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A B S T R A C T   

A retrospective cohort study was conducted on two Egyptian horse farms with most of horses were suffered from 
abdominal pain to describe the associations between the occurrence of mycotoxicosis and equine colic. The farms 
owner complain was an unexpected increase in number of colic cases and deaths among horses. The association 
between colic and risk factors (sex, type of food either dry or mixed with roughages and hematobiochemical 
parameters) was compared using independent sample T-test. The associations between possible prognostic in-
dicators for colic caused by mycotoxicosis was estimated using logistic regression analysis model. The cumulative 
incidence, incidence rates for colic attacks, survival rate among diseased horses were additionally estimated. Our 
results showed that a total of 24 out of the 132 horses suffered from colic due to feeding of ration contaminated 
with high percent of mycotoxin including Aflatoxins, Ochratoxins and or fusarium mycotoxins. The total cu-
mulative incidence of colic due to mycotoxicosis was 19.7%. The horses fed on dry rations had more chance of 
developing colic than horses fed on mixed rations (P < 0.05). The overall incidence rate of colic due to myco-
toxicosis was estimated at 18 colic attack/1000 horse/month. The mortality rate of horses suffered from colic due 
to mycotoxicosis was estimated at 5.9% (5/85), while the case fatality rate was estimated at 25% (n = 5/20). 
Inconclusion, our results showed that mycotoxicosis are considered an important risks factor for colic cases 
development in equine practice.   

1. Introduction 

Equine colic is defined as a complex, multifactorial disease that cause 
mild or severe abdominal pain [1]. Colic is considered one of the most 
frequently encountered life-threatening problems in equine medicine [2, 
3]. Several population-based studies have shown the role of equine colic 
in economic loss in equine practice [1,4,5]. Clinical signs of colic in 
horse include frequent lying down, signs of restlessness, looking at the 
side, kicking the flank, passing dry or mucous manure, pawing the 
ground, increase in heart and respiratory rate, change in drinking 
behavior and long capillary refill time [6]. The diagnosis of colic in 
equine is challenging and attributed to different etiological and risk 
factors [7,8]. The risk factors that associated with equine colic have 
been addressed in several epidemiological studies including age, sex, 

breeds, housing, feeding, exercise, and other management factors [9, 
10]. Identification of these risk factors would be beneficial in improving 
equine health management program to prevent colic in horse farm. 

Recently, it is believed that other risk factors such as mycotoxin- 
contaminated feed is responsible for many unexplained incidences of 
colic in equine farms [11]. The concern of mycotoxicosis have been 
known for a long time in equine [12]. Mycotoxins can be found in a large 
variety of diet including; grains, mixed feeds and forages [13]. Multiple 
exposure to mycotoxins in horse feed can gradually damage the internal 
organs, reduce feed intake and subsequently reduce growth rate in 
young horses [11]. While few reports have investigated the incidence of 
mycotoxins in horse feed, spontaneous outbreaks of fumonisin B1 my-
cotoxins (FB1), deoxynivalenol (DON), zearalenone and T2 fungus have 
been reported in equine [12,14]. A study by Raymond et al. (2003) 
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found that continuous exposure to diet contaminated with DON have a 
negative impact on overall equine health and significantly reduced feed 
intake [15]. Additional study by Barnett et al. (1995) revealed a corre-
lation between the presence of DON and FB1 mycotoxins in feeds and 
incidence of colic in horse [16]. Therefore, the aim of the present study 
was to describe the association between occurrence of mycotoxicosis 
and equine colic in two equine farms in Egypt. 

2. Materials and methods 

2.1. Animals 

A retrospective cohort study was carried out on two equine farms 
located in Cairo, Egypt with most of horses were suffered from 
abdominal pain and significant increase of colic cases in both farms. 
Horses were investigated from January 2018 to December 2018 to 
identify the causative agent of the abdominal pain, its related deaths and 
its associated risk factors. The total number of horses in the two farms 
was 132 horses (87 males and 45 females). The age of horses was ranged 
from 2.5 to 10 years with body weight (BW) ranged from 215 to 522 kg. 
The horses in both farms were used in professional race trainers. The 
study was approved by the ethical committee of the Faculty of Veteri-
nary Medicine, Kafrelsheikh University, Egypt. 

2.2. Diets and feeding frequencies 

The horses were fed every 6 h (four times a day), at 05.30, 11:30, 
17:30 and 01.30 h The quantity of the feeding was mainly based on 
exercise condition of the horse. The diet was fed based on the horse body 
weight. The chemical composition of diets is shown in Table 1. The diet 
consisted of a commercial concentrate pelleted feed, grass hay, barley 
grains plus mineral supplement. The individual daily amounts of hay 
and concentrates were evenly distributed between meals and fed 
simultaneously. The horses were kept in individual boxes (10 m2) on 
peat bedding and had free access to a salt block (99% NaCl). Water was 
offered ad libitum. Chemical analyses of feed samples were performed 
on oven-dried samples (until constant weight; 65 ◦C, 24 h) after milling 
through a 1 mm screen. Dry matter (DM), crude protein (CP), ash and 
crude fibre (CF) were determined. According to the internal instructions 
and management protocols of both farms, regularly feedstuff samples 
were collected quarterly for mycotoxins analysis (Table 2). These sam-
ples including commercial horse feed preparations (mash or pelleted 

feed), grass hay, and barley grains. The collected feed samples were 
analyzed by competitive direct enzyme-linked immunosorbent assays 
(ELISA) per manufactures instructions. 

2.3. Clinical examination 

According to previous research, colic episode is defined when any of 
colic clinical signs was recorded and diagnosed by the veterinarian [17]. 
In our study, the time onset of colic episode, as well as the horse age at 
the time of colic episode, treatment received, dead horses because of 
colic were recorded. The horses were also clinically examined periodi-
cally to ensure their health and confirm the diagnosis. Detailed and 
through clinical examination of the case were performed via (a) the 
assessments of pain and behavior (kicking, pawing, sweating, 
flank-watching, and attempts to lie down); (b) cardiovascular and res-
piratory indices (rectal temperature, respiratory and pulse rate); (c) 

assessment of gastrointestinal tract (gastrointestinal borborygmi by 
auscultation, rectal examination, nasogastric intubation, ultrasono-
graphic examination); and (d) treatments and outcomes of each case. 
Finally, all dead horses were exposed to detailed postmortem exami-
nation (Figs. S1–S3). 

2.4. Blood sampling and hematobiochemical analysis 

Blood samples were collected from all horses from the two farms into 
two separate tubes, the first tube on EDTA for hematological examina-
tion, the second tube is plain centrifuge tube for serum separation for 
biochemical analysis. A complete blood count (erythrogram and leu-
kogram) was measured usinghematology analyzer (Medonic, CA 620). 
Serum calcium, phosphorus, Alanine aminotransferase (ALT, IU/l), and 
Alkaline phosphatase (ALP, IU/l) were evaluated using commercial kits 
provided by Spectrum Diagnostics (Obour City, Cairo, Egypt) per man-
ufactures instructions. 

2.5. Statistical analysis 

Statistical analyses were performed using IBM SPSS Statistics for 
Windows (Version 23.0. Armonk, NY). The effect of sex, presence of 
colic, type of food either dry or mixed with roughages and hema-
tobiochemical parameters of examined horses were compared using 
independent sample T-test. The significance level was set at P < 0.05. 
The associations between possible prognostic indicators; hematocrit, 
differential leukocyte count, platelets number, ALT, ALP, calcium, 
phosphorus, body temperature, heart rate, respiratory rate and short 
term survival (STS) in equine suffered from colic as a results of myco-
toxicosis was estimated using logistic regression analysis model with the 
farm being a random effect variable and a dichotomous outcome vari-
able being horse treated or died as described by Wormstrand et al. [18]. 

2.5.1. Epidemiological investigations 
The number of horses with colic and date of colic attack for each 

horse during the year of examination were recorded; nb: each examined 
horse does not experienced more than one colic attack during the study 
period. The total and monthly cumulative incidence and the incidence 
rates for colic attacks in the examined farms were calculated according 
to the following equations [19]:   

While 

Incidence rate=
Number of new cases observed over the follow − up period

The accumulate sum of all individuals time at risk 

The denominator represents the sum of the time that each horse 
stayed without colic attack from the beginning of follow-up period until 
showing the colic signs or died or removed from the farms. 

The relative risk (RR) estimates of morbidity among horses of 
different sex, age and type of foodwere calculated according to the 
following equation [20]:  

(D1/N1)/ (D2/                                                                                N2) 

Where D1/N1 is the cumulative incidence of colic morbidity/deaths 
within different groups of sex, age and type of food. While D2/N2 is the 
cumulative incidence of colic morbidity/deaths in the baseline groups. 

Cumulative Incidence=
Number of new cases of colic during observation period
Size of population at the start of the observation period

× 100   
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Horses >5 years, males, and horses feed on mixed ration were used as 
the baseline groups for age, sex, and type of ration variables, respec-
tively. The significant difference between the risk ratio among different 
groups of the tested variables were estimated as described by Sheskin 
[21]. 

2.5.2. Survival analysis 
In one of these 2 farms with 20 colic attack, the number of days of 

treatment for each horse with colic were identified. The number of died 
horses during these colic attacks and the date of death were also identified 
for each died horse. Kaplan-Meier curves for mortality among horses with 
different age groups, sex and horses with different types of ration were 
generated to demonstrate the pattern of survival among horses with colic 
due to mycotoxicosis during the days of treatment period [22]. Addition-
ally, the log-rank test was used to assess the difference between survival 
curves patterns of different groups over time [23]. 

3. Results 

3.1. Clinical examination 

All horses suffered from colic showed various clinical signs of colic 
such as sweating, frequently looking at their side, Little or no passing of 
manure, lying down and/or rolling, passing dry or mucus (slime)- 
covered manure, fecal balls smaller than usual, poor eating behavior, 
prolonged capillary refill time. Clinical parameters (rectal temperature, 
respiratory rate, and heart rate) in both clinically healthy and affected 
horses were shown in (Fig. 1). Diseased horses showed a significant (P ≤
0.05) increase in rectal temperature, respiratory rate, and heart rate 
when compared with clinically healthy horses (Fig. 1). 

3.2. Hematological and biochemical examination 

Horses with colic had significantly lower level of serum phosphorus 
than healthy horses (P < 0.05). Male horses showed significantly lower 
level of ALT and MCHC when compared to female horses (P < 0.025 and 
0.04), respectively. Affected horses revealed non-significant decrease in 
RBCs count, hemoglobin content, PCV, MCHC, MCH, MCV, platelets, 
WBC count and differential leucocytic count, serum calcium, ALT and 
ALP when compared to healthy horses (Fig. 2). Horses eat dry food 
showed significantly lower level of phosphorus, ALP and ALT when 
compared to horses eat mixed ration (P = 0.05, 0.017 and 0.001), 
respectively. 

3.3. Prognostic indicators for equine colic 

The univariable logistic regression analysis showed no association (P 
< 0.2) between STS and possible prognostic indicators, hematocrit, 
differential leukocyte count, platelets number, ALT, ALP, calcium, 
phosphorus, body temperature, heart rate, respiratory rate. 

3.4. Incidence of colic 

Our results showed that a total of 24 out of the 132 horses suffered 
from colic due to feeding of ration contaminated with high percent of 
mycotoxins. Analysis of the feed samples at different time points showed 
high percent of Aflatoxins, Ochratoxin and fusarium mycotoxins 
(Table 2). The total cumulative incidence of colic due to mycotoxicosis 
was 19.7% (n = 26). Female horses and horses ≤5 years old were at risk 
of getting colic 1.7 times than male horses and horses of >5 years old 
(Table 3). On the other hand, the relative risk of getting colic among 

Fig. 1. Haemato-biochemical parameters differences between horses with colic 
and healthy horses. 

Table 2 
Monthly mycotoxin’s analysis in diet during the study.   

Mycotoxin (μg kg− 1 

)     January May August November 

Aflatoxin 95 50 60 30 
Ochratoxin 41 20 20 69 
Fumonisins – – – 29  

Table 1 
Chemical composition of diet in both equine farms.  

Nutrient 
% 

Sample 1 Sample 2 Sample 3 

Feed 
basis 

DM 
basis 

Feed 
basis 

DM 
basis 

Feed 
basis 

DM 
basis 

Moisture 8.18 0 7.48 0 6.64 0 
DM 91.82 100 92.52 100 93.36 100 
CP 12.98 14.14 13.73 14.84 10.33 11.06 
NDF 30.29 32.99 40.66 43.95 31.21 33.43 
ADF 18.04 19.65 24.30 26.26 21.44 22.96 
Ash 7.77 8.46 11.05 11.94 15.99 17.13  

N. Gomaa et al.                                                                                                                                                                                                                                 



Microbial Pathogenesis 163 (2022) 105377

4

horses fed on dry rations was 2.3 times more than the risk of horses fed 
on mixed ration (Table 3). The monthly cumulative incidence of colic 
due to mycotoxicosis showed a gradual increase in number of colic at-
tacks in the examined farms due to the delay in diagnosis of such colic 
attack (Fig. 3). The incidence rate of colic was estimated at 18 colic 
attack/1000 horse/month. 

3.5. Mortality and fatality rate of colic 

The mortality rate from colic due to mycotoxicosis was 5.9% (5 died 
out of 85 horses), while the case fatality rate among the 20 horses which 
showed colic was 25% (n = 5) (Table 5). The mycotoxicosis colic-related 
death was 3.2 deaths per 1000 horse-months. The estimated RR showed 
that the mortality among male horses, horses of ≤5 years and horses fed 
on dry ration was higher than female and older horses; RR of 1.2, 4 and 
1.1 times, respectively (Table 4). Moreover, Male horses, horses of ≤5 
years and horses fed on dry ration, showed non-significant poor survival 
rate (p < 0.05) (Fig. 4). Case details, clinical examination, clinical signs 
initiating presentation, and post-mortem examination of horses died 

Fig. 2. Respiratory rate, heart rate and temperature among horses suffered from colic due to mycotoxicosis and healthy horses.  

Table 3 
The cumulative incidence (Ci) of morbidity and relative risk (RR) estimates of 
colic attack due to mycotoxicosis in horse.  

Variable Total Number Colic (n/Ci) z 

Age 
≤ 5 years old 
>5 years old 
Total 

64 
68 
132 

16 (25%) 
10 (14.7%) 
26 (19.7%) 

1.7 (0.83–3.47) 
1 (baseline group) 
– 

Sex 
Males 
Females 
Total 

87 
45 
132 

14 (16.1%) 
12 (26.7%) 
26 (19.7%) 

1 (baseline group) 
1.7 (0.84–3.28) 
– 

Ration 
Dry 
Mixed 
Total 

65 
67 
132 

18 (27.7%) 
8 (11.9%) 
26 (19.7%) 

2.3 (1.1–5.0)a 

1 (baseline group) 
– 

a is significant at p < 0.05. 

Fig. 3. The monthly cumulative incidence of colic attack in the examined horse 
farms due to mycotoxicosis. 

Table 4 
The case fatality rate and the relative risk (RR) estimates of mortalities due to 
colic attack from mycotoxicosis in horse.  

Variable Total Number Case fatality (n/%) RR (95% CI) 

Age 
≤ 5 years old 
>5 years old 
Total 

11 
9 
20 

3 (27.3%) 
2 (22.2%) 
5 (25.0%) 

1.2 (0.26–5.83) 
1 (baseline group) 
– 

Sex 
Males 
Females 
Total 

10 
10 
20 

4 (40.0%) 
1 (10.0%) 
5 (25.0%) 

4 (0.54–29.8) 
1 (baseline group) 
– 

Ration 
Dry 
Mixed 
Total 

13 
7 
20 

3 (23.1%) 
2 (28.6%) 
5 (25.0%) 

1.1 (0.62–1.88) 
1 (baseline group) 
–  
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during the study are presented in (Table 5). 

4. Discussion 

Equine colic is considered one of the most important emergency 
potentially life-threatening problem in equine medicine [24]. Currently, 
there are several reports estimated the different risk factors associated 
with equine colic including age, sex, breeds, housing, feeding, exercise, 
and other management factors [9,10]. However, there are little reports 
regarding the association between mycotoxicosis and equine colic. This 
current retrospective cohort study was conducted to describe the asso-
ciations between possible prognostic indicators for colic caused by 
mycotoxicosis and evaluation of the epidemiological data among these 
colicky horses. 

In the current study, a total of 24 horses in two Egyptian equine 
farms were suffered from colic as a result of high level mycotoxicosis in 
feed. The incidence rate of colic was estimated as 18 colic attack/1000 
horse/month. The misdiagnosis of colicky horses in the current study 
increased the incidence of colic in both farms during whole investigated 
year. We therefore deduced that sharp drop in monthly cumulative 
incidence curve at the end of study is attributed to the delay in diagnosis 
of mycotoxins existence in both farms. These reported results are 
consistent with the findings of [15], who stated that the occurrence of 
mycotoxicosis should be considered when a series of colic cases are 
observed. 

To reveal the extent of how the colicky horses with mycotoxins are 
life-threatening problems in equine medicine, mortality rate and case 
fatality rate were recorded. Our results showed 25% case fatality rate 
among colicky horses which revealed the potential role mycotoxins as a 

dangerous risk factor in equine colic. Investigating other risk factors 
such as horse age and sex during our study revealed that female horses 
and horses ≤5 years old was at higher risk of getting colic compared to 
male horses and horses of >5 years old. Moreover, the association be-
tween ration types and incidence of colic due to mycotoxicosis were 
investigated and revealed a higher risk of getting colic among horses fed 
on dry rations. Similarly, the estimated relative risk showed higher 
mortality rates among male horses, horses of ≤5 years and horses fed on 
dry ration. 

Similar to previous reports, the significant increase in body tem-
perature, heart rate, and respiratory rate in colicky horses was attributed 
to excitation, muscular execration, pain, blocked vascularization, and 
loss of fluid during colic attack [25,26]. Investigating the hema-
tobiochemical parameters as a prognostic indicator of the colicky horses 
due to mycotoxicosis revealed variable results. However, the investi-
gated colicky horses in the current study revealed non-significant 
decrease in RBCs count, hemoglobin content, PCV, MCHC, platelets, 
WBC count and differential leucocytic count, serum calcium, ALT and 
ALP, they had significantly lower serum phosphorus when compared to 
healthy horses (P < 0.05).The prevalence of hypophosphatemia in 
colicky horses was previously estimated to be 44% and it mainly occur 
as a result of inadequate phosphorus intake due to starvation and 
extensive bowel resection that hinder the phosphorus absorption from 
intestine. 

Recently, various epidemiological studies have shown the impor-
tance of diet as a significant risk in equine colic [4,26]. Chemical or 
biological feed contamination are considered the major source for 
equine poisoning. Additionally, diagnose of feed-related toxicoses such 
as fungal metabolites, aflatoxin and vomitoxin are considered a 

Table 5 
Case details, clinical examination, clinical signs initiating presentation, and post-mortem examination of horses died during the study.  

Case 
No. 

Sex Age 
(Years) 

Temp. Resp. 
Rate 

Heart 
Rate 

Signs initiating 
presentation 

Death since colic episode Post-mortem 

1 Male 3.5 38.5 40 79 Colic <24 h Death at night after one day 
treatment 

Pelvic flexure impaction 

2 Male 4 39.5 44 80 Colic <24 h 
Pyrexia 

Death at first day of colic 
episode before start of 
treatment 

Constriction of the large intestine 

3 Female 4.5 39 42 75 Colic 6 days 
Depression, 
Pyrexia 

Death on the 6th day of colic 
episode after relapsing of the 
case 

Impaction of ileo-caecal junction with some of food 
materials 

4 Male 5.5 42 50 82 Colic <24 h 
Nervous signs, 
Pyrexia 

Death within few hours Multifocal hemorrhage in the white matter of the 
brain surrounded by pale yellow areas 

5 Male 10 39 45 79 Colic 3 days 
Depression, 
Pyrexia 

Death on the 3rd day of colic 
episode 

Severe congestion of the small intestine with torsion 
and ballooning of intestine with excess accumulation 
of gases  

Fig. 4. Kaplan-Meier survival curves and log-rank test P-values for the pairwise comparison groups of each variable regarding colic in a horse farm suffered from 
mycotoxicosis. (A) Survival curves for groups with different ages. (B) Survival curves for groups with different sex. (C) Survival curves for groups with different 
ration type. 
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challenge to veterinarians and horse owners [27]. Similar to previous 
study, the relative risk of getting colic among horses fed on dry rations 
was 2.3 times more than horses fed on mixed rations [28]. The occur-
rence of mycotoxins in equine industry is highly related to the forages 
due to its high availability compared to cereals and concentrate-feed 
manufacture. 

In line with other studies, the detected mycotoxins in our study were 
aflatoxins, ochratoxins, and Fumonisin mycotoxins [29,30]. One of the 
investigated colicky horses in the current study was admitted with 
sweating, in coordination, ataxia, circling, head pressing, hyperexcit-
ability, and blindness, and during this period the reported mycotoxins 
was Fumonisin. This result ties well with previous studies wherein the 
neurotoxic and hepatotoxic leukoencephalomalacia are the mainly two 
signs, which occur in FB1 mycotoxicoses-affected horses [29,30]. Along 
with the reported existence of Fumonisin mycotoxins in the current 
study, other mycotoxins such as aflatoxins, and ochratoxins were also 
recorded. These findings are consistent with previous findings [16,31]. 
In line with other study, the colicky horses showed various clinical signs 
due to variable exposure to feed contamination [28]. Similarly [31], 
concluded that the exposure to mycotoxin contaminated feeds can 
intensify the clinical response in some instances when compared with 
exposure to single mycotoxin event. It has been shown that the colic 
symptoms progress rapidly within several hours to a couple of days of 
ingestion of contaminated feeds. Furthermore [31], stated that feeding 
on mixed mycotoxin was a further potential risk factor in development 
of colic in horses. 

5. Conclusion 

Inconclusion, our data indicates that the colic cases in the two equine 
farms included in this study occurred due to contaminated feed with 
variable levels of mycotoxins. Analysis of epidemiological data revealed 
different risk factors were associated with colic development in equine 
farms. Our work additionally highlighted mycotoxicosis as important 
risks factor of in colic cases in equine practice. 
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