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ABSTRACT: Some studies have found that health care workers have an increased
risk of tuberculosis, whereas other studies have reported the opposite. This study
examined data of Finnish health care workers (HCWs) for the incidence of tub-
erculosis disease.

Cases of occupational tuberculosis in Finland were analysed over a period of 30 yrs
(1966±1995). Control subjects were all other incident tuberculosis cases at working
age. The material thus obtained included 658 people with notified occupational
tuberculosis, and 56,146 control cases. The authors studied incidence, and age specific
rate, as well as their trends.

The incidence of tuberculosis among health care workers decreased from 57.9 to 6.1
per 100,000 and the corresponding figures among control subjects decreased from
156.8 to 9.1 per 100,000. The overall risk in health care workers was lower than in the
general population throughout the study period. Analysis of age specific rates
revealed no age group at increased risk. The reasons are multifactorial, among them
the successful tuberculosis programme, and the lack of impact of such risk factors as
immigration, human immunodeficiency virus infection and drug resistance; high
coverage of bacille Calmette-GueÂrin vaccination may also be a factor, although it is
difficult to assess.
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Tuberculosis (TB) has always been a hazard for health
care workers (HCWs), although this was not generally
recognized before the 1950s [1]. Introduction of chemo-
therapy diminished the risk of infection considerably.
However, there have been some disturbing recent trends:
infection with human immunodeficiency virus (HIV)
increases the risk of TB disease subsequent to infection
[2]; altered manifestations are hampering diagnosis [3]
and prolonging the time during which patients are in-
fectious. Poor treatment practice and lack of compliance
have led to an expansion of drug resistance. Immigrant
patients from high-incidence countries also constitute a
risk factor for HCWs in developed countries [4, 5].

Published estimates of the risk of TB infection vary
according to time and geographical area, as well as ex-
posure intensity and duration, all of which are difficult to
assess; differences in risk are found between job categories
and between hospitals [6±8]. The risk of TB infection has
generally been considered to be higher among HCWs
than in the general population. However, some recent stu-
dies in developed countries have shown the risk of the
disease among HCWs to be the same as or lower than in
the surrounding community [6, 9±12]. On the other hand,
some authors have found groups of workers with higher
risk [13±17].

In Finland the rate of decrease in TB incidence during
the last three decades (1966±1995) has been one of the
fastest in Europe. The incidence of all forms of TB in the
general population in 1966 was 150 per 100,000, but by

1995 it had fallen to 12 per 100,000 [18, 19]. This period
is long enough to reflect overall changes among HCWs,
and the authors have therefore studied whether the trend
has been the same as in the general population.

Populations and methods

During 1966±1995, the population in Finland has in-
creased from 4.652 million to 5.117 million (10%) [20]. At
the same time the number of people working within
health care has increased from 40,039 to 197,897 (394%).

The National Tuberculosis Register covers the whole
country and is based on the statutory obligation of all phy-
sicians for notification. A case is registered if TB is con-
firmed bacteriologically or histologically or if the clinical
findings are consistent with active TB and a full course of
chemotherapy is therefore indicated. Cases are classified as
pulmonary or extrapulmonary, and are registered sepa-
rately in 5-yr age groups both for males and females. Not-
ification entitles patients to have full treatment free of
charge, and therefore all cases are entered into the register.

The National Register of Occupational Diseases is also
based upon statutory notification, and cases of TB among
HCWs are entitled to claim compensation if they may have
been exposed at work. The register was started in 1964 and
may suffer from underreporting for the first few years. The
definition used for a case of TB conforms with that in the
National Tuberculosis Register.
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Finland has carried out a comprehensive Bacillus Cal-
mette-GueÂrin (BCG) vaccination programme since the
1950s, and the Finnish population is one of the most com-
prehensively BCG-vaccinated in the world; coverage at
birth is still close to 100%, and revaccination has been
discontinued since 1990 [21]. Therefore no annual tub-
erculin tests for HCWs are in use; chemoprophylaxis is
very rarely used, and this policy has been adopted thro-
ughout the country. Annual chest radiograph screenings
of HCWs at higher risk were discontinued gradually in
the early 1990s. For primary prevention, contagious TB
patients are virtually always treated in special wards and
in separate rooms within chest clinics.

The study population consisted of all HCWs at working
age between 1966±1995. Data were obtained from the
National Board of Health and from the Ministry of Social
Welfare and Health. HCWs include for example, doctors,
all grades of nurses, laboratory workers, radiographic per-
sonnel, psychiatric nurses, physiotherapists, but not admin-
istrative personnel. TB cases among HCWs were obtained
from the National Register of Occupational Diseases. The
information included age, sex, occupation, area of resid-
ence, diagnosis, and degree of disability. The total number
of notified cases of occupational TB during 1966±1995
was 711. Fifty-one cases (7.2%) were excluded because
they were not working in the field of health care, the maj-
ority of them coming from the mining industry. Two
further cases were excluded because of age >64 yrs (67 and
73 yrs). Thus the study cases consisted of 658 persons (95
males, 563 females) working within health care who had
occupational TB.

The control population comprised all other people in the
age range 15±64 yrs during the same period. This number
was obtained from Statistics Finland, subtracting the num-
ber of HCWs so that the HCW population and the control
population were separated. The control cases consisted of
TB patients who were newly notified during 1966±1995 in
the age range 15±64 yrs, subtracting the number of HCWs.

In order to discount yearly fluctuations, the cases were
examined in periods of 5 yrs. The number of HCWs was
calculated as a mean for each 5-yr period. To begin with,
the occupational risk of TB disease was estimated by com-
paring incidence in HCWs and in the control population.
On the basis of these results, both HCWs and the control
subjects were analysed separately in age groups of 15±19,
20±39, 40±59 and 60±64 yrs. Risk analyses were per-
formed to obtain age-specific rates covering the total study
period and both age- and sex-specific rates covering the

years 1981±1995. Statistical analyses were performed us-
ing SAS (Statistical Analysis System) software, release
6.12 for Windows (SAS Institute, Cary, NC, USA). The
differences between the populations were tested with the
Chi-squared test and Fisher's exact test, and the common
relative risks (RR) were calculated.

Results

The peak TB incidence in HCWs in Finland was seen
during 1971±1975, with 184 cases, and the average annual
incidence was 57.9 per 100,000. Since then, incidence has
diminished in both groups, but in HCWs it has remained
slightly lower than in the control population (table 1).

Age-specific rates of TB during the whole study period
showed that the common RR of the disease was 0.22
among the 20±39 yr age group, 0.09 among the 40±59 yr
age group, and 0.17 among the 60±64 yr age group (table
2). These figures demonstrate that the overall risk of TB
in HCWs was lower than in the control population. There
was not an increased rate of disease among young HCWs,
although a preliminary analysis of the age at which TB
was contracted in HCWs showed that young age groups
may have an increased level of risk: among HCWs 71%
of all cases (466/658) were diagnosed at the age of 20±39
yrs, the corresponding figure being 31% (17,190/56,146)
among control subjects.

If all of the age groups are studied together, the risk of
TB was consistently significantly lower for HCWs, but the
difference seemed to decrease towards the end of the study
period (table 3). Maximum likelihood analysis of variance
during 1981±1995 revealed that sex had no effect on the
risk of TB. Age was the strongest factor, but it failed to
reach statistical significance even during 1981±1985, and
after that period its effect weakened even further.

Discussion

The authors have studied the overall risk of TB disease
among HCWs compared to the general population of
corresponding age during 1966±1995. The results demon-
strate that the overall risk of TB among the total HCW
population was lower than among the non-HCW popula-
tion. The reasons for this are very probably multifactorial.

Finland is a technically advanced country with a high
level of health care and social care. The TB programme has
been effective: during the study period the incidence of TB
has diminished by >90% [18, 19]. Compared with many

Table 1. ± The number of annual tuberculosis (TB) cases and the annual incidence per 100,000, with annual mean
numbers for health care workers and the control population

Period
Health care workers Control population

TB cases Incidence Mean population per year TB cases Incidence Mean population per year

1966±1970 76 33.8 45029 23697 156.8 3022971
1971±1975 184 57.9 63541 14649 95.2 3076659
1976±1980 158 39.3 80384 8612 54.9 3134816
1981±1985 115 24.6 93473 5073 31.5 3218001
1986±1990 69 8.7 157920 2646 16.6 3190940
1991±1995 56 6.1 184708 1469 9.1 3213420
Total 658 56146

Five-year number of TB cases (in the "TB cases" column) was divided by five and then divided by the "mean population per year" value
to compute the annual incidence value.
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other studies from the developed world, the incidence
of TB in HCWs used to be higher in Finland, but during
the past decade (1985±1995) it has been decreased to a
low level. For comparison, incidence figures of 9.4 per
100,000 in hospital employees and over 12 per 100,000 in
the general population for all forms of TB were seen dur-
ing 1983 and 1984 in North Carolina, USA [11]. In
Scotland, (UK), during 1978±1983, the incidence of pul-
monary TB was 11 per 100,000 for HCWs and 20 per
100,000 for the general population [9]. In England and
Wales, (UK), the overall incidence of pulmonary TB in
1980±1984 for all hospital employees was only 3.4 per
100,000 [22]; for the general population in the age range
15±64 yrs, the figure was 9.9 per 100,000. These studies
contain no information about the age distribution of cases.
The current results indicate that age does not have an
important impact on TB risk.

Risk factors prevailing in many countries are practically
absent in Finland. The number of immigrants is low, and
the majority of them have come from countries with a low
incidence of TB. At the end of 1995, there were 106,303
people (2.1% of total population) resident in Finland with a
registered birth place abroad, the majority of whom were
from Sweden [20]. In this study, hardly any cases of TB
found among HCWs have come from high-incidence
countries. The country of origin therefore has little impact
on TB incidence among HCWs or the control population,
unlike in Canada, where foreign-born workers constituted
59% of the cases among HCWs [23]. The prevalence of
HIV infection in Finland is also low; only 72 new cases of
HIV infection were found in 1995 (incidence 2.1 per
100,000 in the 15±64 yr age group). Multidrug-resistant
TB is very rare; in 1995 only one case with resistance to
both isoniazid (INH) and rifampicin was seen in Finland.

The most cost-effective intervention against TB am-
ong HCWs has not been agreed upon. Annual tuberculin
testing has been suggested as the gold standard. However,

this is not practicable, since all HCWs in Finland will
necessarily be BCG-vaccinated or tuberculin positive.
Therefore, INH prophylaxis is used only exceptionally.
Controlled studies on the tuberculosis risk of BCG-vac-
cinated HCWs have not been performed, but it has been
calculated that even with a low efficacy, BCG vaccination
might be as effective as annual tuberculin testing and INH
prophylaxis [24]. The current results support this view.

HCWs as a selected group may also have better a priori
infection resistance against TB. They are more conscious
about health matters than average, which influences their
behaviour in areas such as nutrition and smoking. This
hypothesis is in line with the results of a Canadian study:
alcohol abuse and malnutrition were found significantly
less frequently in HCWs than in control subjects [12].

Underreporting cannot explain the difference in favour
of health care workers but cases resulting from endogenous
reactivation after working age are not included. However,
the impact is the same on both groups. On the other hand
there is evidence that a significant proportion of tuber-
culosis disease is due to recent contact [2, 5, 25], most
probably originating in situations with heavy exposure.
This model presumably also applies to tuberculosis expo-
sure in health care [26]. It is known that unsuspected
infectious cases may increase the risk of infection more
than 6-fold [27]. The present results show the overall risk
alone. However, major differences have been found else-
where between groups of workers: for example, annual
incidence ranged from 0.6 per 100,000 for those not in-
volved in patient care to 108 per 100,000 for mortuary
attendants [22]. Consequently, the authors' next analysis
will be concentrated on exploring the differences between
job categories, and on identifying potential risk groups.
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