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Abstract 
Clostridium perfringens remains a persistent public health challenge, being a leading cause of foodborne intoxications and 

zoonotic infections . In this study, we systematically searched major academic databases for all eligible studies published up 

to June 10, 2026, with no restrictions on the publication date. Following the PRISMA guidelines, 23 eligible studies were 

selected. To stabilize variance (particularly for proportions approaching zero or one hundred), a random-effects model 

utilizing the Freeman–Tukey double arcsine transformation was employed. Subgroup analyses were conducted to 

investigate potential variations based on sample type, diagnostic methodology, and study origin. The pooled prevalence of 

C. perfringens, adjusted via the Freeman–Tukey transformation, was estimated at 18% (95% CI: 12% - 25%). Subgroup 

analysis indicated that the prevalence was significantly higher in intestinal and fecal samples compared to other sources (p 

< 0.05). Furthermore, studies employing molecular detection methods (e.g., PCR) reported consistently higher prevalence 

rates than those using traditional culture techniques. Substantial heterogeneity was observed across studies (I2 > 90%), 

which was further corroborated by meta-regression analysis showing an inverse relationship between sample size and 

reported prevalence, suggesting that smaller studies may overestimate the true infection rate. These findings indicate that 

C. perfringens remains an important foodborne pathogen in Iran. The observed prevalence patterns highlight the need for 

strengthened surveillance and more standardized detection approaches to support more accurate risk assessment and food 

safety planning. 

Keywords: Clostridium perfringens, Enterotoxemia, Food poisoning, Foodborne pathogens, Livestock, Necrotic 

enteritis.        

 

Introduction 
Clostridium perfringens  (C. perfringens) is an 

important zoonotic pathogen, with major 

implications for humans (Yan et al., 2025), animals 

(Fohler et al., 2016; Keerqin et al., 2022), and food 

safety due to its ability to produce various toxins and 

cause various diseases (Jang et al., 2020). This Gram-

positive, anaerobic, spore-forming bacillus (McClane 

et al., 2012) is ubiquitous in various environments, 

including soil, water, and the digestive tract of 
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humans and animals (Khiav et al., 2025; Takanosu et 

al., 2024). An important feature of C. perfringens is 

the high resistance of its spores to adverse 

environmental conditions, as well as the ability to 

survive in the food chain and contaminated 

environments (Chowdhury et al., 2026; Li et al., 

2016). For this reason, this microorganism can easily 

play a role in the transmission cycle from the 

environment to materials, from livestock to food, 

and finally to humans (Firmesse et al., 2025). 

Clinically, C. perfringens is associated with a wide 

range of diseases, including food poisoning (Holtby 

et al., 2008), enterotoxemia (Giannitti et al., 2023), 

necrotic enteritis (Katalani et al., 2024), gas 

gangrene (Ghezel & Arfaee, 2025), and even some 

severe cases of septicemia (Fujikawa & Araki, 2020). 

Disease severity and clinical manifestations are 

largely influenced by toxin production. C. perfringens 

strains may produce alpha, beta, epsilon, iota, and 

enterotoxin, and toxinotyping has been used to 

classify strains with distinct pathogenic potential in 

humans and animals (Afshari et al., 2015; Ahsani et 

al., 2011; Alimolaei, 2023; Shahdadnejad et al., 

2016). 

From a public health perspective, the consumption 

of food contaminated with C. perfringens is a serious 

concern. This bacterium can proliferate rapidly in 

cooked foods that are improperly stored, 

particularly in large quantities, thereby causing food 

poisoning (Seman & Milkowski, 2026). Meat, meat 

products, ready-to-eat foods, and milk and some 

dairy products are among the sources that have been 

introduced in various studies as reservoirs or 

vehicles for transmission of this bacterium (Ahmadi 

et al., 2021; Doosti et al., 2017; Hassani, Pakbin, et al., 

2022; Hosseinzadeh et al., 2018; Jang et al., 2020). 

On the other hand, the presence of C. perfringens in 

livestock and poultry is also important, because 

these animals can act as both a reservoir of the 

bacteria and a source of contaminated food (Ahsani 

et al., 2011; Alimolaei, 2023; Gharibi et al., 2017; 

Hayati et al., 2020; Poursoltani et al., 2013). 

Therefore, investigating the distribution of this 

microorganism in different sources is essential for 

control and health promotion planning. 

Various studies have shown that factors such as 

Iran’s large geographical area and climatic diversity, 

different livestock farming patterns, food storage 

methods, and variations in health infrastructure 

have contributed to the endemic occurrence of this 

infection in Iran (Azimi et al., 2024; Azimirad et al., 

2021; Ghourchian et al., 2021; Hashemi et al., 2025; 

Hayati et al., 2020; Katalani et al., 2024). Other 

factors may also explain the different results 

reported for this bacterium in Iran, including sample 

type, detection method, sample size, study period, 

climatic conditions, and even differences in 

laboratory protocols (Ahmadi et al., 2021; Ahsani et 

al., 2011; Alimolaei & Ezatkhah, 2022; Azimirad et 

al., 2021). Therefore, interpreting the results of 

scattered studies alone cannot provide an accurate 

picture of the true status of this bacterium in the 

country. 

In recent years, antibiotic resistance and the 

emergence of resistant strains of pathogenic bacteria 

have increased significantly. Various reports have 

described antimicrobial resistance patterns and the 

presence of toxin-related genes in C. perfringens, 

which have further highlighted the importance of a 

comprehensive investigation of this bacterium 

(Ahsani et al., 2010; Hassani, Pakbin, et al., 2022; 

Hosseinzadeh et al., 2018; Katalani et al., 2024; 

Poursoltani et al., 2013). Therefore, studying the 

prevalence of this pathogen is not merely a simple 

laboratory investigation, but can also provide a basis 

for risk assessment, the design of preventive 

programs, and health-related decision-making at the 

national level. 

Despite numerous studies conducted in Iran, a 

coherent and quantitative summary of the 

prevalence of C. perfringens from different sources 

across the country has not yet been provided; if such 

summaries have been reported, they have generally 

been limited to certain sample types or specific 

regions. The absence of a comprehensive and 

reliable estimate means that research and policy 

decisions are often made on the basis of scattered 

and sometimes contradictory data. Meta-analysis, as 

a powerful statistical approach, makes it possible to 

combine the findings of different studies and obtain 

a more accurate estimate of the true prevalence. In 

addition, through subgroup analysis and meta-

regression, sources of heterogeneity among studies 

can be identified, and the roles of factors such as 
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sample type, study year, geographical region, and 

diagnostic method can be examined.  

Therefore, the aim of this study was to estimate the 

overall prevalence of C. perfringens in studies 

conducted in Iran and to examine patterns of 

heterogeneity among those studies. In addition, this 

study aimed to identify factors affecting differences 

in study results through complementary analyses, 

such as subgroup analysis and meta-regression, to 

provide a more accurate picture of the status of this 

bacterium in the country.  

  

Materials and Methods 
Search strategy and data sources 

 This systematic review and meta-analysis was 

conducted in accordance with the Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines. A comprehensive 

literature search was performed to identify all 

studies reporting the prevalence of C. perfringens in 

Iran. International electronic databases, including 

PubMed/MEDLINE, Scopus, Web of Science Core 

Collection, CAB Abstracts/CAB Direct, and Google 

Scholar, as well as Iranian databases, including 

Scientific Information Database (SID), Magiran, and 

IranDoc, were systematically searched. The search 

covered all records published up to June 10, 2026, 

without restriction on publication year. Searches 

were conducted in both English and Persian. No 

restriction was initially applied regarding sample 

type to include studies conducted on food products, 

animal samples, human samples, environmental 

samples, water, dairy products, poultry, meat 

products, and other related matrices. 

The search strategy was developed using 

combinations of Medical Subject Headings (MeSH) 

terms, free-text keywords, synonyms, and Boolean 

operators (“AND”, “OR”). The main search terms 

included: Clostridium perfringens, C. perfringens, 

Clostridium welchii, prevalence, occurrence, 

Frequency, isolation, Detection, contamination, Iran, 

Iranian. The full PubMed/MEDLINE search strategy 

was as follows: ((Clostridium perfringens 

[Title/Abstract] OR C. perfringens [Title/Abstract] 

OR Clostridium welchii [Title/Abstract]) AND (Iran 

[All Fields] OR Iranian [All Fields]) AND (prevalence 

[Title/Abstract] OR occurrence [Title/Abstract] OR 

frequency [Title/Abstract] OR isolation 

[Title/Abstract] OR detection [Title/Abstract] OR 

contamination [Title/Abstract])). Equivalent search 

strategies were used for the other databases. In 

addition, the reference lists of all eligible articles and 

relevant review papers were manually screened to 

identify further potentially eligible studies that were 

not captured during the electronic database search. 

Duplicate records were identified and removed 

before screening. 

Data extraction 

Study selection and data extraction were 

independently conducted by three authors. First, 

duplicate records were removed. The remaining 

studies were screened based on titles and abstracts 

according to the predefined inclusion and exclusion 

criteria. Potentially relevant articles were then 

evaluated through full-text review.  Each reviewer 

independently performed the screening process and 

extracted the relevant data. After completion of 

these steps, the results obtained by the three 

reviewers were compared. Any discrepancies in 

study selection or extracted data were resolved 

through joint re-evaluation of the original articles to 

ensure that no eligible studies were missed and that 

all extracted information was accurate. Final 

decisions regarding study inclusion and data 

extraction were made by consensus among the three 

reviewers. 

The process of study selection is summarized in the 

PRISMA flow diagram (Fig. 1). In total, 414 records 

were initially identified through database searching. 

After the removal of 88 duplicate records, 326 

articles remained and were screened based on their 

titles and abstracts. During this stage, 158 records 

were excluded because they did not meet the 

inclusion criteria. The full texts of the remaining 168 

articles were retrieved and assessed for eligibility. 

Following detailed evaluation, 145 studies were 

excluded due to reasons such as irrelevant study 

design, insufficient data, or lack of relevance to the 

research objectives. Ultimately, 23 studies fulfilled 

the eligibility criteria and were included in the final 

systematic review and quantitative meta‑analysis . 
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Eligibility Criteria 

To be included in this systematic review and meta-

analysis, primary studies had to meet the following 

inclusion criteria: Study Design: Peer-reviewed 

cross-sectional or descriptive studies reporting the 

prevalence or isolation rates of C. perfringens in Iran. 

Target Population/Samples: Foodstuffs (including 

meat, dairy, vegetables, etc.) and livestock (including 

clinically healthy or diseased cattle, sheep, goats, and 

poultry, etc.). Diagnostic Methods: Studies 

employing standard microbiological 

culture/biochemical identification and/or molecular 

methods (e.g., polymerase chain reaction [PCR]) for 

C. perfringens detection. Sample Size: Studies with a 

minimum sample size of 𝑛 ≥ 10 to ensure statistical 

stability. Language: Articles published in English or 

Persian.  

 

Figure 1. Flow diagram of the study selection process for 

the systematic review and meta-analysis of C. perfringens 

prevalence in Iran. 

 

Studies were excluded if they met any of the 

following criteria: Publication Type: Review articles, 

systematic reviews, meta-analyses, conference 

abstracts, editorials, and case reports. Data 

Inadequacy: Studies lacking clear denominators 

(total sample size) or numerators (number of 

positive samples), and those in which data could not 

be extracted even after contacting the authors. 

Duplicate Publications: Studies presenting identical 

data from previously published articles. 

Statistical analysis 

All statistical analyses were performed using Stata 

version 19.5 (StataCorp, College Station, TX, USA).  

The pooled prevalence of C. perfringens was 

estimated using a random‑effects model based on 

the Restricted Maximum Likelihood (REML)  method, 

considering the expected heterogeneity across 

studies due to differences in geographic location, 

study period, and sample characteristics. To address 

the issue of variance stabilization and to include 

studies with 0% or 100% prevalence, the Freeman–

Tukey double arcsine transformation was applied 

before pooling. Proportions were transformed using 

the Freeman–Tukey double-arcsine transformation 

for pooling and were subsequently back-

transformed to the original prevalence scale for 

interpretation. 

Statistical heterogeneity among studies was assessed 

using Cochran’s Q test and quantified using the I² 

statistic, where I² values of approximately 25%, 

50%, and 75% were considered to represent low, 

moderate, and high heterogeneity, respectively. To 

explore potential sources of heterogeneity, subgroup 

analyses and meta-regression were conducted based 

on selected study characteristics, including 

publication year and sample size. Potential 

publication bias was evaluated visually using funnel 

plots and statistically using Egger’s regression and 

Begg’s rank correlation tests, with results 

interpreted cautiously due to the nature of the 

prevalence meta‑analyses. A leave‑one‑out 

sensitivity analysis was performed to assess the 

influence of individual studies on the pooled 

estimate by sequentially removing each study and 

recalculating the overall prevalence. 

     

Results and Discussion 
A total of 23 studies were included in the 

meta‑analysis, comprising 4,821 examined samples, 

of which 772 were positive for C. perfringens. These 

studies were conducted in different regions of Iran, 

including Tehran, Mashhad, Kerman, Shiraz, 

Hamedan, Qazvin, Ahvaz, and Gorgan, and 

investigated a range of sample types such as food 
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products, water, intestinal contents, meat, offal, and 

vegetables (Table 1). 

 

 

Table 1. Characteristics of studies included in the meta-analysis of C. perfringens prevalence in Iran. 

 Authors Region Sample type Sample size Positive Prevalence 
Diagnostic 

method 

1 
Hashemi et al., 

2025 
Mashhad 

Food (chicken kubideh, 
chicken barbecue, kubideh, 

lentilpilaf with minced meat, 
vegetable pilaf with fish, 

fried chicken pilaf, …) 

360 2 0.56 Culture 

2 
Shahryari et al., 

2024 
Gorgan Water 98 12 12.24 Culture 

3 Azimi et al., 2024 Tehran Intestinal (rat) 100 15 15 PCR 
4 Alimolaei., 2023 Kerman Intestinal (sheep) 192 55 28.65 PCR 

5 
Alimolaei et al., 

2023 
Kerman Intestinal (quail) 120 37 30.83 PCR 

6 
Hassani, 

Mahmoudi, et al., 
2022 

Qazvin Meat (cattle) 133 24 18.04 PCR 

7 
Alimolaei et al., 

2022 
Kerman Intestinal (goat) 142 27 19.01 PCR 

8 
Hassani, Pakbin et 

al., 2022 
Qazvin Meat (cattle) 133 18 13.53 PCR 

9 
Azimirad et al., 

2021 
Tehran Vegetable 366 66 18.03 PCR 

10 
Ghourchian et al., 

2021 
Tehran Vegetable 140 13 9.29 PCR 

11 
Ahmadi et al., 

2021 
Hamedan 

Food (sausage, bologna, 
hotdog, Kebab, and 

hamburger) 
834 0 0 PCR 

12 
Hayati et al.,  

2020     
Shiraz Intestinal (cow, sheep, goat) 459 142 30.94 PCR 

13 
Fahimeh et al., 

2018 
Mashhad Intestinal (sheep) 40 25 62.5 PCR 

14 
Hosseinzadeh et 

al., 2018 
Shiraz Carcass (cow, sheep) 200 61 30.5 PCR 

15 
Doosti  et al., 

2017 
Shahrekord Intestinal (chicken) 100 55 55 PCR 

16 
Gharibi et al., 

2017 
Ahvaz Intestinal (sheep) 369 54 14.63 PCR 

17 
Shakerian et al., 

2017 
Kerman 

Food (curd), Meat (sheep, 
cow) 

143 16 11.19 PCR 

18 
Shahdadnejad et 

al., 2017 
Kerman Intestinal (chicken) 122 50 40.98 PCR 

19 
Afshari et al., 

2015 
Mashhad Carcass (chicken) 200 31 15.5 PCR 

20 Zandi et al., 2014 Kerman Intestinal (ostrich) 120 11 9.17 PCR 

21 
Poursoltani et al., 

2013 
Mashhad Carcass (chicken) 180 6 3.33 Culture 

22 
Ahsani et al., 

2011 
Kerman Intestinal (sheep) 140 29 20.71 PCR 

23 
Ahsani et al., 

2010 
Kerman Intestinal (sheep) 130 23 17.69 PCR 

 Over all 4821 772   

 

In most of the included studies, PCR was used as the 

primary detection method, whereas only a few 

studies relied on culture-based methods. The 

reported prevalence of C. perfringens varied 
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substantially between studies, ranging from 0% in 

some investigations to more than 60% in studies 

such as those by Fahimeh et al. (2018) and Doosti et 

al. (2017). This wide variation in the reported 

prevalence suggests considerable heterogeneity 

among the studies included in the meta-analysis. 
 

 

Figure 2. Forest plot showing the pooled prevalence estimates of C. perfringens based on 23 studies included in the meta-analysis. 

The analysis was conducted using the REML random‑effects model with Freeman–Tukey transformation. The pooled prevalence was 

18% (95% CI: 12%–25%). A very high level of heterogeneity was observed among the studies (I² = 97.05%). 

 

In this meta-analysis, the pooled prevalence of C. 

perfringens was estimated to be 18% (95% CI: 12%–

25%) using a REML-based random-effects model 

with Freeman–Tukey double-arcsine transformation 

(Fig. 2). Substantial heterogeneity was observed 

across studies (I² = 97.05%, τ² = 0.16, H² = 33.84; Q 

(22) = 950.00, p < 0.001), indicating considerable 

variability in prevalence estimates. 

Publication bias was assessed using a funnel plot 

(Fig. 3). Visual inspection of the plot revealed an 

asymmetric distribution of studies, with several 

studies located outside the triangular region 

representing the pseudo 95% confidence interval. 

Formal statistical tests confirmed the visual 

asymmetry observed in the funnel plot. Egger’s 

regression test (random-effects REML model) 
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indicated significant funnel-plot asymmetry (β₁ = –

4.31, SE = 0.498, z = –8.64, p < 0.0001), providing 

strong evidence for potential small-study effects. 

Begg’s rank-correlation test also showed significant 

asymmetry (Kendall’s score = – 355.00, SE = 95.532, 

z = – 3.73, p = 0.0002). Collectively, these findings 

suggest that smaller studies reporting lower 

prevalence or null findings may be 

underrepresented in the published literature, and 

the pooled estimate may therefore overestimate the 

true prevalence to some degree.  

 

Figure 3. Funnel plot used to assess potential publication 
bias among the included studies. The horizontal axis 
represents the prevalence estimates (Freeman–Tukey 
transformation), and the vertical axis indicates the 
standard error. Each blue dot represents an individual 
study, and the vertical red line indicates the pooled 
estimate obtained using the REML model. The 
asymmetrical distribution of points may suggest the 
presence of publication bias or reflect a high level of 
heterogeneity among the included studies. 

 

Subgroup analysis showed that host type, sample 

type, and detection method were the main sources of 

heterogeneity in the prevalence of C. perfringens 

(Fig. 4). 

Host: The highest prevalence was observed in quail 

(30%) and sheep (28%), while the lowest 

prevalence was reported for food groups (2%). The 

difference between host subgroups was statistically 

significant (Q = 35.76, p < 0.001). Although a high 

prevalence was observed in the quail subgroup (Fig. 

4), this estimate was based on a single study 

(Alimolaei et al., 2023). Therefore, this finding is 

statistically unstable and should be interpreted with 

caution as an exploratory observation rather than a 

definitive epidemiological estimate. 

Sample type: The highest prevalence was observed 

in the intestinal samples (27%), whereas the lowest 

was observed in the “other” category (2%). This 

difference was also statistically significant (Q = 

29.83, p < 0.001). 

Method: Studies using PCR reported a higher 

prevalence than those using culture-based methods 

(19% vs. 4%), and this difference was statistically 

significant (Q = 17.76, p < 0.001). 

Province: Unlike the other variables, the 

geographical distribution of studies across provinces 

(analyzed as East, West, North, South, and Center) 

did not reveal a statistically significant difference in 

C. perfringens prevalence (Q = 9, p= 0.11). While 

notable numerical variations were observed, with 

the highest point estimate appearing in the southern 

regions (23%), subgroup analysis was likely 

constrained by low statistical power. This limitation 

stems from the small number of eligible studies per 

province, which results in wide 95% confidence 

intervals and substantial overlap between regional 

estimates. Therefore, despite the numerical 

differences, we cannot confidently conclude 

significant regional heterogeneity in prevalence 

based on the current evidence. 

The sensitivity analysis using the leave‑one‑out 

method showed that removing individual studies did 

not substantially affect the overall estimate of C. 

perfringens prevalence (Fig. 5). The pooled 

estimates remained within a narrow range of 15% to 

17% after sequential removal of each study, and the 

confidence intervals showed only minimal variation. 

The highest estimate was observed after excluding 

the studies by Hashemi et al. (2025) and Ahmadi et 

al. (2021), while the lowest estimate was associated 

with the removal of the studies by Fahimeh et al. 

(2018), Doosti et al. (2017), one entry from 

Alimolaei (2023), and one entry from Ahsani et al. 

(2011). These findings indicate that no single study 

had a disproportionate influence on the overall 

meta-analysis results, suggesting that the findings 

are reasonably robust. 

To investigate the effect of time on changes in the 

prevalence of C. perfringens in Iran, a random-effects 

meta-regression analysis (REML method) was 

performed using the publication year as the 
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moderator variable. According to the bubble plot 

(Fig. 6), the prediction line was nearly horizontal 

with only a slight, statistically non-significant 

positive slope (β= 0.0031, SE = 0.0175, 95% CI: -

0.031 to 0.037, z =0.18, p = 0.858). This suggests that 

the prevalence of this bacterium has not changed 

markedly from 2010 to 2026, and the overall trend 

has remained relatively stable over time. 

Furthermore, the publication year failed to account 

for the observed heterogeneity among studies (R2 = 

0.00%, residual I2 = 95.45%, residual Q = 989.71, df = 

41 p < 0.0001). Most studies fall within the 

95%confidence interval (represented by the shaded 

gray area), although the heterogeneity of studies 

appears to increase in more recent years, 

particularly after 2020 (Table 2).  

 

Figure 4. Forest plot of subgroup analyses based on host, region, sample type, and detection method. The plot presents the 

pooled prevalence of C. perfringens across these four variables. Analyses were performed using a random-effects model (REML) 

with the Freeman–Tukey double-arcsine transformation. Blue squares indicate the prevalence estimate for each subgroup, and 

diamonds at the end of each section represent the pooled estimate for that subgroup. Horizontal lines show the corresponding 

95% confidence intervals. Overall heterogeneity among the included studies was high (𝐼2 = 95.38%). The test for subgroup 

differences was statistically significant for all variables except the geographic region. 

To assess the potential influence of sample size on 

reported prevalence, a meta‑regression analysis was 

conducted using sample size as the predictor 

variable (Fig. 7). The bubble plot reveals a 
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decreasing trend (negative slope) in prevalence 

estimates as sample size increases, suggesting that 

studies with smaller sample sizes tend to report 

higher prevalence values. Although this trend is 

visually apparent, the relatively wide 95% 

confidence interval (shaded gray area) indicates 

substantial heterogeneity among studies with 

smaller sample sizes. 

 

Figure 5. Sensitivity analysis using the leave‑one‑out method to evaluate the robustness of the pooled estimate of C. perfringens 
prevalence. In this analysis, one study was removed at a time, and the pooled estimate was recalculated using the REML 
random‑effects model with the Freeman–Tukey transformation. The consistency of the estimates after removing different studies 
indicates that the overall meta-analysis result is robust and not disproportionately influenced by any single study. 
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The results of this meta-analysis indicate that the 

overall prevalence of C. perfringens in Iran is 

relatively high across various hosts and sample 

types. Our subgroup pooled estimates, back-

transformed from the REML random-effects model 

using the Freeman–Tukey double-arcsine 

transformation, ranged between 11% and 20% 

across most categories. This prevalence is likely 

attributable to the bacterium’s role as part of the 

normal intestinal flora of domestic animals and 

poultry (Alimolaei, 2023; Gharibi et al., 2017; Hayati 

et al., 2020), which aligns with previous findings in 

the region (Hakeem et al., 2024; Mohiuddin et al., 

2020). Nevertheless, this remains a significant 

concern for animal health, food safety, and public 

health. Such contamination levels suggest that C. 

perfringens maintains a persistent and widespread 

presence throughout the food chain, particularly 

within the production, processing, and distribution 

environments of livestock products in Iran. 

 

Table 2. Univariate random-effects meta-regression analyses of publication year and sample size as potential moderators of C. 
perfringens prevalence. 

Covariate Coefficient 
(𝜷) 

Standard 
error (SE) 

Z-value P- value 95% CI R2(%) Residual 
heterogeneity 

(𝑰residual
𝟐 ) 

Year 
 

0.0031 0.0175 0.18 0.858 -0.031 to 0.037 0.00% 95.45% 

Sample size -0.0013 0.0006 −2.13 0.033 -0.0026 to -0.0001 8.57% 94.69% 

Note: Results are from separate univariate random-effects meta-regression models. Coefficients indicate the change in transformed 
prevalence per one-unit increase in the moderator. 

 

The heterogeneity observed in this meta-analysis 

was substantial (I² ≈ 97%). This high level of 

variability indicates that the differences between 

studies exceed what can be explained by random 

error alone, necessitating an examination of multiple 

potential factors (such as host, sample type, 

diagnostic method, study design, and geographical or 

management conditions) to explain this variance. 

Our subgroup analyses and meta-regression 

successfully clarified the sources of heterogeneity, 

highlighting key methodological and biological 

moderators (Migliavaca et al., 2022; Mokhtari, 

2024). 

The subgroup analysis showed that the prevalence 

of C. perfringens was higher in certain hosts, 

particularly quail (14%–50%, p = 0.00) and sheep 

(16%–42%, p = 0.00), compared with other species. 

A high prevalence of this bacterium in sheep 

(Hakeem et al., 2024; Mohiuddin et al., 2020) and 

quail (Shivaprasad et al., 2008) has also been 

reported in other regions. Several factors may 

explain this pattern. Physiological and 

immunological differences between species 

(Sumners et al., 2012), variations in intestinal 

microbial composition (Jost et al., 2006; Shi et al., 

2019; Zaytsoff et al., 2022), and differences in 

susceptibility to nutritional disorders (Goo et al., 

2025; Guo et al., 2023; Huang et al., 2024) may all 

influence the occurrence and proliferation of C. 

perfringens. 

In addition, sheep farming systems and feeding 

management practices in Iran are often associated 

with high flock density, inadequate ventilation, 

fluctuations in feed quality, and the use of 

commercial or traditional feeds with limited control 

of mycotoxins and secondary contamination. These 

conditions may disrupt intestinal microbial balance 

and create a favorable environment for the growth 

and proliferation of anaerobic bacteria, such as C. 

perfringens (Ahsani et al., 2011; Antonissen et al., 

2014; Finnie & Uzal, 2024). 

In addition to host species, sample type was strongly 

associated with the reported prevalence. Studies 

using intestinal and gastrointestinal content samples 

reported a higher prevalence (19% – 37%) than 

studies based on carcass surfaces, environmental 

feces, or finished products. This finding is consistent 

with the biological characteristics of C. perfringens, 

as the bacterium is a common inhabitant of the 
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gastrointestinal tract  (Li et al., 2016) and is 

therefore more likely to be detected in intestinal 

tissues or contents (both in healthy animals and 

clinical cases) than during later stages of slaughter, 

processing, and storage (Craven et al., 2001). 

Conversely, the lower prevalence observed in 

carcasses and finished products may reflect the 

effects of slaughtering procedures, cold storage, 

washing, and hygiene interventions (Talukdar et al., 

2017). However, this reduction does not necessarily 

indicate complete elimination of the risk, since 

resistant spores may remain viable and become 

reactivated during subsequent stages, such as 

transportation, storage, or food preparation. 
 

 

Figure 6. Meta-regression bubble plot showing the association between publication year and C. perfringens prevalence. The 
horizontal and vertical axes represent publication year and prevalence, respectively, with prevalence expressed on the 
Freeman–Tukey transformed scale. Bubble sizes are proportional to study weights (inverse-variance weighting). The red line 
indicates the fitted random-effects meta-regression model, and the shaded gray area denotes the 95% confidence interval. The 
nearly horizontal slope suggests that publication year was not significantly associated with changes in prevalence over time. 

Among Iran’s neighboring countries, comparable 

epidemiological evidence is limited. In Punjab, 

Pakistan, C. perfringens was detected in 184 of 399 

samples collected from sheep and goats, 

corresponding to a prevalence of 46.1% (Mohiuddin 

et al., 2020). In a separate study from Pakistan, 33 of 

160 cattle and buffaloes tested positive, 

corresponding to an overall prevalence of 20.6% 

(18.8% in cattle and 22.5% in buffaloes) (Khan et al., 

2022). Thus, the pooled estimate for Iran was lower 

than that reported for Pakistani sheep and goats but 

was broadly comparable to the estimate reported for 

Pakistani cattle and buffaloes. 

In Samsun Province, northern Turkey, C. perfringens 

was detected in 45.2% (100/221) intestinal-content 

samples from sheep and goats that had died 

suddenly or were suspected of enterotoxemia 

(Tutuncu et al., 2018). This estimate should be 

interpreted as detection in a clinically selected 

population rather than as prevalence in the general 

small ruminant population. Similarly, the detection 

of C. perfringens in 33 of 38 lambs and goat kids with 

hemorrhagic abomasitis (86.8%) represents a 

disease-associated detection rate and should not be 

interpreted as the national prevalence in Turkey. 

At the broader Asian level, Tan et al. (2025) reported 

a pooled prevalence of 38.8% (95% CI: 30.9–46.9%) 

among sheep and goats based on 29 studies. This 

estimate was higher than the pooled prevalence 

observed in Iran; however, it represents Asian small 

ruminant populations and should not be considered 

a pooled estimate for the entire Middle East or the 

global animal population. Considerable variation has 

also been reported in Egypt. Among apparently 

healthy animals, the prevalence was 65.45% in 

sheep, 58.0% in goats, 55.0% in buffaloes, and 47.1% 

in cattle (Hamza et al., 2018). In contrast, a more 

recent Egyptian study identified confirmed C. 
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perfringens in 23 of 110 intestinal-content samples 

from camels, sheep, and cattle, corresponding to 

20.9% (Wahdan & Elhaig, 2024), which was close to 

the pooled prevalence observed in Iran. 
 

 

Figure 7. Meta-regression bubble plot showing the relationship between sample size and C. perfringens prevalence. The horizontal 
axis indicates sample size, and the vertical axis represents prevalence (Freeman–Tukey transformed). The red line shows the 
predicted trend, and the gray area represents the 95% confidence intervals. The increased scatter of data points at lower sample 
sizes highlights greater heterogeneity among these studies. 

Another important pattern identified in this meta-

analysis was the higher prevalence reported in 

studies using molecular methods, particularly PCR 

(13% – 25%), compared with studies primarily 

based on conventional culture and phenotypic 

techniques (1% – 8%). This difference is likely 

attributable to the higher sensitivity of PCR, its 

ability to detect slow-growing or damaged strains, 

and its capacity to identify toxin genes even in the 

absence of substantial bacterial growth on culture 

media. This represents a strength of more recent 

studies, as molecular methods provide a more 

accurate assessment of the genetic presence and 

pathogenic potential of the bacterium. On the other 

hand, differences in diagnostic methodology 

complicate direct comparisons of prevalence 

estimates between PCR-based and culture-based 

studies and may partially explain the observed 

heterogeneity (Nagpal et al., 2015). 

Furthermore, meta-regression analysis based on 

sample size demonstrated that studies with smaller 

sample sizes tended to report higher prevalence 

estimates. This pattern, reflected by the negative 

slope of the regression line and the clustering of 

points on the left side of the bubble plot, may 

indicate the presence of small-study effects. Smaller 

studies may have preferentially targeted herds or 

farms with evident clinical conditions, such as 

necrotic enteritis or diarrhea, potentially inflating 

prevalence estimates. In addition, smaller studies 

are generally more susceptible to sampling errors, 

selection bias, and limited representativeness of the 

target population (Afonso et al., 2024). Publication 

bias favoring more striking findings from smaller 

studies may have also contributed to this pattern. 

This relationship suggests that sample size is an 

important source of between-study variability, and 

greater interpretive weight should therefore be 

assigned to larger and methodologically robust 

studies when evaluating pooled prevalence 

estimates (Nakagawa et al., 2022). 

Meta-regression analysis by year of publication 

(2010–2025) yielded a nearly horizontal regression 

slope, suggesting no clinically significant trends of 

increasing or decreasing prevalence over time. While 

this relative stability might superficially be 

interpreted as a lack of worsening conditions, it 

indicates that over the past 15 years, control 
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measures, hygiene interventions, and management 

improvements across the production, storage, and 

processing continuum have failed to significantly 

reduce C. perfringens contamination levels. In 

essence, this issue appears to be both chronic and 

persistent (Elkenany et al., 2025). The increased 

dispersion of findings in recent years, particularly 

post-2020, may be attributed to several factors. First, 

the widespread adoption of sensitive molecular 

diagnostic techniques, such as PCR and real-time 

PCR, alongside an increased focus on toxin-encoding 

genes, has enabled the detection of a broader 

spectrum of contaminants than conventional 

culture-based methods (Ghourchian et al., 2021; 

Mohiuddin et al., 2020; Radomirović et al., 2025; 

Shakerian et al., 2017). Second, contemporary 

studies appear to encompass a more heterogeneous 

mix of host species, sample matrices, and study 

designs, which likely drives increased variability 

between studies (Azimirad et al., 2021; Chowdhury 

et al., 2026; Ghourchian et al., 2021; Hassani, 

Mahmoudi, et al., 2022; Hassani, Pakbin, et al., 2022; 

Seman & Milkowski, 2026). Finally, a larger body of 

recent research may have rendered underlying 

regional and management-related differences more 

apparent, thereby amplifying the observed 

heterogeneity. 

The high prevalence of C. perfringens in Iranian 

livestock and poultry is critical not only for animal 

welfare and production efficiency but also has direct 

implications for food safety and public health. C. 

perfringens is a recognized agent of foodborne illness 

(Hosseinzadeh et al., 2018; Li et al., 2016; Shakerian 

et al., 2017; Takanosu et al., 2024) and human 

necrotic enteritis, and its ubiquitous presence in 

farms, slaughterhouses, and the cold chain serves as 

a persistent reservoir for final-product 

contamination (Alimolaei, 2023; Katalani et al., 

2024; Shivaprasad et al., 2008). Given the inherent 

resistance of C. perfringens spores to heat and 

adverse environmental conditions (Chowdhury et al., 

2026; Li et al., 2016; Talukdar et al., 2017), this risk 

cannot be mitigated through superficial 

interventions alone. Instead, it necessitates a multi-

layered holistic approach:  

Given the relatively high prevalence of Clostridium 

perfringens in livestock and food samples, control 

strategies in Iran should follow an integrated farm-

to-fork and One Health framework. (Destoumieux-

Garzón et al., 2018; Grenda et al., 2023). At the farm 

level, optimizing nutritional management, ensuring 

feed quality, maintaining litter hygiene, regulating 

stocking density, and applying preventive measures, 

such as vaccination, where indicated, may help limit 

intestinal colonization and reduce the environmental 

C. perfringens spore burden (Elkenany et al., 2025; 

Tan et al., 2025). Furthermore, Rigorous sanitation, 

cross-contamination prevention, and stringent 

monitoring of time-temperature conditions remain 

paramount (Chowdhury et al., 2026). At the policy 

level, implementing national surveillance programs 

based on standardized diagnostic and reporting 

frameworks would enhance oversight across the 

food chain, particularly for high-consumption 

livestock products (Tast Lahti et al., 2023). 

Limitations 

Several limitations should be considered when 

interpreting the findings of this meta-analysis. First, 

although 4,821 specimens were included, this 

number remains modest relative to Iran’s extensive 

livestock population, geographical coverage, and 

diverse range of animal-derived food products. 

Moreover, the available studies did not provide 

uniform coverage of all provinces, production 

systems, animal populations, or food categories 

studied. Therefore, the pooled estimate should be 

interpreted as a summary of the currently available 

published evidence rather than a definitive 

nationally representative prevalence estimate for 

Iran . 

Second, substantial heterogeneity was observed 

among the included studies in this meta-analysis. 

This variability may reflect differences in study 

design, sampling strategies, target populations, 

sample types, sample handling, laboratory 

procedures, culture conditions, PCR protocols, 

primer sets, and criteria used to define positive 

cases. Although subgroup analyses and meta-

regression were used to explore potential sources of 

heterogeneity, these analyses could not fully account 

for the observed variability between studies. In 

addition, some subgroup analyses, particularly those 

based on geographical region and host type, included 

only a limited number of studies in certain 

categories. Consequently, the corresponding pooled 
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estimates may be unstable and should be regarded 

as exploratory and hypothesis-generating rather 

than conclusive evidence of regional or host-related 

differences. 

Third, funnel-plot asymmetry and statistically 

significant Egger’s (p < 0.0001) and Begg’s (p = 

0.0002) tests suggested possible small-study effects. 

Smaller studies tend to report higher prevalence 

estimates, which may reflect targeted sampling in 

high-risk populations, methodological differences, or 

selective publication of studies with higher detection 

rates. However, because conventional tests for 

funnel-plot asymmetry can be unreliable in 

prevalence meta-analyses with substantial 

heterogeneity, these findings should not be 

interpreted as definitive evidence of publication bias. 

Future large-scale, geographically distributed, and 

methodologically standardized surveillance studies 

are needed to provide more representative national 

estimates of C. perfringens prevalence across the 

livestock–food chain in Iran. 

 

Conclusion 
Overall, the findings of the present meta-analysis 

demonstrate that C. perfringens remains widely 

prevalent among livestock and poultry populations 

in Iran, with no marked reduction in prevalence over 

the last 15 years. A notable proportion of the 

variability observed among studies can be attributed 

to differences in host species, types of samples 

analyzed, diagnostic approaches, and study sample 

sizes. The leave‑one‑out sensitivity analysis further 

indicated that sequential removal of individual 

studies did not meaningfully change the pooled 

prevalence estimate, suggesting that the overall 

results were not driven by any single study. 

Nevertheless, the very high heterogeneity across 

studies, together with the possibility of publication 

bias, should be taken into consideration when 

interpreting the pooled prevalence reported in this 

meta‑analysis. Looking ahead, future research would 

benefit from coordinated multicenter 

epidemiological studies carried out across different 

regions of the country. Studies that apply consistent 

sampling strategies and standardized diagnostic 

procedures (ideally combining conventional culture 

methods with molecular detection techniques) 

would provide a clearer and more representative 

understanding of the epidemiology of C. perfringens 

in Iran. 
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