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Abstract. Brucellosis is a zoonotic bacterial infection tltain be acquired by humans
from infected animals' meat, urine, body fluidsprbd materials, unpasteurized milk,
and milk products or contaminated environment. Matatical models for infectious

diseases have been used as important tools indimgviseful information regarding the
transmission and effectiveness of the availabld@robstrategies. In this paper, a review
of the available compartmental mathematical moftel8rucellosis was done. The main
purpose was to assess their structure, populationslved, the available control

strategies and suitability in predicting the digeaxidence and prevalence in different
settings. Diversities have been observed in thewed mathematical models; some
models incorporated seasonal variations in a siagimal population, some ignored the
contributions of the contaminated environment wlolbers considered the cattle or
sheep population only. Most of the models revielWade not considered the contribution
of wild animals in the dynamics of Brucellosis. Sommodels do not match the real
situation in most affected areas like sub-Saharfitah region and Asian countries
where wild animals, cattle and small ruminants ehgiiazing areas and water points.
Thus, to avoid unreliable results, this review msehe need to affirm and incorporate
wild animals, livestock, humans and seasonal weatlaeameters in the spread of
Brucellosis and in planning for its controls.
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1. Introduction

Brucellosis is a disease caused by a number ofiesp@eé bacteria collectively called
Brucella It is one of the most widespread human and lo@stliseases acquired from
infected animals or their products [1]. The dise@sene of the highest priority animal
diseases in different regions of the world. Bruzs# infects many species including
livestock, wildlife, and humans. Most human infeo§ are acquired through direct
contact with infectious livestock or via indirecaismission by ingestion of unpasturized
milk and milk products or through engaging in ocatignal activities. The disease has a
wide range of impacts that include losses due totin, culling of infected animals, lost
milk production, animal replacement costs, vetexirfaes, and human illness- causing
reduced work capacity.

The history of Brucellosis goes beyond the 188Taigm and identification of
Brucellamelitensis and extends back to people's initiataxt with animals [1, 2, 3]. The
disease has been known by various names includadtaNever, Crimean fever, Bang's
disease, Rock fever, Maltese fever, Gibraltar feumdulant fever, Mediterranean fever,
or Gastric remittent [4,5]. It remains the most coom and continually-reemerging
zoonosis worldwide since 1884, and it is accouetd more than 500,000 new human
cases annually [6]. Additionally, low infectious s (10-100 bacterial cells), rapid
transmission through different pathways, persisgteincthe environment, and treatment
difficulties with antibiotics mak®rucellaa possible bioterrorism agent [5].

Control and eradication programmes based on vargitstegies have been
successful in eliminating Brucellosis in severalumies [7]. Strategies based on
prevention of the spread between animals, mongooh Brucellosis-free herds and
zones, elimination of infected animals by test aldughter, strict control of the
movement of infected and suspected animals, massiitization to reduce infection rate
and supporting specific education and training pognes have all received attention in
various countries [8, 9]. In addition, human treainis given to cure or reduce
symptoms duration, avert relapse, and avoid comfidics such as encephalitis,
spondylitis, arthritis, endocarditis, sacroilitiepididymoorchitis, and abortion [10].
However, the control or eradication of Brucellosss highly dependent on national
strategies, priorities, and policies.

The current review evaluates different Brucellosisdels based on structure,
various control interventions, and their effectigss

2. Methodology

A literature search from Medline, Science DirecYID, PubMed, Research4Life, and
Web of Science databases was conducted and anaflybis articles relevant to the study
and written in English was done. The search wasictsd to articles published from

2009 to 2019. To minimize the chance of missingdrtgmnt studies, manual search and
sorting of the references of all articles foundoir search including any potentially
eligible studies that were found using Google Sahalere performed. The search
keywords or MeSH were defined as: ("Brucellosis" OBrucella melitensis" OR
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"Brucella abortus® OR "human brucellosis”) AND (“thamatical model" OR
"modeling" OR "mathematical approach” OR "deterstinimodel" OR "compartmental
model"). Brucellosis studies which were conductesingt compartmental models,
available in full text, most recent in a serieadfcles with the same first authors, similar
modeling structure and content, and those usedvéduae the potential impact of
Brucellosis transmission control strategies on pupation-based level were eligible for
inclusion in the review. The initial number of retad articles from the searches was 125.
Abstract of articles with compartmental models warined for a detailed review and
20 were included in the list of references.

3. Mathematical models

A mathematical model is an illustration of a systasing mathematical language and
concepts; it is an essential tool for evaluating $sipread and control of communicable
diseases. Mathematical models are used to invéstayad predict how communicable

diseases advance, demonstrate the possible outainaesepidemic and advise public

health interventions. Such models use some basigmggions and mathematics to

identify the parameters for various infectious di&ss and gauge the effects of different
interventions such as mass vaccination and educatimpaign programmes. They can
also assist in decisions involving interventior{sbe implemented and to what extent.
Modeling of infectious diseases is a tool that bagn used to study the spread of
diseases, predicting outbreaks and appraisingahiat strategies of an epidemic.

In 1766, a trained physician Daniel Bernoulli penfied the earliest
mathematical modeling study on the spread of desedde developed a mathematical
model to study smallpox mortalities in England amsed the model to show that
universal inoculation against the disease wouldemse life expectancy at birth by 3
years and 2 months [11]. In 1772, Lambert and laplanproved Bernoulli's work by
expanding the model to include age-dependent fachtevertheless, this research focus
was not systematically developed until 1911 wherbemchmark study by Ross
established the modern mathematical epidemiolo@. [The law of mass action was
then applied by Wiliam Hamer and Ronald Ross tplar the epidemic behaviour of
measles and malaria respectively. Kermack-McKekdaiad the Reed-Frost epidemic
models of 1927 and 1928 respectively both descrihedassociation between immune,
infected, and susceptible individuals in a popalatiThe models successfully predicted
the behaviour of outbreaks similar to recorded ntzd®ns of many epidemics [13].

More importantly, the work by Ross, Kermack, andkdndrick addressed the
use of mass-action incidence in disease transmissignifying that the probability for a
susceptible individual to be infected corresporadshe number of its interactions with
infectious ones. Furthermore, their work estabbstize compartmental deterministic
epidemic modeling and predicted the critical fraictof susceptible individuals that must
be exceeded in the population for an epidemic tuodepending on the transmission
potential of an infection. Forty years after thgaes by Ross, MacDonald extended
Ross's model to clarify the malaria transmissioncess and proposed methods for
eliminating the disease on an operational levele Téignificant contribution of
MacDonald and Ross to the field through the useamhputers made mathematical
models for the dynamics and control of mosquitoraitted pathogens to be branded as
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Ross-MacDonald models [14]. Generally, there haeenbseveral different model

compartment structures depending on the type afadis Some possible classes of
compartmental models are: susceptible-infectiolls §8sceptible-infectious-susceptible
(SIS), susceptible-exposed-infectious (SEI), suditlepexposed-infectious-susceptible
(SEIS), susceptible-infectious-recovered (SIR), ceptble-infectious-recovered-

susceptible (SIRS), susceptible-exposed-infectieasvered (SEIR) and susceptible-
exposed-infectious-recovered-susceptible (SEIRY]) [1

4. Brucellosis mathematical models

Amakuet al [16] formulated a mathematical model to simuBtacellosis dynamics in
herds of female cattle and analyzed the effectgmo€ination strategies. The model was
based on statistics from some states of Brazil /sarveys on serology were carried out
and detected a prevalence rate higher than 2%fiftimgs showed that in areas with
low immunization coverage (approximately 30%), ttime required to lower the
prevalence rate to 2%, would be approximately twice time observed for higher
coverage (approximately 90%). The study furthedjgted that, if the model parameters
remain unchanged, it will take a decade to redheeBrucellosis prevalence to 1 or 2%
which is the adequate phase for the disease etiadicd@he intensification of female
bovine vaccination efforts to achieve high vacdoratoverage was recommended in this
study.

Ainsebaet al. [17] formulated and analyzed a susceptible-inficteathematical
model for Brucellosis in the ovine population. hist model, both direct and indirect
modes of disease transmission were consideredefilsle individuals could directly
contract Brucella from infected individuals through contact or iraditly due to the
presence of virulent organisms in the environm@&hie net reproduction number was
computed and used to analyze the global asymgtetiaviour of the model. Numerical
simulations were performed to investigate the eftdca slaughtering policy. Findings
from the study suggested that, in order to betteletstand the dynamics of the disease in
ovine or any other animal population, incorporatainthe age of infection and/or the
chronological age is needed. However, the modehddated was too elementary to
generalize the complex dynamics of the diseaseitivalves wild animals, livestock,
human and the environment.

Hou et al [18] formulated a sheep to human Brucellosisgnasission model that
involved the human and sheep populations in Innenddlia, China. The model divided
sheep population into susceptible, exposed andtinfes while the human population
was classified into susceptible, acute infectiord aronic infection. The average
bacterial load enough to cause infection on thd tvas defined as the infectious unit.
Computation of the threshold number used in deteatitn for the existence and stability
of the equilibria was done. Numerical simulationsd asensitivity analysis of the
reproductive number were carried out using reporaahan Brucellosis data from the
region. Findings showed that the disease couldedaliminated even if disinfection and
immunization rates of adult sheep were 100%. Thelystfurther investigated and
compared the effects of immunization, disinfectamd elimination strategies. Findings
showed that vaccination and disinfection of bothladnd young sheep were effective
and appropriate control strategies for Brucellgsistrol in Inner Mongolia. However, an
assumption that the exposed and infectious sheapheasame infectivity and shedding
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rates ofBrucellato the environment through abortions or secretimages the exposed
class redundant. Similarly, the lack of data fomhn to human transmission was not a
sufficient condition for this particular transmissiroute to be ignored.

Raclozet al [19] performed a formal mathematical analysistlef# Mongolia
model by Zinsstagt al [20] to examine different settings by which thember of
latently infected, infectious animals remains stallithough the need for more data was
evident in order to have a better estimation of tmeshold densities for the disease
transmission in other regions of the world, the kEnygd system of differential equations
and the equilibrium conditions for the model wemurfd to be reasonably robust.
Demographic determinants for livestock were foumthé the most important parameters
for the disease persistence. The study furtherctpihat despite varying control efforts
in pastoral areas, Brucellosis remains largely ipenst worldwide. The study
recommended for ecological considerations like anstg ecosystem services when
planning for the disease control strategies ingraksettings. Improved governance, land
reform, placing limitations on livestock stockingergsity, movement, and integrated
social and economic development should be partpancel of the plan. However, wild
animals and the seasonal interactions betweenanmiiddomestic animals were not taken
into account on the model formulation and analysis.

Li, Sun, Zhang, Jin, Sun, Wang, Huang and ZhanfgBsented a mathematical
model to explore the effective control and prewentimeasures of Brucellosis
transmission dynamics in Hinggan League of Innemytdia, China. The formulated
model described the sheep-to-human and sheep-ép-sipeead of the disease. The sheep
flock at any time was classified into basic ewed ather sheep, each of the classes was
further divided into susceptible, recessive infdctguarantined seropositive infected and
vaccinated subgroups while the human population agisled into susceptible, acute
infections and chronic infections. The study inthchthat susceptible sheep and human
could acquire infections from polluted environmesmid recessive infected sheep.
Numerical simulations for the study agreed with @1 to 2011 records of human
Brucellosis incidences, and the trend of the diseigidences in was given. The
reproduction number for the region was estimateletd.9789. The study demonstrated
that a combination of detection and eliminationgomation, and prohibition of mixed
feeding between basic ewes and other sheep anal isefontrolling the disease in the
region. However, the model does not fit to the Salxaran Africa countries where cattle,
small ruminants, and wild animals share grazingsi@nd water points. An assumption
that recessive infected and quarantined seropesitifected sheep release the same
guantity ofBrucella organisms into the environment per unit time makesquarantined
class redundant. Thus, there is a need for contpirtire recessive infected and
guarantined seropositive infected classes.

Kang et al [22] developed SIR model to simulate the spreadricellosis
within the cattle population in India. The formddt model was used to estimate the
impact of test-and-slaughter, reduction of thedmnaission rate, and mass vaccination in
controlling the spread of the disease. The epidegiical benefits of different rates of
vaccination and decreased transmission were amblyziadings showed that test-and-
slaughter is an effective strategy for eliminatanyd eradicating Brucellosis. However,
socio-cultural restrictions prevents the culling a#fttle in India. The model revealed
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further that the reduction of Brucellosis transicissrates correspondingly lowered the
stability and endemic levels of Brucellosis prewake Pulse vaccination initially lowered
the prevalence rates but increased with the infiixew susceptible births. However,
limitations in surveillance data acted as the magmrstraint of this study. In real practice,
test and slaughter alone results in more finanogdes than did eradication because the
newborns are not protected. On the other handntiael formulation was dictated by the
available data and not the biology of the diseas#® so0 did not incorporate small
ruminants, human population and the indirect rafteisease transmission through the
contaminated environment.

Nie et el [23] described the spread of Brucellosis amonigydzattle in Jilin
Province, China using a mathematical model. Theydzittle population was classified
into Susceptible, Exposed, and Infected while thetdrial compartment was included to
capture the outside transferred amounBnfcella The basic reproductive number was
computed and used to prove the existence and glattedction of the equilibria.
Parameter values for the system and predictiomfgfction numbers with time were
estimated using 20 years Jilin province Brucellaasa. The findings from the study
revealed that the disease would still persist iadfior the next 30 years even if the
existing measures were taken into account. Moreotler combination of culling,
sterilizing and minimization of the number of oueporting is the best control strategy
for dairy cattle Brucellosis. However, the modedl diot consider the impact of small
ruminants and weather variation on the diseasedpre

Zhang et al [4] presented a SEIV model to excavate the trasson of
Brucellosis in Zhejiang Province in China. The fateted model fitted the real disease
situation and predicted the disease tendency in rdgion. Assessment of the
effectiveness of the control measures was doneiry gaows. Careful analysis of the
model gave the following quantitative results: intption of dairy cows from northern
areas limits control of the disease due to higletfiation in the number of infectious
dairy cows, and the rate @&rucellatransmission from the environment to dairy cattle
was greater than that from infectious dairy cdtilsusceptible cattle. Brucellosis control
strategies require consideration of seasonal pdeamelue to periodic nature under
certain circumstances. Additionally, a combinatidrbirth rate management and twice a
week sterilization in infected regions best corstithle disease in cows. Nevertheless, the
model did not consider human and other animal (zdjmus.

Li, Sun, Wu, Zhang and Jin [24] proposed SEIRV gibup model
incorporating two-way transmissions between cadthel sheep in public farms. The
influence of bidirectional infection resulting fromixed feeding of the two groups was
investigated. Investigation and confirmation foe thiniform existence of a unique
positive equilibrium were done using the computesi®d reproduction number. An
endemic equilibrium of the model was proved to bebally attracting if the basic
reproduction number is > 1. Sensitivity analysistiod infectious herds with different
systems in terms of some parameter values wasrp@tb Findings revealed that the
disease cannot be eradicated if there is a twotreangmission between cattle and sheep;
reproduction number been less than unity is notificient condition for the disease
eradication in the region. The study recommendat riixed feeding prohibition is the
best control measure for Brucellosis eliminationowdver, the assumption that
individuals at the latent stage and the one at itifiectious stage have the same
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transmission rate makes the exposed class reduniaaddition, the model did not
incorporate the human population; a population thakes Brucellosis a public health
concern.

Hou et al [25] used Changling County of Jilin Province Bezligsis infection
characteristics monitoring data to formulate a iratlige model for the disease spread in
sheep. Appertaining to the assumption tBeaicella spread primarily causes disease in
adult sheep and that young sheep infectivity isligigde, the sheep population was
classified into young susceptible, susceptible tadul sexually mature, vaccinated,
exposed and infectious classes. Basic reprodustivgber computation was done and the
model dynamic properties were discussed. In terfighe embedded parameters,
sensitivity analysis of the basic reproductive nemiwvas performed and found that the
sheep birth, vaccination, and elimination rates iftfiectious sheep were important
players in the disease transmission. Further ifgeg&in and comparison of the effects of
sheep vaccination and culling strategies revediatithe two controls are effective and
feasible for controlling Brucellosis in the regidmwever, the latter was more effective
than the former. Nonetheless, the model did nosiden the impact of the contaminated
environment and human to human transmission inlyhamics of the disease.

Lou et al [26] proposed a susceptible-exposed-infectedimatad (SEIV)
Brucellosis model with periodicity in the ratestodnsmission. The impacts of seasonal
disease transmission in livestock and human pdpuokatof Bayingolin Mongol
Autonomous Prefecture of Xinjiang, China were itiggged. Computation of the basic
reproductive number was done and it was estimatdx t2.5524. Sensitivity analysis of
the reproductive number and the new acute humareBosis cases for the model
parameters demonstrated that livestock reducet bate, increased slaughter rate of
seropositive livestock, increased immunization gafer susceptible livestock, and
decreased loss rates of immunization efficacy #ectéve strategies for controlling the
Brucellosis epidemic. The study predicted a comtirsuincrease in the number of newly
acute human Brucellosis and its maximum value vetisnated to be 15325, which will
be reached around the summer of 2023. However, stiidy did not consider the
contribution of the contaminated environment indisease transmission dynamics.

de Souzat al [27] formulated a Brucellosis model for the puspmf measuring
the impact of the combination of S19 and RB51 vaesiin reducing the disease
prevalence. The model divided the cattle populatita seven compartments namely:
susceptible, vaccinated with the RB51 strain, gsarous latent carriers, vaccinated with
the S19 strain, primiparous infectious cows, maltiqus latent carriers, and multiparous
infectious cows. The study concluded that the ddopbf RB51 vaccination as a
complement to S19 vaccination significantly redubesgine Brucellosis prevalence in a
short time. However, ignoring the contribution ahal ruminants, wild animals,
contaminated environment and the aspect of seasohaiits a better understanding of
the disease transmission dynamics.

Li, Sun, Zhang and Jin [28] formulated a sheeptamdan Brucellosis dynamical
model with direct and indirect transmission rouf€se sheep population was grouped
into basic ewes and other sheep and it was fudhéded into susceptible, recessive
infected, quarantined seropositive infected ancciveated subgroups while the human
population was classified into susceptible, acutiections and chronic infections.
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Recessive infected sheep and contaminated envirdrwere the two main sources of
infection for susceptible humans and sheep. It beeh proved from this study that,
Brucellosis extinction and persistence equilibriee aglobally attracting if and
respectively. Nevertheless, this model did not wersgoat and cattle populations which
are mostly found in areas where sheep are kept.

Li, Guo and Zhang [29] presented a mathematicalahottorporating indirect
transmission routes to evaluate animal vaccinagtimination of infected animals, and
environmental disinfection control strategies. Bbedy used national human data from
eleven China provinces that have a high numberroé@losis cases to compare results
for three different models. Potential possible dsseoutbreaks were investigated using
the model with the best fit and standard incideitogas found that the country's average
reproduction number was relatively less than tHathe province with high disease
incidence, suggesting that indirect transmissiothefdisease was a more common route
compared to direct transmission. The study condubat Brucellosis in China could be
controlled if infected animals elimination, envirantal disinfection, and animal
vaccination ware increased. The findings furtheggested that the combination of
infected animals' elimination, environmental distttfon, and animal vaccination is
necessary for ensuring cost-effective Brucellosigtitol scheme. However, the important
aspects of the disease control like personal pioteén humans, and the impacts of
seasonal weather variations were not captureceimitdel.

Tumwiine and Robert [30] presented a mathematicadeh depicting the
conveyance of Brucellosis in the bovine herd. Tloeleh analysis was carried out to gain
and establish the stability of the equilibria. Aubdary parameter categorized as the basic
reproduction number was calculated and the comditimder which bovine Brucellosis

can be cleared in the cattle population were dstada. It was found out that R, <1,

the infection can be eliminated in the cattle pafiah or persists iR, >1. Lyapunov

function and Poincair’e-Bendixson theory were useprove that the disease extinction
and persistence equilibria are respectively glgbalbymptotic stable. Numerical

simulation revealed that an increase in magnitddesatment rate for infected cattle and
reduction of contact rate between infectious catie susceptible or recovered cattle
controls the disease. However, the formulated modelbe improved by incorporating

small ruminants and the aspect of seasonality Hagitures cattle calving season,
temperature, humidity, soil salinity, and exposoifréhe bacteria to sunlight.

Zhou et al [31] developed a multi-group model to explore #wy factors,
potential effects, characterize Brucellosis trassion, and prioritize control measures.
Direct Lyapunov method and asymptotic autonomoustesys theory were used to
characterize the global threshold dynamics of ieease. The weighted sum method was
used in the formulation of a multi-objective optaation problem, and it was converted
to a scalar optimization problem of minimizing ttetal cost for control. Pontryagin's
Maximum Principle was used to establish the exts#eand characterization of an
optimal control problem. Model parameterization ammimputation of optimal control
strategy for Inner Mongolia in China were done. Téftects of health education on
human, sheep recruitment, culling of infected shemmd sheep vaccination to the
dynamics and control of the disease were explorad. study revealed that Brucellosis
would continue to increase in Inner Mongolia beeati®e available controls were not
working well. The controls recommended in this gtuate health education, sheep
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vaccination and restriction of unregulated sheageding. However, the model did not
consider the contribution of other ruminants aneé impact of seasonal weather
variations on the disease transmission.

Nepomucencet al [32] presented a network type of individual-baseadeling
as an alternative approach to compartmental mdHatsare used in controlling bovine
Brucellosis. Spatial aspects like migration betweerds, heterogeneous populations, and
control actions designated as pulse interventiogi®wonsidered and implemented in the
model. It was demonstrated that the mean-field \ieba of a compartmental model
could be reproduced by an equivalent individualkedasodel. To enable the replication
of the presented results, details of this process flowcharts were provided. Real
parameters from Sao Paulo state of Brazil herde weed to investigate three numerical
examples in situations that explore meta-populatmised and continuous vaccination,
and eradication effects. The analysis from thisltdepicted results which agreed with
the expected disease behaviour.

Abatih et al [33] presented a mathematical approach to andhgéansmission
dynamics of Brucellosis among bison. Quantitatind gualitative analyses were used to

show that the infection would disappear from thedhé# R, <1and will persist

otherwise. Results from Sobol method for global s#esity analysis showed that
recovery rate and loss of resistance rate wereuatable for the high inconsistency in
the expected number of infectious bison. Partiahked correlation coefficients
computation revealed that transmission coefficieatovery rate, mortality rate, and
density-dependent reduction in birth correlateslyigiegatively with the infective bison
number while the calving rate and resistance lass highly correlates positively with
the infectious bison number. Thus, measures taalotiite disease in bison should target
at rising the size of mortality rate, recovery ratad birth reduction density-dependent
rate as well as decreasing calving rate and losssigtance. To raise the accuracy of the
expected number infectious bison, a precise edtiroatthe recovery rate and loss of
resistance from experimental studies are neededetsr, the recommendations from
this study are socially and economically inapplieab

Lolika et al [34] introduced a framework for Brucellosis mattegical modeling
that aimed at improving the quantitative undersiagdof the disease dynamics. In
particular, the framework introduced which is ateesion of the model by [33] was used
to explore the impact of culling control and théuance of chronic individuals on the
Brucellosis spread in the periodic or non-periaghiwironment. The model was analyzed
to get insights on the epidemic and endemic belavid the disease using threshold
dynamics described by the basic reproduction numbelling at an optimal level in a
periodic and non-periodic environment was exploteing optimal control theory.
However, this study did not incorporate the inditegnsmission of the disease.

5. Summary

Mathematical models presented by [17, 25] inve&idahe transmission dynamics of
Brucellosis in a population of sheep only whiledbqresented by [4, 16, 22, 23, 27]
focused on the dynamics of the disease in a papuolatf cattle only. These models
missed important aspects of the disease behavBurgellosis is a zoonosis; the
population of humans cannot be easily ignored wdtadying the disease dynamics. On

31



Nkuba Nyerere, Livingstone S. Luboobi, Saul C. My@esand Gabriel M. Shirima

the other hand, the study by [34] adopting the ystiog [33] explored the impacts of
various parameters accountable for transmissicgheflisease in a population of bison.
However, the study is more theoretical as it comrsich single population and does not
show the effect of bison Brucellosis to other pagiohs or the environment.

Furthermore, mathematical models by [18, 21, 28pwWermulated to investigate
the impact of various control strategies on shespraiman populations. The inclusion of
humans, sheep and the contaminated environmenbdtelnand the incorporated control
strategies provides a better understanding of Bngie dynamics compared to the ones
with one or two populations. Nevertheless, the nwdeould be improved by
incorporating other ruminant populations and sealynin the transmission of the
disease. A mathematical model by [23] takes consitem of cattle and sheep
populations and investigates the impact of mixeeddiieg and bidirectional infection
between the two populations. This mathematical misdar better and can be improved
more by including the human population and othenelstic ruminants like goats so as to
fit in most of the pastoral communities. Seasonahtiver variation parameters and wild
animals can also be incorporated so as to have @ mealistic model. The [20]
mathematical formulation adopted by [19] is aldwetter model as it includes sheep, goat
and human populations, and it provides a betteerstanding of the disease dynamics as
it incorporates most of the transmission key playddowever, the model can be
improved by incorporating the indirect route of ngeission, seasonal weather
parameters for disease dynamics and wild animals.

In terms of control strategies six of the matheoztmodels [4, 16, 17, 23, 27,
32] investigated the use of one control measuwe, [, 18, 22, 25, 26] explored the
impact of the combination of two controls while fatudies [21, 23, 29, 31] examined
the impact of a combination of three control sig&e in minimizing or elimination of the
disease. The remaining studies aimed at providotgrnpial information for Brucellosis
spread. Based on the model structure and contategies incorporated, the model by
[29] fits in areas with mixed farming systems. Hoee it can be improved by
considering personal protection in humans, wildre$, and seasonality. In addition, the
mathematical model proposed by [18] and [25] acemanended for studying the disease
in a single animal population and can also be iwguioby incorporating controls like
personal protection, and environmental hygienesamitation.

6. Conclusions

Diversities have been observed in the reviewed emasiical models; some models
incorporate seasonal variations in a single anipapulation, some ignored the
contributions of the contaminated environment wbileers considered only the cattle or
sheep population. Most of the models did not carsitle contribution of wild animals
and personal protection control in the dynamicsBaficellosis whereas few of them
incorporated cattle and sheep only. In additiormesastudies did not match the real
situation for most Brucellosis endemic areas likb-Saharan African region and Asian
countries where wild animals, cattle and small nants share grazing areas and water
points. In Brucellosis endemic areas, models witHeast three populations and the
combination of at least two control parameters wobetter. Generally, this review
revealed that mathematical models regardless df gp@odness cannot be applied
everywhere; not all mathematical models fit eveeitisg or group of animals. Some
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models provide more insights on the disease dyrsarid control in developed countries
while others give a better understanding of thesalie and control in developing
countries. This review recommends that mathematiadels by [20] and [29] though

not perfect may be used in sub Saharan Africa dher@reas where mixed farming is
practiced.
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