
Batmaz et al.,  The J. An�m. Plant Sc�. 31(1):2021 

 70 

EVALUATION OF SERUM CHOLINE ALONG WITH, SOME BIOCHEMICAL AND 

CLINICAL PARAMETERS IN CATTLE SUFFERING FROM WITH BOTULISM  

H. Batmaz1*, Z. Mecitoğlu1, C. Koç2, F. Kaya1, O. Topal1 and M. Cansev2 

1Bursa Uludag University, Faculty of Veterinary Medicine, Department of Internal Medicine 
2Bursa Uludag University, Faculty of Medicine, Department of Pharmacology 

*Corresponding Author’s e-mail: hbatmaz@uludag.edu.tr 

ABSTRACT 

Botulism is a disease of cattle that causes significant impact due to its high mortality rate. The aim of the present study is 

to evaluate serum choline levels as well as clinical and biochemical parameters of cattle suspected to be suffering from 

botulism and to compare the results with healthy cattle and also to compare the results of survivors and fatalities. 

Thirteen botulism suspected and eleven healthy cattle were used. Total protein, albumin, aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), gamma glutamyl transferase (GGT), calcium, phosphorus, magnesium and 

potassium levels were measured from the sera of botulism and control cattle by colorimetric method using an 

autoanalyser. Choline levels were analyzed using HPLC. Dysphagia, decreased tongue strength weak anal reflexes, 

tongue and tail paralysis and locomotion disorders were the main clinical findings observed in suspected botulism cases. 

Botulinum toxin analysis of ruminal fluid samples were positive in two cattle from one herd. AST, ALT, potassium and 

choline levels were higher in cattle suffering from suspected botulism cases and choline levels were positively correlated 

with albumin and total protein levels. Three animals from botulism group survived. Clinical findings were milder, 

animals were not recumbent and choline levels were lower in survivors. Clinical findings of the three animals that 

recovered were milder, animals were not recumbent and choline levels were lower in survivors. It was observed that 

clinical findings such as decreased tongue strength and anal reflexes, dysphagia, tail paralysis, and locomotion disorders 

are important for diagnosis of botulism In conclusion, cattle with milder clinical signs and lower choline have a higher 

chance of survival.  
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INTRODUCTION 

 Botulism is a disease of a wide range of 

species characterized with flaccid paralysis and high 

mortality. Botulism is a worldwide problem of cattle 

and causes significant economic impact due to its high 

mortality rate (Radostits et al., 2007). The disease is 

caused by botulinum neurotoxins (BoNT) produced by 

Clostridium spp. There are seven known serotypes of 

BoNT (A, B, C, D, E, F and G) produced by three 

different species of clostridia (Cl. barati, Cl. butyricum 

and Cl. botulinum) (Popoff, 2014). Only BoNT types B, 

C and D have been shown to produce disease in cattle, 

therefore Cl. botulinum which is the only species 

capable of producing these three types of toxins is the 

main actor of the disease in cattle (Galey et al., 2000; 

Otter et al., 2006; Senturk and Cihan, 2007). Eating 

carrion, contamination of feedstuff and especially silage 

with carcasses, feeding cattle with poultry litter; 

improper use of poultry litter in pastures are reported 

causes of botulism in cattle (Galey et al.,2000; 

Yeruham et al., 2003). The main action of BoNT is to 

prevent the fusion of synaptic vesicles with the plasma 

membrane of nerve endings resulting in halting the 

release of neurotransmitter substances, in particular 

acetylcholine from the axon endings (Simpson, 2004). 

Halted neurotransmitter release causes flaccid paralysis 

which is characterized with clinical findings such as sudden 

paralysis starting from hind limbs affecting also the tail, 

inability to retract tongue and recumbency in later stages 

(Radostits et al., 2007). Detection of BoNT in serum or the 

abomasal, ruminal and intestinal contents of a suspected 

animal by mouse bioassay is the gold standard test for the 

diagnosis of botulism (Scarlatos et al., 2005). In addition to 

the mouse bioassay, serological detection of BoNT using a 

monoclonal antibody-based sandwich ELISA is a method 

used for diagnosis of the disease, however the diagnostic 

value of this method is questionable as there is not enough 

time for antibody formation especially in peracute cases 

(Mawhinney et al., 2012). Unfortunately, definitive 

diagnosis of botulism cases is not possible in every 

instance because the disease could be caused by extremely 

low levels of the toxin and the source of the toxin may be 

absent (Galey et al., 2000). 

 Choline is a vitamin-like essential nutrient which 

is essential for integrity of cell membranes, transmembrane 

signaling and brain development (Blusztajn, 1998). As well 

as that, choline is also the precursor of the cholinergic 
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neurotransmitter, acetylcholine (Wurtman et al., 2009). 

Dietary intake, hepatic synthesis and hydrolysis of cell 

membrane phospholipids are the main sources of 

choline (Zeisel, 1992). Cohen and Wurtman (1975) 

reported that administration of choline elevates brain 

choline and acetylcholine levels. In another study, 

Cohen and Wurtman (1976) reported that 

administration of acetylcholinesterase inhibitor 

physostigmine resulted in increased brain acetylcholine 

levels and concluded that circulating choline is a factor 

controlling the brain acetylcholine levels. As mentioned 

above, effects of BoNT are associated with halting the 

acetylcholine from nerve endings. Habermann et al. 

(1981) reported that BoNT-A inhibits choline uptake of 

synaptosomes.  

 Hence, the aim of the present study was to 

investigate circulating choline levels as well as various 

biochemical parameters and clinical findings in cattle 

suffering from botulism and compare the results with 

healthy cattle. The other objective of the study was 

evaluation of clinical and biochemical findings of cattle 

surviving botulism.  

MATERIALS AND METHODS 

 The material of the study consisted of 13 cattle 

from four different herds (7 Jersey and 6 Holstein-

Fresian), aged between 5 months to 5 years suspected 

of suffering from botulism. Age matched 11 cattle (6 

Holstein-Fresian, 5 Jersey) were used as the control 

group. Of the 13 cattle in the botulism group, 7 of the 

cattle suffering from botulism were detected in farm A, 

3 in farm B, 2 cattle from herd C and one cattle 1 from 

herd D and were brought to Uludag University 

Veterinary Clinics Animal Hospital. 

 In herd A, it was reported that 3 cattle showing 

clinical signs such as stagnation, difficulty walking, 

hyper salivation and fullness of the rumen died within 

three days. In this herd of thirty Jersey cows, it was 

noticed that the silage was spoiled. Body temperature, 

heart and respiration rates, ruminal motility, general 

condition and walking patterns were evaluated as 

routine clinical examination in this and other herds. 

Botulism was suspected due to the history and the 

clinical appearance they showed, thus neurological 

evaluations such as tongue tone, swallowing, tail tone 

and anal reflexes were performed and seven animals 

that were found to show signs consistent with botulism 

were enrolled to the study 

 In an operation where three patients were 

identified (Herd B), one animal had a distinctly weak 

tongue tone, while the other two animals had a long 

retraction time when the tongue was pulled out. Three 

heifers were housed free in a field of about 20 acres in a 

group of 180 animals and there were no problems in the 

other animals. It was reported that a dead fox was found in 

that pen and removed by employees a few days ago. 

 Two one-year-old heifers from herd C were 

brought to our clinics with findings such as hyper 

salivation, severe dehydration and dysphagia. The owner 

reported that spoiled silage had been used for feeding the 

animals prior to this.   

 A five-month-old male calf was brought to our 

clinic with a complaint of recumbency and dysphagia for 

about a week (Herd D). It was reported that last year 21 

cattle had died in the same farm, showing similar signs 

such as recumbency and tail paralysis. Poultry was very 

common in the area, and cattle could have eaten poultry 

litter in pasture. 

 All animals received 5-10 liters of electrolyte 

solution (5% dextrose, isotonic sodium chloride and 

lactated Ringer's sol.) IV for daily rehydration and 

elimination of toxins. Six animals were drenched with 7-20 

liters of water. Parenteral antibiotics were administered to 

prevent aspiration pneumonia. In addition, two animals 

from herd A recieved received neostigmine for 2 days at a 

dose of 0.025 mg / kg (Peristor, Provet Inc., Istanbul). 

Biochemical Analysis: Blood samples were collected from 

all the animals used in the study at the time of their first 

clinical examination. Samples from the control group were 

collected at the same time from age matched animals from 

the vena jugularis, after clotting at room temperature 

samples were centrifuged at 3000 rpm for 15 minutes. 

Blood sera obtained were was stored at -20°C until 

analysis. Total protein, albumin, aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), gamma glutamyl 

transferase (GGT), calcium, phosphorus, magnesium and 

potassium levels were measured from sera of botulism and 

control cattle by means of  the colorimetric method using 

an autoanalyser (Cobas 8000, Roche, Germany). Choline 

levels were analyzed using HPLC equipped with an 

enzymatic column and electrochemical detector (Hewlett 

Packard, Palo Alto, CA, USA) as reported previously 

(Cansev et al., 2015). The mobile phase consisted of 0.5 M 

NaH2PO4 (pH 8.5). 

Toxin Analysis: Rumen contents of ill animals and were 

collected at the time animals were first examined via 

stomach tube and along with suspected feed samples from 

four herds were sent to the Pendik Veterinary Control 

Research Institute for botulism toxin analysis by mouse 

bioassay.  

Statistical Analysis: Statistical analysis of the results was 

performed using SigmaPlot 12 software (Systat Software 

Inc., USA). A normality test was performed using the 

Shapiro-Wilk test and the data was found to be normally 

distributed. Choline and the other biochemical parameters 

were compared by using students student's t-test. 

Correlations between the parameters were quantified by 
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Pearson's correlation coefficients. For all analyses, P 

<0.05 was considered significant. 

RESULTS  

 Suspected sources of toxin were spoiled silage 

in two herds, carrion in one herd and poultry litter in 

another herd. The most important findings in 13 

botulism suspected cattle were weak tongue tone, 

dysphagia, tail paralysis, weak anal reflex and 

locomotion disturbance (recumbency, incoordination). 

In addition, salivation, inappetence and decreased or 

absent rumen motility were the other important findings 

observed (Table 1). 

 As shown in Table 1, bradycardia was found 

in two of the cattle and tachycardia was detected in the 

four. In one animal, severe vomiting and regurgitation 

were observed (Fig.1).Of 13 affected cattle, 10 died and 

3 survived. In 3 surviving cattle, heart rate was normal 

and neurological findings were milder (lingual tone 

slightly weaker, tail and anal reflexes were mildly weak 

in one and moderately weak in two cattle; salivation 

and nasal discharge was mild in one animal and none of 

the animals were recumbent). The 3 cows that healed 

returned to normal within 2-3 weeks. Five of the cattle that 

died, survived for 12-72 hours after the clinical 

examination and one died 6 weeks after the examination. 

Four animals were euthanized 4-7 days after the onset of 

clinical signs due to poor prognosis. 

 A mouse bioassay test was positive in the rumen 

content of two heifers from herd B, whereas toxin was not 

detected in rumen contents collected from other animals 

and toxin analyzes of feed samples were negative in all 

herds. 

Serum choline, AST, ALT and K levels were 

higher in the botulismus botulisms group compared to the 

control group (Table 2). In the correlation analysis in the 

botulism group and pooled data, choline was positively 

correlated with total protein and albumin (Table 3). On the 

other hand, there was a negative correlation between 

choline and AST in the botulism group (Table 3). In 

addition, when the biochemical data of botulism cases that 

survived and died were compared, it was noted that choline 

levels of the survivors were lower and total protein and 

phosphorus were higher (Table 4). 

Table 1. Abnormal clinical findings in 13 cattle with botulism 

 

Finding Variable Number of cattle Abnormal findings 

General examination 

Appetite 

Decreased 4 12 

Absent 8 

Desire to eat 1 

Body temperature Normal 13 0 

Heart rate 

Normal 7 

6 Bradycardia 2 

Tachycardia 4 

Respiratory rate 
Normal 8 

5 
High 5 

Nasal discharge 
Mild 3 

5 
Severe 2 

Locomation 

Swaying while standing, difficult and ataxic gait 8 

13 Sternal recumbency 4 

Lateral recumbency 1 

Gastrointestinal findings 

Ruminal motility 

Normal 1 

12 Reduced 2 

Absent 10 

Vomiting and 

regurgitation 

Severe 1 
1 

Absent 12 

Neurological findings 

Tongue strength 

Mild reduced 5 

13 Moderately reduced 6 

Severely reduced 2 

Swallowing 
Difficult 9 

13 
Could not swallow 4 

Salivation Absent  7 6 
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Mild 1 

Moderate 5 

Tail tone 

Normal 1 

12 
Mild reduced 1 

Moderately reduced 8 

Severely reduced 3 

Anal reflexes 
Mild reduced 3 

13 
Moderately reduced 10 

 

Table 2. Biochemical findings (Mean±SEM) in botulism and control groups 

 

 Botulism Control P 

Choline (μmol/L) 58.3 ± 8.2 27.8 ± 4.7 0.003 

Total Protein (g/L) 7.78 ± 0.42 7.16 ± 0.35 n.s. 

Albumin (g/L) 3.34 ± 0.18 3.11 ± 0.10 n.s. 

ALT (IU/L) 43.1 ± 9.7 20.3± 3.1 0.025 

AST (IU/L) 218.6 ± 38.5 89.3 ± 9.6 <0.001 

GGT (IU/L) 28.3 ± 5.5 18.5 ± 5.5 n.s. 

Ca (mg/dL) 9.04 ± 0.26 9.21 ± 0.14 n.s. 

Mg (mg/dL) 2.08 ± 0.17 2.11 ± 0.08 n.s. 

P (mg/dL) 7.80 ± 0.56 7.95 ± 0.36 n.s. 

K (mg/dL) 5.21 ± 0.14 4.57 ± 0.14 0.003 

 

Table 3. Correlation between biochemical parameters in botulism group (n=13) 
 

 TP Albumin ALT AST GGT Ca Mg P K 

Choline 0.83** 0.85*** -0.53 -0.63* 0.20 0.42 0.65* 0.68* 0.51 

TP  0.95*** -0.61* -0.72* 0.15 0.48 0.76** 0.65* 0.29 

Albumin   -0.51 -0.68* 0.05 0.55 0.78** 0.52 0.23 

ALT    0.93*** -0.57 -0.16 -0.13 -0.55 -0.23 

AST     -0.40 -0.45 -0.38 -0.41 -0.10 

GGT      -0.03 -0.12 0.31 0.21 

Ca       0.79** -0.19 -0.10 

Mg        0.16 0.01 

P         0.76** 
*P<0.05; **P<0.01; ***P<0.001 

 

Table 4.Comparison of biochemical findings of survivors and animals that died 

 

 Survivors (n=3) Dead (n=10) 

Choline (μmol /L) 28.9 ± 8.4 68.1 ± 8.45 

TP (g/L) 8.36 ± 0.6 7.7 0 ± 0.5 

Albumin (g/L) 3.4 ± 0.28 3.25 ± 0.23 

ALT (IU/L) 26.0 ± 2.5 49.3 ± 12.7 

AST (IU/L) 195.3 ± 9.8 227.3 ± 53.4 

GGT (IU/L) 46.3 ± 15.3 20.5 ± 4.1 

Ca (mg/dL) 8.5 ± 0.4 9.2 ± 0.3 

Mg (mg/dL) 1.9 ± 0.2 2.1 ± 0.2 

P (mg/dL) 9.7 ± 1.1 7.1 ± 0.4 

K (mg/dL) 5.5 ± 0.2 5.1 ± 0.1 
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Figure 1. A heifer from herd C with vomiting and 

regurgitation. 

DISCUSSION 

 Outbreaks of botulism are reported in cattle 

worldwide. Reported sources of botulinum toxin are 

spoiled silage contaminated with Cl. botulinum 

(Yeruham et al., 2003), animals eating carrion or 

feedstuff contaminated with carrion associated toxin 

(Galey et al., Barel et al., 2016). It has also been 

reported that poultry litter is an important source of 

toxin in ruminant botulism cases (Radostits et al., 2007, 

Souillard et al., 2015, Relun et al. 2017), and that 

roughage contaminated with poultry litter could also be 

a source for botulism (Souillard et al., 2017). In the 

present study, it was observed that silage was the 

probable source of toxin in two herds, carrion in one 

herd and poultry litter in one herd.  

 The diagnosis of botulism in cattle is mostly 

made based on clinical findings. In this study, botulism 

toxin was determined from rumen samples of only two 

cattle from one out of 4 four herds. Botulism toxin is so 

rapidly denatured (Martin, 2003) or is found at very low 

levels in samples (Galey et al., 2000), hence it is often 

not possible to detect toxin in botulism cases. In 

accordance with our findings, Braun et al. (2005) were 

able to detect botulism toxin in only 4 animals from 1 

herd out of 11 herds. 

 The main action of BoNT is to prevent the 

fusion of synaptic vesicles with the plasma membrane 

of nerve endings resulting with inhibition of 

neurotransmitter release, in particular acetylcholine 

from the axon endings (Simpson, 2004). Halted 

neurotransmitter release causes flaccid paralysis which 

is characterized by clinical findings such as sudden 

paralysis starting from hind limbs affecting also the tail, 

inability to retract tongue and recumbency in later 

stages. Decreased contractility of tongue, dysphagia, 

paralysis of the tail, decreased anal reflexes and 

locomotion disorder were the main clinical findings 

observed in our study. Braun et al. (2005) observed 

decreased tonus of tongue and ruminal motility along with 

dysphagia and hyper salivation as important findings of 

botulism in cattle. On the other hand, they reported 

inappetence in half of the animals and decreased appetite in 

the other half. In the present study we observed complete 

inappetence in 8 animals, decreased appetite in two and, 

despite a desire to eat, inability to swallow in one animal. 

Senturk and Cihan (2007) also reported decreased tongue 

tone, dysphagia, weak tail tone, weak anal reflex, decreased 

or absent ruminal motility and decreased or absent appetite 

in all 26 cattle suffering from botulism. Similar findings 

were observed in two other studies (Sharpe et al., 2008; 

Aytekin et al., 2016); however weak tongue tonus was not 

the main finding in the report of Sharpe et al. (2008). 

While regurgitation and vomiting were not reported in 

these three studies, vomiting and regurgitation was detected 

in a cow in our study. As a matter of fact, vomiting and 

regurgitation have been reported in botulism type B cattle 

with feed originated toxication (Bruckstein and Tromp, 

2001). The suspected source of toxin of the animal 

vomiting and regurgitating was silage. It has also been 

reported that in botulism associated with type B, there is no 

recumbency or paralysis and muscle weakness in the hind 

limbs (Bruckstein and Tromp, 2001). Parallel to this 

observation, it was noticed that one of the animals from 

that herd had vomiting and regurgitation and the other had 

significant tongue paralysis however weakness in the hind 

limbs and recumbency was not observed in this animas 

(Fig. 1). 

 While bradycardia was detected in 2 cattle and 

tachycardia in 4 cattle in our study, Senturk and Cihan 

(2007) detected bradycardia in 18 of 26 cases, whereas 

Braun et al. (2005) detected bradycardia in 8 of the 30 

cases and tachycardia in 8. In the present study, three of the 

animals with normal heart rates survived. In other studies, 

the abnormal heart rates were associated with higher 

mortality rate (Braun et al., 2005; Senturk and Cihan, 

2007). It was observed that the clinical findings of the 3 

surviving cattle from the herd A were mild. Indeed, many 

studies reported low survival rates of botulism in cattle 

(Martin, 2003). However, parallel with our findings Braun 

et al. (2005) reported that 13 out of 30 cattle with milder 

signs suriveved survived and also reported that none of 

thesurivors survivors were recumbent, heart rates were 

within reference ranges and tongue tone was weak in only 

two of the survivors. It is reported that the mortality rate is 

very high in severe botulism cases (Braun et al., 2005; 

Senturk and Cihan, 2007) and even herd mortality rate of 

up to 98% is reported (Holzhauer et al., 2009). 

 In addition to typical neuromuscular findings, 

Böhnel et al. (2001) reported a different form of botulism 

called 'visceral botulismus' characterized with findings 

such as increased respiratory rate, laminitis, decreased 

rumen motility, constipation and diarrhea. In the present 

study, it was determined that the motility of the rumen was 
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decreased or absent in 12 of 13 cattle. Also, the 

respiration rate was high in 5 of 13 animals. These 

findings indicate that along with typical neuromuscular 

findings, general and gastrointestinal findings 

consistent with the definition of visceral botulism could 

be detected. Along with that AST (P<0.001), ALT 

(P<0.025) and K (P<0.003) levels were higher in cattle 

suffering from botulism. Increased AST and K levels 

could be associated with recumbency associated 

rhabdomyolysis. Increased ALT levels could also be 

associated with rhabdomyolysis since Nathwani et al. 

(2005) reported that along with AST, ALT levels also 

increases in case of acute muscular damage. Ten cattle 

suffering from botulism were recumbent at the time of 

examination in our study. Due to the high body weight 

of the species, even short periods of recumbency could 

result with ischemia of muscles in cattle. Thus elevated 

AST, ALT and K levels in the botulism group are 

probably associated with muscular damage. On the 

other hand, as AST and GGT levels were increased, 

elevated ALT levels could also be associated with liver 

damage. Indeed, Aytekin et al. (2016) reported low 

ALT and normal AST levels in cattle suffering from 

botulism.   

 Serum choline levels were significantly higher 

in the botulism group when compared to the healthy 

animals. Klein et al. (1993) reported that hypoxic 

conditions cause activation of phospholipase A2 

leading to release of free choline from choline 

containing phospholipids. Similarly Korth et al. (2000) 

detected elevated extracellular choline levels in 

tourniquet induced human skeletal muscle ischemia. 

Muscle ischemia is a possible cause of the elevated 

choline levels in the botulism group as AST, ALT and 

K levels were also higher. However choline levels were 

not correlated with AST, ALT and K levels in the 

pooled data and interestingly AST was negatively 

correlated with choline in the botulism group. Thus a 

mechanism other than muscle damage could be 

responsible for the elevated choline levels in the 

botulism group. 

 In the light shed by previous reports, it may be 

hypothesized that inhibition of acetylcholine release 

from nerve endings in botulism could trigger a feedback 

for inhibiton inhibition of choline uptake and 

acetylcholine synthesis resulting in accumulation of 

free choline. This hypothesis is supported in part by 

studies reporting reduced activity of choline 

acetyltransferase (CAT) enzyme during botulism 

(Ekström et al., 1977) which may prevent choline 

incorporation into acetylcholine. In addition, BoNT A 

was shown previously to inhibit synaptosomal choline 

uptake (Gundersen and Howard, 1978; Habermann et 

al., 1981). Hence, the elevated choline levels observed 

in cattle suffering from botulism in our study could be 

associated with decreased uptake and utilization of choline 

in tissues thereby leading to its accumulation. 

 In conclusion, clinical findings such as decreased 

contractility of tongue, dysphagia, tail paralysis, decreased 

anal reflexes and locomotion disorders are of significant 

value for diagnosis of botulism in cattle. In addition, cattle 

with mild clinical signs have higher chance of survival 

which is probably associated with and lower choline levels 

have higher chance of survival. Although the exact 

mechanism of elevated choline levels could not be 

explained, to our knowledge this is the first study 

evaluating serum choline levels in cattle suffering from 

botulism. Further studies are warranted that could reveal 

the pathophysiological role of choline in botulism cases. 
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