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ABSTRACT: For the past decade, there have been no data on the time course of
drug-resistant tuberculosis and on risk factors for drug resistance in former West
Germany.

We reviewed the medical records of all patients with positive cultures for
Mycobacterium tuberculosis from 1984 until 1993 in a hospital near Hamburg.
Drug-susceptibility testing was performed for isoniazid, rifampicin, ethambutol,
and streptomycin, using the modified proportion method.

Of 1,055 patients, 9.6% had isolates resistant to one or more drugs.  Of the iso-
lates, 5.8% showed resistance to isoniazid or rifampicin and 1.8% to both isoniazid
and rifampicin.  There was no significant change of the resistance rate during the
study period.  Twenty six percent of 89 patients from South America, Africa or Asia
had isolates resistant to one or more drugs, compared with 7.6% of 799 patients
born in Germany (odds ratio (OR) 4.2; 95% confidence interval (95% CI) 2.5–7.3).
Among patients born in Germany, 32% of 101 patients with a history of prior anti-
tuberculosis drug therapy had resistant organisms, versus 4.2% of 698 patients with-
out prior therapy (OR 10.7; 95% CI 6.1–18.7).  Resistance rates for 35 patients, who
had been treated within the last 5 yrs, and for 65 patients, who had been treated
more than 5 yrs ago, were 57 and 17%, respectively (OR 6.6; 95% CI 2.9–16.6).

Our results suggest that there is no increase in the proportion of drug-resistant
tuberculosis in our hospital, and that patients with a recent history of antituber-
culosis drug therapy and patients from South America, Africa, or Asia are at high
risk for drug resistance.
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Antituberculosis drug resistance has caused increas-
ing concern in recent years within the industrialized
world.  This is due mainly to reports about a rise of drug-
resistant tuberculosis in the United States [1], most promi-
nent in New York City.  Drug resistance is known to
impede tuberculosis control in developing countries [2].
Particularly disquieting is the emergence of multidrug-
resistant tuberculosis (defined as resistance to isoniazid
and rifampicin, with or without resistance to other drugs)
[3].  Several outbreaks of multidrug-resistant tuber-
culosis have been reported, most but not all involving
patients with the acquired immunodeficiency syndrome
(AIDS) [4, 5].  The rise of drug-resistant tuberculosis
in the United States has been accompanied by an in-
creasing incidence of tuberculosis, attributed to the hu-
man immunodeficiency virus (HIV) epidemic, poverty,
and a decline of tuberculosis control programmes [6].

Tuberculosis caused by mycobacteria resistant only
to isoniazid can be successfully treated with a four drug
regimen [7].  If resistance to isoniazid and rifampicin is
present, the case fatality rate with standard antimicrobial

therapy is similar to that without such therapy [8].  This
has led to a resurgence of surgery in the treatment of
tuberculosis [9], and to the application of immunotherapy
as a novel therapeutic approach [10].

The incidence of notified cases of tuberculosis in Ger-
many declined continuously to 17.3 per 100,000 in 1991
[11], and stabilized thereafter being 17.5 per 100,000 in
1993 [12].  One communication based on questionnaires
returned from mycobacteriology laboratories throughout
Germany indicates low overall resistance rates in 1991
and 1992 [13].  In the absence of any community-based
study of drug-resistant tuberculosis in former West Germany
in the past, these data provide little information as to the
time course of drug-resistant tuberculosis.  The last hospi-
tal-based study of antituberculosis drug resistance in
former West Germany dates back to 1982 [14].  Low resis-
tance rates have been reported for 1988 in former East
Germany [15].

In order to determine the time course of drug-resistant
tuberculosis within the last decade and to identify fac-
tors associated with drug resistance, we performed a
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retrospective analysis of all tuberculosis patients in our
hospital from 1984 until 1993.

Methods

Study population

The Krankenhaus Groβhansdorf near Hamburg is a
referral centre for pulmonology and thoracic surgery  with
one ward for the treatment of patients with tuberculosis.
It serves mainly the city of Hamburg and the surround-
ing predominantly rural state of Schleswig-Holstein.
Using the laboratory records, all in-patients with pos-
itive cultures for Mycobacterium tuberculosis from January
1, 1984 until December 31, 1993 were identified and in-
cluded in this study.

Susceptibility testing

Mycobacterial culture was performed with industri-
ally manufactured Löwenstein-Jensen media (Haipha,
Heidelberg, Germany), and further species identification
was only performed if atypical growth was noted.  During
the whole study period, susceptibility testing was rou-
tinely performed with every first isolate for isoniazid,
rifampicin, ethambutol, and streptomycin, using the modi-
fied proportion method [16].  Drug resistance was defined
as growth on drug-containing medium greater than that
on a control medium having been inoculated with 1% of
the inoculum on the drug-containing medium.  The con-
centrations of drugs used were 0.25 mg·L-1 for isoni-
azid, 32.0 mg·L-1 for rifampicin, 1.0 mg·L-1 for ethambutol,
and 4.0 mg·L-1 for streptomycin.

Demographic and clinical data

The following data were drawn from the medical
records: age, sex, country of birth (with the country
boundaries defined as they were defined at the time of
birth), years since arrival in Germany, residence (city of
Hamburg versus other residence, with tourists and sea-
men being excluded from this classification), homeless-
ness (no identifiable residence or sojourn in a shelter for
the homeless, with tourists and seamen being considered
not homeless), institutionalization (residence in a nurs-
ing home, a home for foreigners asking for asylum or
for German citizens immigrating from other countries, a
prison or a psychiatric hospital), employment in a medi-
cal institution, disease localization (with pleural disease
considered as extrapulmonary and hilar lymphadeno-
pathy included in pulmonary), presence of acid-fast bac-
illi in a sputum smear, bilateral versus unilateral disease,
presence of cavitary lesions, prior active tuberculosis
(before/after the introduction of streptomycin in 1947),
prior antituberculosis drug therapy, years since last anti-
tuberculosis drug therapy, number of prior antitubercu-
losis drug therapy courses, alcoholism (defined as having

or having had problems with alcohol in the patient's or
the physician's view), diabetes mellitus, immunosup-
pressive therapy (chemotherapy or long-term steroid
therapy), HIV serostatus, intravenous drug use, male
homosexuality.

Statistical analysis

The Chi-squared test was used for statistical analysis,
and a p-value of less than 0.05 was considered to indi-
cate statistical significance.  A preliminary analysis
revealed that variables having more than two categories
could be summarized in order to obtain dichotomous
variables for the subsequent statistical analysis presented
in this paper.  A multivariate analysis was performed by
logistic regression for factors significantly associated
with drug resistance in the univariate analysis.  We com-
puted odds ratios (OR) and 95% confidence intervals
(CI).  In all analyses, the categories "unknown" and
"undecided" (see tables 1 and 2) were treated as "miss-
ing", except for prior therapy where "unknown" was treat-
ed as "no" (see below).
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Table 1.  –  Demographic characteristics of patients and
proportion of patients with isolates resistant to one or
more drugs

Pts Resistant to Odds p-value*
n ≥1 drugs ratio

n %

Total 1055 101 10

Age
≤30 yrs 245 35 14 1.9 0.004†
31–45 yrs 278 25 9
46–60 yrs 264 21 8
>60 yrs 268 20 8

Sex
Female 315 34 11 1.2 NS

Male 740 67 9

Country of origin
Germany 799 61 8 4.0 <0.0001+

Group I 156 16 10
Group II 89 23 26
Unknown 11 1

Resident in Germany
≤3 yrs 95 24 25 1.9 NS

>3 yrs 80 12 15
Unknown 70 3

Residence
Hamburg 650 58 9 0.9 NS

Outside Hamburg 380 37 10
None or abroad 25 6

Homelessness
Yes 24 1
No 1031 100 10

*: a univariate analysis was performed; NS: not significant;
Pts: patients.  †: ≤30 yrs versus >30 yrs. +: Group II versus
Germany and Group I.  For countries included in Group I and
Group II see table 3.
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Results

The laboratory records revealed 1,062 in-patients with
positive cultures for Mycobacterium tuberculosis during
the study period.  In seven patients (five in 1985, one in
1987, one in 1989), it was not possible to locate the cor-
responding medical records at the time of the study.  The
results of drug-susceptibility testing in these cases (all
showing pansensitivity) were excluded from further analy-
sis.  For the remaining 1,055 patients, drug-susceptibi-
lity data were complete except for two patients (one in
1990, one in 1992) in whom the results of ethambutol-
susceptibility testing (showing resistance) had to be
neglected, since the manufacturer had notified the labo-
ratory that the respective charges of media contained too
little ethambutol.

Characteristics of patients

Demographic and clinical characteristics of patients
are presented in tables l and 2.  Countries of origin of
245 foreign-born patients are shown in table 3.  One hun-
dred and fifty six patients came from Europe, including
the former Soviet Union and Turkey, with 61 patients
from Turkey forming the single largest group of foreign-
born patients.  Eighty nine patients were born in South
America, Africa, or Asia. The proportion of homeless
patients was small.  Of 49 patients who were known to
live in an institution, three patients living in homes for
foreigners had resistant isolates.  Twenty nine patients
were employed in medical institutions, and two of these
had isolates resistant to streptomycin.  In most patients,
there was no explicit statement in the medical records
with respect to prior antituberculosis drug therapy.  How-
ever, among 151 patients with a history of tuberculosis
after 1947, only 11 patients had records without a state-
ment about prior therapy.  In these 11 patients, the time
of prior disease ranged from 1949 to 1968, and all iso-
lates showed pansensitivity.

For statistical analysis, patients without a statement
about prior therapy in their records were considered as
not having been treated previously.  Four patients were
documented to be HIV-seropositive.  Only a small pro-
portion of medical records contained information on the
presence of HIV risk factors.  Five patients were known
to use drugs intravenously and two male patients were
known to be homosexual.  None of these seven patients
had resistant organisms.

Drug resistance

Of 1,055 patients, 101 (9.6%) had isolates resistant to
one or more drugs, with 55 isolates (5.2%) showing re-
sistance against isoniazid, 25 (2.4%) against rifampicin,
16 (1.5%) against ethambutol, and 59 (5.6%) against
streptomycin.  Resistance to isoniazid or rifampicin was
found in 61 (5.8%).  Of 38 patients (3.6%) with organisms
resistant to two or more drugs, 19 (1.8%) had organisms
resistant to both isoniazid and rifampicin.  Resistance
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Table 2.  –  Clinical characteristics of patients and pro-
portion of patients with isolates resistant to one or more
drugs

Pts Resistant to Odds p-value*
n ≥1 drugs ratio

n %

Total 1055 101 10

Localization
Pulmonary only  849 78 9 2.1 0.03†
Both 129 10 8
Extrapulmonary only 71 12 17
Undecided 6 1

Sputum smear
Acid-fast bacilli 714 66 9 1.1 NS

No acid-fast bacilli 243 21 9
Unknown 21 1

Pulmonary infiltrates
Bilaterally described 543 55 10 1.4 NS

Unilaterally described 418 31 7
Undecided 17 2

Cavitation
Described 525 56 11 1.6 NS

Not described 449 32 7
Undescribed 4 0

Prior therapy
Yes 132 40 30 6.1

<0.0001+

No 53 11 21
Unknown 870 50 6

Time since last therapy
≤5 yrs 49 25 51 5.1 <0.0001
>5 yrs 82 14 17
Unknown 1 1

Prior therapies
≥2 39 18 46 2.6 0.01
1 90 22 24
Unknown 3 0

Alcoholism
Yes 289 23 8 0.8 NS

No 600 62 10
Unknown 166 16 10

Diabetes mellitus
Yes 86 5 6 0.6 NS

No 969 96 10

Immunosuppressive therapy
Yes 20 1
No 1035 100 10

HIV serostatus
Positive 4 0
Negative 116 21 18
Unknown 835 80 9

*: a univariate analysis was performed; NS: not significant;
Pts: patients; HIV: human immunodeficiency virus.  †: extra-
pulmonary only versus pulmonary only and both (pulmonary
and extrapulmonary);  +: patients with no statement about prior
therapy in their medical records were considered as not hav-
ing been treated previously (see text).
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against three or more drugs was present in 11 cases
(1.0%), and resistance against all four drugs in 5 (0.5%).
Of 27 patients with isolates resistant to two drugs, 12
had isolates resistant to isoniazid and rifampicin, where-
as 11 had isolates resistant to isoniazid and streptomycin.

Time course of drug resistance

The course of the annual proportion of patients with
organisms resistant to one or more drugs, to isoniazid or
rifampicin, and to both isoniazid and rifampicin is shown
in figure 1.  There was no statistically significant increase
in the rate of drug-resistant tuberculosis over the study
period.  The peak of resistance to one or more drugs in 1987
was due mostly to a peak in resistance against strepto-
mycin (13%).  There was the same association with risk
factors for drug resistance among these patients as among
all patients with resistant isolates.  Rates of both initial
and acquired resistance (defined as resistance in the
absence and in the presence of a history of prior anti-
tuberculosis drug therapy, respectively) remained stable,
as well as the proportion of patients with a history of
prior therapy.  The percentage of patients from South
America, Africa, or Asia increased from 5.9% in 1984–
1987 to 8.8% in 1988–1990 and 13.2% in 1991–1993.
If these patients were excluded from analysis, the re-
maining population showed a similar pattern of resis-
tance rates over time as the whole group; in particular,
there was no substantial decrease of drug-resistant tuber-
culosis.

Factors associated with drug resistance

Table 4 shows the results of a multivariate analysis
performed for factors significantly associated with resis-
tance to one or more antituberculosis drugs in univariate
analyses (tables 1 and 2).  The high rate of drug resistance
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Table 3.  –  Countries of origin of foreign-born patients
and proportion of patients with isolates resistant to one
or more drugs

Pts Resistant to
n ≥1 drugs

n

Group 1
Austria 4 0
Switzerland 2 0
France 1 0
Netherlands 1 0
Sweden 1 0
Finland 1 0
Yugoslavia 34 4
Greece 5 0
Spain 2 0
Portugal 5 0
Soviet Union 9 0
Poland 18 1
Hungary 2 0
Romania 7 3
Bulgaria 1 0
Turkey 61 8

USA 1 0
Canada 1 0

Group II
Peru 7 5
Argentina 2 0

Morocco 2 1
Algeria 1 0
Egypt 2 0
Jordan 1 0
Syria 1 0
Senegal 2 2
Gambia 5 0
Ivory Coast 1 1
Nigeria 1 0
Chad 1 0
Ethiopia 4 0
Kenya 1 0
Mozambique 1 0
Yemen 2 2

Iran 4 0
Afghanistan 8 2
Pakistan 10 3
India 7 2
Sri Lanka 1 0
Burma 1 0
Thailand 2 1
Vietnam 7 1
Philippines 5 0
Indonesia 2 0
Oceania 2 1
China 4 1
Korea 1 1
Japan 1 0

%
20

15

10

5

0
1984
 121

1985
 132

1986
 135

1987
 131

1988
  96

1989
  88

1990
  79
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  82
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  84n=

Fig. 1.  –  Annual proportion of isolates resistant to: one or more drugs
(    ❍ ); isoniazid (INH) or rifampicin (RIF), (   ❏ ); and both
isoniazid and rifampicin (        ).❏

Table 4.  –  Multivariate analysis of factors significantly
associated with resistance to antituberculosis drugs in
univariate analysis

Adjusted 95% CI p-value
odds ratio

Age ≤30 yrs 2.3 1.4–3.8 0.002

Country of birth 3.8 2.1–6.9 <0.0001
in group II

Extrapulmonary 1.8 0.9–3.6 0.11
localization only

Prior therapy 8.3 5.0–13.7 <0.0001

95% CI: 95% confidence interval.  For countries included in
Group II see table 3.



in extrapulmonary tuberculosis was caused by a high
rate of extrapulmonary tuberculosis in patients from
South America, Africa, or Asia (17%).  Table 5 sum-
marizes relevant associations of demographic and clini-
cal data with resistance to antituberculosis drugs, in
particular isoniazid and rifampicin.

Prior therapy. A history of antituberculosis drug treat-
ment was the strongest predictor of drug resistance.
However, within the group of foreign-born patients, prior
therapy was not significantly associated with drug resis-
tance.  This indicated limited reliability of information
about previous treatment in foreign-born patients; there-
fore, they were excluded from further analysis of initial
and acquired resistance.  Among patients born in Germany
with a history of previous treatment, drug resistance was
more frequent in patients who had last been treated with-
in the preceding 5 yrs, than in those who had been treat-
ed more than 5 yrs ago (table 5).  This effect remained
statistically significant when multiple prior therapy was
introduced into the analysis as an additional factor, lead-
ing to an adjusted odds ratio of 5.7 (95% CI, 2.2–14.7);
simultaneously, a history of multiple therapy courses was
no longer significantly associated with drug resistance.
In the subgroup of patients having been treated within
the last 5 yrs, drug resistance was significantly more fre-
quent in patients with multiple prior therapies than in
those with single therapy.  Within the subgroup of patients
with previous treatment more than 5 yrs ago, multiple
therapy was not a significant risk factor.  Organisms
resistant to isoniazid or rifampicin were isolated from 10
of 698 patients who were born in Germany and had no
history of prior therapy.  Two of these patients had organ-
isms resistant against rifampicin only, with a history of
tuberculosis in several family members in one case.  One
of the 10 patients, an 18 year old woman, had an iso-
late resistant against isoniazid and rifampicin.

J. BORCHARDT ET AL.

Table 5.  –  Characteristics of patients associated with resistance to antituberculosis drugs*

Pts Resistant to Resistant to Resistant to
n ≥1 drugs INH or RIF INH and RIF

% OR 95% CI % OR 95% CI % OR 95% CI

Birth in Group II country 89 26 4.2 2.5–7.3 16 2.0 1.4–2.8 7 2.3 1.4–3.8
Birth in Germany 799 7.6 4.5 1.4

Birth in Germany
Prior therapy 101 32 10.7 6.1–18.7 26 23.9 11.1–51.4 9.9 NC
No prior therapy** 698 4.2 1.4 0.1

Prior therapy
≤5 yrs since last therapy 35 57 6.6 2.9–16.6 51 8.8 3.1–24.5 26 NC
>5 yrs since last therapy 65 17 11 2

≤5 yrs since last therapy
≥2 prior therapies 19 74 4.7 1.1–19.7 68 4.8 1.1–20.0 42 NC
1 prior therapy 16 38 31 6

No prior therapy
age ≤30 yrs 121 8.3 2.6 1.2–5.8 1.7 ns 0.8 NC
age >30 yrs 577 3.3 1.4 0

*: univariate analysis was performed; INH: isoniazid; RIF: rifampicin; NC: not calculated because of low number of patients;  OR:
odds ratio; 95% CI: 95% confidence interval.  **: including patients with no statement about prior therapy in their medical records.
For countries included in Group II see table 3.

Country of birth. The association of drug resistance with
country of birth is demonstrated in tables 1–5.  Patients
from South America, Africa, or Asia were more likely
to have resistant organisms than patients from other coun-
tries.  Of seven patients from Peru, five had isolates
resistant to isoniazid and three had isolates resistant to
isoniazid and rifampicin.  The frequency of drug-resistant
tuberculosis did not differ significantly between patients
from foreign European countries, including the former
Soviet Union and Turkey, and patients born in Germany.
Three of seven patients from Romania had resistant iso-
lates, one showing resistance against isoniazid and none
showing resistance against rifampicin.  Considering only
resistance to one or more drugs, patients from Turkey did
not carry a significantly increased risk of resistance.
However, seven patients from Turkey had organisms resis-
tant to isoniazid, with two being also resistant to rifampicin.
Hence, 11% of 61 patients from Turkey had isolates resis-
tant to isoniazid or rifampicin versus 4.5% of 799 patients
born in Germany (OR 2.7; 95% CI 1.2–6.5).

Age. Patients up to 30 yrs of age were less likely to have
been treated previously (p=0.0001) and more likely to
come from South America, Africa or Asia (p<0.0001).
The age distribution within the groups at risk for drug
resistance is shown in table 6.  Among patients born in
Germany without a history of antituberculosis drug
treatment, resistance to one or more drugs was signifi-
cantly more frequent in patients up to 30 yrs of age than
in older patients (table 5).  However, only 2 of 10 young
patients with resistant organisms had isolates resistant
to isoniazid or rifampicin, whereas seven had organisms
resistant to streptomycin only.

Discussion

Our study shows no change in the proportion of drug-
resistant tuberculosis within an in-patient population in
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Germany during the last decade.  Prior antituberculosis
drug therapy and origin from South America, Africa or
Asia were strongly associated with drug resistance. Patients
who received antituberculosis drugs in recent years were
more likely to harbour resistant organisms than patients
with a more remote history of drug treatment.  There
was also an association of drug resistance with age.

The resistance rates observed in our study have to be
compared with those of a study covering the period
1976–1982 in another hospital in former West Germany
[14].  This author found a resistance rate of 0.8% for
rifampicin, compared to 2.4% in our patients.  The pro-
portion of previously treated patients was not mentioned,
and the only information as to foreign-born patients was
a proportion of 8.1% foreigners in 1982. Another study
evaluating only initial antituberculosis drug resistance
among patients from several institutions in former West
Germany from 1972 until 1975 allows a more detailed
comparison [17].  In this study, 5.5 and 2.8% of German
patients had isolates resistant to one or more drugs and
to isoniazid, respectively, and 0.1% of all patients had
isolates resistant to rifampicin.  In our population, 4.2
and 1.1% of patients born in Germany had organisms
showing initial resistance to one or more drugs and to
isoniazid, respectively, and 0.9% of all patients (0.4%
of patients born in Germany, 2.3% of foreign-born pat-
ients) had organisms showing initial resistance to rifampi-
cin.  In conclusion, there appears to be an increase of
resistance against rifampicin from the seventies to the
eighties, presumably reflecting the more widespread use
of this drug.  For the years 1991 and 1992, an evalua-
tion of questonnaires sent to laboratories throughout
Germany yielded overall resistance rates of 5.4% for
isoniazid and 1.4% for rifampicin [13].  The higher rate
of rifampicin resistance in our study may result from
regional differences and a bias attributable to the restric-
tion to an in-patient population.

Mycobacterium tuberculosis is not able to transfer the
genetic information for drug resistance within the bac-
terial population.  All resistance occurring at a higher
rate than mutational resistance (10-6 per cell division for
isoniazid, ethambutol or streptomycin, 10-8 for rifampicin)
results from selection by failed drug treatment [18].  For
surveillance purposes, initial resistance indicates treat-
ment failures in the past, whereas acquired resistance indi-
cates treatment failures at the present time.  Naturally,

retrospective surveys tend to underestimate the presence
of study factors like prior therapy, and some cases of
acquired resistance may be misclassified as initial resis-
tance.  Among patients born in Germany, we observed
initial and acquired resistance in 4.2 and 32%, respec-
tively.  Taking two extremes for comparison, the corre-
sponding numbers are 23 and 44% for New York City
[3], and 1.4 and 15% for former East Germany [15].
Thus, resistance rates may not have increased in our popu-
lation, but possibly they are not as low as feasible.

To our knowledge, this study is the first to show re-
cent therapy as an additional risk factor in previously
treated patients, having considered multiple prior therapy
courses as a confounding factor.  Two hypotheses could
explain this phenomenon: firstly, the quality of tubercu-
losis therapy could have deteriorated enforcing the dev-
elopment of resistant mycobacteria. Unfortunately, the
medical records did not contain sufficient data to allow
an evaluation of factors which contribute to the quality
of therapy, such as number of drugs, dosage, and treat-
ment duration.  Secondly, the association could be the
result of a selection process: relapses after adequate ther-
apy are usually caused by sensitive organisms [19], and
drug-sensitive mycobacteria are thought to survive ade-
quate therapy as long as they are dormant [20].   Sensitive
bacteria could, therefore, take longer to cause a relapse
than resistant bacteria.  However, at present there are no
data available to substantiate this speculation.

The inverse correlation between initial antituberculosis
drug resistance and age is in accordance with the findings
reported by other authors [21].  This relationship might be
explained by the fact that young patients inevitably con-
tracted their infections at a time when there were already
infectious sources with acquired resistance.  In our pop-
ulation, the association of drug resistance with age was
due to an increased rate of streptomycin resistance in pat-
ients up to 30 yrs of age, which supports the aforementioned
explanation.

Our results suggest that a history of antituberculosis
drug therapy is of little value for the prediction of drug
resistance in foreign-born patients.  To some extent, this
may be due to the more frequent transmission of resis-
tant bacteria in areas with a high prevalence of tubercu-
losis.  On the other hand, language barriers, uncontrolled
availability of antituberculosis drugs, and reluctance to
reveal prior disease may effect a loss of information.

Foreign-born patients as a whole carried a higher risk
of harbouring drug-resistant organisms. However, the
present study illustrates that the distinction between
foreign-born patients and patients born in Germany is
too crude to guide treatment decisions.  For statistical
purposes, we defined two groups of countries of origin.
Patients from South America, Africa, or Asia were at
risk for drug resistance, whereas patients from Europe
including the former Soviet Union and Turkey were
not.  But within these groups, there again appeared to be
differences, as the high rate of antituberculosis drug
resistance in patients from Peru suggests.  There are
other observations indicating areas with a high rate of
drug-resistant tuberculosis in Eastern Europe [22].  It is obvi-
ous that our study, at best, can reflect the situation in
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Table 6.  –  Age distribution of patients with a history of
antituberculosis drug therapy and patients from Group II
countries

Age  Prior therapy Group II

Pts Resistant to  Pts Resistant to
≥1 drugs ≥1 drugs

yrs n n % n n %

≤30 13 5 38 47 14 30
31–45 35 9 26 30 6 20
46–60 43 17 40 6 2 33
>60 41 9 22 6 1 17

Pts: patients.  For countries included in Group II see table 3.



the patients' countries of origin with a time lag.  In some
countries, resistance rates have changed remarkably
within one decade.  For example, in Korea, the resistance
rate decreased from 48% in 1980 to 25% in 1990 after
reorganization of the tuberculosis control programme
[23].  For countries with a large number of foreign-born
tuberculosis patients, information about the distribution
of antituberculosis drug resistance in the world is of great
importance.  The World Health Organization (WHO)
and the International Union Against Tuberculosis and
Lung Disease (IUATLD) are establishing a surveil-
lance system for drug-resistant tuberculosis, trying to
overcome the methodological limitations of previous stud-
ies [24].

HIV infection has been reported to be associated [3],
and not to be associated [25], with drug-resistant tuber-
culosis. As far as HIV infection is associated with risk
factors for treatment failure, such as intravenous drug
use and homelessness, its association with antitubercu-
losis drug resistance is understandable [26].  Since tuber-
culosis progresses more rapidly to active disease in
HIV-infected patients [27], the pattern of resistance in
these patients may also herald the future pattern in the
general population.   The HIV serostatus was documented
in 11.4% of our patients, and only four patients were
seropositive.  This may, in part, be due to the absence of
special facilities for the treatment of patients with AIDS
at our hospital.  Since tuberculosis is an AIDS-defining
illness and tends to occur early in the course of AIDS
[28], it might be reasonable to determine the HIV status
in tuberculosis patients regularly.  Representative data
about the rate of HIV infection in tuberculosis patients
in Germany are lacking.  In Frankfurt, 4.0% of tuber-
culosis patients in 1989 were HIV-seropositive [29].  The
incidence of AIDS in Frankfurt is twice as high as in
Hamburg and 13 times as high as in Schleswig-Holstein
[30].  The impact of HIV infection on the incidence of
tuberculosis is expected to be small in areas, where HIV
infection is largely confined to risk groups, and where
the prevalence of tuberculosis infection in the popula-
tion aged 15–50 yrs is low [31].  In Germany, the former
is true [30] and the latter is assumed, but there are no
age-specific data as to the prevalence of tuberculosis
infection.

Naturally, a hospital-based study can only provide lim-
ited information about the prevalence of drug-resistant
tuberculosis in the community.  In-patients tend to have
more serious disease, and a selection bias favouring
patients with a history of treatment failure and, there-
fore, at risk for drug-resistant tuberculosis is likely.  How-
ever, in the absence of community-based data from the
past, information from the hospital is the only informa-
tion available on the time course of drug-resistant tuber-
culosis.

Very recently, two other studies on drug-resistant tuber-
culosis in Germany have been published.  A study per-
formed in Berlin [32] reported a constant rate of resistance
to one or more drugs from 1987 to 1993 and an increase
of resistance to two or more drugs, the latter being defined
as multidrug resistance.  In the present study, we followed
the common definition as resistance to both isoniazid and

rifampicin, which appears to reflect clinical experience
more closely [8].  This difference in definition severely
hampers the comparison of the data.  For example, it can
be inferred that less than one third of the isolates clas-
sified as multidrug-resistant in the study from Berlin
would have satisfied our definition of multidrug resis-
tance.  Nevertheless, the results of both studies appear
to be compatible if the variability of prevalence estima-
tes is taken into account.  This conclusion is supported by
an analysis of a large set of laboratory data from Frankfurt
[33], which also demonstrated no increase of single drug
or multidrug resistance over the period 1980–1993.

Our data do not support the hypothesis that there is an
increase of drug-resistant tuberculosis in Germany.  How-
ever, further surveillance is indicated, particularly in areas
with a large burden of HIV infection, homelessness, and
other features of disadvantaged living conditions.  Further-
more, our findings suggest that for the majority of not
previously treated patients, standard antituberculosis
treatment with three drugs (isoniazid, rifampicin, pyraz-
inamide) for 2–3 months and two drugs (isoniazid,
rifampicin) for additional 4–6 months is sufficient.  They
also indicate that patients with a history of antituber-
culosis drug therapy, in particular if they were treated
within recent years, and patients from South America,
Africa or Asia should be considered having drug-resistant
tuberculosis until proven otherwise.  Consequently, the
initial treatment of these patients should consist of four
drugs (isoniazid, rifampicin, pyrazinamide, ethambutol).
A modified approach may be justified in some previ-
ously treated patients after thorough questioning about
prior medication and compliance.

At least as important as to choose the right regimen
is to assure adherence.  An approach based on public
health nurses has led to a decline of both tuberculosis
and antituberculosis drug resistance, without imposing
directly observed therapy on all patients [34].  Since
physicians are not able to predict adherence [35], the
need for directly observed therapy is difficult to assess.
Drug-resistant tubercle bacilli are as infectious as sensi-
tive ones [36], and patients with drug-resistant tubercu-
losis may spread their bacilli for longer periods of time.
Almost two thirds of cases of drug-resistant tuberculo-
sis in New York City seem to result from recent trans-
mission [37].  Case recognition and the application of
established measures to prevent transmission [38] are
essential for the containment of drug-resistant tubercu-
losis.  With regard to developing countries and disadvan-
taged groups in industrialized countries, it may be helpful
to recognize that most of the decline of tuberculosis since
the eighteenth century in parts of the world was not due
to medical intervention, but to improved nutrition, less-
ened environmental hazards, and decreased human repro-
duction [39].
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