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RUG-RESISTANT tuberculosis has become a ma-

jor public health problem in the United States."?
In 1979 less than 1 percent of tuberculosis isolates from
untreated patients in New York City were resistant to
rifampin, as compared with 9 percent in 1991.> Rifam-
pin-resistant tuberculosis is a serious threat because re-
sponses to therapy are more difficult to achieve and re-
quire longer courses of treatment.*®

Rifabutin is a derivative of rifamycin S that is recom-
mended and widely used as prophylaxis against Myco-
bacterium avium complex infection in patients infected
with the human immunodeficiency virus (HIV) who
have low CD4 lymphocyte counts.®® Since rifabutin
was introduced in 1993, concern has been expressed
about its cross-activity against M. tuberculosis and the
possibility that prophylactic use of the agent might in-
duce drug-resistant tuberculosis.!! A single case of ri-
fampin-resistant tuberculosis has been reported in a
patient taking rifabutin prophylactically.?

In this report we describe a patient with the acquired
immunodeficiency syndrome (AIDS) and fully suscepti-
ble M. tuberculosis disease who was treated with directly
observed therapy followed by rifabutin prophylaxis, who
then had a relapse of tuberculosis caused by a rifampin-
resistant strain that was otherwise indistinguishable
from the initial infecting organism.

CASE REPORT

A 35-year-old man with HIV infection was hospitalized with a two-
month history of fever, night sweats, cough, dyspnea, and an 18-kg
weight loss. He had a history of thrush and peripheral neuropathy,
and his CD4 lymphocyte count was 7 per cubic millimeter. He was
taking fluconazole and nortriptyline. A chest radiograph revealed bi-
lateral hilar adenopathy without infiltrates. A sputum sample showed
many acid-fast bacilli, and culture of the sputum sample yielded
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M. tuberculosis susceptible to isoniazid, rifampin, pyrazinamide, etham-
butol, and streptomycin. The patient was given isoniazid, rifampin,
pyrazinamide, and ethambutol daily for 16 days and then twice week-
ly for 6 weeks, followed by isoniazid and rifampin twice weekly for 33
doses over a 5-month period. All therapy was directly observed by a
nurse.'* After one month smears and cultures of the patient’s sputum
remained positive for M. tuberculosis, but they became negative after
two months of therapy.

After five months pneumonia with diffuse infiltrates developed that
resolved with empirical treatment with trimethoprim and sulfameth-
oxazole; smears and cultures of the sputum were negative for myco-
bacteria. A chest radiograph obtained nine months after the diagno-
sis of tuberculosis was normal. Ten months after the diagnosis
smears and cultures of a sputum sample were negative for mycobac-
teria. At this time the patient saw a private physician and began tak-
ing 300 mg of rifabutin daily as prophylaxis against . avium com-
plex infection.

Two months later — one year after the initial diagnosis of tubercu-
losis — fever, a productive cough, and severe dyspnea developed. A
chest radiograph showed diffuse interstitial infiltrates. The patient
was taking rifabutin, fluconazole, and nortriptyline. Rifabutin was
stopped two days after admission. A smear of bronchoalveolar-lavage
fluid was negative for acid-fast bacilli and Pneumocystis carinii. The pa-
tient was given a combination of trimethoprim and sulfamethoxazole
and broad-spectrum antibiotics but died of respiratory failure after 10
days. A strain of M. tuberculosis resistant to rifampin and rifabutin but
susceptible to isoniazid, pyrazinamide, ethambutol, and streptomycin
subsequently grew in cultures of bronchoalveolar-lavage fluid and

blood.

METHODS

The susceptibility of M. tuberculosis isolates to rifampin, rifabutin,
and other drugs was determined by the BACTEC radiometric culture
method!* and the modified proportion method.”® Analysis involving
restriction-fragment—length polymorphisms (RFLPs) was performed.
Chromosomal DNA from M. tuberculosis was extracted, digested with
Poull, and hybridized by Southern blot techniques with a 245-bp por-
tion of the IS6710 repeat element labeled with phosphorus-32.1%!7 Al-
ternatively, chromosomal DNA from M. tuberculosis was extracted, di-
gested with Alul, and hybridized by Southern blot techniques with
2P-labeled pTBN12 containing the M. tuberculosis polymorphic guan-
osine—cytosine (GC)-rich repetitive sequence.”™¥ A segment of the
RNA polymerase B8 subunit (rpoB) gene from M. tuberculosis chromo-
somal DNA was amplified with the polymerase chain reaction (PCR)
with the use of primers that amplify a 411-bp product®’; Tagl poly-
merase was used in standard reaction mixes for 30 cycles. A biologic
safety cabinet and acrosol tips were used to set up solitary PCRs for
each isolate on separate days, and each amplification was accompa-
nied by a control reaction in which the DNA template was omitted.
After gel purification, both strands of the PCR products were se-
quenced according to the dye-terminator method. Amplification and
sequencing of the r7poB segment were performed twice for each isolate.

RESULTS

Analysis of the M. tuberculosis isolates from the pa-
tient’s first and second episodes of tuberculosis showed
that the strains were identical except in their suscepti-
bility to rifampin and rifabutin and in their 7poB se-
quences. DNA fingerprinting by RFLP analysis with
Poull and IS6110 revealed an identical two-banded
pattern in the two isolates (Fig. 1), suggesting a com-
mon clonal origin. Because of the limited ability of
RFLP analysis to differentiate between strains when
the number of IS67/0 bands is small, we repeated the
test using Alul and the polymorphic GC-rich repetitive
sequence as a probe.!® This analysis revealed identical
10-banded patterns in each isolate (Fig. 1), confirming
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Figure 1. Results of RFLP Analysis of M. tuberculosis Chromo-
somal DNA.

Panel A shows the results of Southern blotting after RFLP anal-
ysis with Pvull and 1S6770. Lane 1 shows an isolate obtained
during the patient’s first episode of tuberculosis; lane 2, an iso-
late obtained during the second episode, 10 days before his
death; lane 3, an unrelated control strain; and lane 4, reference
strain Mt14323."7 The numbers on the right indicate the band
sizes inferred from the Mt14323 markers. Panel B shows the re-
sults of Southern blotting after RFLP analysis with Alul and the
polymorphic GC-rich repetitive sequence of M. tuberculosis.
Lane 1 shows an isolate obtained during the patient’s first epi-
sode of tuberculosis, and lane 2 an isolate obtained during the
second episode, 10 days before his death. The numbers on the
right indicate the band sizes and were determined from Hindlll-
digested coliphage lambda DNA markers (not shown), which
were visualized by stripping the blot and reprobing with labeled
lambda DNA.

the probable clonal origin of the two isolates. Drug-sus-
ceptibility testing of the two M. tuberculosis isolates,
however, revealed that the original was susceptible to
all drugs tested, whereas the strain isolated during the
relapse was resistant to rifampin and rifabutin.
Amplification and sequencing of a segment of the
rpoB associated with resistance to rifampin in M. tuber-
culosis and other bacteria®? revealed a mutation (a
change from TCG to TTG) resulting in the substitution
of a leucine residue for serine at position 531 in the sec-
ond isolate. This was the most common mutation iden-
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tified in a recent study of 66 clinical isolates of rifam-
pin-resistant M. tuberculosis.*”

To investigate whether our patient might have been
reinfected with an M. tuberculosis strain prevalent in Bal-
timore, we reviewed our data base of RFLP patterns
in 101 isolates for the past two years.?* Strains with
matching RFLP patterns on analysis with Pyull and
IS6110 or Alul and the polymorphic GC-rich repetitive
sequence have been identified in only two other cases.
Both were diagnosed within four months of our pa-
tient’s first illness, and both isolates were susceptible to
rifampin. No rifampin-resistant isolates with the same
RFLP patterns were identified, and no other isolates of
this strain were found in the period after our patient
completed treatment. Despite an extensive investiga-
tion of the patient’s contacts, we were unable to estab-
lish an epidemiologic link between our patient and the
other patients with rifampin-susceptible M. tuberculosis
with the same DNA fingerprint.

DISCUSSION

We report a relapse of tuberculosis characterized by
resistance to rifampin and rifabutin after exposure to
both drugs in a patient whose infection was initially
drug-susceptible. The matching RFLP patterns of the
two M. tuberculosis isolates indicate that the strains were
virtually identical. The small number of other cases of
tuberculosis caused by this strain in the community at
the time of the relapse makes it highly unlikely that
the patient was reinfected with either a drug-suscepti-
ble or a drug-resistant M. tuberculosis variant of the same
clone.?’ Relapse of the initial tuberculosis infection with
acquired resistance to rifamycin is the best explanation
of the patient’s second illness.

Our patient received six months of directly observed
antituberculosis therapy, the regimen recommended by
the American Thoracic Society and the Centers for Dis-
ease Control and Prevention (CDC).?® Although some
authorities, including the CDC Advisory Committee for
the Elimination of Tuberculosis, have recommended
nine months of treatment for HIV-associated tubercu-
losis,?” six-month regimens have resulted in very low
rates of relapse.?? Moreover, our patient took the pre-
scribed antituberculosis drugs under direct observation,
an approach that reduces the risk of relapse and the
emergence of drug-resistant disease, even in patients
with HIV infection.’*®! Nonetheless, a small percentage
of patients with adequately treated tuberculosis will re-
lapse, and the proportion of HIV-infected patients who
relapse may be decreased by prolonging therapy.’? Our
patient was severely immunocompromised at the time
of his initial therapy. In these circumstances, the prob-
ability of relapse is likely to be increased. This is the
only relapse among the more than 80 HIV-infected
patients with tuberculosis we have treated with a six-
month supervised regimen (unpublished data).

It is not clear whether the strain of tuberculosis be-
came resistant while the patient was taking rifabutin or
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whether it was already resistant before prophylaxis with
rifabutin was begun. Sequencing of the rpoB gene of the
two M. tuberculosis isolates revealed a point mutation re-
sulting in the substitution of a single amino acid at
codon 531. The substitution of leucine for serine at this
position has been noted in a large proportion of rifam-
pin-resistant strains of M. tuberculosis.*® This mutation is
also associated with high-level resistance to rifabutin in
vitro.*® Relapse of rifampin-resistant tuberculosis with
substitution of a single amino acid in the rpoB gene
product has been reported by Nolan and coworkers in
three HIV-infected patients who were not treated with
rifabutin but who had received rifampin.** They postu-
lated that in addition to poor compliance with therapy,
malabsorption of isoniazid or altered drug metabolism
could have contributed to the appearance of rifampin
resistance. Our patient was compliant with therapy and
had no apparent gastrointestinal or hepatic disease that
would alter drug absorption or metabolism.

Weltman and colleagues have reported a case of pri-
mary rifampin-resistant tuberculosis in a prison inmate
taking rifabutin as prophylaxis against M. avium com-
plex infection.!? In that case, exposure to an infectious
inoculum of M. tuberculosis that was susceptible to ri-
fampin while the patient was taking rifabutin apparent-
ly resulted in the emergence of resistance to rifampin
and rifabutin. Although our patient’s compliance with
rifampin therapy was closely monitored, it is possible
that he took rifabutin irregularly. If he began taking
rifabutin only after the occurrence of symptoms, it is
very likely that this would have selected for rifamycin-
resistant mutants. Alternatively, rifampin resistance may
have been present from the outset of the relapse, and
rifabutin may therefore have been ineffective in sup-
pressing discase.

In patients with active tuberculosis, multidrug thera-
py is necessary to prevent the emergence of drug resist-
ance because of the presence of innately resistant mu-
tants in populations of replicating M. tuberculosis. The
prevalence of rifampin-resistant mutants is approxi-
mately 1 in 10® to 1 in 10'° bacteria.?> Exposure to ri-
fampin or rifabutin alone when the number of tuber-
culosis organisms exceeds this level would select for
resistant mutants. Conversely, the use of these agents
when the mycobacterial burden is less than 10% should
effectively suppress bacterial replication. In fact, mono-
therapy with either rifampin or rifabutin is effective in
animal models of chronic tuberculosis,***” and rifampin
prophylaxis has been efficacious in men with silicosis.*®
Thus, the emergence of rifampin-resistant tuberculosis
during preventive therapy with rifabutin suggests either
the presence of a heavy preexisting M. tuberculosis infec-
tion or failure to achieve consistently adequate levels of
rifabutin in the blood.

Despite physicians’ fears, few cases of rifampin-
resistant tuberculosis have been reported in patients
taking rifabutin,'? and it is possible that rifabutin pro-
tects against tuberculosis as well as M. avium complex
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infection. Clarithromycin and azithromycin are pos-
sible alternatives to rifabutin as prophylaxis against
M. avium complex infection that would not increase the
risk of drug-resistant tuberculosis.***’ Guidelines issued
by the Public Health Service and the Infectious Disease
Society of America*' recommend screening all patients
for active tuberculosis and obtaining mycobacterial
blood cultures before rifabutin prophylaxis is begun.
Our patient did not undergo any such screening before
his physician prescribed rifabutin. Adherence to these
guidelines might have detected the relapse of tubercu-
losis and averted the initiation of rifabutin therapy.*?
Careful follow-up of HIV-infected patients with treated
tuberculosis is essential, and physicians should follow
the published guidelines! for the use of rifabutin as pro-
phylaxis against M. avium complex disease.

We are indebted to the staff of the Baltimore City Health Depart-
ment Eastern Chest Clinic and the Maryland State Tuberculosis Lab-
oratory for their assistance in the investigation of this case, and to
Colleen Moore for secretarial assistance.
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