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Abstract 

Understanding the population dynamics of patho
gen transmission is critical to developing control pro
grams for disease. Controlling contagious pathogens in 
human populations through vaccination has been suc
cessfully used to stop spread of disease and ultimately 
control outbreaks. This effect is termed "herd immu
nity". This concept needs to be well understood by vet
erinarians as they are called upon to provide disease 
control recommendations and advice to livestock busi
nesses. 

Resume 

II est essentiel de comprendre la dynamique de 
population dans la transmission des agents pathogenes 
pour developper des programmes de controle pour les 
maladies. Le controle des agents pathogenes contagieux 
par la vaccination dans les populations humaines a ete 
utilise pour enrayer la propagation des maladies et 
circonvenir les flambees. Cet effet s'appelle l'immunite 
de troupeau. Ce concept doit etre bien compris par les 
medecins veterinaires qui ont pour mission de conseiller 
les industries du betail en matiere de controle des mala
dies. 

Introduction 

Methods to control disease in beef cattle popula
tions have traditionally been focused on immunization 
to prevent clinical disease. While prevention of clinical 
disease is a direct effect of immunization, the indirect 
effect of disease prevention by decreasing transmission 
is of primary importance with pathogens that are trans
mitted from animal to animal. 11 

In medical literature, the concept of population/ 
herd immunity has successfully been used to implement 
vaccination programs designed to protect populations 
against disease pathogens. Specifically, they include 
diphtheria, tetanus, pertussis (DPT), measles, mumps, 
rubella (MMR) and poliomyelitis. 2 While we are con
cerned about each individual being protected against 
disease, the greater purpose is to immunize as many as 
possible within the population such that susceptible 
individuals within a population are also protected. A 
greater level of population protection can be achieved 
by: 
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1. Reducing the number of animals shedding dis
ease pathogens. 

2. Decreasing the amount of pathogens shed by 
infected animals. 

3. Decreasing the duration of shedding 
4. Increasing the infectious dose necessary to cause 

infection. 

Populations Dynamics and Herd Immunity 

The percentage of immune individuals in a popu
lation necessary to achieve herd protection varies by 
disease pathogen, but will range from 83 to 94%. 13 This 
concept is the basic premise of herd vaccination pro
grams. 

Currently, there is some debate within the veteri
nary medicine community over the practice of annual 
booster vaccinations in companion animals as some 
boosters may no longer be necessary for clinical disease 
prevention due to very low risk. 4 For veterinarians in 
food animal practice there are questions regarding effi
cacy, duration of immunity and number of doses needed 
to achieve a significant level of population and individual 
animal protection. 7,10 Veterinarians are called upon to 
make recommendations concerning vaccination proto
cols for multiple diverse livestock businesses. To do so 
they require in-depth herd knowledge regarding some 
assessment of risk for specific diseases, management, 
genetics, nutritional status and handling facilities. For 
example, in beef cattle breeding herds, purchased fe
males or bulls may be introduced into new herds with
out benefit of a quarantine period, biosecurity testing 
or knowledge of purchased animals herd disease sta
tus. 

Even when vaccination programs are specifically 
outlined, it is uncommon for buyers to seek veterinary 
advice about the quality of the program. In BHV-1 vac
cinated animals, some level of protective immunity 
against clinical diseases is assumed regardless of the 
type of vaccine. However, published comparisons be
tween types of vaccines points to a clear advantage with 
modified-live vaccines providing superior clinical dis
ease and herd protection.3A Yet, in many cowherds safety 
and convenience seem to be the overriding concern. 
While the issue of safety, convenience, duration of im
munity and herd protection may be debated, perhaps 
the larger issue for veterinarians is one of risk analysis 
and risk management. 
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What is the risk of the herd being exposed to a 
field challenge with either IBR or BVD virus? For most 
beef cattle businesses this risk exists, and quantifying 
the risk centers around the control of animal move
ments. 8 However, in a business with a system in place 
for disease control, the veterinarian will likely recom
mend methods to both lower the risk of exposure and 
increase specific immunity to the pathogens considered 
to be of greatest risk. For example, reducing the expo
sure risk to common calf diarrhea pathogens has pro
vided positive results when applied to calving systems. 15 

In addition, the indirect population effects of vaccina
tion influences the number of immune animals within 
a herd which can result in reducing the spread of patho
gen transmission within a herd, and ultimately results 
in the infection dying out or becoming extinct. 6 The vet
erinarian performs a vital service in this arena when 
making informed recommendations regarding the type 
of vaccine, the timing of boosters and the frequency of 
vaccination. 

The spread of pathogens within a population de
pends on the basic reproductive rate (R ). The basic 
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reproduction number R
0 

is the number of secondary in-
fections resulting from one primary case in a suscep
tible population. The basic reproduction number is a 
feature of both the infectious agent and the host popu
lation without a control measure being active. If R in 

0 

a vaccinated population is larger than one, then the 
vaccine cannot totally prevent the spread of infection, 
and additional biosecurity principles must be em
ployed.14 

It has been estimated that for BHV-1 infections 
the R

0 
is approximately 7.0. After using two different 

vaccines it was estimated that R was 2.4 and 1.1.2 This 
0 

means that within these immunized populations, 2.4 
and or 1.1 new cases will arise from one case. In this 
citation, population transmission could not effectively 
be prevented. Within real populations these numbers 
must be considered within the context that as animals 
become infected and are contagious, the number of sus
ceptible animals will decline and the number that are 
recovered and immune will increase. 

It has been estimated that the critical proportion 
of immune animals needed to prevent transmission is 
expressed by the equation, critical proportion = 1 - 1/R . 

0 

The higher the R
0 

the greater the number of animals 
that must be immune in order to prevent spread of the 
infectious agent. IfR

0 
= 7.0 for a specific pathogen, then 

the proportion of immune animals within that popula
tion must be proportion= 1- (1/7). This means that ap
proximately 86% of the population must be immune in 
order to prevent transmission. Estimates for limiting 
the spread ofBVD within a population have been made 
based on mathematical models. In herds without per
sistently infected (Pl) animals, 57% of the animals must 
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be immune in order to stop transmission. For herds 
with Pis, 97% must be immune. 5 Of course this issue of 
herd immunity to BVDV is further complicated by the 
amount of cross protection afforded by commercial vac
cines, and to the desired level of protection. 

Protection against respiratory infection and clini
cal disease is less difficult to achieve than protecting 
the dam and developing fetus from infection. 9 In addi
tion, vaccines must contain the major genotypes in or
der to adequately prevent transmission by reducing the 
number of animals shedding virus and the amount of 
virus shedding by individual animals.16 A sound recom
mendation for vaccines can only be made based on ac
tual challenge model and field trials utilizing sound 
science and proper design. 

Conclusions 

The challenge of making sound vaccination recom
mendations as part of an overall herd health program 
falls under the responsibility of food animal veterinar
ians. Making those recommendations requires an in
depth knowledge of the risk of disease, management 
ability, facilities, nutritional requirements, and in the 
case of breeding herds the current genetic base. In ad
dition, veterinarians must have a working knowledge 
of the relative efficacy, duration of immunity, and the 
impact on transmission by available commercial vac
cines. With this as a working tool, the veterinarian can 
utilize the concept of population dynamics and herd 
immunity when making specific herd recommendations 
about the timing and frequency of vaccination adminis
tration. 

References 

1. Anderson RM: The concept of herd immunity and the design of 
community-based immunization programmes. Vaccine 10:928-935, 
1992. 
2. Bosch JC: Bovine herpesvirus 1 marker vaccines: Tools for eradi
cation? (PhD thesis). University of Utrecht, The Netherlands, 1997. 
3. Bosch JC, Kaashoek MJ, Kroese AH, van Oirschot JT: An attenu
ated bovine herpesvirus 1 marker vaccine induces a better protection 
than two inactivated marker vaccines. Vet Micro 52:223-234, 1996. 
4. Castrucci G, Frigeri F, Salvatori D, Ferrari M, et al: Vaccination 
of calves against bovine herpesvirus-1: Assessment of the protective 
value of eight vaccines. Comp Immun Microbial Infect Dis 25:29-41, 
2002. 
5. Cherry BR, Reeves MJ, Smith G: Evaluation of bovine viral 
diarrhea virus control using a mathematical model of infection dy
namics. Prev Vet Med 33:91-108, 1998. 
6. De Jong CM, Mart Bouma A: Herd immunity after vaccination: 
How to quantify it and how to use it to halt disease. Vaccine 19:2722-
2728, 2001. 
7. Ellis J, Walden C, Ricketts V: Longevity of protective immunity to 
experimental bovine herpes-1 infection following inoculation with a 
combination modified-live virus vaccine in beef calves. J Am Vet Med 
Assoc 227:123-128, 2005. 

89 



8. Ezanno P, Fourichon C, Beaudeau F, Seegers H: Between-herd 
movements of cattle as a tool for evaluating the risk of introducing 
infected animals. Animal Research 55:189-208, 2006. 
9. Ficken MD, Ellsworth MA, Tucker CM, Cortese VS: Effects of 
modified-live bovine viral diarrhea virus vaccines containing either 
type 1 or types 1 and 2 BVDV on heifers and their offspring after 
challenge with noncytopathic type 2 BVDV during gestation. J Am 
Vet Med Assoc 228:1559-1564, 2006. 
10. Fulton RW, Johnson BJ, Briggs RE, Ridpath JF, et al: Challenge 
with bovine viral diarrhea virus by exposure to persistently infected 
calves: Protection by vaccination and negative results of antigen test
ing in nonvaccinated acutely infected calves, Can J Vet Res 70:121-
127, 2006. 
11. Halloran ME, Haber M., Longini IM. , Struchiner CJ: Direct and 
indirect effects in vaccine efficacy and effectiveness. Am J Epi 133:323-
331, 1991. 

90 

12. Horzinek M: Vaccine use and disease prevalence in dogs and cats. 
Vet Micro (In press, 2006). 
13. May T, Silverman RD: 'Clustering of exemptions' as a collective 
action threat to herd immunity. Vaccine 21:1048-1051, 2003. 
14. Noordhuizen JPTM, Frankena K, van der Hoofd CM, Graat 
EAM: Application of Quantitative Methods in Veterinary Epidemiol
ogy. Wageningen, Netherlands, Wageningen Pers, 1997, pp 249-269. 
15. Smith DR, Grotelueshen D, Knott T, Ensley S: Managing to 
alleviate calf scours: The sandhills calving system. Proc Range Beef 
Cow Symposium XVIII, 2003. 
16. Thurmond MC: Virus transmission, in Goyal SM and Ridpath JF 
(eds): Bovine Viral Diarrhea Virus: Diagnosis Management and Con
trol. Oxford, UK, Blackwell Publishing, 2005, pp 91-104. 

THE AABP PROCEEDINGS-VOL. 39 

0 
"O 
(D 

:::::s 

~ 
('.") 
(D 
00 
00 

0.. -· r:n 
,-+
..,; 

~ s. -· 0 
? 


	0100
	0101
	0102

