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Abstract

Background: Persistent and chronic diarrhea is difficult to treat, and infection is still the main cause. In this study,
we investigate the application value of xTAG gastrointestinal pathogen panel (xTAG GPP) multiplex PCR in the early
diagnosis of persistent and chronic diarrhea in children and to understand the epidemiology of intestinal diarrhea
pathogens.

Methods: One hundred ninety-nine specimens were collected from Nanjing Children’s Hospital Affiliated to
Nanjing Medical University (Nanjing, China). We compared the xTAG GPP multiplex PCR assay with traditional
methods (culture, rapid enzyme immunoassay chromatography, and microscopic examination) and performed a
statistical analysis.

Results: The positive rate of the xTAG GPP multiplex PCR assay of diarrhea specimens from 199 patients was
72.86% (145/199). The virus detection rate was 48.7%, and rotavirus A was the most common organism detected
(34.67%), concentrated in winter, and was common in children. The second most common organism detected was
norovirus GI/GII (20.6%). The positive rate of this bacteria was 40.2%, and Campylobacter (22.11%, 44/199) was most
frequently detected. C. difficile toxins A/B and Salmonella was detected in 44 and 17 samples, respectively. Infections
with Shigella occurred 4 times, and E. coli O157 was only detected once. Three samples were parasitic (1.51%), two
samples were positive for Entamoeba histolytica, and one was positive for Cryptosporidium. Adenovirus 40/41, STEC,
ETEC, Giardia, Yersinia enterocolitica and Vibrio cholerae were not detected. In total, 86 (43.2%) infected specimens
with a single pathogen were detected. There were 59 coinfections (29.65% of the samples) of viruses and/or
bacteria and/or parasites. Coinfections involved 49 double infections (24.62%), 9 triple infections (4.52%) and 1
quadruple infections (0.5%). Norovirus GI/GII was found to have the highest involvement, with 32 coinfections
(16.08%).

Conclusion: The xTAG GPP multiplex PCR assay is simple, sensitive, and specific and can be used as a quick way to
diagnose persistent and chronic diarrhea in children.
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Background
Diarrhea continues to be a health burden worldwide, espe-
cially in children living in developing countries. It is esti-
mated that in these regions, it is responsible for 2.5 million
infant deaths annually, with a mortality rate of 4.9 per 1000
children and an annual incidence of 3 episodes per child
among children under 5 years of age [1, 2]. Most of the
diarrheal illnesses are acute, lasting no more than 7 days;
however, approximately 3–19% of the acute episodes last
more than two weeks, which is called persistent and
chronic diarrhea [3]. Persistent and chronic diarrhea cases
are difficult to treat and their treatment cost is higher, and
a case fatality rate as high as 60% has been reported [4]. It
is more important to determine the cause of chronic diar-
rhea by a systematic approach because it can provide the
most suitable therapy and give a good prognosis. The
causes of chronic diarrhea are divided into infectious and
noninfectious etiologies. In developed countries, the inci-
dence of noninfectious-based diseases (food allergies, enter-
opathy or inflammation) is increasing. However, in
developing and industrialized countries, the most common
and most important cause of persistent and chronic diar-
rhea is still enteric infection [5, 6]. It is crucial for timely
and effective treatment of infectious diarrhea in the rapid
identification of pathogens because appropriate antimicro-
bial therapy and/or isolation measures to prevent the
spread of infectious agents to healthy people can shorten
the disease and reduce some bacteria and parasite infection
incidence and can help reduce invasive infections [7, 8].
The gold standard for the diagnosis of infectious chronic
diarrhea pathogens is culturing pathogens, but this method
takes a long time (72 h) and requires more fecal sample [9].
In recent years, the development of faster and more sensi-
tive molecular tests that can detect various pathogenic
agents of bacteria, viruses and parasites might improve the
etiological diagnosis of diarrhea pathogens [9–11].
The Luminex® Corporation has developed a new qualita-

tive bead-based multiplexed molecular diagnostic test, the
xTAG gastrointestinal pathogen panel (xTAG GPP), that
can be performed directly on stool samples to detect and
identify 15 pathogens in a timely manner: Adenovirus 40/41,
Campylobacter, Clostridium difficile, Cryptosporidium, Ent-
amoeba histolytica, enterotoxigenic Escherichia coli (ETEC),
E. coli O157, Shiga-like toxin-producing E. coli (STEC), Shi-
gella, Salmonella, Giardia, norovirus GI/GII, rotavirus A,
Vibrio cholerae and Yersinia enterocolitica [12]. The clinical
manifestation of xTAG GPP was recently evaluated in many
infectious gastroenteritis cases, the sensitivity and specificity
is better in xTAG GPP than in traditional methods [13, 14].
Thus, the purpose of our study was to explore the dis-

tribution of enteropathogens in patients with persistent
and chronic diarrhea in Nanjing, China and to further
evaluate the performance and applicability of xTAG
GPP in identifying pathogens in these children.

Methods
Sample collection
A total of 199 stool samples were prospectively collected
from 199 diarrheic children mainly under 5 years of age
(85.93%, Table 1), including 109 simple diarrhea and 90
secondary diarrhea (colitis, pneumonia and tumor-
associated) patients who attended the Nanjing Children’s
Hospital Affiliated to Nanjing Medical University (Nan-
jing, China). The study protocol was approved by the
ethics committee of the Children’s Hospital of Nanjing
Medical University (Nanjing, China). Written informed
consent was obtained from the proband and their par-
ents. One sample was received from each patient.

Table 1 Demographic and Clinical characteristics of the study
subjects

Characteristics No (%)

Demographics

Boys 116(58.29)

Girls 83(41.71)

Age (year)

0–1 129 (64.82)

1–5 42(21.11)

≥ 5 28(14.6)

Patients

Out-patients 23(88.44)

In-patients 176(11.56)

Course of disease (week)

2–8 163(85.34)

≥ 8 28(14.66)

Appearance of diarrhea

watery /loose 139(72.78)

Mucoid / bloody 60(30.15)

Defecation frequency (Times / day)

3–5 77 (38.69)

5–10 82(41.21)

≥ 10 40(20.10)

Use of antibiotics

Used 151(75.88)

Unused 48(24.12)

Stool culture

not done 50(25.13)

negative 114(57.29)

positive 35(17.59)

Diarrhea type

Simple diarrhea+ 109(54.77)

Secondary diarrhea* 90(45.23)
+ Diarrhea without colitis, pneumonia, tumor and inflammatory bowel diseases
* Diarrhea associated with colitis, pneumonia and tumor
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Inclusion criteria: patients with diarrhea that presented
as watery and/or loose and/or mucous and/or blood
stools with ≥3 instances within a 24-h period. Patients
with inflammatory bowel diseases were excluded from the
study. Stool samples were sent to the Department of
Microbiology for investigation. Five grams of fresh stool
samples were collected into empty tubes and placed in
Cary-Blair Transport Medium for bacterial culture. Stool
specimens were then stored at − 80 °C until processing
with multiplex PCR tests. Unqualified samples (sample
volume < 5 g, swabs not preserved in Cary-Blair Transport
Medium) were rejected, and resubmission was requested.

Routine diagnostic methods
Stool culture for Salmonella and Shigella was performed
using Salmonella–Shigella agar plates and Hektoen en-
teric agar plates. To detect toxigenic Clostridium difficile
A and B toxins and norovirus GI/GII real-time reverse
transcription-polymerase chain reaction (RT-PCR) as-
says were performed on the 7500 real-time PCR plat-
form (Applied Biosystems, Foster City, CA). Rotavirus
was detected directly in stool samples with the Diagnos-
tic Kit for Rotavirus, rapid enzyme-linked immunosorb-
ent assay (ELISA) tests. All assays were carried out in
accordance with their respective instructions. We looked
for Entamoeba histolytica and Giardia lamblia by
microscopic examination of fresh stools.

Multiplex PCR and molecular diagnostic assays for the
detection of 15 pathogens
Total nucleic acids were extracted from the stool samples
using the NucleoSpin® Virus Kit (MACHEREY-NAGEL,
Germany) according to the manufacturer’s instructions.
An internal control (bacteriophage MS2) was included in
each specimen to control the quality of the detection
process. The RT-PCR experiments and subsequent
hybridization steps were performed according to the in-
structions in the xTAG GPP manual. Negative and posi-
tive controls were included in all runs of the xTAG GPP
assay. The data were acquired on the Luminex 200
analyzer, and data analysis was carried out using TDAS
GPP version 1.11 (xTAG Data Analysis Software).

Results
Demographic and clinical parameters of patients with
persistent and chronic diarrhea
The demographic and clinical characteristics of the 199
patients are summarized in Table 1. One hundred ninety-
nine stool samples were prospectively collected from 199
diarrheic children under 5 years of age (85.93%, 171/199),
with a mean age of 12.93 ± 15.86months. The percentage
of boys (58.29%, 116/199) was slightly higher than that of
girls (41.71%, 83/199). There were 163 persistent cases
and 28 chronic cases of diarrhea. The majority were

inpatients (88.44%, 176/199) during the study period, and
no deaths were reported. Of the 199 stool specimens sub-
mitted to laboratories, watery/loose stool (n = 139,
72.78%) was the most common type, and mucus/bloody
stool was less than 30.15% (60/199).

Pathogens detected with the xTAG GPP
In this study, we found that 145 (72.86%) of the collected
199 samples had positive results. Of these, 97 samples were
positive for viruses, with rotavirus A being the most com-
mon organism detected (34.67%; 69/199). The second most
abundant virus was norovirus GI/GII, which was detected
in 41 patients (20.6%; 41/199). Bacterial pathogens
accounted for 40.2% (80/199) of all enteropathogens; Cam-
pylobacter (22.11%, 44/199) was most frequently detected,
and C. difficile toxins A/B and Salmonella were detected in
44 and 17 samples, respectively. Infections with Shigella oc-
curred 4 times, and E. coli O157 was only detected once.
There were three parasitic samples (1.51%); two samples
were positive for Entamoeba histolytica, and one was posi-
tive for Cryptosporidium. Adenovirus 40/41, STEC, ETEC,
Giardia, Yersinia enterocolitica and Vibrio cholerae were
not detected. There were 59 coinfections (29.65% of sam-
ples) of viruses and/or bacteria and/or parasites (Table 2).
Coinfections involved 49 double infections (24.62%), 9
triple infections (4.52%) and 1 quadruple infections (0.5%).
Norovirus GI/GII was found to have the highest involve-
ment in coinfections 32 (16.08%), followed by rotavirus A
(15.58%, 31/199), Campylobacter (12.56%, 25/199) and C.
difficile toxin A/B (10.05%, 20/199) (Table 3).

Comparison of the xTAG GPP and conventional detection
methods
Among the enteropathogens that could be detected by
xTAG GPP, 5 enteropathogens (STEC, ETEC, adeno-
virus 40/41, Yersinia enterocolitica and Campylobacter)
could not be detected by routine detection methods;
therefore, in this study, the specificity and sensitivity of
this method for the diagnosis of these five enteropatho-
gens were not compared. As shown in Table 4, the sen-
sitivity was 100% for norovirus GI/GII, C. difficile toxin
B and Shigella, 96.9% for rotavirus A and 33.3% for Sal-
monella. The specificity was 100% for all targets except
Entamoeba histolytica (99.5%), E. coli O157 (99.0%),

Table 2 Numbers of single and multiple infections detected by
xTAG GPP

Infection Number No. (%)

Single 86 43.21%

Double 49 24.62%

Triple 9 4.52%

Quadruple 1 0.5%

Multiple 59 29.65%
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Cryptosporidium (99.0%), Shigella (98.0%), Salmonella
(92.3%), rotavirus A (89.3%), norovirus GII (89.3%) and
C. difficile toxin A/B (84.9%). Among the 10 comparable
enteropathogens, 2 enteropathogens (Giardia and Vibrio
cholerae) were not detected in our samples by either
xTAG GPP or routine assays, so it is impossible to evalu-
ate the sensitivity of these enteropathogens. The overall
sensitivity and specificity of xTAG GPP for the diagnosis
of intestinal pathogens were 96.3 and 98.2%, respectively,
which were significantly higher than those of conventional
detection methods. The sensitivity and specificity of this
method to individual pathogens are shown in Table 4.

Age and sex distribution of children with
enteropathogens
The prevalence of enteropathogens among sex groups was
compared, 88 (75.86%) male patients and 57 (68.67%) fe-
male patients were positive for enteropathogens. The dis-
tribution of enteropathogens was similar in both boys and
girls (Table 5), with rotavirus A being the most common
pathogen detected at 39.66 and 27.71%, respectively,
followed by Campylobacter and norovirus GI/GII, and
there was also no significance in coinfection (p > 0.05).
The distributions of viruses, parasites and coinfections
were similar in the three age groups (0–12months, 12–60
months and ≥ 60months), with P values of 0.73, 0.724 and
0.76, respectively (Table 5). Rotavirus A was the most
common enteropathogen in patients 0–12months (37.9%)
and 12–60months (33.33%), while Campylobacter was the
most frequent enteropathogen in patients ≥60months
(28.6%, 8/18). In this study, bacterial infections were the
most common in the 12–60months age group (57.1%)
compared with the other age groups (33.3–46.4%).

Seasonal distribution of children with enteropathogens
In this study, the seasonal curve of viral infection had a
peak in the winter and a trough in the summer. Rota-
virus A was the most important enteropathogen, and the
infection peak occurred from November 2014 to

February 2015 (Fig. 1), with the highest proportion oc-
curring in December 2014 (90.0%, 18/20). In contrast,
bacterial agents had a peak in the summer and a trough
in the winter, Campylobacter was the most frequent
enteropathogen, and the highest proportion occurred in
October 2015 (75.0%, 15/20).

Discussion
There are few data that simultaneously describe the preva-
lence of bacterial and viral pathogens in children with per-
sistent and chronic diarrhea in China. In our research,
persistent and chronic diarrhea were related to sex and
age and commonly existed in boys, especially in children
under 2 years old. In our study, 129 patients ages 0–1
years old (64.82%), this was similar to the research show-
ing that the morbidity age was 4months to 1 year [3]. Pa-
tients who had watery and/or loose stool predominated
more than patients who had mucoid/bloody stool, even
though most samples were collected in the winter.
In this study, the overall sensitivity and specificity of

xTAG GPP were 96.3 and 98.2%, respectively, which
were more efficient than routine detection methods. At
the same time, there were significant differences in sin-
gle or mixed intestinal enteropathogen infection (P <
0.001) (Table 4). In the present study, the xTAG GPP
method efficiently detected infection in approximately
59 (29.65%) out of 199 children and showed multiple
positive results (coinfection); this figure is higher than
the positive result, which was relatively high and also de-
tected by xTAG GPP, in a previous study by Deng J
et al. [13]. Norovirus GI/GII was found to have the high-
est involvement in coinfections in our study.
In our study, rotavirus A was the most common patho-

gen in children with chronic diarrhea in the spring and
autumn, followed by norovirus. Previous reports have
shown that rotavirus A is the most common virus that
causes diarrhea in children [15]. Moreover, norovirus is an
important cause of diarrhea in adults and children [16].
This result was similar to other studies conducted

Table 3 Pathogens detected in co-infections

pathogen Double infection Triple infection Quadruple infection Co-infection

Rotavirus A 23 7 1 31(15.58%)

Norovirus GI/GII 27 4 1 32(16.08%)

Clostridium difficile Toxin A/B 14 5 1 20(10.05%)

Salmonella 8 3 0 11(5.53%)

Campylotrbacter 21 4 0 25(12.56%)

Shigella 3 1 0 4(2.01%)

Escherichia coli O157 0 1 1 2(1.00%)

Entamoeba
histolytica

1 1 0 2(1.00%)

Cryptosporidium 1 1 0 2(1.00%)
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Table 5 Age and sex distribution of children with enteropathogens

Number Negative Virus Bacteria Parasite Co-infection

Boys 116 28 60 47 3 40

Sex Girls 83 26 37 33 0 19

χ2 1.264 0.98 0.012 2.179 2.305

P 0.26 0.32 0.94 0.14 0.129

0–1 129 33 70 43 2 38

Age(year) 1–5 42 11 18 24 1 14

≥5 28 10 9 13 0 7

χ2 2.216 5.244 7.997 0.646 0.668

P 0.33 0.73 0.018 0.724 0.716

Table 4 Comparison of xTAG GPP with the routine tests and the results of XTAG GPP for the detection of enteric pathogens
from patients with persistent and chronic diarrhea
Class Target GPP No. of samples by routine tests Performance of the xTAG GPP assay

+ – Sensitivity %Specificity

Virus Adenovirus 40/41 + 0 0

– 0 199 0 100(199/199)

Rotavirus A + 63 6

– 2 50 96.9(63/65) 89.3(50/52)

Norovirus GI/GII + 22 19

– 0 158 100(22/22) 89.3(158/177)

Bacteria Salmonella + 2 15

– 4 182 33.3(2/6) 92.3(182/197)

Campylobacter + 43 0

– 0 199 100(43/43) 100(199/199)

Shigella + 1 3

– 0 195 100 (1/1) 98.5(195/198)

ClostridiumdifficileToxin A/B + 27 3

– 0 169 100(27/27) 84.9(169/172)

ETEC + 0 0

– 0 199 0 100(199/199)

EscherichiacoliO157 + 0 2

– 0 197 0 99.0(192/199)

STEC + 0 0

– 0 199 0 100(199/199)

Yersinia enterocolitica + 0 0

– 0 199 0 100(199/199)

Vibrio cholerae + 0 0

– 0 199 0 100(199/199)

Parasite Giardia + 0 0

– 0 199 0 100(199/199)

Entamoeba histolytica + 0 1

– 0 198 0 99.5(198/199)

Cryptosporidium + 0 2

– 0 197 0 99.0(197/199)

+ 158 51

Total – 6 2739 96.3(158/166) 98.2(2739/2790)

Wang et al. BMC Pediatrics          (2020) 20:309 Page 5 of 7



previously in China [17–19] as well as other countries
prior to the introduction of rotavirus vaccination [20, 21].
In our study, 4 samples with a positive Salmonella cul-

ture had no positive results in xTAG GPP, indicating
false-negative results. This phenomenon is consistent
with some previously reported results [13, 22]. The
cause of the failure of the Salmonella pathogen requires
further sequence analysis or qPCR assay investigation.
Special attention should be paid to the occurrence of
Campylobacter because the detection of this pathogen is
rarely requested in patients with diarrhea; however, in
our study, we detected a high frequency of 25% (43/199)
for Campylobacter.

Conclusions
In conclusion, our research shows that xTAG GPP has
very good sensitivity and specificity in detecting patho-
gens associated with persistent and chronic diarrhea.
This method can shorten the detection time and reduce
false-negative diagnostics, identify the cause of infection
more quickly and accurately, provide a basis for accurate
follow-up clinical treatment and improve the prognosis
of the disease. However, the number of samples in this
experiment is limited, and some pathogens have no posi-
tive samples (Giardia and Vibrio cholerae), so it is im-
possible to compare the results from different methods.
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reverse transcription-polymerase chain reaction
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