such as access to clean water and sanitation,
house construction material, and ownership of household assets
and livestock.

Anthropometric data were collected from all enrolled children.
Exact child age was obtained from birth records and other offi-
cial documents (e.g. vaccination card, vaccination book registry
and household registry book). Children’s weight was  measured
using a digital scale (Tanita Corporation; Tokyo, Japan). A child
was weighed bare-foot wearing light clothes to the nearest 0.1 kg.
Height was measured using a measuring board to the nearest
0.1 cm.  Children aged below 2 years were measured in supine posi-
tion.

Study participants provided a single stool sample. Within 2 h of
stool collection, duplicate Kato-Katz thick smears, using 41.7 mg
templates, were prepared, adhering to standard protocols (Katz
et al., 1972; Yap et al., 2012). In brief, Kato-Katz thick smears were
allowed to clear for 30 min  before examination under a light micro-
scope by experienced laboratory technicians. Helminth eggs were
counted and recorded for each species separately. For quality con-
trol, 10% of the Kato-Katz thick smears were re-examined by a
senior technician. Helminth species-specific egg counts were com-
pared with the original readings and, whenever discrepancies were
observed (i.e. negative versus positive result; helminth egg counts
differing by more than 10%), the slides were read a third time and
results discussed until agreement was reached.

A fingerpick blood sample was taken from each child and
assessed for haemoglobin (Hb), using a B-haemoglobin photometer
(Hemocue AB; Angelholm, Sweden). Morbidity data were obtained
from each participant by recall of symptoms within 2 weeks prior
to the survey (e.g. abdominal bloating, abdominal pain, bloody diar-
rhoea and watery diarrhoea) and by clinical examination (e.g. big
belly, pale sub-conjunctiva, tenderness of abdomen, hepatomegaly
and splenomegaly). Clinical examinations were conducted by an
experienced physician. Hepatomegaly was determined by palpat-
ing the left liver lobe along the xiphoid-umbilicus line in the supine
position. It was  classified as absent or present when the left liver
lobe was not palpable or palpable, accordingly (Biays et al., 1999).
Splenomegaly was  classified using the Hackett score (Hackett,
1944).
m and intensity of helminth infections in relation to symptoms
southern Lao People’s Democratic Republic. Acta Trop. (2014),

2.5. Statistical analysis

Survey data were double-entered and cross-checked using Epi-
Data 3.1 (EpiData Association; Odense, Denmark). Only those

dx.doi.org/10.1016/j.actatropica.2014.09.015
http://www.nsc.gov.la/
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Fig. 1. Children’s compliance of survey in nine dis

hildren with complete data records were included in the final anal-
sis. For summary statistics, children were classified into two  age
roups (i.e. 6 months to 5 years and >5 years to 12 years).

Anaemia was determined according to age-specific Hb levels
sing World Health Organization (WHO) cut-offs (WHO, 2014).
hildren aged <5 years were considered anaemic if their Hb lev-
ls were below 11.0 g/dl, whilst for older children up to 12 years of
ge, the cut-off was 11.5 g/dl.

Helminth infection intensities were classified into light, mod-
rate and heavy, according to eggs per 1 g of stool (EPG) and
hresholds put forward by Maleewong et al. (1992) and WHO
uidelines (WHO, 2005). In brief, light, moderate and heavy hook-
orm infections were 1–1999 EPG, 2000–3999 EPG and ≥4000

PG; whilst the respective cut-offs for A. lumbricoides were 1–4999
PG, 5000–49,999 EPG and ≥50,000 EPG, those of T. trichiura and
. viverrini were 1–999 EPG, 1000–9999 EPG and ≥10,000 EPG, and
. mekongi intensity classes were 1–100 EPG, 101–399 EPG and
400 EPG. Additionally, children were grouped into five helminth

nfection/intensity classes, as follows: (i) no infection; (ii) any sin-
le helminth species infection with light intensity; (iii) any single
elminth species infection with moderate or heavy intensity; (iv)
ny multiparasitism with light intensity; and (v) any multipara-
itism with moderate or heavy intensity.

Anthropometric data were calculated in STATA version 10.1
Stata Corporation; College Station, TX, USA) using a readily avail-
ble macro-statistical package developed by a technical group of
HO  (2007). The WHO  child growth standards 2007 for under-five

hildren and children aged 5–19 years (merged data NCHS/WHO)
ere used as references (de Onis et al., 2007). The following

our anthropometric indicators were considered (i) weight-for-
eight (wasting); (ii) height-for-age (stunting); (iii) weight-for-age
underweight); and (iv) body mass index (BMI) for age. A child was
efined as being undernourished when z-score measurement of
hese indicators were below −2 standard deviations (SDs) of the
opulation reference (Alom et al., 2012; de Onis et al., 2007).

House construction material and ownership of household assets
nd livestock were used to build an asset-based socioeconomic
ndex, using principal component analysis (PCA). This approach has
Please cite this article in press as: Sayasone, S., et al., Multiparasitism
and nutritional status among children: A cross-sectional study in s
http://dx.doi.org/10.1016/j.actatropica.2014.09.015

een widely and successfully used to construct household socioeco-
omic status (see, for example, Forrer et al., 2012). Households were
lassified in five wealth quintiles, the first quintile corresponding
o the poorest and the fifth to the least poor population group.
of Champasack province, southern Lao PDR, 2007.

We used �2 statistics to compare proportions. Associations
between morbidity indicators (outcome) and helminth infection
status (predictor) were assessed by using (i) a bivariate logis-
tic regressions and (ii) a multivariable logistic regression analysis
(stepwise backwards elimination), adjusted for sex, age-group,
socioeconomic status, nutritional status and personal hygiene.
Crude odds ratio (cOR) and adjusted odds ratio (aOR) and corre-
sponding 95% confidence intervals (CIs) were calculated. Variables
exhibiting an association at a significance level of 0.15 were
included in multivariate logistic regression models. Multiple linear
regression models were used to associate helminth infections with
mean Hb levels as previously performed (Degarege et al., 2014).
Statistical significance was defined as P value <0.05.

3. Results

3.1. Compliance and population characteristics

A total of 1554 children aged between 6 months and 12 years
were enrolled (Fig. 1). Among them, 241 (14.6%) failed to submit
a stool sample, were absent during the clinical examination and
questionnaire survey, or had extreme z-score values (too low or
high according to WHO  definitions). The remaining 1313 children
had completed all study procedures, and hence were retained for
the final analysis. There were 649 (49.4%) girls and 664 (50.6%) boys.
In terms of age, 464 (35.3%) of the children were below 5 years,
whilst the remaining 849 children were older, up to 12 years.

3.2. Helminth infections

Table 1 summarises children’s helminth infection status, strat-
ified by sex and two  age groups. Hookworm was the predominant
species (51.0%), followed by O. viverrini (43.3%), A. lumbricoides
(16.8%), T. trichiura (10.7%), S. mekongi (5.6%) and Taenia spp.
(1.2%). 307 children were free of any helminth infection (23.4%),
476 children (36.2%) harboured a single helminth species and the
remaining 530 children (40.4%) were infected with at least two and
 and intensity of helminth infections in relation to symptoms
outhern Lao People’s Democratic Republic. Acta Trop. (2014),

up to five helminth species concurrently. The following helminth
infection intensities profiles were observed: single infection with
light infection intensities (27.5%), single infection with moderate
and heavy infection intensities (8.8%), multiparasitism with light

dx.doi.org/10.1016/j.actatropica.2014.09.015
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Table  1
Situation of helminth infections among 1313 children of Champasack province, southern Lao PDR in 2007, stratified by sex and age group.

Infections Overall Sex Age group

Females Males �2 P-value 6 months–5 years 5–12 years �2 P-value

All infections
Opisthorchis viverrini 569 (43.3) 277 (42.7) 292 (44.0) 0.22 0.636 117 (25.2) 452 (53.2) 95.95 <0.001
Schistosoma mekongi 74 (5.6) 41 (6.3) 33 (5.0) 1.12 0.290 21 (4.5) 53 (6.2) 1.66 0.197
Hookworm 670 (51.0) 323 (49.8) 347 (52.3) 0.81 0.367 194 (41.8) 476 (56.1) 24.40 <0.001
Ascaris lumbricoides 221 (16.8) 109 (16.8) 112 (16.8) 0.01 0.970 90 (19.4) 131 (15.4) 3.37 0.066
Trichuris trichiura 140 (10.7) 71 (10.9) 69 (10.4) 0.10 0.748 37 (8.0) 103 (12.1) 5.44 0.020
Taenia spp. 16 (1.2) 9 (1.4) 7 (1.1) 0.30 0.583 2 (0.4) 14 (1.7) 3.70 0.054

Individual infection
Negative 307 (23.4) 155 (23.9) 152 (22.9) 173 (37.3) 134 (15.8)
Only  Opisthorchis viverrini 209 (15.9) 106 (16.4) 103 (15.5) 54 (11.6) 154 (18.3)
Only  Schistosoma mekongi 9 (0.7) 6 (0.9) 3 (0.5) 5 (1.1) 4 (0.5)
Only  hookworm 193 (14.7) 103 (15.9) 90 (13.6) 79 (17.0) 114 (13.4)
Only  Ascaris lumbricoides 58 (4.5) 25 (3.9) 33 (5.0) 24 (5.2) 34 (4.0)
Only  Trichuris trichiura 7 (0.5) 2 (0.3) 5 (0.8) 3 (0.7) 4 (0.5)
Any  multiparasitism 530 (40.4) 252 (41.9) 278 (38.8) 5.75 0.452 126 (27.2) 404 (47.6) 103.5 <0.001

Number of helminth species
Single species 476 (36.3) 242 (37.3) 234 (35.2) 165 (35.6) 311 (36.6)
Two  species 393 (29.9) 179 (27.6) 213 (32.1) 87 (18.8) 305 (35.9)
Three or more species 138 (10.5) 73 (11.3) 65 (9.8) 3.61 0.307 39 (8.4) 99 (11.7) 92.40 <0.001

Intensity of infections
Any single helminth species with light 331 (25.2) 176 (27.1) 155 (23.3) 108 (23.3) 223 (26.3)
Any  single helminth species with moderate+ 145 (11.0) 66 (10.2) 79 (11.9) 57 (12.3) 88 (10.4)
Any  multiparasitism with light 219 (16.7) 98 (15.1) 121 (18.2) 26 (5.6) 193 (22.7)
Any  multiparasitism with moderate+ 311 (23.7) 154 (23.7) 157 (23.6) 4.99 0.288 100 (21.6) 211 (24.9) 113.61 <0.001
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nfection intensities (16.6%) and multiparasitism with moderate
nd heavy infection intensities (23.7%).

.3. Clinical assessments

Table 2 shows the frequency of reported symptoms, stratified
y sex and age group. The most frequently reported symptom
as abdominal pain (10.4%). Abdominal bloating and watery diar-

hoea were reported by 4.0% of the children each, whilst bloody
iarrhoea was reported by 1.2% of the children. There was  no
ignificant sex difference in self-reported morbidity indicators.
bdominal bloating and watery diarrhoea were reported signifi-
antly more often in children aged 6 months to 5 years compared
o their older counterparts (both P < 0.001). Hepatomegaly (13.7%)
as the most frequent clinical sign diagnosed in the physical

xamination, followed by pale sub-conjunctiva (13.2%), “big belly”
6.9%), splenomegaly (4.3%) and tenderness of abdomen upon pal-
ation (1.0%). “Big bellies” were significantly more often diagnosed

n the younger age group compared to children aged above 5
ears.

.4. Anaemia and nutritional status

Overall, 793 children (60.4%) were found anaemic with no
ignificant difference by sex (males: 62.1% versus females: 58.7%,

 = 0.216) and age group (6 month to 5 years: 60.3% versus 5–12
ears: 60.4%, P = 0.978). Table 3 summarises the nutritional status
f children examined, stratified by sex and age group. Overall, high
revalences of stunting (49.4%), underweight (47.9%) and low BMI
or age (33.3%) were observed. Wasting was determined in 10.7%
Please cite this article in press as: Sayasone, S., et al., Multiparasitis
and nutritional status among children: A cross-sectional study in 
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f children surveyed. We  did not observe any significant difference
etween boys and girls. However, children aged 5–12 years had a
ignificantly lower nutritional status than their younger counter-
arts (e.g. stunting: 51.1% versus 46.3%, P = 0.048; underweight:
54.8% versus 35.3%, P = 0.001; low BMI  for age: 44.8% versus 12.3%,
P < 0.001). The opposite trend was  observed for wasting (9.5%
versus 13.6%, P = 0.025).

3.5. Predictors of clinical outcomes

Stepwise multiple logistic regression analysis revealed that
helminth infections (e.g. single and multiple species infection and
different infection intensity profiles) were significant predictors
for different morbidity indicators. Table 4 summarises identified
associations between helminth infection and morbidity indicators.
Of particular note is that S. mekongi infection showed signifi-
cant associations with palpable hepatomegaly (aOR: 9.49, 95%
CI: 2.07–43.51), splenomegaly (aOR: 53.7, 95% CI: 6.44–448.79),
self-reported bloody diarrhoea (aOR: 23.33, 95% CI: 4.04–134.66)
and pale sub-conjunctiva (aOR: 6.13, 95% CI: 1.44–26.19). Sim-
ilarly, multiple species helminth infection was associated with
hepatomegaly and splenomegaly with a trend for higher aORs
the higher the intensity of multiple species helminth infec-
tions.

None of the other single species helminth infection was  signif-
icantly associated with morbidity indicators, except for a positive
association between hookworm infection and pale sub-conjunctiva
(aOR: 1.91, 95% CI: 1.21–3.01). Multiple species helminth infec-
tion showed strong associations with morbidity (e.g. any multiple
species helminth infection with moderate and high infection inten-
sity was  significantly associated with reported watery diarrhoea
(aOR: 2.35, 95% CI: 1.26–4.39), abdominal bloating (aOR: 2.00, 95%
CI: 1.09–3.67) and abdominal pain (aOR: 1.84, 95% CI: 1.26–2.67).

The presence of palpable hepatomegaly in children showed a
strong association with any multiple species helminth infection
m and intensity of helminth infections in relation to symptoms
southern Lao People’s Democratic Republic. Acta Trop. (2014),

(aOR: 3.67, 95% CI: 2.49–5.40). The association was particularly
strong between any multiple species helminth infection with mod-
erate and heavy infection intensity (aOR: 7.91, 95% CI: 5.40–11.60).
The presence of palpable splenomegaly was  strongly associated

dx.doi.org/10.1016/j.actatropica.2014.09.015
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Table  2
Frequency of clinical outcomes obtained from physical examination of study children in Champasack province, southern Lao PDR in 2007, stratified by sex and age group
(n  = 1313).

Clinical
outcomes

Overall Sex Age group (years)

n (%) Girls, n (%) Boys, n (%) �2 P-value <5, n (%) 5–12, n (%) �2 P-value

Symptoms in past two  weeks
Abdominal pain 137 (10.4) 69 (10.6) 68 (10.2) 0.05 0.817 57 (12.3) 80 (9.4) 2.63 0.105
Abdominal bloating 52 (4.0) 26 (4.1) 26 (3.9) 0.01 0.933 30 (6.5) 22 (2.6) 11.84 0.001
Watery diarrhoea 52 (4.0) 22 (3.5) 30 (4.5) 1.10 0.295 31 (6.7) 21 (2.5) 13.96 <0.001
Bloody diarrhoea 16 (1.2) 9 (1.4) 7 (1.1) 0.30 0.583 8 (1.7) 8 (0.9) 1.52 0.217

Physical examinations
Hepatomegaly 180 (13.7) 88 (13.6) 92 (13.9) 0.02 0.876 64 (13.8) 116 (13.7) 0.01 0.948
Pale  sub-conjunctiva 173 (13.2) 74 (11.4) 99 (14.9) 3.55 0.060 72 (15.5) 101 (11.9) 3.44 0.064
Big  belly 90 (6.9) 50 (7.5) 40 (6.2) 0.96 0.327 56 (12.1) 34 (4.00) 30.56 <0.001
Splenomegaly* 57 (4.3) 31 (4.3) 26 (3.9) 0.59 0.444 17 (3.7) 40 (4.7) 0.79 0.373
Tenderness of abdomen 13 (1.0) 6 (0.9) 7 (1.1) 0.06 0.812 2 (0.4) 11 (1.3) 2.29 0.130
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-value obtained from Chi-square test.
* Splenomegaly: Hackett score ≥2.

ith multiple species helminth infection (aOR: 14.13, 95% CI:
.39–58.86) and any multiple species helminth infection with mod-
rate or heavy infection intensity (aOR: 10.41, 95% CI: 4.73–22.92).

.6. Predictors of nutritional status and anaemia

Table 5 summarises the main associations between helminth
nfection and nutritional indicators, readily adjusted for potential
redictors, such as sex, age group, personal hygiene, socioeconomic
tatus and recent history of illness, as obtained from stepwise mul-
ivariable logistic regression analysis. The presence of anaemia
howed a strong association with helminth infection. For exam-
le, S. mekongi infection (aOR: 1.52, 95% CI: 1.08–2.15), hookworm

nfection (aOR: 1.64, 95% CI: 1.16–2.34) and multiple species
elminth infection (two helminth species infection, aOR: 1.65, 95%
I: 1.24–2.20; three or more helminth species infections, aOR: 1.53,
5% CI: 1.15–2.04) were significantly associated with anaemia.
ith regard to malnutrition, low BMI  for age was  significantly

ssociated with multiple species helminth infection (two helminth
pecies infection, aOR: 1.40, 95% CI: 1.01–1.94; three or more
elminth species, aOR: 1.45, 95% CI, 1.03–2.04) and helminth infec-
ion intensity (any multiparasitism with light infections, aOR: 1.42,
5% CI: 1.01–2.00).

Other nutritional indicators such as stunting and wasting were
ot associated with any of the helminth infection intensity pro-
les. The presence of stunting in a child was significantly associated
ith low socioeconomic status and wasting was  associated with

elf-reported watery diarrhoea (aOR: 2.58, 95% CI: 1.07–5.84) and
loody diarrhoea (aOR: 3.99, 95% CI: 1.10–14.50).

Linear regression analysis, adjusted for age group, sex, weight
Please cite this article in press as: Sayasone, S., et al., Multiparasitism
and nutritional status among children: A cross-sectional study in s
http://dx.doi.org/10.1016/j.actatropica.2014.09.015

nd height, showed that the mean Hb level was significantly lower
n children who harboured a single helminth species compared to
on-infected children (i.e. for S. mekongi, coefficient: −1.42, 95% CI:
2.35 to −0.48; for hookworm, coefficient: −0.33, 95% CI: −0.58

able 3
requency of nutritional status among 1313 children from Champasack province, souther

Nutritional
indicators

Overall Sex 

Girls Boys �

Stunting (z-score ≤ 2) 649 (49.4) 312 (48.1) 337 (50.8) 0
Underweight (z-score ≤ 2) 629 (47.9) 310 (47.8) 319 (48.0) 0
Wasting (z-score ≤ 2) 144 (10.7) 71 (10.9) 73 (11.0) 0
Low  BMI  for age (z-score ≤ 2) 437 (33.3) 202 (31.1) 235 (35.4) 2

-value calculated from chi-square test.
to −0.07; Fig. 2a). Regarding helminth infection intensity profiles,
the linear regression model revealed a lower mean Hb level in chil-
dren who had positive stool examination compared to non-infected
children (Fig. 2b). Single infections with moderate or heavy infec-
tion intensities were significantly associated with a lower mean Hb
level (coefficient: −0.32, 95% CI: −0.60 to −0.04; Fig. 2b).

4. Discussion

In Lao PDR, helminthiases remain issues of considerable pub-
lic health relevance, at local, provincial and national level. Single
and multiple species helminth infections and associated morbidity
patterns are governed by social-ecological systems. Over the past
15 years, data have been accumulated regarding people’s infection
status with individual helminth species and their spatial distribu-
tion at different scales (Eom et al., 2014; Forrer et al., 2012; Rim
et al., 2003; Sayasone et al., 2011). However, the current knowledge
on morbidities due to specific helminth infections, and particularly
concurrent infections with multiple helminth species in the same
host, is scarce. In a previous study, we have reported on hepato-
biliary excess morbidity associated with concurrent S. mekongi–
O. viverrini infection in adults in southern Lao PDR (Sayasone et al.,
2012). Here, we  further this line of scientific inquiry, as we report
on the association of single and multiple species helminth infec-
tion with intestinal morbidity among children aged 6 months to 12
years.

We carried out a large cross-sectional survey in all nine rural dis-
tricts of Champasack province, situated in the southern part of Lao
PDR. Our aim was to deepen the understanding of how helminth
infections, multiparasitism and different infection intensity profiles
 and intensity of helminth infections in relation to symptoms
outhern Lao People’s Democratic Republic. Acta Trop. (2014),

influence children’s health and nutritional status. We employed
the widely used Kato-Katz technique for the diagnosis of helminth
infections (Bergquist et al., 2009; Speich et al., 2010). Addition-
ally, children were interviewed for a recent history of illness and

n Lao PDR in 2007, stratified by sex and age groups.

Age group (years)

2 P-value <5 5–12 �2 P-value

.94 0.332 215 (46.3) 434 (51.1) 3.71 0.048

.01 0.920 164 (35.3) 465 (54.8) 45.37 0.001

.01 0.975 63 (13.6) 81 (9.5) 5.01 0.025

.69 0.101 57 (12.3) 380 (44.8) 142.50 <0.001
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Table  4
Association between helminth infections and outcomes of clinical examination among 1313 study from Champasack province, southern Lao PDR in 2007, using stepwise
multiple logistic regression (backwards elimination).

Morbidity indicators Significant associations cOR (95% CI) aOR (95% CI)

Symptoms in past two weeks
Watery diarrhoea Multiple helminth species infections

No infection 1.00 1.00
Any multiparasitism 1.17 (0.59–2.31) 2.35 (1.26–4.39)

Helminth infection intensity
No infection 1.00 1.00
Any multiparasitism with moderate+ 1.64 (0.80–3.33) 2.40 (1.34–4.32)

Bloody  diarrhoea Single helminth species
No infection 1.00 1.00
Only S. mekongi 14.33 (2.45–83.90) 23.33 (4.04–134.66)

Abdominal bloating Helminth Infection intensity
No infection 1.00 1.00
Any multiparasitism with moderate+ 1.18 (0.60–2.35) 2.00 (1.09–3.67)

Abdominal pain Multiple helminth species infections
No infection 1.00 1.00
Two helminth species 1.34 (0.81–2.22) 1.62 (1.13–2.32)
Three or more helminth species 2.52 (1.42–4.49) 2.40 (1.46–3.93)

Helminth infection intensity
No infection 1.00 1.00
Any multiparasitism with moderate+ 1.99 (1.21–3.27) 1.84 (1.26–2.67)

Physical examinations
Pale sub-conjunctiva Single helminth species infection

No infection 1.00 1.00
Only hookworm 1.84 (1.10–3.08) 1.91 (1.21–3.01)
Only S. mekongi 4.15 (0.99–17.39) 6.13 (1.44–26.19)

Helminth infection intensity
No infection 1.00 1.00
Any multiparasitism with light 1.74 (1.05–2.88) 1.62 (1.07–2.46)

Tenderness of
abdomen

Multiple helminth species infections
No infection 1.00 1.00
Three or more helminth species 3.02 (0.67–13.70) 3.64 (1.10–12.12)

Hepatomegaly Single  helminth species infection
No infection 1.00 1.00
Only S. mekongi 6.81 (1.59–29.18) 9.49 (2.07–43.51)

Multiparasitism
No  infection 1.00 1.00
Two helminth species 3.06 (1.84–5.11) 2.49 (1.72–3.61)
Three or more helminth species 6.37 (3.61–11.27) 5.36 (3.37–8.52)
Any multiparasitism 3.82 (2.34–6.22) 3.67 (2.49–5.40)

Helminth infection intensity
No infection 1.00 1.00
Any single helminth species with moderate+ 2.84 (1.53–5.26) 3.02 (1.78–5.11)
Any multiparasitism with moderate+ 6.65 (4.02–10.98) 7.91 (5.40–11.60)

Splenomegaly Single  helminth species infection
No infection 1.00 1.00
Only S. mekongi 43.57 (5.34–355.20) 53.75 (6.44–448.79)

Multiparasitism
No  infection 1.00 1.00
Two helminth species 10.39 (2.44–44.21) 20.70 (2.52–45.75)
Three or more helminth species 22.88 (5.23–100.09) 25.12 (5.71–110.45)
Any multiparasitism 13.47 (3.24–55.98) 14.13 (3.39–58.86)

Helminth infection intensity
No infection 1.00 1.00
Any single helminth species moderate+ 6.58 (1.31–33.03) 3.41 (1.16–10.02)
Any multiparasitism with light 6.53 (1.40–30.55) 3.46 (1.32–9.12)
Any multiparasitism with moderate+ 18.72 (4.46–78.63) 10.41 (4.73–22.92)
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OR: crude odds ratio; aOR: adjusted odds ratio.
OR obtained from stepwise multiple logistic regression (backwards elimination), a

nderwent a clinical examination for appraisal of current diseases.
nthropometric data (i.e. height and weight) were determined and
naemia was assessed by means of a fingerprick sample tested for
b level.

Our data confirm that helminth infections are highly preva-
ent in Champasack province. Indeed, microscopic examination of
uplicate Kato-Katz thick smears showed that over three-quarter
f the children were infected with at least one helminth species.
Please cite this article in press as: Sayasone, S., et al., Multiparasitis
and nutritional status among children: A cross-sectional study in 
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ookworm was the predominant species with slightly more than
alf of the children infected (51.0%). Given the high marginal preva-

ence of various helminth species, multiparasitism was common;
wo out of five children with complete data records harboured
d for sex, age group, socioeconomic status, nutritional status and personal hygiene.

two or more helminth species concurrently. Interestingly, most of
the children diagnosed with single helminth species were charac-
terised by light infection intensity profiles (25.2%), whilst children
with multiple species helminth infections showed moderate and
heavy infection intensity profiles (23.7%). Helminth infections
(either single or multiple species and particularly those of moderate
and heavy intensities) were significantly associated with clinical
morbidity, anaemia and malnutrition. Hence, findings reported
m and intensity of helminth infections in relation to symptoms
southern Lao People’s Democratic Republic. Acta Trop. (2014),

here are of relevance to further clarify whether and to what extent
helminth infections impact on children’s health, nutritional status
and overall development (Hall et al., 2008; Taylor-Robinson et al.,
2012).

dx.doi.org/10.1016/j.actatropica.2014.09.015


ARTICLE IN PRESSG Model
ACTROP-3466; No. of Pages 10

S. Sayasone et al. / Acta Tropica xxx (2014) xxx–xxx 7

Table  5
Predictors of nutritional status of 1313 study children, Champasack province, southern Lao PDR in 2007, using stepwise multiple logistic regression (backwards elimination).

Morbidity indicators Significant associations cOR (95%, CI) aOR (95%, CI)

Anaemia Single helminth species infection
No infection 1.00 1.00
Only  S. mekongi 1.33 (0.97–1.82) 1.52 (1.08–2.15)
Only  hookworm 1.51 (1.09–2.09) 1.64 (1.16–2.34)

Multiple helminth species infections
Two  helminth species 1.48 (1.09–2.02) 1.65 (1.24–2.20)
Three or more helminth species 1.48 (1.09–2.02) 1.53 (1.15–2.04)

Helminth infection intensity
No infection 1.00 1.00
Any  multiparasitism with light 1.60 (1.13–2.38) 1.64 (1.18–2.29)

Stunting Household socioeconomic status
Richest 1.00 1.00
Poor  1.17 (0.82–1.67) 1.63 (1.09–2.44)
Very  poor 1.65 (1.17–2.32) 2.42 (1.62–3.62)
Poorest 1.38 (0.98–1.94) 1.93 (1.29–2.87)

Wasting Watery diarrhoea in past two  weeks 1.05 (1.69–6.07) 2.58 (1.07–5.84)
Bloody diarrhoea in past two weeks 3.79 (1.30–11.06) 3.99 (1.10–14.50)

Low  BMI  for age
(z-score ≤ 2)

Single helminth species
No infection 1.00 1.00
Only  O. viverrini 1.68 (1.16–2.45) 1.68 (1.14–2.49)

Multiple helminth species infections
No infection 1.00 1.00
Two  helminth species 1.40 (1.02–1.91) 1.40 (1.01–1.94)
Three or more helminth species 1.41 (1.04–1.91) 1.45 (1.03–2.04)

Intensity of infections
No infection 1.00 1.00
Any  multiparasitism with light 1.59 (1.10–2.31) 1.42 (1.01–2.00)

Household socioeconomic status
Richest 1.00 1.00
Poorest 1.49 (1.04–2.14) 1.58 (1.12–2.21)
Raw  vegetables 1.36 (1.05–1.76) 1.38 (1.02–1.86)

SN: small number; cOR: crude odds ratio; aOR: adjusted odds ratio.
aOR obtained from stepwise multiple logistic regression (backwards elimination), adjusted for sex, age group, personal hygiene, household socioeconomic status and recent
history of illness.

F n-infe
( sociat
t * P = 0

4

f
b

ig. 2. (a) Differences in mean haemoglobin levels among infected compared to no
95%  CI: −2.35 to −0.48); ** P = 0.012 (95% CI: −0.58 to −0.07). (b) Coefficients of as
o  non-infected children (n = 1313), adjusted for age group, sex, weight and height.

.1. Strengths and limitations
Please cite this article in press as: Sayasone, S., et al., Multiparasitism
and nutritional status among children: A cross-sectional study in s
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Our study has several strengths and limitations that are offered
or discussion. A major strength is the rigorous appraisal of mor-
idity, including self-reported morbidities (e.g. abdominal bloating,
cted children (n = 1313), adjusted for age group, sex, weight and height. * P = 0.003
ion between infection intensity and haemoglobin levels among infected compared
.027 (95% CI: −0.60 to −0.04).

abdominal pain, bloody diarrhoea and watery diarrhoea), clini-
 and intensity of helminth infections in relation to symptoms
outhern Lao People’s Democratic Republic. Acta Trop. (2014),

cal morbidities (e.g. big belly, pale sub-conjunctiva, tenderness
of abdomen, hepatomegaly and splenomegaly), quantification of
Hb levels for assessment of anaemia and examination of malnu-
trition. An additional strength is the analytical approach taken

dx.doi.org/10.1016/j.actatropica.2014.09.015
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i.e. multi-variate analysis), which allowed for adjustment of
otential confounders, such as demographic, socioeconomic and
ersonal behavioural data.

In terms of limitations, the following issues must be emphasised.
irst, we employed a cross-sectional study design, and hence we
annot infer causality. Second, our diagnostic approach consisted
f the collection of a single stool sample per child that was sub-
ected to duplicate Kato-Katz thick smear examination. Clearly,
ollection of multiple consecutive stool samples (instead of single
pecimens), examination of triplicate or quadruplicate Kato-Katz
hick smears per sample (instead of duplicate Kato-Katz thick
mears) and use of multiple diagnostic methods (e.g. Kato-Katz plus
ther-concentration techniques instead of Kato-Katz only) would
ave resulted in higher diagnostic accuracy (Knopp et al., 2008;
ovis et al., 2012; Steinmann et al., 2008). Third, we did not assess
hildren’s daily food consumption patterns. However, such pat-
erns play an important role in children’s malnutrition, because
onsumption of a diverse diet including animal meat products
re associated with lower odds of stunting and underweight, as
hown in neighbouring Cambodia (Darapheak et al., 2013). Fourth,
naemia is the consequence of multiple causes, which interact with
ach other in a complex manner. Among these factors are the inher-
ted haemoglobinopathies of primary importance in Lao settings
Savongsy et al., 2008; Tritipsombut et al., 2012). It must be noted
hat using a haemoglobin photometer for Hb measurement, the
dentification of the exact type of anaemia and the fraction of iron-
eficiency anaemia is not possible. Only the latter is associated
ith helminth infections (Brooker et al., 2008; Ngui et al., 2012).

ifth, we made no attempts to diagnose for other concurrent infec-
ions, such as Plasmodium spp. (the causative agent for malaria),
acteria and viruses. Yet, infections with these pathogens and co-

nfection with helminths could have affected children’s nutritional
tatus, self-reported morbidity and general health (Becker et al.,
013; Manning et al., 2012; Mondal et al., 2012). However, given
he large number of children examined and limited human and
nancial resources for the current study, it was operationally not

easible to diagnose all these infections.

.2. Policy implications

Our findings have important bearings on policy. First, the high
ates of specific helminth infections (i.e. hookworm and O. viver-
ini) and the extent of multiparasitism at the time this study was
arried out in the southern part of Lao PDR is alarming. Our findings
re in line with previous reports (Chai et al., 2007; Eom et al., 2014;
ayasone et al., 2009, 2011), which call for urgent public health
easures to remedy this situation. Our observations and results

eported by other investigators before provide a strong rationale for
caling-up helminthiases control measures in Lao PDR and Cham-
asack province in particular. In fact, the deworming programmes
argeting school-aged children and more recently preschool-aged
hildren were initiated in 2005, but Champasack province was only
ncluded in the late 2007, hence, just after the launch of the current
tudy (Phommasack et al., 2008). In the meantime, the deworming
rogramme has gone to scale (Lao PDR, 2014; Phommasack et al.,
008). It will be interesting to reassess the helminthiasis situation
owadays. Repeated rounds of deworming might have improved
hildren’s health status, particularly in children under the age of

 years, who are at highest risk of morbidity (Bryce et al., 2005).
n addition, most recently, several pilot interventions focussing on

ultiple parasitic infections and using ecohealth approaches were
mplemented. The results of their evaluation will contribute to the
Please cite this article in press as: Sayasone, S., et al., Multiparasitis
and nutritional status among children: A cross-sectional study in 
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ider discussion how multi-parasitic infection is best addressed.
Second, our findings showed that a single helminth species

nfection negatively affects the health of children. S. mekongi infec-
ion was significantly associated with reported bloody diarrhoeal
 PRESS
ca xxx (2014) xxx–xxx

episodes, pale sub-conjunctiva, hepatomegaly and splenomegaly
obtained from clinical examination. Furthermore, our models
revealed the significantly lower mean of Hb among children, who
had hookworm, O. viverrini and S. mekongi infection, compared to
non-infected children. These findings are in agreement with pre-
vious reports published elsewhere (Degarege et al., 2014; Righetti
et al., 2013). Indeed, hookworm infection and schistosomiasis cause
chronic intestine inflammation with continued intestinal blood
loss (Gyorkos et al., 2011; Larocque et al., 2005; Ngui et al., 2012;
Righetti et al., 2013) and are thus drivers of anaemia (Chen et al.,
2012; Ngui et al., 2012; Pasricha et al., 2008).

Third, multiparasitism has previously been shown to be a poten-
tial cause for child anaemia and malnutrition. Even with light
infection intensity, the impact on health is considerable (Bustinduy
et al., 2013; Degarege et al., 2014). In this study, the results confirm
that multiple helminth infections concurrently were significant
predictors for occurrence of clinical morbidities such as watery
diarrhoeal episodes, abdominal discomforts, hepatomegaly and
splenomegaly. Moreover, they were also significantly associated
with anaemia and a low BMI  for age among the study children.
However, no statistically positive association between helminth
infections and stunting, underweight as well as wasting has been
found in this study. Similar findings of not statistically association
between helminth infections and malnutrition have been previ-
ously observed elsewhere in Nigeria (Oninla et al., 2010) and in
Kenya (Bustinduy et al., 2013). It is widely acknowledged that in
developing countries, malnutrition is multi-factorial and it is diffi-
cult to establish its causal link (Bustinduy et al., 2013; Oninla et al.,
2010). In the present study, we  found that the socioeconomic status
of family predicted significantly a child’s stunting and the occur-
rence of watery and bloody diarrhoeal episodes were predictors of
wasting.

5. Conclusion

We  conclude that helminth infections and malnutrition are
highly prevalent among children living in the rural districts of
Champasack province, and most likely elsewhere in Lao PDR.
Helminth infections and multiparasitism are significantly associ-
ated with observed morbidities. We believe that these morbidities
can be resolved if adequate control measures are in place such
as health education, coupled with periodic de-worming, micronu-
trient supplementation, improving access to clean water and
sanitation.

Author contributions

SS and PO conceived and developed the study; SS analysed the
data and interpreted results together with PO; SS and PO drafted
the manuscript; JU and KA assisted with manuscript revision; all
authors read and approved the final submitted manuscript; SS and
PO are guarantors of the paper.

Acknowledgements

We are grateful for the contributions of the population in
the districts of Sanasomboun, Phonthong, Bachieng, Champasack,
Soukhouma, Pathoumphone, Paksong, Mounlapamok and Khong,
and the support of the curative and preventive health authorities
of the various locations. We  acknowledge the support of technical
m and intensity of helminth infections in relation to symptoms
southern Lao People’s Democratic Republic. Acta Trop. (2014),

staffs from the Centre for Malariology, Parasitology and Entomol-
ogy, the Department of Parasitology, University of Health Sciences,
the Ministry of Health, Vientiane and the Champasack Provincial
Malaria station who  helped with the stool sample examinations.

dx.doi.org/10.1016/j.actatropica.2014.09.015


 ING Model
A

 Tropi

R

A

A

B

B

B

B

B

B

B

C

C

C

C

D

d

D

E

E

F

F

F

G

H
H

H

K

K

K

ARTICLECTROP-3466; No. of Pages 10

S. Sayasone et al. / Acta

eferences

l-Mekhlafi, H.M., Azlin, M.,  Aini, U.N., Shaik, A., Sa’iah, A., Fatmah, M.S., Ismail,
M.G., Ahmad, F., Aisah, M.Y., Rozlida, A.R., Norhayatiy, M., 2005. Protein-energy
malnutrition and soil-transmitted helminthiases among Orang Asli children in
Selangor, Malaysia. Asia Pac. J. Clin. Nutr. 14, 188–194.

lom, J., Quddus, M.A., Islam, M.A., 2012. Nutritional status of under-five children in
Bangladesh: a multilevel analysis. J. Biosoc. Sci. 44, 525–535.

ecker, S.L., Vogt, J., Knopp, S., Panning, M.,  Warhurst, D.C., Polman, K., Marti, H.,
von, M.L., Yansouni, C.P., Jacobs, J., Bottieau, E., Sacko, M.,  Rijal, S., Meyanti,
F.,  Miles, M.A., Boelaert, M.,  Lutumba, P., van, L.L., N’Goran, E.K., Chappuis, F.,
Utzinger, J., 2013. Persistent digestive disorders in the tropics: causative infec-
tious pathogens and reference diagnostic tests. BMC  Infect. Dis. 13, 37.

ergquist, R., Johansen, M.V., Utzinger, J., 2009. Diagnostic dilemmas in helminthol-
ogy: what tools to use and when? Trends Parasitol. 25, 151–156.

iays, S., Stich, A.H., Odermatt, P., Long, C., Yersin, C., Men, C., Saem, C., Lormand,
J.D.,  1999. [A foci of schistosomiasis mekongi rediscovered in Northeast Cambo-
dia: cultural perception of the illness; description and clinical observation of 20
severe cases]. Trop. Med. Int. Health 4, 662–673 (in French).

rooker, S., Hotez, P.J., Bundy, D.A., 2008. Hookworm-related anaemia among
pregnant women: a systematic review. PLoS Negl. Trop. Dis. 2, e291.

ryce, J., Boschi-Pinto, C., Shibuya, K., Black, R.E., 2005. WHO  estimates of the causes
of  death in children. Lancet 365, 1147–1152.

undy, D.A., Kremer, M.,  Bleakley, H., Jukes, M.C., Miguel, E., 2009. Deworming and
development: asking the right questions, asking the questions right. PLoS Negl.
Trop Dis. 3, e362.

ustinduy, A.L., Parraga, I.M., Thomas, C.L., Mungai, P.L., Mutuku, F., Muchiri, E.M.,
Kitron, U., King, C.H., 2013. Impact of polyparasitic infections on anemia and
undernutrition among Kenyan children living in a Schistosoma haematobium-
endemic area. Am.  J. Trop. Med. Hyg. 88, 433–440.

hai, J.Y., Han, E.T., Guk, S.M., Shin, E.H., Sohn, W.M.,  Yong, T.S., Eom, K.S., Lee, K.H.,
Jeong, H.G., Ryang, Y.S., Hoang, E.H., Phommasack, B., Insisiengmay, B., Lee, S.H.,
Rim, H.J., 2007. High prevalence of liver and intestinal fluke infections among
residents of Savannakhet province in Laos. Korean J. Parasitol. 45, 213–218.

hai, J.Y., Park, J.H., Han, E.T., Guk, S.M., Shin, E.H., Lin, A., Kim, J.L., Sohn, W.M.,
Yong, T.S., Eom, K.S., Min, D.Y., Hwang, E.H., Phommmasack, B., Insisiengmay,
B., Rim, H.J., 2005. Mixed infections with Opisthorchis viverrini and intestinal
flukes in residents of Vientiane municipality and Saravane province in Laos. J.
Helminthol. 79, 283–289.

hen, J.M., Zhang, X.M., Wang, L.J., Chen, Y., Du, Q., Cai, J.T., 2012. Overt gastroin-
testinal bleeding because of hookworm infection. Asian Pac. J. Trop. Med. 5,
331–332.

olley, D.G., Bustinduy, A.L., Secor, W.E., King, C.H., 2014. Human schistosomiasis.
Lancet 383, 2253–2264.

arapheak, C., Takano, T., Kizuki, M.,  Nakamura, K., Seino, K., 2013. Consumption of
animal source foods and dietary diversity reduce stunting in children in Cam-
bodia. Int. Arch. Med. 6, 29.

e Onis, M.,  Onyango, A.W., Borghi, E., Siyam, A., Nishida, C., Siekmann, J., 2007.
Development of a WHO  growth reference for school-aged children and adoles-
cents. Bull. World Health Organ. 85, 660–667.

egarege, A., Animut, A., Medhin, G., Legesse, M.,  Erko, B., 2014. The association
between multiple intestinal helminth infections and blood group, anaemia and
nutritional status in human populations from Dore Bafeno, southern Ethiopia. J.
Helminthol. 88, 152–159.

om, K.S., Yong, T.S., Sohn, W.M.,  Chai, J.Y., Min, D.Y., Rim, H.J., Jeon, H.K., Banouvong,
V., Insisiengmay, B., Phommasack, B., 2014. Prevalence of helminthic infections
among inhabitants of Lao PDR. Korean J. Parasitol. 52, 51–56.

zeamama, A.E., Friedman, J.F., Olveda, R.M., Acosta, L.P., Kurtis, J.D., Mor, V., McGar-
vey,  S.T., 2005. Functional significance of low-intensity polyparasite helminth
infections in anemia. J. Infect. Dis. 192, 2160–2170.

orrer, A., Sayasone, S., Vounatsou, P., Vonghachack, Y., Bouakhasith, D., Vogt, S.,
Glaser, R., Utzinger, J., Akkhavong, K., Odermatt, P., 2012. Spatial distribution of,
and  risk factors for, Opisthorchis viverrini infection in southern Lao PDR. PLoS
Negl. Trop. Dis. 6, e1481.

ürst, T., Duthaler, U., Sripa, B., Utzinger, J., Keiser, J., 2012a. Trematode infections:
liver and lung flukes. Infect. Dis. Clin. North Am.  26, 399–419.

ürst, T., Keiser, J., Utzinger, J., 2012b. Global burden of human food-borne tremato-
diasis: a systematic review and meta-analysis. Lancet Infect. Dis. 12, 210–221.

yorkos, T.W., Gilbert, N.L., Larocque, R., Casapia, M.,  2011. Trichuris and hookworm
infections associated with anaemia during pregnancy. Trop. Med. Int. Health 16,
531–537.

ackett, L.W., 1944. Spleen measurement in malaria. J. Natl. Malar. Soc., 121–123.
all, A., Hewitt, G., Tuffrey, V., de, S.N., 2008. A review and meta-analysis of the

impact of intestinal worms on child growth and nutrition. Matern. Child Nutr. 4
(Suppl 1), 118–236.

otez, P.J., Brindley, P.J., Bethony, J.M., King, C.H., Pearce, E.J., Jacobson, J., 2008.
Helminth infections: the great neglected tropical diseases. J. Clin. Invest. 118,
1311–1321.

amiya, Y., 2011. Socioeconomic determinants of nutritional status of children in
Lao PDR: effects of household and community factors. J. Health Popul. Nutr. 29,
339–348.
Please cite this article in press as: Sayasone, S., et al., Multiparasitism
and nutritional status among children: A cross-sectional study in s
http://dx.doi.org/10.1016/j.actatropica.2014.09.015

atz, N., Chaves, A., Pellegrino, J., 1972. A simple device for quantitative stool thick-
smear technique in schistosomiasis mansoni. Rev. Inst. Med. Trop. São Paulo 14,
397–400.

nopp, S., Mgeni, A.F., Khamis, I.S., Steinmann, P., Stothard, J.R., Rollinson, D., Marti,
H.,  Utzinger, J., 2008. Diagnosis of soil-transmitted helminths in the era of
 PRESS
ca xxx (2014) xxx–xxx 9

preventive chemotherapy: effect of multiple stool sampling and use of different
diagnostic techniques. PLoS Negl. Trop. Dis. 2, e331.

Lao PDR, 2014. Country Programme Document, 2007–2011. Lao People’s Democratic
Republic, Available at: 〈www.unicef.org/about/execboard/files/Lao〉.

Larocque, R., Casapia, M.,  Gotuzzo, E., Gyorkos, T.W., 2005. Relationship between
intensity of soil-transmitted helminth infections and anemia during pregnancy.
Am.  J. Trop. Med. Hyg. 73, 783–789.

Lovis, L., Mak, T.K., Phongluxa, K., Aye-Soukhathammavong, P., Vonghachack,
Y.,  Keiser, J., Vounatsou, P., Tanner, M.,  Hatz, C., Utzinger, J., Odermatt, P.,
Akkhavong, K., 2012. Efficacy of praziquantel against Schistosoma mekongi and
Opisthorchis viverrini: a randomized, single-blinded dose-comparison trial. PLoS
Negl. Trop. Dis. 6, e1726.

Maleewong, W.,  Intapan, P., Wongwajana, S., Sitthithaworn, P., Pipitgool, V.,
Wongkham, C., Daenseegaew, W.,  1992. Prevalence and intensity of Opisthorchis
viverrini in rural community near the Mekong River on the Thai-Laos border in
northeast Thailand. J. Med. Assoc. Thai. 75, 231–235.

Manning, L., Laman, M.,  Rosanas-Urgell, A., Michon, P., Aipit, S., Bona, C., Siba, P.,
Mueller, I., Davis, T.M., 2012. Severe anemia in Papua New Guinean children
from a malaria-endemic area: a case-control etiologic study. PLoS Negl. Trop
Dis. 6, e1972.

MOH, 2004. Diagnosis and treatment in district hospitals. In: A Diagnosis and Treat-
ment Guideline for the District Hospital in Lao PDR. Ministry of Health, Vientiane.

Mondal, D., Minak, J., Alam, M.,  Liu, Y., Dai, J., Korpe, P., Liu, L., Haque, R., Petri Jr.,
W.A., 2012. Contribution of enteric infection, altered intestinal barrier function,
and maternal malnutrition to infant malnutrition in Bangladesh. Clin. Infect. Dis.
54,  185–192.

Murray, C.J.L., Vos, T., Lozano, R., Naghavi, M.,  Flaxman, A.D., Michaud, C., Ezzati,
M.,  Shibuya, K., Salomon, J.A., Abdalla, S., Aboyans, V., Abraham, J., Ackerman, I.,
Aggarwal, R., Ahn, S.Y., Ali, M.K., Alvarado, M.,  Anderson, H.R., Anderson, L.M.,
Andrews, K.G., Atkinson, C., Baddour, L.M., Bahalim, A.N., Barker-Collo, S., Bar-
rero, L.H., et al., 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, 2197–2223.

Muth, S., Sayasone, S., Odermatt-Biays, S., Phompida, S., Duong, S., Odermatt, P.,
2010. Schistosoma mekongi in Cambodia and Lao People’s Democratic Republic.
Adv. Parasitol. 72, 179–203.

Ngui, R., Lim, Y.A., Chong, K.L., Sek, C.C., Jaffar, S., 2012. Association between anaemia,
iron deficiency anaemia, neglected parasitic infections and socioeconomic fac-
tors in rural children of West Malaysia. PLoS Negl. Trop. Dis. 6, e1550.

Oninla, S.O., Onayade, A.A., Owa, J.A., 2010. Impact of intestinal helminthiases on
the nutritional status of primary-school children in Osun state, south-western
Nigeria. Ann. Trop. Med. Parasitol. 104, 583–594.

Pasricha, S.R., Caruana, S.R., Phuc, T.Q., Casey, G.J., Jolley, D., Kingsland, S., Tien,
N.T., MacGregor, L., Montresor, A., Biggs, B.A., 2008. Anemia, iron deficiency,
meat consumption, and hookworm infection in women of reproductive age in
northwest Vietnam. Am. J. Trop. Med. Hyg. 78, 375–381.

Phommasack, B., Saklokham, K., Chanthavisouk, C., Nakhonesid-Fish, V.,
Strandgaard, H., Montresor, A., Shuey, D.A., Ehrenberg, J., 2008. Coverage
and costs of a school deworming programme in 2007 targeting all primary
schools in Lao PDR. Trans. R. Soc. Trop. Med. Hyg. 102, 1201–1206.

Phongluxa, K., Xayaseng, V., Vonghachack, Y., Akkhavong, K., van, E.P., Odermatt, P.,
2013. Helminth infection in southern Laos: high prevalence and low awareness.
Parasit. Vectors 6, 328.

Pullan, R.L., Brooker, S.J., 2012. The global limits and population at risk of soil-
transmitted helminth infections in 2010. Parasit. Vectors 5, 81.

Pullan, R.L., Smith, J.L., Jasrasaria, R., Brooker, S.J., 2014. Global numbers of infec-
tion  and disease burden of soil transmitted helminth infections in 2010. Parasit.
Vectors 7, 37.

Quinnell, R.J., 2003. Genetics of susceptibility to human helminth infection. Int. J.
Parasitol. 33, 1219–1231.

Righetti, A.A., Adiossan, L.G., Ouattara, M.,  Glinz, D., Hurrell, R.F., N’Goran, E.K.,
Wegmüller, R., Utzinger, J., 2013. Dynamics of anemia in relation to para-
sitic infections, micronutrient status, and increasing age in south-central Côte
d’Ivoire. J. Infect. Dis. 207, 1604–1615.

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., Phommasack, B., Yun, C.H., Hoang, E.H., 2003.
Prevalence of intestinal parasite infections on a national scale among primary
schoolchildren in Laos. Parasitol. Res. 91, 267–272.

Savongsy, O., Fucharoen, S., Fucharoen, G., Sanchaisuriya, K., Sae-Ung, N., 2008. Tha-
lassemia and hemoglobinopathies in pregnant Lao women: carrier screening,
prevalence and molecular basis. Ann. Hematol. 87, 647–654.

Sayasone, S., Mak, T.K., Vanmany, M.,  Rasphone, O., Vounatsou, P., Utzinger, J.,
Akkhavong, K., Odermatt, P., 2011. Helminth and intestinal protozoa infections,
multiparasitism and risk factors in Champasack province, Lao People’s Demo-
cratic Republic. PLoS Negl. Trop. Dis. 5, e1037.

Sayasone, S., Odermatt, P., Phoumindr, N., Vongsaravane, X., Sensombath, V., Phet-
souvanh, R., Choulamany, X., Strobel, M.,  2007. Epidemiology of Opisthorchis
viverrini in a rural district of southern Lao PDR. Trans. R. Soc. Trop. Med. Hyg.
101, 40–47.

Sayasone, S., Rasphone, O., Vanmany, M.,  Vounatsou, P., Utzinger, J., Tanner, M.,
Akkhavong, K., Hatz, C., Odermatt, P., 2012. Severe morbidity due to Opisthorchis
 and intensity of helminth infections in relation to symptoms
outhern Lao People’s Democratic Republic. Acta Trop. (2014),

viverrini and Schistosoma mekongi infection in Lao People’s Democratic Republic.
Clin. Infect. Dis 55, e54–e57.

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, 247–254.

dx.doi.org/10.1016/j.actatropica.2014.09.015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0005
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0010
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0020
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0025
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0030
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0035
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0040
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0045
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0050
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0055
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0060
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0065
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0070
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0075
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0080
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0085
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0090
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0095
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0100
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0105
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0110
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0115
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0120
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0125
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0130
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0135
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0140
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0145
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0150
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0155
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0160
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0165
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0170
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0175
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0180
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0185
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0190
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0195
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0200
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0205
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0210
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0215
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0220
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0225
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0230
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0235
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0240
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0245
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0250
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0255
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0260


 ING Model
A

1  Tropi

S

S

S

T

T

WHO, 2014. Worldwide prevalence of anaemia 1993–2005. Word Health Organiza-
ARTICLECTROP-3466; No. of Pages 10

0 S. Sayasone et al. / Acta

peich, B., Knopp, S., Mohammed, K.A., Khamis, I.S., Rinaldi, L., Cringoli, G., Rollinson,
D., Utzinger, J., 2010. Comparative cost assessment of the Kato-Katz and FLOTAC
techniques for soil-transmitted helminth diagnosis in epidemiological surveys.
Parasit. Vectors 3, 71.

teinmann, P., Du, Z.W., Wang, L.B., Wang, X.Z., Jiang, J.Y., Li, L.H., Marti, H., Zhou, X.N.,
Utzinger, J., 2008. Extensive multiparasitism in a village of Yunnan province,
People’s Republic of China, revealed by a suite of diagnostic methods. Am.  J.
Trop. Med. Hyg. 78, 760–769.

teinmann, P., Utzinger, J., Du, Z.W., Zhou, X.N., 2010. Multiparasitism: a neglected
reality on global, regional and local scale. Adv. Parasitol. 73, 21–50.

aylor-Robinson, D.C., Maayan, N., Soares-Weiser, K., Donegan, S., Garner, P., 2012.
Please cite this article in press as: Sayasone, S., et al., Multiparasitis
and nutritional status among children: A cross-sectional study in 

http://dx.doi.org/10.1016/j.actatropica.2014.09.015

Deworming drugs for soil-transmitted intestinal worms  in children: effects
on  nutritional indicators, haemoglobin and school performance. Cochrane
Database Syst. Rev. 11, CD000371.

ritipsombut, J., Sanchaisuriya, K., Phollarp, P., Bouakhasith, D., Sanchaisuriya, P.,
Fucharoen, G., Fucharoen, S., Schelp, F.P., 2012. Micromapping of thalassemia
 PRESS
ca xxx (2014) xxx–xxx

and hemoglobinopathies in diferent regions of northeast Thailand and Vien-
tiane, Laos People’s Democratic Republic. Hemoglobin 36, 47–56.

Utzinger, J., Becker, S.L., Knopp, S., Blum, J., Neumayr, A.L., Keiser, J., Hatz, C.F.,
2012. Neglected tropical diseases: diagnosis, clinical management, treatment
and control. Swiss Med. Wkly. 142, w13727.

WHO, 2005. Deworming for health and development. In: Report of the Third Global
Meeting of the Partners for Parasite Control. World Health Organization.

WHO, 2007. Growth Reference Data for 5–19 Years: WHO  Anthro Plus Soft-
ware Developed by Technical Group. World Health Organization, Geneva,
www.who.int/growthref/tools/en.
m and intensity of helminth infections in relation to symptoms
southern Lao People’s Democratic Republic. Acta Trop. (2014),

tion, Geneva (Accessed 25.3.2009).
Yap, P., Fürst, T., Müller, I., Kriemler, S., Utzinger, J., Steinmann, P., 2012. Determining

soil-transmitted helminth infection status and physical fitness of school-aged
children. J. Vis. Exp. 66, e3966.

dx.doi.org/10.1016/j.actatropica.2014.09.015
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0265
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0270
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0275
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0280
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0285
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0290
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0295
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0300
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0305
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310
http://refhub.elsevier.com/S0001-706X(14)00307-6/sbref0310

	Multiparasitism and intensity of helminth infections in relation to symptoms and nutritional status among children: A cros...
	1 Introduction
	2 Materials and methods
	2.1 Ethics statement
	2.2 Study area
	2.3 Study design and population
	2.4 Field and laboratory procedures
	2.5 Statistical analysis

	3 Results
	3.1 Compliance and population characteristics
	3.2 Helminth infections
	3.3 Clinical assessments
	3.4 Anaemia and nutritional status
	3.5 Predictors of clinical outcomes
	3.6 Predictors of nutritional status and anaemia

	4 Discussion
	4.1 Strengths and limitations
	4.2 Policy implications

	5 Conclusion
	Author contributions
	Acknowledgements
	References


