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Abstract.

Liver ultrasonography is a convenient way to evaluate Schistosoma japonicum-related morbidity; however,

no consensus standards exist, and data on use in Chinese children are scant. We describe 7 years of ultrasound findings in a
prospective cohort of 151 children from an endemic area in Sichuan Province, China and evaluate technical aspects of the
ultrasound methodology. Although prevalence of infection decreased over time, prevalence of hepatomegaly increased,
which was likely caused by re-infections. The prevalence of late findings such as parenchymal fibrosis and splenomegaly
were rare and did not increase over time; however, when present, they were associated with stunting. The use of adult
thresholds versus height-adjusted standards underestimated pathology in children. Reliability of all measures except
parenchymal grade was poor to fair. Our findings highlight the importance of early intervention and screening. We also
suggest methodological refinements to improve reliability of ultrasonography for large-scale assessment of S. japonicum-

related subclinical morbidity in children.

INTRODUCTION

More than 200 million people are afflicted with schistoso-
miasis worldwide, and 600 million people are at risk for infec-
tion.! In China, it is estimated that over 730,000 are infected
and 14 million people are at risk.> Historically, schistosomia-
sis had a devastating effect on chronically infected patients,
causing liver fibrosis with portal hypertension and frequently,
resulting in life-threatening upper-gastrointestinal hemor-
rhage. Today, chemotherapy regimens as well as educational
and environmental programs to control schistosomiasis are
widespread in China. As a result, severe disease is less com-
mon, but fatigue, abdominal pain, and diarrhea are common as
are anemia® and growth retardation.* Also, reductions in eco-
nomic production® and learning capacity® related to schistoso-
miasis infection remain major problems.

Assessment of morbidity is important when evaluating the
effectiveness of control programs. Since the 1970s, ultrasonog-
raphy in community surveys has been shown to be a safe, rapid,
and relatively inexpensive way to identify schistosomiasis-
induced hepatic disease as well as monitor reversal after
treatment.” In 1992, the World Health Organization (WHO)
proposed standards to detect and quantify pathology resulting
from schistosomiasis infections, including Schistosoma japoni-
cum.® In 2000, the WHO published updated guidelines on the
standardized use of ultrasonography for the assessment of
schistosomiasis-related morbidity. However, morbidity caused
by S. japonicum was not discussed in detail because of insufficient
data. The guidelines for S. japonicum have yet to be updated.’

In Sichuan Province, China, there is ongoing transmis-
sion of S. japonicum.'® The basic epidemiology of schistoso-
miasis infection in rural Sichuan has been described. In 2000,
the overall prevalence of infection in the area was 29%.!!
Reemergence of infection has also been identified in previ-
ously well-controlled areas, likely because of weakened sur-
veillance and environmental changes. Early re-emergent cases
have occurred among young people, 6-25 years of age, presum-
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ably because young people lack the relative immunity that is
acquired from repeated past exposures.!? In Sichuan Province,
children represent a significant portion of the affected popula-
tion,"" and in most parts of the world, children are dispropor-
tionately affected by schistosomiasis.'>!*

Ultrasonography is widely accepted as a safe and conve-
nient way to evaluate schistosomiasis-related morbidity in
affected communities. However, community-based longitu-
dinal studies of S. japonicum-related ultrasound findings in
Chinese children are rare.”” Therefore, the relative usefulness
of the various hepatosplenic measures to reflect morbidity
and infection history in the pediatric population is unclear.
The long-term public health impact of chemotherapy pro-
grams on subclinical hepatosplenic morbidity in this popula-
tion is also unknown. The goal of this study was to evaluate the
usefulness of ultrasonography for community-based screen-
ing of S. japonicum-related subclinical morbidity in Chinese
children. We performed a longitudinal study describing ultra-
sound findings from children living in a S. japonicum-endemic
area of rural Sichuan Province. We also evaluated two tech-
nical aspects of the ultrasound methodology that have previ-
ously not been well-addressed. We compared the use of adult
thresholds with the use of height-adjusted standards to iden-
tify morbidity, and we performed an inter-observer variance
study to evaluate reliability of ultrasound measures.

MATERIALS AND METHODS

Study design and population. This longitudinal study was
conducted from 2000 to 2007 in a population of children and
young adults in Xichang County, Sichuan Province, China, a
S. japonicum-endemic area where there have been ongoing
chemotherapy campaigns. We describe the epidemiology of
S. japonicum-related subclinical morbidity in this population
as evidenced in ultrasound findings. We also compared two
different standards to identify morbidity in children and
assessed the reliability of ultrasound measures in an inter-
observer variance study.

In 2000, residents 5 years of age and older were recruited to
participate in an ultrasound survey. A random—-number gener-
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ator was used to select approximately 30% of the population,
which was stratified by village and occupation. Children from
10 villages with higher infection prevalence were followed-up
in 2002, 2005, and 2007. During the follow-up data collection,
local schistosomiasis controllers contacted villagers by tele-
phone and/or direct contact. Attempts were made to recruit
all participants from the prior years for the new study. Subjects
were included in the study if they were less than 18 years of
age in 2000, resided in one of the selected 10 villages, and had
at least one ultrasound within the study period. Informed
consent was obtained from all participants, and the institu-
tional review boards of Sichuan Province, China; University
of California, Berkeley, CA; and University of California, San
Francisco, CA all approved the study.

Demographics and other clinical data. Demographic data
including age, sex, education, occupation, and ethnicity were
obtained in 2000 and again in 2007. Self-reported history of
alcohol use (categorized as “none,” “occasionally,” or “daily”)
and hepatitis was also obtained in 2007.

Nutritional assessment. In 2002, height and weight mea-
surements were conducted on 99 of 103 children who had
ultrasound exams. In 2007, heights and weights were measured
in all 83 children who had ultrasound exams. Subjects wore
light clothing and no shoes. In 2002, weight was measured
to the nearest 0.5 kg (Xiangshan BR9701 scale, Zhongshan
Huibao Weighing Apparatus Co., Zhongshan, China). In
2007, weight was measured to the nearest 0.1 kg (Chengdu
Henchichang CB335-65 scale, Wuhan Panscale Hardware &
Electronics Co., Wuhan, China). Height was measured to the
nearest centimeter with a stadiometer affixed to a wall. Height-
for-age z-score (HAZ), BMI (calculated as weight in kilograms
divided by height squared in meters), and BMI z-score (BMIZ)
were calculated. A low BMIZ (<2 SD below median reference)
is the index of choice for the assessment of wasting or recent
undernutrition, whereas a low HAZ (< 2 SD below median
reference) represents stunting or chronic undernutrition.'s!’
Currently available international growth standards® do not
account for ethnic and geographical diversity.! Therefore,
z-scores for each nutritional index were calculated using
reference datafrom Chinese children.?The purpose of including
growth data in our study was to correlate it with infection and
ultrasound findings. Therefore, to limit confounders associated
with rapid, heterogeneous socioeconomic development in
China, we used reference data from rural Sichuan Province.

Ultrasound examination. In 2000, 2002, and 2005, exam-
ination was performed using a Hitachi EUB 405 ultrasound
machine with Hitachi EUP-C314T 3.5-mHz probe (Hitachi
Medical Systems Co., Beijing, China). Each subject had one
ultrasound study done, and all grading was done by the same
experienced ultrasonographer in the field (Y.Z. has 12 years
experience performing ultrasonography for schistosomiasis-
related hepatosplenic morbidity). In 2007, examination was
done using a Medison Sonoace 3200 ultrasound machine with
Hitachi EUP-C314T 3.5-mHz probe (Hitachi Medical Systems
Co.). The two ultrasound machines used were of comparable
quality, and imaging or interpretation should not have been
affected by the use of a different machine in 2007. To evaluate
for inter-observer variance, readings in 2007 were performed
twice, one time by the ultrasonographer who performed all prior
ultrasounds (Y.Z.) and a second time by another experienced
ultrasonographer (Shifen Zhou has 16 years of ultrasonogra-
phy experience, including 6 years experience in performing

ultrasonography for schistosomiasis-related hepatosplenic mor-
bidity). Observers were blinded to each other’s results and to
the infection status of the individual. In 2007, 10% of subjects
also had their ultrasound repeated after at least 1 hour by Y.Z.
to evaluate intra-observer variance. Readings by Shifen Zhou
were only used for inter-observer variance analysis; all other
outcomes analyzed were based on readings by Y.Z.

The ultrasonography methodology included measurements
described by the WHO 1992 Cairo White Paper® and the study
by Cai.?! Briefly, parenchymal fibrosis and periportal fibrosis
were graded 0, 1, 2, or 3. Grade 2 and above was considered
pathologic. Other measures were evaluated as height-adjusted
SD scores (SDS; z-score) if reference data from a healthy
Chinese reference population was available.”? Measurements
were classified as abnormal if they were greater than two
SDs above the mean measurement for the appropriate 0.2-m
height bracket. For two measurements, spleen—vein diameter
and portal-vein branch average diameter, reference data were
not available, and morbidity was defined with standard cutoffs
used widely in China. Standard cutoffs, most of which were
recommended by the WHO in 1992.2 were also used for other
measures in a separate analysis comparing morbidity defined
by the two methods.

Height data were obtained in 125 children (82%) at least
one time in 2002 and 2007, and 59 children have two height
measurements. To impute heights for the years when height
was not measured and for the children missing height mea-
surements, an age-dependent (a) and sex-dependent (s) height
model was generated using xtmixed in Stata 8.0 (StataCorp,
College Station, TX). Height for the ith person at the jth time
point was imputed using the following equation:

Hy=0.516 + 0.114a; — 0.003a;? — 0.127s; + 0.013a5; + &

where { is the random intercept assigned to each subject
(subjects with no height measurements were assigned £ = 0).
Comparing observed with predicted heights, the SD of the
error was 0.022 m including a random intercept, 0.071 m, when
the random intercept is 0. There were no differences between
participants with and without height data in terms of sex, par-
ticipation in the infection surveys, or infection status. Subjects
with height data were younger, on average, than those without
height data (mean age = 10.1 versus 12.1 years; P = 0.004).

Stool examination. S. japonicum infection was determined
by stool examination at the end of the transmission seasons in
2000, 2002, and 2006 using methods described previously.!! In
2000 and 2006, three consecutive stool samples were collected
from each subject, and in 2002, one stool sample was collected.
All samples were analyzed by the miracidial hatch test. For
each collection year, one sample per subject was analyzed
by the Kato-Katz thick-smear procedure. Briefly, the Kato-
Katz thick-smear procedure used three slides of homogenized
stool (124.5 mg total) to determine presence and intensity
of infection by measuring eggs per gram (EPG) of feces. If
a sample was positive by miracidial hatching but negative by
Kato-Katz,an EPG of 0 was used. Anyone testing positive with
either method was classified as infected. Infected individuals
were treated with praziquantel.

Data management and statistical analyses. All data were
entered twice and analyzed using Stata 8.0 and Microsoft
Excel (Microsoft Co., Redmond, WA). The relationships
between each hepatosplenic measurement and infection
data, nutritional status, and demographic characteristics were
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examined. Infection data were also analyzed in relation to
demographics and nutritional status. Unadjusted analyses
were conducted using a x> test for dichotomous data, ¢ test for
continuous data, and ordinal logistic regression for ordinal
data. EPG was transformed to the square root of EPG to
normalize the skewed data. The Mann-Whitney U test was
used for data that could not be normalized. For analyses of
binary outcomes using data from multiple years, we accounted
for correlations between repeated measurements using fixed
effect logistic regression models with exchangeable correlation
and robust inference (xtgee in Stata). For ordinal outcomes
(liver grade and periportal fibrosis), ordinal logistic regression
with the cluster option was used. P values of less than 0.05
were considered to be statistically significant.

All hepatosplenic measurements from 2007 were tested for
inter-observer variance using the kappa statistic. Weighted
K statistic was used for the two ordinal measures: parenchy-
mal fibrosis and periportal fibrosis. Reliability was defined as
being almost perfect if k¥ > 0.81, substantial if between 0.61
and 0.80, moderate if between 0.41 and 0.60, fair if between
0.21 and 0.40, and slight to poor if between 0 and 0.20.2 The
variance of continuous measurements between observers rela-
tive to the total variance was also evaluated by calculating the
intraclass correlation coefficient (ICC) from a random effects
model (xtreg in Stata).?* Ten percent of ultrasounds were read
twice by one ultrasonographer (Y.Z.) in 2007 and tested for
intra-observer variance using the same methods.

RESULTS

Recruitment and follow-up. Ultrasounds were performed in
145 children in 2000, 103 in 2002, 56 in 2005, and 83 in 2007.
The total cohort included 151 children; 145 entered the study
in 2000, and 6 entered the study in 2002. Of the 145 subjects
who joined in 2000, 68 were lost to ultrasound follow-up:
26 in 2002, 19 in 2005, and 19 in 2007. Of the six subjects who
joined in 2002, four were lost to ultrasound follow-up in 2005.
At the final collection in 2007, reason for loss of ultrasound
follow-up was determined: 4 had died (suicide for one and
etiology of death in the other 3 was unknown), 19 moved
away, 5 refused, and 40 could not participate because they
were working. The attrition rate was lower for stool studies.
Of the 151 subjects in the cohort, stool samples were obtained
from 143 in 2000, 117 in 2005, and 120 in 2006. Subjects not
lost to ultrasound follow-up did not differ significantly from
subjects lost to ultrasound follow-up in terms of infection
status (62.2% of retained participants were infected at least
one time versus 55.1% of those who were lost to ultrasound
follow-up; P = 0.167) and sex (55.4% versus 51.5% male;
P =0.628). Retained participants were slightly younger (mean
age = 16.2 years; 95% CI = 15.5-16.9 years) compared with
subjects lost to ultrasound follow-up (mean age = 17.6 years;
95% CI = 16.8-18.3 years).

Sampling. Table 1 presents descriptive characteristics of
participants in the ultrasound cohort compared with children
who were part of regular Xichang County schistosomiasis
surveillance but did not participate in the ultrasound surveys.
Sex, age, education, occupation, and infection status were not
significantly different between the two groups.

Infection data. Over 6 years, the prevalence of positive
infection status fell 79.5%, and the mean intensity of infection
fell 99.0%. Percent of subjects infected decreased from 44.8%

TABLE 1

Demographic data and infection prevalence from subjects in ultra-
sound cohort compared with those not in ultrasound cohort

Ultrasound cohort Not in ultrasound

(N=151) cohort (N = 419) P value
% male 53.6 52.0 0.734
Mean age 10.5 10.0 0.110
Education - - 0.611
% illiterate 73 10.6 -
% literate 2.7 4.6 -
% elementary school 68.9 64.5 -
% middle school 19.9 18.8 -
% high school 1.3 1.5 -
% engaged in farming 12.6 12.8 0.945
% infected in 2000 44.8 40.8 0.407
% infected in 2002 27.4 21.6 0.210
% infected in 2006 9.2 71 0.482
% ever infected 559 48.0 0.101

in 2000 to 27.4% in 2002 to 9.2% in 2006. Mean intensity of
infection decreased from 47.9 EPG (range = 0-1180.7 EPG) in
2000 to 6.0 EPG (range = 0-313.3 EPG) in 2002 to 0.5 EPG
(range 0-16.1 EPG)in2006.There were norelationships between
infection status and age, sex, or farming as an occupation. Higher
adult educational attainment in the child’s household, used as a
marker of socioeconomic status, was marginally associated with
infection status. Children living in households where no adults
had completed schooling past elementary school had higher
odds of infection compared with children living in households
where at least one adult had attended middle school or higher
(odds ratio (OR) =1.61;95% CI = 1.00-2.59; P = 0.054 adjusting
for correlation within household).

Figure 1 presents follow-up percentages of infection, new
infection, and re-infection from 2000-2006. Of those infected
in 2000, 30.2% were re-infected in 2002; of those previously
not infected, 25.4% were newly infected (P = 0.565). Infection
in 2000 was not associated with infection in 2002. In 2006,
everyone who was infected had been infected at least one time
in 2000 or 2002. In looking at 119 subjects from whom infec-
tion data were collected all 3 years, the risk of infection in 2006
was significantly associated with the number of past infections
(OR =4.61;95% CI = 1.57-13.52). By 2006, 50% of children in
the cohort were infected at least one time.

Growth parameters. In 2002, the prevalence of wasting
was 1.0% (BMIZ < 2 SD below median reference) and 6.6%
showed stunting (HAZ < 2 SD below median reference). In
2007, the prevalence of wasting increased slightly to 2.4%,
and the prevalence of stunting increased even more to 12.1%.
Stunting in 2007 was found to be associated with a history of

Cohort n=145

/ \
64/143 (44.8%)

Not infected
47163 (74.6%)

/N

Not infected
40/40 (100%)

Newly infected
16/63 (25.4%)

/N

Treated
2/15 (86.7%)

Re-infected
16/53 (30.2%)

/N

Treated
10/13 (76.9%)

2002

Treated
37/53 (69.8%)

/N

Treated
29/34 (85.3%)

Re-infected
2/15(13.3%)

Re-infected
5/34(14.7%)

Re-infected
313 (23.19%)

Newly infected
0140 (0%)

2006

FiGure 1. Infection, new infection, and re-infection with Schis-
tosoma japonicum in 2000,2002, and 2006. Each year, all infected sub-
jects treated with praziquantel.
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grade 2 parenchymal fibrosis (OR = 8.88;95% CI=1.10-71.89).
Stunting in 2007 was also associated with a history of spleen
thickness (OR =10.00;95% CI =1.69-59.24). There was a trend
noted between stunting in 2007 and history of enlarged portal
vein, but the relationship was not significant (OR = 4.04; 95%
CI = 0.85-19.25). Stunting in 2007 was not associated with
history of infection, age, or sex. There were no significant
relationships noted between stunting in 2002 and ultrasound
findings or infection history.

Ultrasound findings. For quantitative measures with height-
specific standards available, morbidity was defined as > 2 SD
above the mean. In comparison, use of standard adult cutoffs
severely underestimated morbidity for right liver lobe, left
liver lobe, and portal-vein diameter. With spleen size, the
difference was minimal (Table 3).

Parenchymal fibrosis (defined as grade 2 or higher) was
rare and stable over time; it was present in one participant in
2000 (0.75%), two in 2002 (1.9%), and two in 2007 (2.4%).
Consistent with the practice of many Chinese ultrasonogra-
phers, we considered grade 1 to be normal or very mild dis-
ease. No participants had grade 3 fibrosis (Table 2).

In contrast, prevalence of hepatomegaly and periportal
fibrosis increased over time. Left liver lobes were enlarged in
2.8% at baseline in 2000 and then increased at each subsequent
data collection time to 13.3% in 2007. Right liver lobe enlarge-

TABLE 3

Morbidity defined by standard cutoffs versus height-adjusted SDs
(measures from all years combined)

Standard cutoff (N = 387)

>2 SDs above mean (N = 387)

Left liver enlarged* 4(1.0%) 28 (7.2%)
Right liver enlarged 6(1.6%) 36 (9.3%)
Portal vein enlarged 3(0.8%) 15 (3.9%)
Spleen thickened 5(1.3%) 10 (2.6%)
Spleen lengthened 2/831 (2.4%) 1/83* (1.2%)

*Cutoffs for each measure: left liver lobe, > 90 mm; right liver lobe, > 140 mm; portal vein,
> 12 mm; spleen thickness, > 40 mm; spleen length, > 120 mm.
1N =83 (spleen length was only measured in 2007).

ment was identified in 10.3% of children in 2000, decreased to
1.9% in 2002 and 1.8% in 2005, and then increased to 21.7%
in 2007. As for periportal fibrosis, prevalence of stage 2 disease
was higher in 2007: 12.1% versus 0.7 % in 2000 and 0% in 2002
and 2005 (Table 2).

Relationship between ultrasound findings and age, sex,
reported alcohol use, and reported history of hepatitis.
Bivariate analyses were performed to examine the relationship
between age, sex, history of hepatitis, and history of alcohol
use with each ultrasound measure. Older age was associated
with a higher parenchymal grade (OR =1.15;95% CI = 1.00-
1.31), enlarged left liver lobe (OR =1.17;95% CI = 1.08-1.26),
enlarged right liver lobe (OR = 1.13; 95% CI = 1.04-1.23),

TABLE 2

Sex, age, growth, infection status, and ultrasound findings from 2000, 2002, 2005, 2007, and as repeated measures

Repeated measures (N = 387) 2000 (N = 145) 2002 (N = 103) 2005 (N = 56) 2007 (N = 83)
Male sex, no. of individuals 202 (52.2%) 77 (53.1%) 53 (51.5%) 26 (46.4%) 46 (55.4%)
Age, years
mean (95% CI) 12.7 (12.3-13.1) 10.4 (9.9-11.0) 12 (11.3-12.6)  14.6 (13.6-15.6)  16.2(15.5-17.0)
5-9 yr no. 36 (37.9%) 65 (44.8%) 31 (30.1%) 0(0%) 0(0%)
10-14 yr no. 42 (44.2%) 61 (42.1%) 44 (42.7%) 33 (58.9%) 31 (37.4%)
215 yr, no. 17 (17.9%) 19 (13.1%) 28 (27.2%) 23 (41.1%) 52 (62.7%)
Parenchymal grade, no.*
Grade 0 368 (95.1%) 137 (94.5%) 99 (96.1%) 53 (94.6%) 79 (95.2%)
Grade 1 14 (3.6%) 7 (4.8%) 2(1.9%) 3(54%) 2 (2.4%)
Grade 2 5(1.3%) 1(0.7%) 2(1.9%) 0(0%) 2(2.4%)
Grade 3 0 (0%) 0(0%) 0(0%) 0(0%) 0(0%)
Left liver lobe, mean (95% CI)¥ 70 (69.0-71.0) 65.5 (63.8-67.2) 70.1 (68.4-71.7)  73.1 (70.6-75.6) 75.7 (73.5-71.8)
Left liver lobe enlarged, no.i 28 (7.2%) 4(2.8%) 6 (5.8%) 7 (12.5%) 11 (13.3%)
Right liver lobe, mean (95% CI)§ 110.3 (108.8-111.8)  106.7 (104.1-109.3) 105.4 (102.8-108) 112.3 (109.2-115.5) 121.2 (118.6-123.9)
Right liver lobe enlarged, no.# 36 (9.3%) 15 (10.3%) 2(1.9%) 1(1.8%) 18 (21.7%)
Portal vein branch, average diameter 3.7 (3.6-3.8) 3.5(3.4-3.6) 3.5(3.4-3.6) 3.5(3.4-3.7) 4.4 (4.2-45)
(95% CI)§*
Periportal fibrosis, no.
Stage 0:< 3 mm 38 (9.8%) 16 (11%) 14 (13.6%) 8 (14.3%) 0 (0%)
Stage 1:3-5 mm 337 (87.1%) 128 (88.3%) 89 (86.4%) 48 (85.7%) 72 (86.9%)
Stage 2:>5 mm 11 (2.8%) 1(0.7%) 0(0%) 0(0%) 10 (12.1%)
Stage 3:>7 mm 1(0.3%) 0(0%) 0(0%) 0(0%) 1(1.2%)
Portal vein diameter (95% CL)1t 8.2 (8-8.4) 7.6 (7.3-7.8) 8.4 (8.1-8.7) 8.6 (8.2-9.0) 8.9 (8.4-9.5)
Portal vein enlarged, no.¥ 15 (3.9%) 6(4.1%) 7 (6.8%) 0(0%) 2(2.4%)
Spleen thickness (95% CI)§i 27.8 (27.3-28.3) 259(252-26.6)  27.6(26.6-28.6)  28.6 (27.3-30.0)  30.9 (29.9-32.0)
Spleen thickened: 10 (2.6%) 3(2.1%) 4(3.9%) 0(0%) 3(3.6%)
Spleen length (95% CI)§§ 86.2 (83.0-89.4) - - - 86.2 (83.0-89.4)
Spleen lengthened# 1/83 (1.2%) - - - 1(1.2%)
Splenic vein diameter (95% CI)qq 6.1 (6.0-6.2) 6.1(5.9-6.2) 6(5.7-6.2) 5.8 (5.5-6.0) 6.7 (6.4-6.9)
Splenic vein enlarged (> 8 mm)** 12 (3.1%) 1(0.7%) 6 (5.8%) 1(1.8%) 4 (4.8%)

*Liver fibrosis subcostal transhepatic view. Grade 0, normal; grade 1, hyperechoic spots in the liver and exture without clear bands; grade 2, echogenic dots showing a “fine fish-scale” pattern
and multiple focal echodense areas (< 20 mm in diameter); grade 3, echodense bands forming a contiguous network, multiple focal echodense areas (> 20 mm in diameter), and masses of central

fibrosis.

T Length of left liver lobe in a longitudinal section at left parasternal line.
1> 2 SDs above the mean of a healthy Chinese reference population (height adjusted).

§ Anterior axillary view and maximum oblique diameter between front and back sections with inspiration.

9 Second-order branches (measure of periportal fibrosis): average of three measurements of outer wall to outer wall (grade 0, < 3 mm; grade 1,3-5 mm; grade 2,> 5-7 mm; grade 3,> 7 mm).

**Standarad cutoffs used to define morbidity.

f1Maximum internal diameter assessed at level of hilus for main portal vein.
+% Thickness of spleen from hilum to opposite section.

§§ Length of spleen in left oblique view with maximum length in a section through the splenic hilus.
99 Inner wall to inner wall diameter; enlargement is defined as > 8 mm.
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enlarged splenic vein diameter (OR = 1.12; 95% CI = 1.01-
1.25), and periportal fibrosis (OR = 1.30; 95% CI = 1.21-
1.40). Males were associated with higher parenchymal grade
(OR = 8.45;95% CI = 1.89-37.76). This difference in males
compared with females could not be explained by differences
in infection history, age, or farming as an occupation. Reported
alcohol use in 2007 (“none” in 74.7%, “occasionally” in 21.7 %,
and “daily” in 3.6%) was associated with a larger portal vein
(P = 0.015). Reported history of hepatitis in 2007 was 3.9%
and was not associated with any ultrasound findings. All other
relationships between ultrasound measures and descriptive
characteristics were not significant.

Relationship between infection and ultrasound findings. The
relationships between infection data (stool positivity and EPG)
and each ultrasound measurement were analyzed. No significant
relationships were found between current infection status and
ultrasound findings. Given that S. japonicum-induced liver
changes should follow infection, we alsolooked at the relationship
between infection status and ultrasound findings obtained after
the time that infection data were collected. In this analysis, only
left liver lobe enlargement was found to be associated with past
infection. Adjusting for stool positivity in 2006 and 2002, left liver
lobe enlargement in 2007 was associated with stool positivity
in 2000 (OR = 11.40; 95% CI = 1.31-99.53). Left liver lobe
enlargement in 2007 was not associated with infection intensity
in prior years. A trend was noted in the association between left
liver-lobe enlargement in 2007 and increased frequency of past
infection; however, the relationship was not significant (OR =
2.70;95% CI = 0.98-7.50). No other associations between prior
infection status and ultrasound findings were identified.

Inter- and intra-observer variance. Inter-observer variance
analysis was performed on results from 2007 when readings
from both ultrasonographers were available. Inter-observer
agreement on parenchymal grade was good (weighted k =
0.79), but x statistics for all other hepatosplenic measures
were poor to fair (Table 4). Similar results were obtained
using the ICC to assess inter-observer variance of continuous
measurements relative to the total variance. ICC was poor to
fair with all values; ICCs for periportal fibrosis and splenic
vein diameter were especially poor (Table 4).

Intra-observer agreement was good (x statistic of 1.00 for
parenchymal grade, 0.63 for left liver-lobe size, and 0.75 for
right liver—lobe size). For second-order portal branch, portal
vein diameter, spleen thickness, splenic vein diameter, and
spleen length, there were too few rating categories for a x sta-
tistic to be calculated.

DISCUSSION

To summarize, prevalence and intensity of infection in
our cohort decreased dramatically during the study period.
Nonetheless, prevalence of infection at the final collection
point was still high, and re-infections were common. The most
notable ultrasound finding in our study was that, despite a
decrease in infections, the prevalence of hepatomegaly in-
creased. Also, left liver-lobe enlargement was significantly
associated with prior infections. Late findings such as paren-
chymal fibrosis and splenomegaly were rare and stable over
time, although they were associated with stunting when pres-
ent. Reliability of all measures except parenchymal grade was
poor to fair, and the use of adult thresholds versus height-
adjusted standards underestimated pathology in children.

TABLE 4

Inter- and intra-observer variance of hepatosplenic ultrasound
measurements

K*
Agreement  Expected agreement K I1CCt
Inter-observer variance
Parenchymal grade 99.5% 97.4% 0.798 -
Left liver lobe 73.5% 68.2% 0.17 037
Right liver lobe 81.9% 73.5% 031 0.63
Portal branch 91.9% 90.9% 0.10§ 0.02
Portal vein 97.5% 97.6% -0.01 0.36
Spleen thickness 91.5% 89.6% 0.18 035
Splenic vein 96.4% 94.1% 039 0.03
Spleen length 97.6% 97.6% 011 037
Intra-observer variance
Left liver lobe 100% 84.7% 1.00* 0.38
Right liver lobe 91.7% 77.8% 0.63 0.74
Portal branch 91.7% 66.7% 0.75 0.11
Portal vein - - - 0.18
Spleen thickness - - - 0.00
Splenic vein - - - 0.00
Spleen length - - - 0.48

*The « statistic is useful for measuring reliability of dichotomous data.

FICC is useful for measuring reliability of quantitative measures. It represents the continu-
ous variance relative to total variance.”

fFor the inter-observer variance study (two observers), N = 83, except for portal branch
and portal vein (N = 82). For intra-observer variance study (one observer), N = 12, except for
portal vein (N = 11).

§ The weighted « statistic was used for the two ordinal measures: parenchymal fibrosis and
periportal fibrosis. Reliability is defined as being almost perfect if x > 0.81, substantial if x is
between 0.61 and 0.80, moderate if k is between 0.41 and 0.6, fair if « is between 0.21 and 0.40,
and slight to poor if k is between 0.20 and 0.00.”” k for intra-observer variance on the portal
branch, portal vein, spleen thickness, splenic vein, and spleen length could not be calculated,
because there were too few rating categories.

To assess the effectiveness of schistosomiasis-control pro-
grams on children, it is important to have reliable and use-
ful measures of subclinical morbidity. Liver ultrasonography is
widely accepted as a safe and convenient tool for this purpose.
However, updated standards for S. japonicum are not avail-
able, and the most recent standards from 1992 do not address
how the methodology can be applied to the pediatric popula-
tion.® Several longitudinal community-based surveys look at
the use of ultrasonography to evaluate S. japonicum-related
liver morbidity.'>»2% Our study is unique in its long follow-
up period and focus on a cohort of Chinese children living in
an area where there have been large reductions in infection
prevalence.

The observed reductions in infections reflect the success of
widespread chemotherapy campaigns in China. Similar pat-
terns have been seen in other parts of China after the use of
chemotherapy.”” However, despite improving trends, the prev-
alence of infection in 2006 was still high at 9.2%. Furthermore,
9.2% may be an underestimation given that the sensitivity of
Kato-Katz and hatch tests decline with decreased infection
intensity.” Control measures should be strengthened, and
given that those infected in 2006 were more likely to have
been previously infected, this population especially should be
targeted. Modeling by Liang and others® suggests that envi-
ronmental modifications in concert with chemotherapy could
be the best way to interrupt transmission and sustain control.

The most notable ultrasound finding in our study was that,
despite a decrease in infection prevalence, the prevalence of
hepatomegaly increased. In the natural progression of disease,
hepatomegaly is followed by fibrosis and portal abnormali-
ties. In our study, the prevalence of parenchymal fibrosis and
portal abnormalities, including portal-vein enlargement, sple-
nomegaly, and splenic vein enlargement, remained low and
stable. This finding is consistent with other studies that suggest
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that fibrosis and portal abnormalities reflect long standing
pathology’ not yet evident in our population of young chil-
dren and adults. Weist and others® followed Chinese subjects
over a 3-year period and found that hepatomegaly decreased
in response to treatment, especially in younger individu-
als.’” However, a longer study by Olveda and others® in the
Philippines showed similar increases in hepatomegaly, despite
treatment. Hepatomegaly decreased within 3-4 years of
instituting treatment, but rebound hepatomegaly developed
within 2 years of re-infection, despite continual population-
based chemotherapy.”® At the start of our study, chemotherapy
programs had been ongoing for almost a decade. We found
an association between left liver—lobe enlargement and past
infection. We also noted an association between left liver—lobe
enlargement and the number of past infections. Although the
finding was of borderline statistical significance, similar find-
ings have been reported by others,” and we conclude that re-
infections are likely contributing to the rise in hepatomegaly
in our population, independent of treatment. Another possi-
bility is that prevalence of infection is being underestimated
by the Kato-Katz and hatch tests and that undiagnosed low-
intensity infections are contributing to the increasing preva-
lence of hepatomegaly.

There were no significant relationships found between any
of the other ultrasound abnormalities and infection, past or
active. In an analysis of data from the larger cohort in this area
(578 subjects, including adults), parenchymal fibrosis was sig-
nificantly associated with infection status.** Our study may
have been underpowered to detect the association between
parenchymal fibrosis and infection status, because only 0.7-
2.4% in our pediatric cohort had grade 2 disease (0.7-2.4%
versus 18.5-21.8% in the larger cohort) and no subjects had
grade 3 disease. Nonetheless, given that parenchymal fibrosis
is rare in the pediatric population, left liver-lobe enlargement
might be a more useful indicator of infection control in the
Chinese pediatric community.

Prevalence of periportal fibrosis also increased from 0.7%
in 2000 to 12.1% in 2007. The increased prevalence of peri-
portal fibrosis versus parenchymal fibrosis could suggest that
this measure is an early marker of liver involvement in chil-
dren. However, measurement of periportal fibrosis is time
consuming and difficult to perform. Reliability was very poor
(ICC = 0.02). Also, in contrast to Schistosoma mansoni eggs,
S. japonicum eggs are smaller and therefore, deposit in the
periphery of the liver rather than in the periportal area.’!
For these reasons, we do not recommend that this measure
be included in the ultrasound methodology for assessment of
S. japonicum-related liver morbidity in children. In the con-
text of large-scale programs using ultrasonography to evaluate
S. mansoni liver morbidity in Malian children, periportal fibro-
sis was not included, because the measure is time consuming
and unreliable.*> Whether or not this recommendation applies
to adults requires further study; it is possible that measure-
ment of periportal fibrosis is more reliable in adults, because
their second-order portal branches are larger and perhaps,
easier to measure.

Growth parameters were obtained as another measure of
possible S. japonicum-related morbidity. Despite the decrease
in infection and a general improvement in economic status of
the study participants, stunting increased over time. Compared
with 2002, stunting increased from 2.4% to 12.1% in 2007. We
considered whether or not cohort aging would have impacted

this outcome. For example, there were no children 5-9 years
of age in 2007, and delayed puberty could falsely overestimate
nutritional deficits in 10-14 year olds. However, the average
age of subjects in 2007 was 16.2 years (95% CI = 15.5-17.0)
at which point most children will have completed puberty.
Stunting is a multi-factorial process, and our study did not
account for many other factors that can contribute to poor
growth. Nonetheless, others have found that hepatic fibro-
sis, as a chronic inflammatory condition, may lead to growth
stunting and wasting through systemically increased levels of
pro-inflammatory cytokines.”® The likely association between
chronic hepatosplenic changes and nutritional morbidity
speaks to the importance of prevention, early detection, and
early treatment of S. japonicum infection.

Last, we evaluated two technical aspects of the ultrasound
methodology: we compared the use of adult thresholds with
the use of height-adjusted standards to identify morbidity,
and we performed an inter-observer variance study to eval-
uate reliability of ultrasound measures. To identify abnor-
mal measures, height-adjusted standards were published by
Li and others* in 2004. These references have been used in
research studies,* but they are not routinely used in Chinese
hospitals and in the field where ultrasonographers use stan-
dard adult cutoffs for children. To our knowledge, this is the
first documented study that compares both standards using
community-based data from Chinese children living in a
S. japonicum-endemic area. With spleen thickness and spleen
length,classification was similar. However,use of standard adult
cutoffs in children was found to underestimate hepatomegaly
and portal-vein enlargement (Table 3). For classification of
S. mansoni-associated liver morbidity, the use of cutoffs based
on a Senegalese reference population overestimated morbid-
ity in Kenyan, Egyptian,® and Malian children.*”? To prevent
over or underestimations of schistosomiasis-related liver mor-
bidity, measures should be height-adjusted using reference
measures from the appropriate population. Heights should be
obtained on all subjects when performing ultrasonography.

Another major challenge to the use of ultrasonography is
that inter-observer variation may be considerable.®® Although
the WHO guidelines recommend that ultrasonography studies
include tests of inter-observer variance, most studies ignore this
recommendation. Reliability of all measures except parenchy-
mal grade was poor to fair. Reliability of ultrasound measures
also needs to be improved through better training and qual-
ity control. Also, the current ultrasound methodology used in
Sichuan Province, China includes several redundant measures.
A simplified methodology would make wide-scale screen-
ing less cumbersome and enable ultrasonographers to master
fewer measures. For hepatomegaly, it would be ideal to only
have one measure. In most parts of the world, liver size is mea-
sured at the right mid-axillary line.’” However, height-adjusted
standards based on a Chinese reference population are not
available for this measurement in China, where the standard
measurements are the maximum oblique diameter (right liver
lobe) or left sternal line (left liver lobe). Our study identified
a significant relationship between left liver—lobe enlargement
and history of infection. Furthermore, left liver-lobe hyper-
trophy and right liver-lobe atrophy have been ascribed to
higher vascular flow in the left lobe.” Therefore, we recom-
mend left liver—lobe size as a single measure of S. japonicum-
related hepatomegaly in China. As discussed above, periportal
fibrosis is a measure that should not be included. To assess for
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portal hypertension, we suggest that only portal-vein size and
spleen size need to be measured. Only one measure of spleen
size—either length or thickness—is necessary. We recommend
that splenic vein size not be included in ultrasound method-
ology. Splenic vein size increases along with portal-vein size,
and splenic vein measurement in our study had poor ICC. See
Table 5 for a summary of recommendations on a simplified
ultrasound methodology to evaluate S. japonicum-related
hepatosplenic morbidity in Chinese children.

Although our study included an inter-observer variance
study, it was performed only in 2007. Therefore, the longitudi-
nal outcomes and associations reported are based on readings
from a single ultrasonographer (Y.Z.) who performed read-
ings all years. Given good inter-observer agreement on 2007
readings of parenchymal grade, we feel that the longitudinal
outcomes and associations made for this important measure
are valid. Regarding our finding that hepatomegaly increased
despite decreased infections, which is likely caused by recur-
rent infections, this finding was also observed in our analysis
of the larger cohort that included adults*® and has been docu-
mented by others.® However, the reliability of this measure
along with all other hepatosplenic measures was poor to fair
(Table 4). To confirm our conclusions on these ultrasound
measures, more studies are needed.

There were three other potential weaknesses in our study.
First, although the attrition rate for infection data was reason-
ably low, we lost a significant number on ultrasound follow-
up. Given our long follow-up period, participant retention was
difficult. We compared subjects not lost to ultrasound follow-
up to those who were lost to ultrasound follow-up in terms of
age, sex, and infection status. Although retained participants
were slightly younger, the difference is small and likely, clini-
cally insignificant. There was no significant difference in terms
of sex, and most importantly, there was no significant differ-
ence in terms of infection status, suggesting that loss to follow-
up is unlikely to bias our findings.

Second, as discussed above, we may have underestimated
infection prevalences, especially in later years. For each round
of infection surveys, we examined three Kato-Katz slides and
conducted hatch tests. Lin and others®® recommend using six
Kato-Katz smears to ensure detection of infections when EPG
is less than 10, which was the case for our cohort in 2002 and
2006. Using two stool examination methods improved our sen-
sitivity relative to using Kato-Katz alone, but the sensitivity of
both tests declines with declining infection intensity. We report

an increase in left liver-lobe size despite treatment of diag-
nosed infections. Although our data suggest that re-infections
are a contributing factor, the other possibility is that undiag-
nosed low-intensity infections are sustaining liver disease.

Third, we were unable to fully account for hepatitis B
virus (HBV) as a possible confounder in development of
liver changes.®® Approximately 60% of the Chinese popula-
tion has a history of HBV infection, and 9.8% are chronically
infected.* We did not find a significant association between
reported history of hepatitis and ultrasound findings, but a
more accurate measure would have been to obtain serologies.
Such a study might pose ethical challenges relating to treat-
ment options for affected subjects. Chinese ultrasonographers
anecdotally report that fibrosis from chronic HBV infection
can easily be distinguished from S. japonicum-related fibro-
sis. The spaces between bands of fibrosis are smaller in hepa-
titis, giving the impression of a tangled “meshwork” rather
than a “network.”” However, given the high prevalence of
chronic hepatitis B in China, this area warrants further study.
Similarly, alcohol use is another potential confounder in the
development of liver changes. We asked about alcohol use in
2007 and found it only to be associated with a larger portal
vein (P = 0.015), consistent with the expected effects of alco-
hol consumption. However, this association would not have
influenced any of the significant outcomes reported in this
study.

Strengths of our study include the 7-year follow-up and rel-
evance to the present day situation where communities have
low transmission because of ongoing chemotherapy cam-
paigns. Longitudinal community-based surveys looking at the
use of ultrasonography to evaluate S. japonicum-related liver
morbidity are few. Those that exist are from over a decade
ago and do not have as long of a follow-up period as our
study.’>»2% Another strength of our study is its specific focus
on Chinese children, which are an at-risk group that needs to
be evaluated differently than adults because of their growth
and development. Also, our study provides useful recommen-
dations for schistosomiasis control and surveillance. The likely
role of re-infection in subclinical liver morbidity points to the
need to target this population. Also, we make concrete rec-
ommendations on a simplified ultrasound methodology. Most
studies looking at S. japonicum-related hepatosplenic disease
focus only on fibrosis and hepatomegaly. To our knowledge,
our study is the only documented study that looks at all of the
recommended ultrasound measures.

TABLE 5

Recommendations on a simplified ultrasound methodology to evaluate S. japonicum-related hepatosplenic morbidity in Chinese children

Measurement

Recommendation

Parenchymal grade
Left liver lobe

Recommended; parenchymal fibrosis is an important late finding, good reliability
Recommended; may be more useful than parenchymal grade as an indicator of

infection control, reliability needs improvement

Right liver lobe (maximum oblique diameter)

Not recommended; poor reliability and unlike with left liver lobe, this study

did not find an association with infection

Liver size (international measure
at right mid-axillary line)

Portal vein branch average diameter
(periportal fibrosis)

Portal vein diameter

Not a standard measure in China and not evaluated in this study; studies may
be warranted, Chinese height-adjusted standards not currently available

Not recommended; measure is time consuming and technically difficult to perform,
poor reliability

Recommended; portal-vein enlargement is an important late finding, reliability

needs improvement

Spleen thickness
Spleen length
Splenic vein diameter

Recommended; select one measure because two measures are redundant, splenomegaly
is an important late finding, reliability of both measures needs improvement

Not recommended; redundant to measures of portal-vein diameter and spleen size,
poor reliability
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In conclusion, in our cohort of children from rural Sichuan
province where there have been ongoing chemotherapy cam-
paigns, we found a decrease in infections but an increase in
the prevalence of hepatomegaly, which is likely caused by
re-infections. Prevalence of late findings such as parenchy-
mal fibrosis and some portal abnormalities did not increase.
However, these abnormalities, when present, were associated
with stunting, highlighting the importance of early intervention
and screening. We also suggest methodological refinements
to improve the reliability of ultrasonography for large-scale
assessment of S. japonicum-related subclinical morbidity in
children. As long as S. japonicum infection remains endemic,
it will be important to develop reliable and useful measures
of morbidity for children. Our study provides insight into the
usefulness of ultrasonography as such a tool.
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