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CASE STUDY

Clinical use of the meropenem-clavulanate combination
for extensively drug-resistant tuberculosis
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Departments of *Infectious Diseases and tPneumology, Centre Hospitalier Universitaire Saint-Pierre, Brussels, Belgium

SUMMARY

Mycobacterium tuberculosis strains resistant to almost
all available anti-tuberculosis drugs are an increasing
threat to public health worldwide. Among existing drugs
with potential antimycobacterial effects, the combina-
tion of meropenem with clavulanate has been shown to
have potent in vitro bactericidal activity against exten-
sively drug-resistant tuberculosis (XDR-TB). To explore

its potential clinical efficacy, a meropenem-clavulanate-
containing salvage regimen was started in six patients
with severe pulmonary XDR-TB, in association with the
only one or two remaining active second-line drugs. En-
couraging preliminary data are detailed and discussed.
KEY WORDS: extensively drug-resistant tuberculosis;
salvage therapy; carbapenems plus clavulanate

THE EMERGENCE of multidrug-resistant tubercu-
losis (MDR-TB), and more recently of extensively drug-
resistant tuberculosis (XDR-TB), defined respectively
as resistance to both isoniazid (INH) and rifampicin,
and additional resistance to any fluoroquinolones (FQ)
and to at least one of the three injectable second-line
drugs (capreomycin [CPM], kanamycin or amikacin),
has stressed the need for new therapeutic options. The
World Health Organization (WHO) guidelines recom-
mend the use of at least four active drugs based on
drug susceptibility testing (DST) results.! Some Myco-
bacterium tuberculosis strains with broad-spectrum
resistance lack susceptibility to at least four active
anti-tuberculosis drugs.2

Among drugs with potential antimycobacterial ac-
tivity, the association of a B-lactam with a B-lactamase
inhibitor in the management of MDR-TB led to con-
trasting results.3* M. tuberculosis is intrinsically re-
sistant to B-lactams due to the presence of an ex-
tended spectrum B-lactamase, BlaC. The B-lactamase
inhibitor, clavulanate, has been shown to irreversibly
inhibit M. tuberculosis BlaC in vitro.®> Meropenem, a
potent B-lactam antibiotic from the carbapenem class,
has recently been found to be an extremely poor sub-
strate for BlaC, with hydrolysis occurring thousands
of times more slowly than with ampicillin.6 The com-
bination of meropenem with clavulanate is highly
bactericidal in vitro against drug-susceptible as well as
XDR-TB strains, including non-replicative strains,
and is able to sterilise cultures in 14 days.”

We used the meropenem-clavulanate combination
as part of a salvage regimen for the treatment of se-

vere XDR-TB where no alternative drugs could be
identified. We report here on the safety, tolerabil-
ity and potential efficacy of this regimen in six pa-
tients. Preliminary data for the four first patients
were presented at the 50th Interscience Conference
on Antimicrobial Agents and Chemotherapy in Sep-
tember 2010.7

MATERIALS AND METHODS

The Saint-Pierre University Hospital is a referral cen-
tre for MDR-TB in Belgium. Starting in May 2009,
we included meropenem-clavulanate as a component
of salvage treatment in patients with pulmonary TB
for whom no adequate treatment could be identified.
All patient samples had second-line DST performed
by the National Reference Laboratory of Tuberculo-
sis and Mycobacteria. Unfortunately, in vitro DST
for meropenem-clavulanate is not yet available.

In addition to meropenem-clavulanate, patients
received all active drugs according to the DST results,
as well as pyrazinamide and cycloserine. From May
2010, even where DST showed resistance, moxifloxa-
cin (MXF) was continued because of newly published
data suggesting a benefit of second-line regimens
that include an FQ.8 Linezolid was used at a dose of
600 mg daily.” Meropenem was administered intra-
venously at an empirical dose of 2 g thrice daily dur-
ing hospitalisation and then 2 g twice daily during
the continuation phase. Patient 1 started meropenem
at a dose of 1.5 g thrice daily due to a very low body
mass index (14 kg/m2).
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Clavulanate was given in the form of a combina-
tion of amoxicillin plus clavulanate (500 mg/125 mg)
thrice daily. The safety and tolerability of meropenem-
clavulanate were assessed using clinical data (i.e.,
medical history findings, physical examination find-
ings and serum chemistry levels). Efficacy was evalu-
ated by clinical and radiological improvement and by
weekly sputum culture. Culture conversion was de-
fined as the time to first of three consecutive negative
weekly sputum cultures.

Ethical approval
The Ethical Review Board of the Saint-Pierre Hospi-

tal authorised publication of this paper (Document
AK/11-02-24/3132).

RESULTS

Six patients with severe bacteriologically confirmed
bilateral pulmonary XDR-TB were treated; their de-
mographic data are summarised in Table 1. All six
patients, three women and three men, were from the
Russian Federation. Patient age ranged from 14 to
46 years. One patient was co-infected with human
immunodeficiency virus (HIV) 1 (CD4 cell count =
316 cells/pl, viral load = 925.000 copies/ml, naive
for antiretrovirals) and two patients had hepatitis C
virus. There was no other comorbidity. All had been
exposed to second-line drugs. No clinical or bacterio-
logical improvement was observed with empirical
treatment that was initiated before obtaining com-
plete DST results, which revealed that all strains had
a broad-spectrum resistance profile. DST results, the
last failed regimen and salvage treatment are outlined
in Table 1. Culture conversion after 8-20 weeks of

Table 2 Mycobacteriology data for six XDR-TB patients
treated with M-C

Patients 1 2 3 4* 5 6

Week preceding the start
of salvage regimen

with M-C
W-6

Smear Not + + + Not +

Culture available + + +  available +
W-4

Smear + + + + + +

Culture + + + + + +
WO

Smear + + 4+ + + +

Culture + + + + + +

Week following the start

of salvage regimen

with M-C
W+4

Smear + + 4+ + + +

Culture + + + + + +
W+8

Smear - + + + + —

Culture + + + - + +
W+12

Smear - + + - + -

Culture - + + - - -
W+20

Smear - + + - - -

Culture - + - - - -
W+24

Smear - + - - - -

Culture - + - - - -
W+36

Smear - + - = Not -

Culture - + — — performed -

*Patient 4 had one positive sputum culture after 15 months of salvage treat-
ment. There was no clinical or radiological worsening. Further monthly spu-
tum cultures have been negative to date (1 August 2011). All other sputum
cultures obtained after week 36 were negative, excluding Patient 2.

XDR-TB = extensively drug-resistant tuberculosis; M-C = meropenem-
clavulanate; W = week.

Table 1 Demographic and treatment data of six patients with XDR-TB given a salvage regimen including meropenem-clavulanate
Comorbid Resistance to second-line
Patient  Age, disease/ drugs (in addition to all Time to surgery,
no. years/sex  complications first-line drugs) Last failing regimen Salvage regimen if any
1 14/Female None MFX, AMK, PTH, CS, RBT MFX, AMK, CS, PTH, PZA, PZA, CPM, CS, LZD, 14 months after
RBT (5 weeks) CLM, M-C culture conversion
2 38/Male Hepatitis C MEX, AMK, PTH, CS, RBT, RMP, PZA, MFX, CPM, CS, RMP, PZA, MFX, CPM,  No surgery to date
LZD, CLM CLM (42 weeks) CS, CLM, M-C
3 27/Female  None MFX, AMK, CPM, PTH, PZA, MFX, AMK, PTH, CS, PZA, LZD, CLM, M-C 10 months after
CS, RBT LZD, RBT (6 weeks) culture conversion
4 32/Male HIV-positive,  MFX, AMK, CPM, PTH, PZA, MFX, CPM, PTH, CS, PZA, LZD, CLM, M-C No surgery to date
hepatitis C CS, RBT LZD, AMX/CLAV
(10 weeks)
5 46/Male  None AMK, CPM, PTH, CS, AMK, MFX, PTH, CS, PZA  PZA, MFX, CS, CLM,  No surgery to date
LZD, RBT (4 weeks) M-C+LZD after
culture conversion
6 19/Female  None MFX, AMK, PTH, CS, RBT, AMK, MFX, CS, PTH, PZA, PZA, MFX, CPM, CS, No surgery to date

CLM

LZD (6 weeks)

LZD, M-C

XDR-TB = extensively drug-resistant tuberculosis; MFX = moxifloxacin (400 mg/d); AMK = amikacin (15 mg/kg/d); PTH = prothionamide (750 mg/d [500 mg in
Patient 1]); CS = cycloserine (750 mg/d [500 mg in Patient 1]); RBT = rifabutine (300 mg/d in Patient 1, 450 mg/d in Patient 3); PZA = pyrazinamide (35 mg/kg/d);
CPM = capreomycin (15 mg/kg/d); LZD = linezolid (600 mg/d); CLM = clarithromycin (500 mg twice daily); M-C = meropenem-clavulanate (2 g thrice daily during
the initiation phase and 2 g twice daily during the continuation phase; 1.5 g thrice daily during initiation phase in Patient 1); RMP = rifampicin (10 mg/kg/d); HIV =
human immunodeficiency virus; AMX/CLAV = amoxicillin-clavulanate (500/125 mg thrice daily).
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salvage treatment was obtained in all but one patient
(Table 2). Patients were discharged after three con-
secutive negative sputum cultures and continued their
treatment at home, including meropenem-clavulanate
injections. No relapse occurred after culture conver-
sion during a follow-up period of 8-25 months. At
month 18 of therapy after culture conversion, Patient
1 was considered cured according to WHO guide-
lines (at least five consecutive negative cultures from
samples collected at least 30 days apart in the final
12 months of treatment).! Of note, Patients 1 and 3
underwent pneumectomy after respectively 14 and
10 months of successful treatment.

DISCUSSION

Five of the six patients with bilateral advanced XDR-
TB dramatically improved with a salvage regimen
containing meropenem-clavulanate. One patient was
considered cured.

Contribution of meropenem-clavulanate in an
association regimen is difficult to assess. According
to the WHO guidelines, all patients had poor prog-
nostic factors: bilateral cavitary lesions in 5 patients,
previous exposure to second-line drugs and malnu-
trition in all 6 patients, and HIV infection in 1 pa-
tient. Among the active companion drugs, only CPM
(n = 2), MFX (n = 1) and linezolid (# = 4) could
have significantly contributed to the successful out-
come. However, previous empirical treatment with
all available active second-line drugs, including line-
zolid in three patients, had failed to lead to any im-
provement. It is therefore likely that meropenem-
clavulanate significantly contributed to the favourable
outcome of our patients. This potential effect could
be supported by the in vitro bactericidal activity
against M. tuberculosis, including non-replicative
forms observed by Hugonnet et al.> More recently, a
study comparing the activity of carbapenems alone
and combined with clavulanate in a murine model of
TB showed that the combination of carbapenems
plus clavulanate significantly improved survival com-
pared with INH alone.10

Long-term treatment was well tolerated. No adverse
reaction was attributed to meropenem-clavulanate.
The small number of patients, the lack of DST and a
relatively short follow-up period are among the limi-
tations of this report.

CONCLUSION

The addition of meropenem-clavulanate to one or two
active second-line drugs led to cure in one patient

and sputum culture conversion in 4/5 additional cases
of severe pulmonary XDR-TB with poor prognostic
factors. In view of these encouraging preliminary re-
sults, meropenem-clavulanate should be evaluated on
a larger scale as a new salvage option against severe
XDR-TB where no acceptable alternative exists.

Acknowledgements

The authors thank Dr Blanchard from the Einstein College of
Medicine, New York, for reviewing this paper. Preliminary data
for this paper were presented at the 50th Interscience Conference
on Antimicrobial Agents and Chemotherapy, September 2010,
Boston, MA, USA.

References

1 World Health Organization. Guidelines for the programmatic
management of drug-resistant tuberculosis. Emergency update
2008. WHO/HTM/TB/2008.402. Geneva, Switzerland: WHO,
2008.

2 Gandhi N R, Nunn P, Dheda K, et al. Multidrug-resistant and
extensively drug-resistant tuberculosis: a threat to global con-
trol of tuberculosis. Lancet 2010; 375: 1830-1843.

3 Nadler J P, Berger J, Nord J A, et al. Amoxicillin-clavulanic
acid for treating drug-resistant Mycobacterium tuberculosis.
Chest 1991; 99: 1025-1026.

4 Yew W W, Wong C E Lee ], et al. Do beta-lactam-beta-
lactamase inhibitor combinations have a place in the treatment
of multidrug-resistant pulmonary tuberculosis? Tubercle Lung
Dis 199S5; 76: 90-92.

5 Hugonnet J E, Blanchard J S. Irreversible inhibition of the My-
cobacterium tuberculosis beta-lactamase by clavulanate. Bio-
chemistry 2007; 46: 11198-12004.

6 Hugonnet J E, Tremblay L W, Boshoff H I, Barry C E III, Blan-
chard J S. Meropenem-clavulanate is effective against exten-
sively drug-resistant Mycobacterium tuberculosis. Science 2009
323: 1215-1218.

7 Payen M C, Martin C, Antoine-Moussiaux T, et al. Four cases
of XDR-tuberculosis treated with meropenem-clavulanate.
50th Interscience Conference on Antimicrobial Agents and
Chemotherapy (ICAAC), 12-15 September 2010, Boston, MA,
USA [Slide session L1-517]. Washington DC, USA: American
Society for Microbiology, 2010. http://www.abstractsonline.
com/Plan/ViewAbstract.aspx?sKey=7189a738-03a3-41e0-
8ee5-cf36269b5766& cKey=aceae86¢-c8ae-4d8e-968e-d2dd95
abed53&mKey=%7B93AEED6A-54D4-4EF6-99BD-A9B3C
E9FACD9%7D Accessed December 2011.

8 Jacobson K R, Tierney D B, Jeon C Y, et al. Treatment out-
comes among patients with extensively drug-resistant tubercu-
losis: systematic review and meta-analysis. Clin Infect Dis
2010; 51: 6-14.

9 Migliori G B, Eker B, Richardson M D, et al. A retrospective
TBNET assessment of linezolid safety, tolerability and efficacy
in multidrug-resistant tuberculosis. Eur Respir ] 2009; 34:
387-393.

10 Veziris N, Truffot C, Mainardi J L, Jarlier V. Activity of carba-
penems combined with clavulanate in murine tuberculosis.
Antimicrob Agents Chemother 2011; 55: 2597-2600.



Meropenem-clavulanate for intractable XDR-TB 1

RESUME

Les souches de Mycobacterium tuberculosis résistantes
a I’égard de presque tous les médicaments antitubercu-
leux disponibles constituent une menace croissante pour
la santé publique mondiale. Parmi les médicaments exi-
stants ayant des effets antimycobactériens, la combinai-
son du méropénem avec le clavulanate s’est avérée pos-
séder une puissante activité bactéricide in vitro contre
les germes de la tuberculose ultra-résistants (TB-XDR).

Afin d’étudier son efficacité clinique, un régime de traite-
ment de secours contenant le méropeném et le clavula-
nate, en association avec les seuls (un on deux) médica-
ments restants de deuxiéme ligne, a été initié chez six
patients souffrant d’une TB-XDR pulmonaire sévere.
Cet article présente et analyse en détail les résultats pré-
liminaires prometteurs de ce traitement.

RESUMEN

Las cepas de Mycobacterium tuberculosis que son resi-
stentes a la mayoria de los medicamentos antituberculo-
sos existentes constituyen una amenaza mundial de salud
ptblica. Entre los medicamentos que se encuentran a
disposicion y que cuentan con posibles efectos antimico-
bacterianos, se ha demostrado que la asociacion de
meropenem y acido clavulanico ejerce in vitro una fuerte
actividad bactericida contra las cepas de la tuberculosis

extremadamente drogorresistentes (TB-XDR). Con el
proposito de investigar su posible eficacia clinica, se ini-
ci6 un tratamiento de rescate que comportaba esta aso-
ciacion y uno o dos medicamentos adicionales de segunda
linea que seguian siendo activos, en seis pacientes porta-
dores de una grave TB-XDR. En el presente articulo se
presentan y analizan en detalle los resultados preliminares
alentadores de este tratamiento.
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