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ABSTRACT 

Obesity is a state of abnormal or excessive fat ac-
cumulation. Obesity in horses increases the risk of 
developing a variety of health issues such as: insulin 
dysregulation (ID), reduced athleticism, colic, abnor-
mal reproductive performance, laminitis, endotoxae-
mia, diabetes mellitus, hyperlipaemia, impaired ther-
moregulation, pituitary pars intermedia dysfunction, 
and osteochondrosis. Obesity is a significant health 
and welfare issue in horses that may go unreported or 
unnoticed due to a caregiver’s (owner) neglect. Weight 
gain occurs when a horse’s energy consumption ex-
ceeds his or her physical energy needs. Obesity is best 
assessed via necropsy or upon in vivo assessment with 
deuterium oxide administration, although this is not 
feasible in a clinical environment. In practice, obesi-
ty is assessed by: body condition scoring, cresty neck 
scoring, ultrasono graphic assessment, morphometric 
measurements, or biochemical indicators in the blood. 
Dietary and exercise programs are the primary means 
of controlling equine obesity. Pharmacologic assistance 
(levothyroxine sodium and metformin hydrochloride), 
being a secondary approach, may be effective in some 

cases. Management involves a long-term plan that re-
quires the horse’s caregiver’s effort and discipline, as 
well as the support and supervision of their veterinar-
ian. This paper outlines the assessment, health conse-
quences, and management of equine obesity.

Key words: equine metabolic syndrome; insulin 
dys regulation; laminitis; obesity

INTRODUCTION

Adipose tissue, along with being an energy store, is 
an active endocrine organ with roles in synthesizing and 
secreting hormones that impact metabolism [11]. Normal 
physiological responses lead to the deposition of adipose 
tissue. Health issues may arise when there is excess depo-
sition of adipose tissue. Several pathological processes can 
develop as a result of excess adiposity, including: oxida-
tive stress, inflammation, disturbances of cortisol metabo-
lism, disturbances of lipid metabolism, vascular dysfunc-
tion, and stimulation of the hypothalamic-pituitary-adrenal 
axis. Obesity results from an imbalance between energy 
intake and energy expenditure [5].
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Equine obesity is a major health and welfare issue 
in horses that may be under-reported or go unrecognized. 
Horse caregivers may sometimes misjudge the body con-
dition of their horses, particularly if they are obese [39, 
82]. Hence, veterinarians must be proactive in identify-
ing obese horses and tutoring caregivers on the risks as-
sociated with obesity and how to effectively manage the 
condition. It is critical to pay attention to various aspects 
of equine obesity, due to the associated health risks. The 
epidemiology, health implications, assessment, and man-
agement of equine obesity are discussed in this article.

Obesity definition
Obesity is defined as adiposity to the point where health 

is directly or indirectly impacted. Obesity may be general-
ized or regional (focal); internal (accumulations of adipose 
tissue around and within muscles and organs), or external 
(palpable subcutaneous fat) [68]. 

Epidemiology of equine obesity
Weight gain in horses is dependent on the housing and 

feeding. Domesticated horses are largely physically inac-
tive and fed diets that far exceed their energy requirements. 
Concerning general obesity, several studies were carried 
out in the United Kingdom with a prevalence ranging 
from 21 % to 45 % [33, 34, 70, 72, 82]. In Denmark, 24 % 
of mature Icelandic horses are overweight or obese [39]; 
24.5 % in south-eastern Australia [62]; 8 %‒29 % in Cana-
dian horses [10, 44]; and a prevalence of 51 % of horses 
in the United States [74]. Regional obesity (cresty neck 
score > 3/5) was present in 33 % of domestic horses and 
ponies in the United Kingdom [32]. Cob-type, Draught-
type, Welsh breeds, British natives [70], Morgan breeds, 
Spanish mustang breeds, Arabian breeds [27], Shetland 
ponies [62], Rocky Mountain Horses, Quarter Horses, Ten-
nessee Walking Horses, Warmbloods, as well as mixed-
breed horses, appear to be more susceptible to obesity in 
comparison to Thoroughbreds [74], indicating that many 
breeds of horses are affected [24]. Leisure horses and more 
dominant horses were more likely to be obese [32, 70].

Adverse effects of obesity on equine health
Obesity rates have risen dramatically as the role of 

horses has shifted away from productivity and toward 
companionship [1]. Obesity in horses has been linked to: 
impaired thermoregulation [13], exercise intolerance (re-

duced athleticism) [31, 42, 45], abnormal reproductive 
performance [36, 61], insulin dysregulation (ID) [37, 79], 
increased risk of laminitis [70], poor prognosis for recov-
ery from laminitis [57], pituitary pars intermedia dysfunc-
tion (PPID) [40, 54, 65, 79], endotoxaemia [77], osteo-
chondrosis [64], diabetes mellitus [40], hyperlipaemia 
[66], and colic. Colic results from intestinal obstruction 
caused by the development and growth of benign lipomas 
in the abdomen’s mesenteric adipose tissue [30]. In some 
situations, mesenteric lipomas can grow a lengthy pedi-
cle of attachment and become “pedunculated.” Peduncu-
lated lipomas tend to migrate about within the abdomen, 
obstructing and strangling intestines [41]. Affected hors-
es have sudden and severe pain, shock, and death unless 
emergency surgery is performed.

EQUINE OBESITY ASSESSMENT

Benchmark methods for the evaluation of total body 
fat mass, such as deuterium oxide (D2O) dilution and car-
cass dissection (necropsy), are, as of now, obviously not 
practicable in a clinical setting. Although the D2O dilution 
technique is straightforward, it would have been valuable 
for clinical cases if the measurement of D2O had become 
widely available [16, 68]. In practice, assessment of obe-
sity can be subjective or objective.  R e n d l e  et al. [68] 
describe body condition score (BCS) and cresty neck 
score (CNS) as examples of subjective assessment, while 
morphometric measurements, diagnostic testing, and ul-
trasonography are examples of objective assessment. The 
measurement and estimation of body weight do not effec-
tively quantify obesity but are highly beneficial in moni-
toring responses to diet.

Subjective assessment of obesity
1. Body condition score (BCS)
The body condition is a good indicator of the general 

health of a horse. The BCS helps one to know if a horse 
is too lean, too fat, or just within the normal body size. 
The scoring system by  H e n n e k e  et al. [36] and mod-
ified by  K o h n k e  [43] is a 9-point scale. It is widely 
used because it has been extensively validated. To carry 
out this body condition scoring system, it is required that 
six anatomically distinct body regions (neck, ribs, withers, 
shoulder loin, and tailhead) be assigned a score between 
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1 and 9 separately, then the scores are averaged to obtain 
the overall body condition score. Under-condition (< 4.5), 
moderate-condition (4.5‒5.5), over-condition (6‒6.5), 
and obese (≥ 7) horses (Fig. 1) are classified [17, 18, 62]. 
The 0–5-point body condition system was first described 
by L e i g h t o n – H a r d m a n  [47] and modified 
by  C a r r o l l  and  H u n t i n g t o n  [8]. In this BCS 
system, 3 body areas (ribs and back, neck, and pelvis) are 
assessed for fat deposition on a scale of 0 (very poor) to 
5 (very fat). To achieve the overall BCS, each of the three 
body parts is given a distinct score, with the pelvis score 
being altered by 0.5 points if it differs by 1 or more points 
from the back or neck scores. Several factors can affect 
condition scoring accuracy. Such factors include: coat 
length, conformation, evaluator bias, pregnancy, muscle 
development, and gut fill. The BCS systems were, in the 
ideal sense, created to assess subcutaneous fat tissue in-
dependent of muscle mass. In reality, it is not an easy task 
for even a highly experienced evaluator to differentiate 
muscle from adipose tissue, and in geriatric horses that 
have relatively low muscle mass, the fat mass could be 
underestimated.

2. Cresty neck score
Cresty neck is an overabundance of fat along the top of 

the neckline. C a r t e r  et al. [9] developed a regional sub-
jective scoring system specifically for the top of the neck 
region. Horses with cresty necks have been associated 
with a risk of metabolic health issues [9]. The cresty neck 
score is on a scale of 0 to 5, where 0 indicates no visual 
appearance of a crest, and 5 indicates an overabundance 

of fat along the top of the horse’s neck (Fig. 2). Most 
horses within a range of 1 to 2 CNS have a small amount 
of fat coverage along the neck top line, while those within 
a range of 3 to 4 CNS have more fat coverage. A horse is 
regarded as having a cresty neck when the CNS falls be-
tween 3 and above [9]. Horses with a score of 5 (drooping 
neck) are rarely seen. Ideally, horses should have a CNS 

Fig. 2. White arrows indicating an abnormal regional obesity 
of the neck (dropping neck) (cresty neck score of 5)

Fig. 1. Obese pony with body condition score of 9 (using Henneke body condition scoring)
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of no more than 2. Horses with cresty neck may or may 
not have general obesity. One study found that obesity sta-
tus (body condition score) and cresty neck condition were 
highly associated. In that study, 97.5 % of obese horses and 
59.6 % of non-obese horses had cresty neck [52].

Objective assessment of obesity 
1. Morphometric measurements
The estimation of equine body fat content using mor-

phometric measurements (neck circumference, neck 
length, body mass index [BMI], belly girth, waist circum-
ference, heart girth, and height to the withers) has been 
proven to be clinically applicable [15, 26] and has clear-
cut advantages over subjective evaluation scores. They 
are helpful in the detection of small changes in body size, 
making it possible to obtain an accurate quantification 
when a horse’s diet is modified [2, 15] and can be carried 
out by examiners [15]. The belly girth provides the most 
sensitive indicator of generalized fat loss in response to 
management modification [68]. 

2. Ultrasonography 
Ultrasonography is known to be very sensitive for as-

sessing ventro-abdominal retroperitoneal fat deposition 
[60, 71]. Ultrasound scanning is a useful tool in identifying 
horses that are lean but are diagnosed to have insulin dys-
regulation or showing signs of laminitis to identify TOFI 
horses (the acronym TOFI is applied by horse owners to 
horses with a lean EMS phenotype that appears Thin on 
the Outside but Fat on the Inside). The ultrasonography 
measures fat deposits on the ventral midline immediately 
caudal to the xiphisternum and around 10 cm on either side 
of the linea alba. This adipose reserve stores up rapidly 
during weight gain and, conversely, is one of the first to be 
lost during weight loss [68].

3. Diagnostic testing
Certain biomarkers, thought to be associated with obe-

sity, in the blood are measured in laboratory tests [14]. 
There are no laboratory tests that can consistently predict 
when obesity may be harmful to one’s health; nonetheless, 
diagnostic testing can be a valuable adjunct to clinical ob-
servations [68]. Even though serum leptin concentration 
corresponds well with adipose tissue mass, there is little 
correlation between laminitis risk and IR, limiting its util-
ity over clinical assessment [4, 7]. Adiponectin production 

decreases with increasing adiposity, though this varies by 
breed and diet [3, 56], nevertheless, low total adiponectin 
concentration is linked to laminitis risk [81], suggesting 
that adiponectin could be a useful marker of adiposity. The 
measures of insulin dynamics do not indicate obesity per 
se, but they are a valuable tool for monitoring the risk of 
laminitis, which is linked to obesity and equine metabolic 
syndrome (EMS) [68].

EQUINE OBESITY MANAGEMENT

Controlled weight loss management is currently the 
mainstay of therapy for reversing obesity and lowering the 
risk of obesity-related diseases. Dietary restriction and in-
creased physical activity are weight-loss strategies. Even 
when dietary provision is highly regulated, weight loss 
rates vary greatly between animals [2]. Medical treatment 
for obese horses is possible, but it should never be used as 
a substitute for dietary restrictions and exercise [14, 68]. 
Caregiver (owner) compliance and substantial weight loss 
often require the participation of a veterinarian. It’s im-
portant to remember that weight-loss programs must be 
customized for the patient and take into account what is 
achievable for the caregiver. Furthermore, caregivers fre-
quently believe that their horses require far more feed than 
they actually do [14]. To properly monitor weight loss, 
caregivers should not rely on the visual judgment of their 
horses’ body weight; instead, they should employ a reli-
able means of bodyweight measurement such as weight 
on a scale, weight estimate using weight tape, or formula.

Dietary restrictions
When a horse’s feed intake exceeds his or her physi-

cal energy needs, weight gain ensues. As a result, to lose 
weight, feed intake must be reduced, and/or physical ener-
gy demands must be increased. Obesity can be controlled 
by reducing the amount of digestible energy (DE) in the 
diet. A significant component of this strategy is limiting or 
removing pasture grass from the diet. When pasture access 
is maintained, quantifying the DE becomes nearly impos-
sible. A horse may be allowed a limited daily duration of 
access to sparse pasture, or normal pasture with a grazing 
muzzle, to ensure his or her mental well-being [24, 49, 50]. 
Obese horses should be fed a forage diet supplemented 
with minerals and vitamins.
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Hay with low non-structural carbohydrate (NSC) con-
tent should be chosen, which can be established by sending 
in a sample for analysis or acquiring forage with a stated 
nutrient analysis [27]. If the amount of NSC in hay exceeds 
10 %, it can be soaked in cold water for 60 minutes to re-
duce the water-soluble carbohydrate (WSC) content [12, 
80]. However, recent studies found that results vary signif-
icantly between various hay samples [48, 51], indicating 
that this technique cannot be depended on to address the 
problem of high WSC concentrations in hay fed to obese 
ponies or horses. In overfed horses, removing all concen-
trates from the diet can occasionally be enough to cause 
weight loss. An obese horse should be given hay in an 
amount equal to 1.5 % of the horse’s ideal body weight. 
To ensure that the correct amounts of hay are fed, scales 
should be used. If an obese horse does not lose weight af-
ter 30 days of eating hay equivalent to 1.5 % of its ideal 
body weight, the amount offered should be reduced to 1 %. 
However, levels should not fall below 1 %, and it should 
be emphasized that excessive calorie restriction can lead 
to hyperlipaemia, IR, and stereotyped behaviour that is in-
appropriate [27, 55]. Veterinarians’ feeding advice should 
be brief and specific so that caregivers may incorporate the 
modifications into their daily routine [14]. If a specific rec-
ipe is offered that specifies exactly what quantity of exactly 
what feed is required, along with the product trade name, 
caregivers will be able to follow the guidance. Simply ad-
vising them to feed 1.5 % body weight DM of a feed with 
less than 10 % sugar is likely not to result in adequate com-
pliance, as these values may be difficult to put into effect.

Physical exercise
An increase in physical exercise is recommended for 

obese horses to help them lose weight and enhance their 
insulin sensitivity [63, 73]. In addition to the intended fat 
reduction, weight loss will result in some unwanted muscle 
loss; frequent exercise may help to reduce muscle loss and 
may have an anti-inflammatory effect [58]. Improvements 
in insulin sensitivity linked to physical activity can exist 
even if weight loss does not occur or if there is no change 
in fat distribution [35]. Recommendations for ideal exer-
cise levels are mostly subjective, yet any exercise program 
must be both explicit and practical to obtain compliance. 
D u r h a m  et al. [21] published a consensus statement 
with the following exercise recommendations for horses 
with insulin dysregulation or obesity:

• Horses with no clinical laminitis or lameness of any 
type should be exercised for more than 30 minutes at 
a low-to-moderate intensity (heart rates between 130 and 
170 bpm; or canter to fast canter, ridden or unridden). 
This should be repeated at least 5 times every week.

• Horses with a history of clinical laminitis whose hoof 
lamellae are stable and fully recovered should be ex-
ercised for more than 30 minutes at a low intensity on 
a soft surface (heart rates between 110 and 150 bpm; 
fast trot to canter unridden). This should be repeated at 
least 3 times every week. It’s crucial to keep an eye out 
for indicators of lameness.

Pharmacological aid
In obese and EMS horses, pharmaceutical treatment is 

usually not the first line of action. However, such treat-
ment can be administered to a horse who has or is at risk 
of having laminitis and requires rapid weight loss or im-
proved insulin sensitivity. Pharmaceutical treatment can 
also be used on a horse that has weight loss resistance 
despite following proper dietary modification guidelines 
[14]. Prescription of pharmaceuticals for the management 
of obesity and EMS when it is not essential is a serious 
concern, leading to caregivers neglecting dietary and man-
agement initiatives.

1. Levothyroxine sodium
Levothyroxine sodium helps in weight loss and has 

also been shown to increase insulin sensitivity [25, 28, 78]. 
Several studies found that administering levothyroxine to 
euthyroid horses resulted in significant weight loss and 
improved insulin sensitivity over 8 and 48 weeks with no 
cardiovascular side effects [25, 28, 78]. However, because 
these studies did not control the diets of the horses treated, 
more research is needed to ascertain the accurate and pre-
cise efficacy of levothyroxine.  M o r g a n  et al. [59] sug-
gest that movement of horses administered levothyroxine 
should not be restricted because of the potential for welfare 
issues when given an activity-inducing medication. In the 
United States, levothyroxine is given indiscriminately and 
without sufficient consideration for the treatment of obesi-
ty and EMS, and it has even been stated that it is the most 
misused medicine in a horse practice [53]. Levothyroxine 
administration has been reported not as an alternative but 
as an adjunct to dietary management in horses that can-
not be exercised [20], and has also been used in weight 
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loss-resistant cases and in severe cases of laminitis asso-
ciated with IR that were not responding despite conven-
tional management [68]. Recent research has shown that 
levothyroxine is safe at doses up to 10 times those used 
clinically [6]. Treatment should be given for 3 to 6 months 
at a dose of 0.1 mg.kg–1 PO SID. Treatment is continued 
until the goal body weight is reached, at which point the 
dose is reduced by half to 0.05 mg.kg–1 for 2 weeks, then 
by half again to 0.025 mg.kg–1 for another two weeks be-
fore treatment is stopped [23].

2. Metformin hydrochloride
Metformin is a biguanide drug that has been used in hu-

man medicine for more than 50 years as an oral antihyper-
glycemic agent [67]. Reduced hepatic glucose production, 
improved tissue sensitivity to insulin, and increased translo-
cation of glucose type 4 (GLUT4) transporters to cell mem-
branes in insulin-sensitive tissues are all known possible 
antidiabetic mechanisms of action [46]. Previous research 
found that when the medication was given at a dose of 
15 mg.kg–1, it improved basal measures of insulin sensitivity 
in a small number of insulin-resistant horses [19, 22]. How-
ever, other studies have found that the medication did not 
affect insulin sensitivity in both normal and insulin-resistant 
horses [75, 76]. Metformin has low oral bioavailability in 
horses, with just 7.1 % in unfed horses and 3.9 % in fed hors-
es. In horses, the elimination half-life was less than 30  min-
utes, compared to 6 hours in humans [38]. Metformin may 
be beneficial for EMS through its actions in the gut or liv-
er and its effects on the entero-insular axis. Metformin has 
been shown to reduce glucose absorption and reduce insulin 
spikes that occur after glucose ingestion in non-obese horses 
[69]. This could help reduce glucose absorption and limit 
post-prandial hyperinsulinemia, both of which are factors 
in the development of laminitis. However, more research is 
needed. Metformin is administered to horses in doses rang-
ing from 15 to 30 mg.kg–1 q8–12h PO, with the drug ideally 
administered 30–60 minutes before feeding [21, 29].

CONCLUSIONS

Equine obesity is highly prevalent globally, especially 
in countries where horses are kept for companionship. It is 
a growing concern that has been overlooked by caregivers 
and must be identified and addressed for many health rea-

sons. The practicable assessment of equine obesity relies 
on the subjective and objective recognition of excessive 
adipose deposits. Weight loss with a combination of die-
tary modification and exercise in horses without clinical 
laminitis is the mainstay of equine obesity management in 
horses. In selected cases, medical treatment with levothy-
roxine sodium and metformin may be considered.

REFERENCES

1. Argo, C., 2015: Equine obesity: beyond the equine metabol-

ic syndrome. Acta. Vet. Scand., 57, (Suppl.1), K2. DOI: 10. 

1186/1751-0147-57-S1-K2.

2. Argo, C. M., Curtis, G. C., Grove-White, D., Dugdale, A. 

H., Barfoot, C. F., Harris, P. A., 2012: Weight loss resist-

ance: A further consideration for the nutritional management 

of obese Equidae. Vet. J., 194, 2, 179–188. DOI: 10.1016/j.

tvjl.2012.09.020.

3. Bamford, N. J., Potter, S. J., Baskerville, C. L., Harris, 

P. A., Bailey, S. R., 2016: Effect of increased adiposity on 

insulin sensitivity and adipokine concentrations in different 

equine breeds adapted to cereal-rich or fat-rich meals. Vet. J., 

214, 14–20. DOI: 10.1016/j.tvjl.2016.02.002.

4. Bamford, N. J., Potter, S. J., Harris, P. A., Bailey, S. R., 

2016: Effect of increased adiposity on insulin sensitivity and 

adipokine concentrations in horses and ponies fed a high 

fat diet, with or without a once daily high glycaemic meal. 

Equine Vet. J., 48, 3, 368–373. DOI: 10.1111/evj.12434.

5. Becvarova, I., Pleasant, R. S., 2012: Managing obesity in pas-

ture-based horses. Compend. Contin. Educ. Vet., 34, E1–E4. 

6. Bertin, F. R., Forsythe, L. E., Kritchevsky, J. E., 2019: 

Effects of high doses of levothyroxine sodium on serum con-

centrations of triiodothyronine and thyroxine in horses. Am. 

J. Vet. Res., 80, 6, 565–571. DOI: 10.2460/ajvr.80.6.565.

7. Buff, P. R., Dodds, A. C., Morrison, C. D., Whitley, N. C., 

McFadin, E. L., Daniel, J. A., et al., 2002: Leptin in horses: 

tissue localization and relationship between peripheral con-

centrations of leptin and body condition. J. Anim. Sci., 80, 11, 

2942–2948. DOI: 10.2527/2002.80112942x.

8. Carroll, C. L., Huntington, P. J., 1988: Body condition 

scoring and weight estimation of horses. Equine Vet. J., 20, 

1, 41–45. DOI: 10.1111/j.2042-3306.1988.tb01451.x.

9. Carter, R. A., Geor, R. J., Staniar, W. B., Cubitt, T. A., 

Harris, P. A., 2009: Apparent adiposity assessed by stand-

ardised scoring systems and morphometric measurements in 



7

horses and ponies. Vet. J., 179, 2, 204–210. DOI: 10.1016/j.

tvjl.2008.02.029.

10. Christie, J. L., Hewson, C. J., Riley, C. B., McNiven, M. 

A., Dohoo, I. R., Bate, L. A., 2004: Demographics, man-

agement, and welfare of nonracing horses in Prince Edward 

Island. Can. Vet. J., 45, 12, 1004. 

11. Coelho, M., Oliveira, T., Fernandes, R., 2013: State of 

the art paper Biochemistry of adipose tissue: An endocrine 

organ. Arch. Med. Sci., 9, 2, 191–200. DOI: 10.5114/aoms. 

2013.33181.

12. Cottrell, E., Watts, K., Ralston, S., 2005: Soluble sugar 

content and glucose/insulin responses can be reduced by 

soaking chopped hay in water. In Proc. of the 19th Equine 

Science Society Symposia, 293‒298.

13. Cymbaluk, N. F., Christison, G. I., 1990: Environmental 

effects on thermoregulation and nutrition of horses. Vet. Clin. 

North Am. Equine Pract., 6, 2, 355–372. DOI: 10.1016/S0 

749-0739(17)30546-1.

14. Diaz, M. A., Jarvis, N., Menzies, N., Penrose, L., Rendle, 

D., Furtado, T., 2020: Tackling obesity and related laminitis 

in equine patients. Vet. Times, 14. 

15. Dugdale, A. H., Curtis, G. C., Cripps, P., Harris, P. A., 

Argo, C. M., 2010: Effect of dietary restriction on body con-

dition, composition and welfare of overweight and obese pony 

mares. Equine Vet. J., 42, 7, 600–610. DOI: 10.1111/j.2042-

3306.2010.00110.x.

16. Dugdale, A. H., Curtis, G. C., Cripps, P. J., Harris, P. A., 

Argo, C. M., 2011: Effects of season and body condition on 

appetite, body mass and body composition in ad libitum fed 

pony mares. Vet. J., 190, 3, 329–337. DOI: 10.1016/j.tvjl. 

2010.11.009.

17. Dugdale, A. H., Curtis, G. C., Harris, P. A., Argo, C. M., 

2011: Assessment of body fat in the pony: Part I. Relation-

ships between the anatomical distribution of adipose tissue, 

body composition and body condition. Equine Vet. J., 43, 5, 

552–561. DOI: 10.1111/j.2042-3306.2010.00330.x.

18. Dugdale, A. H., Grove-White, D., Curtis, G. C., Harris, P. 

A., Argo, C. M., 2012: Body condition scoring as a predictor 

of body fat in horses and ponies. Vet. J., 194, 2, 173–178. 

DOI: 10.1016/j.tvjl.2012.03.024.

19. Durham, A. E., 2012: Metformin in equine metabolic syn-

drome: an enigma or a dead duck ? Vet. J., 1, 191, 17–18. 

DOI: 10.1016/j.tvjl.2011.08.003.

20. Durham, A. E., 2017: Therapeutics for equine endocrine dis-

orders. Vet. Clin. North Am. Equine Pract., 33, 1, 127–139. 

DOI: 10.1016/j.cveq.2016.11.003.

21. Durham, A. E., Frank, N., McGowan, C. M., Menzies‐

Gow, N. J., Roelfsema, E., Vervuert, I., et al., 2019: ECEIM 

consensus statement on equine metabolic syndrome. J. Vet. 

Intern. Med., 33, 2, 335–349. DOI: 10.1111/jvim.15423.

22. Durham, A. E., Rendle, D. I., Newton, J. R., 2008: The 

effect of metformin on measurements of insulin sensitivi-

ty and β cell response in 18 horses and ponies with insulin 

resistance. Equine Vet. J., 40, 5, 493–500. DOI: 10.2746/ 

042516408X273648.

23. Frank, N., 2006: Insulin resistance in horses. Proc. AAEP, 

52. Accessed June 2022 at www.ivis.org.

24. Frank, N., 2009: Equine metabolic syndrome. J. Equine Vet. 

Sci., 29, 5, 259–267. DOI: 10.1016/j.cveq.2010.12.004.

25. Frank, N., Elliott, S. B., Boston, R. C., 2008: Effects of 

long-term oral administration of levothyroxine sodium on 

glucose dynamics in healthy adult horses. Am. J. Vet. Res., 

69, 1, 76–81. DOI: 10.2460/ajvr.69.1.76.

26. Frank, N., Elliott, S. B., Brandt, L. E., Keisler, D. H., 

2006: Physical characteristics, blood hormone concentra-

tions, and plasma lipid concentrations in obese horses with 

insulin resistance. J. Am. Vet. Med. Assoc., 228, 9, 1383–

1390. DOI: 10.2460/javma.228.9.1383.

27. Frank, N., Geor, R. J., Bailey, S. R., Durham, A. E., John-

son, P. J., 2010: Equine metabolic syndrome. J. Vet. Intern. 

Med., 24, 3, 467–475. DOI: 10.1111/j.1939-1676.2010. 

0503.x.

28. Frank, N., Sommardahl, C. S., Eiler, H., Webb, L. L., 

Denhart, J. W., Boston, R. C., 2005: Effects of oral admin-

istration of levothyroxine sodium on concentrations of plas-

ma lipids, concentration and composition of very-low-densi-

ty lipoproteins, and glucose dynamics in healthy adult mares. 

Am. J. Vet. Res., 66, 6, 1032–1038. DOI: 10.2460/ajvr.2005. 

66.1032.

29. Frank, N., Tadros, E. M., 2014: Insulin dysregulation. 

Equine Vet. J., 46, 1, 103—112. DOI: 10.1111/evj.12169.

30. Garcia-Seco, E., Wilson, D. A., Kramer, J., Keegan, K. 

G., Branson, K. R., Johnson, P. J., et al., 2005: Prevalence 

and risk factors associated with outcome of surgical removal 

of pedunculated lipomas in horses: 102 cases (1987–2002). 

J. Am. Vet. Med. Assoc., 226, 9, 1529–1537. DOI: 10.2460/

javma.2005.226.1529.

31. Garlinghouse, S. E., Burrill, M. J., 1999: Relationship of 

body condition score to completion rate during 160 km endur-

ance races. Equine Vet. J., 31, S30, 591–595. DOI: 10.1111/ 

j.2042-3306.1999.tb05290.x.

32. Giles, S. L., Nicol, C. J., Rands, S. A., Harris, P. A., 2015: 



8

Assessing the seasonal prevalence and risk factors for nuchal 

crest adiposity in domestic horses and ponies using the Cres-

ty Neck Score. BMC Vet. Res., 11, 1, 1‒9. DOI: 10.1186/s129 

17-015-0327-7.

33. Giles, S. L., Rands, S. A., Nicol, C. J., Harris, P. A., 2014: 

Obesity prevalence and associated risk factors in outdoor liv-

ing domestic horses and ponies. PeerJ, 2, 1, e299. DOI: 10. 

7717/peerj.299.

34. Harker, I. J., Harris, P. A., Barfoot, C. F., 2011: The body 

condition score of leisure horses competing at an unaffiliated 

championship in the UK. J. Equine Vet. Sci., 5, 31, 253‒254. 

DOI: 10.1016/J.JEVS.2011.03.058.

35. Hawley, J. A., 2004: Exercise as a therapeutic intervention 

for the prevention and treatment of insulin resistance. Diabe-

tes Metab. Res. Rev., 20, 5, 383–393. DOI: 10.1002/dmrr.505.

36. Henneke, D. R., Potter, G. D., Kreider, J. L., Yeates, B. F., 

1983: Relationship between condition score, physical meas-

urements and body fat percentage in mares. Equine Vet. J., 

15, 4, 371–372. DOI: 10.1111/j.2042-3306.1983.tb01826.x.

37. Hoffman, R. M., Boston, R. C., Stefanovski, D., Kron

feld, D. S., Harris, P. A., 2003: Obesity and diet affect glu-

cose dynamics and insulin sensitivity in thoroughbred geld-

ings. J. Anim. Sci., 81, 9, 2333–2342. DOI: 10.2527/2003. 

8192333x.

38. Hustace, J. L., Firshman, A. M., Mata, J. E., 2009: Phar-

macokinetics and bioavailability of metformin in horses. Am. 

J. Vet. Res., 70, 5, 665–668. DOI: 10.2460/ajvr.70.5.665.

39. Jensen, R. B., Danielsen, S. H., Tauson, A. H., 2016: Body 

condition score, morphometric measurements and estimation 

of body weight in mature Icelandic horses in Denmark. Acta. 

Vet. Scand., 58, 1, 19–23. DOI: 10.1186/s13028-016-0240-5.

40. Johnson, P. J., Messer, N. T., Ganjam, V. K., 2004: Cush-

ing’s syndromes, insulin resistance and endocrinopathic lam-

initis. Equine Vet. J., 36, 3, 194–198. DOI: 10.2746/0425164 

044877279.

41. Johnson, P. J., Wiedmeyer, C. E., Messer, N. T., Ganjam, 

V. K., 2009: Medical implications of obesity in horses–  

lessons for human obesity. J. Diabetes Sci. Technol., 3, 1, 

163–174. DOI: 10.1177/193229680900300119.

42. Kearns, C. F., Mckeever, K. H., Kumagai, K., Abe, 

T., 2002: Fat-free mass is related to one-mile race perfor-

mance in elite standardbred horses. Vet. J., 163, 3, 260–266. 

DOI: 10.1053/tvjl.2001.0656.

43. Kohnke, J., 1992: Feeding and Nutrition: The Making of 

a Champion. Birubi Pacific, 163–166. 

44. Kosolofski, H. R., Gow, S. P., Robinson, K. A., 2017: Prev-

alence of obesity in the equine population of Saskatoon and 

surrounding area. Can. Vet. J., 58, 9, 967–970. 

45. Lawrence, L., Jackson, S., Kline, K., Moser, L., Powell, 

D., Biel, M., 1992: Observations on body weight and con-

dition of horses in a 150-mile endurance ride. J. Equine Vet. 

Sci., 12, 5, 320–324. DOI: 10.1016/S0737-0806(06)81345-6.

46. Lee, J. O., Lee, S. K., Kim, J. H., Kim, N., You, G. Y., 

Moon, J. W., et al., 2012: Metformin regulates glucose 

transporter 4 (GLUT4) translocation through AMP-activated 

protein kinase (AMPK)-mediated Cbl/CAP signaling in 3T3-

L1 preadipocyte cells. J. Biol. Chem., 287, 53, 44121–44129. 

DOI: 10.1074/jbc.M112.361386.

47. Leighton-Hardman, A. C., 1980: Appendix 3. Weight es-

timation tables. Equine Nutrition. Pelham Books, London, 

106–107.

48. Longland, A. C., Barfoot, C., Harris, P. A., 2009: The loss 

of water-soluble carbohydrate and soluble protein from nine 

different hays soaked in water for up to 16 hours. J. Equine 

Vet. Sci., 5, 29, 383–384. DOI: 10.1016/J.JEVS.2009.04.085.

49. Longland, A. C., Barfoot, C., Harris, P. A., 2016: Effects 

of grazing muzzles on intakes of dry matter and water-solu-

ble carbohydrates by ponies grazing spring, summer, and au-

tumn swards, as well as autumn swards of different heights. 

J. Equine Vet. Sci., 40, 26–33. DOI: 10.1016/j.jevs.2015.09. 

009.

50. Longland, A. C., Barfoot, C., Harris, P. A., 2016: Effica-

cy of wearing grazing muzzles for 10 hours per day on con-

trolling bodyweight in pastured ponies. J. Equine Vet. Sci., 

45, 22–27. DOI: 10.1016/j.jevs.2016.04.015.

51. Mack, S. J., Dugdale, A. H., Argo, C. M., Morgan, R. A., 

McGowan, C. M., 2014: Impact of water-soaking on the 

nutrient composition of UK hays. Vet. Rec., 174, 18, 452. 

DOI: 10.1136/vr.102074. 

52. Martin-Gimenez, T., Aguirre-Pascasio, C. N., de Blas, I., 

2004: Beyond scoring systems: usefulness of morphometry 

considering demographic variables, to evaluate neck and 

overall obesity in Andalusian horses. Animal, 12, 3, 597–605. 

DOI: 10.1017/S1751731117001628.

53. McFarlane, D., 2014: Pharmacological treatment of equine 

endocrine diseases. Equine Pharmacology, John Wiley and 

Sons, Ames, 270–278.

54. McGowan, C. M., Frost, R., Pfeiffer, D. U., Neiger, R., 

2004: Serum insulin concentrations in horses with equine 

Cushing’s syndrome: response to a cortisol inhibitor and prog-

nostic value. Equine Vet. J., 36, 3, 295–298. DOI: 10.2746/ 

0425164044877288.



9

55. McGregor-Argo, C., 2009: Appraising the portly pony: 

Body condition and adiposity. Vet. J., 179, 2, 158–160. 

DOI: 10.1016/j.tvjl.2008.04.007.

56. Menzies‐Gow, N. J., Knowles, E. J., Rogers, I., Rendle, 

D. I., 2019: Validity and application of immunoturbidimetric 

and enzyme‐linked immunosorbent assays for the measure-

ment of adiponectin concentration in ponies. Equine Vet. J., 

51, 1, 33–37. DOI: 10.1111/evj.12960.

57. Menzies‐Gow, N. J., Stevens, K., Barr, A., Camm, I., 

Pfeiffer, D., Marr, C. M., 2010: Severity and outcome of 

equine pasture‐associated laminitis managed in first opinion 

practice in the UK. Vet. Rec., 167, 10, 364–369. DOI: 10. 

1136/vr.c3206.

58. Menzies‐Gow, N. J., Wray, H., Bailey, S. R., Harris, P. A., 

Elliott, J., 2014: The effect of exercise on plasma concentra-

tions of inflammatory markers in normal and previously lam-

initic ponies. Equine Vet. J., 46, 3, 317–321. DOI: 10.1111/

evj.12132.

59. Morgan, R. A., Keen, J. A., McGowan, C. M., 2015: Equine 

metabolic syndrome. Vet. Rec., 177, 7, 173—179. DOI: 10. 

1136/vr.103226.

60. Morrison, P. K., Harris, P. A., Maltin, C. A., Grove-White, 

D., Argo, C. M., 2017: EQUIFAT: A novel scoring system 

for the semi-quantitative evaluation of regional adipose tis-

sues in Equidae. PLOS ONE, 12, 3, e0173753. DOI: 10.1371/

journal.pone.0173753.

61. Nagy, P., Huszenicza, G., Juhasz, J., Kulcsar, M., Solti, L., 

Reiczigel, J., et al., 1998: Factors influencing ovarian activi-

ty and sexual behaviour of postpartum mares under farm con-

ditions. Theriogenology, 50, 7, 1109–1119. DOI: 10.1016/ 

s0093-691x(98)00212-x.

62. Potter, S. J., Bamford, N. J., Harris, P. A., Bailey, S. R., 

2016: Prevalence of obesity and owners’ perceptions of 

body condition in pleasure horses and ponies in south‐east-

ern Australia. Aust. Vet. J., 94, 11, 427–432. DOI: 10.1111/

avj.12506.

63. Powell, D. M., Reedy, S. E., Sessions, D. R., Fitzgerald, 

B. P., 2002: Effect of short‐term exercise training on insulin 

sensitivity in obese and lean mares. Equine Vet. J., 34, S34, 

81–84. DOI: 10.1111/j.2042-3306.2002.tb05396.x.

64. Ralston, S. L., 1996: Hyperglycaemia/hyperinsulinaemia 

after feeding a meat of grain to young horses with osteo-

chondritis dissecans (OCD) lesions. Pferdeheilkunde, 12, 

320–322. DOI: 10.21836/PEM19960332.

65. Reeves, H. J., McGowan, C. M., Lees, R., 2001: Measure-

ment of basal serum insulin concentration in the diagnosis 

of Cushing’s disease in ponies. Vet. Rec., 149, 15, 449–452. 

DOI: 10.1136/vr.149.15.449.

66. Reid, S. W., Mohammed, H. O., 1996: Survival analysis 

approach to risk factors associated with hyperlipaemia in 

donkeys. J. Am. Vet. Med., 209, 8, 1449–1452. 

67. Rena, G., Pearson, E. R., Sakamoto, K., 2013: Molecu-

lar mechanism of action of metformin: Old or new insights ? 

Dia betologia, 56, 9, 1898–1906. DOI: 10.1007/s00125-013- 

2991-0.

68. Rendle, D., McGregor Argo, C., Bowen, M., Carslake, H., 

German, A., Harris, P., et al., 2018: Equine obesity: Current 

perspectives. UK-Vet. Equine, 2, Sup5, 1–9. DOI: 10.12968/ 

ukve.2018.2.S2.3.

69. Rendle, D. I., Rutledge, F., Hughes, K. J., Heller, J., Dur-

ham, A. E., 2013: Effects of metformin hydrochloride on 

blood glucose and insulin responses to oral dextrose in hors-

es. Equine Vet. J., 45, 6, 751–754. DOI: 10.1111/evj.12068.

70. Robin, C. A., Ireland, J. L., Wylie, C. E., Collins, S. N., 

Verheyen, K. L., Newton, J. R., 2015: Prevalence of and 

risk factors for equine obesity in Great Britain based on 

owner‐reported body condition scores. Equine Vet. J., 47, 2, 

196–201. DOI: 10.1111/evj.12275.

71. Siegers, E. W., de Ruijter-Villani, M., Van Doorn, D. 

A., Stout, T. A., Roelfsema, E., 2018: Ultrasonogra phic 

measurements of localized fat accumulation in Shetland 

pony mares fed a normal versus a high energy diet for 

2 years. Animal, 12, 8, 1602–1610. DOI: 10.1017/S175173 

111700325.

72. Stephenson, H. M., Green, M. J., Freeman, S. L., 2011: 

Prevalence of obesity in a population of horses in the UK. 

Vet. Rec., 168, 5, 131. DOI: 10.1136/vr.c6281.

73. Stewart‐Hunt, L., Geor, R. J., McCutcheon, L. J., 2006: 

Effects of short‐term training on insulin sensitivity and skel-

etal muscle glucose metabolism in standardbred horses. 

Equine Vet. J., 38, S36, 226–232. DOI: 10.1111/j.2042-3306. 

2006.tb05544.x.

74. Thatcher, C. D., Pleasant, R. S., Geor, R. J., Elvinger, F., 

2012: Prevalence of overconditioning in mature horses in 

southwest Virginia during the summer. J. Vet. Intern. Med., 

26, 6, 1413–1418. DOI: 10.1111/j.1939-1676.2012.00995.x.

75. Tinworth, K. D., Boston, R. C., Harris, P. A., Sillence, 

M. N., Raidal, S. L., Noble, G. K., 2012: The effect of oral 

metformin on insulin sensitivity in insulin-resistant ponies. 

Vet. J., 191, 1, 79–84. DOI: 10.1016/j.tvjl.2011.01.015.

76. Tinworth, K. D., Edwards, S., Harris, P. A., Sillence, M. 

N., Hackett, L. P., Noble, G. K., 2010: Pharmacokinetics 



10

of metformin after enteral administration in insulin-resistant 

ponies. Am. J. Vet. Res., 71, 10, 1201–1206. DOI: 10.2460/

ajvr.71.10.1201.

77. Tóth, F., Frank, N., Elliott, S. B., Geor, R. J., Boston, R. 

C., 2008: Effects of an intravenous endotoxin challenge on 

glucose and insulin dynamics in horses. Am. J. Vet. Res., 6, 1, 

82–88. DOI: 10.2460/ajvr.69.1.82.

78. Tóth, F., Frank, N., Geor, R. J., Boston, R. C., 2010: Ef-

fects of pretreatment with dexamethasone or levothyroxine 

sodium on endotoxin-induced alterations in glucose and 

insulin dynamics in horses. Am. J. Vet. Res., 71, 1, 60–68. 

DOI: 10.2460/ajvr.71.1.60.

79. Vick, M. M., Adams, A. A., Murphy, B. A., Sessions, D. 

R., Horohov, D. W., Cook, R. F., et al., 2007: Relation-

ships among inflammatory cytokines, obesity, and insulin 

sensitivity in the horse. J. Anim. Sci., 85, 5, 1144–1155. 

DOI: 10.2527/jas.2006-673.

80. Watts, K. A., Chatterton, N. J., 2004: A review of factors 

affecting carbohydrate levels in forage. J. Equine Vet. Sci., 

24, 2, 84–87. DOI: 10.1016/J.JEVS.2004.01.005.

81. Wray, H., Elliott, J., Bailey, S. R., Harris, P. A., Menzies‐

Gow, N. J., 2013: Plasma concentrations of inflammatory 

markers in previously laminitic ponies. Equine Vet. J., 45, 5, 

546–551. DOI: 10.1111/evj.12031.

82. Wyse, C. A., McNie, K. A., Tannahil, V. J., Murray, J. 

K., Love, S., 2008: Prevalence of obesity in riding horses in 

Scotland. Vet. Rec., 162, 18, 590–591. DOI: 10.1136/vr.162. 

18.590.

Received October 23, 2022

Accepted January 27, 2023



11

FOLIA VETERINARIA, 67, 2: 11—17, 2023

DOI: 10.2478/fv-2023-0012

ABSTRACT

Hepatitis E virus (HEV) represents the causative 
agent of acute viral hepatitis in the world. The virus 
belongs to the genus Paslahepevirus, species Paslahe
pevirus balayani, which contains 8 different genotypes 
and at least 14 reference HEV-3 subtypes. Recently we 
have identified three isolates in a Slovakian pig farm 
as a new unclassified HEV3 subtype. The aim of this 
study was to sequence and analyze additional regions 
of HEV genome for PER5 isolate, a representative iso-
late of potential new HEV-3 subtype. The phylogenetic 
analyses of 749 bp and 828 bp DNA fragments ampli-
fied from ORF1 revealed that both sequences fall out-
side two major clades (3abchij and 3efg) of the HEV-3 
genotype as well as the other HEV-3 subtypes. The nu-
cleotide identity with other HEV-3 subtypes indicated 
low values within the range 79.2–84.1 % as well. The 
results provide further support for the circulation 
of a new HEV-3 subtype in the pig farm in Slovakia.

Key words: domestic pig; hepatitis E; HEV-3; 
sequen cing; subtype

INTRODUCTION

Hepatitis E virus (HEV) probably represents the most 
common causative agent of acute viral hepatitis in the 
world [1, 10]. In general, the majority of HEV infections 
are asymptomatic, usually results in an acute self-limiting 
disease [23], otherwise in immunocompromised individu-
als HEV infection can become chronic [10]. The primary 
source of infection is through the faecal-oral route in de-
veloping countries. The secondary source, via consump-
tion of raw or undercooked meats or meat products from 
reservoir animals represents an important risk factor for 
the emergence of hepatitis E in developed countries [23].

HEV is a single-stranded positive sense RNA with 
approximately 27–34 nm. The HEV genome (~7.2 kb) 
expresses three open reading frames (ORFs): ORF1 
(~5,082 nucleotides), ORF2 (~1,983 nucleotides), and 
ORF3 (~300 nucleotides), which is partially overlapped 
with ORF2 [3, 11]. Virus belongs to the genus Paslahepe-
virus, species Paslahepevirus balayani, which contains 
8 different genotypes [13, 18, 20, 25, 26, 29, 30]. HEV-3 
genotype is found worldwide and represent the predom-
inant genotype in Europe and America [17]. Moreover, 
HEV-3 genotype has a zoonotic potential and mainly do-
mestic pigs, wild boars as well as deer are the source of 
infection for people. Humans may be potentially infected 
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via consumption of raw or undercooked animal products 
from HEV infected animals [4, 7, 14, 21, 22, 24].

The genetic analysis of HEV-3 revealed that this gen-
otype is quite variable. Based on the phylogenetic analy-
sis of hypervariable region in ORF1, the reference HEV 
subtypes were described [26]. HEV-3 genotype consists 
of subtypes divided to 2 main clades; one composed of 
six HEV-3 subtypes (abchij), the second, composed of 
three HEV-3 subtypes (efg), as well as ra subtype derived 
from rabbit genotype [7]. Except of mentioned subtypes, 
S m i t h  et al. [24] provided update of the reference se-
quences and added three other HEV-3 subtypes namely 
HEV-3k, HEV-3l, and HEV-3m proposed as novel sub-
types [5, 16, 24]. In addition, the novel HEV-3n subtype 
has been described recently [19].

In Europe, three HEV-3 subtypes (HEV-3c, HEV-3e, 
and HEV-3f) were the most commonly detected in human 
and animal samples [6, 17]. While HEV-3 isolates origi-
nating from domestic pigs in The Czech Republic, Hunga-
ry and Poland belonged mainly into HEV-3efg clade [2, 8, 
12, 28], the epizootiological situation in Slovakia was dif-
ferent. In a previous study, we revealed that HEV isolates 
from Slovakian domestic pigs fall mainly into the HEV-
3abchij clade [9]. We also identified the highly divergent 
HEV-3 isolates with relatively high nucleotide distances 
(p-distances 0.140–0.178) to other subtypes. This distance 
was higher than the limit for a new subtype (P < 0.123) de-
fined by S m i t h  et al. [26]. The divergent isolates clus-
tered outside of both major phylogenetic clades and thus 
remained not classified so far.

The aim of this study was a deeper genetic analysis 
of a representative PER5 isolate belonging to new unclas-
sified HEV-3 subtype which was identified in Slovakian 
pig farm. The sequences of additional genomic regions of 
PER5 isolate were subject for further analysis by bioinfor-
matics tools.

MATERIAL AND METHODS

Sample collection
PER5 isolate, a representative member of the new un-

classified genetic subtype, used in this study was collected 
from randomly selected weaner pig (Sus scrofa domestica) 
originating from a farm in the Eastern Slovakia described 
by  J a c k o v á  et al. [9]. The veterinarian who inspected 

the farm did not recognize any clinical symptoms on a pig 
of which clinical sample was collected. Rectal swab from 
a pig was collected using swab applicator (Sarstedt AG & 
Co, Germany) with transport medium, thereafter delivered 
to the laboratory and processed.

HEV RNA extraction and reverse transcription
Rectal swabs were resuspended in 1 ml of 0.01 mol.l–1 

PBS (Merck Millipore Corp., USA) for 30 min., then 
vortexed at 2000 rev.min–1 for 3 min and centrifuged at 
14,000 × g for 5 min. RNA was isolated from 400 μl of 
solution prepared using the MagMAX™ Viral RNA Iso-
lation Kit (Thermo Fisher Scientific, Inc., USA) according 
to the manufacturer’s protocol. The extracted RNA was 
stored at –80 °C. The cDNA was synthesized in a 20 μl 
reaction mix comprising 5 μl of extracted RNA, 0.5 mM 
dNTPs (Thermo Fisher Scientific, Inc., USA), 200 U Re-
vertAid Premium reverse transcriptase with 1xRT buffer 
(Thermo Fisher Scientific, Inc., USA), 5 μM of gene spe-
cific reverse outer PCR primers [5, 15, 31] (Microsynth 
Austria, GmbH, Austria), 20 U RNase inhibitor (Invitro-
gen, Inc., USA) and filled with molecular biology grade 
water (Merck, GmbH, Germany).

Nested RT-PCR and sequencing
A total of twenty pairs of PCR primers available in the 

literature were used for the amplification of full-length 
HEV genome [5, 15, 31]. The PCR reaction mix (50 μl) was 
composed of 1× ThermoPol reaction buffer (New England 
Biolabs, Inc., USA), 0.2 mM dNTPs (Thermo Fisher Sci-
entific, Inc., USA), 300 nM of outer/inner primers, 1 U Taq 
DNA polymerase (New England Biolabs, Inc., USA), 4 μl 
cDNA and molecular biology grade water (Merck, GmbH, 
Germany). The PCR was carried out under the following 
thermal profile: 1 cycle at 95 °C for 1 min, and 35 cycles 
with denaturation at 95 °C for 30 s, annealing (set at various 
temperature varying between 52–58 °C, which depended 
on the primers used) for 1 min, extension at 68 °C for 1 min 
and final extension at 68 °C for 5 min using Thermocycler 
C1000 (Bio-Rad Laboratories, Inc., USA). Electrophoresis 
was carried out in 2 % agarose gel, stained with GelRed™ 
(Biotium, Inc., USA) and visualized by Gel Doc EZ imager 
(Bio-Rad Laboratories, Inc., USA). The PCR products of 
expected size were purified and sequenced by the Sanger 
method using the PCR primers by a commercial company 
(Microsynth Austria, GmbH, Austria).
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Phylogenetic analysis of HEV sequences
For bioinformatics analysis, the partial ORF1 sequenc-

es from PER5 sample were edited and aligned using the 
programs SeqMan, EditSeq and MegAlign (Lasergene, 
DNASTAR, Inc. USA). The sequences were first checked 
against the NCBI GenBank database using nucleotide 
BLASTn program (http://blast.ncbi.nlm.nih.gov/Blast.
cgi). The nucleotide identity (nt. id.) was calculated using 
the program MegAlign. Than the phylogenetic trees were 
separately constructed using the cut off 749 bp and 828 bp 
nucleotide sequences (GenBank Acc. No. OQ378957 and 
OQ378956, respectively). The molecular evolution model 
tests were performed by MEGA11 [27]. The models with 
the lowest BIC scores (Bayesian Information Criterion) 
were used for phylogenetic analysis. The model tests in-
dicated that The Maximum Likelihood analyses of 749 bp 
DNA fragment should be carried out using the Tamura-Nei 
model with Gamma distribution plus evolutionarily Invari-
able sites model (TN93 + G + I). The Maximum Likelihood 

phylogenetic analysis of 828 bp fragment was set to the 
General time reversible model with Gamma distribution 
plus evolutionarily Invariable sites model (GTR + G + I). 
The bootstrap support values of branches were calculated 
from 1000 replicates. The HEV-1 Burma strain (M73218) 
was used as outgroup.

Ethical considerations
All procedures concerning the animals were performed 

in compliance with the national guidelines for animal care.

RESULTS

Despite various pair of primers from literature were 
applied to target parts of HEV genome, neither single 
PCR was successful to obtain DNA fragment from PER5 
isolate. Fortunately, two nested PCRs using the primers 
referred as 3506-7 and 3154-77 by  M e n g  et al. [15], 

Fig. 1. Phylogenetic tree of HEV nucleotide sequences based on partial ORF1 (749 nt). Bootstrap values > 70 are indicated at their respective 
nodes. Slovak HEV PER5 sequence are indicated by a black circle. Twelve HEV-3 reference subtypes according to  S m i t h  et al. [19] are 
signed by corresponding letter of subtype. All sequences are denoted by name sequences, ISO code country of origin and NCBI GenBank 

Acc. No. in brackets. The scale bar indicates nucleotide substitutions per site
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successfully amplified two regions of ORF1. They flanked 
the positions 3,209–4,324 (for the primer set 3506-7) 
and 4,189–5,181 (for the primer set 3154-77) in accord-
ance with genome numbering for the representative Meng 
HEV-3a isolate (GenBank Acc. No. AF082843). The PCR 
products were sequenced and compared to sequences from 
the NCBI GenBank database. The blasting in GenBank in-
dicated that DNA fragments were located in the RNA hel-
icase (Hel) and RNA-dependent RNA polymerase (RdRp) 
regions of HEV-3 genotype, respectively.

For next analysis, the 749 bp and 828 bp DNA frag-
ments long were cut off from two regions amplified. The 
results of nucleotide identity showed that the Slovakian 
strain displayed low values: 79.2–84.1 % (749 bp frag-
ment) and 80.4–83.9 % (828 bp) when compared to the 
established HEV-3 subtypes.

In the phylogenetic analysis, our two sequences were 
aligned with twenty-two HEV-3 subtype sequences, in-
cluding reference subtypes proposed by  S m i t h  et al. 
[24] as well as other HEV-3 subtypes deposited in Gen-

Bank. The phylogenetic trees revealed similar results with 
both partial OFR1 sequences. The PER5 sequence ana-
lysed formed a part of the separate clade clustering out-
side of two major clades (3abchij and 3efg) of the HEV-3 
genotype (Fig. 1, Fig. 2).

DISCUSSION

This study was focused on further genetic characteriza-
tion of the representative PER5 isolate, which was identi-
fied in our study as a potentially new HEV-3 subtype [9]. 
We were able to amplify new regions in ORF1 which rep-
resent together with the sequences obtained previously [9] 
around one third (2,212 bp) of the HEV genome.

In our study, a total of twenty pairs of primers avail-
able in the literature were used for amplification of HEV 
genome [5, 15, 31]. The amplification of various genomic 
regions using single PCR primers was not successful most 
probably due to lower viral content in the tested sample. 

Fig. 2. Phylogenetic tree of HEV nucleotide sequences based on partial ORF1 (828 nt). Bootstrap values > 70 are indicated at their respective 
nodes. Slovak HEV PER5 sequence are indicated by a black circle. Twelve HEV-3 reference subtypes according to  S m i t h  et al. [19] are 
signed by corresponding letter of subtype. All sequences are denoted by name sequences, ISO code country of origin and NCBI GenBank 

Acc. No. in brackets. The scale bar indicates nucleotide substitutions per site
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However, two nested PCRs with primers proposed by 
M e n g  et al. [15] provided sufficient amount of DNA for 
sequencing.

The results of nucleotide identity varied in both genom-
ic regions of ORF1 (749 bp and 828 bp) in the range 79.2–
84.1 % nt. id. indicating that PER5 isolate was not close 
related to the HEV-3 subtypes, which have been already 
classified. This fact is in agreement with low values of the 
nt. id. between subtypes already detected in other studies. 
For example, M i u r a  et al. [16] obtained 81.0–87.0 % nt. 
id. of human HEV-3k with other HEV-3 subtypes in Ja-
pan. Similar, 81.4–89.9 % nt. id. of swine HEV-3l subtype 
as well as 80.9–88.6 % nt. id. of wild boar HEV-3n subtype 
with HEV-3 subtypes have been reported [5, 19].

Additional support for distinct feature of PER5 se-
quence provided the phylogenetic study. It is striking that 
in all four regions tested the same results of phylogenet-
ic analysis were obtained [9, this study]. The sequenc-
es of PER5 isolate always formed a cluster separated of 
other identified subtypes, including new proposed HEV-3  
(HEV-3k, HEV-3l, HEV-3m, and HEV-3n) subtypes. 
These data also support the idea that HEV-3 isolates cir-
culating in a Slovakian pig farm belong to new subtype. 
The existence of unclassified HEV-3 subtypes was also 
described in other countries (Italy, Japan). They have been 
just recently proposed as new HEV-3 subtypes (HEV-3k, 
HEV-3l, HEV-3m, and HEV-3n) based on full-genome se-
quences [5, 16, 19, 24].

We realize that at present it is generally accepted that 
data based on nucleotide identity, p-distances between in-
tra- and inter- subtypes or phylogenetic trees constructed 
with partial sequences do not completely fill in the criteria 
for the identification of new HEV-3 subtype [8]. So, for 
definitive conclusion that new HEV-3 subtype circulate 
in pig farms in Slovakia, the full-length genome sequence 
analysis is required [17, 26]. Next experiments in the labo-
ratory will be focused to sequence the gaps to obtain com-
plete genome sequence of HEV-3 PER5 isolate using PCR 
primers designed from our new sequence database created 
during this project.

CONCLUSIONS

In this study, we genetically characterized another re-
gions of HEV genome in PER5 isolate from domestic pig. 

The phylogenetic analyses of two DNA fragments con-
firmed the same results; PER5 isolate clustered out of two 
major HEV-3 clades (3abchij and 3efg). To conclude, this 
study provides further evidence that the PER5 isolate from 
naturally infected domestic pig in Eastern Slovakia proba-
bly represents the HEV-3 subtype that has never been identi-
fied so far. The subsequent studies will be focused to obtain 
full genome sequence of unclassified Slovak PER5 isolate.
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ABSTRACT

Trichothecenes are among the most important fusa-
riotoxins. According to their chemical structure, they 
are divided into 4 groups (A – D). In terms of agricul-
ture, trichothecenes of groups A and B are of greatest 
importance. In this study, the incidence of trichoth-
ecenes (deoxynivalenol and T-2 toxin) in mixed feed for 
broilers and turkeys were determined. Deoxynivalenol 
was detected in all analysed samples of feed mixture 
for broilers and turkeys (100 %) at an average concen-
tration of 1.776 ppm; 0.675 ppm, respectively. T-2 toxin 
was present in 93.8 % of mixed feed for broilers at an 
average concentration of 36.625 ppb and in all of the 
tested samples (100 %) of turkey mixed feed (average 
level 25.899 ppb). The trichothecenes deoxynivalenol 
and T-2 toxin in feed samples for poultry did not exceed 
concentrations recommended by legislation.

Key words: ELISA; feed; mycotoxins; poultry; tri-
chothecenes

INTRODUCTION

Trichothecenes represent a large group of secondary 
metabolites of microscopic filamentous fungi of the ge-

INCIDENCE OF TRICHOTHECENES DEOXYNIVALENOL 
AND T-2 TOXIN IN POULTRY FEED MIXTURES 

Michaela Harčárová, Pavel Naď
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in Košice, Komenského 73, 041 81 Košice
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nus Fusarium. According to the characteristic functional 
chemical group (different substituents on C – 3, 4, 7, 8 and 
15), they are divided into four basic groups (A – D). The 
basis of the trichothecene molecule is a tricyclic sesquiter-
pene ring with a double bond between carbon C9, C10 and 
an epoxy ring in the position of carbon C12, C13, which is 
responsible for their toxicity. Trichothecenes are referred 
to as 12,13-epoxytrichothecenes [20]. The chemical struc-
ture of trichothecenes is variable and depends on the num-
ber and position of hydroxyl groups and also on the num-
ber and position of esterification groups. Trichothecenes 
of the genus Fusarium are relatively simple alcohols with 
short ester chains. The starting molecule in the biosynthe-
sis of trichothecenes is trichodiene [13]. The occurrence of 
trichothecenes in grain is associated with cold and wet har-
vests and they are the most commonly found in wheat, bar-
ley and corn. In cereal grains are dominant trichothecenes 
of type A (T-2 toxin, HT-2 toxin, diacetoxyscirpenol, neo-
solaniol and verulol) and trichothecenes of type B (deoxy-
nivalenol, acetylated forms of deoxynivalenol 3-ADON 
and 15-ADON, nivalenol and fusarenon-X) [9]. In terms 
of toxicity, trichothecenes are classified as gastrointestinal 
toxins, dermatotoxins, immunotoxins, hematotoxins and 
genotoxins [28]. Trichothecenes are resistant to inactiva-
tion during the processing of the grain. Therefore, the pres-
ence of trichothecenes in feed cannot be completely pre-
vented and can be a cause of disruption of the productive 
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health of animals [8]. In poultry, trichothecene toxicosis is 
manifested acutely or chronically. The acute form of poi-
soning has a characteristic clinical picture, fast progress 
and is easily diagnosed. However, the chronic form man-
ifests unspecific clinical symptoms and diagnosis is more 
difficult [26].

Deoxynivalenol ‒ DON (Fig. 1) was first isolated in 
Japan in 1972 by Mooroko, as mentioned in the study 
by B r e i d e n b a c h  et al. [2]. It is the most common 
worldwide distributed trichothecene [27]. Its producers 
are F. graminearum, F. culmorum, F. sporotrichioides, 
F. poae and F. acuminatum [25]. It occurs mainly in 
wheat, barley, corn, oats, rice, sorghum and millet. DON 
inhibits DNA and RNA synthesis at the level of ribosomes. 
It damages the expression of cytokines and increases the 
level of intracellular calcium, which leads to caspase acti-
vation and DNA and protein breaks with subsequent cell 
apoptosis [23]. In poultry, after feeding feed containing 
deoxynivalenol, a reduced weight of the egg itself, a dete-
rioration in the quality of the eggshell, and residues in the 
egg was observed [21]. Progressive rickets was detected 
when broilers were fed trichothecene-containing feed for 
a long time [4].

T-2 toxin (Fig. 2) is produced by several species of 
Fusarium moulds, mainly Fusarium sporotrichioides and 
Fusarium poae. The occurrence of T-2 toxin has been re-
corded in cereals (corn, wheat, oats and barley), beans and 
soybeans [16]. 

T-2 toxin is readily metabolized to HT-2 toxin from 
which it differs structurally by the functional group at the 
C4 position. T-2/HT-2 toxins have been shown to produce 
numerous adverse effects on many animals, these two my-
cotoxins are frequently evaluated together [22]. T-2 toxin 

is a strong inhibitor of protein synthesis at the level of ri-
bosomal RNA, disrupts DNA and RNA synthesis and in-
duces immunosuppression [1, 12]. Trichothecene T-2 tox-
in is characterized by extreme skin and mucosal toxicity 
[15]. It is very toxic for poultry, in turkeys and chickens it 
causes necrosis on the beak, oral cavity, tongue and hard 
palate. Intoxication of poultry by T-2 toxin can lead to a re-
duction in weight gain, poor feathering, motor function 
impairment, and increased susceptibility to E. coli and Sal-
monella spp. [6, 14, 24].

The aim of this research was to determine concen-
trations of trichothecenes, deoxynivalenol and T-2 toxin 
in mixed feed for broilers and turkeys by immunoassay 
ELISA.

MATERIALS AND METHODS

Samples
A total of 20 samples of mixed feed for poultry were 

examined (16 samples were collected from mixed feed 
for broilers and 4 samples from mixed feed for turkeys) 

Fig. 2. Structural formula of T-2 toxin

Fig. 1. Structural formula of deoxynivalenol
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(Tab. 1). The samples were obtained from commercial 
vendors in the form of pellets and were intended for dif-
ferent age categories of poultry. Mixed feed for broilers 
and turkeys was obtained from the producers from eastern 
Slovakia.

Determination of deoxynivalenol 
The ELISA method was used to determine deoxyniva-

lenol in samples of mixed feed for poultry. Analysis were 
performed using the Veratox 5/5 Quantitative DON Test 
(Neogen Corporation, Lansing, USA). Samples for the de-
termination of deoxynivalenol were processed as follows: 
50 g of each sample was ground and mixed with 250 ml of 
distilled water. The samples were mixed on a shaker for 
3 minutes and then filtered through Whatman 1 filter paper 
(Cytiva, Kent, UK). The obtained filtrates from samples 
were diluted with distilled water (1 ml extract to 1 ml dis-
tilled water). Thus prepared samples were used in the ELI-
SA analysis itself, which represents a direct competitive 
enzyme immunoassay. The principle of this method is the 
competition of unlabelled deoxynivalenol from samples 
and standards (standards with concentrations of deoxyni-
valenol 0, 0.25, 0.5, 1 and 2 ppm; mg.kg–1) with enzyme 
labelled deoxynivalenol (conjugate) for antibody binding 
sites. After washing the samples, a substrate was added, 
which reacts with the conjugate to produce a blue colour. 
The more intense this colour reaction is, the less deoxyni-
valenol the sample contains. The resulting concentrations 
of deoxynivalenol (ppm) were determined spectrophoto-
metrically at 650 nm using an ELISA reader (Dynex Tech-
nologies, Inc., Chantilly, USA).

Determination of T-2 toxin
The procedure for preparing samples for the determi-

nation of T-2 toxin was as follows: 25 ml of 70 % methanol 
was added to 5 g of the ground sample. The samples were 
shaken for 3 minutes on a shaker (Orbital Shaker Biosan) 
and filtered through a filter paper Whatman 1 (Cytiva, 
Kent, UK). After dilution with distilled water in a ratio of 
1 : 1, they were prepared for quantitative determination us-
ing an ELISA kit. The procedure was performed according 
to manufacturer’s protocol Veratox for T-2/HT-2 Quanti-
tative Test (Neogen Corporation, Lansing, USA) The T-2 
concentrations (ppb; µg.kg–1) were determined at a wave-
length of 650 nm by ELISA reader (Dynex Technologies, 
Inc., Chantilly, USA).

Statistical analysis
The statistical functions of the MS Excel software were 

used to evaluate the mean values and medians.

RESULTS

Table 2 shows the concentrations of trichothecenes de-
oxynivalenol and T-2 toxin in the mixed feed for poultry 
tested in this study. Deoxynivalenol in mixed feed for broil-
ers was detected in all analysed samples (100 %) in a range 
of 0.435‒1.829 ppm (average concentration 1.776 ppm). 
All tested samples of mixed feed for turkeys (100 %) were 
contaminated with deoxynivalenol in levels ranging from 
0.283 to 1.067 ppm (average value 0.675 ppm). T-2 toxin 

Table 2. Incidence [%] and concentrations of deoxynivalenol [mg.kg–1]
and T-2 toxin [µg.kg–1] in poultry feed samples

Mixed feed Parameter DON T-2 toxin

For broilers

n
+/n

Minimum
Maximum
Average
Median

16
16/16 (100 %)

0.435
1.829
1.776
1.179

16
15/16 (93.8 %)

nd
42.285
36.625
17.419

For turkeys

n
+/n

Minimum
Maximum
Average
Median

4
4/4 (100 %)

0.283
1.067
0.675
0.675

4
4/4 (100 %)

9.115
45.088
25.899
24.696

DON – deoxynivalenol; n – total number of samples; 
+ – positive samples; nd – not detected 

Table 1. Number of analysed mixed feed for poultry

Mixed feed for broilers Number of samples

BR1 (diet for fattening of broilers) 4

BR2 (diet for the growth of the broilers) 4

BR3 (final diet) 8

Mixed feed for turkeys Number of samples

Morka Midi (diet for turkey 
from 9 to 12 weeks of age) 2

Morka Maxi (final diet) 2
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was present in 93.8 % of samples of mixed feed for broil-
ers at an average concentration of 36.625 ppb and all the 
tested samples of mixed feed for turkey were contaminat-
ed (average value 25.899 ppb).

The recommended values of trichothecenes; deoxyniva-
lenol and T-2 toxin were not exceeded in the tested samples.

DISCUSSION

Mycotoxin contamination of feed is a global agricul-
ture problem [19]. Up to now, over 500 compounds have 
been identified as mycotoxins [17]. The most commonly 
studied mycotoxins with the greatest concern to human 
and animal health are aflatoxins, zearalenone, trichoth-
ecenes, patulin, ochratoxins, and fumonisins [11]. From 
the point of view of feed contamination, trichothecenes 
of groups A and B are of the greatest importance. Tricho-
thecenes deoxynivalenol and T-2 toxin are predominantly 
found in cereals (wheat, maize), which are the basic part of 
feed mixtures for poultry. In the European Union, the max-
imum permitted content of deoxynivalenol in feed (EC Di-
rective 2002/32/EC and EC Recommendations 2006/576/
EC) is 5 mg.kg–1 in supplementary and complete mixed 
feed and of T-2 toxin 250 µg.kg–1 in mixed feed [5, 7, 29]. 

In our samples of poultry mixed feed, we recorded 100 % 
occurrence of deoxynivalenol in a range from 0.435 mg.
kg–1 to 1.829 mg.kg–1. One hundred percent contamina-
tion of mixed feed for poultry with deoxynivalenol was 
also recorded by C e g i e l s k a - R a d z i e j e w s k a  
et al. [3]. However, DON was detected in the range of low-
er concentrations 0.003‒0.099 mg.kg–1 [3]. G r e c o  et al. 
[10] reported that deoxynivalenol was found in 90 % of 
the analysed samples. According to  L a b u d a  et al., the 
mean DON content in positive samples (56 %) of mixed 
feed for poultry from Slovakia was 0.303 mg.kg–1 [18]. In 
contrast, M a g n o l i  et al. observed only 6 % deoxyni-
valenol contamination of poultry feeds in Argentina [19].

In our study, 93.8 % T-2 toxin contamination of mixed 
feed for broilers was confirmed. All tested samples of 
mixed feed for turkeys were contaminated by T-2 toxin. 
In the study of L a b u d a  et al. [18], T-2 toxin was the 
most frequent mycotoxin detected. It was found in 90 % of 
the samples in relatively low concentrations ranging from 
1 to 130 μg.kg–1 (average value 13 μg.kg–1). According to 
G r e c o  et al. [10] T-2 toxin was detected in 38 samples 

out of 49 samples from Buenos Aires (78 %). However, in 
Poland, the presence of toxin T-2 was not detected in any 
of the total of 45 samples of feed mixture for poultry [3].

Deoxynivalenol and T-2 toxin in feed samples for 
poultry did not exceed maximum levels specified in the 
regulations and the concentrations detected were too small 
to cause any serious health problems to animals that con-
sumed such feed.

CONCLUSIONS

The best protection against mycotoxins is the moni-
toring of their presence in feeds and foods. That means 
testing all along the pathway from initial harvest of grains 
to the finished product. Results indicate that the level of 
microbiological contamination in feeds for broiler chick-
ens and turkeys produced in the Slovak Republic is within 
the requirements of the binding standards.
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ABSTRACT 

Bacterial meningitis is a serious infection of the 
central nervous system that affects people all over the 
world. Streptococcus pneumoniae and Neisseria menin
gitidis are the most common pathogens causing menin-
geal inflammation in Europe. Treatment with standard 
antibiotics is becoming ineffective, not only due to their 
inability to cross the blood-brain barrier, but also due 
to rising antibiotic resistance. As a result, novel thera-
peutics to combat the infection are required. A promis-
ing solution could be therapeutic nanomolecules, such 
as dendrimers, some of which have antimicrobial prop-
erties due to their chemical structure. Additionally, 
they may be decorated with a suitable therapeutic and 
central nervous system homing peptides to construct 
nanodrug delivery systems, which can effectively cross 
the blood-brain barrier. To synthesize safe dendrimeric 
nano-drug delivery system it is necessary to select the 
best dendrimer candidates with antimicrobial activity 
and to understand pharmacosafety, pharmacokinetics 
and dynamics. This review provides a brief overview of 
dendrimers and their antimicrobial properties as they 
have been studied in relation to the blood-brain barrier 
and existing antibiotics. 
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INTRODUCTION

Bacterial meningitis
Among the central nervous system (CNS) infections 

caused by various pathogens (bacteria, viruses, fungi), 
bacterial meningitis is the most common life-threating in-
fection often ending in death [20, 39]. Approximately half 
of survivors have cognitive impairments that put them at 
risk of permanent disability [4, 61]. Meningitis has been 
recognized for over a century as an inflammation of the 
membranes that cover the brain and spinal cord – the me-
ninges, particularly the pia mater and arachnoid mater [16, 
23]. The pathogens responsible for approximately 80 % 
of bacterial meningitis are Gram negative meningococcus 
Neisseria meningitidis and Gram positive pneumococcus 
Streptococcus pneumoniae [22]. Other bacteria that can 
colonize different mucosal surfaces, penetrate protective 
barriers, and cause infection include Haemophilus influ-
enzae type b, Escherichia coli K1, Mycobacterium tuber-
culosis, Listeria monocytogenes, Staphylococcus aureus, 
Salmonella, Klebsiella spp. [11,58] or some species of spi-
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rochete Borrelia burgdorferi sensu lato complex [34, 64]. 
Streptococcus suis is a bacterium that originally infects 
pigs and pork and cause a major problem in swine indus-
try worldwide. Moreover, it is also a zoonotic pathogen 
responsible for several infections in humans, including 
meningitis [15, 69].

The ability to survive in blood and successfully evade 
host immunity through a variety of mechanisms (e. g. en-
capsulation, complement resistance) is critical for spread-
ing from the primary site of infection into the brain via the 
blood-brain barrier (BBB). Three major meningeal patho-
gens (S. pneumoniae, N. meningitidis, H. influenzae) share 
molecular mimicry called “innate invasion”, which acts 
against innate immune system [11, 41]. Exact mechanism 
how they are able cross the BBB is still not fully explored. 
Extracellular bacteria may induce signalling events after 
adhesion to endothelial cells, which may lead to trans-
cytosis or disruption of tight junctions between the cells. 
E. coli, Streptococcus or S. pneumoniae produce toxins, 
which also damage cells. Then, bacteria can cross the BBB 
via paracellular way as well. Moreover, N. meningitidis 
or S. pneumoniae may reach the brain through olfactory 
nerve [40]. Other pathogens, for example, intracellular 
M. tuberculosis and L. monocytogenes use macrophages 
to pass through various membranes. This phenomenon is 
known as “Trojan horse” [35]. 

Blood-brain barrier and antibiotics
Blood-brain barrier is anatomically formed by brain 

capillary endothelial cells, pericytes, astrocytes end foot 
and nerve cells (microglia), shown in the Fig. 1 [18, 71]. 
Between brain endothelial cells, on their apical side, are 
tight junctions (claudins, occludins, junctional adhesion 
molecules) and adherens junction proteins, which are re-
sponsible for creating literally tight connections between 
the cells [49, 54]. Thanks to these connections, BBB is 
a highly selective membrane and crossing of ions, oxy-
gen, glucose [8, 49] and other molecules (such as thera-
peutics) from the blood vessels into brain parenchyma is 
limited [17]. 

Despite the fact that, as previously stated, bacteria can 
cross this barrier in a variety of ways. Due to low num-
ber of immune cells and complement proteins in the brain, 
they can multiply rapidly in cerebrospinal fluid, particu-
larly in the subarachnoid area. Immediately after bacteria 
cross the barrier, they may cause extensive damage. Af-

ter disruption of BBB, its permeability is higher [11, 12, 
41], thus neutrophils and macrophages are able to passage 
through. Subsequent activation of brain cells (microglia, 
astrocytes) and strong immune response of local cells and 
leukocytes from the blood, presence of pro-inflammatory 
cytokines, chemokines, proteolytic enzymes, oxidants and 
bacterial toxins as well, lead to damage of epithelial cells 
of brain barriers, neurones and inflammation of meninges 
surrounding the subarachnoid space [23, 61]. 

The use of antibiotics may decrease inflammation and 
restore balance of the BBB. However, using of β-lactam 
antibiotics may lead to cytokines and bacterial toxins 
release, which may dramatically increase inflammation 
response [12]. As a result, antibiotic treatment must be 
combined with other drugs that protect brain tissue by in-
hibiting several steps in the inflammatory cascade, such 
as dexamethasone [11]. The right choice of antimicrobi-
al therapy depends on several factors that include mech-
anisms of antibiotic action, antimicrobial susceptibility, 
microbial growth rate, density and possible resistance 
to therapeutics. Patient age, status and type of infection 
are important as well. One of the most essential proper-
ties is the ability to cross the BBB into the subarachnoid 
space and act against bacteria. It is also affected by several 
physico-chemical factors, such as pH, structure of antibio-
tic, their protein binding ability or lipophilicity [12, 22]. 
Among the most used antibiotics to threaten meningo-
coccal disease were sulfonamides, penicillin or chloram-
phenicol in the past [5]. D a v i s [9] published the list of 

Fig. 1. Basic illustration of blood-brain barrier anatomy.
Original sketch, modified according to  O m i d i  et al. [49]
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commonly used antibiotics for acute bacterial meningitis 
that included, for example, ciprofloxacin, cefepime, cefo-
taxime, gentamicin, meropenem, rifampin, vancomycin, 
also daptomycin and telavancin, but in high and long term 
dosages [9, 12]. Also, in the last few years, several new 
antibiotics have a potential to treat CNS infection, such 
as ceftriaxone, ceftobiprole, linezolid, moxifloxacin, tro-
vafloxacin or tigecycline [46]. Additionally, thanks to syn-
ergistic effects of some of them, their appropriate combi-
nations may be or are even desirable to be used [12]. 

Antimicrobial resistance is a natural phenomenon 
considering that several antibiotics are derived or natural-
ly produced. Let us look at a few well-known examples: 
Actinomycetes produce secondary metabolites such as 
vancomycin, tetracycline, streptomycin and erythromycin 
[52], and, of course, mould Penicilium notatum produce 
penicillin [10]. History and mechanisms of antibiotic re-
sistance are precisely described elsewhere [28, 31, 57, 70], 
discussion of those details would be beyond the scope of 
this mini-review. Antimicrobial resistance has also become 
a worldwide problem due to the overuse of antibiotics in 
therapy as well as feed supplements in husbandry or gain 
body weight [45]. S. pneumoniae has been resistant to pen-
icillin for more than 60 years, and as a result, combination 
of two antibiotics (usually vancomycin and cephalosporin) 
is required instead of penicillin alone [22]. O p p e n h e i m  
published a brief overview in 1997 about increasing anti-
biotic resistance to drugs commonly used to treat menin-
gococcal disease, which he saw as a future problem, par-
ticularly in the case of N. meningitidis. Therefore, more 
than 25 years ago, he suggested as a possible solution vac-
cination against meningococci and reducing of worldwide 
excessive using of antibiotics in the future [50]. Another 
report occurrence of multiresistant bacteria was empha-
sized in 1950s [36], and currently increasing multiresistant 
strains have been reported all over the world [60]. 

Nanomolecules in biomedicine 
In biomedicine different types of nanomolecules can 

be used, for example, liposomes, micelles, metal nano-
particles, nanotubes, polymers or dendrimers [37]. Anti-
microbial polymers in combination with other antimicro-
bial molecules, such as antibiotics, could be one of the 
most intriguing strategies for developing new nanothera-
peutics [13]. More than 80 new nanoformulations are cur-
rently in preclinical testing and could be used as nano-drug 

delivery systems [27]. Dendrimers are among the nanopar-
ticles that we are interested in.

Dendrimers
According to T o m a l i a  et al. [68] their name con-

sist of two Greek words: dendros (tree) and meros (part) 
[7]. Dendrimers are molecules with a regular geometrical 
structure [53] in size between 2 to 5 nm [17]. They have 
globular, radially symmetric, hyperbranched arrangement 
consisting of core, branching dendrones and various pe-
ripheral surface groups [38, 48], which defines their prop-
erties [37], as shown in the Fig. 2. In fact, polyamidoamine 
(PAMAM) dendrimer firstly synthesized by T o m a l i a  
et al. [68] is one of most studied, commercialized dendrim-
er from which many modification are constructed. The 
hydrophobic core of PAMAM is made of diamines (e. g. 
ethylene diamine), branches are made of ethylene diamine 
or methyl acrylate and on the surface are usually amide or 
carboxylic groups [67]. Unlike polymers synthesized by 
polymerization, dendrimers are synthetized differently, by 
two most commonly used methods. In divergent synthe-
sis branches grows around the core layer by layer creating 
new “generation”. On the contrary, in convergent synthe-
sis they are made from periphery to the core [7, 48]. 

Polymer composition results in inner cavities con-
taining one or more therapeutic agents [59]. Fig. 2 shows 
3 possible basic interactions between dendrimer and drug: 
cleavable (ester, amid) bond (a), covalent bond (b) or as 
internal encapsulated part (c) part of structure. Therapeutic 
molecules (like antibiotics) could also be part of associat-
ed dendrimers. Covalent bond is very stable, thus the us-
age of dendrimers bounded with therapeutics by cleavable 
bond is more appropriate [7].

The physicochemical characteristic of nanomaterials 
(e. g. size, shape, surface properties, reactivity or biocom-
patibility) are crucial in stability, toxicity or biodistribution 
and drug delivery [37, 56]. Using dendrimers as a possible 
drug delivery system have a several advantages: safety, ef-
ficacy, regulated rate and location of drug release [2]. Ac-
cording to H u a n g  and  W u [26] the so-called “linkers” 
between drug and dendrimer may affect the activity and 
the drug release. Among these linkers are (1) ester bonds, 
which may be cleavable by ester enzymes in the cell, (2) 
groups unstable in acidic conditions of tumour or inflamed 
tissue (acetal/ketal, cis-aconityl, hydrazone groups) and 
(3) disulphide bond, which can be broken by glutathione 
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in the cell [26]. Controlling dendrimer biodegradation into 
small fragments is also one of possible way to releasing 
drug at the specific target site. This intelligent delivery sys-
tem may reduce the potential toxicity and side effects of 
drug-dendrimer molecule lower while increasing efficacy 
[26, 43]. 

In general, applying small molecules to the surface 
of nanoparticles opened up new avenues for potential ap-
plications because they determine their properties. These 
molecules can be antibodies, nanobodies, nucleic acids, 
aptamers, proteins or peptides, carbohydrates, signalling 
molecules etc. [63]. These functional ligands (Fig. 2) at-
tached to branches influence the dendrimer`s reactivity to 
other receptor sites of cells, enzymes, peptides or path-
ogens, as well as the solubility of conjugated drug [59]. 
Nanobodies are small, single-domain and stable fragments 
of antibody with approximately 15 kDa weight [51]. Con-
jugation of specific nanobodies as one of functional group 
to the surface of dendrimer will allow active targeting of 
bacteria [21]. Similarly, using of aptamers, small oligonu-
cleotides, is suitable option compared with antibody. They 
are able to penetrate through membranes, they have high 
specificity and stability in temperature and pH. Moreover, 
they have unlimited shelf life and may be diversified. Thus 
aptamers may be used as therapeutic agents or targeting 
component for drug delivery system [55]. Furthermore, 
several types of dendrimers are able to generate fluores-
cence under specific conditions (pH, oxidation). In order 
to improve this property and allow to study biodistribution 

and localization of nanoparticles in in vitro or in vivo sys-
tems by various imaging techniques, they can be associ-
ated with fluorescence dye [33, 42]. Dendrimers are used 
in a variety of medical applications, including tissue engi-
neering, gene transfection, cancer treatment, drug delivery 
system, and as antiviral, antiparasitic, and antimicrobial 
agents [17, 48]. They have been used as therapeutics for 
about twenty years [53].

Despite extensive research into the functionality and 
safety of dendrimers, there is still the possibility of some 
negative effects. Among the negative properties of den-
drimer is the possibility of toxicity not only to pathogens 
but also to human/animal cells. Another limitation is the 
inability to control drug`s incorporation and subsequent re-
lease [59]. Furthermore, structural changes – core, branch-
es, surface – affect toxicity. Dendrimer of the third to fifth 
generation appears to be less harmful than the larger ones 
[67]. Often studied are polymers PEG (poly(ethylene)gly-
col) and PLGA (poly(lactic)-co-(glycolic) acid). They are 
biocompatible, biodegradable, low toxic and highly func-
tionalized to using in drug delivery system to the brain [2]. 
PAMAM dendrimers conjugated with PEG showed lower 
toxicity while retaining antimicrobial activity [13]. 

They must be biodegradable, bio-pharmacologically 
safe, and highly selective in order to be effective as nano- 
drug delivery systems or therapeutics in clinical medicine. 
They should ensure low to no concentrations of captured 
therapeutics in non-targeted tissues while increasing con-
centration at the site of infection through precise drug 

 Fig. 2. Scheme of dendrimer structure and possible ways of therapeutics binding by 
a) cleavable (ester, amid) bond, b) covalent bond or as c) encapsulated therapeutic. 

Original sketch, modified according to C a m i n a d e and T u r r i n [7]. 
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release, which could be accomplished using the methods 
described above [35]. They should also reduce treatment 
side effects and finally, avoid the development of antibiotic 
resistance [47, 63]. The advancement of nanobiotechnolo-
gy should allow for the efficient use of targeted nano-drug 
delivery systems.

Antimicrobial effects of dendrimers
The use of dendrimers as antimicrobial agents has two 

effects. First, as previously stated, they can deliver a drug 
to the target site; second, they are therapeutics of them-
selves [56]. Dendrimer-drug conjugates are widely studied 
in many fields like cancer therapy, against inflammation, 
as antiviral or antimicrobial treatment [30, 32]. Choosing 
appropriate therapeutics to incorporate into dendrimer is 
a delicate issue. Aside from the chemical structure of the 
antibiotic and the dendrimer, the ability to fight effectively 
against G+ and G– bacteria is also important. For exam-
ple, S v e n n i n g s e n  et al. [66] synthesized PAMAM 
dendrimer-ciprofloxacin conjugate and observed synergic 
effect of this molecule against selected G+ or G– bacteria. 
It appears to be a beneficial solution, as drugs incorporation 
into dendrimers can increase solubility and bioavailability 
while decreasing dosage [59]. PAMAM or polypropylene 
imine (PPI) dendrimers with various terminal surface li-
gand modifications are the most studied dendrimers with 
positive effects against microbial or viral infection or in-
flammation [13, 14, 24]. Their biocidal effect is also deter-
mined by the size and generation of dendrimer branches. 
The main antibacterial mechanism is based on the cationic 
charge of dendrimer molecules, which can interact with 
negatively charged bacterial membranes. As a result, the 
membrane permeability increases, pores form, and bacte-
ria lyse [17, 38]. G h o l a m i  et al. synthesized a 7th gen-
eration PAMAM dendrimer and tested its antibacterial ac-
tivity against a variety of G+ and G– bacteria (e. g. E. coli, 
S. aureus, K. pneumonie, Acinetobacter baumannii). They 
conclude, that this type of dendrimer is effective and tend 
to be a potential antimicrobial therapeutic [19]. C h e n  
et al. [29] also observed positive antibacterial effects of 
PPI dendrimers with quaternary ammonium groups. Not 
only cationic, but also modified anionic PAMAM den-
drimers can be efficient against G+ bacteria [65].

Bacteria are able to recognize sugar on the surface of 
eukaryotic cells. Glycodendrimers decorated with var-
ious oligosaccharides on the surface remind eukaryotic 

cell, a result is bacteria binding to glycodendrimers in-
stead their adhesion to the host cell [6]. Another type of 
effective dendrimeric nanomolecules are redox-active or-
ganometallic dendrimers. Antimicrobial properties of den-
drimer conjugates with metal particles (e. g. silver, zinc or 
gold) enhance the stability and their bactericidal effect [2, 
44]. They are able to produce free radicals and damage 
microbes. This mechanism with combination of positive-
ly charged molecule was successful against G+ bacteria 
(e. g. S. aureus) [1, 6]. Moreover, R i z v i  et al. pointed 
out the possible usage of gold nanoparticles with combina-
tion of proper antibiotics, which could fight against patho-
gens causing bacterial meningitis (caused by in particular 
S. pneumoniae and L. monocytogenes) [58]. Interestingly, 
H o u  et al. [25] and  B a h a r  et al. [3] observed positive 
antimicrobial effect of dendrimer against biofilm formed 
by E. coli or Pseudomonas aeruginosa respectively. The 
use of dendrimers may thus have a positive impact on the 
development of new antibiotic-resistant strains [6, 17], and 
it should be explored more.

Dendrimers ability to cross blood-brain 
Drugs should be able to cross the BBB if pathogens 

can. Nonetheless, common therapeutics` passage and sub-
sequent bioaccessibility are severely limited. This is one of 
the reasons why traditional antibiotics are almost ineffec-
tive in treatment CNS infections [59]. Thanks to nanostruc-
ture, dendrimers are able to cross various cell membranes 
and barriers, including BBB by paracellular or transcellu-
lar transport [17, 59]. The mechanism that was mentioned 
above also applies in this case. Molecules with positive 
charged surface may interact with negatively charged en-
dothelial cell membrane and cross the barrier via adsorp-
tive-mediated transcytosis (Fig. 3). Among other basic 
mechanisms of molecule transport, which are illustrated in 
the Fig. 3, belongs transcellular diffusion (1.), carrier-medi-
ated transport (2.), passive or paracellular transport (3.) or 
receptor-mediated transport (4.) [54, 71, 72].

Receptor mediated transport, which is used for trans-
mission of large molecules (e. g. proteins, hormones) is 
mostly utilized mechanism in bionanomedicine for the 
drug transport. Insulin, transferrin, low-density lipopro-
tein (LDL) receptors, and single domain llama antibodies 
are the most commonly studied [54]. The multifunctional 
receptors LRP1 and LRP2 are two of these LDL receptors. 
They can transport a variety of proteins, including lacto-
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ferrin, angiopep-2, and leptin peptide fragments [62]. Con-
structing nanoparticles, specifically dendrimers with these 
types of molecules on their surface as functional ligands, 
allows them to cross the BBB and have a direct effect on 
therapeutics at a target site. Furthermore, as previously 
stated, after pathogen entry into the CNS, tight junction 
proteins between endothelial cells are disrupted, increas-
ing BBB permeability. As a result, dendrimers can more 
easily pass through the membrane via paracellular trans-
port and attempt to fight the infection [72].

CONCLUSIONS

In conclusion, despite developed vaccines or antibiot-
ics, bacterial meningitis poses a serious health risk. Patho-
gens adapt quickly, mutate and become resistant. To con-
trol meningitis globally, a new alternative antimicrobial 
strategy is required. We believe that using dendrimers as 
novel therapeutics is appropriate due to their advantageous 
structure as a nano-drug delivery agent to the central nerv-
ous system and health benefits. Given this information, 
a multidisciplinary approach is required to obtain stable, 
safe, and effective dendrimers for future treatment of bac-
terial meningitis in humans and animals.
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ABSTRACT

The in vitro activity of Cinnamomum cassia, Mela
leuca alternifolia, and Cymbopogon citratus essential 
oils and antimycotics clotrimazole, fluconazole, and ke-
tokonazole against T. mentagrophytes was evaluated by 
the discdiffusion method. The essential oils were test-
ed at 5, 10, 20, 30, 50, and 100 % concentration. It was 
found that Cymbopogon, commonly called lemongrass, 
and cinnamon show stable results independent of the 
concentration used, whereas the efficacy of tea tree 
oil, significantly decreases with the decreasing concen-
tration. When comparing the efficacy of antimycotics 
the largest zone of inhibition was obtained with clo-
trimazole, while fluconazole proved to be ineffective. 
We found that cinnamon and lemongrass are more ef-
fective than the antimycotics that we have used. Our 
study confirmed that some essential oils can be used for 
the treatment of dermatophytoses caused by Tricho
phyton mentagrophytes and some of them are more ef-
fective than the commercial drugs.

Key words: antimycotics; Cinnamomi cassiae aeth
eroleum; Cymbopogon citratus aetheroleum; dermato-
phytoses; Melaleucae aetheroleum
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INTRODUCTION

Infectious diseases are regarded as a significant prob-
lem of health and are a major cause of morbidity and 
mortality worldwide. Dermatophytosis is quite common 
among infectious diseases [52].

Fungal infections of the skin are a common global 
problem. Pathogens responsible for skin mycoses are pri-
marily anthropophilic and zoophilic dermatophytes from 
the genera Trichophyton, Microsporum, and Epidermo-
phyton. There appears to be considerable inter- and intra- 
continental variability in the global incidence of these fun-
gal infections [22, 29].

Clinical signs of trichophytosis are easily observable 
in humans and other animals. There are circular lesions 
observed on the skin that may also bind together and form 
large irregular structures and can have an average of a few 
centimetres in length [26]. The clinical forms of animal 
diseases are most often determined by the animal species, 
the animal´s age, health condition, and virulence process, 
and may also be determined by individual characteris-
tics of the animal [17, 44]. The presence of inflammation 
or redness of the infected area and the loss of hair show 
typical symptoms of the infection [7].

The antifungal drugs that are routinely used the for the 



34

treatment of deep mycoses include polyenes and azoles. 
An additional drug that sees infrequent use, primarily for 
life-threatening yeast infections, is flucytosine (5-fluoro-
cytosine). For superficial mycoses, particularly infections 
caused by fungi, azoles, allylamines, and griseofulvin are 
most commonly used [23].

Many antifungal medications commonly used in the 
therapy of fungal diseases have poor efficacy indicating 
side effects, toxicity, and drug interaction and increasingly 
also appears the development of resistance to these med-
ications [31, 40]. Treatment of dermatophytosis is quite 
expensive and time-consuming. Therefore, it is necessary 
to develop new drugs with improved efficacy and safety 
or evolve an alternative or combating infections [51]. Nat-
ural products have proven to be a source of new alterna-
tive active molecules. In many countries, particularly in 
the developing countries, the plants were primarily used to 
provide basic medical treatment [32].

The objective of this study was to compare the antifun-
gal activity of essential oils (Cinnamomi cassiae aether-
oleum, Cymbopogon citratus aetheroleum, Melaleucae 
aetheroleum) against T. mentagrophytes with activity 
of conventional antimycotics (clotrimazole, fluconazole, 
ketoconazole) used in clinical practice, using the disc-dif-
fusion method.

MATERIALS AND METHODS

Essential oils
Antifungal activity was tested in vitro in three essen-

tial oils: cinnamon, tea tree, and lemongrass essential oils 
(Table 1) (HANUS – Herbal preparations, Nitra, the Slo-
vak Republic) with a concentration of 100 %, 30 %, 20 %, 

10 %, and 5 %. While diluting essential oils to the desired 
concentration, we proceeded exactly as in the prepara-
tion of emulsions. Gum Arabic was used as an emulsifier, 
which represented 30 % of the total concentration of the 
solution.

Antimycotics 
The following commercial antifungal discs were used 

in the experiment (Biolab Slovakia s. r. o. Komárno, the 
Slovak Republic): clotrimazole 10 mcg; clotrimazole 
50 mcg; fluconazole 25 mcg; ketoconazole 10 mcg. 

Tested strain
For testing, we used the reference strain Trichophyton 

mentagrophytes CCM 8377/ATCC 9533 (the Czech Col-
lection of Microorganisms, Brno, the Czech Republic).

Discdiffusion method
The antifungal activity of essential oils and antimy-

cotics were determined by the disc-diffusion method, ac-
cording to a standard methodology M44-A2 clinical and 
laboratory standard institute CLSI for antimicrobial sus-
ceptibility testing. The pure culture of the Trichophyton 
mentagrophytes strain was prepared by passaging on Sa-
bouraud dextrose agar with the addition of chlorampheni-
col. After a 10-day incubation period at room temperature 
(21‒23 °C), a suspension of spores with a sterile saline 
solution was prepared. The inoculum density was adjust-
ed using a densitometer (Denzi-Lameter, Pliva LaChema 
a. s., Brno, the Czech Republic) to the 0.5 McFarland-scale 
equivalent (i. e. 1 × 106 – 5 × 106  CFU.ml–1). Subsequently,  
the inoculum was applied with a sterile swab onto the 
surface of the nutrient medium twice in three directions, 
with 15 minutes between the two measurements. The discs 

Table 1. The essential oils tested in vitro against T. mentagrophytes

Type of 
essential oil type

Latin name of 
the essential oil

Latin name of 
the mother plant

Latin name of 
the family

Cinnamon Cinnamomi cassiae 
aetheroleum Cinnamomum cassia Lauraceae

Tea tree Melaleucae aetheroleum Melaleuca alternifolia Myrtaceae

Lemongrass Cymbopogon 
citratus aetheroleum Cymbopogon citratus Poaceae
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associated with antimycotics, or essential oils at the ap-
propriate concentration were transferred onto the prepared 
medium. The plates were incubated at a laboratory temper-
ature for 10 days and then the results were counted. A zone 
of inhibition was created as the criterion for determining 
sensitivity, where the size reached at least twice the size 
of the disc. The experiment was repeated 3 times. When 
testing azole antimycotics, the sensitivity was evaluated 
based on the criteria in the manufacturer´s instructions.

Statistical analysis
The statistical analysis was performed by regression 

analysis. To test the differences among medium values 
of multiple files, the method ANOVA and Tukey’s multiple 
comparison method were used. All statistical hypotheses 
were tested at a significance level of α ≤ 0.05.

RESULTS

The average values of the zones of inhibition against 
T. mentagrophytes are shown in Table 2. Lemongrass and 
cinnamon showed higher average values than the other 
tested substances. The median of the two essential oils 
reached even the highest possible value of 90 mm (i. e., the 
diameter of the Petri dish). We observed a decrease in the 
medium value of the lemongrass against cinnamon, which 
was caused by low values at 5 % concentration. Tea tree, 
fluconazole, and ketoconazole showed considerably low-
er values than the other tested substances. All of the sub-

stances, except the tea tree oil, resulted in very low values 
of the coefficient of variation, so their effects could be con-
sidered as stable.

Conventional antimycotics showed a stable effect since 
a low coefficient of variation was detected. Essential oils, 
cinnamon, and lemongrass reached the highest efficacy 
from the concentration of 10 %. The dose-dependent effi-
cacy of essential oils concentration was verified by regres-
sion analysis separately for each essential oil (Tables 3, 4). 

From Table 3 it is evident that the efficacy level of 
lemon grass did not depend on the concentration. The 
p-value of the linear coefficient was greater than 0.05 
while that of the constant coefficient was very close to 
zero, thus the constant coefficient was significant.

From Table 4 it is evident that the efficacy value of the 
tea tree depends on the concentration. The p-value of the 
linear and constant coefficients was less than 0.05, and 
both coefficients were significant.

There was no statistical testing with the cinnamon, 
as the results of the measured values were equal to 90. 
Thus, a constant dependency was evident.

A one-way analysis by Tukey’s method was employed 
for the multiple comparison efficacies of each concentra-
tion of essential oils for the concentrations ranging from 
5 to 20 % (Table 5), 30 % (Table 6), and 100 %. 

At a 100 % oil concentration it was impossible to find 
any differences among the substances since almost at every 
measurement the diameter of the inhibition zone reached 
90 mm.

Table 2. The average values (mm) of the zones of inhibition against T. mentagrophytes

Medium value Median Coefficient of 
variation

Susceptible/
resistant (S/R)

Lemongrass 78.53 90 0.3 S

Cinnamon 90 90 0 S

Tea tree 24.66 0 1.48 S

Clotrimazole 10 76.66 80 0.07 S

Clotrimazole 50 76.66 80 0.07 S

Fluconazole 0 0 0 R

Ketokonazole 28.66 29 0.08 S
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DISCUSSION

In vitro antimicrobial activity of essential oils of cinna-
mon was published in many studies [1, 5, 11, 12, 15, 18, 
19, 21, 30, 35, 39, 42, 43, 45]. The antifungal effects of 
essential oil from Cinnamomum longepaniculatum leaves 
were studied with special reference to minimal inhibito-
ry concentration (MIC), minimal fungicidal concentration 
(MFC), time-kill studies, and the mechanism of inhibition 
at an ultrastructural level against Trichophyton menta-

grophytes, Microsporum canis and Trichophyton gypse-
um [47]. Our results also confirmed the antifungal effect 
of Cinnamomum cassia. In our experiment, the efficacy 
of Cinnamomum cassia against Trichophyton mentagro-
phytes did not depend on concentration of the essential oil. 
The average values of the zones of inhibition were deter-
mined at all tested concentrations at 90 mm as the maxi-
mum possible value.

In vitro and in vivo studies conducted in different coun-
tries demonstrated numerous beneficial medicinal effects 

Table 3. Linear regression for lemongrass

Coefficients Medium value 
error t Stat P-value

Constant coefficient 69.13 8.53 8.1 3.302e–6*

Linear coefficient 0.30 0.20 1.48 0.163609

* – P ≤ 0.05

Table 4. Linear regression for tea tree

 Coefficients Medium value 
error t Stat P-value

Constant coefficient –7.93 3.82 –2.07 0.0096019*

Linear coefficient 0.99 0.09 10.78 0.01581e–7*

* – P ≤ 0.05

Table 5. Analysis by Tukey ś method of 5‒20 % concentration of essential oils 

Diameter difference 
[mm]

Lower 
estimate

Upper 
estimate P-value

Lemongrass – tea tree 69.77 50.04 89.51 0*

Cinnamon – tea tree 88.88 69.15 108.62 0*

Cinnamon – lemongrass 19.11 –0.62 38.84 0.05

P ≤ 0.05

Table 6. Analysis by Tukey ś method for 30 % concentration of essential oils

Diameter 
difference

Lower 
estimate

Upper 
estimate P-value

Lemongrass – tea tree 60 31.07 88.92 0.0017169*

Cinnamon – tea tree 60 31.07 88.92 0.0017169*

Cinnamon – lemongrass –1.421085E-14 –28.92 28.92 1.00

* – P ≤ 0.05
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of Cinnamomum zeylanicum [41] and its anti-microbial 
activity [25]. T a o  et al. confirmed that essential oil from 
Cinnamomum longepaniculatum showed a significant 
anti fungal activity in vivo, weakening the virulence of 
three dermatophytes and killing fungi by destroying the 
cell membrane and organelles [47]. 

The aim of the study by  C i s a r o v á  et al. [9] was 
to assess the antifungal and anti-toxinogenic activity of 
15 essential oils against three fungi of the genus Aspergil-
lus.  All essential oils exhibited activity against the tested 
strains of fungi. 

G o z u b u y u k  et al. [20] investigated the antifungal 
activity of L. inermis (henna) against six different derma-
tophyte species: Trichophyton rubrum, Trichophyton men-
tagrophytes, Microsporum canis, Trichophyton tonsurans, 
Epidermophyton floccosum, and Trichophyton violace-
um. The antifungal activity of L. inermis was determined 
by agar diffusion method and henna was used in paste 
form. Henna paste showed high antifungal activity against 
all dermatophytes species. 

The antifungal potential of tea tree was investigated 
in vitro against Trichophyton rubrum and T. mentagro-
phytes var. interdigitale, the most prevalent causes of tinea 
and onychomycosis infection in humans. There was ob-
served a clear antifungal action on these organisms grown 
in culture. B e n g e r  et al. [3] and  C a s s e l l a  et al. [8] 
detected the activity of Melaleuca alternifolia against the 
dermatophyte Trichophyton rubrum. The studies also con-
firmed that the oil was a potent antifungal agent and that 
the inverse relationship between essential oil concentra-
tion and fungal growth was not influenced by random var-
iability. Our study showed that the efficacy of this essen-
tial oil against T. Mentagrophyte, was maximal at 100 % 
concentration (inhibition zone of 90 mm), but that the ef-
fectiveness was significantly decreased at a concentration 
of 30 %. The tea tree showed an inhibition zone diameter 
of 0 mm at concentrations ranging from 5 to 20 % at which 
it can be considered ineffective.

C o n c h a  et al. [10] determined the activity of tea 
tree oil against 58 clinical isolates. This in vitro study 
indicated that tea tree oil may be useful in the treatment 
of yeast and fungal mucosal and skin infections.

Antimicrobial activities of methanol leaf extract 
of Leucas sp. were studied by  B a b u  et al. [2]. Antifun-
gal susceptibilities of clinically isolated dermatophytes to 
methanol extracts of Leucas aspera and Leucas zeylani-

ca leaves were investigated using the agar well diffusion 
method. The results obtained showed that all the extracts 
expressed remarkable antifungal activity. The maximum 
inhibition zone was recorded with Penicillium sp. while 
the minimum inhibition zone was recorded for Candida 
tropicalis. These results confirmed potential anti-dermato-
phytic activity of Leucas spp. 

The antimycobacterial activity of aerial parts and es-
sential oils of four Salvia species against Mycobacterium 
tuberculosis strains was analysed and the antifungal ac-
tivity against dermatophytes Microsporum gypseum and 
Trichophyton mentagrophytes and also Candida species 
was compared with by broth microdilution method. The 
essential oils showed high antimycobacterial and antifun-
gal activity [46].

The in vitro activity of twenty chemically defined 
essential oils against Microsporum canis, Trichophyton 
mentagrophytes, T. erinacei, T. terrestre and Microsporum 
gypseum Microsporum canis, Trichophyton mentagro-
phytes, T. erinacei, T. terrestre and Microsporum gypseum 
was assayed. More effective essential oils were T. serpyl-
lum, O. vulgare, and L. cubeba. F. vulgare showed mod-
erate efficacy against geophilic species such as M. gypse-
um and T. terrestre [34].

D e s a m  et al. [13] studied the antifungal activity 
of mentha and peppermint essential oils. They showed 
a significant antifungal activity against Alternaria alter-
naria, Fusarium tabacinum, Penicillum spp. Fusarium 
oxy porum and Aspergillus fumigates.

The study conducted with south Indian medicinal 
plants involved their efficacy against three clinical fungal 
isolates Trichophyton mentagrophytes, Epidermophyton 
floccosum, and Candida albicans, using the agar well dif-
fusion method. The extract of twenty plants used in this 
study acted as a good source of antibiotics against various 
fungal pathogens tested and exhibited a broad spectrum 
of antifungal activity [49].

Several authors investigated the antibacterial prop-
erties of Cymbopogon citratus [24, 36, 37]. K h a n  and 
A h m a d  [28] evaluated in vitro the antifungal activity 
of Cymbopogon citratus oil against azole-resistant strains 
of Aspergillus spp. and Trichophyton spp. They observed 
that C. citratus exhibited promising antifungal activity 
(zone of inhibition from 24.66 to 42.00 mm) and the kill-
ing potency against Aspergillus fumigatus and Trichophy-
ton rubrum. Our results showed that the efficacy of Cym-
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bopogon citratus did not depend on the concentration. 
It showed the highest possible efficacy against T. menta-
grophytes at concentrations ranging from 10 to 100 %. The 
efficacy decreased (32.6 mm) at 5 % concentration.

B i a s i - G a r b i n  et al [4] evaluated the in vitro anti-
dermatophytic activity of 23 crude extracts from nine 
plant species found in Brazil. The extracts were tested by 
broth microdilution assay against the reference strains of 
T. rubrum and T. mentagrophytes and 33 clinical isolates 
of dermatophytes. All plants showed a fungicidal effect 
against both fungal species. Selected extracts of Eugen-
ia uniflora, Libidibia ferrea, and Persea americana also 
exhibited a fungicidal effect against all clinical isolates 
of T. rubrum and T. mentagrophytes complex. This is the 
first report of the antifungal activity of Schinus terebinthi-
folius, Piptadenia colubrina, Parapiptadeniarigida, Mi-
mosa ophthalmocentra, and Persea americana against 
both dermatophyte species.

O r c h a r d  et al. reported high susceptibility of fun-
gal pathogens, such as Trichophyton mentagrophytes, 
to combinations of essential oils. The potential combina-
tions containing Cinnamomum verum or Santalum aus-
trocaledonicum were studied in a clinical settings with 
the goal to decrease the need for systemic or prolonged 
anti fungal treatments that may result in a treatment fail-
ure or resistance [38]. Essential oil mixtures may provide 
a better outcome than monotherapy in terms of side effects 
and toxicity, as well as reducing the emergence of resistant 
strains. Based on their antifungal and anti-inflammatory 
properties, these combinatorial strategies may be use-
ful in supplementing conventional therapy by alleviating 
symptoms, promoting healing, and preventing spread of 
dermatophytosis [48].

Overall, we can summarize our findings that lemon-
grass and cinnamon have significantly better efficacy than 
tea tree, except for the concentration of 100 %, and their 
effect did not dependent on the tested concentration. The 
efficacy was the highest possible and the zone inhibition 
diameter was 90 mm. The statistical comparison shows 
that there are significant differences between lemongrass 
and cinnamon compared to tea tree. Z e n g, C h e n  and 
L i a n g  [53] studied the antifungal effects of fennel seed 
essential oil against Trichophyton rubrum, Trichophyton 
tonsurans, Microsporum gypseum and Trichophyton men-
tagrophytes. Fennel seed essential oil was investigated 
from various aspects, such as MIC and minimum fungicid-

al concentration, mycelia growth, spore germination, and 
biomass. The results indicated that this oil showed better 
antifungal activities than the commonly used antifungal 
agents fluconazole and amphotericin B.

Our experiments showed that the efficacy was less 
than 90 with each conventionally produced antifun-
gal agent tested in our study and the essential oils such 
as cinnamon and lemongrass were more effective as an-
timycotics. D i o g o  et al. [14] investigated the activity 
of different concentrations of terbinafine against T. menta-
grophytes using the disc-diffusion method. The diameter 
of the inhibition zone was 40 mm and did not depend on 
the concentration of terbinafine. Comparing the effective-
ness of conventional antimycotics, the largest inhibition 
zone was observed with clotrimazole (80 mm), but flu-
conazole proved ineffective against T. mentagrophytes 
and ketoconazole showed an inhibition zone of 29 mm in 
our experiment. The effectiveness of clotrimazole did not 
depend on concentration. K e y v a n  et al. [27] conduct-
ed in vitro activity testing of six antifungal drugs against 
clinically important dermatophytes and reported that flu-
conazole exhibited the poorest activity while clotrimazole 
and terbinafine were the most effective antifungal drugs. 
E s t e b a n  et al. [16] also tested by disc-diffusion meth-
od the antifungal susceptibility of six kinds of dermato-
phytes including T. mentagrophytes and confirmed the 
high efficiency of clotrimazole. 

Despite promising results of recent studies [6, 33, 
50], we agree with their authors that the potential toxici-
ty of these products must be considered because EO have 
been shown to cause skin allergy and irritation. As a result, 
it is critical not only to investigate the effectiveness of es-
sential oils, but also pay attention to their safety (harmless-
ness) as well as the potential associated risks.

CONCLUSIONS

Essential oils have long been known to be in a centre of 
attention for their antimicrobial effects because of their po-
tential role as an alternative to antibiotics and antimycotics 
for therapeutic purposes. The in vitro experiment, based 
on descriptive statistics, indicated that lemongrass and 
cinnamon essential oils were effective against T. menta-
grophytes, while the effectiveness of tea tree decreased 
significantly depending on concentration. When compar-



39

ing the efficacy of commercial antimycotics, the greatest 
commercial inhibition zone was observed with clotrima-
zole, and fluconazole has proved ineffective. 

The disc-diffusion method used in this study is a sim-
ple and valuable method for the evaluation of the antifun-
gal susceptibility of dermatophytes in in vitro experiments.

The antifungal effects of essential oils could be a very 
promising solution that can overcome the therapeutic 
shortcomings of antimycotic medication. More experi-
ments are needed to examine the properties of these oils 
in order to devise effective and nonaggressive therapies for 
the treatment of dermatophytosis.
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ABSTRACT

Donkey welfare is becoming a subject of much inter-
est; for decades, people around the world have voiced 
rising worry about it. There are no studies on donkey 
welfare in Nigeria. This study aimed to assess the wel-
fare state of donkeys in Amaru, Zaria Ancient City, 
Kaduna State, Nigeria. A cross-sectional study was 
done to purposefully select 38 pack donkeys for wel-
fare assessment based on the first level of the Animal 
Welfare Indicators (AWIN) for donkeys, which covered 
behaviour, health, feeding, and environment and hous-
ing. Information regarding age and sex was collected. 
The analysed data were reported in terms of frequen-
cies and percentages. The prevalence of donkeys with 
no social contact, avoidance behaviour, and walking 
downside was 2.6 %, 5.36 %, and 40.56 %, respec-
tively. The most common health problems are integu-
mentary alterations, which include an unhealthy hair 
coat (86.8 %), skin lesions (86.6 %), alopecia (60.5 %), 
and deep wounds (47.4 %). Only 5.3 % of the donkeys 
were lame. Around 42 % had a body condition score of 
2 (moderate), while the remaining 57.9 % had a body 
condition score of 3 (ideal). The donkeys were poorly 
kept and housed, as evidenced by the high prevalence 
of unsatisfactory shelter dimensions (100 %), dirty 
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bedding (89.5 %), and insufficient bedding (89.5 %). 
The current study found that welfare issues are serious 
challenges for donkeys in Amaru, Zaria Ancient City, 
Kaduna State, Nigeria. As a consequence of the current 
findings, it is recommended that donkey welfare, pol-
icies and legislative frameworks that support animal 
welfare and inspect animal facilities in Nigeria should 
to be reviewed and enforced.

Key words: pack donkey; skin lesions; welfare as-
sessment

  

INTRODUCTION

Donkeys (Equus asinus), the first member of the Equi-
dae family to be domesticated [27], are a cornerstone of hu-
man existence and have played a significant part in many 
economic activities throughout history. The global donkey 
population is estimated to be over 44 million, with half 
found in Asia, slightly more than a quarter in Africa, and 
the remainder primarily in Latin America [13].

Nigeria has a sizable donkey population (800,000) [18]. 
The cross-border movement of pastoral Fulani from Niger, 
Chad, Mali, Burkina Faso, and Cameroon has resulted in an 
increase in the donkey population in Nigeria [4]. There are 
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more donkeys in Nigeria’s northern states. This is due to 
the savannah vegetation and the scarcity of disease vectors 
such as tsetse flies. Every year, around 16,000 donkeys are 
transported from the country’s northern states to the south-
ern states for meat production [4, 28].

Despite global mechanisation, working donkeys are 
still well deserving of the moniker “beasts of burden” 
in many developing countries, including Nigeria. They 
serve a crucial role in the transportation of people and 
commodities in arid and semi-arid areas where roads 
are inadequate or non-existent [15]. Approximately 95 % 
of the world’s donkey population is used for domestic la-
bour in developing countries, as well as responsibilities re-
lated to transportation, agriculture, and various industries 
(e. g. construction) [12].

Animal welfare protection in Nigeria is faced with the 
following challenges: (1) the absence of laws to reflect true 
animal welfare; (2) outdated and low sanctions for those 
that violate the laws; and (3) lack of enforcement of these 
sanctions. These challenges have affected the welfare 
of animals, including donkeys. Despite donkeys’ important 
contributions, they are assigned poor status in Nigeria and 
are hence the most neglected animals. Even some profes-
sionals, according to Dr. Philip  M s h e l i a  of Nigeria, 
do not treat donkeys ethically [11]. This resulted in a slew 
of welfare issues, including inaccessible water, feed, and 
shelter at work sites, as well as multiple skin lesions. Some 
methods of bobbling to restrain donkeys cause discomfort 
and inflict wounds [1]. Long-distance hauling without ad-
equate padding and overloading causes donkeys to sustain 
external traumatic injuries. This abuse, mistreatment, and 
lack of veterinary care for donkeys have greatly contrib-
uted to their premature deaths, with the majority of them 
today having a working life expectancy of 4 to 6 years. 
However, in nations where animal welfare is practised, 
donkeys can live for up to 30 years [14]. 

According to research, working donkeys suffer from 
animal welfare issues such as gait abnormalities, joint 
swelling, broken skin, deep lesions, and dental difficulties 
[7, 16]. When their health deteriorates to the point where 
they are unable to work, they are frequently abandoned and 
left to die [28]. Donkey welfare is now a trending topic; 
for centuries, nations all over the world, including Nigeria, 
have expressed growing concern about it. The welfare sta-
tus of donkeys in Nigeria has not been investigated. 

The aim of the present study was to assess the pack 

donkey welfare state in Amaru, Zaria Ancient City, Kadu-
na State, Nigeria.

MATERIALS AND METHODS

Study area 
The study was carried out in Amaru, Zaria Ancient 

City, Kaduna State, Nigeria. Zaria is a major city and a lo-
cal government area in Kaduna State, Nigeria. It was once 
known as Zazzau and is one of the original seven Hausa 
city-states (Hausa Bakwai). Zaria is known to have a high 
number of local horses due to the presence of an emir-
ate council located in the ancient city of Zaria, as well as 
donkeys for work. Zaria Local Government Ares (LGA) 
has a population of 736,000 people (according to the 2006 
census). It is situated at 11°3' north latitude and 7°42' east 
longitude of the Greenwich meridian. It has a wet season 
lasting from April to September and a dry season from Oc-
tober to March.

Study design and sampling procedure
A cross sectional study was conducted. The places se-

lected were based on donkey accessibility and population. 
A total of 38 pack donkeys were purposefully selected for 
this study.

Data collection
All of the pack donkeys sampled were stallions, rang-

ing in age from 2 to 13 years. Donkeys were housed 
in groups in various families and worked up to six days 
a week, with working hours ranging from five to more than 
seven hours. For each pack donkey, a welfare assessment 
was made based on the first level of the Animal Welfare In-
dicators (AWIN) for donkeys [22]. The protocol included 
various questions, covering all aspects of feeding, health, 
behaviour, and environment and housing. Three (3) expe-
rienced veterinarians conducted the welfare assessment 
after the researchers developed a procedure to prevent in-
ter-observer variance.

Welfare assessment based on behaviour
Donkey social interaction was assessed by observing 

the donkey’s habitual environment and noting whether 
the donkey is housed with other donkeys or on its own. 
Access to other donkeys was noted while they were kept 
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alone. Donkeys that were segregated from other donkeys 
and had no physical contact with any other donkeys were 
considered to have no social contact; however, donkeys 
that were housed with other donkeys or that could have 
physical contact with other donkeys if housed alone were 
considered to have social contact.

Three tests were used to evaluate the human-animal 
relationship [22]:
a) The avoidance distance was measured by stepping 

three metres away from the donkey with the arm slight-
ly lifted. When approaching the animal, if he attempted 
to move away, this was labelled avoidance behaviour.

b) Walking down side was the test in which the assessor 
was on the side of the donkey and softly placed his 
hand in the withers before calmly walking down the 
side of the animal. If the donkey tried to flee or kick, 
it was deemed a negative reaction.

c) Tail tuck was evaluated alongside the previous test; 
if the animal tucked its tail, it was considered present.

Welfare assessment based on health
The presence of skin alterations was noted and classi-

fied into four types: alopecia, skin lesions, deep wounds, 
and swelling. Donkeys were examined for swollen joints. 
Lameness was investigated: (1) by observing the animal’s 
resting posture; (2) by watching the animal walk straight 
ahead. The assessment also included questioning the own-
ers about whether the animals showed signs of lameness 
while working or afterward. Prolapses were assessed vis-
ually by examining the anus and vulva/penis. Nose, ocu-
lar, and vulva/penis discharges were graded as absent or 
present. The condition of the hair coat was checked across 
the body, taking extra care not to confuse a changing coat 
due to the changing season with a bad coat. Faecal soil-
ing was assessed by observation of the hindlimbs. Hoof 
neglect was also examined by checking for signs such as 
severely overgrown hooves, toes backed up, and severe 
hoof cracks.

Welfare assessment based on feeding
The body condition score was evaluated by both obser-

vation and palpation, as described by The Donkey Sanc-
tuary [33]. It was scored from 1 to 5. Body sites like the 
neck, ribs, rump, and hindquarters were carefully evaluat-

ed. Prominent bones were considered a sign of low BCS, 
being highly noticeable in animals with a score of 1, unlike 
an animal with a score of 5, in which no bone protuberanc-
es were felt and many fat deposits could be found. Don-
keys with BCS of 1, 2, 3, 4, and 5 were regarded as poor, 
moderate, ideal, fat, and obese, respectively. The availabil-
ity of drinking water was assessed based on the following: 
type of water points and cleanliness of water points. The 
types of water points were classified into no water point, 
trough, and automatic drinkers. The cleanliness of water 
points was classified into three categories: dirty, partially 
dirty, and clean.

Welfare assessment based on environment 
and housing

The environment and housing were assessed by taking 
into consideration bedding cleanliness, bedding quantity, 
shelter dimension, and signs of thermal stress. Bedding 
quantity was classified into no bedding, insufficient bed-
ding (floor area not covered by the bedding is visible), 
and sufficient bedding. Bedding cleanliness was classi-
fied into dirty (wet and with the presence of overstayed 
faeces) and clean. Shelter was classified as satisfactory or 
not satisfactory, as described by M i n e r o  et al. [22]. Re-
garding signs of thermal stress, donkeys were examined 
for a minute for the following signs: increased respiratory 
rate, flared nostrils, increased respiratory depth with head 
movement, sweating, apathy, and sunburn. Donkeys with 
more than three (3) of these signs were regarded as having 
signs of thermal stress [22].

Data analysis
All the data were entered in a Microsoft Excel spread-

sheet (2019), and analysis was done using the Statistical 
Package for Social Sciences (SPSS®, version 26). The 
analysed data was reported in terms of percentages and 
frequencies.

Ethical approval
Ethical approval for the research was obtained from 

the Ahmadu Bello University Committee on Animal Use 
and Care (ABUCAUC) with the approval number ABU-
CAUC/2022/043.
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RESULTS

Age summary of pack donkeys assessed
A welfare assessment was carried out on 38 donkeys, 

with the youngest donkey being 2 years old (5.3 %) and 
the oldest being 13 years old (2.6 %). Most of the donkeys 
were between 5 and 9 years old (18.4 %) (Table 1).

Welfare assessment based on behaviour
In terms of social interaction, 97.4 % (37/38) had so-

cial contact, while only 2.6 % (1/38) had no social contact 
(Fig. 1). Regarding avoidance distance, 94.7 % (36/38) 
had no avoidance, while 5.3 % (2/38) had avoidance be-
haviour. Out of the 38 donkeys, 15 (40.5 %) were walking 
downside while 22 (59.5 %) were not. The tail tuck was 
absent in all the donkeys in this study (Table 2). 

Welfare assessment based on health 
Out of the 38 pack donkeys assessed, none had swol-

len joints, discharge from the penis, or rectal prolapse. 

Table 1. Age summary of pack donkeys assessed in Amaru, 
Zaria Ancient City, Kaduna State, Nigeria (n = 38)

Age 
[Years] Frequency Percentage 

[%]

2 2 5.30

3 1 2.60

4 3 7.90

5 7 18.40

5.50 1 2.60

6 2 5.30

7 3 7.90

7 1 2.60

7.50 1 2.60

 8 2 5.30

9 7 18.40

10 4 10.50

11 2 5.30

12 1 2.60

13 1 2.60

Total 38 100

Table 3. Assessment of pack donkeys’ health problems in Amaru, Zaria 
Ancient City, Kaduna State, Nigeria (N = 38)

Welfare 
indicators

No. of donkeys 
positive

Prevalence 
[%]

Hoof neglect 10 26.3

Unhealthy hair coat 33 86.8

Alopecia 23 60.5

Skin lesion 33 86.8

Deep wound 18 47.4

Swelling 8 21.1

Nasal discharge 2 5.3

Ocular discharge 7 18.4

Faecal soiling 3 7.9

Lameness 2 5.3

Swollen joint 0 0

Discharge from penis 0 0

Rectal prolapse 0 0

Table 2. Pack donkeys’ social interaction and human-animal relation-
ships in Amaru, Zaria Ancient City, Kaduna State, Nigeria (n = 38)

Welfare indicators No Yes

Social interaction

Social contact 1 (2.6 %) 37 (97.4 %)

Human-animal relation

Avoidance distance 36 (94.7 %) 2 (5.3 %)

Walking downside 22 (59.5 %) 15 (40.5 %)

Tail tuck 38 (100 %) 0

Ten (26.3 %) of the 38 pack donkeys assessed had their 
hooves neglected by the owners, while the remaining 28 
(73.7 %) did not have their hooves neglected. Out of the 
38 packed donkeys, 86.8 % (33/38) had unhealthy hair 
coat conditions (the coat was extremely dirty, lacklustre, 
and had small hairless spots), while the remaining 13.2 % 
(5/38) had healthy hair coat conditions. Regarding alo-
pecia, 60.5 % (23/38) had alopecia, while the remaining 
39.5 % (15/38) did not have alopecia. Regarding skin le-
sions, 86.8 % (33/38) had skin lesions, while the remaining 
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Fig. 1. Donkey with no social contact Fig. 2. Wound at the point of the hip (red arrow)

Fig. 3. Back wound (black arrow) Fig. 4. Wound at the base of the tail (black arrow)

Fig. 5. Swelling on the neck region (black arrow) Fig. 6. Unsatisfactory shelter dimension for 7 donkeys 
with insufficient bedding (red arrow)
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13.2 % (5/38) did not have skin lesions. Regarding deep 
wounds, 47.4 % (18/38) had a deep wound (Figs. 2, 3, and 
4), while the remaining 52.6 % (20/38) did not have a deep 
wound. Regarding swellings, 21.1 % (8/38) had swelling 
(Fig. 5), while the remaining 78.9 % (30/38) did not have 
swelling. Out of the 38 packed donkeys, 2 (5.3 %) had na-
sal discharge, while the remaining 36 (94.7 %) did not. Out 
of the 38 packed donkeys, 7 (18.4 %) had ocular discharge, 
and the remaining 31 (81.6 %) did not have ocular dis-
charge. Faecal soiling was absent in 92.1 % (35/38) of the 
donkeys, while faecal soiling was present in the remaining 
7.9 % (3/38). Out of the 38 pack donkeys, 2 (5.3 %) were 
lame, and the remaining 36 (94.7  %) were not lame (Ta-
ble 3).

Welfare assessment based on feeding
Of the 38 pack donkeys assessed, 16 (42.1 %) had a 

body condition score of 2 (moderate), while the remaining 
22 (57.9 %) had a body condition score of 3 (ideal). Out 
of the 38 pack donkeys assessed, 25 (65.8 %) had no ac-
cess to water points, and 13 (34.2 %) had access to a water 
trough. Non had access to automatic drinkers. Regarding 
the cleanliness of water points, all had partially dirty water 
points.

Welfare assessment based on environment 
and housing

The shelter dimensions of all the donkeys (38; 100 %) 
were not satisfactory (Fig. 6). Regarding bedding cleanli-
ness, 89.5 % (34/38) were dirty, while 10.5 % (4/38) were 
clean. In terms of bedding quantity, out of the 38 packed 
donkeys assessed, 4 (10.5 %) were housed with no bed-
ding, while the remaining 34 (89.5 %) were housed with 
insufficient bedding (Fig. 6). Signs of thermal stress were 
present in 94.7 % (36/38) of the donkeys and absent in the 
remaining 5.3 % (2/38).

DISCUSSION

The 38 pack donkeys evaluated were all stallions. Sim-
ilar findings were reported in studies conducted in other 
developing countries, where the bulk of the donkeys used 
for work were stallions [15, 16, 31]. This clear-cut 100 % 
of stallions might be connected to their purpose as working 
animals, as aggression and strength are more likely to be 

found in stallions. However, contradictory results were 
discovered in other studies conducted in Europe, where 
there was likewise a clear preponderance of females, fol-
lowed by geldings [10, 26].

The donkeys in the present study ranged in age from 
2 to 13 years. This shows that the donkeys are mature and 
capable of working and reproducing [16]. Several more 
studies have reported ages ranging from 3 to 13 years 
[15, 20, 32]. The most common ages of donkeys assessed 
in this study were 5 and 9 years old, which is similar to 
M o h a m e d  et al. [23].

Because how an animal is handled has a direct impact 
on its welfare, assessing human-animal interactions is crit-
ical [17]. There was a low prevalence of avoidance be-
haviour in the present study. This is comparable to study 
by  K u m a r  et al. [16] work but different from that by 
C r u z [9]. Various authors described this behaviour as 
a result of the owner’s improper handling [29]. However, 
it is also crucial to note that the tests were carried out by 
someone unfamiliar with the donkeys, which may result in 
a negative reaction. The low prevalence of donkeys with 
no social contact is similar to what C r u z [9] reported. 
Social contact is an important part of welfare evaluation, 
especially since donkeys are by nature social beings [5].

The most common health problems in the present study 
are integumentary alterations, which include an unhealthy 
hair coat, alopecia, deep wounds, and skin lesions. This 
is comparable to the work of F s a h a y e  et al. [15] in 
Ethiopia. These integumentary alterations are frequently 
produced by a combination of multifactorial reasons. En-
vironmental conditions, the type of harness material used 
(synthetic or natural), the fit of the harness, the owner’s 
behaviour, the frequency of labour, and the load are among 
the risk factors that lead to the development of various 
types of wounds in pack donkeys [21].

The present study shows that the health problems with 
the lowest prevalence were ocular (18.4 %) and nasal dis-
charge (5.3 %). The prevalence of ocular discharge is simi-
lar to studies in Chile (10 %) and Ethiopia (17 %) [15, 31]. 
Ocular or nasal discharges are not pathognomonic symp-
toms of any disease because they can occur in a variety of 
ailments, both local and generalised. This discharge can 
be present in ocular disease, respiratory issues, and dental 
problems [30, 34]; if it is observed, further investigation, 
including ophthalmic examination, respiratory ausculta-
tion, and dental examination, is required.
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The current study discovered that 26.3 % of the don-
keys assessed had some level of hoof neglect, which is 
similar to the results seen in the United Kingdom and 
Northeast Portugal [8, 9]. Hoof care is essential for op-
timal wellness since they bear all of the body’s weight. 
Overgrown hooves were one of the most prevalent hoof 
alterations discovered in this study. This problem can re-
sult in lameness. The prevalence of lameness in our study 
was 5.3%, which was similar to the results obtained in 
Ethiopia [2]. Lameness percentages vary across several 
studies. In the same year, but in a different Ethiopian city, 
A m a n t e  et al. [2] discovered that 12 % of working 
donkeys were lame. K u m a r  et al. [16] discovered that 
10 % of the donkeys were lame. Later, T e s f a y e  et al. 
[32] reported a drop in lameness prevalence in 2016, 
and even better findings were discovered in 2018, with 
just 4.4 % of the donkeys being lame [15]. These find-
ings are similar to those obtained in Europe; C o x  et al. 
[8] discovered that 10 % of British donkeys were lame. 
Surprisingly, D a i  et al. [10] reported the same findings 
as Mexico, with 2 % lameness detected [6]. Although the 
prevalence of lameness was not exceptionally high in any 
of the studies discussed, when lameness is diagnosed, it 
is critical to identify the source of the problem. Lamini-
tis, tendonitis, and incorrect hoof trimming are some of 
the most common causes.

Healthy living and proper welfare require proper 
feeding. Without evaluating whether nutritional require-
ments are fulfilled or exceeded [3], the body condition 
score is an essential animal-based indicator in assessing 
the health state and welfare of working equids [25]. The 
current study found that donkeys’ body condition ranged 
from moderate (BCS of 2) to ideal (BCS of 3). The preva-
lence of the ideal body condition (57.9 %) is comparable to 
M o l t u m o  et al. [24] in Ethiopia, who reported a prev-
alence of 54.1 %. The absence of donkeys with BCS 4 (fat) 
contrasts with the report by C r u z [9] of a considerable 
number of donkeys with BCS 4 (fat). The difference may 
be attributed to a difference in management practises, 
working and environmental conditions, type of work, and 
working load.

The donkeys were poorly housed, as evidenced by 
the high prevalence of unsatisfactory shelter dimensions 
(100 %), dirty bedding (89.5 %), and insufficient bedding 
(89.5 %). Insufficient bedding results in poor faeces ab-
sorption, mechanical insults, and a lack of cushioning for 

the donkey’s legs from trauma. These factors might have 
contributed to the integumentary alterations seen in this 
study.

The prevalence of donkeys showing indications 
of thermal stress was found to be low (5.3 %) in the pres-
ent study. This is consistent with assertion by C r u z [9]. 
Thermal stress is a severe issue that is often underestimat-
ed in donkeys. According to studies, signs of heat stress 
generated by hot temperatures are more evident than those 
caused by cold temperatures [19]. Although heat stress 
is not always seen as significant as other abnormalities, it 
is crucial to note that aside from its implications for wel-
fare, it can cause major health issues such as dehydration, 
organ dysfunction, and behavioural changes if left untreat-
ed. As a result, it is critical to train owners how to recog-
nise thermal stress signs so that they may take action and 
prevent future suffering.

The present study discovered that welfare issues are 
significant problems for pack donkeys in Amaru, Zaria 
Ancient City, Kaduna State, Nigeria. As a result of the cur-
rent findings, it is advised that the government and other 
non-governmental organisations (NGOs) promote com-
prehensive awareness creation on donkey welfare issues 
through training and extension services. To ensure donkey 
welfare, policies and legislative frameworks that support 
animal welfare and inspect animal facilities in Nigeria 
needs to be reviewed and enforced.
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ABSTRACT

This review focuses on the characteristic of major 
fish bacteria, antimicrobial resistance and antibiotic 
substitution in aquaculture. Nowadays aquaculture 
represents the fastest growing industry leading to the 
use of intensive and semi-intensive methods resulting 
in outbreaks of bacterial diseases. Antibiotics are used 
to treat and prevent these bacterial diseases, which 
can cause an increase in resistance. Many antibiotics 
applied in aquaculture were originally used in human 
medicine and many countries do not have strict limits 
for their application. Annually, more than 700 000 peo-
ple worldwide die from bacterial infections caused by 
bacteria resistant to antibiotics and even though Euro-
pean countries have strict rules for the use of antibiot-
ics, the death rate resulting from resistance represents 
more than 33 000 people per year. One of the options 
how to resolve this problem is the replacement of an-
tibiotics with bioactive compounds of plant origin that 
exhibit strong inhibitory activity against pathogenic 
bacteria.

Key words: antibiotic resistance; aquaculture; fish 
bacteria; phytobiotics 
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INTRODUCTION

Aquaculture is currently the most developing branch 
compared to other branches of the food industry. Based 
on the Food and Agriculture Organization [25], the global 
production of aquaculture products reached approximate-
ly 43 million tons in 2016 and about 61 million tons in 
2020. This was due to the rapidly growing human pop-
ulation, which needs to be supplied with complete nutri-
ents and aquaculture products are a good source of these 
[67]. They contain high-quality protein and omega-3 fatty 
acids, such as docosahexaenoic acid (DHA) that plays an 
important role in optimum brain development and neu-
rodevelopment, and eicosapentaenoic acid (EPA) that has 
beneficial impact on cardiovascular health. Aquaculture 
products are rich in minerals like selenium, iron, zinc, cal-
cium, potassium, phosphorus and also in vitamin A and D 
and some B vitamins [79]. Another advantage is related 
to the beneficial effect of aquaculture on global warming 
due to reduced hunting of wild fish and reduced marine 
pollution [67]. Development in fish farming technologies 
also contributed to the rapid growth of aquaculture [74]. 
On the other hand, the rapid increase has several disad-
vantages such as the use of intensive and semi-intensive 
farming methods, which involve higher concentration of 
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fish in a small water volume that is related to higher stress 
and a higher risk of bacterial diseases [67]. The bacteria 
most common in aquaculture are Gram-negative bacteria 
such as Aeromonas salmonicida [43], Aeromonas hydro-
phila [46], Vibrio anguillarum [27], Vibrio alginolyticus 
[38], Edwardsiella tarda [44], Flavobacterium psychro-
philum [8] and Yersinia ruckeri [86]. Of the Gram-positive 
bacteria, the most common are Staphylococcus spp. and 
Streptococcus spp. [60]. All these bacteria can cause seri-
ous diseases, survive in aquatic environment without the 
host, increase mortality and cause great economic losses. 
These are the reasons why bacterial diseases have become 
the major obstacles to aquaculture. Antibiotics are used 
to prevent (prophylactic purpose) and treat (therapeutic 
purpose) these bacterial diseases but their increased use 
results in developing antibiotic resistance. Fish bodies 
absorb only 20–30 % of the received antibiotics and the 
rest ends in the environment because fish are not able to 
metabolize them efficiently [70]. This is the reason why in 
aquaculture the fish, other aquatic animals and aquatic en-
vironment form reservoirs of resistant bacteria and the re-
sistance is expanded by mutations in bacterial DNA or by 
horizontal gene transfer including conjugation with other 
bacteria, transduction with bacteriophage and transforma-
tion of free DNA [63, 68]. Since resistance to antibiotics 
is becoming more widespread every year, it is important 
to look for new methods to replace them. One of the per-
spective candidates are bioactive compounds of natural 

origin, which can be found in plants, animals, microorgan-
isms and marine organisms. Bioactive compounds of plant 
origin include alkaloids, saponins, polyphenols, terpenes, 
essential oils and flavonoids [89] while polysaccharides, 
polyunsaturated fatty acids, coenzyme Q10, choline and 
peptides from milk protein belong to those typical for ani-
mals [88]. Many of the listed compounds are characterized 
by an anti-inflammatory, antioxidant, antitumor, and main-
ly by antimicrobial activities, however more studies are 
needed to improve their stability, obtain more knowledge 
about their mechanism of action, and about their impact 
on the environment, host microbiota and their stability in 
the feed [51]. 

THE MAIN BACTERIAL AGENTS 
IN AQUACULTURE

Aeromonas salmonicida
Aeromonas salmonicida is a Gram-negative bacterium 

also known as the oldest fish pathogen [43]. It is found 
in fresh and salt water where it causes disease in salmonids 
and non-salmonid fish, such as minnow, goldfish, carp, 
perch and catfish. The main clinical symptom is furun-
culosis, which is shown in Figure 1 and it also manifests 
as ulcerative dermatitis and granulomatous dermatitis [5]. 
The virulence factors of A. salmonicida are the A-layer, 
extracellular molecules as proteases, lipases, and type III 

Fig. 1. Clinical manifestation of furunculosis [18] 
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secretion system [18]. The A-layer is also known as the 
S-layer and it occurs on the surface of the cell. It provides 
protection against the specific immune system and resist-
ance to cytotoxicity of macrophage [54]. The extracellular 
molecules include serine protease, which causes muscle 
liquefaction leading to furunculosis or lipase, which par-
ticipates in the formation of bleeding boils (Fig. 1) [18]. 
The type III secretion system enables the translocation of 
effector proteins, causing inhibition of phagocytosis and 
induction of apoptosis from the bacterial cytoplasm into 
the host cell [54].

Aeromonas hydrophila
Aeromonas hydrophila is characterized as a Gram-neg-

ative bacterium common in fresh water. It has been isolat-
ed from catfish, bass, carp and can be found also in marine 
fish species [17]. This bacterium is the causative agents 
of motile Aeromonas septicaemia known as tail and fin 
rot that is clinically manifested by haemorrhage, anaemia, 
ascetic fluid, abdominal distension and ulcerations [2]. 
The virulence factors include O-antigen that has several 
roles such as protection and adhesion against the host im-
mune system, and cytotoxic enterotoxin that has the ability 
to destroy tissue culture cell lines and cause lysis of red 
blood cells. The virulence factors also include haemolysin, 
enzymes such as proteases, amylases, lipases and type III 
secretion system [14, 72, 80]. 

Vibrio anguillarum
 Vibrio anguillarum, also known as Listonella anguil-

larum, is a Gram-negative bacterium causing big econo-
my losses in marine, fresh and brackish water fish such 
as salmon, sea bass, cod and rainbow trout. Infection by 
V. anguillarum leads to haemorrhagic septicaemia called 
vibriosis that manifests with red spots, swollen and dark 
skin lesions, ulceration and haemorrhages of skin and fin 
[27]. Virulence factors of V. anguillarum include motility 
and chemotaxis, an iron uptake system, haemolysins and 
zinc metalloprotease that degrades the tissue in the host 
[30, 31]. 

Edwardsiella tarda
Edwardsiella tarda is characterized as a Gram-neg-

ative intracellular bacterium that can survive in an envi-
ronment with 0–4 % sodium chloride. It infects marine 
and fresh water fish worldwide and results in a systemic 

disease called edwardiellosis that manifests as exophtal-
mus, petechial haemorrhages on the skin and fin, rec-
tal hernia, swelling of the abdominal surface and ascites 
[55]. The most important virulence factors of E. tarda are 
the type III and the type VI secretion systems. The type 
III secretion system allows to replicate intracellularly in 
phagocytes and evade phagocytosis and the type VI se-
cretion system is only recently discovered secretion sys-
tem, which contributes to bacterial virulence [37]. Other 
virulence factors include fimbrial adhesion-like protein, 
siderophore and exoenzymes, such as protease and cata-
lase and outer membrane proteins (OMPs) that play a key 
role in the integrity and selective permeability of bacterial 
membranes [42, 83, 87].

Flavobacterium psychrophilum
Flavobacterium psychrophilum is a Gram-negative 

bacterium that is able to survive outside the fish in fresh 
water for a few months to several years [8]. This pathogen 
is characteristic for cold water fish species such as trout 
and salmonids and the infection leads into the cold wa-
ter disease and rainbow trout fry syndrome (RTFS). The 
cold water disease in salmonids is manifested with ero-
sion lesions on the caudal fin, necrosis and ulcerations of 
the skin on the lower jaw. Increasing pigmentation leads 
into the “black tail” and RTFS manifests with anaemia, 
haemorrhagic and protruding anus and skin erosions lo-
cated mainly behind the dorsal fin or on the lateral side 
of the body [10, 41, 76]. Virulence factors consist of the 
type IX secretion system that is able to secrete proteins to 
the cell surface and beyond, cell surface adhesins, soluble 
and cell-associated peptidases, nucleases and more hydro-
lytic enzymes [7]. Another virulence factor is the gliding 
motility that allows movement of the cells over surfaces 
without the help of pili or flagellum and also include cytol-
ytic toxins and proteases [23, 58].

Yersinia ruckeri 
Yersinia ruckeri is a Gram-negative bacterium causing 

yersiniosis and enteric red-mouth disease mainly in salmo-
nids and rainbow trout. The characteristic clinical symp-
toms of Y. ruckeri include haemorrhages on the surface 
of the body, redness at the base of the fins, along the lateral 
line and also in the head area [81]. The virulence factors 
include extra-cellular products, which have cytolytic and 
haemolytic activity, metalloprotease that causes degrada-
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tion of fibronectin, actin and myosin [34]. Another viru-
lence factors of Y. ruckeri are the type III secretion system, 
the type IV secretion system that is used to transport mac-
romolecules across the bacterial cell membrane and the 
iron acquisition system which is involved in colonization 
and invasion of host tissues [81, 86].

ANTIMICROBIAL RESISTANCE

Antimicrobial resistance (AMR) is a characteristic 
trait of bacteria, viruses, parasites and fungi. The resistant 
agents have the ability to grow and spread when an an-
timicrobial medicine is present even though these medi-
cines are normally effective against them [26]. There are 
several types of antimicrobial agents such as antibiotics, 
chemotherapeutics, food preservatives and disinfectants 
that are used against different microorganisms. Antimicro-
bial resistance is the main problem of healthcare organiza-
tions because the increasing use of antibiotics leads to the 
emergence of resistance [1]. Different origins of antibiotic 
resistance have been distinguished, such as natural, which 
is divided into intrinsic and induced resistance and then 
adaptive and acquired resistance. Intrinsic resistance is de-
fined as a trait that is generally shared within a bacterial 
species and is always expressed. On other hand, induced 
resistance is normally occurring in the bacteria but is ex-
pressed only if there is some exposure to an antibiotic. 
Adaptive resistance is caused and induced by a specific 
environmental signal such as pH, stress or concentra-
tions of ions. Acquired resistance develops in originally 
sensitive bacteria in two different ways. The first devel-
ops through mutation and the next by obtaining new ge-
netic material from an exogenous source. It is also known 

as a horizontal gene transfer that includes transduction, 
transformation and conjugation [11, 16]. Aquatic envi-
ronment is a well-suited reservoir of antibiotic resistance 
because water is a favourable environment for horizontal 
gene transfer and has a high infiltration capacity, which 
allows the contamination of clean water with unsanitary 
water containing antimicrobial compounds [6]. The ability 
of transfer of resistant pathogens from aquaculture to nat-
ural aquatic environment causes an increase in the resist-
ance of fish, other aquatic animals and humans to antimi-
crobials that results in infections and failure of treatment 
[51]. In addition, many antibiotics used in aquaculture are 
also used in human medicine which promotes the risk of 
development of resistance in humans [60]. The antibiotics 
most frequently used in aquaculture worldwide, including 
the USA and European and Asian countries, are described 
in Table 1.

While European countries and USA have strict regu-
lations for the use of antibiotics in aquaculture, in other 
countries like China; the limits for their use are poor. Stud-
ies showed a high rate of antimicrobial residues in various 
countries such as India, Indonesia, Bangladesh, Iran, Japan 
and Nigeria [12, 51]. Globally, approximately 10 259 tons 
of antimicrobials were used in aquaculture in 2017 and 
their consumption is expected to increase by 33 % to 
around 13 600 tons in 2030 [71]. Because of the increasing 
antibiotic resistance in animal and human environments, it 
is necessary to look for new replacements to antibiotics. 
Annually, more than 700 000 human deaths worldwide, 
more than 35 000 deaths in the USA, 33 000 deaths in 
Europe and 58 000 deaths in India have been attributed to 
the increasing resistance of disease agents, and by 2050 
around 10 million of deaths annually on account of anti-
microbial resistance are expected [65, 85].

Table 1. The antibiotics most frequently used in aquaculture

Antibiotics

Worldwide
 [57] 

European countries 
[39, 67] 

Asian countries
[39] 

USA
[29] 

Ampicillin Erythromycin Amoxicillin Florfenicol

Erythromycin Florfenicol Chlortetracycline Oxytetracycline

Florfenicol Oxytetracycline Florfenicol Chloramphenicol

Streptomycin –
Neomycin

Erythromycin
Oxytetracycline
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ALTERNATIVES TO ANTIBIOTICS

New alternatives to antibiotics need to be discovered 
because of their negative impact on the environments, an-
imals and humans. One of the promising alternatives are 
plants and their bioactive compounds known as phytobio-
tics, due to their antimicrobial, antioxidative, anti-inflam-
matory, antiparasitic and appetite stimulating effect [59]. 
Bioactive compounds represent secondary metabolites 
of the plant and due to their structural diversity and effi-
ciency could be used as a drug candidate. The antibacterial 
activity of phytobiotics manifest with different mechanisms 
such as bacterial cell wall disruption, nucleic acid trans-
lation, transcription blockage, lysozyme and complement 
activity enhance but the efficiency depends on the target 
bacteria, phytobiotic and its dozen. Phytobiotics represent 
compounds such as flavonoids, tannins, alkaloids, terpenes, 
saponins and phenolic compounds. Their presence in the 
plant depends on the climate, the type of soil, the state of 
maturity of the plant and on the part of used plant [33, 48]. 

Terpenes
Terpenes represent the largest group of secondary me-

tabolites, which show important functions in nature such 
as anti-inflammatory, antibacterial, antiviral and antiseptic 
function. Depending on the number of carbon atoms they 
can be divided into monoterpenes (C10), sesquiterpenes 
(C15), diterpenes (C20), triterpenes (C30), tetraterpenes 
(C40) and poly-terpenes (C > 40). They occur in different 
parts of the plants, such as the flowers and fruits and they 
can be commonly found in tea, thyme, Spanish sage, can-
nabis and citrus fruits [15, 48].

Alkaloids
Alkaloids are widely spread compounds produced by 

plants, bacteria, fungi and animals. These compounds 
contain nitrogen atoms in their chemical structure. Only 
20 % of plant species contains alkaloids and are known for 
their variety of functions. They have analgesic, anticancer, 
antiseptic, antibacterial, antifungal and antiviral functions 
[13, 66]. Plants belonging to the families Amaryllidaceae, 
Berberidaceae, Liliaceae, Leguminaceae, Papaveraceae, 
Ranunculaceae, and Solanaceae contain a large amount of 
alkaloids [9].

Phenolic compounds
Phenolic compounds have typical structure formed in 

an aromatic ring with one or more hydroxyl groups. They 
commonly occur in bark, seeds, leaves and flowers [32]. 
They can be divided into five subgroups: i.e., coumarins, 
flavonoids, phenolic acids, lignins and tannins. The major 
subgroup of phenolic compounds represents flavonoids 
which acts as antioxidants and also have anti-inflammato-
ry, anti-mutagenic and anti-carcinogenic effects [53]. Cou-
marins are known for their influence on the central nerv-
ous system, antioxidant, antibacterial effect and for their 
role in cancer prevention [35]. Phenolic acids have a wide 
spectrum of actions: such as antioxidant, anti-inflamma-
tory, anticancer, antimicrobial or immunoregulatory [62]. 
Another subgroup represents lignins, which protect poly-
saccharides in cell wall from microbial degradation. [82]. 
The last one, tannins, have anticancer, antioxidant, anti-
mutagenic function [19]. 

Saponins 
Saponins are important secondary metabolites that are 

characterized with antibacterial, anti-tumor, antioxidative, 
anti-inflammatory, antidiabetic and neuro-protective func-
tion. Depending upon the chemical structures they are di-
vided into two classes: i.e., triterpenoid and steroidal sapo-
nins. Their high concentrations can be found in plants like 
quinoa, spinach, oat, beans, peas and citrus [49].

The main bioactive compounds and properties of some 
plants usable in aquaculture are described in Table 2. 

H a y a t g h e i b  et al. [28] investigated the effect of 
phytobiotics against Aeromonas salmonicida subsp. sal-
monicida isolated from rainbow trout and discovered the 
effectiveness of the following herbs: Cinnamomum zey-
lanicum; Origanum vulgare; Thymus vulgaris. The main 
bioactive compounds, which showed suitable inhibitory 
effect belongs to the phenolic compounds (eugenol, car-
vacrol, thymol) and to the aldehydes (cinnamaldehyde). 
Also study involving Thymus vulgaris confirmed a strong 
inhibitory effect against Vibrio anguillarum. Major com-
ponents with antibacterial effect represent phenolic com-
pounds (thymol, carvacrol) and monoterpenes (p-Cymene) 
[47]. The studies conducted by  M u s a  et al. and  N y a 
et al. showed benefits of Allium sativum toward inhibi-
tion of Staphylococcus aureus, Aeromonas hydrophila 
and Edwardsiella tarda. Allicin represent the compound 
with antibacterial activity that Allium sativum contain [45, 
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50]. D e R e z e n d e  et al. [21] focused on Nile tilapia’s 
dietary supplementation with a blend of phytobiotics con-
tained in Lippia sidoides, Thymus vulgaris and Thymus 
zygis with the phenol compounds (thymol) as their major 
component. Studies have shown showed improvement in 
tilapia’s resistance against A. hydrophila, better biochemi-
cal responses and benefits for the immune system. 

 

CONCLUSIONS
 
This review describes the necessity of dealing with an-

tibiotic resistance as it represents a major obstacle in main-
taining animal and human health. Due to the rapid devel-
opment of the aquaculture industry, there is an increased 
incidence of bacterial diseases requiring application of 
antibiotics for preventive and treatment purposes. How-
ever, their application is not regulated appropriately in 
some countries, especially in Asia, and results in increase 

resistance of disease agents to antimicrobials. A suitable 
substitute for antibiotics could be phytobiotics especially 
due to their antibacterial effect but also other benefits such 
as: antiviral, anti-inflammatory and antifungal properties. 
In order to successfully replace antibiotics with phytobi-
otics, studies need to be performed to obtain more knowl-
edge about their mechanisms of action, impact on the envi-
ronment and the host microbiota and their stability in feed.
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Table 2. List of bioactive compounds of plant origin used in aquaculture

Plant
scientific name

Common 
Name

Biological active 
compounds Properties References

Allium sativum Garlic

Saponins, phenolic 
compounds, polysac-
charides and organic 

sulphides

Antibacterial, anti-
inflammatory,

antifungal
[33, 36, 73] 

Cinnamomum verum True cinnamon tree Phenolic and terpenoids 
compounds, tannins

Antibacterial, anticancer, 
anti-inflammatory [4, 64, 84] 

Cymbopogon citratus Lemongrass Flavonoids, phenolic 
compounds, terpenoids Antibacterial, antifungal [20, 52] 

Eupatorium odoratum Siam weed Flavonoids, phenolic 
compounds Antibacterial, antiviral [33, 69] 

Ocimum sanctum Tulsi Flavonoids, tannins, 
saponins Antibacterial, antifungal [40, 56] 

Origanum onites Greek oregano Terpenoids, flavonoids, 
phenolic compounds

Antibacterial, antiviral, 
anti-inflammatory [20, 75, 78] 

Origanum vulgare Oregano Phenol compounds, 
flavonoids Antibacterial, antifungal [20, 61] 

Thymus vulgaris Thyme Phenolic compounds 
Antibacterial, anti-in-
flammatory, antiviral, 
immune stimulation

[3, 22] 

Zingiber officinalis Ginger
Flavonoids, phenolic 

compounds saponins, 
tannins

Antibacterial, antiviral, 
antifungal, anti-inflam-

matory
[24, 77] 
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ABSTRACT

This present study aims to investigate the relation-
ship of herd characteristics and management prac-
tices with the prevalence of clinical and severe lame-
ness, hock and knee injuries, thin cows, and mastitis 
at the herd level on Algerian dairy farms. Altogether 
1210 dairy cows from 107 farms were examined and 
the clinical aspects related to studied affections were 
recorded. Multivariable regression models were built 
to analyse the relationship between the risk factors 
and the occurrence of health indicators. Overlay, the 
health outcomes were multifactorial, with pasture ac-
cess (P < 0.001), scraping frequency (P < 0.01), and floor 
regularity (P = 0.05) as the main factors causing lame-
ness. Factors associated with both hock and knee inju-
ries (score ≥ 2) were lower cow number (P < 0.01), more 
days spent on pasture (P < 0.001), and poorer straw 
amount for bedding (P < 0.001). Some farming practice, 
in particular, providing proper amount of concentrate 
feeds (P < 0.001), higher scraping frequency (P < 0.01), 
thicker bedding (P < 0.001), and having younger dairy 
cows (P = 0.058), were associated with a lower with-
in-herd prevalence of thin cows. While, more days on 
pasture increased the percentage of under-conditioned 
cows (P < 0.01). The inadequate hygienic conditions 
of the floor (P < 0.001), improper milking procedures 

(P < 0.05), and shorter dry period (P < 0.05) increased 
the clinical mastitis occurrence. Our results highlight-
ed the specific management practices responsible for 
increasing health risks and provided useful informa-
tion for the farmers and veterinarians to make preven-
tive and controlling strategies for lameness, leg inju-
ries, low body condition and mastitis on dairy farms.

Key words: Algeria; dairy cow; hock lesions; lame-
ness; management practice; mastitis

INTRODUCTION
 
Animal health is one of the daily concerns of breed-

ers. It has a direct impact on animal welfare, the working 
conditions of the farmers, and the technical and economic 
performance of farms. Mastitis and lameness are, respec-
tively, in the first and third positions of the most important 
diseases, reproductive disorders come in second position 
[17]. They account for nearly 37 % of the dairy unit’s 
health expenditure [17]. They are considered as the most 
important livestock related diseases with essential impact 
on the dairy farm’s performance: a drop in productivity, 
early culling, discarding milk during processing, and in-
creasing open days and low fertility, increasing veterinary 
costs, negative repercussions on working time and work-
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ing conditions, a shortfall in the price of milk; therefore, 
they represent half of the economic impact generated by 
herd diseases [13, 21, 22]. Moreover, these diseases appear 
as priority targets to reduce the use of antibiotics in dairy 
herds. The analysis of the incidence of the predisposing 
factors associated with these diseases; such as temporal, 
genetic, breeding practices and behavioural factors repre-
sents an important point of descriptive epidemiology of 
these diseases and they have been the subject of several 
recent studies [10, 34]. In addition, the dairy cattle body 
condition has significant implications on the health and 
performance of dairy cows. In contrast, inappropriate body 
condition score (BCS) has been associated with lameness 
[24], hypocalcaemia [38], low milk production, and fer-
tility [39, 40], whereas, negative energy balance is main-
ly due to nutrition deficiency. Guaranteeing farm perfor-
mance and animal welfare depends on better prevention of 
these diseases. There are many risk factors, but the living 
environment of dairy cows is a central element.

In the literature, vast information is available about the 
main health disorders affecting dairy cows. However, it re-
mains difficult for a farmer to control overall health in his 
herd because controlling one disease can exacerbate the 
situation with another. As a result, a global assessment of 
the health status is the best strategy for improving animal 
welfare, taking into account the major disorders. 

This present study was conducted to investigate the 
relationship of herd characteristics and management prac-
tices with the prevalence of clinical and severe lameness, 
hock and knee injuries, thin cows, and mastitis on dairy 
farms in eastern Algeria.

MATERIALS AND METHODS 

Farm selection and description 
This study was conducted on 107 Algerian dairy farms 

from Souk Ahras region, one of the best ranked dairy-pro-
ducing region in Algeria. The farms were visited once by 
the same assessor from October 2020 through March 2021. 

Two predominate types of climates in the study area: 
sub-humid in the north with an average annual precipita-
tion of 700 mm and semi-arid in the south with a precipita-
tion of 250 mm per year. Montbeliard cattle dominate the 
studied farms, with a mean herd size of 22 ± 13 (min = 7, 
max = 91). The cows were mainly kept in a tied housing 

system with a concrete floor, and 90.1 % of farms used 
straw for bedding as the amount was 0.3–3.8 kg per cow 
every day after removing the contaminated one. Dry 
cows were housed under the same conditions. Cows were 
milked two times a day. The average milk production was 
15.6 litres per cow per day, and most farms used the resting 
pen for milking purposes. Cows had 220 days of pasture 
access on average per year. Besides, they received green or 
hay fodder and were supplemented with a varied amount 
of commercial concentrate and a vitamin-mineral mixture, 
with a feeding frequency of 2‒3 times a day and a feeding 
interval of 7.6 h.

Dairy herd-related risk factors
Direct observation and interview with the farm manag-

er were carried out to collect information regarding herd 
characteristics, feeding practices, prevention against dis-
ease, milking procedures, and condition of the floor and 
livestock areas (Tables 1 and 2). 

Herd characteristics 
Milking herd size was obtained by interview with the 

farm manager. Information regarding lactation period 
length, dry period length and herd average parity were col-
lected from the data available in the records and through 
interview with the farmer. 

Feeding practices
Concentrate feed, pasture access, feeding method, and 

feeding frequency were collected through interview with 
the farm manager. Feeding method was characterised as 
balanced ration when the cows received calculated feed 
ration based on stage and number of lactation, estimated 
ration when dry cows received a reduced amount of con-
centrate without calculation, or standard ration when all 
animals fed the same ration regardless of their physiologi-
cal stages and their production.

 
Condition of the floor and livestock areas
Litter provision and cleaning frequency were collected 

through interview with the farm manager. Lying down and 
rising, floor regularity, floor slipperiness, light intensity, 
air quality, and sharp objects and obstacles were noted af-
ter direct observation. Cattle on each farm were observed 
when lying down and rising of their own volition; their 
behaviour was judged as unrestricted, mildly restricted or 
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Table 1. Descriptive statistics of quantitative risk factors involved in the studied dairy farms (n = 107)

Variable Mean ± SD Median 
(Q1‒Q2)

Herd characteristics

Herd size (HS; heads) 13 ± 9 11 (8‒15)

Lactation period length (LPL; days) 319.2 ± 35 314.8 (292.4‒334.6)

Dry period length (DPL; days) 59.6 ± 18.9 60.8 (45.6‒76)

Herd average parity (HAP; lactations’ number) 3.2 ± 1.2 3.1 (2.4‒3.8)

Feeding practices

Concentrate feed (CF; kg.cow–1.day–1) 6.8 ± 2.3 7 (5‒9)

Pasture access (PA; days) 226.6 ± 59.3 220 (180‒289)

Condition of the floor and livestock areas

Litter provision (LP; kg.cow–1.day–1) 1.6 ± 0.9 1.6 (1‒2.2)

Table 2. Descriptive statistics of qualitative breeding practice 
related risk factors involved in the studied dairy farms (n = 07)

Variable Category

Feeding practices

Feeding method (FM) Estimated ration; Standard ration; Balanced ration 

Feeding frequency (FF; time.day–1) 2; 3 

Prevention against disease

Main calving location (MCL) Isolated pen; Pasture; In barn with herd

Checking uterus involution(CUI) No; Occasional; Systematic

Frequency of hoof trims (FHT) Never; If necessary

Hoof trimming personnel (HTP) None; Dairy personnel; Professional

Vaccination (V) No; Yes

Deworming (D) No; Yes

Milking procedures

Teat preparation before milking (TPBM) Wet towel; Washing; Pre-dipping

Teat drying (TD) No; Collective towel; Individual towel

Subclinical mastitis screening (SMD) No; Yes

Condition of the floor and livestock areas

Cleaning frequency (CFr; time.day–1) 1; 2; > 2

Lying down and rising (LDR) Restricted; Mildly restricted; Unrestricted

Floor regularity (FR) Uneven; Plane

Floor slipperiness (FS) Not slippery; Slippery

Light intensity (LI) Weak; Sufficient; Good

Air quality and air flow (AQAF) Bad; Medium; Good air quality

Sharp objects and obstacles (SOO) No; Yes
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restricted depending on the ease with which animal can lie 
down and rise from a lying position. Light intensity was 
evaluated as weak, sufficient or good based on the lumi-
nosity in the facility. Moreover, air quality ranges from 
good to bad depends on the accumulation of gaseous efflu-
ents for example, ammonia and hydrogen sulphide.

Prevention against disease
Information regarding the main calving location, 

checking uterus involution, frequency of hoof trims, hoof 
trimming personnel, vaccination against diseases (FMD, 
rabies, anthrax) and deworming (anthelmintics) were re-
corded following interview with the farmer. 

Milking procedure
The method of teat preparation before milking (humid 

towel, washing, pre dipping), whether teat drying with 
collective towel, individual towel or not practiced, and if 
there was any subclinical mastitis screening were all re-
corded through interview with the farmer. 

Evaluation of cows
A total of 1210 cows were examined on 107 farms, of 

which 76 % were lactating and 24 % dry cows. On farms 
with more than 20 cows, at least 15 cows were selected at 
random, in farms with 13–20 cows, at least 10 cows were 
examined, and in farms with 12 or fewer cows all were 
selected.

The cows were evaluated for lameness, hock and knee 
injuries, body condition score (BCS) and clinical mastitis. 
The locomotion score proposed by Thomsen et al. [47] was 
noted on a 5-point scale with clinical lameness scores ≥ 3, 
and severe lameness scores ≥ 4. Hock and knee injuries 
were scored using a 4-point scale based on the tarsal and 
carpal joints condition [18]. Then, a cut-off score (≥ 2) was 
used to estimate the prevalence of cows with injuries with-
in and across herds. BCS was measured to all observed 
cows according to the system developed by  V a s s e u r 
et al. [49]. The scale ranges from 1 to 5 for very thin and 
very fat cows, respectively. The percentage of cows with 
BCS ≤ 2 was recorded as a cut-off score representing a thin 
cow. The clinical mastitis included three levels: severe, 
moderate and mild [36]. The three levels were evaluated 
according to the general health condition (fever, anorexia, 
or lethargy), signs of udder inflammation (swelling, heat, 
or hardness) and abnormal appearance of milk (watery, 

clots, or pus), respectively. All these cases were considered 
as clinical mastitis and were included in the calculation of 
the prevalence of this health issue per herd.

Statistical analysis 
All statistical analyses were performed by IBM SPSS 

version 26.0. Descriptive statistics were presented as 
means, standard deviation (SD) and medians with inter-
quartile range (IQR; 1st–3rd quartiles) for quantitative 
parameters and frequency and percentages for qualitative 
parameters. The farm was considered a sampling unit, 
with the outcomes of interest being the percentage of clin-
ically lame cows (3 ≤ score < 4), severely lame cows (≥ 4), 
percentage of cows with hock injuries (≥ 2), percentage 
of cows with knee injuries (≥ 2), percentage of cows that 
were thin (BCS ≤ 2), and percentage of clinical mastitis. 
Variables with less than 5 % per category were not con-
sidered for analysis. Multivariable analyses included six 
linear regression models that were constructed to evaluate 
influence of housing and management factors on health 
parameters. First, each predictor was screened by univar-
iable nonparametric analysis. Because several numerical 
health outcomes were not distributed normally accord-
ing to the Shapiro-Wilk test, the Spearman test was used 
in the case of quantitative independent variables and the 
Kruskal-Wallis and Mann-Whitney tests in the case of 
categorical variables. Factors with p < 0.2 in the screening 
were included in subsequent modelling.

Independent variables were also tested for multicollin-
earity. If two predictors were highly correlated (r > 0.65), 
the one with the strongest correlation with the dependent 
variable in the univariable analysis was selected. Then, 
a multivariable linear regression model was constructed 
for each outcome using Stepwise backward procedures. 
In the final models, only factors with a P-value < 0.1 were 
chosen. The normality distributions of the residuals were 
examined by the Kolmogorov-Smirnov test (P = 0.2).

RESULTS

Fig. 1 shows the mean proportion of affected animals 
by thin body condition score, lameness, hock and knees 
injuries and clinical mastitis within the 107 studied dairy 
herds. The results of the present survey allow us to rank 
the diseases from the most to the least incident as follows: 
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Fig. 1. Box-plots of the health outcomes in 107 dairy cattle herds from the eastern Algeria

Table 3. Results of univariable analysis for preselection of quantitative predictors 
in the multivariable regression models

Factors

P-value

Thin cows Hock injuries Knee injuries Clinical 
mastitis

Clinical 
lameness

Severe 
lameness

Herd characteristics

HS 0.493 < 0.001* < 0.001* 0.107* 0.003* 0.059*

LPL 0.002* – – 0.010* – –

DPL < 0.001* – – < 0.001* – –

HAP < 0.001* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

Feeding practices

CF < 0.001* < 0.001* 0.001* 0.001* 0.008* 0.002*

PA 0.006* < 0.001* < 0.001* < 0.001* < 0.001* < 0.001*

Condition of the floor and livestock areas

LP < 0.001* < 0.001* < 0.001* < 0.001* < 
0.001* < 0.001*

HS ‒ Herd size (heads); LPL ‒ Lactation period length (days); DPL ‒ dry period length (days); HAP ‒ herd average parity 
(lactations’ number); CF ‒ Concentrate feed (kg.cow–1.day–1); PA ‒ Pasture access (days); LP ‒ Litter provision (kg.cow–1.day–1) 

* – Factors included in subsequent multivariable analysis (P < 0.2). 

body condition (leanness), knee injuries, clinical lame-
ness, hock injuries, clinical mastitis, and severe lameness. 
The median of thin cows (BCS ≤ 2) was 32.1 % (Q1 = 13.4, 
Q2 = 51.9). The overall median proportion of lame cows 
was 25 % (Q1 = 12.5, Q2 = 33.3), of which 7.7 % (Q1 = 0, 
Q2 = 13.4) had severe lameness. The median prevalence of 

hock injuries was 16.7 % (Q1 = 11.4, Q2 = 25), and of knee 
injuries was 30 % (Q1 = 20.5, Q2 = 42.9). The median prev-
alence of clinical mastitis was 14.3 % (Q1 = 6.9, Q2 = 25).

Tables 3‒6 present univariable analysis for preselec-
tion of quantitative and qualitative risk factors in the mul-
tiple regression analysis.
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Table 4. Results of univariable analysis for preselection of qualitative predictors regarding feeding practices 
and milking procedures in the multivariable regression models

Risk factor
P-value

Thin cows Hock injuries Knee injuries Clinical 
mastitis

Clinical 
lameness

Severe 
lameness

 Feeding method
Estimated ration

0.003* – – – – –Standard ration
Balanced ration 

Feeding frequency 
2

< 0.001* 0.704 0.365 0.317 0.375 0.581
3

Teat preparation before milking
Wet towel

– – – < 0.001* – –Washing
Pre-dipping

Teat drying
No

– – – 0.001* – –Collective towel

Individual towel

Subclinical mastitis screening

No
– – – < 0.001* – –

Yes

* – Factors included in subsequent multivariable analysis (P < 0.2). 

Table 5. Results of univariable analysis for preselection of qualitative predictors regarding prevention 
against disease in the multivariable regression models

Risk factor
P-value

Thin cows Hock injuries Knee injuries Clinical 
mastitis

Clinical 
lameness

Severe 
lameness

Main calving location
In a calving pen

< 0.001* 0.020* 0.012* 0.002* 0.014* 0.009*At pasture
In barn with herd

Checking uterus involution
No

< 0.001* – – – – –Occasional
Systematic

Frequency of hoof trims
Never

– – – – 0.763 0.671
If necessary

Hoof trimming personnel
None

– – – – 0.306 0.198*Dairy personnel

Professional

Vaccination
No

0.044* – – – – –Yes
Deworming

No
0.937 – – – – –

Yes

* – Factors included in subsequent multivariable analysis (P < 0.2). 
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Table 6. Results of univariable analysis for preselection of qualitative predictors regarding condition 
of the floor and livestock areas in the multivariable regression models

Risk factor
P-value

Thin cows Hock injuries Knee injuries Clinical 
mastitis

Clinical 
lameness

Severe 
lameness

Cleaning frequency 

1

< 0.001* 0.009* < 0.001* < 0.001* < 0.001* < 0.001*2

>2

Lying down and rising

Restricted

0.038* 0.006* 0.036* 0.007* 0.044* 0.039*mildly restricted

unrestricted

Floor regularity

Uneven
– 0.015* 0.063* < 0.001* 0.043* 0.064*

Plane

Floor slipperiness

Not slippery
– < 0.001* < 0.001* – 0.018* 0.002*

Slippery

 Light intensity

Weak

– 0.001* 0.01* – 0.016* 0.015*Sufficient

Good

Air quality and air flow–

Bad

< 0.001* < 0.001* 0.011* < 0.001* < 0.001* < 0.001*Medium

Good air quality

Sharp objects and obstacles

No
– < 0.001* 0.004* < 0.001* < 0.001* < 0.001*

Yes

* – Factors included in subsequent multivariable analysis (P < 0.2). 
 

Lameness models
Among the 16 variables tested during the univariable 

step, 15 were retained in the multivariable model. Finally, 
8 variables were associated with lameness (Table 7). Other 
variables that were not meet the criteria but considered for 
inclusion in the model included frequency of hoof trims and 
hoof trimming personnel. Furthermore, herd-level factors 

associated with clinical lameness were lesser days of access 
to pasture (P < 0.001), lower frequency of floor cleaning 
(P < 0.01), lower daily liter quantity (P = 0.017), and concen-
trate feeds (P = 0.062). Hoof trimming performed by dairy 
personal was associated with more occurrence of lameness 
compared with that performed by professionals (P = 0.07). 
In addition, dairy farms with poor air quality (P < 0.001), 
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Table 7. Results of multivariable linear regression model regarding percentage 
of clinical lameness (R2 = 0.657, R2 adjusted = 0.625, F = 20.635; n = 107)

Model Estimate SE t P-value 

(Constant) 55.489 8.420 6.590 < 0.001

PA –0.128 0.019 –6.679 < 0.001*

LP –3.006 1.234 –2.435 0.017*

CF –1.037 0.549 –1.889 0.062*

HTP (reference: Professional)

Dairy personnel 3.846 2.097 1.834 0.070*

CFr (reference: >2)

1 8.979 2.943 3.051 0.003*

AQAF (reference: Good)

Bad 12.055 3.010 4.004 < 0.001*

Medium 5.015 2.379 2.109 0.038*

SOO (reference: None)

Yes 5.351 2.666 2.008 0.047*

FR (reference: Plane)

Uneven 5.204 2.627 1.981 0.050*

PA ‒ Pasture access (days); LP ‒ Litter provision (kg.cow–1.day–1); CF ‒ Concentrate feed (kg.cow–1.day–1); 
HTP ‒ Hoof trimming personnelCFr ‒ Cleaning frequency; AQAF ‒ Air quality and air flow; SOO ‒ Sharp objects and obstacles; FR ‒ Floor regularity

*– Herd-level factors significant at P < 0.1 that were retained in the final model

Table 8. Results of final multivariabl e linear regression model regarding percentage 
of severe lameness (R2 = 0.655, R2 adjusted = 0.619, F = 18.245; n = 107)

Model Estimate SE t P-value

(Constant) 9.882 6.156 1.605 0.112

PA –0.041 0.012 –3.323 < 0.001*

HAP 1.587 0.599 2.648 0.009*

CF –0.580 0.333 –1.739 0.085*

LP –2.541 0.740 –3.435 < 0.001*

MCL (reference: Isolated pen)

In barn with herd 2.579 1.180 2.186 0.031*

FR (reference: Plane)

Uneven 3.302 1.561 2.116 0.037*

CFr (reference: >2)

1 3.197 1.804 1.773 0.079*

AQAF (reference: Good)

Bad 2.878 1.499 1.920 0.058*

HTP (reference: Professional)

Dairy personnel 2.635 1.263 2.086 0.040*

SOO (reference: None)

Yes 6.710 1.601 4.190 < 0.001*

PA ‒ Pasture access (days); HAP ‒ Herd average parity (lactations’ number); CF ‒ Concentrate feed (kg.cow–1.day–1); LP ‒ Litter provision (kg.cow–1.day–1); 
MCL ‒ Main calving location; FR ‒ Floor regularity; CFr ‒ Cleaning frequency; AQAF ‒ Air quality and air flow; HTP ‒ Hoof trimming personnel; SOO ‒ Sharp 

objects and obstacles
*– Herd-level factors significant at P < 0.1 that were retained in the final model.
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uneven floor (P = 0.05), and sharp objects and obstacles 
(P = 0.047) were more likely to have a higher prevalence 
of severe lameness. From the 16 variables that met criteria 
in the univariable screening for severe lameness, 10 were 
retained in the final model (Table 8). Other variable that did 
not meet the criteria but was considered for inclusion in the 
model included frequency of hoof trims. Dairies with high 
average parity (P < 0.01), low access pasture (P < 0.01), 
amount of concentrate feeds (P = 0.085) and litter provision 
(P < 0.001), uneven floor (P = 0.037), improper scraping fre-
quency (P = 0.079), main calving location in barn with herd 
(P = 0.031), poor air quality (P = 0.058), hoof trimming by 
dairy personnel (P = 0.040), and sharp objects and obstacles 
(P < 0.001) were more likely to have a higher prevalence of 
severe lameness.

Hock and knee injury models
Fourteen variables were screened by univariable anal-

ysis for the prevalence of hock injuries, with 6 being re-
tained in the final multivariable model (Table 9). Hock 
injury was positively affected by parity (P < 0.001) and 
weak (P = 0.078) or medium light intensity in the cow-
shed (P < 0.032), however was negatively affected by herd 
size (P < 0.01), litter provision (P < 0.001), pasture access 
(P < 0.001), and concentrates amount (P = 0.017). Among 
the 14 variables introduced in the multivariable model for 
knee injuries, 7 were introduced in the final model (Ta-
ble 10). Knee injuries were positively associated with 
parity (P = 0.06), restricted lying down/rising movements 

(P = 0.091), bad air quality (P = 0.076), and scraping fre-
quency (P = 0.041) and were negatively associated with 
herd size (P < 0.001), litter provision (P < 0.001), and pas-
ture access (P < 0.001).

Thin cow models
A total of 16 explanatory variables were retained in 

the multivariable model of the prevalence of thin cows, 
of which seven were found to be associated with the out-
come (Table 11). The prevalence of thin cows was greater 
in farms with older cows (P = 0.058), more pasture access 
(P < 0.01), longer lactation period (P < 0.01), lower con-
centrates amount (P < 0.001), litter provision (P < 0.001), 
and scraping frequency (P < 0.01). Moreover, cows that 
received a balanced ration had lesser occurrence of being 
thin than others received estimated (P < 0.01) or standard 
ration (P < 0.01).

Mastitis models
Six factors showed the significance of the risk factor 

for mastitis likelihood where the percentage of mastitis in-
creased with fewer days of access to pasture (P < 0.001), 
lesser dry period (P = 0.019), and scraping frequency 
(P < 0.001). Other factors that showed the significance of 
the risk factor for mastitis occurrence were washing teat 
(P < 0.01) or using humid towel (P < 0.001) before milking 
compared with pre dipping and teat drying with a collec-
tive towel (P < 0.016) in comparison with individual towel 
(Table 12).

Table 9. Results of Final multivariable linear regression model regarding percentage 
of hock injuries (R2 = 0.671, R2 adjusted = 0.648, F = 28.816; n = 107)

Model Estimate SE t P-value

(Constant) 42.821 5.594 7.655 < 0.001

HS –0.208 0.073 –2.867 0.005*

HAP 2.338 0.648 3.610 < 0.001*

PA –0.085 0.012 –7.201 < 0.001*

CF –0.876 0.360 –2.435 0.017*

LP –3.015 0.800 –3.770 < 0.001*

LI (reference: Good )

Weak 3.819 2.142 1.783 0.078*

Sufficient 3.177 1.457 2.181 0.032*

HS ‒ Herd size (heads); HAP ‒ Herd average parity (lactations’ number); PA ‒ Pasture access (days); 
CF ‒ Concentrate feed (kg.cow–1.day–1); LP ‒ Litter provision (kg.cow–1.day–1); LI ‒ Light intensity

*– Herd-level factors significant at P < 0.1 that were retained in the final model
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Table 10. Results of final multivariable linear regression model regarding percentage 
of knees injuries (R2 = 0.621, R2 adjusted = 0.594, F = 23.162; n = 10 

Model Estimate SE t P-value

(Constant) 64.465 6.437 10.014 < 0.001

HS –0.462 0.119 –3.878 < 0.001*

PA –0.101 0.017 –5.832 < 0.001*

HAP 1.934 1.018 1.900 0.060*

CF -7.557 1.177 -6.420 < 0.001*

LDR (reference: unrestricted)

Restricted 4.459 2.615 1.705 0.091*

CFr (reference: >2)

1 6.408 3.087 2.076 0.041*

AQAF (reference: Good)

Bad 3.811 2.123 1.795 0.076* 

HS ‒ Herd size (heads); PA ‒ Pasture access (days); HAP ‒ Herd average parity (lactations’ number); 
CF ‒ Concentrate feed (kg.cow–1.day–1); LDR ‒ Lying down and rising; CFr ‒ Cleaning frequency; AQAF ‒ Air quality and air flow.

*Herd-level factors significant at P < 0.1 that were retained in the final model

Table 11. Results of final multivariable linear regression model regarding percentage 
of thin cows (R2 = 0.706, R2 adjusted = 0.682, F = 29.184; n = 107)

Model Estimate SE t P-value

(Constant) 44.330 19.190 2.310 0.023

LPL 0.118 0.044 2.669 0.009*

PA 0.076 0.028 2.699 0.008*

HAP 2.954 1.538 1.920 0.058*

CF –6.574 0.853 –7.706 < 0.001*

LP –7.444 1.814 –4.103 < 0.001*

FM (reference: Balanced ration)

Estimated ration –18.895 6.825 –2.769 0.007*

Standard ration –23.757 7.754 –3.064 0.003*

CFr (reference: >2)

1 12.506 4.458 2.805 0.006*

LPL ‒ Lactation period length (days); PA ‒ Pasture access (days); HAP ‒ Herd average parity (lactations’ number); 
CF ‒ Concentrate feed (kg.cow–1.day–1); LP ‒ Litter provision (kg.cow–1.day–1); FM ‒ Feeding method; CFr ‒ Cleaning frequency

* – Herd-level factors significant at P < 0.1 that were retained in the final model
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DISCUSSION

The current study was performed to explore poten-
tial associations between animal-based health indicators 
(lameness, BCS, legs injuries, and mastitis) and farm 
characteristics regarding herd, housing, and management 
practices.

Lameness
Lameness is widely reported as one of the important 

welfare impairments facing the dairy cow, with several 
housing characteristics and management practices influ-
encing the prevalence of lameness. Pasture was negative-
ly associated with the prevalence of clinical and severe 
lameness on Algerian dairy farms. The benefits of pasture 
for hoof health and mobility have been shown in several 
studies, as cows in pasture-based systems had less dirty 
hind limbs and demonstrated lower lameness compared 
to those in zero-grazing systems [1, 25]. Furthermore, the 
daily amount of litter was found to be negatively related to 
the prevalence of lameness. It must be thermally insulated 
from the ground, cushioned, and keep the bedding area dry 

to avoid excessive bacterial development [45, 51]. Factors 
such as poor bedding and abrasive floors reduced lying 
time [48], increased the risk of hoof horn lesions [20], and 
lameness in dairy cows [15]. Furthermore, a higher herd 
average parity was associated with severe lameness. Previ-
ous reports supported this result [12, 42] with a particular 
result from  D i p p e l  et al. [12], suggesting that heifers 
showed lesser lameness than older cows. As expected, less 
scraping frequency was a potential risk factor for lame-
ness, which was confirmed by another study [28]. Floor 
dirtiness exposes legs to contamination by manure and 
promotes softening of hoofs and bacterial transmission 
[34, 37]. However, having a hygienic condition reduces 
the occurrence of digital infection and lameness [9, 37]. In 
contrast, the current study found that farms where hooves 
are trimmed by dairy personnel have more lame cows than 
farms where hooves are trimmed by professional. Prop-
er hoof trimming prevents the appearance of overgrown 
hoof, improves even postures, and straightens the limbs 
[16, 43]. In addition, it is very important to check the floor 
condition in order to highlight any protruding and irregular 
parts that could injure the animal’s hooves [16, 34]. 

Table 12. Results of final multivariable linear regression model regarding percentage 
of mastitis (R2 = 0.58, R2 adjusted = 0.546, F = 16.936; n = 107)

Model Estimate SE t P-value

(Constant) 26.533 4.759 5.575 < 0.001

DPL -0.105 0.044 -2.378 0.019*

PA -0.090 0.014 -6.390 < 0.001*

TPBM (reference: Pre-dipping)

Wet towel 10.051 2.464 4.080 < 0.001*

Washing 6.898 2.238 3.082 0.003*

TD (reference: Individual towel)

Collective towel 4.921 2.000 2.461 0.016*

CFr (reference: >2)

1 12.480 2.806 4.448 < 0.001*

2 7.328 1.942 3.773 < 0.001*

AQAF (reference: Good)

Bad 4.059 1.872 2.168 0.033*

DPL ‒ Dry period length (days); PA ‒ Pasture access (days); TPBM ‒ Teat preparation before milking; 
TD ‒ Teat drying; CFr ‒ Cleaning frequency; AQAF ‒ Air quality and air flow

* – Herd-level factors significant at P < 0.1 that were retained in the final model
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Providing a lower amount of concentrates was associ-
ated with a higher prevalence of severe lameness. Moreo-
ver, nutrition deficiency increased the possibility of poor 
body condition in the studied cows. According to many 
authors, dropped BCS was a factor causing lameness [19, 
29]. Leaner cows have lesser fat thickness of digital cush-
ion, which is associated with reduced protective function 
as a shock absorber and therefore increased the hoof lesion 
and lameness [6, 35]. 

One of the strongest associations occurred with the 
calving location. A lower proportion of severely lame 
cows were on farms where cows calved in a separate pen 
compared with farms where cows calved in the main pen 
with the herd. According to OIE [51], calving areas should 
be thoroughly cleaned and covered with fresh bedding be-
fore each calving. Alternatively, we can assume that farm-
ers who have better care for their cows use a calving pen 
when they are about to calve, and the association with the 
proportion of lame cows could come from these manage-
ment practices. Among the risk indicators, good air quality 
decreased the percentage of lame cows. Ventilation serves 
the purpose of renewing the ambient air in order to evac-
uate the gases and humidity present in the building and to 
partially regulate the interior temperature, however, with 
poor ventilation, litters are always humid and often dif-
ficult to keep clean, which promotes the proliferation of 
pathogens on the bedding [33].

Hock and knee injuries
Herein, the prevalence of knee injuries was higher than 

hock injuries, which may be explained by the lying behav-
ior of cows, where both knees are in contact with the floor 
at the same time, whereas cows have to put their hocks 
alternately on the floor, thus, decreasing the pressure on 
their tarsal joints. Common risk factors for both hock and 
knee lesions were herd size, access to pasture, amount of 
bedding, and herd average parity. Risk factors that differed 
for skin lesions on the hock and the knee were the amount 
of concentrates, light intensity, lying down/rising behav-
iours, scraping frequency, and air quality. Farms that al-
lowed cow grazing had a lesser prevalence of hock lesions 
than farms with a zero grazing system [1]. During longer 
periods in housing, cows are more likely to come into con-
tact with barn objects, therefore, they are in greater danger 
of injuries. According to  H e y e r h o f f  et al. [23] and 
K e s t e r  et al. [26], lack of bedding and abrasive sur-

faces are strongly related to hock and knee lesions, which 
indicate that thick bedding prevents cattle from serious 
integument damage. Furthermore, several authors showed 
that the prevalence of hock lesions increased with age and 
parity [27, 41], whereas others found no association [3].

In the literature, poor nutrition can lead to a deficit of 
minerals and other essential elements for tissue recovery, 
causing swelling and eventual necrosis [4]. On the other 
hand, thin cows have less fat and thin protective tissues, 
so they are at greater risk of wounds in the joint areas, 
especially while lying down on hard floors [29]. Cattle in 
housing which do not have adequate access to natural light 
must be provided with additional lighting that follows 
the natural periodicity and adequate for their well-being. 
Access to surrounding areas should be well lighted [51], 
because the walkways and alleys often contain foreign ma-
terials and sharp objects that may induce traumatic lesions 
[7]. Moreover, all cattle in a pen must have enough space 
to simultaneously lie down and rest [51]. Restricted space 
allowances in the resting areas and around the feed bunk 
possibly promote agonistic behaviours; therefore, these 
conditions promote slips and falls as a result of rapidly 
moving to avoid dominant cows. Also, the frequency of 
scraping has a strong impact on the cleanliness of alleys, 
stalls, and cows [31]. Meanwhile, a dirty environment 
weakens the protective effect of the skin by promoting its 
maceration and the development of bacteria.

Thin cows 
We observed an increase in thin cow prevalence as 

the days in pasture increased.  M e e  and  B o y l e  [32] 
observed that an insufficient grass allowance at pasture 
may be a risk for negative energy balance and weight loss. 
Throughout pasture season, cows may need additional nu-
trition indoors to balance their diet [14]. At the herd level, 
feeding deficiency increased the likelihood of poor body 
condition in the studied farms.  D e s R o c h e s  [11] ob-
served that low values of BCS (< 2.5) indicate that dietary 
supplies don’t fulfil energy needs.

A lower amount of bedding was significantly linked 
to a higher proportion of cows with poor body condition. 
T u c k e r  et al. [48] demonstrated that a lack of straw 
bedding and discomfort during rest reduced lying times, 
which may have an effect on BCS [5, 50]. Dairy farms 
that used balanced rations had fewer thin cows than those 
on which the farmer used estimated or standard rations 
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because balanced rations supply the proper amount and 
proportions of nutrients during different stages of lactation 
and gestation. OIE [51] reported that cattle must have ac-
cess to a balanced feed ration, quantitatively and qualita-
tively adapted and in accordance with their physiological 
needs.

Mastitis 
In the present study, mastitis in Algerian animals is be-

lieved to be associated with some of the herd character-
istics and management practices, including the length of 
the dry period, number of days in pasture, teat preparation 
before milking, teat drying, scraping frequency, and ven-
tilation. C o l l i e r  et al. [8] reported that shortening or 
omitting the dry period possibly influence the mammary 
health and promote the occurrence of mastitis. Further-
more, intramammary infections are considerably increased 
during late gestation in continuously milked cows [2]. In-
terestingly, the mastitis percentage was lower in “young-
er herds,” i.e. herds with a lower average parity. Aged or 
multiparous animals are more vulnerable to a variety of 
diseases, including mastitis [46]. Pasture access for cows 
was negatively associated with the prevalence of clinical 
mastitis. Lesser grazing has been linked with poor hygiene 
conditions in cows [25, 37], as well,  S c h r e i n e r and 
R u e g g  [44] recorded a significant association between 
udder dirtiness and the probability of intramammary in-
fection. Our findings on the effect of scraping frequency 
on udder health back up previous findings that increased 
scraping frequency reduced mastitis pathogen contami-
nation [30]. In the farms where teat preparation included 
pre-dipping, the prevalence of mastitis was lower when 
compared to the other farms using humid towels. Besides, 
teat drying with individual towels would reduce the per-
centage of mastitis compared to collective towels. Ade-
quate sanitation of milking practices and proper attention 
to mammary gland hygiene are important measures that 
should be respected to prevent udder infection.

CONCLUSIONS

This study’s findings highlight common factors for 
health outcomes in particular; parity, litter amount, and 
cleaning frequency were commonly associated with lame-
ness, hock and knee injuries, thin cows, and mastitis in 

Algerian dairy farms. Furthermore, grazing reduced lame-
ness, tarsal and carpal joint lesions, whereas increased pas-
ture access had a negative impact on cow body condition. 
The hygienic conditions, in particular during milking, the 
floor condition and the livestock areas showed a signifi-
cant impact on the occurrence of clinical mastitis. Also, 
the results of the study showed a lower percentage of cows 
with hock and knee joint injuries on the farms that used 
thicker straw bedding. Finally, these findings can be used 
to obtain improvements in dairy cattle health through im-
proving husbandry and management practices and elimi-
nating the potential sources of lameness, integument dam-
age, and intramammary infections.
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ABSTRACT

Tick-borne Spotted Fever Group Rickettsioses 
(SFGR) is a serious disease reported in low income 
communities of many developed countries. The dearth 
of information on the existence of SFGR in most de-
veloping countries particularly in Sub Saharan Africa 
(SSA) including Nigeria, has been attributed to many 
factors chiefly amongst which are; poor knowledge 
of the disease, limitation of diagnostic capacity, lead-
ing to misdiagnosis and under reporting of some infec-
tious zoonotic diseases such as SFGR. The aim of this 
study was to evaluate the pastoralists (livestock farm-
ers) and animal health workers’ knowledge, attitudes 
and perceptions/practices towards ticks and tick-borne 
SFGR affecting livestock in 3 Local Government Areas 
(LGA): i.e., in Plateau State, Nigeria and including Jos 
the Capital City of the State. A total of 141 semi-struc-
tured questionnaires were administered to respondents 
including 90 pastoralists and 51 health workers from 
different veterinary clinics. Interestingly, the pasto-
ralists expressed no knowledge about SFGR, although 
61.36 % reported a history of tick infestation. Among 
the animal health workers, about 76.47 % expressed 

some knowledge about the disease, but lacked knowl-
edge of the diagnosis of the disease. The findings indi-
cate that there was the need for an increase awareness 
on SFGR and its predisposing factors among relevant 
stakeholders in the Plateau State, Nigeria.

Key words: animal health workers; Nigeria; pasto-
ralists; plateau; SFGR; tick-borne 

INTRODUCTION

Tick-borne rickettsioses are zoonotic infections caused 
by obligate intracellular bacteria of the genus Rickettsia. 
The infections are endemic in many African countries and 
represent a public health challenge [38]. Members of the 
genus Rickettsia can be classified into four phylogenet-
ic groups for which Spotted Fever Group Rickettsioses 
(SFGR) is one of them [24]. 

Ixodid ticks are the main vectors and reservoirs of the 
SFGR and they transmit the infections to domestic animals, 
wild life and humans [32, 35]. Rickettsioses are considered 
zoonotic diseases because they are transmissible from an-
imal to humans and are considered vector-borne zoonoses 
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because they are transmitted by the bite of various arthro-
pods including ticks, lice, fleas and mites [8]. Also, rick-
ettsioses have been viewed as emerging and re-emerging 
diseases with an almost worldwide distribution [23, 36]. 
Ungulates play a very important role as the primary hosts 
for the ticks while humans are accidental and dead-end 
hosts [6]. Rickettsia is a large genus encompassing at least 
30 recognized species of which 19 are considered to be 
human pathogens [2, 24]. In some African countries, such 
as South Africa, four tick-borne SFG Rickettsia species 
have been implicated as the cause of human diseases, in-
cluding R. africae which causes African Tick Borne Fever 
(ATBF), R. conorii which causes the Mediterranean Spot-
ted Fever (MSF), R. aeschlimannii which causes innomi-
nate rickettsioses, and R. sibirica subsp. Mongolitimonae, 
which causes lymphangitis-associated rickettsiosis (LAR) 
[22, 28, 31]. In Nigeria, though, some of these zoonotic 
SFG Rickettsiae species (R. africae, R. aeschlimannii, 
R. conorii subsp. israelensis and R. massilliae) had been 
reported [12, 13, 18, 19, 20, 26, 27, 33] in ixodid ticks 
collected from animal hosts and vegetation, there hasn’t 
been any record of Rickettsia species in humans. Gener-
ally, the information about the circulation and distribution 
of rickettsiae-infected tick species in Nigeria is scarce and 
fragmented.

Most people are exposed to ticks and tick-borne rick-
ettsioses during occupational and recreational activities in 
rural areas, and the epidemiology of each tick-borne rick-
ettsial disease is reflected by the geographic distribution 
and seasonal activity of the tick vectors [7, 15]. In Nigeria, 
the extensive or semi-intensive practice of the production 
system by livestock farmers, in which the animals are al-
lowed to roam freely and fend for themselves occasionally, 
depending on the season, exposes the animals to tick infes-
tation and tick-borne pathogens such as SFG rickettsioses. 

SFG rickettsioses are considered second only to malaria 
and they also play an important role in public health as the 
most commonly diagnosed diseases in travellers returning 
from sub-Saharan Africa with systemic febrile illness [9, 
11]. Common symptoms of SFG rickettsioses in humans 
may include fever, headache, intense myalgia, skin rash, 
occasional eschar formation at the site of the tick bite, with 
the capability of deadly consequence in acute cases if they 
are not treated [3, 29, 30, 39]. The early treatment of rick-
ettsial infections can prevent complications from exacer-
bating, reduce the risk of dying, and shorten the recovery 

time. The use of antibiotics such as doxycycline (preferred) 
or chloramphenicol in the early treatment of rickettsial in-
fections have been reported to be effective [10]. 

In spite of the abundance and wide distribution of the 
tick vectors, there is insufficient or scarcity of epidemio-
logical information, limited diagnostic capacity, and poor 
knowledge of the SFG rickettsioses in rural communities 
of sub-Saharan Africa [29]. This could be attributed to the 
fact that most tropical rickettsioses are often misdiagnosed 
as malaria, typhoid or acute febrile diseases.

Domestic animals such as dogs, cats, goats and sheep 
can serve as important hosts of SFGR infections to humans 
due to their close relationship and associated activities 
with humans [28]. 

Despite the vast epidemiological and predisposing 
reported factors of SFGR, there is no available literature 
on the pastoralists/livestock farmers’ and health workers’ 
knowledge, attitudes and practices on ticks and tick-borne 
SFG rickettsioses in Nigeria. This study, therefore, sought 
to examine socio-demographic characteristics, knowledge, 
attitudes and practices of pastoralists (livestock farmers) 
and animal health workers towards SFGR and its vector 
ticks in Plateau State, North Central Nigeria. 

MATERIALS AND METHODS

Ethical clearance 
Approval for this study was granted by the Animal Use 

and Care Committee (AUCC), National Veterinary Re-
search Institute (NVRI), Vom, Plateau State, Nigeria, No. 
AEC/02/62/18.

Consent was sought from pastoralists/livestock farm-
ers before interviews using a language of their choice and 
alongside, animals were sampled for ticks after obtaining 
verbal consent from them. In the same vein, verbal consent 
was also sought from the veterinary personnel in the veter-
inary clinics before the interviews. They were all assured 
of the confidentiality of the information provided during 
the interviews. 

Study area 
The study was carried out in three Local Government 

Areas (LGAs) ‒ Jos-South, Kanke, and Shendam, of Pla-
teau State, Nigeria. Randomized sampling through ballot-
ing was used to determine the study areas. 
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Plateau State (9°00′–10°30′ N and Latitude 8°30′–
09°30′ E) with an estimated population of about 5.5 mil-
lion inhabitants, occupies an area of approximately 
26,899 km2 in the central part of Nigeria [1, 17]. Although 
they are situated in the tropical zone, a higher altitude of 
about 1238 m above sea level, means that Plateau State 
has a near temperate climate with temperature of between 
13 and 22 °C. The mean annual rainfall varies between 
131.75 cm (52 in.) in the southern part to 146 cm (57 in.) 
on the Plateau. The study was carried out in three LGAs 
representing the three Senatorial Districts of Plateau State, 
Nigeria, and including Jos the capital city of the state 
(Fig. 1). The different major languages spoken in these 
LGAs include the following: Jos-South (Berom), Kanke 
(Ngas, Myet, Boghom, Taroh and Badawa) and Shendam 
(Geomai).

Study design
The questionnaire was administered to two groups of 

people, the livestock farmers, and the health workers (vet-
erinary personnel). The interviews were conducted on the 
livestock farmers in three LGAs, Jos-South, Kanke and 
Shendam representing the three Senatorial districts of Pla-
teau State, including Jos capital city where big and estab-
lished veterinary clinics are located in the state. 

A total of one hundred and forty-one (141) semi-struc-
tured questionnaires were administered to respondents 

including 90 livestock farmers, 30 each from the three 
LGAs, and fifty-one (51) veterinary personnel from differ-
ent veterinary clinics which include; National Veterinary 
Research Institute, Vom Clinic, ECWA Veterinary clinic, 
Bukuru, University of Jos Veterinary Teaching Hospital, 
Jos and MAAS Private Veterinary clinic, Jos. 

Data collection
The administration of the semi-structured question-

naire was done with the help of research assistants who 
understand the local dialects of the livestock farmers for 
easy translation for those not conversant with the English 
language. The veterinary clinics’ data collection com-
menced immediately after that of the livestock farmers’ 
and all these were carried out between September and De-
cember, 2018. 

The questionnaire focused on specific issues for each 
group of respondents. For the livestock farmers (pastoral-
ists) these included; socio-demographic characteristics, 
knowledge of tick infestations and likely diseases trans-
mitted/caused in livestock and man, diseases of impor-
tance shared with the livestock, zoonotic diseases includ-
ing tick-borne especially SFG rickettsioses and their clin-
ical manifestations (symptoms) and preventive measures 
taken against zoonotic infections. For the veterinary per-
sonnel, they included: socio-demographic characteristics, 
the types of animals received in the clinics, zoonotic tick-
borne diseases found in the animals received, knowledge 
of SFG rickettsioses, clinical signs and animals diagnosed 
of SFG rickettsioses, drugs of choice, and laboratory diag-
nostic methods for SFGR.

Data Analysis
The data generated from the respondents were analysed 

using Epi-Info 2000 Software version 3.3.2, Excel spread-
sheet (Microsoft Inc.) and SPSS version 25.0 (PASW 
Inc.). Percentages were calculated as the ratio between the 
pastoralists’/animal health workers’ response to the inter-
views and the total number of pastoralists/animal health 
workers interviewed. The percentage of each response was 
calculated separately and presented in Tables. The associ-
ations of perception/practice with demographic variables 
were tested using Chi-square statistic. Values of P ≤ 0.05 
were considered significant.

Fig.1. Map of Nigeria showing the study areas in Plateau State

Kanke

Jos-South

Shenda,
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RESULTS 

Pastoralists 
Socio-demographic information
Of the 90 pastoralists interviewed, 30 were from each 

LGA which include Jos South, Kanke, and Shendam.
Most of the respondents across the three LGAs were 

males with 81(90.0 %) while females were 9 (10.0 %). Also, 
the data show that most of the household heads were men 
with 77.7 % (70/90). Overall, across the three study areas, 
the largest group with 30/90 (33.33 %) of the respondents 

were aged 51‒60, followed by ages 41‒50 having 22/90 
(24.44 %), while the least were those of ages less than 20 
(1.11 %). The highest level of education attended by the 
respondents was secondary school with 39/90 (43.33 %), 
followed by primary school 33/90 (36.67 %) and the least 
were tertiary school level 9/90 (10.00 %). About 10.00 % 
had no formal education (Table 1).

Major livestock kept by the respondents in the study 
areas were sheep, goats and cattle. Of which, out of 
90 households 76/90 (84.44 %) kept goats, 54/90 (60 %) 
kept sheep and 22/90 (24.44 %) kept cattle. In respect of 

Frequency Percent 
[%]

Sex of respondents

Female 9 10.00

Male 81 90.00

Total 90 100.00

Position of respondents in household

Head 70 77.78

Spouse 8 8.89

Son 11 12.22

Daughter 1 1.11

Total 90 100.00

Age of respondents

< 20 1 1.11

21‒30 9 10.00

31‒40 19 21.11

41‒50 22 24.44

51‒60 30 33.33

> 60 9 10.00

Total 90 100.00

Educational qualification

None 9 10.00

Primary 33 36.67

Secondary 39 43.33

Tertiary 9 10.00

Total 90 100.00

Frequency Percent 
[%]

Types of livestock kept

Goats

Yes 76 84.44

No 14 15.56

Total 90 100.00

Sheep

Yes 54 60.00

No 36 40.00

Total 90 100.00

Cattle

Yes 22 24.44

No 68 75.56

Total 90 100.00

Types of livestock kept in respect of LGA

LGA/Goats

Jos South 170 24.25

Kanke 275 39.23

Shendam 256 36.52

Total 701 100.00

Sheep

Jos South 115 24.31

Kanke 132 27.91

Shendam 226 47.78

Total 473 100.00

Cattle

Jos South 67 33.67

Kanke 57 28.64

Shendam 75 37.69

Total 199 100.00

LGA ‒ Local Government Area

Table 1. Pastoralists: Socio-demographic information
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LGAs, goats were kept more by households in Kanke with 
275 (39.32 %), followed by Shendam 256 (36.23 %) while 
Jos South was the least with 170 (24.25 %). However, in 
Shendam LGA, sheep and cattle were found to be kept 
more by households than in Jos-South and Kanke, with 
sheep recording 226 (47.78 %) and cattle 75 (37.69 %), 
respectively (Table 1). Apart from sheep and goats, other 
livestock kept included rabbits, chickens, dogs, pigs, cats 
etc. by much proportion of the households except dogs that 
were kept by almost all the households especially in Kanke 
LGA, where dog meat is also used as their special delicacy. 

Of the 90 respondents, 54 (61.36 %) accepted that their 
animals were affected by ticks, while 34 (38.64 %) didn’t 
accept. Out of the 54 (61.36 %) who accepted 12 (22.22 %) 
were from Jos south, while 21 (38.89 %) were from Kanke 
and Shendam each.

The respondents who were aware about tick-borne 
zoonotic diseases were few 27 (33.75 %). They however 
listed diseases such as babesiosis, anaplasmosis, and even 
trypanosomosis that is not a tick-borne disease. In respect 
of LGA, 5 (18.52 %) were from Jos South, 10 (37.04 %), 
while Kanke and Shendam recorded the highest with 
12 (44.44 %).

Less than 50 % of the respondents 32 (39.51 %) across 
the three study areas admitted that they had been bitten by 
ticks. For example, seven (21.88 %) were from Jos South, 
8 (25.00 %) from Shendam, and the highest 17 (53.13 %) 
were from Kanke who admitted having been bitten by 
ticks. In addition, some revealed having been discomfort-
ed or felt itchy upon the bite by ticks.

Interestingly, out of the 90 respondents, across all the 
three LGAs, none had knowledge of the disease SFG rick-
ettsiosis in livestock or humans (Table 2).

Some practices by pastoralists were identified as po-
tential risk factors that can predispose them to SFG rickett-
sioses. These included: (i) sharing living accommodations 
with livestock by most households which can potentially 
facilitate transmission of diseases through tick bites; (ii) 
Self-treatment of livestock by most pastoralists due to lim-
ited or absence of veterinary facilities in the study areas 
(iii); keeping of dogs which have been reported around the 
world as the potential carriers of SFGR by almost all the 
households, etc. 

The respondents were asked of the possibility of trans-
mitting livestock diseases to humans through sharing of 
the same household with livestock. Out of the 33 that re-

Table 2. Respondents’ knowledge, attitudes and practices/perceptions 

on ticks, tick-borne diseases (TBDs) and spotted fever group 
rickettsioses (SFGR)

Frequency Percent 
[%]

Are your animals infested by ticks ?

Yes 54 61.36

No 34 38.64

Total 88 100.00

LGA

Jos South 12 22.22

Kanke 21 38.89

Shendam 21 38.89

Total 54 100.00

Are you aware of disease that ticks can transmit to livestock ?

Yes 27 33.75

No 53 66.25

Total 80 100.00

LGA

Jos South 5 18.52

Kanke 10 37.04

Shendam 12 44.44

Total 27 100.00

Are there times when you are bitten by ticks ?

Yes 32 39.51

No 49 60.49

Total 81 100.00

LGA

Jos South 7 21.88

Kanke 17 53.13

Shendam 8 25.00

Total 32 100.00

Have you heard of the disease called Rickettsiosis?

No 90 100.00

Total 90 100.00

LGA ‒ Local Government Area



83

sponded, 18/33 (54.55 %) agreed that sharing the same 
house with livestock can transmit livestock diseases to 
humans while 15/33 (45.45 %) disagreed. The practice or 
perception of the respondents in seeking medical attention 
after observing some seemingly symptoms and signs of 
rickettsioses was not encouraging. Out of 26 that respond-
ed only 3 (11.54 %) sought medical attention while the re-
maining 23 didn’t seek medical attention. These 3 were 
from Jos South (2) and Kanke (1). The respondents were 
further asked if they ever considered taking measures to 
prevent tick bites on themselves (pastoralists). Out of 46 
that responded 21 (45.65 %) accepted taking measures to 
prevent tick bites while 25 (54.35 %) had no consideration 
for that. On the other hand, some respondents also consid-
ered taking measures to prevent tick bites against their ani-
mals. Out of the 44 that responded, 29 (65.91 %) expressed 
taking measures to prevent tick bites against their animals 
while the remaining 15 (34.09 %) did not. 

Though, there was no statistically significant associ-
ation between educational qualifications and responses 
(P > 0.05), those with higher educational qualification were 
more likely to consider taking steps to reduce tick infesta-
tion in their farms (Fig. 2) 

Animal health workers (professionals)
Socio-demographic information
The semi structured questionnaire was administered to 

animal health workers in different clinics at different loca-
tions in the Plateau state. The clinics visited included the 
following: NVRI, Vom, Veterinary clinics, ECWA Veteri-
nary clinics, Bukuru, Veterinary teaching hospital (VTH), 
Polo, Jos and MAAS Veterinary clinics, Jos.

Of the 51 health workers interviewed, 34 (66.67 %) 
were males while 17 (33.33 %) were females. Also, out 
of the 51 respondents, VTH had the highest number of 
respondents with 31 (60.78 %), followed by NVRI, Vom 
Veterinary clinics with 11 (21.57 %), ECWA Veterinary 
clinics 7 (13.73 %) and the least was MAAS Veterinary 
clinics with 2 (3.92 %).

Out of the 51 respondents interviewed, the majority of 
the workers responded were within the age range of 31‒40 
with 26/51 (50.98 %), followed by the age range of 41‒50 
with 11/51 (21.57 %) while the age range less than 20 had 
no respondent. Out of 51 respondents, 17 (33.33 %) were 
veterinary doctors, followed by technologists 16 (31.37 %), 
technicians 11 (21.57 %), animal health officers 4 (7.84 %), 
scientists 2 (3.92 %) and others with 1 (1.96 %).

Forty-nine out of 50 (98.60 %) that responded said they 
encounter tick infestations on animals they receive, while 
only 1/50 (1.4 %) respondent said no. From their responses 
44/50 (88.0 %) listed dog as the most commonly infested 
animal with ticks followed by sheep and goats with 2/50 
(4 %) each, and birds and geese the least with 1/50 (2.0 %) 
each too. Out of the 51 respondents, 50/51 (98.04 %) were 
aware of diseases that ticks transmit to animals (as they 
mentioned the diseases such as babesiosis, anaplasmosis, 
ehrlichiosis, borreliosis, etc.) while only 1/51(1.96 %) was 
not aware. About 86.00 % (43/50) of the respondents said 
that some of the listed diseases cause itching or discom-
fort to animals, while only 14 % (7/50) answered no. At 
least more than half 76.47 % (39/51) of the respondents 
had knowledge of rickettsiosis while 23.53 % (12/50) had 
no information about it. Unfortunately, knowledge of that 
disease is not enough as almost all didn’t know the diag-

Fig. 2. Educational level and animal tick control practices
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nostic methods of it except one out of 38 (2.63 %) that 
listed Enzyme Linked Immunosorbent Assays (ELISA). 
Furthermore, none of the respondents had come across the 
disease on the animals and let alone finding it necessary to 
confirm this disease in animals.

Comparing the responses between the pastoralists 
(livestock farmers) and animal health workers (profession-
als), however indicates that the professionals were much 
more aware of rickettsioses than the farmers (Fig. 3). 
There is statistically significant relationship between the 
two groups (P ≤ 0.05) (Table 5). 

Table 4. Knowledge, attitudes and practices on ticks, 
tick-borne diseases (TBDs) and spotted fever group rickettsioses 

(SFGR)

Frequency Percent 
[%]

Do you encounter tick infestations on animals received ?

Yes 49 98.00

No 1 2.00

Total 50 100.00

If yes, which animal is most commonly infested ?

Birds 1 2.00

Dogs 44 88.00

Geese 1 2.00

Goats 2 4.00

Sheep 2 4.00

Total 50 100.00

Are you aware of any disease(s) that ticks can transmit to animals ?

Yes 50 98.04

No 1 1.96

Total 51 100.00

Does any of the diseases listed cause itching/discomfort to animals ?

Yes 43 86.00

No 7 14.00

Total 50 100.00

Have you heard of the disease called rickettsiosis ?

Yes 39 76.47

No 12 23.53

Total 51 100.00

Table 3. Socio-demographic data of animal health workers

Frequency Percent 
[%]

Sex of respondents

Female 17 33.33

Male 34 66.67

Total 51 100.00

Clinic/Hospital

ECWA Vet 7 13.73

MAAS Vet 2 3.92

VOM Vet 11 21.57

VTH Polo 31 60.78

Total 51 100.00

Age of respondents

≤ 20 0 0.00

21‒30 10 19.61

31‒40 26 50.98

41‒50 11 21.57

51‒60 2 3.92

≥ 61 2 3.92

Total 51 100.00

Position of respondents in the clinic

Veterinary doctor 17 33.33

Animal health officer 4 7.84

Scientist 2 3.92

Technician 11 21.57

Technologist 16 31.37

Others 1 1.96

Total 51 100.00
Fig. 3. Knowledge of rickettsiosis between pastoralists 

and animal health workers
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DISCUSSION

This study demonstrated that among the pastoralists in 
the three study areas, males remain the livestock owners 
more than females. These findings are in line with previ-
ous reports that traditional livestock are usually owned 
by males as they can manage and face challenges such as 
feeding, handling and treatment of the animals better [14, 
21, 25, 40]. Similar reports of the dominance of the live-
stock industry by males compared to females have been 
documented in South Africa [40], Zimbabwe [37], Nigeria 
[16] and Tanzania [5].

The majority of the livestock farmers in this study were 
above 50 years of age who seem to depend on farming 
as their source of income [4]. These findings can be com-
pared with those of [40] and [34] who reported that elder-
ly people are found more in the rural areas depending on 
farming for their source of income [21] while the younger 
people move to the urban areas for better job opportunities 
which are limited in the rural areas. 

From this study, it is evident that there is no knowledge 
about SFGR amongst the livestock farmers/pastoralists, 
unlike the animal health workers who expressed knowl-
edge about the disease, but, didn’t have knowledge about 
the diagnostic methods of this disease apart from one vet-
erinary doctor that listed Enzyme Linked Immuno-sorbent 
Assay (ELISA). These findings are comparable with those 
of  N d h l o v u  et al. [25] who reported low knowledge 
about SFGR amongst the pastoralists and health workers. 
These results of lack of knowledge about the SFG rick-
ettsioses could be attributed to the low level of literacy 
amongst the pastoralists as the majority had only second-
ary 39/90 (43 %) and primary 33/90 (36 %) education lev-
el. This lack of knowledge about the diseases especially 
amongst the pastoralists raise concerns about the poten-
tial risks posed by the SFG rickettsioses to these livestock 
keepers. This lack of knowledge is in agreement with the 

findings of [25] and [37] who observed that more than 
90 % of the farmers participating in farming in Zimbabwe 
had secondary education level and [4, 21, 40] whose re-
ports revealed farmers with only a primary education level 
that led to improper tick control. Owing to these facts, no 
doubt there is every possibility that this disease will be 
circulating unnoticed in the study areas between the ani-
mals and humans, since the facilities for investigation of 
the presence of the disease is not available in the veter-
inary hospitals and clinics visited. The disease could be 
amongst the “fevers of unknown origin” recorded in most 
medical facilities. The interview, according to some veter-
inary doctors created awareness or awaken their thoughts 
towards the disease and its diagnosis which had never been 
thought of in the past, as they promised to notify the rele-
vant authorities. 

Sharing living accommodations with animals among 
other things were identified as some practices that can pre-
dispose the pastoralists to zoonoses which include SFGR. 
Low level of knowledge towards many zoonotic diseases 
appears to be common in many African countries includ-
ing Nigeria, raising concern about their under-diagnosis 
and under-reporting as also reported by [25]. Some, also 
were spotted even sharing their plate of food especial-
ly with dogs, and dogs have been incriminated in many 
research reports as one of the major hosts of the SFGR. 
Sharing living accommodations with livestock can pro-
mote transmission of SFGR as it can expose the livestock 
owners to tick-bites through close contact. This is also in 
agreement with the work of [25] and [40].

CONCLUSIONS AND RECOMMENDATIONS

The lack of knowledge on SFG rickettsiosis amongst 
the pastoralists raises concern about the potential risks of 
these zoonoses amongst local populations. This portends a 

Table 5. Association of knowledge of tick-borne rickettsioses between pastoralists and professionals

Response Professionals (%) Pastoralists 
[%]

Chi P-value

Yes 39 (76.47) 0 (0.00) 91.4 2.2e-16

No 12 (23.53) 90 (100.00) – –

Total 51 (100.00) 90 (100.00) – –
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grave danger to both the pastoralist and his animals, who 
may contract and harbour the disease unknowingly, but fo-
cus on other maladies like malaria, typhoid etc. that have 
similar symptoms as rickettsiosis thus, causing more harm 
than good. In the same vein, the low knowledge on SFG 
rickettsioses and significantly no understanding of diagno-
sis of the said disease amongst the most respondents in the 
veterinary hospitals/clinics indeed raises alarm and calls 
for worry in Nigeria.

We therefore, recommend regular awareness about 
ticks and tick-borne diseases especially rickettsiosis to 
pastoralists/livestock farmers in the study areas. Also, in-
clusion of rickettsiosis as one of the differential diagnosis 
for fevers of unknown origin in the veterinary clinics or 
hospitals in Nigeria.
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ABSTRACT

The structural parts of brain are similar in all ver-
tebrates, but they differ in their complexity and organ-
ization. The avian brain for instance, is organised dif-
ferently compared to mammals, with variations exist-
ing in the relative size and location of their structures. 
The cattle egret (Bubulcus ibis) is a cosmopolitan avian 
species native to Africa. Despite their economic impor-
tance as excellent sentinels in assessing environmental 
pollutants, there is a dearth of information on their 
neuroanatomy. Hence, we here investigated their gross 
morphological features and morphometric parame-
ters, and the cerebellar histology. Twelve transcardi-
ally perfused juvenile cattle egrets were studied, with 
the body and brain weights and brain linear measure-
ments considered. The brain weight constituted 0.46 % 
of the total body mass, with a strong positive corre-
lation recorded between the body and brain weights 
(r = 0.9204). Morphologically, the brain was lissence-
phalic, with the corpus callosum absent and the olfacto-
ry bulbs rudimentary with no discernible division into 
the olfactory bulb, olfactory tract and olfactory lobe. 
We observed prominent sagittal eminence and vallecu-
la telencephali, as well as an obvious fovea limbica on 
the dorsal and lateral surfaces of the cerebral hemi-
spheres, respectively. The diencephalic structures were 
completely covered by telencephalon, with the pineal 
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gland occupying the polygonal space between cere-
brum, optic lobe and cerebellum. The mesencephalic 
tectum appeared as a large oval bilaterally bulging 
structure with prominent optic tracts and constituted 
the bulk of the midbrain. There was a dorsal extension 
of the fourth ventricle into the cerebellum known as 
the ventriculus cerebelli and the cerebellar histology 
presented a persistent external granular layering sug-
gestive of a potential for adult neurogenesis. Our data 
has added relevant literature on the cattle egret brain 
and could prove useful in comparative, developmental 
and evolutionary avian neuroanatomy.

Key words: avian; brain stem; cattle egret; cerebel-
lum; cerebral hemispheres; neuro-morphometry

INTRODUCTION

The nervous system of vertebrates is divided accord-
ing to functional or structural features. Functional classi-
fications are the somatic and autonomic nervous system, 
and these are concerned with conscious and involuntary 
processes, respectively [9]. Meanwhile, structurally, the 
nervous system is divided into: the peripheral nervous sys-
tem (PNS) comprising the cranial, spinal and autonomic 
nerves, and the enteric nervous system; and the central 
nervous system (CNS), constituted by the brain and spinal 
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cord [11]. The brain controls and regulates many important 
functions and is regarded as one of the most important or-
gans of the body [50].

Comparatively, the structural parts of the brain are 
similar in all vertebrates, but they differ in their complex-
ity and organization [45]. The avian brain, for instance, is 
organised differently compared to mammals, with varia-
tions existing in their structural sizes and/or locations [33]. 
Functionally, the avian nervous system obtains informa-
tion through sensory receptors about their environment, 
analyse, respond and store the processed information and, 
also it coordinates the motor impulses to skeletal muscles 
as well as to the viscera [7, 27].

The cattle egret (Bubulcus ibis), an avian species of 
the heron, is found all over the world, with a least concern 
conservation status [48]. They belong to the order Pele-
caniformes, family Ardeidae. They are native to Africa 
with a wide distribution in tropical and subtropical Afri-
can regions including Nigeria, and are mostly found in dry 
grassy habitats, in association with wildlife and livestock 
[32]. The remarkable migration of the cattle egret from its 
origins in Africa to its present geographical range includ-
ing Asia, the Americas and Australasia, during the 20th 
century has been well documented [29]. They are asso-
ciated with both small and large flocks, feeding in loose 
aggregates. The birds feed on insects, earthworms, spiders, 
frogs and most especially ticks present on cattle and other 
large herbivores [16, 20, 32].

Generally, cattle egrets are colonial in nature and whit-
ish. Many populations of cattle egrets are highly migratory 
and dispersive and this has helped the species’ range expan-
sion. The massive and rapid expansion of the cattle egret’s 
range is due to its relationship with humans and their do-
mesticated animals [48]. Both sexes of this bird are simi-
lar, with the male being slightly bigger and also possessing 
marginally longer breeding plumes than the female. The 
juvenile age group lacks coloured plumes and has a black 
beak [32], while the adult possesses greyish-yellow feet 
and sharply pointed short yellow bill [44]. The Western 
cattle egret is a medium sized bird, possessing short-legs 
and thick necks, in comparison to other egrets [20].

There is a dearth of literature on the documentation of 
the nervous system of the cattle egret. Literature search till 
date revealed published articles in this regard to include 
studies on the cattle egrets’ cerebellum line drawing [23], 
Wulst volume [53], and more recently, the histology of 

the hippocampal complex [17] and craniofacial morpho-
metrics [1]. Despite considerable advances toward the 
understanding of comparative avian neuroanatomy, there 
is hardly any literature yet on the comprehensive descrip-
tions of the gross morphology of the cattle egret’s brain 
and their neuromorphometric correlates, as well as their 
cerebellar histology. Hence, we here investigated the gross 
morphological features and morphometric parameters of 
the juvenile cattle egret’s brain, as this is crucial to the 
exploration of the physical attributes of this species brain 
for easy identification and elucidation of some of its mor-
pho-functional features, as well as consolidate the litera-
tures on comparative avian neuroanatomy.

MATERIALS AND METHODS

Ethical considerations
Care was taken to ensure the birds experienced neither 

undue pain nor discomfort. The ethical clearance for the 
use of this bird was sought and granted by the Animal Care 
and Use Committee of the University of Jos, Nigeria (ref-
erence code: UJ/FPS/F17-00379). Also, the experimental 
protocols used were in conformity with the National Insti-
tute of Health Guide for the Care and Use of Animals (NIH 
Publications No. 80–23) and the European Communities 
Council Directive of November 24, 1986 (86/609/EEC).

Authors ensured that all ethical issues concerning pla-
giarism, approval to publish, errors in fabrication, double 
publication, and submission were adhered to.

Animals
The juvenile age group (n = 12, mixed sexes) of the 

captive and clinically healthy cattle egrets were sourced 
from Jos metropolis (GPS coordinates: 9°59’21.5”N; 
8°52’49.7”E), a guinea savannah region of Nigeria [30]. 
They were aged according to the detailed description by 
[32] and [44]. The birds were procured alive at their hab-
itat and immediately transported to the Gross Anatomy 
Laboratory of the Department of Veterinary Anatomy, 
Faculty of Veterinary Medicine, University of Jos, Nigeria. 

Perfusion and brain excision
The birds were sedated by the administration of keta-

mine (40 mg.kg–1) and xylazine (10 mg.kg–1) through the 
intravenous route, as described by [28]. The animals were 
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perfused transcardially in compliance with the protocol of 
[3] using 0.9 % saline solution (for initial blood rinsing), 
followed by 4 % paraformaldehyde in 0.1 M phosphate 
buffer (PB) solution at pH 7.4. The brains were carefully 
removed from the skull, and post-fixed for 48 hrs in 4 % 
paraformaldehyde in 0.1M PB.

Gross morphological description and morphometrics 
The gross anatomical observations were made on the 

brain in both in situ and ex situ positions. Gross images 
were captured using a Sony® digital camera (DSC-H300 
20.1 megapixels with 35× Optical Zoom). The live bird 
weight was obtained using the mechanical laboratory 
weighing scale sensitive to 0.1 gm (Camry Emperor ta-
ble scale J1712420834, China), while brain weight was 
obtained using the analytical weighing balance (Ohaus 
GmbH, Nänikon, Switzerland), sensitive to 0.01 gram, fol-
lowing its careful dissection from the cranium (ex situ). 
Linear gross morphometric parameters (Table 1) were 
measured with the aid of vernier caliper. The nomenclature 
here adopted in this study for the anatomical descriptions 
was as described in [38].

Schematic brain illustrations
The sketch of the cattle egret brain (for Figures 1A-C 

and 2Di, Ei and Ii) was made using Adobe Illustrator soft-
ware (Adobe Inc., 2022. Adobe Illustrator version 27.0; 
available at https://adobe.com/products/illustrator). The 
pen tool was used to trace out the sketches from the bitm-
ap image, to create a vector diagram. The images were 
imported into the artboard created, the pen tool was then 
used to trace out the edges of the image and also the vari-

Table 1. Mean ± SD values of measured parameters 
of the brain of the juvenile cattle egret

Measured parameters Mean ± SD No. of 
animals (n)

Body weight (WOB) [g] 538.33 ± 78 12

Brain weight (BRW) [g] 2.45 ± 0.34 12

Length of brain (LOB) [mm] 25.80 ± 1.98 12

Depth of brain (DOB) [mm] 16.86 ± 1.20 12

Length of cerebrum (LOC) [mm]) 16.78 ± 1.15 12

Height of cerebrum (HOC) [mm] 10.83 ± 0.91 12

Width of cerebrum (WOC) [mm] 21.46 ± 1.42 12

Height of cerebellum (HCB) [mm] 8.97 ± 1.29 12

Length of cerebellum (LCB) [mm] 12.11 ± 0.68 12

Optic lobe length (OLL) [mm] 9.52 ± 0.49 12

Optic lobe width (OLW) [mm] 5.61 ± 0.32 12

Olfactory bulb length (OBL) [mm] 3.37 ± 0.56 12

Olfactory bulb width (OBW) [mm] 2.26 ± 0.19 12

Fig. 1. Schematic illustrations of the measurements of major subdivisions of the brain of the juvenile Cattle egret (Bubulcus ibis)
Some of the measured gross parameters are depicted: 

A ‒ dorsal view: LOB: length of brain; WOC: width of cerebrum; LOC: length of cerebrum; B ‒ ventral view: OBL: length of left olfactory bulb; 
OBW: width of left olfactory bulb; OLL: length of optic lobe; OLW: width of optic lobe; C ‒ mid-sagittal view: LOC: length of cerebrum; LCB: 

length of cerebellum; HOC: height of cerebrum; HCB: height of cerebellum

ous parts were traced out. Each of the different parts were 
then given different colours using the selection and colour 
swatch tools.

Definitions of measured gross parameters 
The gross anatomical structures measured are concise-

ly stated and defined as follows:
• Weight of the animal (WOA) (g): live bird weight to 

the nearest gram
• Weight of the brain (BOW) (g): weight of the whole 

brain without the meninges
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• Length of brain (LOB) (mm): the maximum length 
from the tip of the olfactory bulb to the caudal most 
portion of the cerebellar cortex

• Depth of brain (DOB) (mm): the distance from the 
highest point of the brain (i. e., the topmost part of the 
cerebellum) to the lowest point of the brain (i. e., the 
most ventral part of the cerebrum/optic lobe)

• Length of cerebrum (LOC) (mm): the maximum length 
from the tip of the frontal lobe to the caudal most por-
tion of the occipital lobe of the cerebral cortex

• Height of cerebrum (HOC) (mm): maximum dor-
so-ventral length of the cerebral cortex

• Height of cerebellum (HCB) (mm): maximum dor-
so-ventral length of the cerebellar cortex

• Length of cerebellum (LCB) (mm): maximum ros-
tro-caudal length of the lobes of the cerebellum

• Width of cerebrum (WOC) (mm): maximum length 
across the most lateral portion of the parietal lobes of 
the cerebral cortex

• Optic lobe length (OLL) (mm): maximum length of the 
lobes of the optic tectum

• Optic lobe width (OLW) (mm): maximum width of the 
lobes of the optic tectum 

• Olfactory bulb length (OBL) (mm): length of the (right 
or left) olfactory bulb from the tip (most rostral part) of 
the bulb to its caudal-most part 

• Olfactory bulb width (OBW) (mm): maximum length 
across the latero-medial axis of the (right or left) olfac-
tory bulb.

Histological processing of cerebellum
Immediately after the birds were sacrificed, the cere-

belli were removed and fixed in 4 % phosphate-buffered 
paraformaldehyde (Loba Chemie PVT Ltd, India). The tis-
sue samples were processed using the routine histological 
technique as described by [2]. Briefly, the samples were 
dehydrated in graded alcohol concentrations, cleared in 
xylene and infiltrated and paraffin wax embedded. Surgi-
field SM-202A rotatory microtome was used for the sec-
tioning at 5 μm. The processed sections were stained using 
Haematoxylin (CDH lab reagent, New Delhi, India) and 
Eosin (Kem Light lab reagent, Mumbai, India). Photomi-
crographs were taken at ×40, 100 and ×400 magnifications 
through an Olympus microscope equipped with indus-
trial digital camera using the imaging software, MII Im-
ageView version 3.7.9229 (YSC Technologies, Fremont, 

CA, USA). Histological examination was carried out on 
the processed tissue samples and photomicrographs of the 
slides were taken.

Data analysis
The numeric raw data generated from the brain gross 

morphometry were analysed and expressed as mean ± SD, 
and the Pearson correlation coefficient (R two-tailed test; 
P < 0.05) was used to compare the means and the strength 
between the variables and their relationships. The Graph-
Pad Prism software (GraphPad Prism version 7 for Win-
dows, GraphPad Software, San Diego, California USA), 
and the JMP SAS/STATR software version 10.0 (SAS In-
stitute Inc., Carry, NC, USA) were used for all statistical 
analyses.

RESULTS

Figures 1‒2 reveal the various anatomical regions of 
the brain of Bubulcus ibis studied with detailed labelling of 
measured parameters. The data obtained for the mean ± SD 
values of the measured parameters of the brain of the juve-
nile cattle egret and their correlation analyses were shown 
in Tables 1 and 2, respectively. The low and high-power 
photomicrographs of the H&E-stained slides of cerebel-
lum were shown in Figure 3. The descriptive terms here 
adopted for the gross brain features are in accordance with 
[26, 38], while that of the histological features were as de-
scribed by [47] and [23].

Brain gross morphology
Figures 2A-I illustrates the different anatomical re-

gions of the brains of the cattle egrets’ studied. The brain 
was entirely located in the cranium (Figure 2A). The brain 
was entirely covered and tightly packed by meninges which 
was a tough fibrous sheath with a whitish colouration (Fig-
ure 2B). The Bubulcus ibis brain basically consists of the 
similar components with that of mammals and regionally, it 
is organized into: the forebrain (prosencephalon), mid-brain 
(mesencephalon) and the hindbrain (rhombencephalon).

For easy description, the brain of the juvenile cattle 
egret in this study was divided rostro-caudally and region-
ally into olfactory bulb, the cerebrum, the optic lobe (lobus 
opticus), the cerebellum and the pons and medulla oblon-
gata (Figures 2Di, Ei and Ii), with the various anatomical 
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Fig. 2. Brain of the juvenile cattle egret (Bubulcus ibis) in situ and exsitu
A – shows the cranial covering of the unexposed brain. Black asterisks indicate bony cranium; B – following the complete removal of the cranium, 
the portion partly covered with meninges and the exposed portion of the brain are shown. Black arrow shows the reflected part of the meninges 
while m is unreflected meningeal covering; C – show the dorsal view of the brain with the ventral part still situated in the skull (in situ position), with 
prominent appearance of “three superstructures” viz cerebrum, optic lobe and cerebellum. sagittal eminence (se), yellow arrow points to vallecula 
telencephalic; D and G – dorsal view, ex situ. Black circle placed at the interhemispheric fissure (ihc) in G indicates absence of the corpus callosum. 
Di illustrates prominent structures such as the cerebral cortex (a), pineal gland (b), optic tectum (c), cerebellum (d), while the blue arrow points to 
the auricula cerebelli and the broken white lines on the rostral part of cerebrum indicates the vallecula telencephali. Red arrow refers to the initial 
segment of the spinal cord. E – ventral view of the brain, Ei illustrates the olfactory bulb (e), optic chiasm (f), hypothalamic area (g), pons (h) and 
the medulla oblongata (i), while the green arrow points to the projection of the optic nerve; F – lateral view; H – caudal view; I and Ii mid-sagittal 

views ‒ prominently show the diencephalon. Ventriculus cerebelli (vc); pineal gland (pg) (j), and the 4th ventricle (v)
Note: Di, Ei and Ii are reconstructed images

regions characterized by their own peculiarities. The an-
atomical characteristics of the different parts of the cattle 
egrets’ brain are listed below:

Olfactory bulbs
Olfactory bulbs (Bulbus olfactorius) were very re-

duced and tapered to the rostro-ventral pole of the cerebral 
cortex. The bulbs were coplanar and conical-like in shape 
(Figure 2E). The olfactory bulbs were barely visible when 
the brain was viewed from a dorsal position (Figure 2D) 

but prominent in the ventral view (Figure 2E). Grossly, 
there was no discernible division of the olfactory brain 
into the olfactory bulb, the olfactory tract and the olfactory 
lobe. The olfactory bulb is paired and projected from the 
two hemispheres of the cerebrum, the two small bulges 
connected together by the indistinct olfactory tract. The ol-
factory bulb of the cattle egret assumed the same coloura-
tion as the entire brain structures, and rhinal fissure (which 
was a small depression) separated the olfactory bulbs from 
cerebral hemispheres.
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Cerebral hemispheres
The cattle egret brain is lissencephalic, with the cere-

bral cortex (pallium) smooth-surfaced and lacking a dis-
cernable gyri and sulci. From a dorsal view, the shape of 
the cerebrum assumes that of an obtuse triangle, there was 
a hemicycle-like expansion of the left and right lateral 
parts, and a wide posterior part in contact with the most 
rostral portion of the optic lobe (Figures 2D, F, H). The 
external surface appeared smooth and the corpus callosum 
was conspicuously absent (Figure 2G). A prominent inter-
hemispheric fissure separates the two cerebral hemispheres 
(Figure 2D). Each hemisphere presented a shallow groove 
with a caudo-lateral orientation, this groove is known 
as the vallecula telencephalic which has an appearance 
of a cambered super-sulcus, and was richly engrossed by 
large blood vessels that caudally tappers out (Figure 2Di). 
Between the interhemispheric fissure and the vallecula 
is an ellipse-shaped bilateral protuberance known as the 
sagittal eminence (eminentia sagittalis), and this appeared 
slightly elevated above the cerebral cortical portion lateral 
to it (Figures 2C-D, Di).

There was a prominent indention (due to their rela-
tively large eyes of this bird) on the lateral aspects of the 

cerebral hemispheres known as the fovea limbica. The 
medial surface of the cerebrum was smooth and straight 
(Figure 2I). A transverse sulcus (Fissura subhemispherica) 
was present between the most caudal part of the cerebral 
hemispheres and the rostral part of the cerebellum it bor-
ders (Figures 2D-H).

Diencephalon
The diencephalic structures were located on the ventral 

aspect of the cerebral hemispheres and were completely 
covered by telencephalon. They were almost invisible in 
the dorsal and ventral views (Figures 2D-E) of the brain 
but prominent in the mid-sagittal/median section of the 
brain (Figure 2I). The diencephalic structures represent the 
rostral limit of the brain stem and they were completely 
covered by the cerebral hemispheres (hemispherium cer-
ebri). The pineal gland is a small structure occupying the 
polygonal space at the junction of the transverse sulcus, 
cerebral hemispheres, optic lobe and the cerebellum (Fig-
ures 2D, G). The diencephalon was bilaterally linked with 
the mesencephalic tectum, with the pineal gland appearing 
to form its dorsal limit (Figures 2D, G, I).

Table 2. Pearson correlation coefficient (R two-tailed test) of means and strength (variables vs relationships) 
of measured parameters of the brain of the juvenile cattle egret

BOW BRW LOB DOB LOC HOC WOC HCB LCB OLL OLW OBL OBW

BOW – 0.92 0.77 0.33 0.27 0.45 0.55 0.44 0.81 0.45 0.59 0.33 -0.01

BRW 0.92 – 0.85 0.54 0.49 0.68 0.76 0.64 0.75 0.60 0.74 0.60 0.13

LOB 0.77 0.85 – 0.55 0.62 0.49 0.67 0.69 0.79 0.37 0.65 0.66 0.21

DOB 0.33 0.54 0.55 – 0.57 0.43 0.61 0.43 0.27 0.54 0.39 0.45 0.66

LOC 0.27 0.49 0.62 0.57 – 0.40 0.47 0.44 0.38 0.32 0.34 0.51 0.57

HOC 0.45 0.68 0.49 0.43 0.40 – 0.68 0.58 0.41 0.76 0.71 0.67 0.30

WOC 0.55 0.76 0.67 0.61 0.47 0.68 – 0.84 0.39 0.59 0.81 0.70 0.23

HCB 0.44 0.64 0.69 0.43 0.44 0.58 0.84 – 0.34 0.21 0.83 0.90 0.25

LCB 0.81 0.75 0.79 0.27 0.38 0.41 0.39 0.34 – 0.47 0.44 0.26 0.04

OLL 0.45 0.60 0.37 0.54 0.32 0.76 0.59 0.21 0.47 – 0.46 0.21 0.26

OLW 0.59 0.74 0.65 0.39 0.34 0.71 0.81 0.83 0.44 0.46 – 0.81 0.16

LOH 0.01 0.16 0.21 0.45 -0.04 0.24 0.23 0.44 0.15 0.05 0.29 0.44 0.25

OBL 0.33 0.60 0.66 0.45 0.51 0.67 0.70 0.90 0.26 0.21 0.81 – 0.24

OBW -0.01 0.13 0.21 0.66 0.57 0.30 0.23 0.25 0.04 0.26 0.16 0.24 –

WHO 0.36 0.48 0.55 0.35 0.43 0.28 0.43 0.74 0.27 -0.11 0.53 0.76 0.30
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Mesencephalic tectum
The mesencephalon of the cattle egret brain is chief-

ly constituted by the mesencephalic tectum (optic lobe), a 
monologue of the mammalian anterior colliculi. The mes-
encephalic tectum formed the bulk of the roof of the mid-
brain. The optic lobes were large, paired oval eminences 
protruding laterally and ventrally from the surface of the 
midbrain, and lying lateral to the more ventral tegmen-
tum (Figures 2D-H). The midbrain bordered the rostral 
portions of the rhombencephalon (cerebellum and pons), 
with a transverse furrow delineating the boundary between 
the mesencephalon and the rostral rhombencephalon. The 
optic lobes receive the fibers (optic tract) of the optic chi-
asma at its convergence in the ventro-median line (Figure 
2E). No obvious demarcation exists between the midbrain, 
pons and the medulla oblongata.

Cerebellum
The metencephalon comprises the pons and cere-

bellum, while the myelencephalon is constituted by the 
medulla oblongata. The cerebellum of the cattle egret 
encloses the fourth ventricle (ventriculus quartus) and 
forms its lateral walls and roof (Figure 2I).

The cerebellar cortex lies over the pons, medulla ob-
longata, and the median segment of the mesencephalon 
(Figures 2F-H). It is connected bilaterally to the brainstem 
by rostral and caudal cerebellar peduncles (one of these 
is evident in Figure 2I). The superficial layer of the cere-
bellum (cerebellar cortex) is grey matter and it covers the 
internal white matter (cerebellar medulla). There was a 
centrally-placed apparent vermis and laterally positioned 
auricles. Multiple strips of superficial and deep transverse 
sulcus distributed on the cerebellar vermis divide the cer-
ebellar vermis into lobules. The cerebellar auricles are the 
paired bilateral posterio-lateral extensions of the cerebel-
lum and were located at the ventrolateral surface of the 
cerebellar vermis (Figures 2D, F, H). Dorsally, there was 
an extension of the fourth ventricle into the cerebellum and 
this is known as the ventriculus cerebelli (vc) (Figure 2I).

Pons and medulla oblongata
The pons and medulla oblongata were located on the 

ventral surface of the cerebellum. They are the two pos-
terior parts of the brain stem that extend from the most 
caudal part of the midbrain to the occipital foramen. A 
ventral middle fissure (a longitudinal supersulcus), the fis-

sura mediana ventralis runs its course medially through 
the pons and the medulla oblongata (Figures 2E, Ei). The 
dorsal surface of the pons, jointly with the medulla oblon-
gata, form the ventral wall for the fourth ventricle, with 
their ventral surface forming the lowest spot of the brain 
stem (Figures 2E, I). there appears to be no discernible 
borders delineating the boundaries of the midbrain, pons 
and medulla oblongata.

Brain weight and gross morphometry
Figure 1 illustrates the landmarks for the gross mor-

phometric parameters taken and the results of the morpho-
metric measurements were presented in Table 1 and the 
correlations analyses of the parameters were presented in 
Table 2.

The average recorded body weight was 538.33 ± 78 g, 
while the brain weight was 2.45 ± 0.34 g, implying that the 
brain constituted about 0.46 % of the total body mass (Ta-
ble 1). The cerebral cortex length makes the most of the 
brain length with a contribution of about 52 %, followed 
by the cerebellum (about 38 %) and olfactory bulb (about 
10 %) to the total brain length value, as shown in Table 1. 
The optic lobe of the cattle egret was about as twice longer 
than its wide, with the olfactory bulb length and width val-
ues sharing similarity in values.

The body weight was strongly positively correlated 
with the brain weight (r = 0.92; P < 0.001) and the length 
of the brain (r = 0.77; P = 0.001). As shown in Table 2, the 
brain weight was strongly positively correlated with the 
length of the brain (r = 0.85; P < 0.001), width of cerebrum 
(r = 0.76; P = 0.004) and the length of cerebellum (r = 0.75; 
P = 0.005). Also, the olfactory bulb length was strong-
ly positively correlated with the height of cerebellum 
(r = 0.90; P < 0.001), and width of the optic lobe (r = 0.81; 
P = 0.002).

Cerebellar histology
The histological appearance of the cerebellum (Fig-

ures 3 A-B) was similar in all the examined animals. The 
cerebellar cortex had the three typical cerebellar layers 
(Figures 3 C-F) and there was the innermost cerebellar 
medulla (Figures 3 C-D). The molecular cell layer was 
the outermost layer and it is composed of small neurons 
and neuroglia. The Purkinje cell layer was sandwiched be-
tween the outer molecular and inner granular layers, and it 
presented a single row of predominantly flask/pear-shaped 
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Fig. 3. Juvenile cattle egret cerebellum
A‒D – low power photomicrographs. E‒F – high power photomicrographs. External granular layer (yellow arrow heads), 

molecular layer (mol), inner granular layer (gr), Purkinje cell layer (red arrow heads), M – medulla, Purkinje cells (red arrows)
Scale bars: A‒B, 150 μm; C‒D, 100 μm; E‒F, 50 μm
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cells and some round/oval-shaped cells, showing distinct 
nuclear materials and nucleoli, and bearing prominent 
dendrites with threadlike appearances (Figures 3 E-F). Of 
note, there were traces of persistent external granular lay-
er, as evident in Figures 3 A-C. The inner granular layer 
presented numerous round granule cells, and the cerebellar 
white matter possessed sparse granule neurons enriched 
with cellular processes.

DISCUSSION

We here described the gross anatomical features and 
gross morphometry of the juvenile cattle egret (Bubulcus 
ibis) brain as well as the cerebellar histology. The present 
study showed that the brain of the cattle egret consists of 
prosencephalon, mesencephalon and the rhombenceph-
alon and this conforms to the structural pattern of brain 
morphology in avians [26].

Grossly, the olfactory bulbs of the cattle egret were 
rudimentary and poorly developed (relatively to the oth-
er structures) with no discernible division of the olfactory 
brain into the olfactory bulb, the olfactory tract and the ol-
factory lobe, with the two small bulges connected togeth-
er by the indistinct olfactory tract and were barely visible 
from a dorsal position but prominent in the ventral view. 
This shares similarity with the observation of rudimentary 
olfactory bulbs in Sparrowhawk (Accipiter nisus), Coturnix 
quail and domestic birds [4, 12, 31, 37], however, some 
diurnal birds such as the wild African parrot, canaries and 
vultures [36, 51], as well as nocturnal birds’ species such 
as the Kiwi and Barn owl reportedly have well developed 
olfactory bulbs [31]. In most avian species, previous evi-
dences suggested that structural parts associated with sense 
of smell were clearly atrophied and poorly developed rela-
tively to some other species besides avians. Comparatively, 
the observation by  U s e n d e  et al., [50] in the reptilian 
African side necked turtle (Pelusios castaneus), revealed 
that the olfactory brain was elaborate, and presented an in-
itial olfactory bulb, a distinct middle olfactory tract and a 
caudal olfactory lobe. This may not be unusual, as well de-
veloped and conspicuously evident olfactory brains in lat-
eral, ventral and dorsal views are typical of reptiles, rodents 
and Siluriformes brains [35, 49, 54]. However, in similari-
ty, completely inconspicuous and dorsally invisible olfac-
tory bulbs have been reported in man and elephant [46].

Also, we reported herein that the cerebral hemispheres 
of the cattle egret appeared smooth, lacking gyri and sulci, 
a phenomenon known as lissencephaly. Generally, the avi-
an brains are regarded as lissencephalic. Smooth-surfaced 
brains have been reported in birds such as the Coturnix, 
African ostrich, Sparrowhawk and domestic birds [4, 10, 
12, 37, 43] in accordance with our findings. Of note, sim-
ilar lissencephalic brains have also been reported in some 
rodents such as the African giant and grasscutter rats, rep-
tiles, and sea turtles [8, 19, 39, 54].

We observed the prominent bulge of the sagittal emi-
nence and obvious vallecula telencephali on the dorsal sur-
face of the cerebral hemispheres, which conforms to the 
observations in the wild African Parrot [51] and Macaw 
[34], Common starling [10], African ostrich [43], Emu (a 
diurnal, flightless) and Barn owl (a nocturnal flying bird), 
but those features were reportedly less pronounced in the 
various breeds of chicken [5, 13, 14, 42], pigeon (a diurnal 
flying bird) and non-prominent in the Kiwi, a nocturnal 
flightless bird [31]. The vallecula in avian supports visual 
acuity, and its prominence could enhance the visualization 
of prey, especially in wild birds [51].

The cattle egret possessed a well-developed optic lobe 
which bulged laterally with prominent optic tracts appear-
ing as large bands of the white matter on the ventro-medial 
parts of the optic lobes. The optic tracts crossed just crani-
al to the hypothalamic portion of the diencephalon bearing 
a connection with hypophysis to form the optic chiasma. 
This clearly conforms to the observations of grossly devel-
oped and highly visible mesencephalic tectum in the Spar-
rowhawk [4], Coturnix quail [12], African ostrich [25, 43], 
domestic birds [37] and the pigeon [18, 31] and helmeted 
Guinea fowl [52], but differs from the reportedly less devel-
oped optic lobes of the Barn owl, Kiwi, Humming birds and 
wild African parrot [31, 51]. Birds are strongly visual ani-
mals as a result of the extensive development of nuclei and 
pathways concerned with processing of visual signalling in 
the CNS [26]. This likely explains the large mesencephal-
ic tectum (optic lobe) of the cattle egret which appeared as 
paired oval eminences forming the bulk of the midbrain.

It’s been reported that morphometric analyses of or-
gans may elucidate minute structural changes that may not 
be evident in ordinary qualitative analyses, and quantita-
tive assessments have been used to unveil the morpholog-
ic and functional capabilities of brain regions in different 
animals [40]. Since the beginning of the 19th century, 
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documentations of the morphometric studies on various 
organs of avian species started and reports on it has been 
on the increase. So far in the last two decades, several 
comparative studies have been reported in which different 
variables such as the ecological and social attributes have 
been deployed to expound the variabilities in vertebrate 
species’ brain sizes [47]. Also, environmental factors like 
an animal’s habitat, lifestyle, and their morphological and 
physiological parameters, have been correlated to their 
evolutionary history [6, 43).

In this study, the average recorded body weight of 
the cattle egret was 538.33 ± 78 g, this is in line with the 
weight range (270‒512 g) of the cattle egret as document-
ed by  T e l f a i r  and  R a y m o n d  [48]. Our body 
weight data strongly positively correlated with the brain 
weight (r = 0.92; P < 0.001). The average length of brain 
here recorded for the cattle egret was 25.80 ± 1.98 mm, this 
value was similar to that of Sparrowhawk (24.3 mm) but 
higher than that of Coturnix quail brain (16 mm) [4, 12]. 
Significant increase in the length and width of the cere-
bral hemispheres with advancing age has been reported 
in the chicken [13, 42]. Interestingly,  P e n g  et al. [43] 
and K a r k o u r a  et al. [25] reported higher values in 
the average mean length and width of optic lobes of adult 
African ostrich than we recorded in our study on the ju-
venile cattle egret. W a n m i  et al. [52] reported that the 
mean weight of the midbrain of the helmeted Guinea fowl 
increased with advancing in age, hence the variability in 
morphometry of optic lobe and brain length might be due 
to age and/or species differences. Overall, our regression 
analysis data (r2 = 0.98) indicates that the weight of the an-
imal can be excellently predicted from parameters such as 
the brain length, cerebral width, cerebellar height, optic 
lobe width and the olfactory bulb length (data not shown). 

The developmental form in various avian species has 
been reported to correlate with the differences in their 
relative brain volume [21]. The average brain weight of 
the cattle egret used in this study was 2.45 ± 0.34 g, this 
was slightly lower than average weight (3.00 ± 0.2 g) of 
the Sparrowhawk brain [4] and much lesser than that of 
the domestic fowl (3.34 ± 0.08 g) [15]. The juvenile cattle 
egret brain weight constituted about 0.46 % of the total 
body mass. This is in contrast to reports in some avian spe-
cies, where the relative brain to body mass index was re-
ported to be 0.015 % in the African ostrich, 0.26 % for the 
oriental white stork, 0.26 % in the Pekin duck, and the grey 

goose brain accounted for 0.25 % of the total body weight 
[43]. The above report suggests that the encephalic ratio 
of the cattle egret is the highest compared to the other list-
ed birds. This could be due to the age categories of birds 
under consideration as we used juvenile age group in our 
study, whereas the adult age bracket was considered for 
the African ostrich study with the age groups for the other 
birds undisclosed by their authors. Also, relatively larger 
brains could be associated with the length or prolongation 
of the nestling stage of birds [21].

The gross anatomical organisation and histological 
layering of the cerebellum is similar in most vertebrates, 
though some differences have been reported according to 
species’ general morphology and behavioural attributes 
[22, 43, 47].  I w a n i u k  et al. [23] reported on the cer-
ebellum of cattle egret using a line drawing. The authors 
showed that the cattle egret cerebellar folia organization 
followed the “typical” avian cerebellar morphology, with 
a presentation of eleven major folia. The result of our 
study on the juvenile age group was in conformity with 
the above report, and were have also shown the cellular 
organization of the cerebellar layer of this bird by the use 
of the H&E stain. Interestingly, the cerebellar histolo-
gy of the juvenile cattle egret we here studied presented 
a persistent external granular layering suggestive of a po-
tential for adult neurogenesis. The cerebellum is widely 
used in studies on motor system, this is because it is re-
sponsible for the maintenance of equilibrium and motor 
disorders are mostly associated with cerebellar dysfunc-
tions. The cellular components of the cerebellum function 
as a control system located between motor and cerebellar 
dysfunctions pathways [41]. Our gross description of the 
cattle egret cerebellum aligned with the reports on that of 
the African ostrich, Sparrowhawk and domestic birds [25, 
37, 43], but in contrast with the small, rounded/oval and 
unfolded cerebellum of the wild African parrot [51]. Of 
note, most large-sized birds (especially flightless or short 
distance flyers) reportedly possess relatively small-size of 
cerebellum [24].

The most emphasized and studied cells of the cerebel-
lum in behavioural and cognitive studies are the Purkinje 
cells, especially with respect to their functional capabili-
ty. A comparative study in the pigeon, turkey, ducks and 
starling revealed that increasing number of Purkinje cell 
resulted in an increase in behavioural complexity and cog-
nitive ability [47]. The presence of complicated pleats in 
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the superficial grey matter of the cerebellum has been at-
tributed to its’ larger surface area. In the African ostrich, 
the cerebellum protrudes visibly upward and its length was 
reported to be about 1.5 times larger than its height [43]. 
These findings conform to our observation in the cattle 
egret, with cerebellum elevated above the cerebral hemi-
spheres and the cerebellar length 1.4 times larger than the 
cerebellar height. Our histological profiling of the cattle 
egret cerebellum has added further data and relevant liter-
ature to comparative avian cerebellar histology.

CONCLUSIONS

The morphological, morphometric and histological 
studies on the cattle egret brain are very important for com-
parative and developmental studies and evolutionary neu-
roscience, as the research on cattle egret brain morphology 
during the different developmental phases is lacking in the 
literature. Hence, we believe that the macro-anatomical 
structures and histology of cerebellum of cattle egret here 
described has provided supplementary data to the basic in-
formation on the Avian CNS. However, further studies are 
required especially on the aging-associated morphological 
and morphometric indices, as studies across age groups are 
of great value to set standards of comparison for research. 
Also, the detailed description of the internal structure of the 
cerebrum as well as the embryonic development/foliation 
levels of the cerebellum in this species will be described 
in further studies. Our future research directions also entail 
the neurocellular and neurochemical profiling of the dis-
tinct cells in various regions of the cattle egret brain.
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