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ABSTRACT: Resistance of Mycobacterium tuberculosis (M.tb) strains is an increasing
problem worldwide. Since no public health data are available for urban populations
in Germany, we investigated resistance in our hospitalized patients (n=1,011) over
the last 7 yrs.

We therefore evaluated clinical data and results of susceptibility tests (breakpoint
technique/proportion method) for isoniazid, streptomycin, rifampin, pyrazinamide,
protionamide and ethambutol.

Since 1987, there has been a relatively constant rate of 5.9% (3.9%-7.8%) for
single-drug resistance (SDR), but an increasing rate of multidrug-resistant (MDR)
strains (>2 first-line drugs) from 1.7% in 1987 to 5.8% in 1993. Sixty nine percent
of patients with MDR strains showed resistance to two drugs, and 31% to three or
more drugs. Risk factors for SDR and MDR tuberculosis revealed previous therapy
(odds ratio (OR) (95% confidence interval (95% CI)); SDR 2.2 (1.7-4.0); MDR 4.5
(2.3-8.8)); and foreign-born status (SDR 2.2 (1.3-3.6); MDR 3.5 (1.8-6.8)) to be the
most important factors associated with resistance. Both primary and acquired
resistance were higher in foreign-born than in German-born patients.

We conclude that there was a considerable increase in multidrug-resistant
tuberculosis in our hospital from 1987 to 1993. Since previously treated patients
and patients born in countries with a high level of primary resistance had an
increased risk of drug-resistant tuberculosis, we would advise a four drug regimen
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as initial therapy in those patients.
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Throughout the decades of 1950-1990, the incidence
of reported tuberculosis in Germany declined each year
by 5% [1] to 17.3 per 100,000 in 1991. A comparable
development has been observed in Berlin, although the
incidence of tuberculosis in Berlin in 1991 was still
considerably higher (25.9 per 100,000), with a peak in
the inner city districts of up to 50 per 100,000 (personal
communication, State Health Department, Berlin). The
rate of resistance in Germany was <5% for single-drug
resistance, and <2% for multidrug resistance between
1972 and 1975 [2], but no exact data are available on
the rate of resistance in Berlin or other major cities in
Germany. In a recent survey of the years 1991 and
1992, the resistance to standard antituberculosis drugs in
all of Germany was found to be 10% for single-drug
resistance (SDR) and 3% for multidrug resistance (MDR)
[3]. The drugs involved in resistance were primarily
isoniazid (5.4%) and streptomycin (4%) [3].

In the United States, on the other hand, the incidence
of tuberculosis increased substantially from 1985 to 1991
[4-6], with a major resistance problem first occurring in
human immunodeficiency virus (HIV)-positive patients
[7-9]. In 1993, the emergence of multidrug-resistant
strains of Mycobacterium tuberculosis (M.tb) was also

reported in patients without HIV infection in New York
City [10-12]. As the rate of drug resistance of M.tb in
the United States is extremely different between rural
(SDR 14.4%; MDR 3.3%) and urban populations (SDR
33%; MDR 19%) [13], we wanted to know whether
comparable differences could also be observed in Germany.
We, therefore, conducted a retrospective study of M.tb
resistance in our hospitalized patients with culture-positive
tuberculosis between 1987 and 1993.

Methods

All patients with culture-positive pulmonary tuber-
culosis hospitalized between 1987 and 1993 were in-
cluded in our study, with the exception of HIV-positive
patients. HIV-positive patients were excluded from this
analysis because: 1) no data are available about the HIV
status before 1990; 2) the number of patients with HIV
infection and tuberculosis in our hospital between 1990
and 1993 was consistently low (<2%); and 3) the possi-
bility of increased transmission in HIV-positive patients
is high. In none of the data available on each patient
included in this study before 1990, was there any evidence
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of HIV infection, based on history, clinical or laboratory
findings at the time of pulmonary tuberculosis.

We used current standards in our diagnostic proce-
dures for tuberculosis [14, 15]. Most specimens investi-
gated were of sputum (85%). Fifteen percent of the
specimens were obtained by fibreoptic bronchoscopy.
The results of susceptibility testing on the first isolate of
M.tb in each patient were used in this study. Specimens
were investigated by fluorescence microscopy, after acid-
fast bacteria staining using the auramine fluorescence
method [16]. Primary cultures were performed in soluble
media (Middelbrook 7H9 broth) and on solid media
(Lowenstein-Jensen) [16—18]. Mycobacterium tuberculosis
was identified by standard methods [16, 19]. Suscepti-
bility testing was performed on Lowenstein-Jensen solid
medium by the breakpoint technique, using the standard
proportion method [16, 17]. Resistance was diagnosed,
if less then 1% inhibition of the original inoculum of M.
tuberculosis occurred on Lowenstein-Jensen medium
containing the following concentration of antibiotics:
isoniazid (H) 0.25 mg-/"'; rifampin (R) 32.0 mg-/"'; pyra-
zinamide (Z) 125.0 mg-l''; ethambutol (E) 1.0 mg-I'';
streptomycin (S) 4.0 mg-['!; protionamide (P) 32.0 mg-/!
[17].

Single-drug resistance (SDR) was defined as resis-
tance to one of the drugs tested and multidrug resistance
(MDR) as resistance to at least two. Resistance in pat-
ients treated previously was defined as presumable ac-
quired resistance, although we did not have exact data
about the susceptibility of the M.tb strains at the time of
previous therapy. In contrast, all resistance detected in
patients without a history of previous treatment was
defined as primary resistance due to the transmission of
resistant strains of M. tb.

Clinical and demographic information about the pat-
ients was obtained from hospital files, which included
chest radiographs, and from practitioners' files. Data
were obtained on demographic aspects, radiological

presentation of tuberculosis, sputum results of acid-fast
staining, results of susceptibility tests, history of previous
treatment of tuberculosis, history of alcohol or drug abuse,
and social environment.

Data analysis

Categorial data were compared with 2x2 contingency
tables and the Fisher's exact test using two-tailed p-values.
Odds ratios (ORs) were calculated using an approxi-
mation of Woolf and 95% confidence intervals (95% CI).
To compare continuous data, the Student's t-test was used
for normally distributed data, otherwise, the Mann-Whitney
U-test was used [20]. Values of p<0.05 were considered
significant. Statistical analysis was carried out using a
commercial statistics program (InStat, GraphPad@, San
Diego, CA, USA).

For the calculation of ORs we primarily used the data
of the entire study population. To control biases based
on age, gender, or the time of inclusion into the study,
we also used age, gender, and year-of-diagnosis matched
controls (for SDR one matched control; for MDR two
matched controls), which were selected by computer-
aided random sampling from the list of all patients. Since
both types of analysis did not differ, data derived only
from the analysis of the entire study population are
presented here, because of their higher statistical vali-
dity.

Results

Patient characteristics

Between 1987 and 1993, 1,011 patients with culture-
positive pulmonary tuberculosis were treated in our
hospital, from whom susceptibility results of M. tb were
available. Clinical and demographic data and the results
of susceptibility tests are summarized in table 1. Among

Table 1. — Characteristics of study population
All patients Susceptible Resistant SDR MDR
Patient n 1011 913 98 59 39
Mean age yrs 4515 4615 4117 3949 4216
Sex F/M 320/691 295/618 25/73 14/45 11/28
German-born 675 630 45 30 15
(66.7) (68.9) (45.9)
Foreign-born 336 283 53 29 24
(33.3) (31.1) (54.1)
Previous treatment 153 122 31 15 16
(15.1) (13.4) (31.6)
Previous treatment 58 39 19 8 11
and foreign-born 5.7 4.3) (19.3)
Previous treatment 95 83 12 7 5
and German-born 9.3) ©.1) (12.2)
Cavitary disease 476 430 46 27 19
47.1) 47.2) (46.9)
Sputum smear positive 642 584 58 38 20
(63.5) (64.0) (59.1)
History of alcohol/drug 278 256 22 17 5
abuse (27.5) (28.0) 22.4)

Number of patients, with percentage in parenthesis, related to the total number of each column. F: female; M: male;

SDR: single-drug resistance; MDR: multidrug resistance.
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the 1,011 patients, 336 (33%) were foreign-born, and
most came from countries with a known high level of
primary resistance. Most foreign-born patients were from
Turkey (n=105), Eastern Europe (n=57), other Mediter-
ranean countries (n=43), Africa (n=27), and Asia (n=61).
Previous treatment of tuberculosis was reported by 153
patients. Thirty two percent of them were treated for
less than 3 months, 17% for >3 to <6 months, and 51%
for more than 6 months. Data about the drugs used in
the previous treatment were only available from the
majority of patients treated in Germany, and therefore,
could not be further analysed for the entire study popula-
tion. Cavitary tuberculosis was found to be equally dis-
tributed in patients with susceptible and resistant organisms.
Nearly two thirds of all the patients investigated showed
acid-fast bacilli by sputum microscopy, again equally
distributed among patients with susceptible and resistant
isolates. A history of alcohol/drug abuse was seen in
27% of all patients, with a predominance of alcohol abuse
(264 out of 278).

There were no relevant changes either in the percen-
tage of foreign-born patients, those with a history of
previous therapy, with smear-positive sputum, with cavitary
disease, with alcohol/drug abuse, or in the total number
of patients treated during 1987—-1993.

Drug resistance

Overall resistance to at least one antituberculosis drug
was found in 98 (9.7%) patients. Strains of M. tb resis-
tant to one drug were found in 59 patients (5.8%), and
resistance to at least two antituberculosis drugs in 39
patients (3.9%). Of the patients with M. b strains resistant
to at least two antibiotics, 27 showed resistance to two
drugs and 12 to three or more drugs. SDR resistance to
isoniazid (n=33) was followed by resistance to strepto-
mycin (n=19) (table 2). Nearly all patients with multi-
drug resistance showed resistance to isoniazid (n=38),
combined with resistance against streptomycin in 24
patients, against rifampin in 12, and against pyrazina-
mide in 9 (table 2).

During 1987 and 1993, SDR showed an increase from
3.9% in 1988 to 7.8% in 1991, followed by a slight
decrease to 5.8% in 1993 (fig. 1). In contrast, MDR
showed a continuous increase from 1988 to 1990, fol-
lowed by slight variations of 4.9% in 1992, and 5.8% in
1993 (fig. 2). The ratio of MDR:SDR increased from
1:3 in 1987 to 1:1 in 1993.

Table 2. — Proportion of resistant isolates to single
antituberculosis drugs
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Fig. 1. — Development of single drug resistance in M. tuberculosis
strains in Berlin, Germany between 1987 and 1993. Percentages of
resistant strains by year. SDR: single-drug resistance.
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Fig. 2. — Development of multi-drug resistance in M. tuberculosis
strains in Berlin, Germany between 1987 and 1993. Percentages of
resistance strains by year. MDR: multidrug resistance (=2 drugs tested).
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SDR MDR
Drug (n=59) (n=39)
Isoniazid 33 38
Streptomycin 19 24
Rifampin 0 12
Pyrazinamide 2 9
Ethambutol 1 8
Protionamide 4 13

Table 3. — Rates of resistance
Rate of any Rate of = Rate of
resistance SDR MDR
% % %
Total population 9.7 5.8 39
(n=1011)
German-born 6.6 4.4 2.2
(n=675)
Foreign-born 15.7 8.6 7.1
(n=336)
Previous treatment 20.2 9.8 104
(n=153)
Previous treatment and 32.7 13.8 18.9
foreign-born
(n=58)
Previous treatment and 12.6 7.4 5.2
German-born
(n=95)
Cavitary disease 9.7 5.7 4.0
(n=476)
Sputum smear positive 9.0 5.9 3.1
(n=642)
History of alcohol/drug 7.9 6.1 1.8
abuse
(n=278)

Number of resistant isolates. SDR: single dose resistance;
MDR: multidrug resistance.

Percentage of resistant isolates (rate of resistance) in each group
of patients. SDR: single-drug resistance; MDR: multidrug
resistance.
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Table 4. — Analysis of risk factors for resistant strains of M. fuberculosis

Any resistance SDR MDR

OR OR OR

Risk factors (95% CI) p-value (95% CI) p-value (95% CI) p-value
Previous therapy vs 3.0 <0.0001 2.2 0.0018 4.5 <0.0001
no previous therapy (1.84.8) (1.74.0) (2.3-8.8)
Foreign-born vs 2.6 <0.0001 2.2 0.0059 3.5 0.0002
German-born (1.7-3.9) (1.3-3.6) (1.8-6.8)
Previous therapy in 34 0.0036 243 0.147 4.6 0.0058
foreign-born vs previous (1.5-7.6) (0.8-7.1) (1.5-14.4)
therapy in German-born
Cavitary disease vs 1.0 NS 1.0 NS 1.1 NS
no cavitary disease
Smear-positive vs 0.9 NS 1.0 NS 0.6 NS
smear-negative
Alcohol/drug abuse 0.8 NS 1.0 NS 0.4 NS

vs no abuse

Odds ratios (ORs) with 95% confidence intervals (95% CI) in parenthesis. P-values denote the significance of the ORs. Bold
typed ORs were considered to be significant. SDR: single-drug resistance; MDR: multidrug resistance; Ns: nonsignificant; vs:

versus.
Factors associated with drug resistance

The highest rates of resistance were found in foreign-
born patients (15.7%), patients with previous therapy
(20.2%), and patients with a combination of both
(32.7%) (table 3). This was basically the same for SDR
and MDR (table 3). Consequently, the factors associated
with a significantly increased risk of resistance to at least
one antituberculosis drug were: 1) a history of previous
antituberculosis treatment (OR 3.0); and 2) foreign-born
status (OR 2.6) (both p<0.0001) (table 4). As the rate
of SDR and MDR were also highest in foreign-born
patients and in patients with previous therapy, both of
those factors were also significant risk factors for SDR
and MDR organisms (table 4). Previous treatment in
particular was especially a risk factor for MDR in
foreign patients when compared to previously treated
German patients (OR 4.6; p=0.0058). Due to the small
number of patients (n=8), the latter failed to reach statis-
tical significance for SDR (p=0.147).

On the other hand, factors such as smear-positive
tuberculosis or cavitary lung disease, both signs of a
major bacilli load in tuberculosis, were not associated
with either type of resistance, SDR or MDR. Surpri-
singly, this was also the case for the risk factor alcohol/
drug abuse, which in our patients did not increase the
risk of infection with resistant strains. As the number
of patients with MDR and alcohol/drug abuse was very
low (n=5), the OR suggest a decreased risk of MDR for
patients with abuse, which is clearly not the case.

All risk factors were unrelated to age or gender, and
independent of the year of the susceptibility test, since
the ORs in age-, gender-, and year of study-matched
controls showed no differences in the values displayed
above (data not shown).

Acquired versus primary resistance

The rate of resistance in previously treated patients
may reflect the problem of acquired resistance. From
153 patients who had been treated for tuberculosis before
entering our study, 31 (20.2%) showed resistance to at
least one drug. In foreign-born patients, this rate was
significantly higher (19 out of 58), compared to German
patients with a history of antituberculosis therapy (12
out of 95) (p=0.0036) (tables 3 and 5).

The rate of primary resistance in patients without a
history of previous therapy (7.8%) was lower than the
rate of acquired resistance in previously treated patients
(p<0.0001). However, a primary resistance rate of 7.8%

Table 5. — Acquired versus primary resistance of M.
tuberculosis

Resistant Sensitive

strains strains Sum p-value
Acquired resistance
Foreign-born 19 39 58
German-born 12 83 95
Sum 31 122 153 0.0036
Primary resistance
Foreign-born 34 244 278
German-born 33 547 580
Sum 67 791 858 0.0016

Resistance of M. tb was considered to be acquired resistance
in patients with a history of previous antituberculosis therapy.
Resistance in patients without any previous antituberculosis
treatment was considered to be primary resistance. P-values
denote significant differences between foreign- and German-
born patients (Fisher's exact test).
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demonstrates a substantial amount of transmission of
resistant M. tb strains in the population investigated.
Again, the rate of primary resistance was significantly
higher in foreign-born patients (12.2%), compared to
5.6% in German patients (p=0.0016) (table 5).

Discussion

In this retrospective survey, we found an increasing
rate of multidrug-resistant organisms in patients with
pulmonary tuberculosis treated in our hospital since 1987.
In 1993, half of our patients with resistance showed
resistance to two or more drugs, compared to 25% in
1987. This is a dramatic change compared to a survey
carried out at our institution between 1972 and 1975 [21],
when resistance to one or more drugs was observed in
6.1% of 1,037 strains investigated [2]. At that time,
single-drug resistance with a frequency of 4.4% accounted
for more than 70% of all resistance types, and multi-
drug resistance was observed in only 1.7% of all cases.

Explanations for the increased rates of resistance in
our patients are difficult to determine, since we did not
observe any relevant changes in the percentage of pat-
ients with risk factors during the 7 study years. How-
ever, some possible factors should be discussed.

For German society, the most relevant change in the
last few years was the reunification of West and East
Germany in 1989. We do not believe that this event had
an impact on our results, since the rate of resistance in
East Germany was reported for the years 1980-1988 and
was found to be very low (SDR <3%; MDR <1.0%) [22].
Another possible explanation may be that increasing
poverty in Germany has influenced the spread of resis-
tance by increasing the number of patients at risk for
transmission of resistant strains of M. tb, and decreasing
patient compliance to antituberculosis therapy, as demon-
strated in New York City [11]. However, we were not
able to quantify this possible impact on the results of our
study from the data obtained.

Since 15.7% of strains showed resistance to at least
one drug in foreign-born patients, whereas the rate was
only 6.6% in German-born patients, one could speculate
at to whether this plays an important role in the problem
of resistance. However, although immigration to Berlin
may be responsible for the higher number of resistant
cases compared to the situation in the whole of Germany,
immigration alone cannot be responsible for the obser-
ved increase of resistance in our patients, since the per-
centage of foreign patients treated for tuberculosis in our
hospital did not change significantly between 1987 and
1993. Moreover, we also observed an increase in resis-
tance rates in our German patients.

A similar trend of increasing resistance of M. tb bet-
ween 1987 and 1991 has recently been reported in New
York City [23]. Although the overall incidence of
resistance in our study was much lower than in New
York City, where the overall rate of resistance in a 1991
survey was 33%, and the rate in previously treated pat-
ients 44% [11], our data demonstrated some similar

features. As in New York City, the rate of resistant M.
tb in our previously treated patients was higher than in
those who had never been treated.

Another similarity to the situation in the United States
is the difference in resistance between major cities and
the rest of the country. In 1991 and 1992, the rate of
MDR in Germany was reported to be 2.9% [3] in com-
parison to 5.2% at our institution. One reason for the
difference between Berlin and the rest of Germany may
be the increased number of foreign-born people living
and working in Berlin compared to other parts of Germany.
Since an increasing rate of resistance could be observed
in countries with a lower level of medical care [24], for
example Puerto Rico [25], Africa [26], and Korea [27],
migration may be an important factor in the spread of
resistant M. tb organisms, as was recently shown in
England [28]. Another explanation for the difference
observed between major cities and rural communities
might be the presumably higher transmission rate of
resistant M. tb strains in urban as compared to rural
populations.

There are two major differences between the situa-
tion in Berlin and in New York City. Firstly, in con-
trast to the findings in New York City, where status of
foreign-born or recent immigration was not related to
resistance [11], we found that the risk for SDR and MDR
was clearly connected to the origin of our patients. This
discrepancy may be explained by the low incidence of
resistance in German patients compared to patients born
in the US, rather than in differences between the rate
of resistance of foreign-born patients treated in the US
or in Germany. The second major difference between
the situation in Germany and the US is the impact of
HIV infection on tuberculosis. Co-infection with M. tb
and HIV is only a minor problem in Germany today [1,
29], and was below 2% in our institution in recent years.
This is quite different from the situation in the US,
where the contribution of HIV infection to the excessive
number of tuberculosis cases was judged to be as high
as 18,000 cases between 1985 and 1991 [5]. However,
a further increase in HIV infection in Europe may aggra-
vate this problem in the near future [30].

Finally, when we compared the situation in Berlin to
the US, it must be mentioned that unlike the definition
of MDR in the US, where MDR always denotes resis-
tance to at least isoniazid and rifampin [11, 23], we used
a wider definition of MDR. We feel that resistance to
at least two first-line drugs will cause such severe treat-
ment problems that it is justifiable to take more serious
note of this type of resistance than SDR.

There is evidence that most of the resistance cases that
we observed were primary resistance due to the trans-
mission of resistant strains, since the patients did not
receive antituberculosis therapy before entering the study.
The substantial rate of 7.8% for primary resistance
underlines the need for susceptibility testing in previou-
sly untreated patients. Although we found the number
of primary resistance to be twice as high as acquired
resistance, the risk of any kind of resistance is much
higher in patients who had previously received anti-
tuberculosis therapy. This kind of resistance might be
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due to acquired resistance. However, with regard to
acquired resistance, our study has several limitations,
and, thus, leads to some speculation. Firstly, we did not
know whether or not the previously treated patients
suffered from infection with susceptible M. b strains at
the time of previous treatment. Secondly, our informa-
tion was incomplete regarding substances previously
taken and a possible noncompliance to the therapy. And
finally, we cannot exclude a new infection with resistant
strains in our previously treated patients.

However, the fact that the amount of bacilli load, which
normally correlates to the probability of natural resis-
tant bacilli [31], did not correlate to resistance rates
supports the opinion that primary and acquired resistance
are the most important types of resistance, and that nat-
ural resistance plays only a minor role [32].

The treatment of MDR tuberculosis is a major prob-
lem, and the results of all approaches in this field are
very discouraging [33]. Therefore, every effort must be
made to avoid acquired resistance and to avoid further
development in SDR patients. In addition to therapeutic
approaches, there is a need for new techniques to detect
resistance of M. tb as early as possible [34]. Regarding
noncompliance as the main cause of resistance, directly
observed therapy has also been shown to be a valuable
tool, especially in patients at risk for noncompliance.

Some conclusions can be drawn from the results of
our studies. Firstly, since patients with a history of
antituberculosis therapy have a high risk of acquired
resistance, one should consider an initial regimen com-
prising four drugs, two of which should never have been
given previously. Secondly, patients coming from coun-
tries with a known high rate of resistance should also be
treated with four drugs, whilst for patients from countries
with a known low incidence of resistance a three drug
regimen may be acceptable. Thirdly, susceptibility test-
ing is clearly mandatory in every case with one of the
known risk factors for resistance. However, in our opin-
ion the substantial rate of primary resistance also justifies
routine susceptibility testing in every patient with tuber-
culosis. Finally, foreign-born patients or those with a
history of previous treatment should be very carefully
monitored throughout the entire therapy to avoid the
development of further resistance.
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