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Abstract The value of susceptibility tests in guiding antituberculous therapy with second-line drugs  remains
controversial. We reanalyzed three reports regarding the relationship between in vitro susceptibility

of Mycobacterium tuberculosis and the clinical outcome of in-patients treated with these drugs at the Muñiz
Hospital, Buenos Aires, during the sixties. These patients had been irregularly treated with a standard regimen
consisting of isoniazid, streptomycin and PAS; they developed resistance to at least the first two drugs and per-
sisted culture-positive. Susceptibility testing to ethionamide, cycloserine and kanamycin were performed by the
proportion method on Löwenstein Jensen medium. Some level of resistance was detected among isolates from
patients not previously treated with these drugs, that could be due to cross resistance with previously adminis-
tered first line structural analogs. However, the studies evidenced significant association between resistance to
ethionamide and cycloserine and prior treatment with these drugs. Increased resistance to all three drugs was
detected within the first three months of treatment. In vitro resistance to ethionamide emerged earlier and was
the most frequent followed by resistance to cycloserine and kanamycin. The low frequency of resistance to kan-
amycin could be related to the low dosage of this drug used at that time. Simultaneous resistance to the three
agents, but not to two or one drug, appeared to be a marker of treatment failure. An apparent reversion of drug
resistance was observed in near 6% of patients, for whom susceptibility tests were repeated on subsequent iso-
lates, indicating this percentage of inconsistency in reproducibility of test results.
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Resumen Las pruebas de sensibilidad a drogas de segunda  línea y el re-tratamiento de la tuberculo-
sis. Visión retrospectiva de tres estudios.  La correlación entre resultados de pruebas de sensi-

bilidad a drogas antituberculosas de segunda línea y evolución de los pacientes en tratamiento, aún es discuti-
da. Se reanalizan aquí tres estudios realizados en la década del 60, sobre la relación entre resultados de prue-
bas de sensibilidad y tratamiento con estas drogas, en pacientes crónicos, internados en el hospital Muñiz, Buenos
Aires, que habían sido tratados con el entonces régimen estándar, integrado por isoniacida, estreptomicina y
PAS; se habían hecho resistentes al menos a dos de estas drogas y continuaban con cultivo positivo.  La prue-
ba de sensibilidad a etionamida, cicloserina y kanamicina se efectuó por el método de las proporciones en medio
Löwenstein Jensen. Entre 4 y 13% de los pacientes previamente no tratados con estas drogas presentó cierto
nivel de resistencia, fenómeno atribuido a la administración previa de drogas de primera línea con moléculas
análogas. Se halló asociación significativa entre resistencia a etionamida y cicloserina, y tratamiento previo con
estas drogas. La resistencia a las tres drogas fue detectada en los primeros tres meses de tratamiento, siendo
la resistencia a etionamida la más frecuente, y la primera en emerger, seguida por cicloserina y kanamicina,
cuya baja frecuencia en alcanzar resistencia estaría relacionada con las bajas dosis administradas. La resisten-
cia simultánea a las tres drogas, pero no a una o dos, resultó marcadora de fracaso terapéutico. Se observó en
cerca del 6% de los pacientes aparente reversión de la resistencia, en pruebas hechas en aislamientos sucesi-
vos, interpretada como falla en la reproducibilidad de resultados.
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Multi drug resistant tuberculosis (MDR TB), i.e. simul-
taneously resistant to isoniazid (INH) and rifampicin
(RFP), is a universally extended problem, even though

its relevance varies in different regions of the world. In
Argentina, 2.1 and 13.3% of new and previously treated
patients included in a National survey (2005-2006) pre-
sented MDR (Not published preliminary data, ANLIS C.
Malbrán, Reference Laboratory for the WHO/ International
Union against Tuberculosis and Lung Disease [IUATLD]
Global Project on anti-TB Drug Resistance Surveillance).
MDR can entail resistance to new or second line antitu-
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berculous drugs (SLD) which is seen as an emerging
public health threat1-3. The successful application of the
DOTS-Plus Program for the management of MDR counts
upon reliable and timely reported bacteriological results,
including those of first and second–line antituberculous
drug susceptibility testing (DST)4-6.

The tests that detect drug resistance (DR) must fulfill basic
requisites to be applied under programmatic conditions. They
should be accurate, standardized and quality assured7. To
be feasible in low/medium income countries they should
also be inexpensive, easy-to- perform and, as much as pos-
sible, independent of equipment and reagents importation.
The proportion method (PM) developed by Canetti Rist and
Grosset largely demonstrated to fit in unindustrialized sce-
narios to test first-line anti-TB drugs8-10. Most National Ref-
erence Laboratories in Latin American countries and most
WHO/IUATLD Supranational Reference Laboratories in the
world are still using the PM on egg media for DST.

While new DST methods are being developed and/or
evaluated to test SLD, the PM either on semi synthetic
Middlebrook agar or on egg-based media, is widely used
as reference to standardize them11-19. However, the value
of susceptibility tests to SLD as predictors of clinical evo-
lution, and thus its appropriateness for guiding MDR treat-
ment still is a controversial issue20.

In this situation, the analysis of the experience gained
in different settings is of utmost interest. In Argentina, the
medical assistance of drug-resistant TB has been con-
centrated at the Muñiz Hospital, an Infectious Diseases
Referral Center located in Buenos Aires21-23. In the early
sixties, RFP had not been introduced there yet. The main
drugs then employed in the standard chemotherapy regi-
men were INH, streptomycin (SM), and eventually para-
amino-salicylic acid (PAS) and thioacetazone. Simulta-
neous resistance to INH and SM occurring in those times
could be equated to the current MDR. Resistance to PAS
was rarely detected, and susceptibility to thioacetazone
was not tested.

Several SLD were used for the therapy of TB resistant
to INH and SM and, sometimes,  also to PAS.  In 1963-65
the second line or minor anti-TB drugs in use in this hos-
pital were: ethionamide (ETH), kanamycin (KM), cyclo-
serine (CS) and viomycin (VM). Capreomycin and etham-
butol were barely available, and they were used as ex-
perimental drugs in clinical trials. Second line drugs were
administered either as a last chance to cure these poly-
resistant chronic patients, or to prepare them for lung
surgery.

Severe, cavitary pulmonary TB cases were hospital-
ized. Even though, treatment was not  supervised, what
poses a limitation in the re-analysis of the data presented
in the reports produced in those years.  Usual doses were
750 mg/day the first week, followed by 1g/d for ETH; 500
mg/d for CS, and 3 g/week or 500 mg/d for KM21. Doses
recommended by WHO are 500-750 mg/d for ETH and

CS, and 750 mg-1 g/d for KM, 5-6 days per week24. Then,
in Buenos Aires during the 1960s, dosages  were higher
for ETH, similar for CS and lower for KM in relation to
those currently prescribed.

HIV infection had not emerged yet, and the main
causes of immune-depression were diabetes, malnutri-
tion and alcoholism. Mortality among chronic immune-
depressed TB in-patients, was high (6-10% during the
first year follow-up)22.

In 1961-62 Abel Cetrángolo, then Director of the TB
Laboratory  at the Muñiz Hospital, and the Department
Pneumo-Phtisiology, Buenos Aires University, visited the
Pasteur Institute and collaborated with Georges Canetti et
al25. After his return, the simplified variant of the PM method
in Löwenstein Jensen was implemented at the Muñiz Hos-
pital, and in 1963 Canetti visited the TB  laboratory26.

Laboratory examinations for TB were performed fol-
lowing strictly medical requests. All specimens were in-
vestigated by AFB (acid fast bacilli) microscopy, cultured,
and those that resulted culture positive for mycobacteria
were submitted to first line susceptibility testing. DST was
performed directly from the specimen when the patient
was sputum smear positive8-10. Upon medical request,
SLD were also included in the test. First and second line
DST were repeated when respiratory specimens contin-
ued to be culture positive after 4 months of treatment,
even when resistance to one or more drugs had already
been documented. These procedures were time and work
demanding, especially when DST were required on
monthly basis.

The knowledge gained in those years at this referral
hospital was not widely disseminated, as the reports pro-
duced by the medical and laboratory teams were pub-
lished only locally. The information communicated in those
times provide an invaluable opportunity to retrospectively
analyze the utility of DST to SLD. The aim of this report
was to disclose some pioneer evidence regarding the
relation between in vitro susceptibility of Mycobacterium
tuberculosis isolates to SLD and the clinical outcome of
patients under treatment with these drugs.

Materials and Methods

Clinical trials on DR-TB conducted at Muñiz Hospital during
the 1960’s decade whose results were published in Argen-
tinean journals or congress proceedings were reviewed. The
studies presenting results of in vitro SLD susceptibility test-
ing obtained by the PM were selected21-23. All three eligible
trials provided results corresponding to M. tuberculosis iso-
lates obtained from chronic pulmonary TB in-patients. They
had received irregular “standard chemotherapy” with INH, SM
and PAS, continued bacteriologically positive, developed re-
sistance to at least the first two drugs and were then submit-
ted to treatment with SLD. The PM was performed on
Löwenstein Jensen containing 20 mg/ml of KM and ETH and
30 mg/ml of CS and VM. Isolates were classified as resistant
if 10% or more of the bacterial colony forming units inocu-
lated onto the drug containing medium survived8-10.
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Study 121

This report presents the first results of SLD susceptibility tests
obtained at the Muñiz Hospital corresponding to 100 chronic
in-patients. At the admission they were classified as “not pre-
viously treated” (NPT) or “previously treated” (PT) in relation
to each SLD. So the same patient could be included in the
group of patients PT with one drug, and simultaneously among
NPT cases in relation to other one. Subsequently they re-
ceived ETH, CS, KM, and VM, on the basis of clinical assess-
ment, without considering DST results to these drugs. After
at least 24 months follow-up DST results were retrospectively
analyzed in the light of history of treatment with SLD and the
clinical outcome.

Study 222

The report presents the clinical and bacteriological outcome of
1292 in-patients and focuses on 212 cases whose isolates
showed different patterns of resistance to SLD during hospitali-
zation. At the admission, 48 of these cases were affected by M.
tuberculosis susceptible to SLD, and 164 excreted bacilli that
presented resistance to at least one of these drugs. In vitro, the
isolates of 28 of these 212 patients  showed newly acquired  re-
sistance to a single or multiple SLD, while receiving second line
treatment at the hospital. The order of appearance of this re-
sistance was documented. The resistance patterns determined
by the last test available for each case were analyzed.

Study 323

This study included 2000 TB in-patients. DST was performed
at hospital admission and repeated at least once during treat-
ment. The authors analyzed retrospectively the DST results
of 195 cases whose isolates presented resistance to one or
more SLD, in relation to  their clinical and bacteriological out-
come. The last DST result available for each case was in-
cluded in the study. Follow-up was conducted either until cul-
ture negativization, decease, or for at least 2 years if the pa-
tients continued to be culture positive.

Statistical analysis

Differences in frequency of drug resistance among groups of
patients were evaluated by the χ2 test and considered signifi-
cant if p values were less than 0.05. Yates correction was
applied when there was only one degree of freedom (df). Odds
ratio (OR) was used to estimate chances of  persistent cul-
ture positive TB according to drug resistance pattern.

Results

Study 121

Table 1 shows DST results of isolates according to prior
treatment with each SLD tested. In vitro DR to ETH, CS
and KM were observed in respectively 13.2, 4.8, and 4.2%
of the cases for whom there was no evidence of prior
treatment with each of these drugs, and in 83.0, 46.6 and
17.9% of the patients for whom treatment with each drug
was documented. Hence, frequency of bacterial resist-
ance to ETH, CS and KM was near 6, 9 and 4 times higher
among treated cases in that order. It was demonstrated
strong association between previous treatment with ETH
or CS and in vitro bacterial resistance to these drugs.
Table 2 separates the results of PT cases according to
the duration of chemotherapy with the secondary drugs
at the time of DST. In vitro DR to all three drugs was
detected early, within the first three months of treatment.
Increase in frequency of drug resistance among patients
treated for longer periods was not evidenced in this ex-
perience. Among all treated patients resistance to ETH
was detected significantly more often than resistance to
any of the drugs CS and KM  (p[2df] =0.00000001).  Re-
sistance to VM was not observed in any of 7 patients
treated with this drug (data not shown).

Study 222

Table 3 displays the patterns of drug resistance corre-
sponding to the 212 cases monitored in this study. Glo-
bal resistance to ETH was the most frequently observed
(p[2df]=0.00000001). Both global resistance to ETH and
to CS, were significantly more frequent than resistance
to KM  (p[1df]=0.00000001). Thirty one out of the total
212 patients (14.6%) presented DR to the three drugs
here tested. On the other hand, resistance to ETH was
the first to appear among 21 of the 28 (75%) of the cases
for whom serial DST results were reported.

TABLE 1.– Study 1: Frequency of second-line drug resistance among 100
chronic pulmonary  tuberculosis cases according to history of treatment with

each drug tested

Drugs Not previously treated Previously treated

Total Resistant Total Resistant p- value

n % n %

ETH 53 7 13.2 47 39 83.0 0.0000001

CS 42 2 4.8 58 27 46.6 0.00001

KM 72 3 4.2 28 5 17.9 0.06 (NS)

ETH: ethionamide, CS: cycloserine, KM: kanamycin
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Study 323

Lack of reproducibility was seen while testing isolates of
6.2% (12/195) of patients evaluated.  In effect, isolates of
7, 4 and 1 patients “reverted” resistance to ETH, CS, and
KM, respectively, as evidenced by DST performed on
subsequent isolates obtained after detecting resistance
to any of these drugs.  The results of these patients were
excluded from further analysis.

Drug susceptibility tests results corresponding to the
remaining 183 in-patients are summarized in Table 4.
Accumulative percentages of resistance by drug in the
entire group show again the significantly higher frequency
of ETH resistance (152/183 patients, 83%), followed by
CS (70 patients, 38.3%) and KM (47 patients, 25.7%),
(p[2df]=0.0000001). Differences in frequency between
ETH and CS resistances, and between CS and KM
resistances also achieved significance (p[1df]=0.0000001;
and p(1df)=0.02 respectively). Nearly 9% (16/183) of the
chronic cases analyzed in this series were resistant to
the three drugs.

Only 75 of these 183 patients (41%) were discharged
from hospital with at least one negative culture. The pro-
portion of patients who converted to negative was not
significantly different among those whose isolates were
resistant to one or to two SLD (42.5 vs. 48.1%, p=0.60).
However, the proportion of bacteriological failures among
patients affected by isolates resistant to 3 SLD  was sig-
nificantly higher than that found among patients with re-
sistance to one or to two drugs (93.8% vs. 44.3%,
p=0.007). Only one out of 16 patients with resistance to
three drugs achieved bacteriological negativization. Ac-
cording to the odds ratio (OR= 11.9; 95% confidence in-
terval [CI]= 1.5, 91.4) patients with resistance to the 3
SLD were nearly 12 times more likely to remain culture
positive during the follow-up period than those affected
by strains showing in vitro resistance to one or to two of
these drugs (Table 4). Among patients with mono-resist-
ance either to ETH, CS or KM, no significant differences
were found in the proportion of those achieving bacterio-
logical conversion to negative (p[2df]=0.41). A similar situ-
ation was observed with resistances to two drugs, in com-
binations ETH & CS, or ETH & KM (p[1df]=0.79). There
was only one case with resistance to CS & KM.

TABLE 2.–  Study 1: Number of patients investigated by drug susceptibility tests (DST) to each of the
drugs ethionamide (ETH), cycloserine (CS), and kanamycin (KM), after different periods of time (in

months) under treatment, and number (percentage) of drug resistance results to the drug tested

Treatment ETH CS KM

duration Patients Drug Patients Drug Patients Drug

(months)  investigated resistance  investigated resistance  investigated  resistance

by DST n (%) by DST n (%) by DST (%)

(n) (n) (n)

1-3 09 07 (77.8) 04 02 (50.0) 05 2 (40.0)

3-6 28 24 (85.7) 15 06 (40.0) 12 2 (16.7)

7-12 05 04 (80.0) 16 06 (37.5) 06 0 0(0.0)

12-≥24 05  04 (80.0) 23 13 (56.5) 05 1 (20.0)

Total* 47 39 (83.0) 58 27 (47.0) 28 5 (18.0)

*Total resistance to ETH was significantly more frequent than total resistance to CS (p[1df]=0.00027) and to KM
(p[1df]=0.0000001).

TABLE 3.– Study 2: Frequency of in vitro second-line drug
resistance pattern among 212 chronic tuberculous patients

treated with ethionamide (ETH), cycloserine (CS), and
kanamycin (KM)

Resistance to: Patients

n %

ETH 85 40.1

CS 22 10.4

KM 10 4.7

ETH & CS 52 24.5

ETH & KM 10 4.7

CS & KM 2 0.9

ETH, KM & CS 31 14.6

Total 212 100.0

Global resistance*:

ETH 178 83.9

CS 107 50.5

KM 53 25.0

*Global resistance to ETH was significantly the most frequent
(p=0.00000001)
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Discussion

At usual doses, the current first line drugs INH and RFP
can attain in vivo concentrations  considerably higher than
those needed to inhibit M. tuberculosis growth in vitro
(MIC). Substandard regimens usually select resistant
mutants able to survive at high concentrations of these
drugs. Thus INH and RFP susceptible and resistant strains
can be separated into clear cut groups, and in vitro DST
results are usually unequivocal. On the other hand, thera-
peutic doses of SLD, must be limited to levels that pro-
duce tissue concentrations relatively close to MICs be-
cause of toxic effects. Several hours after the drug intake
the concentration may be even lower than the MIC and
then clinically ineffective. Thus, resistant mutants to SLD
are selected at a relatively low concentration of the drug.
This phenomenon has been signaled as the cause of the
limited efficiency, reproducibility and predictive value of
DST for ETH and other SLD8, 27.

The apparent resistance reversion found in 6.2% of
tests while monitoring sequential respiratory specimens
in Study 3 shows some inconsistency of SLD susceptibil-
ity tests results.  As it is usually the case, the authors had
not observed this incident when testing first-line drugs23.

However, generalization on the poor credibility of this
examination might mask some certitude and support that
SLD susceptibility testing may provide. For instance, in

vitro resistance to ETH and CS is not a contingent phe-
nomenon but it is strongly associated to history of treat-
ment with these drugs as showed by Studies 1 and 2 and
recently corroborated by Rich et al 28. Another interesting
finding is related to the accumulation of resistance. While
resistance to one or two SLD may  not be predictive of
the treatment outcome, simultaneous in vitro resistance
to ETH, CS and KM seems to be a good marker of treat-
ment failure as demonstrated in Study 3.

The information here analyzed showed that resistance
to ETH emerged earlier in the course of treatment and
was consistently the most frequent, followed by CS and
then by KM resistance. The relatively low KM dosage then
used could probably have influenced the results.  In re-
cent times the neat predominance of ETH resistance was
also described among MDR cases, while the  resistance
to aminoglycosides, nowadays administered in higher
dosages,  was found to be more frequent  than reported
in the early studies at the Muñiz Hospital2.

The percentage of isolates resistant to SLD among
patients apparently not previously treated with these drugs
observed in Study 1 is in concordance with the results of
Canetti et al., who found 6% of DR to ETH, 4% to CS and
10% to KM, among patients treated with these SLD for
less than one month8. The information is also consistent
with that communicated by Rich et al. who have recently
observed 18.6% of resistance to ETH, and 11.6% to KM,

TABLE 4.– Study 3: Second line drug resistance pattern and bacteriological
evolution after at least 6 months treatment among 183 patients with chronic

pulmonary tuberculosis

Resistance to: Bacteriological conversion Total

Yes No

n % n % n %

ETH 37 046 083

CS 4 11 15

KM 07 008 015

Total resistance to one drug 48 42.5 065 57.5 113 100.0

ETH & CS 18 020 038

ETH & KM 07 008 015

CS & KM 01 000 001

Total resistance to two drugs 26 48.1 028 51.9 054 100.0

ETH, KM & CS* 01 06.3 015 93.8 016 100.0

Total 75 108 183

Global resistance to:

ETH** 63 41.4 089 58.6 152 100.0

CS 24 34.3 046 65.7 070 100.0

KM 16 34.0 031 66.0 047 100.0

*OR= 11.9 (CI 95%, 1.5, 91.4): chances of remaining culture positive for patients with triple
DR, in relation to patients with simple or double DR (p=0.007). *In vitro resistance to ETH was
significantly more frequent than resistance to CS or to KM (p=0.0000001).
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in a group of patients that failed with WHO Category I
treatment which does not include these drugs28. The level
of initial ETH resistance could be attributed to cross re-
sistance between this drug and the structural analogs INH
or thioacetazone, as in those times the front-line schemes
included these last two drugs8. Consistently with this hy-
pothesis nowadays it is known that these three drugs are
mycolic acid synthesis inhibitors and  that co-resistance
between INH and ETH can be originated by dominant
mutations in the target gene inhA13, 29, 30.  On the other
hand, previous administration of SM   might have gener-
ated KM cross-resistance in the group of patients that
had not been treated with SLD8, 13, 31.

Knowledge on the level of SLD resistance found
among strains circulating in a determined scenario can
be useful for the programmatic management of MDR TB.

Encouraging evidence has been furnished in the last
decade on the cure of MDR TB, based on appropriate
management of new fluoroquinolones, linezolid, and some
of the SLD analyzed in these studies. With the limitations
above discussed, quality assured laboratory data on SLD
could support clinical decision making and help to pre-
vent the emergence of further drug resistance in patients
with MDR TB. On these bases, Guidelines for DST for
second line anti-TB drugs for DOTS-PLUS were produced
in 200132.

Concerning the standardization and  evaluation of new
DST methods proposed to evaluate the activity of SLD
and newer anti-tuberculosis drugs, it is relevant to deter-
mine the stability of drugs in culture media, critical con-
centrations and breakpoints to distinguish drug resistant
from drug sensitive isolates. This knowledge should be
gained by testing a representative number of wild strains
and strains obtained from treatment failures. So did
Canetti et al.8, in their classic study evaluations, Lefford
and Mitchison27 (more recently reviewed by Mitchison)33.
The wild strain population was composed of isolates from
patients apparently never treated with any anti-tubercu-
losis drug, while the presumably drug resistant isolates
came from failure cases already treated with the drug.
Animal models might help to precise the predictive value
of DST to SLD. These models enable the evaluation of
the in vivo activity of an individual drug in animals in-
fected with strains that are in vitro susceptible or resist-
ant to the same drug.

Then standardized inter-laboratory proficiency tests of
DST to SLD and new drugs used in the treatment of MDR
cases will be needed. The external quality program al-
ready established for first-line anti-TB drugs by the WHO/
IUATLD Global Supranational Laboratory  Network could
be extended to these drugs. The inter-laboratory efficiency
that can be achieved while testing each second-line and
new drugs must still be known.

In summary, efficiency of DST to SLD is limited by
their pharmacokinetics. Further knowledge and external

quality control is eagerly needed to precise and improve
the value of these laboratory tests.  Despite this limita-
tion, this report based on very early experiences made
with the classical proportion method on Löwenstein
Jensen, documents that in vitro SLD resistance emerges
as consequence of antibiotic pressure during treatment,
that accumulation of resistance to several SLD is associ-
ated to treatment failure with schemes composed by these
drugs, and that the tests to SLD are consistent enough to
estimate prevalence of DR in a setting.
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- - - -
There is in all of us a tendency to resist new ideas which come from without, just as there is

psychological resistance to really radical innovations in behavior or dress.

Hay en cada uno de nosotros una tendencia a resistir ideas nuevas que surgen de golpe de la
misma manera que hay una resistencia psicológica frente a innovaciones realmente radicales en
comportamientos o vestimenta.

William I. Beveridge

The art of scientific investigation, Vancouver: Vintage Books, 1960


