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ARTICLE INFO ABSTRACT

Keywords: Machine learning approaches have been increasingly utilized in the field of medicine. Brucellosis is one of the
Brucellosis most common contagious zoonotic diseases with significant impacts on livestock health, reproduction, produc-
Seroprevalence

tion, and public health worldwide. Therefore, our objective was to determine the seroprevalence and compare
the logistic regression and Classification and Regression Tree (CART) data-mining analysis to assess risk factors
associated with Brucella infection in the densest cattle populated Egyptian governorates. A cross-sectional study
was conducted on 400 animals (383 cows, 17 bulls) distributed over four Governorates in Egypt’s Nile Delta in
2019. The randomly selected animals from studied geographical areas were serologically tested for Brucella using
iELISA, and the animals’ information was obtained from the farm records or animal owners. Eight supposed risk
factors (geographic location, gender, herd size, age, history of abortion, shared equipment, and disinfection post-
calving) were evaluated using multiple stepwise logistic regression and CART machine-learning techniques. A
total of 84 (21.0%; 95% CI 17.1-25.3) serum samples were serologically positive for Brucella. The highest
seroprevalence of Brucella infection was reported among animals raised in herd size > 100 animals (65.5%), with
no disinfection post-calving (61.7%), with a history of abortion (59.6%), and with shared equipment without
thorough cleaning and disinfection (57.1%). The multiple stepwise logistic regression modeling identified herd
size, history of abortion, and disinfection post-calving as important risk factors. However, CART modeling
identified herd size, disinfection post-calving, history of abortion, and shared equipment as the most potential
risk factors for Brucella infection. Comparing the two models, CART model showed a higher area under the
receiver operating characteristic curve (AUROC = 0.98; 95% CI 0.95 — 1.00) than the binary logistic regression
(AUROC = 0.89; 95% CI 0.73 - 0.92). Our findings strongly imply that Brucella infection is most likely to spread
among animals raised in large herds (>100 animals) with a history of abortions and bad hygienic measures post-
calving. The CART data-mining modeling provides an accurate technique to identify risk factors of Brucella
infection in cattle.

Decision tree
Risk factors
Dairy cattle

1. Introduction Brucella spp., gram-negative intracellular bacteria (Akhvlediani et al.,
2017; Ducrotoy et al., 2018). Twelve species of Brucella have been

Brucellosis is one of the most prevalent and highly contagious but identified to date, and most of them can infect several species of animals,
neglected zoonotic diseases worldwide, except in some developed including humans (Godfroid et al., 2010). In cattle, Brucella infection is
countries that have managed to eradicate it. The disease is caused by primarily caused by B. abortus, less often by B. melitensis, and
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occasionally by B. suis (Diaz, 2013; OIE, 2018). In underdeveloped
countries with low and moderate-income, the disease is often under-
reported with little or inefficient control program, resulting in signifi-
cant health, economic, and livelihood burdens (McDermott et al.,
2013a). This might be attributed to the misclassification of the disease as
other reproductive diseases (Hegazy et al., 2011; Ducrotoy et al., 2017).
In several countries, Bovine brucellosis is endemic, including Egypt,
affects humans and animals of both gender, and is considered a signif-
icant risk to public health (Yu and Nielsen, 2010; Khurana et al., 2020).

In adult cattle, the infection localizes in the reproductive organs
resulting in placentitis followed by abortion, causing production and
reproduction losses, including a decrease in milk yield, chronic metritis,
and decrease in fertility rate (McDermott et al., 2013b; Kothalawala
et al., 2017; Franc et al., 2018). However, most infected animals abort
once in their lifetime and retain the infection during their entire life
(Godfroid et al., 2010). After the first abortion or in non-pregnant female
cattle, the disease remains asymptomatic. The animals can shed the
bacteria in their discharges, which is considered an essential source for
spreading the infection between susceptible hosts (Hosein et al., 2018;
Jamil et al., 2020). Therefore, the periodical monitoring of animals for
brucellosis using serological tests would promote the detection of
infected animals, contribute effective control measures, and decrease
the spreading of brucellosis (Gwida et al., 2015).

Indirect enzyme-linked immunosorbent assay (iELISA) is the primary
serological test used to screen brucellosis among susceptible animals and
humans because of its high sensitivity and specificity (Nielsen, 2002;
Chisi et al., 2017). According to available seroprevalence studies in
Egypt, brucellosis is endemic in both animals and humans, despite a
control program and strategic vaccination for animals (Abdelbaset et al.,
2018; Hosein et al., 2018). In a small-scale study, the seroprevalence of
brucellosis was 16.7% and 16.3% in cattle and sheep, respectively
(Selim et al., 2019). Despite the effort attributed to control brucellosis in
Egypt, the reasons behind its persistence are still poorly understood.
However, the lack of adequate epidemiological data on the seropreva-
lence of Brucella and related risk factors can impede establishing effi-
cient strategic control programs (Gwida et al., 2015; Eltholth et al.,
2017).

Classification and Regression Tree (CART) is a machine-learning
algorithm that has been used in clinical settings as an effective tool for
clinical decision-making and risk factor assessment (Yakubu et al., 2015;
Mburu et al., 2018; Selim et al., 2021). In the last decade, data mining
modeling has started to be used in veterinary epidemiological studies.
Recently, data mining techniques, including random forest, support
vector machine, multivariate adaptive regression splines, and decision
tree have been used to predict Brucella infection in cattle (Shirmo-
hammadi-Khorram et al., 2019; Khan et al., 2020). However, to the best
of our knowledge, no study compared the performance of both tradi-
tional logistic regression and CART modelings for identifying the most
important risk factors of Brucella infection in cattle. Our objective was
therefore to determine the seroprevalence of brucellosis and compare
the binary logistic regression and CART machine-learning modelings to
identify the risk factors associated with brucellosis in Egyptian dairy
cattle.

2. Materials and methods
2.1. Ethical considerations

This study was permitted by the ethical committee of the Faculty of
Veterinary Medicine, Benha University, and the blood samples were
taken from cattle under owner s consent.

2.2. Study area

The study was conducted in four Governorates (Gharbia, GB; Kafr El-
Sheikh, KF; Menofia, MF; and Qalyoubia, QL) geographically situated at
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the Nile Delta of Egypt. The Delta region has a hot desert climate like the
rest of Egypt and is located near Egypt’s north coast. This region has a
moderate temperature (average 25 °C) almost of year and increases only
during the summer months. The average annual rainfall ranges from100
to 200 mm and mainly occurs during the winter months. Most of the
cattle residing in these governorates are household cross-breeds and
kept in a semi-grazing system. In Egypt, the cross-border movement of
animals between governorates is active. Historically, agriculture,
including livestock farming, is the backbone of Delta-people’s income,
and close human-animal interactions are its primary features.

2.3. Study design and sampling

A cross-sectional study was conducted between April 2018 to
November 2019 in four Governorates located at the Nile Delta of Egypt.
The selected areas have a high density of cattle population. The sample
size needed for the present study was determined using the formula for
descriptive studies:

[DEFF*Np(1-p)l/ [(d2/Z1.2*(N—D+p*(1-p)],

Where, N = population size (150,000), p = prevalence of brucellosis
(16.7; Selim et al., 2019), d = precision (1), DEFF = design effect (1.0),
Z1_qs2 = 1.96. Under these assumptions, a minimum of 370 animals was
deemed necessary. Considering attrition of 8%, the final sample size of
400 was calculated to be enrolled from the four Governorates in this
study. Governorates stratified the enrolled animals according to the
approximate number of animals in each governorate obtained from the
Animal Wealth Development Sector. All animals were randomly selected
from different geographic locations within the governorate. Individual
data, including location, herd size, age, shared equipment, history of
abortion, and disinfection post-calving were recorded. Blood samples
were obtained from the jugular vein of each examined animal using 20 G
needles and 10 mL blood collection tubes. Serum was collected after
centrifugation of the blood samples at 3000xg/min for 10 min. The
serum samples were stored at — 20 'C until serological testing.

2.4. Serological analysis

All sera were tested for antibodies against B. abortus using a com-
mercial iELISA kit (IDEXX Brucellosis Serum X2 Ab Test) according to
the manufacturer’s instructions. An ELISA reader measured the optical
densities (ODs) of samples at 450 nm. The sample is considered positive
if S/P ratio is > 80%, and negative if S/P ratio is < 80%.

2.5. Data analysis

The seroprevalence of brucellosis was estimated with the exact
binomial confidence intervals of 95% using PROC FREQ of SAS
analytical procedure. The associations of B. abortus infection with
different risk factors were evaluated using the Cochran-Armitage trend
test, and the strength of associations was assessed through Phi coeffi-
cient value using PROC FREQ of SAS analytical procedure. Univariable
logistic regression was used for the initial screening of investigated
exposure factors associated with B. abortus infection. The logistic model,
fitted with B. abortus infection as the outcome variable (present: 1, ab-
sent: 0), and history of abortion (2 levels: yes and no), sex (2 levels:
male, female), age (3 levels: <4, 4-8, >8 years), herd size (3 levels: <30,
>30-100, >100 animals), shared equipment (2 levels: yes and no),
disinfection post-calving (2 levels: yes and no), and geographic location
(5 levels: GB, KF, MF, and Qal) as exposure factors. The predicted
probability curves for the most important risk factors were created using
univariable logistic regression model-predicted probabilities.

Stepwise forward multivariable logistic regression was used to
identify the most critical risk factor(s) associated with B. abortus infec-
tion based on the lowest value for the Akaike information criterion
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(AIC). The stepwise forward multivariable logistic regression model was
built by starting with no variables in the model. The ‘stopping rule’ for
inclusion or exclusion of variables was based on the AIC. The logistic
regression model predicts the log odds (logit) for the outcome as an
additive function of the risk factors. The prevalence odds ratios (POR)
were used as an approximate measure of relative risk (the likelihood of
having a positive result for iELISA in an animal with a given risk factor
compared with an animal without the risk factor). Confounding between
risk factors retained in final models were examined by adding each of
the variables to the model and assessing the changes in the POR (i.e., >
20%) of the remaining variables in the model (Kiiza et al., 2021).
Interaction between variables was tested by adding new terms to the
model for every two variables for which interaction is being assessed.
The coefficient of this term is then analyzed to see if the combination of
these two variables affects the Brucella seropositivity (Harrell, 2015).
Regression analysis was performed using SAS 9.4 (SAS Inst. Inc., Cary,
NC), and P < 0.05 was considered significant.

A data mining technique, CART, was used to highlight the relation-
ship between significant risk factors and their hierarchical classification
in the tree diagram visualization. Briefly, B. abortus infection was scored
on a binomial scale: 0 — absent, 1 — present. The initial dataset of 400
animals was divided into training (280, 70%) and validation (120, 30%)
datasets using a stratified sampling method. The classification tree
model was developed based on the assumption that the maximum depth
of the tree (number of branches) is 6. Splitting (Gini index) and pruning
(cross-validation) steps were used to build the classification tree (Brei-
man et al., 1984). The classification tree algorithm used the following
variables: history of abortion, sex, age, herd size, shared equipment,
disinfection post-calving, and geographic location to select the associ-
ated exposure factors. The tree model was assessed using the validation
dataset through the following criteria: sensitivity (Se), specificity (Sp),
misclassification rate, and the area under the receiver operating char-
acteristics curves (AUROC). Decreasing values of the misclassification
rate and increasing values of Se, Sp, and AUROC indicate higher quality
of the information in the models. The ranking and significance of risk
factors in terms of their importance were created based on the “Impor-
tance” measure, the percentage of agreeing cases when the main and
surrogate splits are compared (SAS Institute Inc, 2014). Importance
takes values in the range of 0-1, the higher the value, the greater the
importance of a given measure in constructing the classification tree (i.e.
generating splits). Importance measures are based on the reduction of
the Gini score (Piwczynski et al., 2012). Finally, the model validation
was performed on the same set of held-aside data for both modeling
approaches and assessed through AUROC. All data mining modeling was
performed with SAS® OnDemand for Academics (PROC HPSPLIT; SAS
Inst. Inc., Cary, NC).
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3. Results
3.1. Seroprevalence of brucellosis

The seroprevalence of brucellosis in dairy herds was defined in 400
serum samples obtained from dairy cattle (379 females and 21 males)
with ages from < 4 to > 8 years old, raised in herd size between < 30 to
> 100 animals, and located in four governorates (GB, KF, MF, and Ql) in
Northern Egypt.

Overall, the seroprevalence of brucellosis was 84/400 at animal-
level (21%; 95% CI 17.1-25.3). The results of univariable logistic
regression showed that the seroprevalence of brucellosis was non-
significant differed between localities and between males and females
under the study. Gharbia governorate showed the highest seropreva-
lence of brucellosis (23.4%), while KF governorate showed the lowest
seroprevalence for the disease (17.1%), as shown in Table 1 and Fig. 1.
The distribution of Brucella-positive animals was differed between herd
size (P < 0.00), age (P < 0.001), history of abortion (P < 0.001),
disinfection post-calving (P < 0.001), and shared equipment (P <
0.001). The highest seroprevalence of brucellosis was present among
animals raised in herd size > 100 animals (65.5%), with no disinfection
post-calving (61.7%), with a history of abortion (59.6%), and with
shared equipment without thorough cleaning and disinfection (57.1%)
as shown in Table 1.

Our results showed moderate to high associations between the
seroprevalence of Brucella infection and disinfection post-calving (Phi
coefficient = 0.70), herd size (0.59), history of abortion (0.52), age in
years (0.52), and shared equipment (0.48). However, no association was
reported between Brucella seropositivity and geographic location (0.06)
or gender (0.10).

3.2. Risk factors analysis

The findings of univariable logistic regression revealed that the an-
imals raised in herds size > 100 animals, with a history of abortion and
no disinfection post-calving, increased the probability of Brucella sero-
positivity by 64.1%, 62.3%, and 72.0%, respectively.

The final forward stepwise multivariable logistic regression model
showed that herd size, history of abortion, and disinfection post-calving
were significant risk factors for Brucella-infected animals (Table 2).

The CART model developed a decision tree for the most important
risk factors of brucellosis with misclassification rate of 5.2% (Fig. 2). The
sensitivity and specificity of the CART model were 81.0% and 98.4%,
respectively. The first node in the tree diagram indicates the highest risk
factor. The first node in the tree diagram was the herd size with an
importance score of 10.7. The second node was the disinfection post-

Table 1
Univariable logistic regression analysis for identification of risk factors associated with B. abortus infection in 400 dairy cattle in the Nile Delta of Egypt.
Variable Category N Positive Prevalence (%) POR (95% CI) P-value
Geographic location Gharbia 94 22 23.4 1.0 (Reference) 0.825
Kafr El-Sheikh 111 19 17.1 0.7(0.3-1.3)
Menofia 96 22 229 1.0 (0.5-1.9)
Qalyoubia 99 21 21.1 0.9 (0.4-1.7)
Gender Male 17 1 5.9 1.0 (Reference) 0.151
Female 383 83 21.6 4.4 (0.6-33.9)
Herd size <30 178 5 2.8 1.0 (Reference) < 0.001
30-100 138 24 17.4 7.3 (2.7-19.6)
> 100 84 55 65.5 65.6 (24.2-177.7)
Age (years) <4 162 7 4.3 1.0 (Reference) < 0.001
4-8 157 27 17.2 4.6 (1.9-10.9)
>8 80 50 62.5 36.9 (15.3-89.2)
Shared equipment No 309 32 10.4 1.0 (Reference) < 0.001
Yes 91 52 57.1 11.5 (6.6-20.1)
Abortion No 306 28 9.2 1.0 (Reference) < 0.001
Yes 94 56 59.6 14.6 (8.3-25.8)
Disinfection post-calving Yes 267 2 0.8 1.0 (Reference) < 0.001
No 133 82 61.7 213.0 (50.8-894.0)
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Fig. 1. Geographic distribution of B. abortus infection in dairy cattle of the Nile Delta of Egypt.

Table 2
Multiple stepwise logistic regression analysis of potential risk factors associated with B. abortus seropositivity in dairy cattle in the Nile Delta of Egypt.
Variable Categories Estimate SE P-value POR,q; 95% CIOR
Intercept -7.0 1.0 < 0.001 - -
Herd size <30 Reference
30-100 2.6 1.1 0.016 4.4 1.39-14.3
> 100 3.9 1.1 < 0.001 30.5 7.7-120.7
Abortion No Reference
Yes 1.3 0.5 0.010 3.9 1.5-10.4
Disinfection post-calving Yes Reference
No 5.4 0.8 < 0.001 212.3 42.4->999.9

calving (6.9) and the history of abortion (4.2). The fourth important risk
factor was shared equipment between animals (2.4).

Comparing CART with binary logistic regression analyses, the CART
model generally showed a superior model performance than logistic
regression with an AUC= 0.98 (95% CI 0.95 - 1.00), compared to AUC
of 0.89 (95% CI 0.73 — 0.92) for the logistic regression model.

4. Discussion

Brucellosis is considered one of the most dangerous zoonotic diseases
that cause chronic debilitating illnesses in humans and substantial loss
of productivity in livestock industries. For thousands of years, brucel-
losis has been an endemic disease in Egypt. Therefore, the main goals of
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Fig. 2. Estimated classification tree determining the sig-
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infected or non-infected animals. The width of the link
between parent and child nodes is proportional to the
number of observations in the child node. Classification
tree analysis indicated that herd size, disinfection post-
calving, history of abortion, and shared equipment are
important risk factors of Brucella.
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this research are to provide updated prevalence information on
brucellosis in dairy cattle in Egypt and evaluate the logistic regression
and decision tree data-mining analysis in identifying the risk factors
associated with Brucella infection in Egyptian dairy cattle to provide an
accurate guide for implementing effective prevention-control strategies.
The main result of this study is that CART modeling showed an accurate
analytical approach for identifying potential risk factors of Brucella
infection in cattle. Accordingly, the herd size > 100 animals, no disin-
fection post-calving, history of abortion, and shared equipment might
predict a higher risk for Brucella infection in dairy cattle. The CART
machine-learning algorithm is a powerful, robust technique used in
public health studies to assess risk factors (Yakubu et al., 2015; Mburu
et al., 2018). Additionally, the decision tree is a powerful analytical
method to identify interaction among independent variables, where the
nature of the decision tree itself implies interacting variables without
specifying a variable that is the interaction (Oh, 2019). The lower
analytical performance of logistic regression compared to CART is might
be due to the mathematical properties of logistic regression depending
on the sample size and the data structure (Nemes et al., 2009).

The total seroprevalence of brucellosis in dairy cattle defined in this
study is 21% that is higher than that reported in the earlier studies 5.4%
(Samaha et al., 2008), 11.0% (Holt et al., 2011), 16.7% (Selim et al.,
2019), confirming that brucellosis is endemic in the studied locations.
However, comparing the estimated seroprevalence of brucellosis in our
study with earlier Egyptian studies should be taken with caution because
lack of unbiased studies that estimated brucellosis seroprevalence. Of

interest, the reported seroprevalence of brucellosis in India ranged from
20% to 60% from 2004 to 2016, confirming our thought (Chand and
Sharma, 2004; Jagapur et al., 2013; Pathak et al., 2016). However, this
higher seroprevalence rate in our study might be due to the infected
animals remaining infected the entire life (Godfroid et al., 2010; Deka
et al., 2018). Therefore, the estimated seroprevalence in this study re-
flects the proportion of cows that are potentially shedding the Brucella
organism. Additionally, if any animals in this study were vaccinated, the
estimated seroprevalence might have been overestimated (Holt et al.,
2011).

Our results showed that brucellosis is present in all studied gover-
norates, with GB governorate recorded the highest seroprevalence
among the studied areas. This might be attributed to cattle management
differences and other agroecological factors that promoted or restricted
contact between herds, in addition to the existence of the largest animal
trading market in the Nile Delta region in the Gharbia governorate
(Hegazy et al., 2011). However, the reported seroprevalence between
the localities was not statistically significant, which is considered a
sensible result because the four localities have a similar geographic and
climatic nature.

The seroprevalence of brucellosis was not statistically different be-
tween male and female animals under the study. This result is in
agreement with an earlier study (Segwagwe et al., 2018). However, most
earlier studies reported higher prevalence in female animals than in
male animals (Islam et al., 2013; Mangi et al., 2015; de Alencar Mota
et al., 2016). Contrary, one study reported a higher prevalence in male
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animals than female animals (Mai et al., 2012).

In general, risk factors of brucellosis can be classified into four
groups; (1) host factors such as age, sex, breed, history of abortion,
retention of placenta, repeat breeding; (2) management factors
including herd size, single/mixed herd, the introduction of the new
animal; (3) agroecological factors such as geographical location and
climate; (4) farmer factor includes farmer qualification, training, and
experience (Deka et al., 2018). Among the observed factors that have
been assessed in this study is the herd size. Herd size of > 100 animals
has been identified as the most critical risk factor for higher Brucella
seropositivity. This is consistent with earlier studies that found the large
herds are more prone to Brucella-infection because the animals are kept
closely together, resulting in increasing the risk of exposure that pro-
vides more opportunities for infection and the maintenance of Brucella
in the cattle population (Coetzer et al., 1994; Tasiame et al., 2016; Kiiza
etal., 2021). Additionally, keeping the optimal management practices is
more challenging in the large herds than in small ones (Nicoletti, 1980;
Matope et al., 2010; Segwagwe et al., 2018).

Our results showed associations between the seroprevalence of
Brucella infection and animal age in years. Previous reports suggest that
older animals are more likely to be seropositive than younger animals
(Hassan et al., 2014; Mugizi et al., 2015). Increased susceptibility to
infection with age could be assigned to the earlier exposure of older
animals that may be possibly immune or perhaps persistent carriers
(Segwagwe et al., 2018). Additionally, Brucella infection is more linked
to sexual maturity due to the impact of sex hormones and placenta
erythritol on the pathogenesis of the disease (Asmare et al., 2013).
However, Brucella infection was found to be more common in younger
calves in a previous investigation, suggesting that age is still an arguable
risk factor (Kumar et al., 2016), supporting the results of logistic
regression and CART approaches.

Our findings revealed that the history of abortion is a significant risk
factor of cattle brucellosis that is consistent with earlier studies (Samaha
et al., 2009; Lindahl et al., 2014; Alhaji et al., 2016). This finding cor-
responds with the biology of Brucella organisms as a significant cause of
abortion due to the presence of erythritol in the uterus that constitutes
the placental tropism for the development of Brucella, specifically in
ruminants (O’Callaghan, 2013). However, other studies revealed no link
between Brucella infection and abortion or placenta retention (Asmare
et al.,, 2013; Mugizi et al., 2015). This might be because the infected
animals remain infected the entire life (Holt et al., 2011).

Disinfection post-calving and avoiding sharing the equipment be-
tween animals seem to be the most imperative preventive measures to
reduce the spread of Brucella infection among the dairy cattle popula-
tion. This is a sensible result since the disinfection and cleaning of
contaminated premises help kill and remove the causative pathogens.
Avoiding sharing equipment decreases the opportunities to transfer
Brucella organisms from infected animals to susceptible animals and
therefore, the maintenance of Brucella spp. in cattle populations. It has
been reported that the spread of Brucella organisms amongst animals is
aided by increased contact between animals at shared feeding and wa-
tering places (Segwagwe et al., 2018).

The main limitations of this study include, first, the shortage of in-
formation about the vaccination history of enrolled animals makes the
reported seroprevalence of brucellosis should be taken with caution.
Second, being a cross-sectional study that cannot provide adequate ev-
idence on cause and effect relationships. Therefore, longitudinal studies
using a larger sample size and broader geographic representation are
required to verify the associations obtained in this study. Third, in the
present study, we used a hold-out validation strategy in order to obtain
independent training and validation datasets. The reduced data and
using a single train split can result in an enlarged variance; therefore,
other validation approaches such as external validation multiple-fold
cross-validation may achieve more accurate performance estimation.
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5. Conclusion

The machine-learning classification tree provides a powerful, robust
approach for identifying risk factors of Brucella infection in cattle.
Brucellosis is most likely found in large herd sizes (>100) with a history
of abortion and poor hygienic-managemental practices.
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