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The necessity for utilizing vaccination for Bovine 
Anaplasmosis in cattle is greatly increasing as 
vulnerable cattle populations are being exposed to 
life-threatening bacteria transmission from black-
legged ticks. The purpose of this research was to 
investigate the effect of implementing vaccines to 
control Bovine Anaplasmosis in a cattle herd. In this 
study, a mathematical model was created to 
represent the transmission dynamics of Bovine 
Anaplasmosis. The R0 was calculated and a sensitivity 
analysis was performed in order to understand the 
most influential parameters impacting the 
reproduction number.

Bovine Anaplasmosis is a very deadly zoonotic 

disease caused by the Anaplasma Marginale 

bacterium present in ticks such as Ixodis

Scapularis (black-legged tick), which is commonly 

found in the southern dry region of the U.S. This 

bacterium is usually transmitted to susceptible

cattle through infected ticks and from infected 

hosts to susceptible tick populations. The vectors’ 

ability to prevail despite the use of insecticide has 

allowed them to infect cattle, forcing the cattle to 

become anemic as a result of substantial loss of 

red blood cells. Therefore, controlling the vectors 

and increasing cattle vaccination rate are critical to 

suppressing the occurrence of Bovine 

Anaplasmosis.

Sensitivity Analysis

v The results of the sensitivity analysis shows that 
the most influential parameters impacting R0 are 
𝜇! , 𝜋! , 𝛽! , 𝛽", 𝜙!

v Vaccinated adult cattle benefit much more than 
vaccinated juvenile cattle (Fig. 2) 

v Increasing vaccination rates will decrease adult 
and nymph tick prevalence (Fig. 3)

v Increasing vaccination rate by 10% versus 85% has 
a marginal impact on reducing the number of 
infected cases for both stages of cattle and black-
legged ticks (Fig. 3)
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Fig. 2: The solution profile of the Bovine Anaplasmosis Model with 
Vaccination varying the parameters of 𝜇! , 𝜋! , 𝛽! , 𝛽", 𝜙! in plots 
A,B,C,D, and E.

Fig. 1: Bovine Anaplasmosis Model with 
Vaccination.

C D

E

A

Fig. 3: The solution profile of the Bovine Anaplasmosis Model with 
Vaccination varying 𝜈# in plots A and B.
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The sensitivity indices of 𝑅$ is derived as
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Future Work
v How do we ensure that vaccinated juvenile cattle are 

less prone to infection?

v Does the coupling of the control of vaccination and an 

insecticide provide fewer infections within the cattle 

herd?


