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Abstract 

Indonesia continues to grapple with sanitation issues, contributing to high incidence of gastrointestinal 

infections. Timely and accurate diagnosis is crucial to minimize the use of empirical antibiotics and medical 
expenses. Microbial culture, the current gold standard for diagnosing infections, has certain limitations in 

terms of duration and accuracy. There is a novel multiplex PCR (mPCR)-based diagnostic approach for 

infections called syndromic testing that can identify up to 20 pathogens simultaneously within 1–2 hours. This 

evidence-based case report aims to evaluate its sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV) in diagnosing gastrointestinal infections. Literature search was conducted on 

February 21, 2024, across several databases which were PubMed, Scopus, Wiley Online Library, and ProQuest. 

Two prospective cross-sectional studies met the inclusion and exclusion criteria which were then critically 

appraised. Both studies measured the diagnostic accuracy of syndromic testing for Salmonella and Shigella, 

yielding sensitivity of 75–95.2%, specificity of >98%, PPV up to 88.2%, and NPV of >99%, indicating its good 

accuracy. Syndromic testing presents as a promising alternative diagnostic modality for infections, addressing 

the limitations of culture-based methods. 
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Introduction 

Infection is one of the leading causes of 
mortality and morbidity in the world, with about 
25% of deaths caused by infectious diseases.1 
Diarrhea, as one of the common infectious 
diseases, remains an endemic disease in Indonesia 
and has the potential to become an epidemic that 
often causes death.2 Acute diarrheal infections are 
mainly caused by viruses, bacteria, and, less 
commonly, parasites. Viral infections are the most 
common cause, usually causing mild, non-
inflammatory acute diarrhea.3 The prevalence of 
diarrhea in Indonesia in 2020 had reached 9.8% 
based on the results of the Indonesian Nutrition 
Status Survey.4 Enteric viruses, particularly 
rotavirus A, were the primary cause of febrile 
diarrhea in children under five, while bacterial 
pathogens were more prevalent in febrile cases 
among adults, with nontyphoidal Salmonella and 
diarrheagenic Escherichia coli being the main 
causes.5 A previous study conducted in Ethiopia 
revealed that 77% of antibiotic treatments for 

diarrhea were inappropriate which may contribute 
to increasing antimicrobial resistance and lead to 
increased health care costs.3 

The most important thing in the treatment of 
infectious diseases is a rapid and accurate 
diagnosis.6 The sooner the diagnosis is established, 
the less empirical treatments such as broad 
spectrum antibiotics will be needed.7 Microbial 
culture has been long recognized as the gold 
standard of diagnostic examination for infections. 
However, culture takes quite a long time and 
requires well-trained staff.6 It becomes an obstacle 
in its own right, especially in an attempt to 
diagnose a rapidly deteriorating patient. This drives 
microbiologists to continue to develop new 
diagnostic technologies or innovations that are 
faster, more effective, and more accurate. 

Advanced microbiology technologies such as 
multiplex molecular assays (i.e. syndromic 
diagnostic tests) is a novel approach to the rapid 
diagnosis of common infectious diseases. 
Multiplex PCR (mPCR) allows clinicians to 
identify pathogens and resistant genes using a 
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single test. Syndromic testing simultaneously 
targets multiple pathogens with overlapping signs 
and symptoms. Syndromic testing can help 
eliminate the guesswork of diagnosing infectious 
diseases and aids in making prompt clinical 
decisions. This diagnostic method indirectly 
improves infection control, support antimicrobial 
stewardship programs, improve patient outcomes 
and reduce overall healthcare costs.7 This evidence
-based case report aims to evaluate the sensitivity, 
specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of syndromic 
testing in the diagnosis of gastrointestinal 
infection. 

Clinical Case 

A 70-year-old male came to the emergency 
department due to stomach discomfort since three 
days prior to admission. Eighteen days earlier, the 
patient complained of discomfort in the left chest 
and consulted a doctor. Examination was done and 
no abnormalities were found in the heart. The 
patient's complaint was then suspected to be due to 
GERD. Several days after the initial complaint, the 
patient complained of fever with chills and fatigue 
alongside loose stool without blood or mucus. No 
other symptom was reported and no other focus of 
infection was found. Stool sample was taken and a 
gastrointestinal panel testing was done. The results 
found enteropathogenic E. coli in the stool sample 
and the patient was given antibiotics. The patient 
complained of stomach pain and nausea after 
consuming the antibiotics and went to the 
emergency department with persisting symptoms.  

During hospitalization, the patient had 
defecated soft stool which was then examined. 
Results showed yellow colored stool, soft 
consistency, negative for pus, negative for blood, 
negative for mucus, leukocytes 1-3/LPF, 
erythrocytes 2-4/LPF, epithelium 1+, negative for 
starch, fat with ethanol 1+, negative for acetic acid, 
yeast cells 1+, negative for amoeba, negative for 
worm eggs, pH 5.5, blood +, negative for gram-
positive cocci, gram-negative rods 1+. Blood test 
was done with the results of hemoglobin 13.8 g/dL, 
hematocrit 37.8%, erythrocytes 4.49 x 106/μL, 
thrombocytes 127.000/ μL, leukocyte 3.500/μL, 
basophil 0%, eosinophil 0%, stem neutrophil 1%, 
segment neutrophil 75%, lymphocytes 14%, 
monocyte 8%, SGOT 42 U/L, SGPT 38 U/L, urea 
22 mg/ dL, creatinine 0.96 mg/ dl, eGFR 79.8 mL/
min/1.73m2, blood glucose at 105 mg/dL, sodium 
125.0 mmol/ L, potassium 3.30 mmol/L, chloride 
96.0 mmoL, and quantitative CRP 16.05 mg/L.  

In this particular patient, management of the 
diarrhea was administered based on the attending 
physician's assessment and the patient was 
discharged in a good condition. The utilization of 

syndromic panel testing in this case raises a clinical 
question about the diagnostic capability of this test 
compared to culture testing as the gold standard in 
diagnosis of infection cases. 

Clinical Question 

Problems discussed in this evidence-based 
case report can be formulated into a clinical 
question, “What is the accuracy of syndromic 
testing in the diagnosis of patients with suspected 
gastrointestinal infections compared to culture 
examination as the gold standard?”. Problems in 
this case report consists of four components, 
namely Population (P): stool samples of patients 
suspected of gastrointestinal infection, Intervention 
(I): syndromic testing, Comparison (C): culture, 
Outcome (O): diagnostic accuracy (sensitivity, 
specificity, positive predictive value, and negative 
predictive value). 

Strategy and Article Search  

Article search was conducted on February 
21st, 2024, through several databases, namely 
PubMed, Scopus, Wiley Online Library, and 
ProQuest. The keywords used were “syndromic 
test*”, “syndromic diagnostic test*”, “syndromic 
panel”, “culture”, “gastrointestinal infection”, and 
“diagnostics” which were combined using Boolean 
operators “AND” and “OR”. Article screening was 
conducted based on the inclusion and exclusion 
criteria. Inclusion criteria in this EBCR were: (1) 
studies comparing the use of syndromic testing 
(multiplex PCR) to stool culture as the gold 
standard to diagnose patients with suspected 
gastrointestinal infections; (2) study design 
including systematic review/meta-analysis of cross
-sectional studies, cross-sectional studies, case 
control studies, or cohort studies; (3) studies 
written in Indonesian or English. Exclusion criteria 
in this EBCR were: (1) studies without full-text 
available; (2) studies with outcomes other than 
sensitivity, specificity, positive predictive value 
(PPV), and negative predictive value (NPV). 

Article selection was done through title and 
abstract screening, elimination of duplicate articles, 
and full-text articles readings to obtain articles that 
met the PICO, inclusion, and exclusion criteria. 
The article selection process can be seen in Figure 
1.  

There were two cross-sectional studies — by 
Knoth, et al. and Beckman, et al. — which met the 
specified criteria and proceeded to be critically 
appraised. A summary of each study can be seen in 
Table 1 and the results of the critical appraisal can 
be seen in Table 2, Table 3, and Table 4.  

https://issn.brin.go.id/terbit/detail/20240404390985649
https://issn.brin.go.id/terbit/detail/20240404510968929
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Figure 1. Article selection process  

Table 1. Summary of the studies used in this EBCR.  

Author (Year) 
Study de-

sign 
Patient (P) Intervention (I) 

Comparison 
(C) 

Outcome (O) 

Knoth C, et 
al.. (2024) 

Prospective 
cross-

sectional 
study 

n = 1554 
(stool sample) 

Syndromic testing 
[BioCode Gastro-
intestinal Patho-

gen Panel 
(BioCode GPP)] 

Bacterial 
culture 

Sensitivity, 
specificity, 

PPV, and NPV 

Beckman AK, 
et al.  (2019) 

Prospective 
cross-

sectional 
study 

n = 3687 
(stool sample) 

Syndromic testing 
[Verigene Enteric 
Pathogens (EP) 

Test] 

Bacterial 
culture 

Sensitivity, 
specificity, 

PPV, and NPV 

Table 2. Validity analysis of studies by Knoth C, et al.8 dan Beckman AK, et al.9 based on The Centre for 
Evidence-Based Medicine (CEBM) Oxford.  

Question 
Study 

Knoth C, et al. (2024) Beckman AK, et al. (2019) 

Was the diagnostic test evaluated in 
a Representative spectrum of pa-

tients (like those in whom it would 
be used in practice)? 

  

Yes Unclear 

Was the reference standard applied 
regardless of the index test result? 

  

Yes Yes 

Was there an independent, blind 
comparison between the index test 

and an appropriate reference ('gold') 
standard of diagnosis? 

  

Yes Yes 

https://issn.brin.go.id/terbit/detail/20240404390985649
https://issn.brin.go.id/terbit/detail/20240404510968929
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Table 3. Importance analysis of studies by Knoth C, et al.8 and Beckman AK, et al.9 based on The Centre for 
Evidence-Based Medicine (CEBM) Oxford.  

Study Pathogen 
Importance Level of 

evidence Sensitivity Specificity PPV* NPV* 

Knoth C, et al. 
(2024) 

Salmonella 83.3% 99.2% 67.6% 99.7% 

II*** 

Shigella 75% 98.9% 26.1% 99.9% 

Beckman AK, 
et al. (2019) 

Salmonella 95.2% 99.8% 88.2% 99.9% 
II*** 

Shigella 87.5% 99.8% 72.4% 99.9% 

*PPV: positive predictive value 
**NPV: negative predictive value 
***Based on the criteria levels of evidence Oxford CEBM 2011 

Table 4. Applicability analysis of studies by Knoth C, et al.8 and Beckman AK, et al.9 based on The Centre 
for Evidence-Based Medicine (CEBM) Oxford. 

Question 
Study 

Knoth C, et al. (2024) Beckman AK, et al. (2019) 

Were the methods for performing 
the test described in sufficient de-

tail to permit replication? 

  

Yes Yes 

 

Discussion 

Traditional diagnostic methods such as 
culture and susceptibility testing have still been 
widely used to identify the cause of an infection. 
However, these tests have limitations, such as 
taking quite a long time to obtain results which 
prolongs the administration of broad-spectrum 
antimicrobials. This can affect patient outcomes 
and increased hospital length of stay. The use of 
multiplex polymerase chain reaction (mPCR), also 
known as syndromic testing, is a faster diagnostic 
method for infections compared to culture. 
Multiplex PCR can detect many pathogens 
simultaneously, it detects viruses, bacteria, and 
parasites that cause diarrhea or gastrointestinal 
diseases, which helps shorten time of decision 
making.7 

This evidence-based case report used two 
studies as data sources to evaluate the accuracy of 
syndromic testing in identifying two common 
enteropathogens, Salmonella and Shigella. Both 
studies by Knoth C, et al.8 and Beckman AK, et al,9  
met the validity criteria so they are considered 
valid to be used as data sources. The study by 
Knoth C, et al.8 conducted culture testing 
(Salmonella and Shigella) and GI syndromic panel 
on 1554 samples from four different sites. The 
samples used were leftover stool samples sent as 
part of the routine screening for patients with 
suspected infections. Cultures were also performed 
by the home site of each sample according to each 
site’s procedures. On the other hand, the study by 

Beckman AK, et al,9 tested 3687 stool samples 
using GI panel and culture methods for Salmonella 
and Shigella.  

Based on the study of Knoth C, et al.,8 GI 
panel yielded sensitivity of 83.3%; specificity of 
99.2%; PPV of 67.6%; and NPV of 99.7% for 
Salmonella and sensitivity of 75%; specificity of 
98.9%; PPV of 26.1%; and NPV of 99.9% for 
Shigella. On the other hand, Beckman AK, et al.9 
reported sensitivity of 95.2%; specificity of 99.8%; 
PPV of 88.2%; and NPV of 99.9% for Salmonella 
and sensitivity of 87.5%; specificity of 99.8%; PPV 
of 72.4%; and NPV of 99.9% for Shigella. The 
exceptional specificity and NPV values (>98%) 
indicates that syndromic testing has good accuracy 
in declaring negative results in healthy patients 
(specificity) and the probability of patients being 
healthy when the results are negative (NPV). On 
the other hand, the sensitivity and PPV of 
syndromic testing have considerable variation, with 
the sensitivity for Salmonella and Shigella ranging 
from 75–95.2% and PPV up to 88.2%. This 
variation in sensitivity indicates that only about 75–
95.2% of patients that are truly infected with 
Salmonella and/or Shigella will yield a positive test 
result. The method also has the ability to produce 
up to 88.2% positive results in patients who are 
truly infected with these pathogens. Thus, 
syndromic testing is more likely to produce false 
positives than false negatives. This phenomenon 
may be due to the principle of the PCR method that 
identifies the genetic material of pathogens 
regardless of whether the pathogen is alive or dead. 
Hence, the detection of dead pathogens’ genetic 
material will result in false positives and is not 
clinically relevant.10,11 However, this drawback can 
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also be an advantage of syndromic testing, as this 
test is still able to identify dead pathogens after 
empirical antibiotics administration that may not be 
identified through conventional culture methods.11 

The implementation of syndromic testing in 
clinical practice has the potential to increase 
diagnostic efficiency for patients with suspected 
infections. In just a short period of time, negative 
results from syndromic testing can confirm the 
absence of a particular pathogen so that further 
evaluation can be carried out for pathogens that are 
positively detected. Study by Axelrad JE, et al.12 
found that patients who received GI panel testing 
were less likely to undergo endoscopic evaluation, 
abdominal radiology, and antibiotic treatment. 
Study by Torres-Miranda D, et al.13 also found that 
the use of GI panels aided shortening hospital 
length of stay and improving antibiotic 
stewardship. Although the cost of GI panel is 
greater than other conventional methods, the excess 
cost is offset by decrease in hospital length of stay 
and reduction of inappropriate antibiotic 
administration. Thus, the implementation of 
syndromic panels should be more cost efficient 
than conventional methods.  

The use of GI panels testing on our patient 
was proven advantageous in terms of aiding prompt 
diagnosis and reducing empirical antibiotics 
administration. These findings were consistent with 
those from previous studies mentioned in this 
evidence-based case report, which further supports 
the need for broader implementation of this 
diagnostic method across Indonesia. However, 
sourcing and funding are significant issues that 
must be addressed to facilitate this method across 
Indonesia. 

Conclusion 

Syndromic testing, which is based on the 
identification of genetic materials using PCR, has 
the potential to become the breakthrough in 
infectious diseases diagnostics with a relatively 
good sensitivity, specificity, PPV, and NPV. The 
short amount of time needed for examination can 
improve the effectiveness of clinical management.  
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