ORIGINAL SCIENTIFIC ARTICLE / IZVORNI ZNANSTVENI CLANAK

Prevalence and risk factors
associated with bovine neonatal
diarrhoea in lactating calves in
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Abstract

Bovine neonatal diarrhoea (BND) is a
problem of great relevance in cattle herds,
resulting in a decline in productivity and
performance in production units, and causing
great economic losses. The objective of the
study was to determine the prevalence of BND
in the state of Veracruz. In total, 300 lactating
calves were sampled. Samples were analysed
for Rotavirus, Coronavirus, Escherichia coli
and Cryptosporidium spp. Differences between
groups were determined by chi-square and risk
factors were determined by Odds Ratio. The
general prevalence of three geographical areas
sampled was 85%. Regarding the analysed
pathogens, Cryptosporidium spp. Had the
highest prevalence with 76%, followed by E.

coli with a prevalence of 42%. Two pathogens
were present in coinfections with a 32%
prevalence, unlike diarrhoea caused by one,
three or four pathogens. Calves that consume
standing water after birth present a higher risk
of infection. It is necessary to establish sanitary
programmes to reduce the risk of infection,
help to avoid economic losses, and improve
the productivity of the herd. BND related
pathogens Rotavirus, Coronavirus, Escherichia
coli and Cryptosporidium spp. are present in the
sampled areas.
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Introduction

Diarrhoea in calves is a problem of
great relevance since it results in a decrease
in productivity and performance of cattle
herds around the world. The presence of
diarrhoea can be caused by various factors;
however, the most common is the infection
of internal pathogens that can be bacterial,
viral or protozoan (Suarez et al., 2018). Once
they enter the body, they colonise the intes-
tinal epithelium, causing problems of mal-
absorption, dehydration and even death of
the animal, due to atrophy or destruction of
microvilli as a consequence of the invasion
of infectious agents (Carter et al., 2021). The
economic losses caused by these agents are
presented as expenses in veterinary assis-
tance, workers training, inputs and phar-
macological treatments, reaching figures
of US$ 33.46 per calf per year (Tiranti et
al., 2015; Dahmani et al., 2020). Bovine Ne-
onatal Diarrhoea (BND) is recognised as a
syndrome that causes diarrhoea in calves
no older than 30 days of age, and it has
also been called undifferentiated diarrhoea
since it can be caused by various infectious
agents, though mainly Escherichia coli k99,
Rotavirus (BRoV), Coronavirus (BCoV)
and Cryptosporidium parvum (Brunauer et
al., 2021). The presence of these agents may
vary depending on geographical area, type
of animal health management, and the cli-
mate present in the livestock production
unit (LPU) (Dahmani et al., 2020). There are
also risk factors specific to the individual
that can predispose infection towards the
mother or the calf, such as the immunity of
the mother, immunity of the calf, nutrition-
al status of the calf, quality of the colostrum
administered, overcrowding, and poor
hygiene or sanitisation in animal pens (Al
Mawly et al., 2015). On the other hand, in
Mexico there is little information about the
zoosanitary animal status in LPUs regard-
ing BND in calves. Therefore, the objective

of this study was to determine the preva-
lence of pathogens causing BND (Cryp-
tosporidium spp., Rotavirus, Coronavirus
and Escherichia coli) in the centre, north and
south of the state of Veracruz, Mexico, in
order to implement prevention measures
and zoosanitary control at the LPU level.

Materials and methods

Type of study

A cross-sectional epidemiological
study with convenience sampling was
performed.

Sample size and study location

Sample size was estimated using the
Win Episcope V.2.0 program for the esti-
mation of an infinite population propor-
tion with a CI, and an error of 5%. The
total sample size was 300 lactating calves
from one to 15 days of age, regardless of
sex or breed. The study was carried out
at ten sampling sites distributed in north
(Nautla, Ozuluama, Tamiahua, Tuxpan),
central (Ixhuacan de los Reyes, Naolin-
co, Medellin) or south Zone (Sayula de
Aleman, Isla, Las Choapas) of the state of
Veracruz, with average temperatures of
22.7°C and a relative humidity of 69.4%
(INAFED, 2020).

Ethics Committee

The Bioethics and Animal Welfare
Commission of the Universidad Veracru-
zana’s Facultad de Medicina Veterinaria
y Zootecnia approved the protocol dated
October 25, 2020.

Collection and processing of samples

Faeces samples were taken directly
from the rectum with a latex glove and
were identified with the animal’s num-
ber, date of birth, number and/or name of
the mother. The rapid immunochroma-
tography technique was used through a
commercial diagnostic kit “Rainbow Calf
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Scours” (BioX Diagnostics) for the anti-
bodies against Rotavirus, Coronavirus,
Escherichia coli and Cryptosporidium spp.
Detection, following the manufacturer’s
instructions.

Data collection

A general and individual survey were
applied for each sampled animal. The
study variables in the calves were: age,
sex, housing (cage or corral), deworming

control, previous presented parasitism,
frequency of veterinarian attendance,
known episodes of diarrhoea, and clean-
ing habits.

Analysis of data

Descriptive statistics were used to
obtain absolute and relative frequencies.
The chi-square test with Yates correction
(x2) was used to compare the occurrences
of infection between the analysed varia-

Table 1. Prevalence of Bovine Neonatal Diarrhoea in calves from livestock production units

of geographical areas of the state of Veracruz

Geographical Area N Positives  Prevalence (%) Cl,,,
North 100 92 92.0 84.8 - 96.4
Centre 100 87 87.0 79.9 -93.6
South 100 78 78.0 68.6 -85.6
Total 300 257 85.0 81.1-89.4

Cl = 95% Confidence interval

Table 2. Prevalence of Bovine Neonatal Diarrhoea in lactating calves from the municipalities

studied in the state of Veracruz

LPU Municipality I\ Positives Prevalence (%) Cly,,

North Zone

1 Nautla 20 19 95.0 75.1-99.8

2 Tuxpam 24 23 95.0 76.8 - 99.7

3 Ozuluama 30 26 86.0 68.3-95.6

4 Tamiahua 26 24 92.0 73.4-97.8
Central Zone

5 Medellin 40 32 80.0 63.8-90.3

6 Naolinco 30 27 90.0 76.4-98.8

7 Ixhuacan 30 28 93.0 76.4 - 98.8
South Zone

8 Isla 30 22 73.0 53.8-87.0

9 Sayula 30 24 80.0 60.8-91.6

10 Choapas 40 32 80.0 63.8-90.3

TOTAL 300 257 85.0 81.1-89.4

Cl: 95% Confidence interval
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bles. The risk factors associated with bo-
vine neonatal diarrhoea were evaluated
by univariate analysis of the variables of
interest and by logistic regression analy-
sis, taking the results of the method used
as the dependent variable. Odds ratio
(OR) values were obtained for each pa-
rameter evaluated. The significance level
was taken at 5% and all statistical analy-
ses were performed using STATA® V17.0
software.

Results

Bovine Neonatal Diarrhoea was fre-
quent in all three geographical areas sam-
pled (north, centre and south). Calves
corresponding to LPUs in the north had
the highest prevalence, followed by the
central zone and the lowest prevalence
were the calves from the south (Table 1).

The prevalence of BND by municipal-
ity was relatively high, ranging from 73%
to 95% (Table 2). The LPUs in the north

Table 3. Univariate analysis of risk factors associated by pathogen to Bovine Neonatal
Diarrhoea in lactating calves in the state of Veracruz, Mexico

Variable N Positives O.R.
Cryptosporidium spp.
Age 229 130 101 059-174 094 0.27 0.06
1-15 days
Stillwater 229 97 506  239-106 <001 1.92 426
Colostrum ) 83 087 050-1.50 062 026  -0.49
30 - 60 min
Escherichia coli
Age 161 99 152 096-242 007 035 1.8
1-15 days
Stillwater 161 76 3.24*  1.95-540 0 0.84 454
Colostrum
20 20 m 161 67 153 095-247 007 0.37 1.78
Rotavirus
Age 126 77 136 085-218 018 032 132
1-15 days
Still water 126 ) 085 053-139 053 0.21 0,62
Colostrum N
20 - 0 mn 126 55 1.63 101-262 004 0.39 2.02
Coronavirus
Age 117 66 098  061-156 09 0.23 -0,07
1-15 days
Stillwater 117 36 071  043-117 018 018 132
Colostrum *
20— c0mm 17 52 1.68 1.04-2.71  0.03 0.41 213

0.R: Odds ratio; Cl: 95% Confidence interval. S.E: Standard Error; *statistically significant

E
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stand out due to the hydrological and de-
mographic characteristics of the region,
since most are surrounded by water ba-
sins such as rivers and lagoons, present-
ing an extremely hot climatic condition.

Analysis of the risk factors in rela-
tion to the four pathogens studied and
the variables of choice (age at the second
week of life, still water, colostrum ad-
ministered 30 to 60 min) are presented
in Table 3. In the case of Cryptosporidium
spp- and E. coli, it was observed that the
consumption of still water was a signifi-
cant risk factor. For Cryptosporidium spp.,
it was five times more probability that
the animals would get sick, and similarly
for E. coli three times more likely. For the
viral agents, Rotavirus and Coronavirus,
the significant risk factor was colostrum
consumption of 30 to 60 min after birth
(Table 3).

Discussion

Bovine Neonatal Diarrhoea was a fre-
quent finding in the study areas, with a
high prevalence in virtually all munici-
palities. In particular, the high tempera-
tures in the sampled municipalities and
the climatic conditions similar to a warm
humid-subhumid tropic, with abundant
rains in summer and high humidity, are
a fundamental factor for the presence of
sick animals due to diarrhoea (Brainard
et al.,, 2020). In a previous study in the
centre of Veracruz, LPUs of the munici-
palities that were at sea level presented
a much higher prevalence; these results
correspond to the results reported here as
most of the LPUs of the sampled munic-
ipalities are at sea level, and this favours
high temperatures and higher humidity
(Castelan-Hernandez et al., 2011; Urie
et al., 2018). However, our results differ
from a study in the central zone of Ver-
acruz state (Romero et al., 2012) that re-

ported a lower prevalence of general di-
arrhoea of 12.5% caused by Cryptosporid-
ium spp. Nonetheless, the diagnostics
performed were for this parasite alone
and 40% of calves with diarrhoea tested
negative, so it possible that other agents
were responsible such as those consid-
ered in the present study.

Age is s relevant factor considered
in production and health management,
as diarrhoea in calves is more frequent
in young animals because their immune
system is not yet prepared for environ-
mental agents, and the age between the
first and second week after birth pre-
disposes them to be more susceptible to
BND pathogens (Dahmani et al., 2020). In
a study conducted on a dairy farm in Chi-
na, approximately 30% of calves tested
positive for one or more pathogens, with
a consistency of liquid or semi-liquid fae-
ces, which decreased as the animal aged
(Monney et al.,, 2020). Similar findings
have been reported in Colombia, where
the presence of diarrhoea decreased as
the calf grew (Pardo and Oliver, 2012).
The predisposition to diarrhoea in new-
born calves is due to the placental charac-
teristics of the mother, which do not allow
the passage of immunoglobulins during
gestation, resulting in hypogammaglobu-
linemic offspring post-birth (Al-Alo et al.,
2018). Therefore, colostrum consumption
is one of the most important variables in
the neonatal condition of the calf in the
first hours of life, as it acts as a protective
barrier against agents in the environment
and in the mother.

Our findings suggest that colostrum
administration could be a risk factor for
BND by Rotavirus and Coronavirus,
however the mechanism is not clear as
colostrum quality was not measured and
practices in each LPU could vary. The
purpose of maternal colostrum is to help
promote the development and growth
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of the suckling calf by providing growth
factors, nutrients, proteins, fats, and an-
tibodies present in the mother (Akagami
et al,, 2020). Colostrum and its quality
should be considered when evaluating
the presence of diseases in calves (Fontes
et al., 2017) as could be vital to decreas-
ing morbidity and mortality levels in the
first six months of growth. When it con-
tains good levels of nutrients and immu-
noglobulins, colostrum makes the calf
competent to handle the environment
and mitigates the impact of external fac-
tors predisposing to the presentation of
diarrhoea (Schogor et al., 2020). Calves
consuming colostrum with good levels
of post-birth IgG have lower mortality
rates, increase their weight gain, and are
more productive in dairy herds, thanks to
the correct transfer of passive immunity
(Williams et al., 2014). Colostrum admin-
istration functions as a protective factor,
though other variables such as the phys-
iological, nutritional, and management
conditions in the mother should be eval-
uated since these factors may be involved
in the quality of the colostrum consumed
by the calf (Schogor et al., 2020) and this
will be reflected in the productive devel-
opment of the calf.

Regarding the factors predisposing to
infection with a causal agent of diarrhoea
in calves, the origin of water for consump-
tion in neonates predisposes them to be-
come ill more easily (Sischo et al., 2000),
as observed in the present study with the
presence of E. coli and Cryptosporidium
spp., both opportunistic pathogens that
take advantage of moisture conditions
and water sources to colonise the animal’s
enteric tract. Is reported that E. coli and C.
paroum are the most common pathogens
in the presence of bovine neonatal diar-
rhoea (Lombardelli et al., 2019). However,
the presence of these pathogens can vary
depending on environmental factors, in-

ternal management on holdings, and the
type of production (Brunauer et al., 2021).
Our findings concur with other studies
where the most frequent pathogen was
Cryptosporidium spp., followed by E. coli
in young animals, Rotavirus and Coro-
navirus were also found but in a lesser
presence (Abuelo, 2016). C. parvum is one
of the pathogens that, in most cases, is as-
sociated with diarrhoea due to its affinity
with stagnant water, poor bedding, poor
hygiene in production, and is of great
importance due to its zoonotic potential
(Caffarena et al., 2020). As for the associ-
ation of study variables, the consumption
of stagnant water was identified as a risk
factor for calves, as calves consuming still
water were more likely to become ill due
to the presence of a BND-causing patho-
gen. Tropical conditions also predispose
to the presence of pathogens, as found in
Colombia by Siabato et al. (2022), where
Cryptosporidium was found to be the caus-
al pathogen of diarrhoea using the same
immunochromatographic kit.

Finally, sanitary parameters and zoo-
sanitary management given to the animals
in production are variables determining
the presence of diarrhoea in calves, as
management practices and worker behav-
iour towards animals in LPUs make it eas-
ier for the animal to become infected with
pathogens causing LPU diarrhoea (Berto-
ni et al., 2020; Monney et al., 2020).

Conclusions

Bovine neonatal diarrhoea is a patho-
logical entity of great importance present
in calves from LPUs sampled in the the
central, northern, and southern regions
of the state of Veracruz. The presence of
these pathogens represents a potential
risk to animal and public health, especial-
ly Cryptosporidium spp., given its higher
presence. However, it is recommended
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that the management conditions within
holdings be examined, and the quality of
colostrum be evaluated through serology
to measure its IgG levels and correlate it
with the presence of diarrhoea in neo-
nates.
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Neonatalni proljev goveda (BND) predstavlja ke ekonomske gubitke. Cilj je ove studije bio utvr-
problem od velikog znacenja u stadima goveda, jer ~ diti prevalenciju BND-a u drzavi Veracruz. Uzor-
je posljedica smanjenje produktivnosti i u¢inkovito- ~ kovano je 300 teladi hranjenih majcinim mlijekom.
sti u proizvodnim jedinicama, prouzrokujceci veli- ~ Uzorci su analizirani s komercijalnim kompletom
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Rainbow Calf Scours (rotavirus, koronavirus, Es-
cherichia coli i Cryptosporidium spp.). Razlike izme-
du skupina su utvrdene metodom X2, a ¢cimbenici
rizika su utvrdeni omjerom izgleda (OR). Opcenita
prevalencija u tri uzorkovana geografska podrudja
bila je 85 %. S obzirom na analizirane patogene,
Cryptosporidium spp. je imao najvecu prevalenciju
sa 76 %, nakon Cega je slijedila E. coli s prevalenci-
jom od 42 %. Dva patogena bila su prisutna u koin-
fekcijama s 32 % prevalencije, za razliku od proljeva
uzrokovanog jednim, tri i Cetiri patogena. U slucaju

OR, otkriveno je da je telad koja konzumira stajacu
vodu (OR=2,2) nakon teljenja u vecem riziku od in-
fekcije. Potrebno je utvrditi sanitarne programe za
smanjenje rizika od infekcije, Sto bi uvjetolo smanje-
nju ekonomskih gubitka i poboljSanju produktiv-
nost stada. Patogeni povezani s BND-om, rotavirus,
koronavirus, Escherichia coli i Cryptosporidium spp.
prisutni su u uzorkovanim podrudjima.

Kljucne rijeci: koronavirus, Cryptosporidium
spp., Escherichia coli, imunokromatografija, telad, rota-
virus
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