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SUMMARY

A resurgence of Mycobacterium bovis infections in cattle in the United Kingdom since the 1980s

has raised concern about risks to human health. Enhanced surveillance data for England, Wales

and Northern Ireland between 1993 and 2003 of culture-positive human M. bovis cases identified

315 M. bovis infections ; the mean annual number of cases was 28 (range 12–41). The most

frequently reported exposures were consumption of unpasteurized dairy products 41/83 (49%)

and exposure to cattle 45/123 (37%). Of all cases, 249 (83%) were born before 1960. Of 50 cases

born after 1960, only 14 were born in the United Kingdom. Over the same time period the annual

number of new herd infections increased from 332 to 1749 as derived from the UK State

Veterinary Service database. In conclusion, despite a more than fivefold increase in cattle herd

infections during the 1990s, there was no increase in reported human cases.

INTRODUCTION

Mycobacterium bovis is a zoonotic bacterium that can

infect a wide host range, primarily cattle, but also

wildlife (badgers, deer, foxes and ferrets), and humans

[1]. It can cause disease in both animals and humans,

which may become infectious to others. The main

mode of transmission to humans is believed to be

from cattle by consumption of unpasteurized dairy

products [2]. Close contact with infectious cattle [3–5]

or wildlife, and human-to-human transmission may

also play a role [1].

Public health measures to prevent M. bovis trans-

mission from animals to humans include pasteuriz-

ation of milk, testing both dairy and beef cattle herds

at regular intervals and meat inspection in the

slaughterhouses [1]. These measures have been fully in

place in the United Kingdom since 1960 and although

pasteurization is only compulsory in Scotland, only

1.7% of dairy farms in England and Wales were

registered to produce unpasteurized milk in 2002 [6].

Furthermore, if any officially tuberculosis-free herd is

found to be infected with M. bovis, the milk from the

herd is compulsorily heat-treated [7]. Pasteurization,

including heat treatment of milk from infected

herds, is regulated by the Dairy Product (Hygiene)

Regulations (1995) [6]. Testing and culling of animals

for M. bovis in the United Kingdom is a statutory

requirement under European Union legislation

[8, 9] and is determined by local incidence at intervals

of 1–4 years [8]. Cattle are normally tested for

M. bovis using the Single Intradermal Cervical

Comparative Test (SICCT), including two injections

with bovine and avian (control) tuberculin. A scien-

tific advisory group on bovine tuberculosis has made
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recommendations to reduce bovine tuberculosis in the

United Kingdom [10].

M. bovis epidemiology in cattle in the United

Kingdom has substantially changed over the last cen-

tury. Due to a stringent eradication programme, the

level of herd infections declined from 40% in the 1930s

to 0.2% by the 1980s [11], although there has been a

resurgence of M. bovis in cattle since the 1980s, par-

ticularly in South West England and Wales [12, 13].

Human infections are, however, rare in England,

Wales and Northern Ireland, and only 1% of micro-

biologically confirmed tuberculosis cases are attributed

to M. bovis [14–16]. Molecular typing methods have

nonetheless revealed that there is an association be-

tween animal infection and human disease [17–19].

Culture-positive human cases of M. bovis have

been reported through Mycobnet (UKMycobacterial

Resistance Network) since 1993 from the whole of the

United Kingdom. Enhanced surveillance for human

M. bovis infections was initiated in 1998 for England,

Wales and Northern Ireland with the aim of collecting

information on risk factors for M. bovis infection in

humans [14, 15]. Monthly data on M. bovis in cattle

have been collected since 1986 through the UK State

Veterinary Service VetNet electronic database, which

was established for managing incidents of notifiable

animal disease and facilitating epidemiological

analysis.

The aim of this study was to assess the impact of

trends in cattle infections in the United Kingdom

on human health in England, Wales and Northern

Ireland between 1993 and 2003, and to describe the

disease characteristics and risk factors for human

cases of M. bovis.

MATERIAL AND METHODS

Surveillance of human cases

A case was defined as a culture-positive M. bovis case

reported through Mycobnet (UK Mycobacterial

Resistance Network) since 1993 or through enhanced

surveillance of M. bovis since 1998 [14, 15]. Matched

data on sex, ethnicity, date of birth and the country

of origin were obtained from Mycobnet and en-

hanced surveillance. Data on specimen date, disease

type, smear positivity and resistance pattern were

obtained from Mycobnet. Potential exposures such

as contact with a human tuberculosis case, cattle

and wild animal contacts, occupational hazards and

consumption of unpasteurized dairy products were

identified from the enhanced questionnaires. ONS

(Office for National Statistics) census population data

from 2001 were used for calculating rates. As cases

born outside the United Kingdom might have had

different exposures and public health measures were

in place in the United Kingdom by 1960, cases born in

the United Kingdom after 1960 were of most interest.

UK-born cases pre- and post-1960 were described

separately. The data were analysed using Microsoft1

Excel 2000 (Microsoft, Washington, USA).

Animal surveillance

The number of M. bovis cattle herds testing positive

for M. bovis were obtained by the Veterinary Lab-

oratory Agency (VLA) from the tuberculosis section

of the UK State Veterinary Service VetNet elec-

tronic database. The data used here included number

and location of infected cattle herds, number of new

and confirmed herd incidents of bovine tuberculosis

(defined as any breakdown of control where one or

more slaughtered animal shows typical gross lesions

of bovine tuberculosis or from which M. bovis can be

cultured) and costs of the bovine tuberculosis control

programme in the United Kingdom.

RESULTS

Description of human cases between 1993 and 2003

Total cases

A total of 315 M. bovis cases in humans were ident-

ified in England, Wales and Northern Ireland between

1993 and 2003. Matched data were obtained for 170

(54%) cases from both Mycobnet and enhanced

questionnaires, and unmatched data for 137 (43%)

cases from Mycobnet only and for eight (3%) cases

from enhanced questionnaires only. The average

number of cases per year was 28 (range 12–41) (Fig. 1).

In total 272 cases were reported from England, 21

from Wales and 22 from Northern Ireland. Overall

5.8 cases occurred per million inhabitants in England,

Wales and Northern Ireland over this 11-year period.

The highest numbers of cases were reported from

London (55 cases), the South West (39 cases) and the

East Midlands (38 cases).

The completeness of reporting patient, disease and

exposure characteristics varied as shown in the Table.

Of all cases, 166 (54%) were male and 249 (83%)

were born before 1960. In total, 127 cases were born

in the United Kingdom (81%), but only 14 of them
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after 1960. A total of 197 (63%) cases occurred in

the white ethnic group. Respiratory infection was

diagnosed in 120 (49%) of the cases and 60 (45%)

were sputum smear-positive on microscopic examin-

ation. Of 291 M. bovis isolates, 252 (86%) were

sensitive to isoniazid, 289 (99%) to rifampicin and all

were sensitive to ethambutol.

Where information was available, 41 (49%) of the

cases reported consumption of unpasteurized dairy

products and 30 (46%) had occupational contact with

cattle. Contact with a farm was reported for 39 (38%)

cases and 24 (22%) had contact with a human

tuberculosis case. When combining any cattle contact

(living, working or staying in a farm or occupational

contact), 45 (37%) of the cases had such exposure

history. Of the 40 cases that had consumed un-

pasteurized dairy products, 25 (63%) had also some

form of contact with cattle.

Cases born in the United Kingdom pre- and post-1960

compared

Where information was available, among 110 cases

born in the United Kingdom before 1960, 22 (56%)

reported consumption of unpasteurized dairy pro-

ducts, 23 (43%) some form of contact with cattle, and

11 (22%) had contact with a human tuberculosis case.

Forty (48%) had non-respiratory infection. Among

the 14 cases born in the United Kingdom after 1960,

two of eight had consumed unpasteurized dairy pro-

ducts, five of eight had some form of contact with

cattle and two of nine had contact with a human

tuberculosis case. Respiratory infection was reported

in 10 of 11 cases.

Animal data

There were 332, 1137 and 1749 new confirmed herd

incidents in 1993, 2000 and 2003, respectively,

representing an increase of 19% per annum. Most of

the new herd incidents occurred in South West and

Wales (Fig. 2). The proportion of herds that test

positive forM. bovis in SouthWest England increased

from 3% (1993) to 10% (2003) ; elsewhere in England

and Wales the proportion of herds with one or

more reactors was no more than 3% in 2003. The

main direct financial costs of bovine tuberculosis

result from routine testing and retesting of herds

for infection, compensation for culled animals and

contact tracing. The losses from disease through

poor performance or through meat condemned at

meat inspection are relatively small. The costs from

testing, culling, slaughter and compensation have

increased from £21 million (1996–2000) to £74 million

(2003–2004).

DISCUSSION

There was a substantial increase in the number of new

confirmed M. bovis herd incidents in the United

Kingdom between 1993 and 2003. The test protocol

for M. bovis in cattle remained unchanged during this

period so this is likely to reflect a true increase. By

Table. The patient, disease and exposure

characteristics of human M. bovis cases between

1993 and 2003

Characteristic

Number with
characteristic/number
for which information

available (%)

Male 166/307 (54)
Born after 1960 50/299 (17)
Born in the UK 127/157 (81)

Ethnic group
White 197/315 (63)
Other 31/315 (10)

Unknown 98/315 (28)

Respiratory infection 120/243 (49)
Sputum smear-positive 60/134 (45)
Contact with a human

tuberculosis case

24/108 (22)

Consumption of unpasteurized
dairy products

41/83 (49)

Consumed often 31/39 (79)
Occasionally or just once 8/39 (20)

Occupational contact with cattle 30/65 (46)
Lived in a farm 13/115 (12)
Contact with a farm 39/97 (38)

Any contact with cattle 45/123 (37)
Contact with wild animals 6/78 (8)
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Fig. 1. Human M. bovis infections in England, Wales and

Northern Ireland between 1993 and 2003. &, Born in the
United Kingdom after 1960; %, Others.
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contrast the overall number of cases of human

M. bovis disease in England, Wales and Northern

Ireland remained low and stable during the same

period, comparable to that between 1975 and 1990

[20]. There may be some under-ascertainment of

human M. bovis disease as a result of difficulties in

obtaining samples or speciation of cultures. This

under-ascertainment is, however, likely to have re-

mained the same over the study period so the find-

ings presented here probably reflect actual trends.

The increase seen in animal infection has, therefore,

not been associated with any increase in human

disease.

Most of the UK-born cases in the present and pre-

vious studies [20–22] were among older people and

were likely to represent late onset disease secondary to

latent infections acquired in the era predating control

measures in this country. Interestingly, recent sur-

veillance data from central Europe demonstrated no

human M. bovis cases aged <30 years [23]. Most of

the disease seen in people born after 1960 was in those

born abroad in whom exposure in their country of

birth cannot be ruled out.

The most frequently reported exposures in people

with M. bovis disease in this study included regular

consumption of raw dairy products and frequent

contact with cattle, particularly among those born

before 1960. Pasteurization of milk is undoubtedly an

important public health measure for the prevention,

not only of M. bovis, but also for other zoonotic in-

fections.

M. bovis infection has been recognized as a

potential occupational risk for farm and abattoir

workers [3], and guidance on management of the

public health consequences of tuberculosis in cattle

has been given by the Department of Health [24].

Those working with cattle, or living on farms may

also however be more likely to consume unpas-

teurized dairy products, so there may be some con-

founding between these two risk factors and it is

difficult to ascertain the exact mode of transmission.

As observed in other studies [25], half of the total

cases in this study had respiratory disease, but there

was a difference observed between those born in the

United Kingdom before and after 1960. The pro-

portion of cases with respiratory disease was greater

in those born after the widespread implementation of

pasteurization, and this different distribution may re-

flect a change in predominant mode of transmission

(e.g. from ingestion to inhalation).

The findings from this study imply that the combi-

nation of measures taken in the United Kingdom to

(a) (b)

Fig. 2. Incidence of confirmed bovine tuberculosis by skin test reactors and slaughterhouse findings in England and Wales in
(a) 1993 and (b) 2003. , Present, but in <1% of animals ; , in 1–10% of animals ; &, >10% of animals.
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prevent M. bovis disease in humans as a result of

transmission of infection from cattle have been highly

effective. The relative importance to public health and

the cost effectiveness of each of the control measures

used does, however, warrant further studies. This

descriptive study has suggests that exposure to cattle

or unpasteurized milk may be the most significant

risk factors for human M. bovis disease, therefore,

protecting those working with cattle and ensuring

the microbiological safety of dairy products may

be the most important public health measures. To

improve understanding it is, however, important to

further strengthen surveillance of human cases of

M. bovis disease born in the United Kingdom after

1960 and a case-control study of these cases would be

needed to adequately estimate the significance of these

exposures as risks for disease.
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