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Evaluating potential sources of bovine tuberculosis infection in a
New Zealand cattle herd
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Abstract In New Zealand, a major source of
bovine tuberculosis (Mycobacterium bovis, Tb)
infection in farmed cattle is thought to be
transmission from infected wildlife, primarily the
brushtail possum {Trichosurus vulpecula). At
Hohotaka, central North Island, control work from
1988 to 1994 achieved a sustained mean reduction
of 87.5% in the density of Tb-infected possums.
As expected, annual Tb incidence in local cattle
herds consequently declined by a similar amount
(83.4%). This decline was gradual, due to within-
herd transmission of residual infection and
imperfect detection of infected animals. By fitting
models to the observed rate of decline in Hohotaka
Tb reactors, we are able to deduce the contributions
to reactor rates of possums and cattle-to-cattle Tb
transmission. Our results suggest that Tb trans-
mission between cattle within the herd may have
contributed around 20% to 32% of infections prior
to the wildlife control programme. Nevertheless,
our estimate for the rate of within-herd transmission
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is well below that required to maintain cattle Tb in
the absence of infectious wildlife. Our analysis
supports the policy of wildlife control as the most
effective method for reducing cattle Tb in areas such
as Hohotaka.
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INTRODUCTION

Bovine tuberculosis (Mycobacterium bovis, Tb)
infection is a serious problem in cattle herds
throughout much of the world. In many areas
control is hampered by an infected wildlife
population which acts as a Tb reservoir and allows
continuing transmission to cattle. For example,
tuberculous badgers (Meles meles) are thought to
be responsible for the failure of test and cull
programmes to eliminate cattle Tb in southern
England (Wilesmith 1991). In New Zealand, the
brushtail possum (Trichosurus vulpecula) in
particular has been blamed for much persistent Tb
in farmed cattle (Morris & Pfeiffer 1995), and the
likely route of possum to cattle transmission has
been demonstrated in the field (Patterson & Morris
1995; Sauter & Morris 1995). As a consequence,
the incidence of reactor cattle is often assumed to
reflect the prevalence of Tb in local wildlife. Little
importance has been placed on Tb transmission
between herd-members, in part because conven-
tional test-and-slaughter programmes can readily
eradicate the disease in the absence of a wildlife
reservoir (Barlow et al. 1997). Nevertheless, within-
herd transmission is known to occur (Barlow et al.
1997), and could contribute to the total number of
reactor cattle detected when herds associated with
wildlife reservoirs of infection are tested.

In this paper, we use the observed rate of decline
in Tb reactors following a sudden and sustained
reduction in Tb possums, to deduce the contribution
of cattle-to-cattle (within-herd) transmission to
cattle reactor rates in herds where the primary
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source of infection is tuberculous wildlife. Our case
study was based on mean annual Tb test results from
cattle farms in the central North Island of New
Zealand, together with simple models for Tb
transmission between cattle.

MATERIALS AND METHODS

Herd data
Annual herd test data were available from 1200 ha
of farmland at Hohotaka, near Taumarunui in the
central North Island, New Zealand. Over the period
1982 to 1994 this area supported 6 or 7 beef
breeding farms of around 200 cattle each
(mean = 267, median = 193). Herd testing revealed
a high incidence of bovine tuberculosis in Hohotaka
cattle in the 1980s: the mean annual cattle reactor
incidence (total Tb reactors over all Hohotaka herds
divided by total cattle tested, September to August)
for 1985 to 1988 was 4.5%, with a standard
deviation of 0.9%. There was no obvious relation-
ship between herd size and Tb incidence.

Possums are regarded as a major wildlife source
of cattle Tb in New Zealand (Morris & Pfeiffer
1995). In June 1988, a programme of intensive
possum control was initiated at Hohotaka in an
attempt to reduce cattle reactor incidence. There-
after, possum populations were maintained at
approximately 22% of their pre-control abundance.
Disease prevalence in the residual population
declined, so the control resulted in a net reduction
of 87.5% in the mean density of tuberculous
possums (P. Caley, unpubl. data). Cattle Tb
incidence in Hohotaka herds declined to 0.75%
(mean for 1991-94), an 83.4% reduction from pre-
control levels (Fig. 1).

Simulation model
Barlow et al. (1997) constructed an individual-based
simulation model of cattle Tb which distinguishes
four disease states based on their infectiousness and
response to the screening caudal fold (CDF) herd
test. On contracting Tb, susceptible cattle (S)
become infected but are not yet infectious nor
responsive to the screening test. After a mean of 22
days these become more responsive to the test, and
they become infectious to other cattle after a further
180 days. Infectious cattle (I) remain in the herd
until detected and removed by the regular screening
tests. The CDF herd test was assumed to react only
to 80% of cattle in the last two disease stages (Ryan
et al. 1991), with the remainder continuing
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Fig. 1 Annual Tb reactor i ncidence at Hohotaka (bars),
and estimates of Tb possum density relative to pre-1989
density (line).

undetected in the herd. Grossly infected "anergic"
cattle, which may be relatively unresponsive to the
CDF test (Kleeberg 1960), were unlikely to have
been present at Hohotaka since regular testing had
been carried out for several years prior to the period
considered here. Transmission between herd
members was modelled by the mass action term
/3SI, where f5 is the transmission coefficient. Tb
transmission to cattle from infected wildlife was
assumed to occur at the rate k'new infected cattle
per herd per year. This differed from Barlow et al.
(1997), where transmission from wildlife was also
dependent on the number of susceptible cattle in
the herd. The behaviour of the model remained
largely unaffected by this change; in all relevant
scenarios, Tb prevalence in the herd was low, so
transmission was never limited by the availability
of susceptible cattle. However, this modification
made interpretation of the Hohotaka data easier.

Application of the simulation model
Assuming that wildlife and within-herd trans-
mission were the only sources of Tb infection in
Hohotaka, then prior to wildlife control the number
of reactor cattle infected by within-herd trans-
mission was given by the total number of reactors
annually (= h x /, where h was the average herd
size, and i was the annual reactor incidence assumed
to be at equilibrium), minus the number of false


