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| ABSTRACT |

Oz

Aim: Acute gastroenteritis (AGE) remains a significant public health
problem in children. This study aimed to evaluate the role of acute phase
reactants in differentiating between bacterial, parasitic, and viral etiologies
of AGE in children. This study was designed as a descriptive-comparative
observational study, not including diagnostic accuracy analyses.

Materials and Methods: A retrospective study was conducted on
126 children aged 0-17 years diagnosed with acute gastroenteritis
at Selcuk University Faculty of Medicine between January 2009 and
December 2014. Patients were divided into three groups: bacterial
AGE (n=39), parasitic AGE (n=38), and viral AGE (n=49). Demographic
data, clinical findings, and laboratory parameters including complete
blood count, C-reactive protein (CRP), erythrocyte sedimentation rate
(ESR), and biochemical markers were analyzed. Potential confounding
factors such as disease duration, degree of dehydration, history of
antibiotic use, and nutritional status could not be controlled for due to
the retrospective design. In addition, the measurement time of acute
phase markers was not standardized according to symptom onset.

Results: No significant gender difference was observed among groups
(p>0.05). Viral AGE patients were significantly younger than bacterial
and parasitic AGE patients (p=0.024). Mean platelet volume (MPV) was
significantly higher in bacterial AGE compared to other groups (p=0.000).
ALT and AST levels were significantly elevated in viral AGE (p=0.009 and
p=0.02, respectively). Absolute eosinophil count was highest in parasitic
AGE (p=0.008). ESR and CRP levels were significantly higher in bacterial
AGE compared to viral AGE (p=0.026 and p=0.000, respectively), but no
significant CRP difference existed between bacterial and parasitic AGE
(p=0.058). This finding indicates that CRP and ESH are insufficient in
differentiating bacterial and parasitic etiologies. ROC analysis and cut-off
values were not calculated due to the descriptive nature of the study.

Conclusion: In this study, acute phase markers (especially CRP and ESH)
were helpful in differentiating viral AGE from bacterial/parasitic AGE,
but they could not provide a reliable distinction between bacterial and
parasitic etiologies. High eosinophil count supports parasitic etiology,
while high transaminases suggest viral AGE. However, the findings of
our study are not sufficient to suggest diagnostic decision thresholds
and highlight the importance of specific microbiological tests in clinical
practice. In the future, prospective diagnostic accuracy studies with
standardized timing and larger samples are needed.

Keywords: Acute gastroenteritis, children, acute phase reactants,
C-reactive protein, differential diagnosis

Amag: Akut gastroenterit (AGE) cocuklarda 6nemli bir halk sagligr sorunu
olmaya devam etmektedir. Bu ¢alismada, akut faz belirteclerinin cocuklarda
bakteriyel, paraziter ve viral AGE etiyolojilerini ayirt etmedeki roltinin deger-
lendirilmesi amaglanmistir. Bu calisma, tanisal dogruluk analizleri icermeyen,
tanimlayici-karsilastirmali gézlemsel bir calisma olarak tasarlanmistir.

Gereg ve Yontem: Selcuk Universitesi Tip Fakiiltesi'nde Ocak 2009-Aralik
2014 tarihleri arasinda akut gastroenterit tanisi alan 0-17 yas arasi 126 ¢o-
cuk retrospektif olarak degerlendirildi. Hastalar ¢ gruba ayrildi: bakteriyel
AGE (n=39), paraziter AGE (n=38) ve viral AGE (n=49). Demografik veriler,
klinik bulgular ve tam kan sayimi, C-reaktif protein (CRP), eritrosit sedimen-
tasyon hizi (ESH) ve biyokimyasal belirtecler dahil laboratuvar parametrele-
ri analiz edildi. Hastalik stresi, dehidratasyon derecesi, antibiyotik kullanim
oykusl ve beslenme durumu gibi potansiyel karistirici faktorler retrospektif
tasarim nedeniyle kontrol edilememistir. Ayrica, akut faz belirteclerinin 6l-
¢lim zamani semptom baslangicina gére standardize edilmemistir.

Bulgular: Gruplar arasinda cinsiyet agisindan anlamli fark gézlenmedi (p>0,05).
Viral AGE hastalari, bakteriyel ve paraziter AGE hastalarina gére anlamli derece-
de daha gengti (p=0,024). Ortalama trombosit hacmi (MPV) bakteriyel AGE'de
diger gruplara gore anlamli derecede y(ksekti (p=0,000). ALT ve AST duzeyleri
viral AGE'de anlamli derecede yUksekti (sirastyla p=0,009 ve p=0,02). Mutlak eo-
zinofil sayisi paraziter AGE'de en yuksekti (p=0,008). ESH ve CRP dizeyleri bak-
teriyel AGE'de viral AGE'ye gére anlamli derecede yiiksekti (sirasiyla p=0,026 ve
p=0,000), ancak bakteriyel ve paraziter AGE arasinda CRP agisindan anlamli fark
yoktu (p=0,058). Bu bulgu, CRP ve ESH'nin bakteriyel ve paraziter etiyolojileri
ayirt etmede yetersiz oldugunu gostermektedir. ROC analizi ve cut-off deger-
leri calismanin tanimlayict dogasi geredi hesaplanmamistir.

Sonug: Bu calismada, akut faz belirtecleri (6zellikle CRP ve ESH) viral AGE'yi
bakteriyel/paraziter AGE'den ayirmada yardimci olsa da, bakteriyel ve pa-
raziter etiyolojiler arasinda gtvenilir bir ayinm saglayamamaktadir. Yiksek
eozinofil sayisi paraziter etiyolojiyi desteklerken, yiksek transaminazlar viral
AGE'yi dustindtrmektedir. Bununla birlikte, calismamizin bulgulari tanisal
karar esikleri onerilebilmesi icin yeterli olmayip, klinik uygulamada spesifik
mikrobiyolojik testlerin dnemini vurgulamaktadir. Gelecekte, standardize
edilmis zamanlamada ve daha buytk 6rneklemlerle yapilacak prospektif
tanisal dogruluk calismalarina ihtiyag vardir.

Anahtar Kelimeler: Akut gastroenterit, cocuklar, akut faz belirtecleri, C-re-
aktif protein, ayirici tani
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INTRODUCTION

Acute gastroenteritis (AGE), defined as diarrheal
disease lasting less than 14 days, remains one of the
most common public health problems worldwide,
particularly in developing countries (1,2). It is the
second most common cause of morbidity and mortality
in children after lower respiratory tract infections
(3). In Turkey, AGE accounts for 8.4% of deaths in
the 0-14 age group, ranking as the fourth leading
cause of mortality (4). The etiological agents of AGE
include viruses (approximately 70%), bacteria (10-
20%), and parasites (<10%) (5). Rotavirus and enteric
adenoviruses are the most common viral pathogens,
while Salmonella, Shigella, and Campylobacter species
predominate among bacterial agents, and Entamoeba
histolytica and Giardia intestinalis among parasitic
agents (6,7). Determining the etiology of AGE is crucial
for appropriate management, as antibacterial and
antiparasitic treatment should be reserved for selected
cases. However, in many healthcare settings, especially
in rural areas where advanced diagnostic facilities are
unavailable, empirical antimicrobial treatment is often
initiated without etiological confirmation (8). This
practice may lead to unnecessary antibiotic use and
increased antimicrobial resistance.

Acute phase reactants (APRs), including C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR), and
white blood cell (WBC) count with differential, are readily
available laboratory tests that may aid in differential
diagnosis (9). Several studies have suggested that CRP
and other APRs could help distinguish between viral
and bacterial gastroenteritis (10-12). However, data
on their role in differentiating parasitic from bacterial
and viral etiologies remain limited. This study aimed
to evaluate the role of acute phase reactants in the
differential diagnosis of bacterial, parasitic, and viral
acute gastroenteritis in children.

MATERIAL AND METHOD

Ethical Approval

This study was approved by the Non-Interventional
Clinical Research Ethics Committee of Selcuk University
Faculty of Medicine on September 23,2014 (Decision No:
2014/267). The study was conducted in accordance with
the Declaration of Helsinki.

Data Collection

A retrospective review was conducted on medical
records of children aged 0-17 years diagnosed with
acute gastroenteritis at the Pediatric Outpatient Clinics,
Pediatric Emergency Department, and Pediatric Wards of
Selcuk University Faculty of Medicine Hospital between
January 1, 2009, and December 31, 2014.

Inclusion criteria:

+ Age 0-17 years

- Diarrhea duration <14 days (consistent with acute
gastroenteritis)

- Identification of at least one bacterial, viral, or
parasitic agent through etiological testing

« Availability of at least two acute phase reactant
measurements (complete blood count, ESR,
procalcitonin, or CRP)

Exclusion criteria:

« Presence of active comorbidity that could affect
acute phase reactants

- Chronic gastroenteritis (duration >14 days)

+ Undetermined etiology of AGE

« Incomplete laboratory data for acute phase reactants

A total of 126 patients meeting the criteria were
included and divided into three groups based on
etiological agent: bacterial AGE (BAGE, n=39), parasitic
AGE (PAGE, n=38), and viral AGE (VAGE, n=49).
Microbiological Methods; Bacterial agents: Stool
samples were cultured on Salmonella-Shigella agar
and incubated at 35°C for 24 hours. Lactose-negative
and/or H2S-positive colonies were identified using
conventional methods (oxidase test, indole test, motility
test, urease test, triple sugar iron agar) and automated
systems (VITEK 2). *Clostridium difficile* toxin A/B was
detected using the ELFA method with the C. difficile
Toxin A/B kit on the VIDAS system (bioMerieux, France).
Parasitic agents:Giardia intestinalis and Blastocystis
hominis were identified by direct microscopy.
Entamoeba histolytica adhesin antigen was detected
by ELISA using the Wampole™ E. histolytica Il kit.
Viral agents: Rotavirus and adenovirus antigens were
detected using the immunochromatographic GenX
Rota-Adeno Card kit. Laboratory Analysis Complete
blood count parameters including white blood cell
(WBCQ), absolute neutrophil count (ANS), absolute
lymphocyte count (ALS), absolute monocyte count
(AMS), absolute eosinophil count (AES), platelet count
(PLT), and mean platelet volume (MPV) were analyzed
using automated hematology analyzers. CRP was
measured by nephelometry, and ESR was determined
by the Westergren method. Biochemical parameters
including urea, creatinine, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), sodium (Na),
potassium (K), and chloride (Cl) were measured using
standard automated methods. Urinalysis including
density, pH, and ketone levels was performed.

Statistical Analysis

Statistical analysis was performed using SPSS
version 22.0 (SPSS Inc., Chicago, IL, USA). Continuous
variables were expressed as meanztstandard
deviation. One-way analysis of variance (ANOVA)
was used to compare group means, followed by
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Tukey HSD post-hoc test for pairwise comparisons
when ANOVA was significant. For non-parametric
data, the Kruskal-Wallis test was applied, followed
by Mann-Whitney U test with Bonferroni correction
for post-hoc analysis. Categorical variables (gender,
age group) were compared using the Chi-square
test. Correlations were expressed using Pearson
correlation coefficient. A p-value <0.05 was
considered statistically significant.

RESULTS

Patient Characteristics; A total of 126 children with
acute gastroenteritis were included in the study. The
distribution of etiological agents is presented in Table 1.
Viral agents were the most common (38.8%), followed by
bacterial (31.0%) and parasitic (30.2%) agents.

Table 1. Distribution of etiological agents in acute

gastroenteritis

Etiological Agent n %

Bacterial 39 31.0
Parasitic 38 30.2
Viral 49 38.8
Total 126 100

Among bacterial agents, *Salmonella* species were
the most frequently isolated (19.8%), followed by
*Shigella* (6.3%) and *Clostridium difficile* (4.8%). In
the parasitic group, *Blastocystis hominis* (18.2%) was
more common than *Entamoeba histolytica* (11.9%).
Rotavirus was the predominant viral agent (32.6%),
followed by adenovirus (4.0%) and mixed rotavirus-
adenovirus infection (2.4%) (Table 2).

Table 2. Specific etiological agents identified in acute

gastroenteritis cases

Etiological Agent n %

Salmonella spp. 25 19.8
Shigella spp. 8 6.3

Clostridium difficile 6 4.8
Entamoeba histolytica 15 11.9
Blastocystis hominis 23 18.2
Rotavirus 41 32.6
Adenovirus 5 4.0
Rotavirus + Adenovirus 3 24
Total 126 100

Demographic findings; The study population consisted
of 68 females (54.0%) and 58 males (46.0%). No significant
gender difference was observed among the three groups
(p>0.05). The mean age of all patients was 54.65+53.90
months. Viral AGE patients (38.31+42.18 months) were
significantly younger than bacterial (65.92+53.86
months) and parasitic AGE patients (64.14+63.09
months) (p=0.024) (Table 3).

Table 3. Demographic characteristics of study groups

Characteristic BAGE (n=39) PAGE (n=38) VAGE (n=49) p value

Age(months), o o) 5386 641446300 38.31442.18 0024
mean+SD
Gender (F/M) 22/17 19/19 27/22 0.83

BAGE: Bacterial acute gastroenteritis; PAGE: Parasitic acute gastroenteritis; VAGE: Viral acute
gastroenteritis; SD: Standard deviation

Age group distribution revealed that 53% of viral AGE
cases occurred in children under 24 months of age,
compared to 20% of bacterial and 42% of parasitic AGE
cases (Table 4).

Table 4. Age group distribution of acute gastroenteritis cases

Age Group BAGE (n=39) PAGE (n=38) VAGE (n=49)
0-24 months 8 (20%) 16 (42%) 26 (53%)
24-48 months 11 (29%) 5(13%) 10 (20%)
48-96 months 12 (31%) 6 (16%) 7 (14.5%)
>96 months 8 (20%) 11 (29%) 6 (12.5%)

Seasonal distribution; Bacterial AGE peaked in July
(summer), viral AGE showed increased frequency in
August, September, and January (summer and winter),
while parasitic AGE was most common in September
and October (autumn) (Figure 1). Overall, bacterial
and viral AGE were most frequent in summer, while
parasitic AGE predominated in autumn. Laboratory
Findings;Hematological parameters: No significant
differences were observed among groups for hemoglobin,
platelet count, WBC, ANS, ALS, or AMS (p>0.05 for all).
However, MPV was significantly higher in bacterial AGE
(8.16+1.39fL) compared to parasitic (6.88+1.08 fL) and viral
AGE (6.81£1.72 fL) (p=0.000). Absolute eosinophil count
was significantly elevated in parasitic AGE (162+192/uL)
compared to bacterial (72+83/pL) and viral AGE (59+135/
pL) (p=0.008) (Table 5). Biochemical parameters: Viral AGE
patients showed significantly higher ALT (30.6+27.2 U/L)
and AST (42+18.5 U/L) levels compared to bacterial and
parasitic groups (p=0.009 and p=0.02, respectively). Urea
levels were significantly higher in viral AGE (27.9+£15.6 mg/
dL) compared to bacterial AGE (16+£9.8 mg/dL) (p=0.04).
Chloride levels were also significantly elevated in viral AGE
(108.1+£4.0 mEqg/L) compared to other groups (p=0.03).
No significant differences were observed for creatinine,
sodium, potassium, or urinalysis parameters (p>0.05).

Acute Phase Reactants ESR was significantly higher
in bacterial AGE (37+26 mm/h) compared to parasitic
(1611 mm/h) and viral AGE (14+14 mm/h) (p=0.026).
CRP levels showed a stepwise decrease from bacterial
(101.84+83.33 mg/L) to parasitic (60.66+92.49 mg/L)
to viral AGE (18.82+35.26 mg/L). Pairwise comparisons
revealed significant differences between bacterial and
viral AGE (p=0.000) and between parasitic and viral AGE
(p=0.034). However, the difference between bacterial
and parasitic AGE did not reach statistical significance
(p=0.058) (Table 6).
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Table 5. Laboratory parameters of study groups

Parameter BAGE (mean+SD) PAGE (mean=SD) VAGE (mean+SD) p value
Hematological
Hemoglobin (g/dL) 12.04£1.5 12.6+1.6 11.9+1.4 0.169
PLT (K/pL) 333.605+119.143 335.400482.791 347.361+110.208 0.759
MPV (fL) 8.16x+1.39 6.88+1.08 6.81£1.72 0.000
WBC (K/pL) 12.331+8.039 11.903+5.006 11.850+8.980 0.380
ANS (K/pL) 8.125+8.283 7.580+4.717 7.679+7.125 0.697
ALS (K/pL) 2.946+2.381 3.305+2.394 3.092+2.839 0.772
AMS (K/uL) 1.138+1.070 7724443 902+676 0.424
AES (K/pL) 72483 162+192 59+135 0.008
Biochemical
Urea (mg/dL) 16.0+£9.8 22.8+17.3 27.9£15.6 0.04
Creatinine (mg/dL) 0.50+0.18 0.53%+0.27 0.46%0.12 0.593
ALT (U/L) 17.9+10.4 22.5+19.7 30.6+27.2 0.009
AST (U/L) 33.7+£13.7 34.2+17.2 42.0+18.5 0.02
Sodium (mEg/L) 134.2+£3.5 136.7£5.2 136.6+£2.8 0.05
Potassium (mEq/L) 4.14+0.71 4.05+0.56 4.03+0.52 0.799
Chloride (mEq/L) 104.6+5.05 105.8+3.8 108.1+4.0 0.03
Acute Phase Reactants
ESR (mm/h) 37+26 16£11 1414 0.026
CRP (mg/L) 101.84+83.33 60.66+92.49 18.82+35.26 0.000

BAGE: Bacterial acute gastroenteritis; PAGE: Parasitic acute gastroenteritis; VAGE: Viral acute gastroenteritis; PLT: Platelet; MPV: Mean platelet volume; WBC: White blood cell; ANS: Absolute
neutrophil count; ALS: Absolute lymphocyte count; AMS: Absolute monocyte count; AES: Absolute eosinophil count; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ESR:

Erythrocyte sedimentation rate; CRP: C-reactive protein

Table 6. Pairwise comparisons of CRP levels among groups

Comparison p-value
Bacterial AGE vs. Parasitic AGE 0.058
Bacterial AGE vs. Viral AGE 0.000
Parasitic AGE vs. Viral AGE 0.034

DISCUSSION

This study evaluated the role of acute phase reactants
in differentiating between bacterial, parasitic, and viral
acute gastroenteritis in children. Our findings show
that some APR patterns may point to specific etiologies,
but their usefulness in making a definitive distinction,
especially between bacterial and parasitic infections, is
limited. Our study is descriptive-comparative and does
not include diagnostic accuracy analyses (ROC, cut-off);
therefore, our findings do not directly suggest a clinical
decision threshold.

The inadequacy of CRP and ESR in differentiating
between bacterial and parasitic infections, one of
the most challenging areas in clinical practice, is a
significant limitation. Our findings demonstrate that
while certain APR patterns may suggest specific
etiologies, their utility in definitive differential diagnosis
is limited, particularly between bacterial and parasitic
infections. The demographic characteristics of our study
population were consistent with previous reports. The
absence of gender predominance across etiological
groups aligns with findings from Soli et al. in Papua
New Guinea (13) and Catakli et al. in Turkey (14). The
significantly younger age of viral gastroenteritis patients,

particularly those under two years, corroborates the well-
established epidemiology of rotavirus infection, which
predominantly affects infants and young children (15,16).
Bicer et al. reported that 70% of rotavirus gastroenteritis
cases occurred in children under two years (17), similar to
our finding of 53% viral AGE in this age group. Seasonal
distribution patternsin our study showed some variations
from classical descriptions. While rotavirus is typically
associated with winter and spring in temperate climates
(18,19), we observed increased viral AGE frequency
during summer months (August-September) in addition
to winter (January). Similar summer predominance
has been reported in studies from Van, Turkey (20) and
Bulgaria (21), suggesting possible regional variations
in viral gastroenteritis epidemiology. The autumn
predominance of parasitic infections, particularly
amebiasis, is consistent with findings from Gurbiz et
al. in Ankara (22). Among hematological parameters,
MPV emerged as a significant differentiating factor, with
bacterial AGE patients showing the highest values. This
finding contrasts with Mete et al., who reported highest
MPV values in non-rotavirus AGE (including bacterial and
parasitic) followed by rotavirus AGE (23). The association
between MPV and inflammation is complex, as platelets
play active roles in both local and systemic inflammatory
responses (24). Our results suggest that bacterial
infections may induce greater platelet activation and
larger platelet volume compared to viral or parasitic
gastroenteritis. The elevated eosinophil counts in
parasitic AGE patients were expected, given the well-
known association between parasitic infections and
eosinophilia (25). This finding supports the diagnostic
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value of complete blood count with differential in
suspected parasitic gastroenteritis, particularly in
settings where specific parasitic tests may not be readily
available. A notable finding was the significant elevation
of ALT and AST in viral gastroenteritis patients, consistent
with observations by Coban and Topal, who reported
elevated transaminases in 18.4% and 12.7% of rotavirus
gastroenteritis cases, respectively (26). This suggests
that viral AGE, particularly rotavirus, may be associated
with mild hepatic involvement, possibly due to systemic
inflammatory response or direct viral effects. The acute
phase reactants CRP and ESR demonstrated significant
differences between viral and non-viral (bacterial and
parasitic) gastroenteritis. The markedly lower CRP levels
in viral AGE (mean 18.82 mg/L) compared to bacterial
(101.84 mg/L) and parasitic (60.66 mg/L) groups support
the utility of CRP in ruling out viral etiology. These
findings align with Korczowski and Szybist (10) and
Yeung et al. (11), who reported significantly higher CRP
in bacterial compared to viral gastroenteritis. However,
the lack of significant CRP difference between bacterial
and parasitic groups (p=0.058) indicates that CRP alone
cannot reliably distinguish between these etiologies.
Similarly, ESR was significantly higher in bacterial AGE
compared to both viral and parasitic groups. Yeung
et al. found no significant ESR difference between
bacterial and viral enterocolitis (11), whereas our study
demonstrated clear discrimination. This discrepancy
may relate to differences in study populations, timing
of ESR measurement, or specific pathogens involved.
The inability of CRP and ESR to differentiate bacterial
from parasitic gastroenteritis has important clinical
implications. In settings where empirical antimicrobial
treatment is considered based on elevated APRs, patients
with parasitic infections might inappropriately receive
antibiotics. This underscores the need for additional
diagnostic tools, including stool microscopy and antigen
testing, when parasitic etiology is suspected, particularly
in endemic areas or during seasons with high parasitic
disease prevalence. Several limitations of this study
should be acknowledged. First, the retrospective design
may introduce selection bias and limit control over
data quality. Second, the sample size, particularly for
subgroup analyses of specific pathogens, was relatively
small. Third, the study was conducted at a single
tertiary care center, which may limit generalizability
to primary care settings where most AGE cases are
managed. Fourth, not all patients had complete APR
panels, potentially affecting statistical power for some
comparisons. Fifth, the timing of APR measurement
relative to illness onset was not standardized, which
may influence results given the dynamic nature of acute
phase responses. Finally, potential confounders such as
dehydration severity, nutritional status, and previous
antibiotic use could not be adequately controlled due
to the retrospective design.

CONCLUSION

This study has shown that acute phase markers
(especially CRP and ESH) in children with acute
gastroenteritis can help rule out viral etiology, but
cannot provide a reliable distinction between bacterial
and parasitic etiologies. Low CRP and ESH levels
support viral etiology and may help reduce unnecessary
antibiotic use. However, since high CRP/EISH values can
indicate parasitic infection as well as bacterial infection,
these markers alone are not sufficient for bacterial
vs. parasitic differentiation. High eosinophil counts
support parasitic etiology, while high transaminases
suggest viral AGE. Due to the descriptive nature of
our study, diagnostic decision thresholds cannot be
recommended. In the future, prospective diagnostic
accuracy studies are needed that include standardized
timing of acute phase marker measurements,
integration of clinical and epidemiological data, and
cut-off values determined by ROC analysis.
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