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In the Netherlands, 1.4% of tuberculosis (TB) cases 
are caused by Mycobacterium bovis. After we admitted 3 
patients with M. bovis infections to our reference hospital, 
we conducted a retrospective analysis of all M. bovis 
disease in the Netherlands during 1993–2007. We analyzed 
data from 231 patients for clinical, demographic, treatment, 
and outcome characteristics and for risk factors. Most 
patients were native Dutch (n = 138; 59.7%) or Moroccan 
(n = 54; 23.4%). Disease was mainly extrapulmonary (n = 
136; 58.9%). Although 95 patients had pulmonary disease, 
person-to-person transmission did not occur, as shown 
by structural DNA fi ngerprinting analysis. Lymph node TB 
was more likely to develop in women (p<0.0001), whereas 
pulmonary M. bovis disease developed more frequently in 
men (p<0.0001). Diagnosis was accurate but delayed and 
led to inadequate treatment in 26% of the cases. Proportion 
of deaths from M. bovis disease was higher than that for M. 
tuberculosis disease.

M ycobacterium bovis disease was common in the 
Western world in the era before pasteurization 

of milk products. In 1938, the percentage of M. bovis 
disease among all patients with tuberculosis (TB) was 9% 
in Amsterdam and 11% in the rest of the Netherlands. In 
1940, pasteurization became obligatory, and in 1952, the 
percentage of M. bovis disease had dropped to 1.5%–2.0% 
in Amsterdam (1,2). From 1945 until the mid-1960s, M. 
bovis infection was gradually eradicated in livestock in the 

Netherlands. Nevertheless, during 1973–1975, ≈2.5% of 
the human TB cases in the Netherlands were still caused 
by M. bovis (3). Since 1993, only 10 cases of M. bovis 
infection have occurred in livestock in the Netherlands. All 
were caused by infected livestock that had been imported 
(D. Bakker, pers. comm.). Because most M. bovis infections 
are contracted through the oral route, extrapulmonary 
manifestations were primarily observed. 

Diagnosing extrapulmonary TB is generally diffi cult, 
and as the prevalence of TB has declined, the experience 
of physicians in diagnosing this specifi c infectious disease 
has also decreased, and therefore the time to diagnosis 
has increased (4,5). The diffi culties in the diagnosis and 
treatment of M. bovis infections in 3 female patients at 
the University Centre for Chronic Diseases Dekkerswald 
prompted the present study. To investigate the magnitude 
of M. bovis infection in persons in the Netherlands, we 
conducted a retrospective study of patients with M. bovis 
infection and describe the epidemiologic, clinical, and 
bacteriologic fi ndings.

Materials and Methods
We retrieved data from 2 databases: one at the 

National Institute for Public Health and the Environment 
(RIVM), Bilthoven, the Netherlands, which contains the 
bacteriologic information of all M. tuberculosis complex 
isolates in the Netherlands. The other is the Netherlands 
Tuberculosis Register (NTR), an anonymous case register 
held by KNCV Tuberculosis Foundation in The Hague, 
the Netherlands. This database is based on voluntary 
registration but contains data from virtually all TB patients 
in the Netherlands.

The patients in the NTR database have been registered 
by their physicians. This register holds basic demographic, 
clinical, and some bacteriologic data. Death is registered as 
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TB related or not TB related without further explanation. 
Treatment and treatment outcome are registered without 
further details. Exact treatment length could be determined 
because length was registered in 2 different categories. 
Therefore, we could categorize treatment length in 6 
groups, namely <3 months, 4–5 months, 6 months, 7–9 
months, 10–12 months, and >12 months. 

We selected all M. bovis cases that occurred during 
1993–2007. By using these 2 databases we had information 
on bacteriologic and clinical factors, demographic data, 
and risk factors, as well as treatment and outcome. We 
used the RIVM database for the bacteriologic data and 
localization of the infections and the NTR database for 
the demographic and clinical data, including treatment 
outcome. To distinguish M. bovis caprae and M. bovis 
bovis infections, we reviewed available data on IS6110 
restriction fragment length polymorphism, spoligotyping, 
and pyrazinamide susceptibility for all M. bovis isolates 
analyzed in this study (6,7). Because IS6110 typing of all 
M. tuberculosis complex isolates is routinely performed in 
the Netherlands, we also analyzed information on possible 
interhuman transmission of M. bovis.

Associations between localization of infection in 
the patient, geographic distribution, ethnicity, etc. were 
evaluated on basis of information from both databases by 
using the χ2 test. Mortality rates were evaluated by using the 
NTR database and were correlated with the demographic 
and clinical data.

Case Reports 

Patient 1
A 73-year-old woman sought treatment for 

nonproductive cough and dyspnea. Medical history 
included severe rheumatoid arthritis, for which she had 
received treatment with anti–tumor necrosis factor-α 
(TNF-α) for 1 year. High-resolution computed tomography 
(CT) imaging of the thorax showed micronodular lesions 
in both lungs. CT imaging of the brain indicated several 
cerebral nodular lesions, suspected to be tuberculomas. 
Culture of bronchoalveolar lavage fl uid yielded M. 
bovis. The patient was treated with isoniazid, rifampin, 
and ethambutol. Moxifl oxacin and steroids were added, 
because of the high penetration level through the blood–
brain barrier of moxifl oxacin and to compensate for the 
absence of pyrazinamide in the treatment regimen.

Patient 2
An 84-year-old woman with a medical history of 

myelodysplastic syndrome and diabetes mellitus type 2 
sought treatment for a traumatic leg wound that did not 
heal, and her condition gradually progressed to generalized 
skin lesions. She was referred to the dermatologist in 

our hospital. Culture of a skin biopsy specimen grew M. 
bovis. The patient had lesions on her tongue, typical of 
TB (Figure 1), and on her the larynx and in her lungs. The 
patient’s condition resolved after 9 months of treatment 
with isoniazid, rifampin, and ethambutol. Contact tracing 
showed no human transmission.

Patient 3
An 87-year-old woman with severe rheumatoid 

arthritis sought treatment for weight loss, cough, night 
sweats, and dyspnea 1 year after starting anti–TNF-α 
treatment. Radiologic imaging showed a single nodular 
lesion of the lung parenchyma and pleural fl uid. Culture of 
a bronchoalveolar lavage specimen yielded M. bovis. The 
patient received isoniazid, ethambutol, and moxifl oxacin 
for 18 months because she had an intolerance for rifampin. 
No contact tracing was performed.

Results
During 1993–2007, a total of 16,059 patients were 

registered in the NTR with culture-proven TB; 231 (1.4%) 
patients were registered with M. bovis infection (8) (Figure 
2). The number of patients with M. bovis infection born 
outside the Netherlands (foreign-born) showed an increase 
in the proportion from 35.1% to 46.3% in the 1ast 5 years 
of the study period (Figure 3). Over time, the percentage 
of patients with M. bovis TB who live in major cities 
increased from 33.3% to 41.8%, with an accompanying 
decline elsewhere in the Netherlands. No relation was 
found between outbreaks in livestock and human disease.

Among patients with M. bovis disease, a signifi cant 
difference in mean age was noted among those born in the 
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Figure 1. Mycobacterium bovis lesion on the tongue of patient 2, 
the Netherlands.
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Netherlands and immigrants. In native Dutch persons with 
M. bovis disease, the median age was 64.8 years, whereas 
among immigrants, the median age was 38.6 years (Figure 
4). We observed 58 cases in young foreign-born patients 
and 16 cases in young Dutch patients (<40 years). Five 
Dutch patients had a general risk factor for contracting M. 
tuberculosis complex disease (1 with drug addiction, 1 with 
alcohol addiction, and 3 with risk factors not specifi ed) 
and 44 foreign-born had 1 or 2 general risk factors (32 
immigrants, 8 with fugitive status, 3 illegal immigrants, 
and 1 TB contact, 1 in criminal detention, 1 with risk factor 
not specifi ed).

Most of the patients were native Dutch (138 [59.7%] 
of 231). Most foreign-born patients came from Morocco 
(54 [23.4%] of 231). The other immigrants had other places 
of origin: Europe (n = 6; 2.6%), Africa (n = 15; 6.5%), Asia 
(n = 9; 3.9%), and South America (n = 3; 1.3%) (Table 1). 
A distinction between native Dutch and second-generation 
Dutch immigrants could not be made.

M. bovis TB mainly had appeared as extrapulmonary 
disease; 136 (58.9%) of 231 patients had extrapulmonary 
disease alone, 68 (29.4%) of 231 had pulmonary M. bovis 
disease, and 27 (11.7%) of 231 had both pulmonary and 
extrapulmonary disease. A signifi cant difference between 
men and women was found in terms of localization of 
disease. In women, lymph node TB was more likely to 

develop, mainly in the cervical region (p<0.0001); men 
more often had pulmonary M. bovis disease (p<0.0001). 
This fi nding was seen in all age groups in both Dutch and 
foreign-born patients. (Table 1)

Several treatment schedules were used for our study 
population; 157 of 231 patients received a combination 
of isoniazid, rifampin, ethambutol, and pyrazinamide, 
or another pyrazinamide-containing antimicrobial drug 
combination. Treatment with pyrazinamide-containing 
regimens had no negative effect on treatment outcome.

According to World Health Organization (WHO) 
standards, a regimen of isoniazid and rifampin for 9 months 
and ethambutol for 2 months is indicated for treating M. 
bovis disease. In our study population, we noted that 
113 (52%) of 217 patients were cured and completed 
treatment according to the WHO standard. Thirty-seven 
(17%) of 217 patients were considered cured with an 
insuffi cient treatment schedule, duration, or both. For 14 
patients, outcome data were not available. No signifi cant 
associations were found between insuffi cient treatment and 
particular disease localizations or outcome.

An anonymous questionnaire distributed to the 
physicians who were caring for the patients at the time of 
disease (34 sent and 24 returned) showed that most of the 
physicians followed the Dutch TB guidelines, which are 
based on the WHO standard. A problem these colleagues 
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Figure 2. Mycobacterium tuberculosis 
and M. bovis infections, the Netherlands, 
1993–2007. Data derived from the 
National Institute for Public Health and 
the Environment (RIVM) database.

Figure 3. Percentage of Mycobacterium 
bovis infections in foreign-born persons 
and total number of M. bovis infections, 
the Netherlands, 1993–2007. Data 
derived from the National Institute for 
Public Health and the Environment 
(RIVM) database.
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faced was the time lag between sampling and the results of 
culture, identifi cation, and drug susceptibility tests, which 
sometimes took as long as 4 months.

Treatment outcome comparisons for Dutch and 
foreign-born patients in the Netherlands are shown in 
Table 2. The overall proportion of deaths for the infection 
itself was 5.2% for M. bovis disease, and the proportion of 
deaths associated with non–TB-related causes (e.g., cardiac 
disease and hematologic malignancy) for patients with M. 
bovis disease was 14.7%.

An analysis of the overall deaths from bovine TB 
according to sex, age, ethnicity, and disease localization is 
shown in Table 3. A correlation was found between death 
and age >60 years, Dutch nationality, and miliary disease. 
When dividing deaths into the categories of TB related and 
not–TB related, only high age was statistically signifi cant 
between the groups; all other variables were not signifi cant 
(Table 4). Cause and rate of death differed between sexes: 
among women, death was more often related to M. bovis 
TB; in men, the overall mortality rate was higher, although 
these differences were not statistically signifi cant.

Discussion
M. bovis TB comprised 1.4% of all TB cases in the 

Netherlands during 1993–2007. This fi nding is comparable 
to those of studies in other countries where control and 
corresponding control efforts of M. bovis TB in livestock 
are present (9–11). During 1993–1997, mainly elderly 
Dutch persons were found to have bovine TB; later (1998–
2007), the infections were divided more equally between 
the native Dutch and immigrants (Figure 3).

M. bovis TB in the population of the Netherlands shows 
an age curve with double peaks. The younger patients 
were mostly foreign-born or fi rst- and second-generation 
immigrants, who may have (frequently) traveled back to 
their country of origin or contracted an M. bovis infection 
by the oral route before coming to the Netherlands. 
These patients more often had extrapulmonary M. bovis 
disease, which mainly affected the cervical or abdominal 

lymph nodes. Ingestion of unpasteurized dairy products is 
the most likely route of infection (12,13). The 12 Dutch 
patients, ages 20–40 years, may have been in contact 
with nonpasteurized food while traveling to developing 
countries because the chance of contracting a M. bovis 
infection in the Netherlands is considered low.

The second age peak contains elderly native-born 
Dutch persons. This result is most likely a birth-cohort 
effect because these persons most probably had a late 
endogenous reactivation of latent M. bovis infection 
contracted in the era before pasteurization of milk was 
introduced and while M. bovis infection in livestock was 
still highly prevalent in the Netherlands. Spoligotyping 
of their isolates showed a single typical pattern, which is 
considered the old predominant cattle-endemic strain of 
the Netherlands (14). This epidemiologic trend has also 
been seen in other European countries, including Norway, 
Sweden, and Belgium (9,10).

Endogenous reactivation of M. bovis infections in 
elderly patients follows impairment of immunity from 
hematologic causes, immune modulation by medication 
(including anti–TNF-α treatment), other coexisting 
conditions, or immunosenescence. As the use of anti–
TNF-α treatment rises, due to increasing indications of 
rheumatologic and gastrointestinal diseases, mycobacterial 
disease will likely become more common (15). Two of 
the patients we described had negative tuberculin skin test 
(for M. tuberculosis complex) and chest radiograph results 
and, therefore did not receive isoniazid prophylaxis before 
they received anti–TNF-α treatment. This result calls into 
question the effi cacy of the screening protocol used in the 
Netherlands to evaluate patients before they receive anti–
TNF-α treatment. Of note, reactivations of latent TB usually 
occur in the fi rst 3–4 months of anti–TNF-α therapy (15), 
although in our 2 M. bovis patients, reactivation occurred 
after 1 year. This long-term asymptomatic reactivation of 
disease has been previously observed (16,17) and raises 
questions involving the role of the bacteriologic virulence 
factor in the pace of the reactivations.
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Figure 4. Number of Mycobacterium bovis 
infections, according to patient age and origin, 
the Netherlands, 1993–2007. Data derived from 
the National Tuberculosis Registry database.
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In the Netherlands, the 2 largest immigrant populations 
are from Turkey and Morocco (378,330 and 341,528 
persons, respectively) (18). A high occurrence of M. bovis 
disease was observed in Moroccan patients, whereas, to 
our surprise, M. bovis disease was rare in Turkish patients. 
Both populations come from agricultural areas where 
pasteurization of dairy products is not common. Popular 
raw milk cheeses in Morocco (jben) and Turkey (kasar, 

tulum) have been found to contain Listeria and Brucella 
species in as many as 8.2% of the samples tested (19,20). In 
both studies, cheeses were not tested for M. bovis. However, 
M. bovis can survive in raw milk cheese and cause an 
infection after it is eaten, as was described recently for a 
cluster of infections resulting from consumption of fresh 
Mexican cheese in New York and San Diego (12,13,21). 
Besides consumption of fresh cheese and unpasteurized 
milk, consumption of raw or undercooked meat is also a 
possible route of oral transmission (10,22,23).

More women than men were infected by M. bovis, 
contrary to the epidemiology of M. tuberculosis. Other 
studies about M. bovis do not show this result (9,11). This 
difference could be an age-related effect for Dutch patients; 
however, one can also see this difference in the Moroccan 
patient population (data not shown).

Notably, we also found a difference in disease 
localization between men and women. More cervical 
lymph node TB, which was not correlated with age, 
was diagnosed for female patients. Female sex has in 
general been considered a risk factor for M. tuberculosis 
extrapulmonary TB (24–26). However, this fi nding has not 
been described for M. bovis TB. Various explanations have 
been given for this gender difference in TB. One possible 
explanation could be a difference in the immunity to M. 
tuberculosis complex infection. Several studies have been 
conducted in humans to compare the immune response in 
both sexes. Differences in reaction among others in TNF 
and interleukin-10 production have been found (27,28). 
Another explanation for this fi nding may be related to the 
route of infection. Men could be more likely to become 
infected through the tracheal route by aerosols from diseased 
cattle, whereas women become infected by ingesting M. 
bovis while preparing or consuming contaminated food. 
Lastly, smoking has also been identifi ed as a risk factor for 
pulmonary TB (25), which (assuming a higher percentage 
of men are smokers) could explain the difference we found 
in our study that men have more pulmonary M. bovis 
disease than women. Unfortunately, we could not retrieve 
smoking status from the databases.

The geographic distribution of M. bovis TB in the 
Netherlands showed a proportional increase in M. bovis 
infections in the major cities in the western part of the 
Netherlands during 1993–2007. This fi nding probably 
refl ects the population demographics of the Netherlands, 
where most persons live in and between major cities, but 
also by the facts that immigrants mainly live in major cities 
and that the elderly persons who contracted M. bovis TB in 
the prepasteurization era are undergoing a natural decline 
in health.

We showed that, in 37 (17.1%) of the 217 patients, 
treatment of M. bovis disease cases in this study was not 
compliant with international guidelines. Although all M. 
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Table 1. Clinical and demographic data for Mycobacterium bovis
TB case-patients, by sex, as recorded in the Netherlands 
Tuberculosis Registry, the Netherlands, 1993–2007* 

Characteristic

Dutch,
no. (%),  
n = 138 

Foreign-born, 
no. (%),† 

n = 93 

Total,
no. (%), 
N = 231 

All case-patients 
 M 56 (40.6) 49 (52.7) 105 (45.5) 
 F 82 (59.4) 44 (47.3) 126 (54.5) 
Age, y 
 0–60 115 (49.7) 
  M 13 45
  F 22 35
 >60 116 (50.3) 
  M 43 4
  F 60 9
Localization 
 Pulmonary 80 (34.6) 
  M 26 25
  F 22‡ 7§
 Respiratory tract 19 (8.2) 
  M 5 5
  F 8 1
 Meningeal and CNS 6 (2.5) 
  M 2 0

  F F 0
 Intestinal tract 13 (5.6) 
  M 0 3
  F 5 5
 Bone and joint  12 (5.2) 
  M 4 2
  F 5 1
 Urogenital tract 13 (5.6) 
  M 4 3
  F 4 2
 Other organs (e.g., lymph nodes) 59 (25.5) 
  M 5 9
  F 24¶ 21#
 Miliary TB 11 (4.8) 
  M 6 0
  F 3 2
 Unknown 18 (7.8) 
  M 4 2
  F 7 5
*TB, tuberculosis; CNS, central nervous system. 
†Foreign-born patients originated from other European countries (n = 6), 
Africa (n = 69), Asia (n = 9), South America (n = 3), and unknown areas (n 
= 6). 
‡p = 0.018. 
§p<0.001. 
¶p = 0.004. 
#p = 0.002. 
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tuberculosis complex isolates in the Netherlands undergo 
drug susceptibility testing, apparently the results of such 
testing do not reach clinicians. Recognition of M. bovis 
as the causative agent of TB does not in itself lead to the 
conclusion that adjustment of the therapy is required; many 
physicians only make adjustments after receiving the results 
of drug susceptibility testing, which usually arrive quite late 
because of the slow growth of M. bovis. Moreover, the quick 
molecular identifi cation of cultured M. bovis still implies a 
culture delay of ≈4 weeks. Better education of physicians 
and increasing future application of direct molecular 
identifi cation of M. bovis from clinical samples, i.e., sputum 
or lymph node aspirates, is therefore needed.

The overall proportion of deaths among patients with M. 
bovis disease was higher (19.9%) than that among patients 
with M. tuberculosis disease (4.4%) in the Netherlands. 
The mortality rates during 1993–2007 were 5.2% for M. 
bovis disease versus 1.9% for M. tuberculosis disease. 
This result is probably related to the higher prevalence of 
miliary and central nervous system localization of M. bovis 
disease. Death rates from other, non–TB-related, causes for 
patients with M. bovis infection were 14.7% compared with 
2.5% for M. tuberculosis infection (8). Subgroup analysis 
of M. bovis showed that the proportion of deaths was higher 
among Dutch than among foreign-born patients, but this 
result most likely correlates with age and impairment of 
immunity (10,11,29).

We cannot explain the unexpected trend in lower 
survival of female patients after an episode of M. bovis 
disease. Previous studies have shown that male sex is a risk 
factor for unsuccessful treatment (30,31), but the numbers 
in our study were too small to draw any fi rm conclusions.

This study had limitations. First, the analysis of the 
results was hampered by the relatively low number of 
foreign-born patients (n = 93) and the heterogeneous nature 
of the study population. Therefore, only data concerning 
patients from Morocco (n = 54) could be analyzed 
separately, and differences with the Dutch case-patients 
were found in terms of age, mortality rate, and primary 
localization of disease.

Another limitation is that a distinction could not 
be made between native Dutch and second-generation 
immigrants born in the Netherlands. This lack of distinction 
implies that some patients have roots in a foreign country 
where the risk for M. bovis TB could be higher.

In conclusion, the incidence of M. bovis disease in 
the Netherlands is comparable to that in other countries in 
which control programs for M. bovis infection are enforced. 
Gender differences in clinical features and mortality rates 
were found in our cohort of patients. The disease now 
mainly infects immigrants from Morocco and elderly 
Dutch citizens. Anti-TNF-α treatment is an emerging cause 
of endogenous reactivation of M. bovis disease in elderly 
Dutch patients, as occurred in 2 of the recent bovine TB 

462 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 3, March 2011

Table 2. Treatment results according to age, sex, and localization of Mycobacterium bovis disease in Dutch and foreign-born case-
patients, as recorded in the National Tuberculosis Registry, the Netherlands, 1993–2007* 

Variable

No. (%) Dutch patients, n = 138 No. (%) foreign-born patients, n = 93
Treatment 
completed

Cause of death 
Other† 

Treatment 
completed

Cause of death 
Other† TB-related Non–TB-related TB-related Non–TB-related

Total 85 (61.6) 10 (7.2) 28 (20.3) 15 (10.9) 66 (71.0) 2 (2.1) 6 (6.5) 19 (20.4)
Age, y

0–60 25 1 3 6 59 2 3 16
 >60 60 9 25 9 7 0 3 3
Sex
 M 33 3 18 2 35 0 3 11
 F 52 7 10 13 31 2 3 8
Localization 

Pulmonary 26 2 9 3 21 0 2 5
 Extrapulmonary 52 5 11 10 44 0 3 11
 Pulmonary and  
 extrapulmonary 

7 3 8 2 1 2 1 3

*TB, tuberculosis. 
†Treatment not completed or treatment continued elsewhere. 

Table 3. Correlation of overall deaths from Mycobacterium bovis
disease with demographic variables, the Netherlands, 1993–
2007*
Variable p value
Sex 0.31
Age >60 y <0.0001 
Dutch nationality 0.001 
Disease localization (miliary TB) <0.0001 
* 2 test. TB, tuberculosis. 

Table 4. Correlation of TB-related and non–TB-related deaths 
according to demographic variables, the Netherlands, 1993–
2007*
Variable p value
Sex 0.58
Age >60 y 0.03
Dutch nationality 0.91
Disease localization (miliary TB) 0.49
* 2 test. TB, tuberculosis. 



M. bovis Disease, the Netherlands

cases described in this article; reactivation may be slower 
than for M. tuberculosis infection.

Dr Majoor is a pulmonologist in the Academic Medical 
Center in Amsterdam. His main research interests are asthma, 
cystic fi brosis, and TB.

References

  1.  Ruys AC. Tuberculosis caused by M. bovis in humans in the Nether-
lands [in Dutch]. Ned Tijdschr Geneeskd. 1938;83:1001–7.

  2.  Ruys AC. The treatment of bovine tuberculosis and epidemiologi-
cal changes in tuberculosis [in Dutch]. Ned Tijdschr Geneeskd. 
1952;96:676–81.

  3.  Schönfeld JK. Infection caused by bovine tuberculum bacteria in 
humans in the Netherlands during the period 1972–1975 [in Dutch]. 
Ned Tijdschr Geneeskd. 1978;122:217–9.

  4.  Sherman LF, Fujiwara PI, Cook SV, Bazerman LB, Frieden TR. Pa-
tient and health care system delays in the diagnosis and treatment of 
tuberculosis. Int J Tuberc Lung Dis. 1999;3:1088–95.

  5.  Diwakar L, Logan S, Ghaffar N, Hare A, Lynn W, Ash S. Low back 
pain: think of tuberculosis. BMJ. 2006;333:201. DOI: 10.1136/
bmj.333.7560.201

  6.  Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van Soolingen 
D, Kuijper S, et al. Simultaneous detection and strain differentiation 
of Mycobacterium tuberculosis for diagnosis and epidemiology. J 
Clin Microbiol. 1997;35:907–14.

  7.  Niemann S, Richter E, Rüsch-Gerdes S. Biochemical and genetic 
evidence for the transfer of Mycobacterium tuberculosis subsp. cap-
rae Aranaz et al. 1999 to the species Mycobacterium bovis Karl-
son and Lessel 1970 (approved lists 1980) as Mycobacterium bovis 
subsp. caprae comb. nov. Int J Syst Evol Microbiol. 2002;52:433–6.

  8.  Erkens CGM, Kalisvaart NA, Slump E, Sebek M, van Soolingen 
D. Tuberculosis in the Netherlands 2007. Surveillance report [in 
Dutch]. KNCV Tuberculosefonds, Den Haag; Jan 2009. http://www.
kncvtbc.nl/Site/Professional.aspx

  9.  Mignard S, Pichat C, Carret G. Mycobacterium bovis infection, 
Lyon, France. Emerg Infect Dis. 2006;12:1431–3.

10.  de la Rua-Domenech R. Human Mycobacterium bovis infection in 
the United Kingdom: incidence, risks, control measures and review 
of the zoonotic aspects of bovine tuberculosis. Tuberculosis (Edinb). 
2006;86:77–109. DOI: 10.1016/j.tube.2005.05.002

11.  Hlavsa MC, Moonan PK, Cowan LS, Navin TR, Kammerer JS, 
Morlock GP, et al. Human tuberculosis due to Mycobacterium bovis 
in the United States, 1995–2005. Clin Infect Dis. 2008;47:168–75. 
DOI: 10.1086/589240

12.  Harris NB, Payeur J, Bravo D, Osorio R, Stuber T, Farrell D, et al. 
Recovery of Mycobacterium bovis from soft fresh cheese originat-
ing in Mexico. Appl Environ Microbiol. 2007;73:1025–8. DOI: 
10.1128/AEM.01956-06

13.  Kinde H, Mikolon A, Rodriguez-Lainz A, Adams C, Walker RL, 
Cernek-Hoskins S, et al. Recovery of Salmonella, Listeria monocy-
togenes, and Mycobacterium bovis from cheese entering the United 
States through a noncommercial land port of entry. J Food Prot. 
2007;70:47–52.

14.  van Soolingen D, de Haas PE, Haagsma J, Eger T, Hermans PW, 
Ritacco V, et al. Use of various genetic markers in differentiation 
of Mycobacterium bovis strains from animals and humans and for 
studying epidemiology of bovine tuberculosis. J Clin Microbiol. 
1994;32:2425–33.

15.  van Ingen J, Boeree MJ, Dekhuijzen PNR, van Soolingen D. Myco-
bacterial disease in patients with rheumatic disease. Nat Clin Pract 
Rheumatol. 2008;4:649–56. DOI: 10.1038/ncprheum0949

16.  Endean L, Barry SM, Young-Min SA. Possible miliary tuberculo-
sis during adalimumab therapy with negative γ-IFN release assays. 
Rheumatology. 2009;48:319–20. DOI: 10.1093/rheumatology/
ken469

17.  Yoo WH. Multiple organ tuberculosis of lung, pleura, and peritone-
um in ankylosing spondylitis during adalimumab therapy. Rheuma-
tol Int. 2010 Jan 5 [Epub ahead of print]. http://www.springerlink.
com/content/0172-812/31/1/

18.  Statline. Centraal Bureau voor de Statistiek 2010 [cited 2010 Apr 3]. 
http://statline.cbs.nl/StatWeb/publication/?VW=T&DM=SLNL&P
A=37296ned&D1=a&D2=0,10,20,30,40,50,(l-1)-l&HD=100105-
1504&HDR=G1&STB=T

19.  Benkerroum N, Oubel H, Zahar M, Dlia S, Filali-Maltouf A. 
Isolation of a bacteriocin-producing Lactococcus lactis subsp. 
lactis and application to control Listeria monocytogenes in Mo-
roccan jben. J Appl Microbiol. 2000;89:960–8. DOI: 10.1046/j.1365-
2672.2000.01199.x

20.  Aygun O, Pehlivanlar S. Liste ria spp. in the raw milk and dairy prod-
ucts in Antakya, Turkey. Food Control. 17: 676–9. 

21.  Centers for Disease Control and Prevention. Human tuberculo-
sis caused by Mycobacterium bovis—New York City, 2001–2004. 
MMWR Morb Mortal Wkly Rep. 2005;54:605–8.

22.  van der Merwe M, Bekker JL, van der Merwe P, Michel AL. Cooking 
and drying as effective mechanisms in limiting the zoonotic effect of 
Mycobacterium bovis in beef. J S Afr Vet Assoc. 2009;80:142–5.

23.  Thoen C, Lobue P, de Kantor I. The importance of Mycobacte-
rium bovis as a zoonosis. Vet Microbiol. 2006;112:339–45. DOI: 
10.1016/j.vetmic.2005.11.047

24.  Martinez AN, Rhee JT, Small PM, Behr MA. Sex differences in the 
epidemiology of tuberculosis in San Francisco. Int J Tuberc Lung 
Dis. 2000;4:26–31.

25.  Lin JN, Lai CH, Chen YH, Lee SS, Tsai SS, Huang CK, et al. Risk 
factors for extra-pulmonary compared to pulmonary tuberculosis. 
Int J Tuberc Lung Dis. 2009;13:620–5.

26.  Peto HM, Pratt RH, Harrington TA, LoBue PA, Armstrong LR. 
Epidemiology of extrapulmonary tuberculosis in the United States, 
1993–2006. Clin Infect Dis. 2009;49:1350–7. DOI: 10.1086/605559

27.  Temple SE, Pham K, Glendenning P, Phillips M, Waterer GW. 
Endotoxin induced TNF and IL-10 mRNA production is higher 
in male than female donors: correlation with elevated expression 
of TLR4. Cell Immunol. 2008;251:69–71. DOI: 10.1016/j.cel-
limm.2008.04.013

28.  van Eijk LT, Dorresteijn MJ, Smits P, van der Hoeven JG, Netea MG, 
Pickkers P. Gender differences in the innate immune response and 
vascular reactivity following the administration of endotoxin to hu-
man volunteers. Crit Care Med. 2007;35:1464–9. DOI: 10.1097/01.
CCM.0000266534.14262.E8

29.  Rodwell TC, Moore M, Moser KS, Brodine SK, Strathdee SA. Tu-
berculosis from Mycobacterium bovis in binational communities, 
United States. Emerg Infect Dis. 2006;14:909–16. DOI: 10.3201/
eid1406.071485

30.  Ditah IC, Reacher M, Palmer C, Watson JM, Innes J, Kruijshaar 
ME, et al. Monitoring tuberculosis treatment outcome: analysis 
of national surveillance data from a clinical perspective. Thorax. 
2008;63:440–6. DOI: 10.1136/thx.2006.073916

31.  Fok A, Numata Y, Schulzer M, FitzGerald MJ. Risk factors for 
clustering of tuberculosis cases: a systematic review of population-
based molecular epidemiology studies. Int J Tuberc Lung Dis. 
2008;12:480–92.

Address for correspondence: Christof J. Majoor, Department of 
Pulmonology, Academic Medical Center, PO Box 22660, 1100 DE 
Amsterdam, the Netherlands; email: c.j.majoor@amc.uva.nl

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 17, No. 3, March 2011 463



Copyright of Emerging Infectious Diseases is the property of Centers for Disease Control & Prevention (CDC)

and its content may not be copied or emailed to multiple sites or posted to a listserv without the copyright

holder's express written permission. However, users may print, download, or email articles for individual use.




