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Abstract

Introduction

Neonatal calf (between 24 hours and 28 days of age) diarrhea is a common and multifactorial condition 
that poses a significant challenge in cattle production systems. It results from interactions between 
infectious agents and management-related factors such as housing, nutrition, and hygiene, thereby 
necessitating an integrated management approach for effective control (Astiz et  al., 2017; Probo & 
Veronesi, 2022; Sedky et al., 2025; Torreggiani et al., 2025). The incidence and impact of neonatal calf 
diarrhea are affected by various factors, including geographical location, production system type, 
seasonal variations, and management practices. Studies have reported that its incidence ranges from 
24% to 30% in Europe and the United States (Donovan et al., 1998; Probo & Veronesi, 2022; Svensson 
et al., 2003; Virtala et al., 1996). Additionally, the mortality rate of diarrheic calves varies between 15% 
and 30% in Europe (Heinrichs & Radostits, 2001), while exceeding 50% in the United States (NAHMS, 
2008; Probo & Veronesi, 2022). The detrimental effects of neonatal diarrhea extend beyond direct out-
comes such as mortality and treatment costs, as it can impair herd productivity and economic viability 
through reduced weight gain, lower first-lactation milk production, and an increased predisposition 
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What is already known on this 
topic?

•	 Neonatal calf diarrhea is a 
widespread, multifactorial condi-
tion with high morbidity, morta-
lity, and economic losses in cattle 
farming.

•	 The main etiological agents include 
C. parvum, E. coli, bovine RVA, and 
BCoV, with mixed infections frequ-
ently reported.

Neonatal calf diarrhea is a widespread and multifactorial condition that 
poses a significant challenge in cattle farming. The major etiological pat-
hogens include Cryptosporidium parvum, Escherichia coli, bovine group A 
rotavirus (RVA), and bovine coronavirus (BCoV). Accurate identification of 
these pathogens is essential for the development of targeted prevention 
and control strategies. This study aimed to obtain comprehensive molecular 
epidemiological data on neonatal calf diarrhea by determining the preva-
lence of major pathogens, evaluating the frequency of mixed infections, and 
analyzing their association with predisposing factors. Between September 
2023 and August 2024, 120 fecal samples were collected monthly from diar-
rheic neonatal calves across 18 different small-scale cattle farms with similar 
traditional management practices. Samples were initially screened using 
polymerase chain reaction (PCR), and positive amplicons were confirmed 
through sequence analysis. A total of 117 (97.5%) calves were found to be 
infected with at least one pathogen. Cryptosporidium parvum was the most 

frequently detected agent, identified in 95 samples (79.1%), followed by E. 
coli in 61 (50.8%), RVA in 36 (30%), and BCoV in 27 (22.5%). The C. parvum 
subtype IIaA13G2R1 was identified for the first time in the research area, 
confirming its dominance as a subtype in calves in Türkiye. Age emerged 
as the most influential predisposing factor, with E. coli infections occurring 
most frequently during the first week of life, whereas RVA/BCoV and C. par-
vum infections peaked during the second week. Seasonal variation also sha-
ped pathogen patterns, with C. parvum occurring at relatively similar rates 
across seasons, whereas E. coli infections were more frequent in autumn and 
spring, and RVA/BCoV detections peaked in winter. These findings under-
score the importance of early-life monitoring and season-aware manage-
ment strategies to mitigate neonatal calf diarrhea.

Keywords: Bovine coronavirus, bovine group A rotavirus, Cryptosporidium 
parvum, Escherichia coli, neonatal calf diarrhea, risk factors
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to secondary diseases, particularly respiratory infections. Neonatal calf diarrhea is also associated with 
sickness behaviors such as increased lying time and reduced milk consumption (Abuelo et al., 2021; 
Goharshahi et  al., 2021; Probo & Veronesi, 2022; Sutherland et  al., 2018; Waltner-Toews et  al., 1986; 
Wilson et al., 2023; Virtala et al., 1996). Calf losses have significant economic implications at the national 
level. In Türkiye, the estimated economic loss per deceased calf has been calculated to be approximately 
1.293 USD (Demir et al., 2019).

Neonatal calf diarrhea results from both non-infectious and infectious factors, with various enteric 
pathogens, including viruses, bacteria, and protozoa, contributing to its onset (Cho & Yoon, 2014; Sedky 
et al., 2025). While a single primary pathogen may occasionally be responsible, mixed infections are com-
monly detected in diarrheic calves. Despite considerable advancements in cattle production, including 
enhancements in herd management, housing conditions, animal health care, nutrition, and the strate-
gic use of biopharmaceuticals, calf diarrhea remains a significant concern due to its complex and mul-
tifactorial nature. A thorough understanding of its underlying mechanisms, including the interaction of 
multiple pathogens, mixed infections, environmental influences, and calving-period management and 
feeding practices, is essential for the development of effective prevention and control measures before 
outbreaks occur (Cho & Yoon, 2014).

The major etiological pathogens of neonatal calf diarrhea under one month of age include 
Cryptosporidium parvum, Escherichia coli, bovine group A rotavirus (RVA), and bovine coronavirus (BCoV) 
(Badaracco et al., 2012; Berber et al., 2021; Bok et al., 2015; Garro et al., 2016; López-Novo et al., 2025; 
Torreggiani et al., 2025; Vega et al., 2020; Yildirim et al., 2020).

Accurate identification of these pathogens is essential for the development of targeted prevention 
and control strategies against neonatal calf diarrhea (Sedky et al., 2025). Therefore, this study aimed to 
provide the first comprehensive molecular epidemiological assessment of neonatal calf diarrhea from 
Muğla province of Türkiye. For this purpose, we aimed to (1) determine the molecular prevalence of 
major enteric pathogens, including C. parvum, E. coli, bovine RVA, and BCoV in diarrheic neonatal calves; 
(2) identify and quantify the frequency of mixed infections; (3) assess the association between pathogen 
occurrence and predisposing factors such as season and age; and (4) establish baseline data to support 
the development of future control and prevention strategies for neonatal calf diarrhea.

Materials and Methods

Field Study and Sample Collection
The study was conducted between September 2023 and August 2024 in the Muğla province of Türkiye. 
Neonatal calves with diarrhea were targeted for sampling throughout this period, and the minimum 
required sample size was determined through a G-Power analysis assuming a large effect size (0.4). Fecal 
samples were collected monthly from diarrheic neonatal calves across 18 small-scale farms. These farms 
typically housed approximately 5–50 calves and shared similar environmental and management char-
acteristics, including traditional barn structures and limited mechanization. Farm enrolment and sample 
collection were based solely on the presence of neonatal calves with diarrhea during the study period. 
Fecal samples from each calf were collected once, directly from the rectum, to prevent cross-contamina-
tion, using disposable gloves, and placed individually into disposable sterile plastic containers. The fecal 
specimens were then transferred to the parasitology, bacteriology, and virology laboratories of Muğla 
Sıtkı Koçman University Faculty of Milas Veterinary Medicine via transport containers with ice and were 
immediately stored at 4°C for further processing. Each fecal sample was initially portioned for parasitic, 
bacterial, and viral analyses, while the remaining part was stored at −20°C for possible future use.

Genomic DNA and Viral RNA Extraction
For Cryptosporidium spp., genomic DNA (gDNA) from each fecal sample portioned for parasitic analy-
ses was individually isolated using the commercial DNA purification kit (Magen HiPure Stool DNA Kit) 
according to the manufacturer’s instructions. The extracted gDNA samples were stored at −20°C until 
molecular analysis.

For RVA and BCoV, RNA from each fecal sample portioned for viral analyses was individually isolated 
using the commercial RNA purification kit (Magen HiPure Stool RNA Kit) according to the manufac-
turer’s instructions. The extracted RNA samples were stored at −20°C for a short period until comple-
mentary DNA (cDNA) synthesis was performed.

Isolation of E. coli: Fecal samples portioned for bacterial analyses were inoculated onto MacConkey 
agar, followed by incubation at 37°C for 24 hours. Lactose-positive colonies were selected, purified, and 

•	 Age, season, and management 
practices are recognized factors inf-
luencing the incidence and severity 
of infections.

What this study adds on this 
topic?

•	 Provides the first comprehensive 
molecular epidemiological assess-
ment of neonatal calf diarrhea in 
Muğla province of Türkiye, detailing 
the prevalence and distribution of 
C. parvum, E. coli, bovine RVA, and 
BCoV.

•	 Identifies the C. parvum subtype 
IIaA13G2R1 for the first time in cal-
ves in the study area, confirming 
its dominance subtype in calves in 
Türkiye.

•	 Highlights age and season as sig-
nificant epidemiological determi-
nants influencing the spread and 
severity of infections, underscoring 
the importance of ongoing monito-
ring and offering baseline data for 
prevention and control strategies 
beneficial to veterinarians, animal 
health professionals, and farmers.
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re-inoculated onto MacConkey agar (Gibbons et al., 2014). The colo-
nies were then cultured in TSB (Tryptic Soy Broth) at 37°C for 16–18 
hours. Subsequently, approximately 1 mL of the TSB culture was 
transferred to a tube and centrifuged to obtain a pellet. Genomic 
DNA extraction for E. coli was performed according to the protocol 
described by Güler et al. (2008).

Polymerase Chain Reaction/Reverse Transcription Polymerase 
Chain Reaction Analyses
Polymerase chain reaction primers used for the detection and 
molecular characterization of major pathogens associated with neo-
natal calf diarrhea are presented in Table 1.

For cDNA synthesis from the RNA samples, a commercial kit (Grisp, 
Xpert cDNA Synthesis Kit, Cat No. GK80.0100) was used. The reaction 
was carried out in a 20 μL final volume, comprising 4 µL 5X reaction 
buffer, 1 µL dNTP mix, 1 µL hexaprimer, 1 µL Xpert Rtase, and 11 µL 
dH2O. The single-cycle synthesis step was carried out under the fol-
lowing conditions: 10 minutes at 25°C, 50 minutes at 55°C, 5 minutes 
at 85°C, followed by 2 minutes on ice.

For Cryptosporidium, RVA, and BCoV: The PCR reaction was carried 
out in a 25 μL final volume, comprising 12.5 µL of Dream Taq PCR 
Master Mix (Thermo Scientific, Waltham, MA, USA), 1 μM of each 
primer, and 10–30 ng of gDNA/cDNA for the amplification of the tar-
get gene region. The thermal cycling conditions were as follows: an 
initial denaturation step at 95°C for 2 minutes, followed by 35 cycles 
of 30 seconds at 95°C, 30 seconds at (annealing temperature for each 
primer pair is given in Table 1), and 60 seconds at 72°C, with a final 
extension step at 72°C for 10 minutes. Amplicons (5 µL) were ana-
lyzed in 1.5% agarose gel, stained with SafeViewTM (Applied Biological 
Materials, Richmond, BC, Canada), and visualized by UV illumination.

For E. coli, multiplex PCR analysis was performed using a total reac-
tion mixture of 25 µL, including 0.1 µL of each primer, 5 µL of gDNA, 
and 18.6 µL of distilled water, prepared as two distinct PCR mixes. 
To ensure molecular confirmation of culture-positive strains and 
to maintain internal control in the reactions, the phoA gene was 
included in both PCR mixes, allowing molecular verification of the 
strains as E. coli. The thermal profile for PCR mix 1 consisted of an 
initial cycle at 95°C for 1 minute, followed by 35 cycles of denatur-
ation at 94°C for 1 minute, annealing at 55°C for 1 minute, exten-
sion at 72°C for 1 minute, and a final extension at 72°C for 5 minutes. 
For PCR mix 2, the conditions included an initial cycle at 95°C for 1 
minute, followed by 35 cycles of denaturation at 94°C for 1 minute, 
annealing at 57°C for 1 minute, extension at 72°C for 1 minute, and 
a final extension at 72°C for 5 minutes. After the reaction, 10 µL of 
the amplicon was subjected to electrophoresis on a 2% agarose gel 
stained with Safeview. The virulence properties of the isolates were 
further evaluated by examining the specific band sizes.

Sequencing Analyses of Cryptosporidium parvum, Bovine 
Coronavirus, and Bovine Group A Rotavirus Isolates
Polymerase chain reaction products representing study areas were 
purified and sequenced for further analysis in both directions 
(Macrogen, Amsterdam, The Netherlands) using the AL3532/AL3534 
nested PCR primers for subtyping of C. parvum isolates.

For the molecular characterization of RVA and BCoV isolates, PCR 
products from each were purified and sequenced in both directions 

(Macrogen, Amsterdam, The Netherlands) using the 157/VPP6-F and 
BCoVF/R primers, respectively.

All sequences obtained were assembled and edited using the 
Geneious Prime 2024.0.5 software (https://​www.gene​ious.com). 
Sequences were individually assessed by evaluating the phred 
scores and chromatogram quality, and a consensus sequence was 
generated. To identify species, final nucleotide sequences were ana-
lyzed using the BLASTn plugin in Geneious Prime.

The subtyping of C. parvum isolates was performed in accordance 
with the relevant nomenclature established by Xiao and Feng (2017). 
The nucleotide sequence of C. parvum isolate has been submitted 
to GenBank with the following isolate name (2MCpar) and accession 
number PV555434.

Statistical Analysis
The minimum required sample size was calculated using G-Power 
3.1.9.4 (Heinrich-Heine-Universität Düsseldorf; Düsseldorf, Germany) 
(Company; City, Country) for a chi-square goodness-of-fit test, 
assuming a large effect size (w = 0.40), α = 0.05, power = 0.95, and 4 
degrees of freedom. The analysis showed that a sample size close to 
the one used in the study would provide sufficient statistical power. 
Therefore, 120 diarrheic neonatal calves were included to ensure 
adequate power and representativeness for preliminary epidemio-
logical assessment in the study area.

The data were subjected to descriptive statistics, and the frequency 
distributions of the pathogens according to the factors studied were 
summarized as frequencies (n) and percentages (%). The factors that 
were potentially effective for bacterial, viral, and parasitic pathogens 
were evaluated. Pearson’s chi-squared or Fisher–Freeman–Halton 
tests were utilized to assess the frequency distributions of the factors 
according to different factors as a univariate approach, taking into 
account the proportions of the expected values in the cells. Logistic 
regression analysis was used to examine the multivariate effect of 
factors on the presence of bacterial, viral, and parasitic pathogens. 
In determining the variables to be included in the model, the uni-
variate approach and the potential clinically significant effect were 
taken into account (Hosmer et al., 2013), and the backward stepwise 
elimination method was used to build the final model. The Hosmer–
Lemeshow test statistic was then employed to assess the model’s 
goodness of fit. The level of statistical significance was determined 
using a p-value cut-off of .05. All statistical analyses were conducted 
using the SPSS 30 software package (IBM SPSS Corp.; Armonk, 
NY, USA).

This study was approved by the Local Ethics Committee for Animal 
Experiments of Muğla Sıtkı Koçman University (2023/03-14/23; Date: 
March 23, 2023). Written informed consent was obtained from ani-
mal owners for the participation of their animals in this study.

Results

Molecular Prevalence and Genetic Characterization of Major 
Pathogens (Cryptosporidium parvum, Escherichia coli, Bovine 
Group A Rotavirus, and Bovine Coronavirus) in Neonatal Calves
Cryptosporidium spp. positivity was detected in 95 out of 120 gDNA 
of fecal samples by nested PCR analysis of the SSU rRNA gene 
region, with an overall prevalence of 79.1%. All positive isolates 
detected in the SSU rRNA gene region analyses were successfully 

https://www.geneious.com
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amplified using PCR analyses targeting the gp60 gene region, which 
is employed for subtyping C. parvum. Purified representative PCR 
products of C. parvum isolates were successfully sequenced, and all 
sequences obtained from all isolates were wholly identical. BLASTn 
analyses revealed that the gp60 sequence of the isolates chrac-
terized in this study showed 100% identity with a single subtype, 
IIaA13G2R1. Also, the subtyping of C. parvum isolates was confirmed 
in accordance with the relevant nomenclature established by Xiao 
and Feng (2017). These findings demonstrate for the first time that 
IIaA13G2R1 is the predominant genotype in the study area. Also, 
the isolate chracterized in this study exhibited ranging from 99.7% 
to 100% similarity with isolates (accession numbers: KX443780, 
MN998541, MN815775, KF008182, and JX826602) reported from 
different regions of Türkiye (Kabir et al., 2020; Taylan-Ozkan et al., 
2016; Yildirim et al., 2020, 2021).

Escherichia coli positivity was detected in 61 out of 120 gDNA of fecal 
samples in the PCR analysis based on the phoA gene region, with an 
overall prevalence of 50.8%. Molecular analyses targeting virulence 
genes in the isolated E. coli strains revealed that no virulence genes 
were detected.

Group A rotavirus positivity was detected in 36 out of 120 gDNA 
of fecal samples by PCR analysis of the VP6 gene region, with an 
overall prevalence of 30%. Bovine coronavirus positivity was 
detected in 27 out of 120 gDNA of fecal samples by PCR analysis of 
the N gene region, with an overall prevalence of 22.5%. The puri-
fied representative PCR products of the VP6 gene region of RVA 
isolates and the N gene region of BCoV isolates were successfully 
sequenced. The RVA isolates identified in this study exhibited 
100% similarity among themselves. The characterized RVA iso-
late showed 94.9%–99% similarity to other isolates recorded in 
GenBank from different provinces of Türkiye (accession numbers: 
OP432877–78, MZ848179–81, OQ082573, OQ215305, KX212867, 

JQ993400, JQ993399). Similarly, all sequences obtained from BCoV 
isolates detected in this study were wholly identical. The character-
ized BCoV isolate demonstrated 99.7%–99.9% similarity to other 
isolates recorded in GenBank from different provinces of Türkiye 
(OQ161705; MK787436–37).

Epidemiology and Risk Factors of Major Pathogens Causing 
Neonatal Calf Diarrhea
Among the 120 calves included in the study, 117 (97.5%) were found 
to be infected with one or more pathogens. The age, sex, and breed 
distributions of calves are presented in Table 2. Cryptosporidium par-
vum (25%) was the most frequently detected pathogen as a single 
infection, followed by dual infections of C. parvum + E. coli (24.2%) 
and E. coli (10%) single infection. Multi infections (C. parvum + E. 
coli + RVA + BCoV) were rare, observed in only 5% of cases. In calves 
aged 1–7 days, E. coli (18.9%) single and C. parvum + E. coli (18.9%) 
dual infections were predominant, suggesting that bacterial infec-
tions were more prevalent in the early stages of life of calves. In calves 
aged 8–14 days, C. parvum + E. coli (30.8%) dual infection was identi-
fied as the most common mixed infection. In calves aged 15–28 days, 

Table 3.
 Epidemiology and Risk Factors of Major Pathogens Causing Neonatal Calf Diarrhea

 Pathogen(s)

Sex, n (%) Breed, n (%) Age, n (%)

Total, n (%)Male Female Holstein Simmental 1–7 days 8–14 days 15–28 days

Absence 2 (3.4) 1 (1.6) 2 (2.2) 1 (3.6) 0 (0) 1 (1.9) 2 (6.5) 3 (2.5)

E. coli (Single) 4 (6.8) 8 (13.1) 6 (6.5) 6 (21.4) 7 (18.9) 1 (1.9) 4 (12.9) 12 (10)

RVA (Single) 2 (3.4) 4 (6.6) 3 (3.3) 3 (10.7) 3 (8.1) 2 (3.8) 1 (3.2) 6 (5)

C. parvum (Single) 15 (25.4) 15 (24.6) 25 (27.2) 5 (17.9) 4 (10.8) 9 (17.3) 17 (54.8) 30 (25)

E. coli + BCoV 0 (0) 2 (3.3) 0 (0) 2 (7.1) 2 (5.4) 0 (0) 0 (0) 2 (1.7)

E. coli + C. parvum 14 (23.7) 15 (24.6) 23 (25) 6 (21.4) 7 (18.9) 16 (30.8) 6 (19.4) 29 (24.2)

RVA + C. parvum 5 (8.5) 3 (4.9) 7 (7.6) 1 (3.6) 1 (2.7) 7 (13.5) 0 (0) 8 (6.7)

BCoV + C. parvum 1 (1.7) 2 (3.3) 2 (2.2) 1 (3.6) 1 (2.7) 2 (3.8) 0 (0) 3 (2.5)

E. coli + RVA + BCoV 1 (1.7) 1 (1.6) 1 (1.1) 1 (3.6) 2 (5.4) 0 (0) 0 (0) 2 (1.7)

E. coli + RVA + C. parvum 4 (6.8) 1 (1.6) 4 (4.3) 1 (3.6) 3 (8.1) 2 (3.8) 0 (0) 5 (4.2)

E. coli + BCoV + C. parvum 1 (1.7) 4 (6.6) 5 (5.4) 0 (0) 1 (2.7) 3 (5.8) 1 (3.2) 5 (4.2)

RVA + BCoV + C. parvum 8 (13.6) 1 (1.6) 8 (8.7) 1 (3.6) 2 (5.4) 7 (13.5) 0 (0) 9 (7.5)

E. coli + RVA + BCoV + C. parvum 2 (3.4) 4 (6.6) 6 (6.5) 0 (0) 4 (10.8) 2 (3.8) 0 (0) 6 (5)

Total 59 (100) 61 (100) 92 (100) 28 (100) 37 (100) 52 (100) 31 (100) 120 (100)

BCoV, bovine coronavirus; C. parvum, Cryptosporidium parvum; E. coli, Escherichia coli; RVA, bovine group A rotavirus.

Table 2.
 Sociodemographic Characteristics of the Study Population

Sex Male 59 (49.2%)

Female 61 (50.8%)

Breed Holstein 92 (76.7%)

Simmental 28 (23.3%)

Age 1–7 days 37 (30.8%)

8–14 days 52 (43.3%)

15–28 days 31 (25.8%)
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C. parvum (54.8%) single infection emerged as the dominant agent, 
suggesting that parasitic infections tend to become more noticeable 
after the second week of age (Table 3).

When the seasonal distribution of the identified pathogens was 
evaluated, C. parvum single infection exhibited a notably high 
prevalence of 60% during the summer. The most common dual 
infection in winter was C. parvum + E. coli (26.7%), followed by C. 
parvum + RVA + BCoV (16.7%) multiple infection. During spring, C. 
parvum (16.7%) single infection and C. parvum + E. coli (36.7%) dual 
infection were observed at high rates, followed by C. parvum + RVA 
dual infection (13.3%). In autumn, C. parvum + E. coli (23.3%) was the 
most frequently detected dual infection, followed by E. coli single 
infection (20%).

These findings indicate that C. parvum is a particularly dominant 
pathogen during the summer period, and C. parvum + E. coli dual 
infection commonly poses a significant risk (Table 4).

The Venn diagram illustrates the distribution of single and mixed 
infections caused by major pathogens detected in diarrheic neona-
tal calves (Figure 1).

The occurrence of C. parvum was significantly influenced by both 
breed and age. Holstein calves exhibited a significantly higher 
prevalence of C. parvum compared to Simmental calves (84.2% vs. 
15.8%, p < .001). The highest infection rate was observed in calves 
aged 8–14 days (50.5%), followed by those aged 15–28 days (25.3%) 
and 1–7 days (24.2%) (p = .002), suggesting a greater risk in the sec-
ond week of life. Neither sex (p = .179) nor season (p = .204) showed 
a significant association with C. parvum infection. The univariate 
analysis for E. coli indicated that age and season were significantly 
associated with the presence of the pathogen. Calves aged 1–7 days 
had a significantly higher prevalence of E. coli infection compared to 
older age groups (p = .011), aligning with the heightened susceptibil-
ity observed in the earliest days of life. Seasonally, infections were 

Figure 1.
A Venn Diagram Represents the Distribution of Single and Mixed 
Infections Attributed to Major Pathogens Detected in Diarrheic 
Neonatal Calves.
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most frequent in autumn (34.4%) and spring (27.9%), with the lowest 
prevalence in summer (11.5%), demonstrating a significant seasonal 
effect (p = .003). No significant differences were detected in E. coli 
prevalence by breed (p = .52) or sex (p = .201). For RVA/BCoV, age and 
season were also significant determinants. The highest prevalence 
occurred in the early ages of calves (1–7 days: 41.3%, 8–14 days: 
54.3%), whereas the oldest group (15–28 days) exhibited the lowest 
prevalence (4.3%) (p < .001), suggesting a peak susceptibility dur-
ing the early ages. Additionally, seasonal differences were observed 
(p = .017), with winter showing the highest infection rate (37%) and 
summer the lowest (10.9%). Neither breed (p = .826) nor sex (p = .708) 
significantly influenced RVA/BCoV occurrence. These findings collec-
tively highlight the critical role of age in pathogen susceptibility and 
the potential influence of breed and season, underlining the impor-
tance of targeted management practices during specific risk periods 
(Table 5).

These factors were further evaluated with multivariate logistic 
regression to reveal possible effects. The final models for each patho-
gen were presented in Tables 6-8.

When factors influencing the likelihood of C. parvum occurrence 
were modeled, age was included in the final model. Although the 

effect of age was not statistically significant in the model, calves 
aged 1–7 days were identified as the lowest-risk group, whereas 
calves aged 8–14 days constituted the highest-risk group (Table 6).

The final logistic regression model evaluating factors influencing 
the likelihood of E. coli occurrence revealed that age was a statisti-
cally significant predictor (Wald = 6.829, df = 2, p = .033), while season 
approached but did not reach statistical significance (Wald = 6.935, 
df = 3, p = .074) unlike the univariate approach. Compared to calves 
aged 15–28 days (reference group), those aged 1–7 days were signifi-
cantly more likely to exhibit E. coli infection, with an odds ratio (OR) of 
3.84 (95% CI: 1.205–12.235, p = .023), indicating a markedly elevated 
risk in the youngest age group. In contrast, calves aged 8–14 days 
did not differ significantly from the reference group (OR = 1.218, 95% 
CI: 0.425–3.49, p = .714). Regarding seasonal effects, no statistically 
significant associations were observed when compared to winter; 
however, the odds of E. coli occurrence were not significantly higher 
in spring (OR = 1.772, 95% CI: 0.588–5.343, p = .310) and autumn 
(OR = 2.21, 95% CI: 0.698–6.998, p = .177), while a non-significant 
potential protective effect was noted in summer (OR = 0.338, 95% CI: 
0.1–1.148, p = .082). Although the seasonal associations were not sta-
tistically significant, the trends suggest possible seasonal influences 
on E. coli occurrence that warrant further investigation. The overall 

Table 6.
Evaluation of Factors Influencing the Likelihood of Cryptosporidium parvum Occurrence―Final Logistic Regression Model

 
 

 
  Beta (B)  SE  Wald  df  p  Odds Ratio 

 95% Cl 

 Lower  Upper 

 Age    5.812  2  .055 ​   

  15–28 days (Reference)  – 

  1–7 days  −0.376  0.601  0.391  1  .532  0.687  0.211  2.23 

  8–14 days  1.23  0.704  3.049  1  .081  3.42  0.86  13.592 

 Constant term  0.017  0.685  0.001  1  .98  1.017 ​  

Nagelkerke R2 = 0.270, -2LL = 100.062, SE: Standart Error, Cl: Confidence Interval, df: degree of freedom

Table 7.
Evaluation of Factors Influencing the Likelihood of Escherichia coli Occurrence―Final Logistic Regression Model

 
 

 
  Beta (B)  SE  Wald  df  p  Odds Ratio 

 95% Cl 

 Lower  Upper 

 Age    6.829  2  .033    

  15–28 days (Reference)  – 

  1–7 days  1.346  0.591  5.18  1  .023  3.84  1.205  12.235 

  8–14 days  0.197  0.537  0.134  1  .714  1.218  0.425  3.49 

 Season    6.935  3  .074    

  Winter (Reference)  – 

  Spring  0.572  0.563  1.032  1  .31  1.772  0.588  5.343 

  Summer  -1.085  0.624  3.025  1  .082  0.338  0.1  1.148 

  Autumn  0.793  0.588  1.82  1  .177  2.21  0.698  6.998 

 Constant term  -0.546  0.63  0.75  1  .387  0.579   

Nagelkerke R2=0.221, -2LL=144.54, SE: Standart Error, Cl: Confidence Interval, df: degree of freedom
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model demonstrated moderate explanatory power (Nagelkerke R2 
of 0.221), supporting the relevance of age, particularly in the first 
week of life, as a critical factor in the risk of E. coli infection in calves 
(Table 7).

The final model evaluating the likelihood of BCoV and/or RVA occur-
rence identified age as a statistically significant predictor, while sea-
son did not exert a significant influence (Table 8). Calves aged 1–7 
days had a markedly increased risk of infection compared to the ref-
erence group (15–28 days), with an odds ratio (OR) of 11.931 (95% 
CI: 2.342–60.789, p = .003), indicating an almost 12-fold higher likeli-
hood of infection in this youngest age group. Similarly, calves aged 
8–14 days exhibited a significantly elevated risk (OR = 9.918, 95% CI: 
2.043–48.158, p = .004), underscoring a peak vulnerability to BCoV 
and/or RVA infections within the first two weeks of life. In contrast, 
seasonal variation did not significantly affect infection risk. Although 
the spring season approached marginal significance (p = .079), its 
odds ratio (0.319, 95% CI: 0.089–1.141) suggested a potential trend 
toward reduced risk compared to winter, the reference season. Other 
seasons (summer and autumn) also did not show statistically signifi-
cant associations (p = .655 and p = .767, respectively). These results 
reinforce the critical influence of calf age, particularly during the first 
2 weeks postpartum, in determining susceptibility to RVA and/or 
BCoV, while seasonal factors appeared to play a less definitive role 
in infection dynamics.

Discussion

The study focused on identifying and analyzing the major pathogens 
associated with neonatal calf diarrhea in cattle farms in Muğla prov-
ince, Türkiye. The study also explored the seasonal dynamics of these 
infections and noted variations in pathogen prevalence throughout 
the year. Among the 120 calves included in the study, 117 (97.5%) 
were found to be infected with one or more major pathogens, 
including C. parvum, E. coli, RVA, and BCoV. These findings highlight 
the significant risk these pathogens pose to the livestock industry in 
the study region. Also, the high prevalence of infections indicates a 
critical need for improved management and preventive measures on 
farms to mitigate the impact of these pathogens.

Among enteropathogens, C. parvum is recognized as one of the 
most common causative agents responsible for neonatal calf 
diarrhea worldwide (Gharieb et  al., 2019; Meganck et  al., 2015). 
Numerous studies in different countries have identified C. parvum 
as the predominant species affecting pre-weaned calves, includ-
ing Portugal (Alves et al., 2003), Spain (Quílez et al., 2008), Slovenia 
(Soba & Logar, 2008), Poland (Kaupke & Rzeżutka, 2015), and Austria 
(Lichtmannsperger et  al., 2019). For example, a study in Spain 
reported that 57.8% of 287 diarrheic calves under 21 days of age 
tested positive for C. parvum (Quílez et al., 2008). In Poland, preva-
lence was found to be 22.5% in calves up to 14 days of age (Kaupke 
& Rzeżutka, 2015). In Türkiye, the prevalence of cryptosporidiosis in 
calves has been reported to vary between 3.9% and 63.92% across 
different provinces, depending on the diagnostic methods used 
(Berber et al., 2021; Gündüz & Arslan, 2017; Güven et al., 2013; Keleş 
et al., 2022; Yildirim et al., 2020). It is important to understand that 
these rates may vary according to the sensitivity and specificity of 
the diagnostic methods used, as emphasized by Brunauer et  al. 
(2021). In this study, consistent with previous studies, C. parvum was 
detected in 79.1% of diarrheic neonatal calves in the present study. 
These findings further confirm that C. parvum is a primary etiologi-
cal parasitic agent of neonatal calf diarrhea and poses a significant 
risk to the livestock industry in Türkiye.

Limited molecular studies of C. parvum conducted in Türkiye have 
identified several subtypes, including IIaA11G2R1, IIaA12G3R1, 
IIaA13G2R1, IIaA14G1R1, IIaA15G2R1, IIdA16G1, IIdA18G1, IIdA22G1, 
and IIdA20G1b (Kabir et al., 2020; Taylan-Ozkan et al., 2016; Yildirim 
et al., 2020, 2021). Notably, all three studies highlighted IIaA13G2R1 
as the predominant subtype. In line with these findings, the 
IIaA13G2R1 subtype was also identified in this study, which suggests 
that this subtype is the predominant C. parvum circulating on cattle 
farms throughout Türkiye. This subtype has been detected not only 
in calves but also in goat kids, lambs, ponies, and even humans in 
various countries, including Belgium, the Netherlands, Tunisia, the 
United States, and Algeria (Baroudi et  al., 2018; Benhouda et  al., 
2017; Geurden et al., 2007; Iqbal et al., 2012; Rahmouni et al., 2014; 
Wagnerová et  al., 2016; Wielinga et  al., 2008). The identification of 
this subtype in humans highlights its zoonotic importance.

Table 8.
Evaluation of Factors Influencing the Likelihood of Bovine Coronavirus and/or Bovine Group A Rotavirus Occurrence―Final Logistic Regression Model

 
 

 
  Beta (B)  SE  Wald  df  p  Odds Ratio 

 95% Cl 

 Lower  Upper 

 Age    9.31  2  .01   

  15–28 days (Reference)  − 

  1–7 days  2.479  0.831  8.905  1  .003  11.931  2.342  60.789 

  8–14 days  2.294  0.806  8.099  1  .004  9.918  2.043  48.158 

 Season    3.294  3  .348 ​   

  Winter (Reference)  – 

  Spring  −0.168  0.566  0.088  1  .767  0.845  0.279  2.565 

  Summer  −1.143  0.65  3.089  1  .079  0.319  0.089  1.141 

  Autumn  −0.25  0.56  0.2  1  .655  0.778  0.26  2.333 

 Constant term  −2.106  0.866  5.915  1  .015  0.122 ​  

Nagelkerke R2 = 0.258, -2LL = 134.55, SE: Standart Error, Cl: Confidence Interval, df: degree of freedom.
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In this study, C. parvum single infection was identified as the causative 
agent of neonatal calf diarrhea in 25% of cases. This finding is con-
sistent with previous studies reporting prevalence rates of 21.9%–
23.1% in the Central Anatolia Region (Berber et al., 2021; Keleş et al., 
2022) and 21.8% in the Eastern and Southeastern Anatolia Regions 
of Türkiye (Içen et al., 2013).

In the present study, calves were divided into three age groups (1–7, 
8–14, 15–28 days). The highest infection rate (50.5%) was observed in 
calves aged 8–14 days, suggesting a greater risk in the second week 
of life, similar to Cryptosporidium spp. prevalence of 43.8% reported 
by Berber et al. (2021). Also, a strong age dependence was observed 
by Lichtmannsperger et al. (2019), and cryptosporidiosis was reported 
mostly in the first two weeks of age of calves. Indeed, Santín et  al. 
(2004) reported that C. parvum prevalence peaked in the calves aged 
two weeks. Cryptosporidium parvum infection is known to cause the 
most severe diarrhea primarily during the first 2 weeks of life. However, 
in the present study, C. parvum was also detected in diarrheic calves 
aged 15–28 days. Since all samples were collected from clinically diar-
rheic animals, the positivity observed in this older age group may still 
be relevant to the clinical picture; at the same time, it should be kept 
in mind that oocyst shedding can continue beyond the early neona-
tal period. For this reason, the presence of C. parvum in older calves 
should be interpreted with care, considering both the possibility of a 
pathogenic role and the likelihood of ongoing oocyst excretion.

Regarding seasonal distribution, this study revealed that infection 
rates of C. parvum remained consistent across all seasons. However, 
previous studies by Berber et al. (2021) and Keleş et al. (2022) indi-
cated a higher prevalence of diarrhea caused by cryptosporidiosis 
during winter months. This seasonal increase may be related to the 
increased number of sick animals being admitted to veterinary hos-
pitals during this period. In addition, Hamnes et  al. (2006) stated 
that intensive calving leads to a higher stocking density, which in 
turn leads to a higher number of susceptible young animals being 
kept together. Overpopulation may prevent optimal hygiene prac-
tices, increase the burden of pathogens, and facilitate direct trans-
mission between animals. In addition, the prolonged survival of 
Cryptosporidium oocysts at moderate temperatures may contribute 
to the increased prevalence observed in winter. Gulliksen et al. (2009) 
also reported that cows that calve in winter produce a lower quality of 
colostrum than cows that calve at other seasons, which may further 
increase the risk of diarrhea in neonatal calves. In summary, the find-
ings of the present study underscore the need for targeted manage-
ment strategies, particularly for calves aged 8–14 days, and highlight 
the importance of addressing seasonal factors that may contribute 
to the increased prevalence of C. parvum infections. Implementing 
effective biosecurity measures and ensuring optimal sanitation prac-
tices, especially during peak calving seasons, will be critical in miti-
gating the impact of these infections on neonatal calf health.

Escherichia coli is widely recognized as the most significant bacte-
rial pathogen causing neonatal calf diarrhea. The presence of spe-
cific virulence factors in pathogenic strains of E. coli can increase 
the susceptibility of calves to diarrhea (Cengiz & Adıgüzel, 2020). In 
this study, molecular analyses targeting virulence genes in the iso-
lated E. coli strains revealed that no virulence genes were detected. 
Similarly, Cengiz and Adıgüzel (2020) reported that no virulence-
associated features could be identified in 100 out of 133 E. coli strains 
isolated from diarrheic calves. It has been well documented since 

2004 (Constable, 2004) that, regardless of the inciting cause of diar-
rhea, intestinal overgrowth of E. coli strains other than ETEC occurs in 
about 30% of diarrheic calves. These strains cause secondary infec-
tions, increasing mortality rates. Accordingly, these bacterial isolates 
may act synergistically with viral or parasitic agents in the pathogen-
esis of calf diarrhea, potentially contributing to increased calf mortal-
ity. Additionally, understanding the distribution of E. coli infections 
across different age groups is crucial for effective management and 
prevention strategies. We found that calves aged 1–7 days had a sig-
nificantly higher prevalence (42.6%) of E. coli infection compared to 
older age groups. This finding is most likely attributable to age-related 
physiological and immunological immaturity during the early neona-
tal period rather than to pathogen-specific virulence factors, given 
that no virulence genes were detected in the isolates. These findings 
align with the observations of Berber et al. (2021), who reported an 
alarmingly high E. coli infection rate of 91.7% in similar age groups. 
In contrast, Güreli and Kara (2023) documented a significantly lower 
infection rate of 13.75%, while Bartels et  al. (2010) reported only 
4.6%. Additionally, we identified that the prevalence of E. coli single 
infections in calves aged 1–7 days was 18.9%. This finding is consis-
tent with the 16.6% infection rate reported by Içen et al. (2013) for 
similar age groups. However, the rates reported by Berber et al. (2021) 
and Keleş et  al. (2022), which were 85.7% and 33.6%, respectively, 
were notably higher than those observed in the present studyresults. 
Such variations in infection rates can be attributed to several factors, 
including the diagnostic techniques used, the types of farms sam-
pled, housing conditions, hygiene standards, and herd management 
practices (Cho & Yoon, 2014; Keleş et al. 2022). Moreover, Keleş et al. 
(2022) noted a higher prevalence of E. coli in calves born to unvac-
cinated dams, emphasizing the role of maternal immunity and vacci-
nation status in influencing calf health. This suggests that improving 
vaccination protocols for pregnant cows may be an effective strat-
egy for reducing E. coli infections in neonatal calves. It is important 
to note that vaccination status could not be evaluated in the present 
study, as most of the small-scale farms lacked reliable herd-recording 
systems, and information provided by owners regarding dam vacci-
nation was often incomplete or unverifiable. This limitation made it 
impossible to assess whether vaccination practices influenced patho-
gen prevalence, particularly for E. coli. Therefore, although vaccina-
tion data could not be analyzed in the present study , the potential 
role of maternal immunization should still be considered when inter-
preting E. coli infection patterns in neonatal calves. Indeed, the study 
by Bartels et al. (2010) identified a low E. coli prevalence, which was 
suggested to be associated with regularly scheduled vaccination pro-
grams. In another study, Keleş et al. (2022) reported that outbreaks of 
E. coli-associated diarrhea were more frequently observed on farms 
with low vaccination coverage against enteropathogens. These find-
ings underline the critical role of vaccination programs in controlling 
E. coli infection and show that a lack of vaccination is a major factor in 
increasing the risk of infection in calves.

In this study, the rate of RVA infection among neonatal calves was 
found to be 30%, positioning RVA as the third most common cause 
of diarrhea in the study area. This finding aligns with several reports 
from different regions of Türkiye, where infection rates varied from 
30% to 37.27% (Aksoy et al., 2021; Güreli & Kara, 2023; Keleş et al., 
2022; Öztrürk et al., 2024). In contrast, Berber et al. (2021) reported 
a significantly higher RVA infection rate of 56.4% in the Central 
Anatolia Region of Türkiye, which is comparable to other interna-
tional reports, including 55% in Israel (Brenner et al., 1993), 42.7% in 
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Spain (García et al., 2000), and 42% in the United Kingdom (Reynolds 
et al., 1986). BCV was found in 22.5% of the cases in this study. This is 
consistent with other reports from different regions of Türkiye, where 
infection rates varied from 16.67% to 42.25%. Aksoy et  al., 2021; 
Güreli & Kara, 2023; Keleş et  al., 2022; Öztrürk et  al., 2024). Berber 
et al. (2021) attributed the regional variability in the distribution of 
related pathogens and in the incidence of infections to differences 
in herd management, calf husbandry, and the sensitivity of diag-
nostic techniques. Also, their study, conducted in an intensive care 
unit of an animal hospital, likely included calves with more severe 
conditions, which could explain the higher infection rates observed. 
In the present study, seasonal differences were observed in the dis-
tribution of viral infections, with winter showing the highest infec-
tion rate (37%) and summer the lowest (10.9%). Berber et al. (2021) 
also reported a higher prevalence of viral infections (both RVA and 
BCoV) during winter. This suggests that the winter season may pose 
an increased risk for these viral infections, highlighting the need for 
preventive veterinary measures tailored to this seasonal risk in the 
study area. The highest prevalence of viral infections occurred in the 
early ages of calves (1–7 days and 8–14 days), whereas the oldest 
group (15–28 days) exhibited the lowest prevalence, suggesting a 
peak susceptibility during early life. These rates are consistent with 
findings from other studies across Türkiye (Berber et al., 2021; Güreli 
& Kara, 2023; Keleş et  al., 2022). Overall, the observed age-related 
patterns indicate that the first two weeks of life represent a critical 
period of increased susceptibility to RVA and/or BCoV infections in 
neonatal calves. Considering these results, targeted preventive mea-
sures are essential for mitigating the impact of these viral infections 
and improving calf health outcomes in the region.

Moreover, investigations into diarrheic calves in Türkiye indicate that 
dual infections involving Cryptosporidium spp. and rotavirus (RVA) 
are particularly common. For instance, Içen et  al. (2013)found that 
C. parvum + E. coli dual infections accounted for 5.2% of cases, while 
C. parvum + RVA dual infections were observed in 15.62% of cases. 
Similarly, Berber et al. (2021) detected Cryptosporidium spp. + E. coli 
dual infections in 1.3% of cases, Cryptosporidium spp.+ RVA dual 
infections in 23.1% of cases, and Cryptosporidium spp. + BCoV dual 
infections in 6.4% of cases. Furthermore, Keleş et al. (2022) reported 
Cryptosporidium spp. + E. coli dual infections in 0.4% of cases, 
Cryptosporidium spp.+ RVA dual infections in 9.3% of cases, and 
Cryptosporidium spp. + BCoV dual infections in 1.1% of cases. In con-
trast to these previous studies, the present study revealed that the 
prevalence of dual infections caused by C. parvum + E. coli (24.2%) 
was higher. This was followed by dual infections associated with C. 
parvum + RVA (6.7%) and C. parvum + BCoV (2.5%).

This study has certain limitations that should be considered when 
interpreting the findings. Detailed farm-level information, includ-
ing vaccination status, standardized management practices, and 
biosecurity measures, could not be systematically evaluated due 
to the limited availability and consistency of farm records across 
the included small-scale farms. Moreover, all included farms were 
small-scale holdings operating under broadly similar management 
and environmental conditions. Therefore, the risk factor analysis 
was intentionally focused on calf-level and seasonal variables that 
were reliably and uniformly recorded. Furthermore, although RVA 
was molecularly detected and confirmed through sequencing of 
the VP6 gene, a highly conserved and antigenic inner capsid pro-
tein widely used for group-level identification of rotaviruses, further 

genotyping based on the VP4 (P type) and VP7 (G type) genes was 
not performed. This was primarily related to the scope of the study, 
which aimed to characterize the molecular prevalence and epide-
miological patterns of major enteric pathogens rather than to con-
duct detailed genotype-level analyses. Despite these limitations, the 
study provides robust molecular and epidemiological baseline data 
on neonatal calf diarrhea in the region and identifies critical age and 
season-related risk patterns. These findings may serve as a founda-
tion for future studies incorporating comprehensive farm-level data 
and advanced molecular characterization, including RVA VP4 and 
VP7 genotyping.

Unlike routine surveillance systems that typically provide descrip-
tive diagnostic summaries, this study offers an integrative molecu-
lar and epidemiological assessment of neonatal calf diarrhea in 
the region. By combining molecular confirmation of major enteric 
pathogens with an analysis of co-infection patterns and temporally 
structured risk factors, the present investigation provides a level of 
epidemiological resolution that extends beyond routine monitoring 
approaches. Consequently, the findings generate scientifically inter-
pretable baseline data that can directly inform evidence-based pre-
vention and control strategies tailored to regional conditions.

Conclusion

This study revealed the major pathogens (C. parvum, E. coli, RVA, and 
BCoV) and predisposing factors involved in the etiology of neonatal 
calf diarrhea. The distribution of these pathogens across different 
parameters was analyzed. Results suggest that age and season are 
significant epidemiological determinants that influence the spread 
and severity of infections, highlighting the importance of monitor-
ing these pathogens over time. Additionally, the IIaA13G2R1 subtype 
of C. parvum was identified for the first time in the research area, con-
firming its dominance subtype in calves in Türkiye. This finding is sig-
nificant as it contributes to the current understanding of C. parvum 
dynamics in this area. The results of this study are expected to serve 
as a valuable resource for veterinarians, animal health professionals, 
relevant non-governmental organizations, and farmers in the study 
area. Further comprehensive studies are required to elucidate the 
genotypes, subtypes, and serotypes diversity of pathogens associ-
ated with the etiology of neonatal calf diarrhea across the country, 
thereby facilitating the development and implementation of effec-
tive prevention and control strategies.

Data Availability Statement: The data that support the findings of 
this study are available on request from the corresponding author.

Ethics Committee Approval: This study was approved by the Local 
Ethics Committee for Animal Experiments of Muğla Sıtkı Koçman 
University (2023/03-14/23; Date: March 23, 2023).

Informed Consent: Written informed consent was obtained from 
animal owners for the participation of their animals in this study.

Peer-review: Externally peer-reviewed.

Author Contributions: Conception – N.S.Ş., E.Ş.; Design – N.S.Ş., E.Ş.; 
Supervision – N.S.Ş., E.Ş.; Funding – N.S.Ş., Materials – N.S.Ş., E.Ş., I.Ç.; 



12

Sürsal Şimşek et al. Major Pathogens in Neonatal Calf Diarrhea
Acta Veterinaria Eurasia 2026; 52: 1-13

Data Collection and/or Processing – N.S.Ş., I.Ç., S.C., N.A.Ç., N.Ç., E.Ş.; 
Analysis and/or Interpretation – N.S.Ş., I.Ç. D.Ö., S.C., N.A.Ç., N.Ç., E.Ş.; 
Literature – Review – N.S.Ş., I.Ç. D.Ö., S.C., N.A.Ç., N.Ç., E.Ş.; Writing – 
N.S.Ş., I.Ç. D.Ö., S.C., N.A.Ç., N.Ç., E.Ş.; Critical Review – N.S.Ş., E.Ş.

Declaration of Interests: The authors declare that they have no 
competing interests.

Funding: This work was supported by the Muğla Sıtkı Koçman 
University Research Fund [grant numbers, 23/156/01/3/4].

References

Abuelo, A., Cullens, F., & Brester, J. L. (2021). Effect of preweaning disease on 
the reproductive performance and first-lactation milk production of 
heifers in a large dairy herd. Journal of Dairy Science, 104(6), 7008–7017. 
[CrossRef] 

Aksoy, E., Kara, E., Yağcı, B. B., & Azkur, A. K. (2021). Investigation of bovine 
coronavirus and bovine rotavirus in calves with neonatal diarrhea in 
Kırıkkale and surrounding provinces. Mehmet Akif Ersoy University Jour-
nal of Health Sciences Intitute, 9(3), 38–46. [CrossRef] 

Alves, M., Xiao, L., Sulaiman, I., Lal, A. A., Matos, O., & Antunes, F. (2003). Sub-
genotype analysis of Cryptosporidium isolates from humans, cattle, and 
zoo ruminants in Portugal. Journal of Clinical Microbiology, 41(6), 
2744–2747. [CrossRef] 

Astiz, S., Gonzalez-Bulnes, A., Elvira-Partida, L., Perez-Villalobos, N., Cerviño-
Lopez, M., & Gonzalez-Martin, J. V. (2017). Bovine neonatology. In R. J. 
Hudson (Ed.). Encyclopedia of life support systems (EOLSS): Animal and 
plant productivity. Oxford, United Kingdom: UNESCO-EOLSS Publishers.

Badaracco, A., Garaicoechea, L., Rodríguez, D., Uriarte, E. L., Odeón, A. C., Bilbao, 
G., Galarza, R., Abdala, A., Fernandez, F. J., & Parreño, V. (2012). Bovine rota-
virus strains circulating in beef and dairy herds in Argentina from 2004 to 
2010. Veterinary Microbiology, 158(3–4), 394–399. [CrossRef] 

Baroudi, D., Hakem, A., Adamu, H., Amer, S., Khelef, D., Adjou, K., Dahmani, H., 
Chen, X., Roellig, D. M., Feng, Y., & Xiao, L. (2018). Zoonotic Cryptosporid-
ium species and subtypes in lambs and goat kids in Algeria. Parasites 
and Vectors, 11(1), 582. [CrossRef] 

Bartels, C. J. M., Holzhauer, M., Jorritsma, R., Swart, W. A. J. M., & Lam, T. J. G. 
M. (2010). Prevalence, prediction and risk factors of enteropathogens in 
normal and non-normal faeces of young Dutch dairy calves. Preventive 
Veterinary Medicine, 93(2–3), 162–169. [CrossRef] 

Benhouda, D., Hakem, A., Sannella, A. R., Benhouda, A., & Cacciò, S. M. (2017). 
First molecular investigation of Cryptosporidium spp. in young calves in 
Algeria. Parasite, 24, 15. [CrossRef] 

Berber, E., Çanakoğlu, N., Sözdutmaz, İ., Simsek, E., Sursal, N., Ekinci, G., Kök-
kaya, S., Arıkan, E., Ambarcıoğlu, P., Göksu, A. G., & Keleş, İ. (2021). Sea-
sonal and age-associated pathogen distribution in newborn calves with 
diarrhea admitted to ICU. Veterinary Sciences, 8(7), 128. [CrossRef] 

Bok, M., Miño, S., Rodríguez, D., Badaracco, A., Nuñes, I., Souza, S. P., Bilbao, 
G., Louge Uriarte, E., Galarza, R., Vega, C., Odeón, A., Saif, L. J., & Parreño, 
V. (2015). Molecular and antigenic characterization of bovine coronavi-
rus circulating in Argentinean cattle during 1994–2010. Veterinary 
Microbiology, 181(3–4), 221–229. [CrossRef] 

Brenner, J., Elad, D., Markovics, A., Grinberg, A., & Trainin, A. (1993). Epidemio-
logical study of neonatal calf diarrhoea in Israel – A one-year survey of 
faecal samples. Israel Journal of Veterinary Medicine, 48, 113–116.

Brunauer, M., Roch, F. F., & Conrady, B. (2021). Prevalence of worldwide neo-
natal calf diarrhoea caused by bovine rotavirus in combination with 
bovine coronavirus, Escherichia coli K99 and Cryptosporidium spp.: A 
meta-analysis. Animals: An Open Access Journal from MDPI, 11(4), 1014. 
[CrossRef] 

Cengiz, S., & Adıgüzel, M. C. (2020). Determination of virulence factors and 
antimicrobial resistance of E. coli isolated from calf diarrhea, part of east-
ern Turkey. Ankara Üniversitesi Veteriner Fakültesi Dergisi, 67(4), 365–371. 
[CrossRef] 

Cho, K. O., Hasoksuz, M., Nielsen, P. R., Chang, K. O., Lathrop, S., & Saif, L. J. 
(2001). Cross-protection studies between respiratory and calf diarrhea 
and winter dysentery coronavirus strains in calves and RT-PCR and 
nested PCR for their detection. Archives of Virology, 146(12), 2401–2419. 
[CrossRef] 

Cho, Y. I., & Yoon, K. J. (2014). An overview of calf diarrhea–infectious etiology, 
diagnosis, and intervention. Journal of Veterinary Science, 15(1), 1–17. 
[CrossRef] 

Constable, P. D. (2004). Antimicrobial use in the treatment of calf diarrhea. 
Journal of Veterinary Internal Medicine, 18(1), 8–17. [CrossRef] 

Demir, P. A., Aydin, E., & Ayvazoğlu, C. (2019). Estimation of the economic 
losses related to calf mortalities Kars Province, in Turkey. Kafkas Universi-
tesi Veteriner Fakültesi Dergisi, 25(3), 283–289. [CrossRef]

Donovan, G. A., Dohoo, I. R., Montgomery, D. M., & Bennett, F. L. (1998). Asso-
ciations between passive immunity and morbidity and mortality in 
dairy heifers in Florida, USA. Preventive Veterinary Medicine, 34(1), 31–46. 
[CrossRef]

García, A., Ruiz-Santa-Quiteria, J. A., Orden, J. A., Cid, D., Sanz, R., Gómez-
Bautista, M., & de la Fuente, R. (2000). Rotavirus and concurrent infec-
tions with other enteropathogens in neonatal diarrheic dairy calves in 
Spain. Comparative Immunology, Microbiology and Infectious Diseases, 
23(3), 175–183. [CrossRef] 

Garro, C. J., Morici, G. E., Utgés, M. E., Tomazic, M. L., & Schnittger, L. (2016). 
Prevalence and risk factors for shedding of Cryptosporidium spp. oocysts 
in dairy calves of Buenos Aires Province, Argentina. Parasite Epidemiol-
ogy and Control, 1(2), 36–41. [CrossRef] 

Geurden, T., Berkvens, D., Martens, C., Casaert, S., Vercruysse, J., & Claerebout, 
E. (2007). Molecular epidemiology with subtype analysis of Cryptosporid-
ium in calves in Belgium. Parasitology, 134(), 1981–1987. [CrossRef] 

Gharieb, R. M. A., Bowman, D. D., Liotta, J. L., & Xiao, L. (2019). Isolation, geno-
typing and subtyping of single Cryptosporidium oocysts from calves 
with special reference to zoonotic significance. Veterinary Parasitology, 
271, 80–86. [CrossRef] 

Gibbons, J. F., Boland, F., Buckley, J. F., Butler, F., Egan, J., Fanning, S., Markey, 
B. K., & Leonard, F. C. (2014). Patterns of antimicrobial resistance in path-
ogenic Escherichia coli isolates from cases of calf enteritis during the 
spring-calving season. Veterinary Microbiology, 170(1–2), 73–80. 
[CrossRef] 

Goharshahi, M., Azizzadeh, M., Lidauer, L., Steininger, A., Kickinger, F., Öhls-
chuster, M., Auer, W., Klein-Jöbstl, D., Drillich, M., & Iwersen, M. (2021). 
Monitoring selected behaviors of calves by use of an ear-attached accel-
erometer for detecting early indicators of diarrhea. Journal of Dairy Sci-
ence, 104(5), 6013–6019. [CrossRef]

Güler, L., Gündüz, K., & Ok, U. (2008). Virulence factors and antimicrobial sus-
ceptibility of Escherichia coli isolated from calves in Turkey. Zoonoses and 
Public Health, 55(5), 249–257. [CrossRef] 

Gulliksen, S. M., Jor, E., Lie, K. I., Hamnes, I. S., Løken, T., Åkerstedt, J., & 
Østerås, O. (2009). Enteropathogens and risk factors for diarrhea in Nor-
wegian dairy calves. Journal of Dairy Science, 92(10), 5057–5066. 
[CrossRef] 

Gündüz, N., & Arslan, M. Ö. (2017). Determining the prevalence of Crypto-
sporidium infections with acid-fast staining and ELISA in calves at the 
Kars Province of Turkey. Turkiye Parazitolojii Dergisi, 41(1), 5–8. [CrossRef] 

Güreli, Z., & Kara, E. (2023). Investigation of the prevalence of major enter-
opathogens in calves with neonatal diarrhea referred to Kırıkkale Uni-
versity Animal Hospital. Etlik Veteriner Mikrobiyoloji Dergisi, 34(1), 95–102. 
[CrossRef]

Güven, E., Avcıoğlu, H., Balkaya, I., Hayırlı, A., Kar, S., & Karaer, Z. (2013). Preva-
lence of cryptosporidiosis and molecular characterization of Crypto-
sporidium spp. in calves in Erzurum. Kafkas Universitesi Veteriner Fakültesi 
Dergisi, 19(6), 969–974. [CrossRef] 

Hamnes, I. S., Gjerde, B., & Robertson, L. J. (2006). Prevalence of Giardia and 
Cryptosporidium in dairy calves in three areas of Norway. Veterinary Para-
sitology, 140(3–4), 204–216. [CrossRef] 

Hegde, A., Ballal, M., & Shenoy, S. (2012). Detection of diarrheagenic Escheri-
chia coli by multiplex PCR. Indian Journal of Medical Microbiology, 30(3), 
279–284. [CrossRef] 

https://dx.doi.org/10.3168/jds.2020-19791
https://dx.doi.org/10.24998/maeusabed.1010683
https://dx.doi.org/10.1128/JCM.41.6.2744-2747.2003
https://dx.doi.org/10.1016/j.vetmic.2011.12.011
https://dx.doi.org/10.1186/s13071-018-3172-2
https://dx.doi.org/10.1016/j.prevetmed.2009.09.020
https://dx.doi.org/10.1051/parasite/2017014
https://dx.doi.org/10.3390/vetsci8070128
https://dx.doi.org/10.1016/j.vetmic.2015.10.017
https://dx.doi.org/10.3390/ani11041014
https://dx.doi.org/10.33988/auvfd.640990
https://dx.doi.org/10.1007/s007050170011
https://dx.doi.org/10.4142/jvs.2014.15.1.1
https://dx.doi.org/10.1892/0891-6640(2004)18&lt;8:auitto&gt;2.0.co;2
https://dx.doi.org/10.9775/kvfd.2018.20471
https://dx.doi.org/10.1016/S0167-5877(97)00060-3
https://dx.doi.org/10.1016/S0147-9571(99)00071-5
https://dx.doi.org/10.1016/j.parepi.2016.03.008
https://dx.doi.org/10.1017/S0031182007003460
https://dx.doi.org/10.1016/j.vetpar.2019.05.003
https://dx.doi.org/10.1016/j.vetmic.2014.01.010
https://dx.doi.org/10.3168/jds.2020-18989
https://dx.doi.org/10.1111/j.1863-2378.2008.01121.x
https://dx.doi.org/10.3168/jds.2009-2080
https://dx.doi.org/10.5152/tpd.2017.4833
https://dx.doi.org/10.35864/evmd.1193819
https://dx.doi.org/10.9775/kvfd.2013.9187
https://dx.doi.org/10.1016/j.vetpar.2006.03.024
https://dx.doi.org/10.4103/0255-0857.99485


13

Sürsal Şimşek et al. Major Pathogens in Neonatal Calf Diarrhea
Acta Veterinaria Eurasia 2026; 52: 1-13

Heinrichs, A. J., & Radostits, O. M. (2001). Health and production management 
of dairy calves and replacement heifers. In O. M. Radostits (Ed.). Herd 
health—Food animal production medicine (pp. 333–395). Philadelphia, 
PA: W.B. Saunders Company. 

Hosmer, D. W., Lemeshow, S., & Sturdivant, R. X. (2013). Applied logistic regres-
sion (3rd ed). Hoboken, NJ: John Wiley & Sons. [CrossRef].

Içen, H., Arserim, N. B., Işık, N., Özkan, C., & Kaya, A. (2013). Prevalence of four 
enteropathogens with immunochromatographic rapid test in the feces 
of diarrheic calves in East and Southeast of Turkey. Pakistan Veterinary 
Journal, 33(4), 496–499.

Iqbal, A., Lim, Y. A. L., Surin, J., & Sim, B. L. H. (2012). High diversity of Crypto-
sporidium subgenotypes identified in Malaysian HIV/AIDS individuals 
targeting gp60 gene. PLOS One, 7(2), e31139. [CrossRef] 

Iturriza Gómara, M., Wong, C., Blome, S., Desselberger, U., & Gray, J. (2002). 
Molecular characterization of VP6 genes of human rotavirus isolates: 
Correlation of genogroups with subgroups and evidence of inde-
pendent segregation. Journal of Virology, 76(13), 6596–6601. 
[CrossRef] 

Kabir, M. H. B., Ceylan, O., Ceylan, C., Shehata, A. A., Bando, H., Essa, M. I., 
Xuan, X., Sevinc, F., & Kato, K. (2020). Molecular detection of genotypes 
and subtypes of Cryptosporidium infection in diarrheic calves, lambs, 
and goat kids from Turkey. Parasitology International, 79, 102163. 
[CrossRef] 

Kaupke, A., & Rzeżutka, A. (2015). Emergence of novel subtypes of Crypto-
sporidium parvum in calves in Poland. Parasitology Research, 114(12), 
4709–4716. [CrossRef] 

Keleş, İ., Ekinci, G., Tüfekçi, E., Çitil, M., Güneş, V., Aslan, Ö., Onmaz, A. C., 
Karaca Bekdik, İ., Varol, K., & Deniz, Ö. (2022). Etiological and predispos-
ing factors in calves with neonatal diarrhea: A clinical study in 270 case 
series. Kafkas Universitesi Veteriner Fakultesi Dergisi, 28(3), 315–326. 
[CrossRef] 

Lichtmannsperger, K., Hinney, B., Joachim, A., & Wittek, T. (2019). Molecular 
characterization of Giardia intestinalis and Cryptosporidium parvum from 
calves with diarrhoea in Austria and evaluation of point-of-care tests. 
Comparative Immunology, Microbiology and Infectious Diseases, 66, 
101333. [CrossRef] 

López-Novo, C., Díaz, P., Díaz-Cao, J. M., Couso-Pérez, S., García-Dios, D., 
López-Lorenzo, G., Remesar, S., Ares-Mazás, E., Morrondo, P., Gómez-
Couso, H., & Prieto, A. (2025). Importance and characterisation of con-
current pathogens in diarrhoeic calves from North-Western Spain. Ani-
mals: An Open Access Journal from MDPI, 15(18), 2735. [CrossRef] 

Meganck, V., Hoflack, G., Piepers, S., & Opsomer, G. (2015). Evaluation of a 
protocol to reduce the incidence of neonatal calf diarrhoea on dairy 
herds. Preventive Veterinary Medicine, 118(1), 64–70. [CrossRef] 

National Animal Health Monitoring System (NAHMS) (2008). Dairy, Part II: 
Changes in the U.S. dairy industry, 1991–2007. United States Depart-
ment of Agriculture, & Animal and Plant Health Inspection Service. 
Veterinary services, national animal health monitoring system, Fort Col-
lins, CO, USA

Öztrürk, D., Kale, M., Şahan Yapıcıer, Ö., Sait Saltık, H., Atlı, K., & Yaman, S. 
(2024). Diarrhea in neonatal calves–bacterial and viral factors. Acta Sci-
entiae Veterinariae, 52, 1–8. [CrossRef] 

Probo, M., & Veronesi, M. C. (2022). Clinical scoring systems in the newborn 
calf: An overview. Animals: An Open Access Journal from MDPI, 12(21), 
3013. [CrossRef] 

Quílez, J., Torres, E., Chalmers, R. M., Robinson, G., del Cacho, E., & Sánchez-
Acedo, C. (2008). Cryptosporidium species and subtype analysis from 
dairy calves in Spain. Parasitology, 135(14), 1613–1620. [CrossRef] 

Rahmouni, I., Essid, R., Aoun, K., & Bouratbine, A. (2014). Glycoprotein 60 
diversity in Cryptosporidium parvum causing human and cattle crypto-
sporidiosis in the rural region of Northern Tunisia. American Journal of 
Tropical Medicine and Hygiene, 90(2), 346–350. [CrossRef] 

Reynolds, D. J., Morgan, J. H., Chanter, N., Jones, P. W., Bridger, J. C., Debney, 
T. G., & Bunch, K. J. (1986). Microbiology of calf diarrhoea in southern 
Britain. Veterinary Record, 119(2), 34–39. [CrossRef] 

Santín, M., Trout, J. M., Xiao, L., Zhou, L., Greiner, E., & Fayer, R. (2004). Preva-
lence and age-related variation of Cryptosporidium species and geno-
types in dairy calves. Veterinary Parasitology, 122(2), 103–117. [CrossRef] 

Sedky, D., Ghazy, A. A., & Abou-Zeina, H. A. A. (2025). Advances in diagnosis 
of diseases causing diarrhea in newborn calves. Veterinary Research 
Communications, 49(5), 293. [CrossRef] 

Shome, B. R., Das Mitra, S., Bhuvana, M., Krithiga, N., Velu, D., Shome, R., Isloor, 
S., Barbuddhe, S. B., & Rahman, H. (2011). Multiplex PCR assay for species 
identification of bovine mastitis pathogens. Journal of Applied Microbiol-
ogy, 111(6), 1349–1356. [CrossRef] 

Soba, B., & Logar, J. (2008). Genetic classification of Cryptosporidium isolates 
from humans and calves in Slovenia. Parasitology, 135(11), 1263–1270. 
[CrossRef] 

Sutherland, M. A., Lowe, G. L., Huddart, F. J., Waas, J. R., & Stewart, M. (2018). 
Measurement of dairy calf behavior prior to onset of clinical disease and 
in response to disbudding using automated calf feeders and accelerom-
eters. Journal of Dairy Science, 101(9), 8208–8216. [CrossRef]

Svensson, C., Lundborg, K., Emanuelson, U., & Olsson, S. O. (2003). Morbidity 
in Swedish dairy calves from birth to 90 days of age and individual calf-
level risk factors for infectious diseases. Preventive Veterinary Medicine, 
58(3–4), 179–197. [CrossRef] 

Taylan-Ozkan, A., Yasa-Duru, S., Usluca, S., Lysen, C., Ye, J., Roellig, D. M., Feng, 
Y., & Xiao, L. (2016). Cryptosporidium species and Cryptosporidium par-
vum subtypes in dairy calves and goat kids reared under traditional 
farming systems in Turkey. Experimental Parasitology, 170, 16–20. 
[CrossRef] 

Torreggiani, C., Pupillo, G., Garbarino, C. A., Rugna, G., Prosperi, A., Chiapponi, 
C., & Luppi, A. (2025). Major etiological agents isolated from neonatal 
calf diarrhea outbreaks in Northern Italy. Pathogens, 14(9), 847. 
[CrossRef] 

Vega, C. G., Bok, M., Ebinger, M., Rocha, L. A., Rivolta, A. A., González Thomas, 
V., Muntadas, P., D’Aloia, R., Pinto, V., Parreño, V., & Wigdorovitz, A. (2020). 
A new passive immune strategy based on IgY antibodies as a key ele-
ment to control neonatal calf diarrhea in dairy farms. BMC Veterinary 
Research, 16(1), 264. [CrossRef] 

Virtala, A. M., Mechor, G. D., Gröhn, Y. T., & Erb, H. N. (1996). Morbidity from 
nonrespiratory diseases and mortality in dairy heifers during the first 
three months of life. Journal of the American Veterinary Medical Associa-
tion, 208(12), 2043–2046. [CrossRef] 

Wagnerová, P., Sak, B., McEvoy, J., Rost, M., Sherwood, D., Holcomb, K., & Kváč, 
M. (2016). Cryptosporidium parvum and Enterocytozoon bieneusi in 
American Mustangs and Chincoteague ponies. Experimental Parasitol-
ogy, 162, 24–27. [CrossRef] 

Waltner-Toews, D., Martin, S. W., & Meek, A. H. (1986). Dairy calf management, 
morbidity and mortality in Ontario Holstein herds. III. Association of 
management with morbidity. Preventive Veterinary Medicine, 4(2), 
137–158. [CrossRef] 

Wielinga, P. R., de Vries, A., van der Goot, T. H., Mank, T., Mars, M. H., Kortbeek, 
L. M., & van der Giessen, J. W. B. (2008). Molecular epidemiology of 
Cryptosporidium in humans and cattle in the Netherlands. International 
Journal for Parasitology, 38(7), 809–817. [CrossRef] 

Wilson, D. J., Habing, G., Winder, C. B., & Renaud, D. L. (2023). A scoping review 
of neonatal calf diarrhea case definitions. Preventive Veterinary Medicine, 
211, 105818. [CrossRef]

Xiao, L., Escalante, L., Yang, C., Sulaiman, I., Escalante, A. A., Montali, R. J., Fayer, 
R., & Lal, A. A. (1999). Phylogenetic analysis of Cryptosporidium parasites 
based on the small-subunit rRNA gene locus. Applied and Environmental 
Microbiology, 65(4), 1578–1583. [CrossRef] 

Xiao, L., & Feng, Y. (2017). Molecular epidemiologic tools for waterborne 
pathogens Cryptosporidium spp. and Giardia duodenalis. Food and 
Waterborne Parasitology, 8–9(9), 14–32. [CrossRef] 

Yildirim, A., Adanir, R., Inci, A., Yukari, B. A., Duzlu, O., Onder, Z., Ciloglu, A., & 
Simsek, E. (2020). Prevalence and genotyping of bovine Cryptosporidium 
species in the Mediterranean and Central Anatolia Region of Turkey. 
Comparative Immunology, Microbiology and Infectious Diseases, 69, 
101425. [CrossRef] 

Yildirim, A., Sevinc, F., Onder, Z., Duzlu, O., Ekici, O. D., Isik, N., Ciloglu, A., 
Simsek, E., Yetismis, G., & Inci, A. (2021). Comparison of three diagnostic 
methods in the diagnosis of cryptosporidiosis and gp60 subtyping of 
Cryptosporidium parvum in diarrheic calves in Central Anatolia Region 
of Turkey. EuroBiotech Journal, 5(2), 63–69. [CrossRef] 

https://dx.doi.org/10.1002/9781118548387
https://dx.doi.org/10.1371/journal.pone.0031139
https://dx.doi.org/10.1128/jvi.76.13.6596-6601.2002
https://dx.doi.org/10.1016/j.parint.2020.102163
https://dx.doi.org/10.1007/s00436-015-4719-1
https://dx.doi.org/10.9775/kvfd.2021.26981
https://dx.doi.org/10.1016/j.cimid.2019.101333
https://dx.doi.org/10.3390/ani15182735
https://dx.doi.org/10.1016/j.prevetmed.2014.11.007
https://dx.doi.org/10.22456/1679-9216.140125
https://dx.doi.org/10.3390/ani12213013
https://dx.doi.org/10.1017/S0031182008005088
https://dx.doi.org/10.4269/ajtmh.13-0522
https://dx.doi.org/10.1136/vr.119.2.34
https://dx.doi.org/10.1016/j.vetpar.2004.03.020
https://dx.doi.org/10.1007/s11259-025-10855-0
https://dx.doi.org/10.1111/j.1365-2672.2011.05169.x
https://dx.doi.org/10.1017/S0031182008004800
https://dx.doi.org/10.3168/jds.2017-14207
https://dx.doi.org/10.1016/S0167-5877(03)00046-1
https://dx.doi.org/10.1016/j.exppara.2016.06.014
https://dx.doi.org/10.3390/pathogens14090847
https://dx.doi.org/10.1186/s12917-020-02476-3
https://dx.doi.org/10.2460/javma.1996.208.12.2043
https://dx.doi.org/10.1016/j.exppara.2015.12.004
https://dx.doi.org/10.1016/0167-5877(86)90019-X
https://dx.doi.org/10.1016/j.ijpara.2007.10.014
https://dx.doi.org/10.1016/j.prevetmed.2022.105818
https://dx.doi.org/10.1128/AEM.65.4.1578-1583.1999
https://dx.doi.org/10.1016/j.fawpar.2017.09.002
https://dx.doi.org/10.1016/j.cimid.2020.101425
https://dx.doi.org/10.2478/ebtj-2021-0010

