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a  b  s  t  r  a  c  t

Although  co-infection  of  tuberculosis  (TB)  and  intestinal  parasites,  including  protozoa  and  helminths,  in
humans  has  been  widely  studied  globally,  very  little  of this  phenomenon  is known  in China.  Therefore,  a
cross-sectional  study  was conducted  in  a rural  county  of  China  to  investigate  such co-infections.  Patients
with  pulmonary  TB  (PTB)  undergoing  anti-Mycobacterium  tuberculosis  (anti-MTB)  treatment  were  sur-
veyed  by  questionnaires,  and  their  feces  and blood  specimens  were  collected  for  detection  of intestinal
protozoa  and  helminths,  routine  blood  examination  and  HIV  detection.  The  �2 test  and  multivariate  logis-
tic regression  model  were  used  to  identify  risk  factors.  A  total  of  369  patients  with  PTB  were included
and  all  of them  were  HIV  negative.  Overall,  only  7.3%  of participants  were  infected  with  intestinal  pro-
tozoa,  among  which  prevalence  of Blastocystis  hominis,  Entamoeba  spp.  and  Trichomonas  hominis  were
6.0%,  1.1%  and  0.3%,  respectively;  7.0%  were  infected  with  intestinal  helminths,  among  which  preva-
lence  of hookworm,  Trichuris  trichiura,  Ascaris  lumbricoides  and  Clonorchis  sinensis  were  4.3%,  1.9%,  0.5%
and  0.3%,  respectively;  and  0.5% were  simultaneously  infected  with  intestinal  protozoa  and  helminths.
Among  patients  with  PTB,  body  mass  index  (BMI)  ≤ 18  (OR  =  3.30,  95%  CI  =  1.44–7.54)  and  raised  poultry  or
livestock  (e.g.,  chicken,  duck,  pig)  (OR  = 3.96,  95%  CI =  1.32–11.89)  were  significantly  associated  with har-
boring  intestinal  protozoan  infection,  while  BMI  ≤ 18  (OR  = 3.32,  95%  CI  = 1.39–7.91),  anemia  (OR  =  3.40,
95%  CI = 1.44–8.02)  and  laboring  barefoot  in farmlands  (OR  =  4.54,  95%  CI  =  1.88–10.92)  were  significantly

associated  with  having  intestinal  helminth  infection.  Additionally,  there  was  no significant  relationship
between  duration  of anti-MTB  treatment  and  infection  rates  of  intestinal  parasites  including  protozoa  and
helminths.  Therefore,  preventing  malnutrition,  avoiding  unprotected  contact  with  reservoirs  of protozoa,
and improving  health  education  for good  hygiene  habits,  particularly  wearing  shoes  while outdoors,  are

on  of
beneficial  in  the  preventi
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1. Introduction

In recent years, co-infection of tuberculosis (TB) and intesti-

nal parasites, including protozoa and helminths, in humans has
gradually emerged to be a major public health problem in poor
regions and countries. The majority of intestinal protozoa, such
as Trichomonas hominis and Dientamoeba fragilis,  that inhabit the
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astro-intestinal tract of humans are non-pathogenic commen-
als or only result in mild diseases (Ruttgers, 1983); however,
ome of these protozoa, namely Entamoeba histolytica (Ralston
nd Petri, 2011) and Blastocystis hominis (Ustun and Turgay, 2006)
an cause severe diseases under favorable conditions. Intestinal
rotozoa most commonly cause diseases in immunocompromised

ndividuals, as seen with Cryptosporidium parvum, Isospora belli and
yclospora cayetanensis (Ferreira, 2000; Marcos and Gotuzzo, 2013).
ore people in the developing world are contracting TB due to

 poor immune system (Lawn and Zumla, 2011), so they should
lso be susceptible to infections with intestinal protozoa. However,
here is a paucity of investigations for association between TB and
ntestinal protozoan infection (IPI). To date, there is only one study
hat showed a statistically significant inverse linear dose-response
elationship between B. hominis infection and TB among children
Franke et al., 2014).

Compared with mono-infection, co-infection of TB and intesti-
al helminths causes the host’s immune system to deal with a
ore complex internal environment. For example, with an increase

n echinococcosis chronicity, the immune profile in patients with
B displayed an elevated Th2 immune reponse with subsequent
uppression of the Th1 immune response (Yang et al., 2009). Filar-
al infections clearly altered the magnitude and quality of the

ycobacterium-specific cytokine response (Metenou et al., 2012).
he investigation for co-infection of TB and intestinal helminths
uggested that the absolute frequencies of CD3+, CD4+, CD8+,
atural killer T cell and CD4+CD25high T cell decreased in co-

nfected patients, as compared with TB patients or healthy controls
Resende Co et al., 2007). When the course of TB was aggra-
ated by opisthorchiasis invasion, clinical signs of TB became more
ronounced, disorders in the functions of the liver and pancreas
ecame more frequent, antibacterial therapy intolerance increased
nd prognosis of the disease deteriorated (Kashuba and Rusakova,
992; Vasil’ev et al., 1989).

Moreover, epidemiological studies of intestinal helminth infec-
ion (IHI) among patients with TB have also been conducted in

any developing countries where TB and IHI were prevalent. In
thiopia, it was found that 29% of patients with TB from the com-
unity had intestinal helminths (Abate et al., 2012). A study in

anzania suggested that 32.4–38.2% of patients with TB from hos-
itals were infected with Schistosomes (Range et al., 2007). The
ifferentials of co-infection prevalence were observed in Korea,
here the infection rates of Trichuris trichiura and Clonorchis sinen-

is were 20.7% and 17.6% respectively among patients with TB in
ne hospital, and 6.5% and 6.0% respectively in other hospital (Choi
t al., 1984). These findings indicate that IHI among patients with
B is common in poor areas around the world and the diagnosis
nd treatment of many patients with TB are under the influence of
HI.

In P. R. China, the second national survey for major human
arasitic diseases in 2004 (the second national survey) reported
hat overall prevalence of IPI was 3.1% in Shandong Province and
.6% in Henan Province, both in central China, where the main

ntestinal protozoa consisted of Giardia lamblia, Entamoeba spp., B.
ominis and T. hominis. It also reported that a total of 26 helminth
pecies were detected and overall rate of IHI was  21.7%(Disease
ontrol Bureau of the Ministry of Health and National Institute of
arasitic Diseases of the Chinese Center for Disease Control and
revention, 2008). In 2010, the fifth national survey for TB showed
hat the nationwide active pulmonary TB (PTB) prevalence was
59/100,000 among those who were aged more than 15 years
ld (Disease Control Bureau of the Ministry of Health and Chinese

enter for Disease Control and Prevention, 2011). Although both
urveys showed that TB, IPI and IHI are important infectious dis-
ases in P. R. China, occurrence of IPI and IHI among patients with
TB is poorly understood.
 149 (2015) 19–26

Building on previous evidences that parasitic co-infections neg-
atively influence the outcome of TB treatment and that TB patients
are more likely to be co-infected with parasites in poor areas, we
previously conducted a study that identified differences of over-
all parasitic infections between patients with PTB and the general
population in a rural county of central China (Li et al., 2014). Such
an investigation has allowed for the evaluation of the co-infection
situation in P. R. China. Based on that study, the present study is
conducted using a cross-sectional survey to further evaluate the
prevalence and risk factors of IPI and IHI among patients with PTB.
The ultimate purpose of this study is to find ways to control and pre-
vent IPI and IHI among patients with PTB in central China where
both TB and intestinal parasites including protozoa and helminths
are transmitted.

2. Materials and methods

2.1. Participants’ recruitment

This study was conducted from July to September, 2012 in
Gushi County of Henan Province, which is an agricultural county
and lies in central China. Firstly, all the patients with PTB who
were detected from February to July, 2012 and undergoing anti-
Mycobacterium tuerculosis (MTB) treatment from July to September,
2012, were considered as the potential participants, and a list of the
potential participants was obtained from the TB surveillance sys-
tem. Secondly, the local Center for Disease Control and Prevention
(CDC), responsible for the recruitment of participants, arranged for
authorities of township hospitals to inform health workers at clinics
of villages about the list and study procedures. Thirdly, health work-
ers informed all the potential participants according to the list and
carefully explained the objectives, procedures and potential risks
of the study. Lastly, the potential participants were included in this
study if they agreed to attend the study and were confirmed with
no organic disease, no severe disease of immune system and no
pregnancy for females through a general medical checkup. If the
participant did not meet the above mentioned inclusion criteria,
he/she was  then excluded.

2.2. Study procedures

All the participants included in the study were given two feces
collection containers beforehand for their feces specimens (at least
30 g every day) collected on two  consecutive mornings at home.
On the first morning when they delivered the first feces speci-
men  to their nearest township hospitals, they were administered
questionnaires about their characteristics for the past year, and
blood (10 ml)  was  drawn for routine blood examination and human
immunodeficiency virus (HIV) antibody detection. Participants’
characteristics included socio-demographic conditions, concomi-
tant physical health, hygienic habits when cooking, eating, walking,
washing hands, raising animals, etc., labor in farmlands, and dura-
tion of anti-MTB treatment. On the second morning, only the second
feces specimen was delivered. All the investigation and the speci-
men  collection were conducted by the staff of the local CDC in the
township hospitals and all the specimens were sent to the labora-
tory of the local CDC for examination as soon as possible after they
were collected every morning.

Blood specimens were tested by the staff of the local CDC within
2 h of collection for HIV antibody detection by using the diagnostic
kit for antibody to HIV (colloidal gold) (Zhu Hai Livzon Diagnos-

tics Inc., P. R. China) and routine blood examination by using a
MC-600 hematology analyzer (Shenzhen Maxcom Electronic Co.,
LTD., P. R. China). The diagnostic threshold for anemia was  set at
hemoglobin < 120 g/L for adult males and hemoglobin < 110 g/L for
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Table 1
Characteristics of the study population.

Variables No. participants %

Total 369 100.0
Sex

Male 249 67.5
Female 120 32.5

Age (years)a 62 (50–70)
Han nationality 364 98.6
Education

Illiteracy 185 50.1
Elementary school and above 184 49.9
Married 288 78.0

Body mass index (BMI)a 19 (18–20)
Anemia 82 22.2
Only 1 cutting board in kitchen 349 94.6
Only 1 cooking knife in kitchen 253 68.6
Never or occasionally washed

fruits and vegetables before
eating raw

188 51.0

Ever walked barefoot 207 56.1
Never or occasionally washed

hands before meals
147 39.8

Never or occasionally washed
hands after defecating

168 45.5

Raised pets (e.g., cat, dog) 224 60.7
Raised poultry or livestock

(e.g., chicken, duck, pig)
285 77.2

Annual labor time in farmlands
(months)a

2 (0–3)

Ever labored barefoot in
farmlands

128 34.7

Human immunodeficiency
virus (HIV) negative

369 100.0

Only intestinal protozoan
infectionb

27 7.3 (4.9–10.5)

Entamoeba spp.b 4 1.1 (0.3–2.8)
Blastocystis hominisb 22 6.0 (3.8–8.9)
Trichomonas hominisb 1 0.3 (0.3–1.5)

Only intestinal helminth
infectionb

26 7.0 (4.6–10.2)

Clonorchis sinensisb 1 0.3 (0.3–1.5)
Ascaris lumbricoidesb 2 0.5 (0.1–1.9)
Trichuris trichiurab 7 1.9 (0.8–3.9)
Hookwormb 16 4.3 (2.5–6.9)

Co-infection of intestinal
protozoan and helminthb

2 0.5 (0.1–1.9)

Entamoeba spp. and
Hookwormb

1 0.3 (0.3–1.5)

Blastocystis hominis and
Trichuris trichiurab

1 0.3 (0.3–1.5)
X.-X. Li et al. / Acta T

on-pregnant adult females and children in P. R. China (Lu and
hong, 2008).

The feces specimens were processed within 8 h post-collection
y using four standard stool examination methods: simple saline
mear for intestinal protozoa trophozoites, iodine-stained smear
or protozoal intestinal cysts, an in vitro cultivation for detection
f B. hominis (Leelayoova et al., 2002), and the modified Kato-Katz
hick smear (a semi-quantitative feces examination technique) for
etection of helminthic ova (Katz et al., 1972). Three smears of each
eces specimen were prepared for each method. Every smear was
nitially read by two separate examiners and reviewed by a third
xaminer if there was disagreement. Feces specimen examinations
ere conducted by staff from the National Institute of Parasitic Dis-

ases of China CDC together with staff from Henan Province CDC
nd Anhui Province Institute of Parasitic Diseases Control.

.3. Statistical analysis

Data were double-entered and crosschecked by using the Epi-
ata software (version 3.1; The EpiData Association, Odense,
enmark). Infection rates with 95% confidence intervals (CIs) of

ntestinal protozoa and helminths were calculated by binomial dis-
ribution. Descriptive summary measures of frequency and central
endency of participants’ characteristics were computed as appro-
riate. Enrolled participants were divided into four groups: only

PI, only IHI, simultaneously infected with intestinal protozoa and
elminths and no infection. In the univariate analysis, the Pearson
2 tests were used to identify associations between participants’
haracteristics and only IPI or IHI by computing crude odds ratios
ORs) with 95% CIs. Multivariate logistic regression model was sub-
equently employed through stepwise elimination to adjust for
onfounders (adjusted ORs with 95% CIs) of those risk factors that
ere found to be statistically significant by the univariate analysis.

 two-sided P value of 0.05 or less was regarded as significant. Sta-
istical analyses were done with the SAS statistical package (version
.2; SAS Institute, Inc., Cary, NC, USA).

.4. Ethical statement

This study was evaluated and approved by the Ethics Review
ommittee of the National Institute of Parasitic Diseases of China
DC. The potential participants who agreed to attend this study
ere asked to sign the written informed consent by the staff of the

ocal CDC, and then they were finally included in this study if they
et  the inclusion criteria. If participants were less than 18 years

f age, their parents were asked to sign the written parental per-
ission. All the participants were offered professional counseling

y the staff of the local CDC before and during the study, and all
he diagnostic results were kept strictly confidential. At the com-
letion of the study and in accordance with the local treatment
olicies, anti-protozoal treatment and anti-helminthic treatment
ere freely offered to all the participants found to be infected with

ntestinal protozoa and/or helminths through the local CDC.

. Results

There were 575 potential participants, among whom 165
orked away from hometown, 16 declined to attend the study,

 had lung cancer and 2 died. Therefore, 389 participants were
ncluded in the study. After the exclusion of participants whose
eces or blood specimens were not collected or who  did not com-
lete the questionnaires, 369 participants were finally included
n the analysis. Of 575 potential participants, all those excluded
median age = 53 years, interquartile range [IQR] = 31–66) were sig-
ificantly younger (P < 0.0001) than those finally included in the
nalysis (median age = 62 years, IQR = 50–70).
a Values are median (interquartile range).
b Values are infection rate (95% confidence interval).

Table 1 shows the characteristics of the participants. Among
369 participants, 67.5% were male, 98.6% were of Han national-
ity, 50.1% were illiterate and 78.0% were married. Among the 369
participants who  were HIV negative, only 7.3% (95% CI = 4.9–10.5%)
were infected with intestinal protozoa, among which infection
rates of B. hominis, Entamoeba spp. and T. hominis were 6.0% (95%
CI = 3.8–8.9%), 1.1% (95% CI = 0.3–2.8%) and 0.3% (95% CI = 0.3–1.5%),
respectively; 7.0% (95% CI = 4.6–10.2%) were only infected with
intestinal helminths, among which infection rates of hookworm,
T. trichiura, Ascaris lumbricoides and C. sinensis were 4.3% (95%
CI = 2.5–6.9%), 1.9% (95% CI = 0.8–3.9%), 0.5% (95% CI = 0.1–1.9%) and
0.3% (95% CI = 0.3–1.5%), respectively; 0.5% (95% CI = 0.1–1.9%) were
simultaneously infected with intestinal protozoa and helminths.

The results of the univariate and multivariate analysis for risk
factors associated with only IPI were summarized in Table 2. Risk
factors associated with only IPI in the univariate analysis were

BMI  ≤ 18 (OR = 2.90, 95% CI = 1.28–6.55), raised pets (e.g., cat, dog)
(OR = 2.50, 95% CI = 1.01–6.38) and raised poultry or livestock (e.g.,
chicken, duck, pig) (OR = 3.42, 95% CI = 1.15–10.12). The results of
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Table  2
Univariate and multivariate analysis for risk factors associated with only intestinal protozoan infection of the study population.

Variables No. participants No. infections Infection rate (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Sex
Male 233 15 6.4% (3.6–10.4%) 1.00
Female 108 12 11.1% (5.9–18.6%) 1.82 (0.82–4.03)

Age  (years)
≤60 years old 153 9 5.9% (2.7–10.9%) 1.00
>60  years old 188 18 9.6% (5.8–14.7%) 1.69 (0.74–3.89)

Education
Elementary school and above 174 15 8.6% (4.9–13.8%) 1.00
Illiteracy 167 12 7.2% (3.8–12.2%) 0.82 (0.37–1.81)

Marital status
Other 76 3 3.9% (0.8–11.1%) 1.00
Married 265 24 9.0% (5.9–13.2%) 2.42 (0.71–8.28)

Body  mass index (BMI)
>18 208 10 4.8% (2.3–8.7%) 1.00 1.00
≤18  133 17 12.8% (7.6–19.7%) 2.90 (1.28–6.55) 3.30 (1.44–7.54)

Anemia
No  272 18 6.6% (4.0–10.2%) 1.00
Yes  69 9 13.0% (6.1–23.3%) 2.12 (0.91–4.94)

No.  of cutting board in kitchen
>1 20 2 10.0% (1.2–31.7%) 1.00
Only  one 321 25 7.8% (5.1–11.3%) 0.76 (0.17–3.46)

No.  of cooking knife in kitchen
>1 108 8 7.4% (3.2–14.1%) 1.00
Only  one 233 19 8.2% (5.0–12.4%) 1.11 (0.47–2.62)

Washed fruits and vegetables before eating raw
Often or always 173 12 6.9% (3.6–11.8%) 1.00
Never  or occasionally 168 15 8.9% (5.1–14.3%) 1.32 (0.60–2.90)

Ever  walked barefoot
No 154 12 7.8% (4.1–13.2%) 1.00
Yes  187 15 8.0% (4.6–12.9%) 1.03 (0.47–2.28)

Washed hands before meals
Often or always 210 14 6.7% (3.7–10.9%) 1.00
Never  or occasionally 131 13 9.9% (5.4–16.4%) 1.54 (0.70–3.39)

Washed hands after defecating
Often or always 190 13 6.8% (3.7–11.4%) 1.00
Never  or occasionally 151 14 9.3% (5.2–15.1%) 1.39 (0.63–3.06)

Raised  pets (e.g., cat, dog)
No 137 6 4.4% (1.6–9.3%) 1.00
Yes  204 21 10.3% (6.5–15.3%) 2.50 (1.01–6.38)

Raised  poultry or livestock (e.g., chicken, duck, pig)
No 121 4 3.3% (0.9–8.2%) 1.00 1.00
Yes  220 23 10.4% (6.7–15.3%) 3.42 (1.15–10.12) 3.96 (1.32–11.89)

Annual  labor time in farmlands
≤2 months 254 18 7.1% (4.2–11.0%) 1.00
>2  months 87 9 10.3% (4.8–18.7%) 1.51 (0.65–3.50)

Ever  labored barefoot in farmlands
No 232 17 7.3% (4.3–11.5%) 1.00
Yes  109 10 9.2% (4.5–16.2%) 1.28 (0.56–2.89)

Duration of anti-MTB treatment
1  month 42 3 7.1% (1.5–19.5%) 1.00
2  months 41 5 12.2% (4.1–26.2%) 1.81 (0.40–8.10)
3  months 35 4 11.4% (3.2–26.7%) 1.68 (0.35–8.06)
4  months 58 0 0.0% (0.0–6.2%) NA
5  months 72 5 6.9% (2.3–15.5%) 0.97 (0.22–4.28)
6  months 93 10 10.8% (5.3–18.9%) 1.57 (0.41–6.01)
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I, confidence interval; OR, odds ratio; MTB, Mycobacterium tuberculosis; NA, not ap

he multivariate logistic regression analysis showed that BMI  ≤ 18
OR = 3.30, 95% CI = 1.44–7.54) and raised poultry or livestock (e.g.,
hicken, duck, pig) (OR = 3.96, 95% CI = 1.32–11.89) were signifi-
antly associated with only IPI. The prevalence of only IPI during
he first month of treatment (7.1% [95% CI = 1.5–19.5%]) was  sepa-
ately compared with those during second through sixth month of
reatment (12.2% [95% CI = 4.1–26.2%], 11.4% [95% CI = 3.2–26.7%],
.0% [95% CI = 0.0–6.2%], 6.9% [95% CI = 2.3–15.5%], 10.8% [95%
I = 5.3–18.9%], respectively), which showed that there was no sig-
ificant relationship between prevalence of IPIs and duration of

reatment.

The results of the univariate and multivariate analysis for risk
actors associated with only IHI were summarized in Table 3.
isk factors associated with only IHI were BMI  ≤ 18 (OR = 2.73,
le.

95% CI = 1.20–6.22), anemia (OR = 3.63, 95% CI = 1.60–8.24), never
or occasionally washed fruits and vegetables before eating raw
(OR = 2.86, 95% CI = 1.17–6.98), never or occasionally washed hands
before meals (OR = 2.26, 95% CI = 1.01–5.10), annual labor time
in farmlands > 2 months (OR = 3.53, 95% CI = 1.57–7.95) and ever
labored barefoot in farmlands (OR = 4.10, 95% CI = 1.77–9.52). The
results of the multivariate logistic regression analysis showed that
BMI  ≤ 18 (OR = 3.32, 95% CI = 1.39–7.91), anemia (OR = 3.40, 95%
CI = 1.44–8.02) and ever labored barefoot in farmlands (OR = 4.54,
95% CI = 1.88–10.92) were significantly associated with IHI. The

prevalence of only IHI during first month of treatment (7.1% [95%
CI = 1.5–19.5%]) was separately compared with those during sec-
ond through sixth month of treatment (5.3% [95% CI = 0.6–17.7%],
8.8% [95% CI = 1.8–23.7%], 7.9% [95% CI = 2.6–17.6%], 9.5% [95%



X.-X. Li et al. / Acta Tropica 149 (2015) 19–26 23

Table  3
Univariate and multivariate analysis for risk factors associated with only intestinal helminth infection of the study population.

Variables No. participants No. infections Infection rate (95% CI) Crude OR (95% CI) Adjusted OR (95% CI)

Sex
Male 233 15 6.4% (3.6–10.4%) 1.00
Female 107 11 10.3% (5.2–17.6%) 1.66 (0.74–3.76)

Age  (years)
≤60 years old 154 10 6.5% (3.2–11.6%) 1.00
>60  years old 186 16 8.6% (5.0–13.6%) 1.36 (0.60–3.08)

Education
Elementary school and above 169 10 5.9% (2.9–10.6%) 1.00
Illiteracy 171 16 9.4% (5.4–14.7%) 1.64 (0.72–3.73)

Marital status
Other 78 5 6.4% (2.1–14.3%) 1.00
Married 262 21 8.0% (5.0–12.0%) 1.27 (0.46–3.49)

Body  mass index (BMI)
>18 208 10 4.8% (2.3–8.7%) 1.00 1.00
≤18  132 16 12.1% (7.1–18.9%) 2.73 (1.20–6.22) 3.32 (1.39–7.91)

Anemia
No  268 14 5.2% (2.9–8.6%) 1.00 1.00
Yes  72 12 16.7% (8.9–27.3%) 3.63 (1.60–8.24) 3.40 (1.44–8.02)

No.  of cutting board in kitchen
>1  18 0 0.0% (0.0–18.5%) 1.00
Only  one 322 26 8.1% (5.3–11.6%) NA

No.  of cooking knife in kitchen
>1 106 6 5.7% (2.1–11.9%) 1.00
Only  one 234 20 8.6% (5.3–12.9%) 1.56 (0.61–4.00)

Washed fruits and vegetables before eating raw
Often or always 168 7 4.2% (1.7–8.4%) 1.00
Never or occasionally 172 19 11.0% (6.8–16.7%) 2.86 (1.17–6.98)

Ever  walked barefoot
No 149 7 4.7% (1.9–9.4%) 1.00
Yes  191 19 9.9% (6.1–15.1%) 2.24 (0.92–5.48)

Washed hands before meals
Often or always 207 11 5.3% (2.7–9.3%) 1.00
Never or occasionally 133 15 11.3% (6.4–17.9%) 2.26 (1.01–5.10)

Washed hands after defecating
Often or always 187 10 5.3% (2.6–9.6%) 1.00
Never or occasionally 153 16 10.5% (6.1–16.4%) 2.07 (0.91–4.70)

Raised  pets (e.g., cat, dog)
No 139 8 5.8% (2.5–11.0%) 1.00
Yes  201 18 9.0% (5.4–13.8%) 1.61 (0.68–3.82)

Raised  poultry or livestock (e.g., chicken, duck, pig)
No 124 7 5.6% (2.3–11.3%) 1.00
Yes  216 19 8.8% (5.4–13.4%) 1.61 (0.66–3.95)

Annual labor time in farmlands
≤2 months 248 12 4.8% (2.5–8.3%) 1.00
>2  months 92 14 15.2% (8.6–24.2%) 3.53 (1.57–7.95)

Ever  labored barefoot in farmlands
No 224 9 4.0% (1.8–7.5%) 1.00 1.00
Yes  116 17 14.7% (8.8–22.4%) 4.10 (1.77–9.52) 4.54 (1.88–10.92)

Duration of anti-MTB treatment
1  month 42 3 7.1% (1.5–19.5%) 1.00
2  months 38 2 5.3% (0.6–17.7%) 0.72 (0.11–4.57)
3  months 34 3 8.8% (1.8–23.7%) 1.26 (0.24–6.67)
4  months 63 5 7.9% (2.6–17.6%) 1.12 (0.25–4.96)
5  months 74 7 9.5% (3.9–18.5%) 1.36 (0.33–5.56)
6  months 89 6 6.7% (2.5–14.1%) 0.94 (0.22–3.96)
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I, confidence interval; OR, odds ratio; NA, not applicable; MTB, Mycobacterium tub

I = 3.9–18.5%], 6.7% [95% CI = 2.5–14.1%], respectively), which
howed that there was no significant relationship between preva-
ence of IHIs and duration of treatment.

. Discussion

The second national survey showed that G. lamblia was the most
revalent intestinal protozoan in five provinces, including Beijing,
hanghai, Shandong, Henan and Xinjiang, where only IPIs were
eported (Disease Control Bureau of the Ministry of Health and

ational Institute of Parasitic Diseases of the Chinese Center for
isease Control and Prevention, 2008). Since then, there were only

wo studies, one in Yunnan Province in southwestern China in 2006
nd the other in Anhui Province in central China in 2008, both of
sis.

which reported that B. hominis was  the most prevalent intestinal
protozoan in rural areas (20.0% and 22.1%, respectively) (Steinmann
et al., 2008; Tian et al., 2012). In our current study, we observed that
an overall rate of only IPI to be 7.3% among patients with PTB, and
B. hominis was also the most prevalent intestinal protozoan (6.0%).
Compared with the second national survey, findings of these stud-
ies give a clue that infection spectrum of intestinal protozoa might
have gradually changed over recent years in P. R. China. Similarly,
infection spectrum of intestinal helminth maybe has changed in
central China. The second national survey showed that A. lumbri-

coides was the most prevalent intestinal helminth (12.7%) (Disease
Control Bureau of the Ministry of Health and National Institute of
Parasitic Diseases of the Chinese Center for Disease Control and
Prevention, 2008). However, we  found that overall rate of only IHI
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as 7.0% among patients with PTB, and hookworm was  the most
revalent intestinal helminth (4.3%). Other study in Anhui Province

n central China in 2008 also showed the same results that hook-
orm was most prevalent (3.6%) in intestinal helminths whose

verall rate was 4.3% among HIV positive patients (Tian et al., 2012).
Among many possible impact factors, we found that under-

eight was independently associated with only IPI and under-
eight and anemia were independently associated with only IHI

mong patients with PTB. Given that B. hominis was the most preva-
ent intestinal protozoan in this study, the impact factor for IPI

aybe had a closer relationship with this protozoan. As a common
linical presentation of TB (Rathman et al., 2003), weight loss not
nly can be caused by chronic diarrhea that is the most common
ymptom with stools positive only for B. hominis (Al-Fellani et al.,
007; El-Shazly et al., 2005; Juckett and Trivedi, 2011), but also
he odds of being underweight was significantly higher in intesti-
al helminth infected individuals (Degarege et al., 2013). Similarly,
nemia is a common hematological abnormality in patients with
B as well as IHI. A study in Korea showed that 31.9% patients
ith TB had anemia on diagnosis of TB (Lee et al., 2006), and other

tudy in Ethiopia suggested that infection with multiple intestinal
elminths was associated with lower hemoglobin level (Degarege
t al., 2013). As indicators of physical health, underweight and
nemia may  suggest malnutrition or poor health. However, it is
ifficult to determine the chronological sequence, i.e., the causal
elationship of underweight and anemia, PTB, IPI and IHI because
he latter three are debilitating diseases and often widespread in
oor areas with population suffering from malnutrition or poor
ealth. Therefore, underweight and anemia cannot be identified as
he etiological factors of IPI and IHI among patients with PTB, but are
ikely to be more severe under the conditions of co-infection of PTB
nd intestinal protozoa or helminths. In any case, the improvement
f nutrition status and health is beneficial to prevention and inhib-
ting deterioration of co-infection of PTB and intestinal protozoa or
elminths.

For the transmission of B. hominis, the fecal-oral pathway is
ost accepted, which involves only the cyst form of this protozoan

Yoshikawa et al., 2004). Noël et al. (2003) deemed that animals
uch as pigs and dogs could in fact be acting as a large reservoir of
. hominis, which could be capable of human infection. This notion
as supported by a genomic study with the finding that subgroups

f Blastocystis isolates from humans, pigs, and a horse were similar
nd Blastocystis isolates from a pig and a horse were monophyletic
nd closely related to B. hominis from humans with 92–94% identity
Thathaisong et al., 2003), and by an epidemiological survey with
he finding that infection was more common in people living in
roximity to farm animals or pets (Doyle et al., 1990). In this study,
e found that patients with PTB who raised poultry or livestock

e.g., chicken, duck, pig) were more likely to be infected with B.
ominis, which is consistent with findings of the above-mentioned
tudies.

We noticed that the risk (OR) of getting IHI was higher for peo-
le laboring barefoot in farmlands than those who are underweight
nd anemia, which may  suggest that unwholesome way  of laboring
n farmlands has greater effect on IHI than other risk factors among
atients with PTB. The central China is an agricultural area where
ost of the population engaged in farm work. Therefore, unwhole-

ome way of laboring in farmlands also increases risks of IHI among
eneral population. A study in Anhui Province in central China indi-
ated that laboring barefoot in farmlands is one of the risk factors
or A. lumbricoides infection among local residents (Guo et al., 2004).

oreover, as one of the poor hygiene behaviors, not wearing shoes

utside or walking barefoot also were the main risk factors for IHI
mong local population in poor communities in Nepal, Vietnam
nd Ethiopia (Le Hung et al., 2005; Parajuli et al., 2014; Taye et al.,
013). An evaluation for the control program of soil-transmitted
 149 (2015) 19–26

helminth (STH) infections in rural Malaysia and a systematic review
for STH infection around the world showed that wearing shoes out-
side was associated with reduced odds of infection with any STHs
(Nasr et al., 2013; Strunz et al., 2014). Hence, there is a great need
for a proper health education for good hygiene habits, particularly
wearing shoes outside or in farmlands, to enhance prevention of
IHI in TB high-burden areas of P. R. China.

In P. R. China, the main regimen of anti-MTB treatment is the
combined use of Isoniazid, Rifampicin, Pyrazinamide, Ethambutol,
Streptomycin or their derivatives (Disease Control Bureau of the
Ministry of Health et al., 2009). Some studies found that one or more
of these drugs had significant effect in vivo only against Leishmania
spp. (Conti and Parenti, 1983; Mendez et al., 2009), Plasmodium
spp. (Aditya et al., 2010; Pukrittayakamee et al., 1994), Toxoplasma
gondii (Araujo et al., 1996), Wuchereria bancrofti (Debrah et al.,
2011), Brugia malayi (Rao and Well, 2002), Onchocerca guttur-
osa (Townson et al., 2006), Onchocerca lienalis and Brugia pahangi
(Townson et al., 2000), but there has not been a study reporting
that anti-MTB drugs have effect against intestinal parasites, which
may  suggest that anti-MTB drugs only have effect against para-
sites that can enter the circulations of blood and lymph and even
the cells in humans, and have not effect against parasites that only
exist in intestines. These may  partly explain that the duration of
anti-MTB treatment has not significant effect on IPI and IHI among
patients with PTB in this study. However, it should not be neglected
that anti-MTB treatment can improve host immune response (de
Oliveira et al., 2014; Sai Priya et al., 2010; Zhang et al., 2014), which
theoretically should affect IPI and IHI during treatment of patients
with PTB.

There were evidences that protozoan pathogens such as Plas-
modium, Leishmania, Trypanosoma and Entamoeba evaded the host
immune system by penetrating and multiplying within cells,
varying their surface antigens, eliminating their protein coat, mod-
ulating the host immune response, and so on (Sacks and Sher, 2002;
Zambrano-Villa et al., 2002). Moreover, other studies confirmed
that hookworm infections decreased the ability of the immune sys-
tem to respond to hookworm and bystander antigens (Kalinkovich
et al., 1998; Olatunde and Onyemelukwe, 1994; Onyemelukwe and
Musa, 2001). Hence, it is worthwhile further investigating whether
host immune response that is improved by anti-MTB treatment is
evaded by intestinal protozoa or decreased by IHI among patients
with co-infection of PTB and intestinal protozoa or helminths.

There were several limitations to the data used in this study.
Some information such as facilities in kitchen, washing hands and
labor time in farmlands might be inaccurate because they were
collected by self reporting. Additionally, the excluded participants
were generally younger than those included in this study because
currently the main trend of population flow in China is that a large
number of the middle-aged populations in rural areas drift into the
cities to seek works. Actually migrant populations have little time
in their hometowns and are almost not a part of rural populations.
In view of these limitations, the findings should be interpreted
carefully when being generalized to the larger population and com-
pared with results from other studies.

In conclusion, 7.3% of patients with PTB were only infected with
intestinal protozoa, among which infection rates of B. hominis, Enta-
moeba spp., and T. hominis were 6.0%, 1.1% and 0.3%, respectively;
7.0% were only infected with intestinal helminths, among which
infection rates of hookworm, T. trichiura, A. lumbricoides and C.
sinensis were 4.3%, 1.9%, 0.5% and 0.3%, respectively; 0.5% were
simultaneously infected with intestinal protozoa and helminths.
Underweight and raised poultry or livestock (e.g., chicken, duck,

pig) were independently associated with IPI, and underweight, ane-
mia  and ever labored barefoot in farmlands were independently
associated with IHI among patients with PTB. Anti-MTB treatment
did not influence prevalence of IPI and IHI among patients with
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TB. In any case, preventing malnutrition, avoiding unprotected
ontact with reservoirs of protozoa and improving health educa-
ion for good hygiene habits, particularly wearing shoes outside,
re beneficial for prevention of IPI and IHI among patients with
TB.
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