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ABSTRACT: The purpose of the present paper is to investigate the usefulness of
routine notification of antituberculosis drug susceptibilities.

In Switzerland, laboratories have to report susceptibilities to isoniazid, rifampicin,
ethambutol, and pyrazinamide to the Federal Office of Public Health. All clinical and
laboratory information on every single tuberculosis case is routinely linked.
Proportions of drug resistance were calculated and logistic regression was applied
to evaluate the role of potential risk factors.

Eighty percent (1056) of all culture-positive tuberculosis cases reported between
October 1995 and December 1997 were analysed. The strains of 66 (6.3%) patients
had resistances to at least one drug. Risk factors identified were previous
antituberculosis treatment (adjusted odds ratio 7.3, 95% confidence interval 3.9±
13.6), male sex (1.4, 1.1±2.0), and age <65 yrs (1.5, 1.0±2.3). Fourteen cases (1.3%), 13
of them foreign-born, were resistant to at least isoniazid and rifampicin.

Reporting of drug susceptibilities allows routine assessment of the proportion of
drug resistant tuberculosis and populations at risk. This proportion was found to be
small in Switzerland. Risk factors were previous treatment for tuberculosis, male sex,
and age <65 yrs. Resistance to at least isoniazid and rifampicin was predominantly
found in foreign-born patients.
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Multidrug resistant (MDR) tuberculosis (TB) is a public
health threat requiring sound epidemiological data. Resis-
tant to both isoniazid (H) and rifampicin (R), MDR-TB is
difficult and costly to treat [1, 2]. To prevent the selection
of resistant strains, standard combination treatment and
retreatment regimens for TB are recommended [3]. Hence
the need for reliable data on susceptibilities to the recom-
mended drugs on a continuous basis. Alarmed by several
reports of outbreaks of MDR-TB in the USA in the early
1990s [4, 5], the Swiss Federal Office of Public Health
(SFOPH) requested in October 1995 that microbiology
laboratories report results of susceptibility testing to first-
line drugs. The authors present the Swiss experience in
the first 2 yrs of a surveillance system that allows routine
linking of all clinical and laboratory information on every
single TB case.

Methods

Physicians and laboratories have to independently report
all cases of TB to the SFOPH. The information collected
includes the internationally recommended items; the res-
pective case definitions are also used [6]. The information
requested is a one page form to be filled in by the
clinician and less than one page by the laboratory (http://
www.admin.ch/bag). Information from all sources, physi-
cians and laboratories, is centrally linked by personal

identifiers and entered into the database as one record per
case. As of 1 October 1995, susceptibility testing to H, R,
ethambutol (E), and pyrazinamide (Z) became mandatory
for all reportable TB cases. Accepted methods for anti-
microbial susceptibility testing (AST) are the proportion
method (including the radiometric method), the absolute
concentration method, and the resistance ratio method
[7]. There are nine public and seven private laboratories
which perform AST for mycobacteria in the country,
including the Swiss National Centre for Mycobacteria
(SNCM) which receives isolates from laboratories not
performing AST. The SNCM runs an external proficiency
testing scheme for Switzerland which includes suscept-
ibility testing of Mycobacterium tuberculosis complex
and also receives all isolates resistant to R for deoxy-
ribonucleic acid (DNA) fingerprinting by restriction frag-
ment length polymorphism analysis based on the IS6110
element.

The analysis presented here includes all culture-positive
TB cases diagnosed between October 1995 and December
1997 and reported to the SFOPH. Cases were excluded
from the analysis if results of susceptibility testing were
missing or if Mycobacterium bovis, inherently resistant to
Z, was identified. Drug susceptibility was analysed accord-
ing to the standard definitions of the World Health
Organization (WHO) and the International Union Against
Tuberculosis and Lung Disease (IUATLD) [7]. The Pos-
sibility of double entries was minimized by soundexFor editorial comments see page 195.
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matching, a computer-based method of recognizing pho-
netically similar names in a database [8]. The analysis
included descriptive statistics such as medians, ranges
(where appropriate), calculations of proportions with 95%
confidence intervals (95% CI), and logistic regression for
risk quantification. The major outcome was resistance to
any of the four first-line drugs. All analyses were perfor-
med using S+ Version 4.5 (MathSoft, Inc., Seattle, WA,
USA) for Windows NT and Epi Info Version 6.04b (CDC,
Atlanta, GA, USA).

Results

Between 1 October 1995 and 31 December 1997, a total
of 1322 culture-positive TB cases were diagnosed and
reported to the SFOPH. Thirty-three cases of M. bovis and
one isolate of M. tuberculosis complex resistant to Z and,
therefore, presumed to also be M. bovis were excluded
(2.6%). A further 232 cases (17.5%) were excluded be-
cause results of susceptibility testing to one or more of the
four drugs were not available for analysis. One thousand
and fifty-six cases (79.9%) met the inclusion criteria. Nine
hundred and fifty-six were M. tuberculosis, four Myco-
bacterium africanum, and 96 M. tuberculosis complex
without further specification, but none of the latter resistant

to Z. Sixty-six patients (6.3%, 95% CI 4.9±7.9) carried a
strain which was resistant to any of the four drugs: 45 to H
only; three to R only; three to Z only; six to H and R; two
to H, R, and Z; six to H, R, E, and Z; and one to H and E.
The proportion of drug resistance was elevated in patients
with a history of previous treatment for TB (21 of 94:
22.3%, 14.7±32.3) compared to patients never treated
before (33 of 718: 4.6%, 3.2±6.5). In patients with missing
information on previous treatment, drug resistance was not
elevated (12 of 244: 4.9%, 2.7±8.6).

Of the 66 subjects with drug resistance, 48 were born
abroad, 50 were males, and 57 were aged <65 yrs (table 1).
The most important risk factors were: 1) history of pre-
vious anti-TB treatment (adjusted odds ratio 7.3, 95% CI
3.9±13.6); 2) male sex (1.4, 1.1±2.0); and 3) age <65 yrs
(1.6, 1.0±2.3). Foreign-born patients showed a slightly,
but not significantly, elevated risk of resistance (1.5, 0.8±
2.8); (table 2).

During the observation period, 14 cases of MDR-TB
(1.3%, 0.8±2.3) were notified. Thirteen of them were
foreign-born, seven of which were asylum seekers or re-
fugees, 11 were male, and a history of previous treatment
was known in nine (table 1). Their origins were Southern
(3) and Eastern (2) Europe, Asia (5), Northern Africa (2)
and Sub-Saharan Africa (1). Transmission among MDR
patients could be excluded with all 14 TB strains dis-
playing individual DNA fingerprints.

Discussion

This is the first published report on TB drug resistance
from a national surveillance system with routine linking of
all clinical and laboratory information of all cases notified.
The representativeness of the data and their degree of
completeness ensure that the situation in Switzerland is as
accurately described as possible. The data demonstrate that
the size of the problem has not increased in Switzerland
since laboratory-based surveys conducted between 1987
and 1992 [9±10] and that the figures are comparable to
those in other West European countries [11±13]. Trends
over time can now be reliably followed using this surveil-
lance system. MDR-TB among notified cases are rare and
occur predominantly among immigrants, but follow-up
of cases under treatment would be needed to provide

Table 1. ± Summary statistics of antituberculosis drug
resistance data, Switzerland 1995±1997

Subject characteristics Any
resistance*

MDR Study
population

nn % n %

All origins 66 6.3 14 1.3 1056
Swiss-born 18 4.3 1 0.2 418

Previous treatment
No 10 3.7 1 0.4 271
Yes 6 13.6 0 0.0 44
Unknown 2 1.9 0 0.0 103

Sex
F:M 4:14 0:1 155:263

Age
Median (range) 59 (24±90) 34 (NA) 68 (0±97)
<65 yrs 11 5.8 1 0.5 189
>64 yrs 7 3.1 0 0.0 229

Foreign-born 48 7.5 13 2.0 638
Previous treatment
No 23 5.1 1 0.2 447
Yes 15 30.0 9 18.0 50
Unknown 10 7.1 3 2.1 141

Sex
F:M 12:36 3:10 246:392

Age
Median (range) 30.5 (14±71) 32 (22±71) 32 (1±99)
<65 yrs 46 7.9 12 2.1 585
>64 yrs 2 3.8 1 1.9 53

Legal status
Swiss nationality 2 4.9 1 2.4 41
Foreign workers 19 7.0 2 0.7 273
Asylum seeker and
refugees

17 8.5 7 3.5 200

Unspecified and
others

10 8.1 3 2.4 124

MDR: multidrug resistance, i.e. resistance to at least isoniazid
and rifampicin; F: female; M: male; NA: not applicable. *: to
isoniazid, rifampicin, ethambutol, pyrazinamide.

Table 2. ± Resistance to first-line antituberculosis drugs*
(from logistic regression)

Crude OR 95% CI Adj. OR 95% CI

Sex
Female 1 1
Male 1.4 1.1±1.9 1.4 1.1±2.0

Age
>64 yrs 1 1
<65 yrs 1.6 1.1±2.2 1.5 1.0±2.3

Geographical origin
Swiss-born 1 1
Foreign-born 1.3 1.0±1.8 1.5 0.8±2.8

Previous treatment
No 1 1
Yes 6.0 3.3±10.9 7.3 3.9±13.6

OR: odds ratio; 95% CI: 95% confidence interval; Adj.: ad-
justed. *: isoniazid, rifampicin, ethambutol, pyrazinamide.
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accurate information on cases becoming MDR after they
are notified. In line with most studies published in this
field, previous anti-TB treatment was found to be the
most important predictor of anti-TB drug resistance [14].
Younger age groups, when compared to patients >64 yrs
of age were also described as being at higher risk in the
USA [15]. Other possible risk factors such as human
immunodeficiency virus (HIV) infection could not be
evaluated so far in Switzerland due to special safeguards
for confidentiality in HIV infection. However, HIV-TB
constitutes only a small fraction of all TB cases occurring
in Western Europe [16], and it is therefore unlikely that
the data are confounded by HIV infection. According to
the WHO/IUATLD guidelines, the item "history of pre-
vious antituberculosis treatment" serves as a proxy for the
distinction of primary and acquired drug resistance [7]. It
is crucial for notifying physicians to provide this infor-
mation as acquired drug resistance itself is a proxy for the
quality of anti-TB treatment in the past. For the clinician,
a history of previous anti-TB treatment indicates the need
for a special retreatment regimen while results of sus-
ceptibility testing are pending [3].

The added value of a system yielding risk factors for
drug resistance on a continuous basis is high. It allows
treatment recommendations to be updated and the
definition of groups in which directly observed treatment,
alternative preventive treatment regimens, active screening
for disease, or rapid diagnostic methods may be indicated
[17].

It has been recommended that laboratories of all
European countries report all isolates of Mycobacterium
tuberculosis complex and that results be linked with clini-
cal reports [6]. Independent mandatory case notification
by physicians and laboratories minimizes underreporting.
The inclusion of antimicrobial susceptibility testing
results in national surveillance databases is an additional
step towards a more complete picture of the epidemiology
of tuberculosis. This step involves few additional resour-
ces in a country where routine susceptibility testing is
performed and where a reliable surveillance system for
tuberculosis already exists. As a prerequisite, legal provi-
sions have to be made for mandatory reporting and for the
use of personal identifiers to link independent reports on
individual cases.
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