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ABSTRACT:  The aim of this study was to determine the risk factors associated
with tuberculosis among human immunodeficiency virus (HIV)-infected persons
living in Switzerland, a country with low prevalence of tuberculous infection.

We performed a nested case-control study and logistic regression.  Cases (n=239)
were patients participating in the Swiss-HIV Cohort study (n=7,103), diagnosed with
bacteriologically confirmed tuberculosis.  The rest of the cohort population was used
as control.

Patients from industrialized countries had a risk of tuberculosis similar to those
from Switzerland (adjusted odds ratio (OR) 1.1; 95% confidence interval (95%
CI) 0.7–1.5); whereas the risk among patients from Eastern Europe (OR 2.8, 95%
CI 1.9–3.7), Brazil (OR 10.6; 95% CI 9.6–11.5), and Africa (OR 3.0; 95% CI 2.4–3.6)
was markedly higher.  Immune suppression, as indicated by low CD4+ cell count,
was an independent risk factor for tuberculosis (OR 7.8; 95% CI 7.3–8.3 for pat-
ients with CD4+ <50 cells·mm-3 compared to those with CD4+ >500 cells·mm-3).
Age, sex and HIV-transmission category did not appear to increase the risk of tuber-
culosis after adjustment for other patient characteristics.

In conclusion, in countries of low prevalence of Mycobacterium tuberculosis infec-
tion, to originate from a country with high prevalence of tuberculosis infection and
to have advanced immunodeficiency are significant risk factors for tuberculosis.
They may be used to complement the tuberculin skin test in targeting patients for
preventive chemotherapy.
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Triggered by the pandemic of human immunodefi-
ciency virus (HIV) infection, tuberculosis has emerged
as a major public health threat in sub-Saharan Africa and
numerous other resource-poor countries over the past
decade [1].  Industrialized countries have not been spared
[2], particularly minorities and deprived inner-city resi-
dents of metropolitan areas in the United States [3].  In
Western Europe, the decline of tuberculosis came to a
halt in the late 1980s [4], but the role of HIV appears
to be minor and is conspicuous in only a few countries
[5], and in some large metropolitan areas [6].  Tuberculo-
sis poses a major challenge, however, because in HIV-
infected population segments it may spread rapidly [7–9],
it is frequently due to drug-resistant strains [10], and it
is often fatal [11–13].  Tuberculin skin tests are used to
detect infection with Mycobacterium tuberculosis [14].
A positive tuberculin skin test in an HIV-infected indi-
vidual is invariably associated with an increased risk of
tuberculosis [15, 16] and, thus, requires preventive chemo-
therapy [5].  In most European countries, however, only
a small proportion of the population is infected with M.
tuberculosis [17], and the interpretation of test results is
complicated by the use of bacille Calmette-Guérin (BCG)
vaccination. 

For these reasons, and because false negative tuber-
culin skin test results are increasingly common with pro-
gressive immunodeficiency [18], the identification of other
factors which may predict the occurrence of tuberculo-
sis constitute a research priority.  This case-control study
was, thus, designed to identify such factors potentially
associated with an increased risk of tuberculosis.

Methods

The Swiss HIV Cohort Study was initiated in 1988 to
serve as a basis for research projects on preventive, epi-
demiological, clinical and laboratory aspects of HIV
infection.  Study design, organization, recruitment, and
procedures of data collection have been described pre-
viously [19, 20].  In brief, HIV-infected adults (aged 16
yrs and older) have been recruited in six centres in
Switzerland. Information on HIV-associated diseases,
medications and laboratory tests is collected at 6 month
intervals according to a standard protocol.  Comparability
of test results is ensured with regular and standardized
quality control procedures [19].

As of 30th September 1994, 7,103 HIV-infected patients
have been enrolled in the study, of whom 74% were



male (5,221) and 26% female (1,882).  Categories of presu-
med transmission included: homosexuals 32% (2,303);
injecting drug users (IDU) 41% (2,923); infection by het-
erosexual contact, 23% (1,651); and other transmission
modes, 3% (226).  The majority of patients (54%, 3,821)
were 26–35 yrs of age at the time of registration.  Seventy
nine percent (5,591) were Swiss citizens, 14% (1,020)
were from other countries of Western Europe, and 480
(7%) from other parts of the world (12 patients of un-
known country of origin).  Patient registration started as
early as 1981 but the vast majority (70%) of patients
were registered between 1988 and 1992.

In this nested case-control study, cases were HIV-
infected cohort patients diagnosed with bacteriologically
confirmed tuberculosis.  They were compared to the rest
of the patients registered in the cohort (controls).  Uni-
variate and multivariate logistic regression models were
used to assess the association between the occurrence of
tuberculosis and risk markers, such as: demographic char-
acteristics of patients (age and gender); transmission cat-
egory; country or region of origin; year of registration;
and CD4+ cell count at the time of registration.  Because
the cumulative risk of disease depends on the duration
of follow-up, this variable was also adjusted for.  In the
logistic model, all variables were coded as categorical.  The
dependent variable was tuberculosis and the independent
variables represented the risk markers.  The equation
co-efficient converted to an odds ratio (OR) provided for
each variable subcategory an estimate of the risk of dis-
ease adjusted for the other variables included in the model
[21].  Statistical analysis was conducted with Statistical
Package for the Social Sciences (SPSS) for Windows®
computer programme.

There were 12 countries with at least two cases or 30
cases and controls (Austria, Brazil, France, Germany,
Italy, Portugal, Spain, Switzerland, Turkey, USA, former
Yugoslavia, and Zaire).  Patients from other countries were
grouped by region (Eastern Europe, other industrialized

countries, Africa, other resource-poor countries).  These
countries and regions were analysed separately in the
univariate analysis and regrouped by geographic area in
the multivariate model.

The accuracy and completeness of tuberculosis report-
ing was assessed in one centre (Geneva) by a compari-
son of the "Cantonal tuberculosis register" with the data
available in the cohort.  Data sources for these two report-
ing systems are independent and every patient from whom
M. tuberculosis is isolated must be reported to the tuber-
culosis register.  Patients with the same date of birth and
sex in both registers were identified to ascertain that indi-
viduals listed in both registers were correctly reported
with tuberculosis in the cohort.  Out of 450 patients lis-
ted in the tuberculosis register and 1,200 HIV-infected
patients from Geneva listed in the HIV cohort study, 23
had the same name, sex and date of birth.  All 23 were
correctly reported with the diagnosis of tuberculosis in
the cohort.
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Fig. 1.  –  Time interval between registration in Swiss HIV Cohort
Study and diagnosis of tuberculosis (n=239).  Column "0" represents
patients diagnosed with tuberculosis at the time of registration.  HIV:
human immunodeficiency virus.        : extrapulmonary TB only;          :
pulmonary and extrapulmonary TB;       : pulmonary TB only.

Table 1.  –  Country* or region of origin as a risk factor for tuberculosis in the Swiss HIV Cohort Study

Country/region Cases with TB Controls without TB OR** (95% CI) p-value
n % n %

Switzerland 163 68.2 5428 79.1 1.0
Austria 2 0.8 37 0.5 1.8 (0.4–7.5) NS

Brazil 6 2.5 28 0.4 7.1 (2.9–17.5) <0.01
France 5 2.1 181 2.6 0.9 (0.4–2.3) NS

Germany 4 1.7 107 1.6 1.2 (0.5–3.4) NS

Italy 10 4.2 335 4.9 1.0 (0.5–1.9) NS

Portugal 6 2.5 73 1.1 2.7 (1.2–6.4) <0.05
Spain 6 2.5 183 2.7 1.1 (0.5–2.5) NS

Turkey 2 0.8 22 0.3 3.0 (0.7–13.0) NS

USA 0 0.0 32 0.5 0.0 Undefined
Yugoslavia 2 0.8 33 0.5 2.0 (0.5–8.5) NS

Zaire 4 1.7 57 0.8 2.3 (0.8–6.5) NS

Other Eastern European 2 0.8 27 0.4 2.5 (0.6–10.5) NS

Other industrialized 2 0.8 82 1.2 0.8 (0.2–3.3) NS

Other African 14 5.9 124 1.8 3.8 (2.1–6.7) <0.01
Other Latin American 7 2.9 56 0.8 4.2 (1.9–9.3) <0.01
Asia 3 1.3 48 0.7 2.1 (0.6–6.8) NS

Uknown 1 0.4 11 0.2 3.0 (0.4–23.6) NS

Total 239 100 6864 100
*: countries with at least 2 cases or a total of 30 cases and controls; **: univariate logistic regression model.  Uknown: unknown
country of origin; TB: tuberculosis; HIV: human immunodeficiency virus; OR: odds ratio; 95% CI: 95% confidence interval; NS:
nonsignificant at the 0.05 level.
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Table 2.  –  Risk factors for tuberculosis in the Swiss HIV Cohort Study

Cases with TB Controls without TB OR (95% CI) p-value OR** (95% CI) p-value
n % n %

Sex
Male 191 80 5030 73 1 1
Female 48 20 1834 27 0.7 (0.4–1.0) NS 0.8 (0.4–1.2) NS

Age  yrs
<25 31 13 1251 18 1 1
26–35 134 56 3687 54 1.5 (1.1–1.9) <0.05 1.1 (0.7–1.6) NS

36–45 54 23 1262 18 1.7 (1.3–2.2) <0.05 1.3 (0.8–1.8) NS

>45 20 8 664 10 1.2 (0.6–1.8) NS 0.9 (0.3–1.6) NS

Transmission
Homosexual 82 34 2221 32 1 1
Heterosexual 62 26 1589 23 1.1 (0.7–1.4) NS 1.2 (0.8–1.6) NS

IVDU 92 39 2831 41 0.9 (0.6–1.2) NS 1.2 (0.9–1.6) NS

Others 3 1 223 3 0.4 (0.0–1.5) NS 0.3 (0.0–1.7) NS

Country or region of origin
Switzerland 163 68.2 5428 79.1 1 1
Industrialized 29 12.1 953 13.9 1.0 (0.6–1.4) NS 1.1 (0.7–1.5) NS

countries
Portugal 6 2.5 73 1.1 2.7 (1.9–3.6) <0.05 3.0 (2.1–3.9) <0.05
Eastern Europe 6 2.5 82 1.2 2.4 (1.6–3.3) <0.05 2.8 (1.9–3.7) <0.05
Brazil 6 2.5 28 0.4 7.1 (6.2–8.0) <0.01 10.6 (9.6–11.5) <0.01
Africa 18 7.5 181 2.6 3.3 (2.8–3.8) <0.01 3.0 (2.4–3.6) <0.01
Other resource-poor 10 4.2 108 1.6 3.1 (2.4–3.7) <0.05 2.7 (2.0–3.5) <0.05
Unknown 1 0.4 11 0.2 3.0 (1.0–5.1) NS 2.1 (0.0–4.3) NS

Duration of follow-up  months
<6 51 21 1782 26 1 1
6–12 21 9 725 11 1.0 (0.5–1.5) NS 0.9 (0.3–1.5) NS

13–24 55 23 1347 20 1.4 (1.0–1.8) <0.05 1.2 (0.8–1.7) NS

25–36 45 19 1055 15 1.5 (1.1–1.9) <0.05 1.7 (1.2–2.1) <0.05
>36 67 28 1955 29 1.2 (0.8–1.6) NS 1.6 (1.1–2.0) <0.05

Total 239 6864

CD4+ at registration  cells·mm-3

>500 24 10 2147 31 1 1
201–500 77 32 2351 34 2.9 (2.5–3.4) <0.01 3.0 (2.5–3.5) <0.01
51–200 72 30 1397 20 4.6 (4.1–5.1) <0.01 4.9 (4.4–5.4) <0.01
<50 51 21 703 10 6.5 (6.0–7.0) <0.01 7.8 (7.3–8.3) <0.01

Total 224 6898

*: univariate logistic regression; **: multiple logistic regression model adjusted for sex, age, transmission category, country of ori-
gin, duration of follow-up and CD+ cell count at registration (n=6,822).  IVDU: intravenous drug user; AOR: adjusted odds ratio.
For further abbreviations see legend to table 1. 

Results

There were 239 patients (3.4%) diagnosed with tuber-
culosis among the 7,103 patients in the entire cohort, of
whom 94 (39%) had pulmonary tuberculosis, 102 (43%)
had extrapulmonary tuberculosis and 43 (18%) had
both.  Extrapulmonary tuberculosis was the first acquired
immune deficiency syndrome (AIDS)-defining diagnosis
for 95 (66%) patients reported with AIDS.  The occurrence
of tuberculosis relative to the time of registration is pre-
sented in figure 1. Of all tuberculosis cases, 42 (18%)
occurred more than 2 months before registration and 69
(29%) were diagnosed with tuberculosis and registered
at the same time.  Eighteen (8%) patients had tubercu-
losis diagnosed at the time of death or postmortem.  Although
tuberculosis could be at least implicated as a contributing
factor to death in this group, detailed information of tuber-
culosis-specific mortality was not available.  The average
CD4+ cell count for 168 patients whose CD4+ cells were
measured within 3 months of tuberculosis diagnosis was

167 cells·mm-3.  The CD4+ cell count was 209 cells·mm-3

for pulmonary tuberculosis, 133 cells·mm-3 for extra-
pulmonary tuberculosis, and 171 cells·mm-3 for patients
with both. The difference in mean CD4+ cell count bet-
ween pulmonary and extra-pulmonary tuberculosis was
statistically significant (p<0.05).

About 32% of tuberculosis cases (76) occurred among
patients who were not Swiss nationals (table 1).  The risk
of tuberculosis was similar for Swiss, patients from most
Western European countries (Austria, France, Germany,
Italy and Spain) and other industrialized countries with
the exception of Portugal (OR 2.7; 95% confidence
interval (95% CI) 1.2–6.4).  The risk of disease was also
significantly increased among patients from Brazil (OR
7.1; 95% CI 6.2–8.0), Africa (OR 3.8; 95% CI 2.1–6.7)
and Latin America (OR 4.2; 95% CI 1.9–9.3) compared
to Swiss nationals.  Patients from countries of Eastern
Europe, Turkey, Zaire, Yugoslavia and Asia also had an
increased risk of disease, which was not statistically sig-
nificant.



The multivariate comparison of patients with tubercu-
losis with those who remained free of disease is pre-
sented in table 2.  The risk of disease was similar in all
the presumed HIV-transmission groups.  The apparent
increased risk of tuberculosis for males and patients aged
26–45 yrs was moderate and no longer statistically sig-
nificant after adjustment.  Similarly, the risk of tuber-
culosis was not associated with the year of registration
after adjustment.  As expected, duration of follow-up was
an important confounding variable associated with an
increased risk of disease occurrence as well as several
risk factors investigated.

The country or the region of origin remained the
strongest risk factor when other variables were adjusted
for.  With the exception of patients from Portugal (adjust-
ed OR  (AOR) 3.0; 95% CI 2.1–3.9) patients from indus-
trialized countries and Swiss natives had a similar risk
of disease.  Patients from Brazil had more than 10 times
(AOR 10.6; 95% CI 9.6–11.5), and African-born patients
more than three times (AOR 3.0; 95% CI 2.4–3.6) the
risk of tuberculosis compared to patients from Switzerland.
Patients from Eastern Europe as well as those from
resource-poor countries also had an increased risk of
tuberculosis.

Low CD4+ cell count at the time of registration was
strongly associated with increased risk of tuberculosis.
Patients with less than 50 CD4+ cells·mm-3 were almost
eight times more likely (AOR 7.8; 95% CI 7.3–8.3) and
those with 50–200 CD4+ cells·mm-3 more than four times
more likely (AOR 4.9; 95% CI 4.4–5.4) to have tubercu-
losis than those with more than 500 CD4+ cells·mm-3.

Discussion 

In this study, a nested case-control method was used to
identify risk factors for tuberculosis among HIV-infected
patients in Switzerland.  Cases included all patients who
developed bacteriologically confirmed tuberculosis prior
to and after registration in the Swiss HIV Cohort Study,
and all patients who did not have tuberculosis were
included in the control group.  Retrospective and follow-
up information available in the cohort was used to com-
pare two large groups of patients and assess risk factors
for a relatively rare disease.

Of 7,103 HIV-infected persons registered in the cohort,
3.4% were diagnosed with tuberculosis. About half had
extrapulmonary tuberculosis which was, in general, the
first AIDS defining event.  The average CD4+ cell count
was significantly lower at the time of diagnosis in patients
with extrapulmonary than in patients with pulmonary
tuberculosis.  With the exception of patients from Portugal,
patients from countries of the European Union and indus-
trialized countries of North America and Asia had a risk
of tuberculosis similar to those from Switzerland.  On the
other hand, patients from countries of Eastern Europe and
resource-poor countries of Africa, Asia and Latin America
had a markedly higher risk of tuberculosis than those
from Switzerland.  Immune suppression, as indicated by
low CD4+ cell count was also a significant risk factor
for tuberculosis.  Age, sex, transmission category and year

of registration did not appear to increase the risk of tuber-
culosis after adjustment for other patient characteristics.

Tuberculosis was relatively rare among HIV-infected
patients followed in this cohort.  Underreporting seems
unlikely, as register matching in one centre did not iden-
tify any patients in the cohort where the diagnosis of
tuberculosis was not reported.  The observed low incidence
of tuberculosis may also be due to the introduction of
preventive chemotherapy among patients with positive
tuberculin skin test.  This is unlikely, however, as only a
small proportion of patients were skin tested, because
the incidence of tuberculosis was low and similar regard-
less of skin test results [22], and because the introduc-
tion of chemotherapy was slow and progressive.  In effect,
there is no evidence that tuberculosis was more common
in earlier periods of the study, before the introduction of
preventive chemotherapy. Study patients were fairly re-
presentative of the HIV-infected population residing in
Switzerland. There is no indication that study partici-
pants were somewhat less likely to be infected with M.
tuberculosis than most HIV-infected patients who live in
Switzerland.  It is estimated that 32–47% of HIV-infected
patients who reside in this country and 70% of AIDS
cases reported to the Federal Office of Public Health [19]
are enrolled in the cohort study.

Pre-existing infection with M. tuberculosis is strongly
associated with the occurrence of active tuberculosis
among HIV-infected people [15, 16], and patients from
countries where a large proportion of the adult popula-
tion is infected had a significantly higher risk of disease
than those from countries where the prevalence of tuber-
culous infection is low [17].  Patients from Portugal, the
country with the highest tuberculosis notification rate in
Western Europe [4] (50 per 100,000), also had an increased
risk.  Given patterns of immigration in Switzerland, pat-
ients from other European countries with a prevalence
of infection similar to Portugal, such as Spain and Italy,
who participated in this study may have resided in
Switzerland for a longer period of time or may even have
been born there.  The risk of tuberculosis among immi-
grants is particularly high in the first few years after
arrival in their new host country and is comparable to that
in their country of origin, but subsequently appears to
decrease according to some [23] but not all studies [24].

Previous observations that extrapulmonary tuberculo-
sis tends to occur later than pulmonary tuberculosis among
HIV-infected patients [25, 26] was confirmed by lower
CD4+ cell counts at the time of extrapulmonary comp-
ared to pulmonary tuberculosis.  The fact that most cases
of tuberculosis (75%) occurred among patients with CD4+
cell count below 200 cells·mm-3, and that low CD4+ cell
counts at the time of registration was a significant risk fac-
tor for disease was somewhat unexpected.  In this study,
however, this may be an artefact, as some patients were
registered in the cohort because they were diagnosed with
tuberculosis. Without tuberculosis, these patients would have
been registered later with a lower CD4+ cell count at the
time of registration and they would have served as con-
trols rather than cases in this analysis.

The value of the tuberculin skin test to identify tuber-
culous infection among patients with advanced HIV
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infection and low CD4+ cell count is unfortunately limi-
ted [27], because it is precisely these patients who seem
to be at increased risk of tuberculosis.  Tuberculin skin
testing should, therefore, be performed as early as pos-
sible and those considered to be infected should be offered
preventive chemotherapy.  Patients who come to the atten-
tion of the physician late in the course of their HIV infec-
tion  may be considered to be infected with M. tuberculosis
with smaller tuberculin skin test reaction sizes than im-
munocompetent patients [18]. The gain in sensitivity
with this approach must, nevertheless, be weighed against
the loss in specificity.  Simultaneous testing with other
recall antigens may, in part, alleviate this problem [28].
The reported cumulative incidence of tuberculosis in this
study exceeded 10% in patients from Africa and Latin
America.  Thus, one might argue that preventive therapy
in HIV-infected patients from such countries should be
considered irrespective of tuberculin skin test results, because
such a risk is similar to that of other groups, such as infect-
ed contacts, routinely recommended for preventive therapy.
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