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Summary
What is already known about this topic?
Intestinal  protozoa are  common pathogens  of  diarrhea
globally.  However,  the  etiology  of  diarrhea  due  to
intestinal protozoan infections in China is not known.
What is added by this report?
Based  on  active  syndromic  surveillance  in  Shanghai,
Zhenjiang,  and  Danyang  during  2011–2015  and
2019–2021,  89  (1.67%)  patients  were  infected  with
intestinal  protozoa  (Cryptosporidium  spp.,  Giardia
duodenalis,  Enterocytozoon  bieneusi,  and  Cyclospora
cayetanensis), and positivity rates statistically differed by
region and age.
What  are  the  implications  for  public  health
practice?
This  was  the  most  comprehensive  data  collection  in
investigating  parasitic  diarrheal  diseases  in  humans.
Identification of these protozoa in diarrhea will provide
new perspectives for detecting hidden etiological agents
of diarrhea as early as possible.

 

Diarrhea  is  the  most  common  symptom  of  disease
and the  eighth leading cause  of  death worldwide with
more  than  1.6  million  attributed  deaths  in  2016.
Although  syndromic  surveillance  as  a  type  of  active
surveillance  has  been  widely  applied  to  safeguard
activities of mass gatherings in past years (1), it is now
being  used  to  monitor  diarrheal  disease  trends  for  the
early  detection  of  emergent  public  health  events.
Furthermore,  due  to  numerous  foodborne  and
waterborne outbreaks of intestinal protozooses, such as
cryptosporidiosis  (2),  giardiasis  (3),  microsporosis  (4),
and  cyclosporiasis  (5)  worldwide,  interest  in  these
pathogens  related  to  diarrheal  disease  has  increased.
However,  epidemiological  status  and  characteristics  of
intestinal protozoan infections in diarrheal populations
have  not  been  studied  in  detail  in  China.  This  study
aimed to  understand the  etiology  and epidemiological

characteristics  of  these  intestinal  protozoan  infections
in  patients  with  diarrhea  from  study  areas,  including
Shanghai  Municipality,  Zhenjiang City,  and Danyang
City,  during  the  implementation results  in  12th  Five-
Year Plan period and 13th Five-Year Plan period. The
results  showed  that G.  duodenalis, E.  bieneusi,  and C.
cayetanensis  were  detected  in  these  study  areas,  and
Cryptosporidium  spp.  was  detected  in  Shanghai  and
Danyang,  with  increases  in  intestinal  protozoan
infections  during  2011–2015  and  2019–2021.  The
syndromic  surveillance  and  laboratory  surveillance
network for testing the capacity of protozoan infections
should  be  jointly  strengthened  to  provide  a  basis  for
establishing prevention and control strategies.

Based on an active, prospective study of the National
Key  Science  and  Technology  Project  on  Infectious
Disease  Surveillance  Technical  Platform,  study  areas
were  chosen  to  represent  various  administrative  levels,
economies, population sizes, and geographical areas. A
structured  questionnaire  assessing  demographic  data
and  clinical  symptoms  was  administered  to  each
participant.  Selection  criteria  for  diarrheal  cases  were
defined  as  ≥3  passages  of  watery,  loose,  mucoid,  or
bloody  stools  within  a  24-hour  period.  Patients
referred  from  other  hospitals  or  patients  not  initially
diagnosed  at  sentinel  sites  were  excluded  from  this
study.  The  protocol  of  this  study  was  evaluated  and
approved  by  the  ethical  committee  of  the  National
Institute of  Parasitic  Diseases,  China CDC (2015011,
2019003).

One fecal specimen was collected from each patient,
transported  to  the  laboratory  within  24  hours  in  a
cooler with ice packs and stored at −20 °C. Following
the  manufacturer’s  instructions,  genomic  DNA  was
directly extracted from 180–200 mg of fecal specimens
using a QIAamp DNA stool mini kit (QIAgen 51504,
QIAGEN,  Hilden,  Germany),  eluted  in  200  μL  of
elution  buffer,  and  stored  at  −20  °C  for  pending
polymerase  chain  reaction  (PCR)  analysis.
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Cryptosporidium spp., G. duodenalis, E. bieneusi, and C.
cayetanensis  were  identified  by  nested  PCR
amplifications  and  sequencing  of  gene  fragments  at
around 830 bp of the small subunit (SSU) rRNA gene,
around  530  bp  of  the  triosephosphate  isomerase  (tpi)
gene,  around  600  bp  of  the  SSU  rRNA  gene,  and
around  500  bp  of  the  SSU  rRNA  gene,  respectively
(6).  The  positivity  rates  of  intestinal  protozoan
infections  in  patients  with  diarrhea  were  determined,
and possible risk factors related to intestinal protozoan
infections  were  assessed  by  region,  age,  and  sex  with
the  chi-squared  (χ2)  test  using  GraphPad  Prism
(version  5.0,  GraphPad  Software,  San  Diego,  CA,
USA).  Differences  were  considered  statistically
significant at P<0.05.

From  January  1,  2011  to  June  30,  2021,  an
epidemiological  investigation  on  intestinal  protozoan
infections was conducted among 5,341 patients under
surveillance  of  diarrheal  illnesses  through  the
established  diarrheal  syndromic  surveillance  network.
Among  the  5,341  patients,  1,645  patients  (1,087
patients  during  2011–2015  and  558  patients  during
2019–2021)  were  recruited  at  the  Shanghai  Sixth
People’s  Hospital;  1,498  patients  (1,032  patients
during  2011–2015  and  466  patients  during
2019–2021)  were  recruited  at  the  Affiliated  Hospital
of  Jiangsu  University  in  Zhenjiang;  2,198  patients
(1,578  patients  during  2011–2015  and  620  patients
during  2019–2021)  were  recruited  at  the  Danyang
Hospital.

A total of 89 (1.67%) out of 5,341 diarrheal patients
were confirmed to be infected with intestinal protozoa,
including Cryptosporidium spp. (0.69%), G. duodenalis
(0.45%),  E.  bieneusi  (0.28%),  and  C.  cayetanensis
(0.24%)  (Table 1).  The  highest  positivity  rate  of
intestinal  protozoan  infections  was  recorded  in
Shanghai (2.31%), followed by Danyang (1.87%) and
Zhenjiang (0.67%).  Differences in positivity rate were
observed  among  the  study  areas  (P<0.01),  but  no
statistical difference was observed due to age or gender
(Table 1).

The  positivity  rates  of  the  4  intestinal  protozoa
differed during 2011–2015 and 2019–2021; they were
0.70%  vs.  0.67%  for  Cryptosporidium  spp.  (Table 2
and  Figure 1A),  0.35%  vs.  0.67%  for  G.  duodenalis,
0.24% vs. 0.28% for E. bieneusi, and 0.27% vs. 0.18%
for  C.  cayetanensis.  Different  positivity  rates  were
observed  in  the  study  areas  during  the  2  periods
(Figure 1B):  2.21% vs. 2.51%  in  Shanghai,  0.58% vs.
0.86%  in  Zhenjiang,  and  1.77%  vs.  2.10%  in
Danyang. 

DISCUSSION

The  results  of  this  study  revealed  the  changes  in
positivity  rate  and  epidemiological  characteristics  of
patients  with  protozoan-related  diarrhea  in  the  study
areas  during  2011–2015  and  2019–2021.  Overall,  in
these  4  intestinal  protozoa,  the  positivity  rate  of
protozoa-related  diarrhea  was  1.67%  by  PCR
detection.  Further  analysis  of  data  showed  that
particular attention was paid to the observation of the
increasing  positivity  rate  from 1.57%  (2011–2015)  to
1.89% (2019–2021). To support this finding, a recent
national  surveillance  study  on  morbidity  analysis  of
notifiable  infectious  diseases  reported  that  infectious
diarrheal  cases  have  increased  from  200,000
(2015–2017) to 1,282,270 (2018) (7). Future research
efforts  should  prioritize  diarrheal  disease  control  and
prevention,  as  well  as  etiology  identification.  These
findings  will  increase  stakeholder’s  awareness  and
ability  to  reduce  the  risk  of  infection  of  parasitic
diseases caused by intestinal protozoa.

The  findings  on  intestinal  protozoan  infections
showed  wide  variations  in  positivity  rate  across  the
study  areas  —  2.31%  in  Shanghai,  0.67%  in
Zhenjiang,  and  1.87%  in  Danyang.  These  positivity
rates  of  intestinal  protozoan-related  diarrhea  were
lower  than  those  of  towns  in  Ethiopia  (16.61%)  (8)
and  cities  in  Pakistan  (41.61%)  (9).  Meanwhile,  the
positivity rate of each of these four intestinal protozoa
was  lower  than  the  positivity  rate  of  diarrhea  in
patients.  For  Cryptosporidium  spp.,  the  positivity  rate
of diarrheal diseases attributable to this protozoan was
lower  in  the  present  study  (0.69%)  than  in  Canada
(15.74%)  (10).  The  low  positivity  rates  of  intestinal
protozoan infections in these geographical areas might
be related to local habits of drinking boiled water and
eating cooked food/vegetables. Personal hygiene habits,
among  multiple  related  factors,  affect  the  positivity
rates of intestinal protozoan infections.

The  study  was  subject  to  some  limitations.  First,
these  study  areas  were  in  the  Yangtze  River  Delta,
which were not representative of the country.  Second,
data  on  possible  influence  factors  for  intestinal
protozoan  infections  were  not  collected.  These  could
include  drinking  boiled  water,  washing  hands  before
meals  and  after  using  toilets,  eating  unwashed
vegetables  and  fruits,  and  patterns  of  animal  feeding.
Collecting  this  data  could  provide  evidence  for  early
warning and prediction.

Since  numerous  animal  species  have  been  reported
to  be  infected  with  Cryptosporidium  spp.,  G.
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duodenalis,  and E. bieneusi,  a One Health approach to
intestinal  protozooses  prevention,  surveillance,
monitoring,  control,  and  mitigation,  as  well  as
environmental  conservation,  should  be  adopted
broadly. 
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TABLE 2. Change  in  the  positivity  rates  of  intestinal  protozoa  in  patients  with  diarrhea  from  study  areas  in  China  during
2011–2015 and 2019–2021.

Period Region
Pathogen, No. of positive/No. of examined (%)

Intestinal protozoa Cryptosporidium spp. G. duodenalis E. bieneusi C. cayetanensis

2011–2015*

Shanghai 24/1,087 (2.21) 11/1,087 (1.01) 4/1,087 (0.37) 3/1,087 (0.28) 6/1,087 (0.55)

Zhenjiang 6/1,032 (0.58) 0/1,032 (0) 2/1,032 (0.19) 3/1,032 (0.29) 1/1,032 (0.10)

Danyang 28/1,578 (1.77) 15/1,578 (0.95) 7/1,578 (0.44) 3/1,578 (0.19) 3/1,578 (0.19)

Total 58/3,697 (1.57) 26/3,697 (0.70) 13/3,697 (0.35) 9/3,697 (0.24) 10/3,697 (0.27)

2019–2021†

Shanghai 14/558 (2.51) 11/558 (1.97) 2/558 (0.36) 1/558 (0.18) 0/558 (0)

Zhenjiang 4/466 (0.86) 0/466 (0) 4/466 (0.86) 0/466 (0) 0/466 (0)

Danyang 13/620 (2.10) 0/620 (0) 5/620 (0.81) 5/620 (0.81) 3/620 (0.48)

Total 31/1,644 (1.89) 11/1,644 (0.67) 11/1,644 (0.67) 6/1,644 (0.28) 3/1,644 (0.18)
Note: The study areas were Shanghai, Zhenjiang, and Danyang.
* Implementation results of 2011–2015 points out the 12th Five-Year Plan period.
† Implementation results of 2019–2021 points out the 13th Five-Year Plan period.

 

P
o
si

ti
v
it

y
 r

at
es

 (
%

)

1.89%

0.67%
0.70%

Intesti
nal P

rotozoa

Intesti
nal P

rotozoa

Cryptosporid
ium sp

p.

G. d
uodenalis

E. b
ieneusi

C. c
ayetanensis

Shanghai

Zhenjia
ng

Danyang

0.67%

0.35%
0.24%

0.28%
0.27%

0.18%

2.0

1.5

1.0

0.5

0

P
o
si

ti
v
it

y
 r

at
es

 (
%

)

3.0

2.0

1.0

0.0

1.57%

2011–2015

2019–2021

2011–2015

2019–2021

1.89%

2.21%

2.51%

1.77%

2.10%

0.58%

0.86%

1.57%

(A)

Protozoan Region

(B)

FIGURE 1. Etiology and distribution of intestinal protozoa infection in patients with diarrhea among the study areas, China,
2011–2015  and  2019–2021.  (A)  Comparison  of  positivity  rates  of  intestinal  protozoan  infection  during  2011–2015  and
2019–2021  by  protozoa;  (B)  Comparison  of  positivity  rates  of  intestinal  protozoan  infection  during  2011–2015  and
2019–2021 by region.
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