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Computer simulation of Johne’s disease in New Zealand dairy cattle
R. SOONS, C. HEUER, R. JACKSON AND H. GROENENDAAL

EpiCentre, Massey University, Palmerston North, New Zealand

ABSTRACT

Control options for Johne’s disease (JD) are explored by computer simulation because intervention trials under
field conditions would be too costly. The purpose of this review is to describe a simulation model developed in The
Netherlands and adapted to dairy herds in Pennsylvania (USA). The paper consequently derives what information is
required for the adaptation to New Zealand dairy herds and explains the methods by which that information is currently
collected. The model ‘JohneSSim’ simulates the within herd development of JD based on time related changes. Time
intervals are six months. JD is transmitted vertically through the placenta or from dam to calf around calving through
direct contact, colostrum, rest milk or bulk milk, infected pasture, or through contact with adult replacement stock
from other herds. Control options include test-and-cull, measures to prevent the infection of calves, vaccination, and
grouping of animals by age. The simulation suggested that, in The Netherlands as well as in Pennsylvania, progressively
improving calf-hygiene with little reliance on test-and-culling would decrease the prevalence considerably and was
economically feasible (average benefit-costs-ratio excluding extra labor = 1.58). Test-and-cull was not economical
even if a test with 80% sensitivity was available. Contract heifer rearing, colostrum management, and seasonal calving
appear to be risk factors for transmission that have specific relevance for New Zealand dairy herds.

Keywords: Johne’s disease; control; transmission; simulation; New Zealand situation.

INTRODUCTION long time intervals between infection and shedding and

The investigation of control options for JD in field clinical Johne's disease, ‘JohneSSim’ uses time-steps of
trials is extremely costly and time consuming because oix months. The model simulates the course of Johne’s
its insidious nature and poor accuracy of diagnostic testisease within a typical herd over a default period of
Therefore, computer simulation of disease occurrenceéwenty years to provide insight in the potential changes
over time and associated economic effects is an attractivef the slow progression of disease. The model is dynamic
alternative. (time is included as a variable) and uses the Monte Carlo

A stochastic simulation model (JohneSSim) wasmethod to predict an outcome distribution rather than a
developed by Groenendael al, (2001). This model mean value (stochastic model). Simulations are carried
incorporated variations in risk according to age, herdout repeatedly to provide insight in the range of possible
infection status and specific calf-hygiene managemenbutcomes. JohneSSim simulates (a) herd dynamics, (b)
systems. The input data were based on field studies argdisease dynamics, (c) control of the disease and (d)
expert opinions. Predictions from this model haveeconomic consequences at herd level. Details of infection
substantially influenced the Dutch national control routes and model parameters are described below.
program for paratuberculosis (Benedicaisal, 1999).
The management advice giving the highest benefit inHerd dynamics
terms of prevalence reduction and economic efficiency Model parameters responsible for changes in herd
is currently subject to a long-term intervention trial composition are calving pattern, voluntary and
involving 500 dairy farms in the Netherlands (Van involuntary culling and morbidity. Heifers calve at a
Weering, personal communication). The simulation modeldefault age of two years and the calving interval is set to
has since been adapted to conditions that prevail in dairgwelve months. Calving can be seasonal (calving once a
herds in Pennsylvania (US) by Groenendaal and Galligagear) or non-seasonal (calving once in either of two 6-
(1999). months intervals). Voluntary and involuntary culling occur

The authors of this paper are currently investigatingtwice each year (default = 30% per year). Herd size is
risk factors for Johne’s disease in 427 New Zealand dairynaintained constant by setting annual culling and
herds and the dynamics of within-herd transmission in freplacement rates equal.
infected herds. One objective of these studies is adaptation
of the Dutch model to New Zealand conditions. The Disease transmission
purpose of this paper is to describe the model and its At any point in time, animals are in one of six states
outcome in The Netherlands and in Pennsylvania (USA)of infection. Cows are either non-infected (up to 1 year
We also summarize the results obtained from the Newold and susceptible or older and non-susceptible) or

Zealand studies so far. infected (latent, low, high, or clinical infection). Infections
occur either intra-uterine or before 12 months of age. The

DESIGN OF THE SIMULATION probability of infection via all routes, other than by
MODEL ‘JOHNESSIM’ vertical transmission, is influenced by farm management

Because of the slow spread of Johne’s disease and tharameters. Intra-uterine transmission of Johne’s disease
depends on the infection status of the dam and varies from
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0% for latent and low level infectious dams to 50% for susceptible individuals depending on the level of hygiene
clinically infected dams. Infection through contact aroundat calving and calf rearing (Collins and Morgan, 1991
birth depends on (a) the state of infectiousness of the damnd 1992). Depending on management practicesn
and (b) the states of infectiousness of other cows in thgary between 0 (nho contacts) and the number of adult
herd. The status of the other cows influencescows (each calf has an effective contact with each adult
contamination of the calving area and the probability ofcow). Reaching a zero level is unlikely. On an average
pseudo-vertical transmission through exposure related t®ennsylvanian farm without any control measures the
calving hygiene at and around birth. The model assumesumber of effective contactswere estimated to range
that 30% of the low level infectious cows and all of the from 2.5 to 5 per six month period (Groenendaal and
high level infectious and clinical cows sheédl. Galligan, 1999). The Reed-Frost formula (ll) is:
paratuberculosign colostrum. Two possible transmission
routes via colostrum are considered; (i) from the dam tdP_ . .0 cal contaminaiion
its offspring, and (ii) from cows to calves other than its
own dam when mixed or pooled colostrum is fed. FeedingVhere
milk replacer prevents infection through colostrum. Thek = number of effective contacts (between calves and cows
infection probability for transmission via mixed (pooled) older than 2 years)
colostrum (ii) depends on the number of cows in the herd = susceptibility (100% or 32 % for 0-6 months and 7-
with colostrum (N), on the number of cows with infectious 12 months, respectively)
colostrum (n), on the dilution ratio, i.e. the of number of N = number of cows older than two years;
calves that get colostrum from one cow (a), and on thé = number of low or high level infectious or clinical cows.
number of fully susceptible calves at the age of 0-6 months
(b). The model assumes the following formula (I) to  Johne’s disease is introduced to a herd when infected
calculate the infection probability for transmission of bulls, cows and heifers are purchased or leased. The
infection to calves via colostrum (Groenendaal andprobability of introducing an infected animal depends on
Galligan, 1999): (a), the number of animals purchased and (b), the
it nfection through colostrur &/ (0 * N) * [1 - (1 - a/b)] prevalence of disease in the population from which cows
I were procured. A 20% probability of buying at least one
infected cow or heifer each year was estimated for

1-(1-k*S/NY [

Where Pennsylvania while it was assumed that farms buy a few
a = Number of calves that get colostrum from one cow animals every year. Based on apparent prevalence data
b = Number of calves at the age of 0-6 months for Pennsylvanian dairy farms and test sensitivity and

N = Number of cows in the herd that give colostrum  specificity, an increase of one percent in true prevalence
n = Number of high level infectious or clinical cows with was assumed every year in the absence of disease control.
infectious colostrum If a control program was in place, the true prevalence
was assumed to decrease by one percent annually.
Calves can also be infected by ingestion of infectious
milk. The model considers three types of milk: bulk milk, Simulation
rest milk (i.e. waste milk and milk from treated cows), = Monte Carlo simulations often make use of a
and milk replacer. When bulk milk is deemed infectioustriangular distribution when knowledge of the ‘true’
(due to one or more highly infectious shedders) the modailistribution is not known or when there is insufficient
assumes that 20% of the highly infectious or clinical cowsinformation to derive parameters for more complex
are shedding large amounts Mf paratuberculosisn distributions. The triangular distribution is useful if
milk. The probability for a calf becoming infected through accurate information is not available. Only three, relatively
infectious milk is assumed 95%. Feeding infectious resintuitive parameters are required to define the distribution,
milk to calves poses a higher risk of transmission tharminimum, most likely and maximum. However, the ease
bulk milk because fewer cows contribute rest milk, henceof describing the triangular distribution comes at a cost
the dilution ratio is smaller. The formula shown abovedue to the crude nature of the distribution and its
applies here as well: the probability of infection via apparently non-biological triangular shape.
drinking rest milk depends on the number of cows with
rest milk (N), the number of cows with infectious rest Economic consequences of Johne’s disease
milk (n), the total number of calves between age of 0-6 Economic consequences can be divided into two
months and the number of calves that get rest milk of oneategories, (a) losses due to Johne’s disease, and (b) costs
cow (a). of Johne’s disease control. Economic losses are due to
Infection from faecal contamination of the reduced milk-production, reduced slaughter value,
environment, especially through spreading of manure opremature culling, diagnosis and treatment costs, and
pasture, is simulated by a stochastic Reed Frost processapaired fertility. A major loss is due to decreased milk
The probability of infection in a calf via this means production estimated to range from 2.2% to 25% of the
depends on the number of infectious cows and the numbgaroduction of non-infected herd mates (Buergelt and
of effective contactsk(in formula Il below). Effective  Duncan, 1978; Benedictesal, 1987). The greatest loss
contact rate describes the infectivity of the causative ageris from premature culling and its impact on lost future
and the intimacy of contact between infectious andmilk production (Benedictust al, 1987). The JohneSSim
model differentially allocates production losses according
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to the infection status of infected animals. Assumed lossesut to identify factors associated with the occurrence of
range from 5% for lowly infectious animals to 20% for clinical cases of Johne’s disease in New Zealand dairy
clinically diseased animals (Groenendaal and Galligan.herds. In 1999, twelve co-operating veterinary practices
1999). Other losses may be due to animals exhibitingn three major dairy cattle regions in the North Island of
clinical signs of Johne’s disease or reduced milkNew Zealand, the Waikato, Taranaki and Wellington-
production being culled prematurely, before reaching theitManuwatu-Wanganui regions, were contacted to identify
optimum age of replacement. Such cows never realizéarmers with reasonably long established dairy herds (>
their lifetime production potential. The model estimates3-5 years), in each of the following categories:
this missed future income as the Retention Pay-off (RPO)
value (Dijkhuizen and Morris, 1997). The RPO is defined Category 1 Control herds
as the value of production up to the optimum lifetime No history of clinical Johne’s disease;
that is foregone due to premature culling. Category 2 Case herds

Factors not taken into account by the simulation modeLow level of infection (average annual incidence 1997-
include reduced fertility, potential loss of consumers99 up to 0.3 cases per cow year);
confidence in milk infected withl. paratuberculosieand  Category 3 Case herds
possible effects on export markets. High level of infection (average annual incidence 1997-

99 higher than 0.3 cases per cow year).

Simulation of control options

Simulated measures to control or prevent infection of Questionnaires designed to collect data on herd
calves were divided into (a) ‘test-and-cull’, i.e. removal demography and farm management practices with
of test positive cows, (b) measures to prevent the infectioputative associations with occurrence of JD were posted
of calves by improvement of ‘calf hygiene’, (c) to 664 farmers, of whom 438 (66%) responded. Eleven
vaccination and (d) grouping of animals. Test-and-cullquestionnaires were discarded due to faulty data, resulting
in the JohneSSim model can be specified by parameteiia data for 427 farmers. There were 226 farms in Category
for test sensitivity and specificity, minimum and 1, 99 in the Category 2 and 102 in Category 3. Farmers
maximum age of testing, frequency and interval ofwere asked to provide the numbers of cows that were
repeated testing and number of cows tested. Differentulled due to Johne’s disease in each of the 3 previous
consequences of the test results can be simulated e.gears. Associations between management factors and
culling after a positive test or confirmation with another levels of disease were explored by multinomial logistic
test (animal level) or changing from a suspected to amegression. The likelihood of Johne’s disease increased
unsuspected herd when all tests are negative (herd levelhp herds with a large proportion of pure Jersey or Friesian-

Improved ‘calf hygiene’ practices reduce or eliminate Jersey cross-bred cows. It was positively associated with
certain spread parameters or infection routes in thehe number of purchased bulls and the number of herds
simulation. In its current version, the model assumeofwhich bulls were purchased. Such herds also purchased
vaccination to only increase the age at becomingmore female replacement stock than herds that rarely
infectious. In principle however, other vaccine purchased bulls. The risk of Johne’s disease also increased
characteristics such as inducing a certain degree ofvith herd size and tended to decrease as the age at which
immunity or reducing the infectiousness or productioncalves got in regular contact with adult cattle increased
losses of an infected cow can be modeled as welbeyond 12 months.
(Groenendaatt al, 2001).

Longitudinal study

RESEARCH TO SIMULATE JOHNE’'S The information from this study provides an
DISEASE IN NEW ZEALAND DAIRY understanding of the dynamics of within-herd disease
HERDS transmission, age at infection, seasonal effects and the

Aresearch project was initiated by Meat New Zealand,age when cows become infectious or shedders. Since
the New Zealand Dairy Board and Massey University inAugust 1999, five seasonal-calving dairy herds in the
1999. Its objectives were to investigate associationdManawatu region are followed for 3 seasons. The herds
between environmental and farm management factors angtlere enrolled because they had a history of clinical
infection/disease patterns of Johne’s disease in cattle herdehne’s disease and were located close to Palmerston
in three major regions in the North Island of NZ and to North. Blood, faeces and milk is sampled in early lactation
evaluate the impact of clinical and sub-clinical diseasgOctober) and again in late lactation (April). To date,
on production in infected animals. An important statedapproximately 1300 cows have been sampled repeatedly.
outcome was the development of a simulation model folOne herd dropped was excluded from follow-up after it
the evaluation of a range of control options. Herd levelhad no positive results after thee blood tests and two faeces
risk factors were investigated through a case control studgulture testsFigures 1 and2 illustrate the temporal
of 427 dairy herds and herd infection dynamics throughprevalence of serological and culture test positive cows.
a still underway 3-year longitudinal study of the diseaseCulture results appeared to be consistently higher in

in five herds(n = 5). October, but serum antibody prevalence did not vary with
season.
Case-control study Because of the poor operating characteristics of

A guestionnaire based case-control study was carriediagnostic tests, repeated tests of the same cows are
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FIGURE 1. Percent cows that wecellture positve in the longitudinal practices was needed for the simulation of Johne’s disease
study in New Zealand dairy herds. Therefore, further
information about calf feeding and management and

o-00% disposal of slurry is currently being collected.
5.00% - ] O0O0ct-00 @Apr-01
B - DISCUSSION
4.00% - This discussion has two sections. The first section
B ] briefly describes the results of the Dutch model simulation
3.00% 7 study. The second section sets out the adaptations that
2 00% will be required for the model to reflect New Zealand
conditions.
1.00% A
—‘ 0% Results of the Dutch simulation study
0.00% The study was performed in two stages, the first stage
Farm 1 Farm2 ~ Farm3  Farm4  Farm 5 from May 1998 to January 1999 and the second from

January to April 2000. Positive ELISA blood tests were

interpreted in parallel to improve the overall sensitivity followed up with a faecal culture test and if both tests
were positive, the cow was culled.

ie.i [ i itive then th . . .
(i.e. if any one of two or several tess is positive then the The control measures that were simulated in the first

animal is regarded as infected). All cows are '[estedt t the study focused mainly on test-and-cull
serologically and faeces is cultured from a cohort of upS age o y anly o ; .
cgrategles for suspect herds in conjunction with a

to 200 cows in each herd. Faeces samples are culturef‘n nitoring proaram to declare herds as ‘currently free
for four months on a Herrold’s egg yolk medium. The onitoring progra y

sensitivity of this test is approximately 20-60%, hence itILOT Joh dn.e St.dlsevﬁﬁ ' TTe ;]ol?nr(laSSm:l TOdE;E;e_Sﬁ,Ed
is higher than that of the ELISA, its specificity is regarded at eradication SOle reliance on tes
100%. However, faecal culture is prone to fungal strategies was not possible within 20 years. In the absence

contamination during the long culture period and aboutOf control the within-herd prevalence increased gradually.

10-20% of all samples may give inconclusive results. ﬁ?m:ialn iLIfSA b:ooiutr(zsgrr]lg cVL\JIIIItiE Ci?rt])g':rrln taetsl?snwoefre
Sera are tested using an Enzyme-linked ection by taecal cu 9

immunosorbent assay (ELISA) with an approximateposmve resulted in a slower increase, but an increase
sensitivity of 10-50% depending on the infection Statusnevertheless. The prevalence tended to decrease when the

of the animal, and high specificity (>95%). Its high teSt'a”d'C“!tS}:aﬁgz s ﬁom]f’t'rr]‘ege"(vz'gr‘]t':glpéo‘t’iiﬂscj‘v';s
specificity was demonstrated by the excluded herd. It anagement. Flowever, none ot tne P

100 cows were tested three times at six months intervalgconom'c"f‘”y eoffectlve. Slmula.\t!o'n of'a ;trategy with an
and did not return any positive resuits. ideal test’ (80% overall-sensitivity) indicated that the

Test results for each individual cow are combined Withprevalence would reduce at a significantly faster rgte.
cow, production and fertility data provided by the However, that strategy was economically not attractive

Livestock Improvement Corporation (LIC) of the New because of the high number of test-positive (young) and

. : : low level infectious animals that had to be culled.
D B .Th | irthyear, br
Zealand Dairy Board. The data include birthyear, breed, In the second stage of the Dutch study the focus

calving dates, culling date and test day information on ; .
milk production and solids and somatic cell countsChanged to greater reliance on calf-hygiene management

recorded four times per lactation. becau.se the simulgtion suggested that thes_e were more
effective in reducing prevalence. According to the
Information from other studies ;imulation model, ado_ptio.n ofa p.rogressing management
During the course of the project it became evidentmpProvement plan with little rel!ance on test-and-cull
that more precise information about some influentialdecre"’lsed the prevalence con5|derfs\bly (Groeneedagl
al., 2001). This program was economically more attractive

than previous plans (average benefit-costs-ratio excluding
FIGURE 2. Percent cows that weEISA positive in the longitudinal  ayirg 1abor = 1.58).

study
4.5% Model adjustment for dairy herds in New Zealand
a0%{ [] a0 Bocn @A Transmission mechanism parameters will need to be
3.5% ' re-calibrated to suit local dairy production systems for
3.0% 1 [] application of the model in New Zealand. The 1999 case-
5 5% | control study, the 2000-03 longitudinal study, other

ongoing investigations and expert opinion will contribute

2.0% A information to make these adjustments.

1.5% 1 Prevalence information of low and high level

1.0% 1 infectious and clinical cows is required for all routes of

0.5% 1 infection. The case control study collected clinical case
All 0.0%

0.0% 1 prevalence data, risk factors of herd management, and
information on the frequency of those risk factors in New

Farm 1 Farm 2 Farm 3 Farm 4 Farm 5
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Zealand dairy herds. The ongoing longitudinal study is M.T., eds. Proceedings of the si)fth internationfa\l golloquium
providing information about within-herd infection on paratuberculosis.International Association for
. . . Paratuberculosj$ladison 9-21

dynamlcs and the gcopomlc effects of the disease. Buergelt, C.; and Duncan, J.R. 1978: Age and milk production data of

Frequency d'§t”bUt|0n5 for ma_nagemem faCthS that cattle culled from a dairy herd with paratuberculodisirnal
are relevant to disease transmission are shownhle American veterinary medical association. 173@&}8-480
1. These data will aid in estimating infection probabilities Collins, M.T. and Morgan, I.R. 1991: Epidemiologic model of
of calves at various stages. Among farmers included in paratuberculosis in dairy cattl®reventative veterinary

medicine 11131-146
- = 0

the case-control StUdy_ (n 427)’ 96% r_egularly fecjCollins, M.T. and Morgan, |.R. 1992: Simulation model of
colostrum t.o Ca!Ves Wh"_e 82% fed rest milk to calves. paratuberculosis control in a dairy hePceventative veterinary
More detailed information about these management medicine 1421-32
practices, and in particular about pooling of these milksPijkhuizen, A.A. and R.S. Morris 1997: Animal Health Economics.
is currently being collected in separate studies. Post Graduate Foundation in Veterinary Scieturgyersity

Feat N Zealand’ t b dand| | of Sidney, PO Box A985, Sydney South 1235, Austr8ia,
eatures or New cealand's pasture-based and large %roenendaal, H. and Galligan, D.T. 1999: US/Pennsylvania, Technical

seasonal dairy production systems of special reference report.Center for Animal Health and Productivity, New Bolton
to Johne’s disease include the temporal distribution of Center, University of Pennsylvania, Kennett Square, PA, USA,
large amounts of colostrum produced in the spring, direct 1-53

f—i. Groenendaal, M. Nielen, and Hesselink, J.W. 2001: Development of
the Dutch Johne’s disease control program supported by a
simulation modelProceedings SVEPM, Noordwijkerhothe
Netherlands, March 830" 141-52

and indirect pasture contamination and an almos
permanent reliance on pasture from weaning on.

TABLE 1: Distribution of farming practices with relevance to trans-
mission of Johne’s Disease among 427 farms of the case-control study

(1999)

The places ass ae caled (n = 433):

- inthe paddocks with the rest of the dry herd 28.8 %
- inaspringing group 77.9 %

- on afeed pad or an other grazing-off area 8.4 %

Time cales ae aloud to stawith the dam after biin:

- 12 hours or less 32.7%
- 12to 24 hours 7.3%
- 24 hours or more 10.0%

Type of eaing facilities used on theafm:

- shed with no separation into pens 8.9%

- separate pens for groups of calves in a shed 83.0%
- individual rearing crates 1.8%

- outside with shelter 32.8%
Calves younger than 4 months mixed with older cattle 8.0%
Calves aged between 0-6 months in

regular contact with older cattle 355 %
Calves aged between 7-12 months in regular

contact with older cattle 11.9%

Calwves under 4 months ofe run with adult cass in the
hospital paddock:

- never 60.9 %
- occasionally 29.5%
- frequently 53%
Slurry is sprayed on to pasture grazed by cows 61.4 %
Calves are grazed upon pasture sprayed with slurry 23.1%

Cdtle is send dfthe faim to gaze

- never 20.3%
- occasionally 19.8 %
- regularly 59.9 %
Catle from other &ms is gazed on thedm

- never 86.8 %
- occasionally 11.1%
- regularly 21%
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