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I+qE
Sit+1)= exp[—K(l ~pB) —N—:lS(t)
[+qE
E(t+1)= {1 - exp[—x(l -pB) T]}S(t)
Eft+1)= (1' =Y Eia(8)

L+ D)= D Ed0)
k=1
I(+1)=(1- 01—1?[1-1(13)

(A2)

J
R(t+1)= RO+ X,cd(d)
=1

Based on the forward stepwise logistic regression result in
the case-control study, and to facilitate understanding, p
and 3 were used only to represent the use of masks. How-
ever, the protective effect, 3, was obtained from the result
of further multiple logistic regression which entered all
other significantly associated variables (in univariate
analysis). All terms shown here as products of a probabil-
ity and a state variable were generated in our simulations
by using random variables with binomial distributions.
Under these assumptions and using mean length of incu-
bation and symptomatic periods, the reproduction number
(R) is given by:

. (A3)

1
R=«(1-pp) (%+—)

where v~ and ¢! are the means of the incubation and
symptomatic periods in days, respectively. The basic re-
production number was estimated by

R
T (1-pB)
For the purpose of mathematical convenience, although

unrealistic, our model assumed homogenous mixing as
well as all infectious individuals being equally infectious.
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Abstract To assess whether the occurrence of rifampicin
(RFP) resistance in methicillin-resistant Staphylococcus
aureus (MRSA) is related to treatment of tuberculosis,
we determined the RFP susceptibility of MRSA isolates
obtained from tuberculosis patients and screened for
mutation(s) in the rpoB gene of these isolates. The MICs of
RFP for 84 MRSA isolates obtained from two hospitals in
Japan were determined. DNA was sequenced in the region
1318-1602 nucleotides (nt) of the rpoB gene, which includes
RFP resistance-determining clusters I (1384-1464nt, 462~
488 amino acids). The majority of MRSA isolates from
tuberculosis wards, i.e., 48 of 51 (94%) [33 of 34 in a T'okyo
hospital (97%) and 15 of 17 in a Chubu hospital (88%)],
were resistant to RFP. Meanwhile, no isolates of 33 from
the other wards were resistant to RFP. All RFP-resistant
MRSA isolates had a mutation(s), including novel
mutation(s) such as Val453—Phe, Asp471—Asn, and
lle527—Leu, in rpoB. An emergence of RFP-resistant
MRSAs in tuberculosis wards in Japan was strongly
suggested.

Key words Rifampicin - Drug resistance - MRSA - rpoB -
Tuberculosis

Rifampicin (RFP) is one of the first-line antituberculous
agents and also a potent antimicrobial agent against
methicillin-resistant  Staphylococcus aureus (MRSA).'?
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RFP acts by interacting in a specific manner with the B-
subunit of the bacterial RNA polymerase encoded by the
rpoB gene.” In MRSA infections, RFP is often used in com-
bination with antibiotics with lower penetrability, such as
vancomycin.*’ The combination therapy with RFP revealed
strong activity and good tissue penetration that is required
to reach deep-seated infections effectively.*’ In such a situ-
ation, there is a high risk of emergence of RFP-resistant
MRSA. Most RFP-resistant MRSA organisms and other
bacteria are known to have a mutation(s) in the particular
regions, clusters I and II in the rpoB gene encoding the
RNA polymerase B-subunit.””

In the present study, we examined RFP susceptibility of
MRSA isolates obtained from inpatients with tuberculosis
and screened for mutations in the rpoB gene of these iso-
lates. A total of 84 MRSA isolates obtained from hospitals
in Tokyo®*" and Chubu district” were analyzed. S. aureus
ATCC29213 and ATCC700699 strains were obtained from
the American Type Culture Collection (ATCC, Manassas,
VA, USA). Of these isolates, 51 were obtained from tuber-
culosis wards in both hospitals (34 from a hospital in Tokyo
during an MRSA outkreak in 2001'* and MRSA surveil-
lance studies done before and after the outbreak in 2000-
2003*" and 17 from a hospital in Chubu during an MRSA
outbreak'), and 33 other isolates were from other wards in
a Tokyo hospital.® All MRSA isolates were analyzed by
pulsed-field gel electrophoresis (PFGE) as described previ-
ously.*" Differences between tuberculosis wards and the
other wards in the isolation numbers of MRSA were ana-
lyzed by Fisher’s exact probability test. A P value <0.05 was
considered statistically significant.

The minimum inhibitory concentration (MIC) of RFP
was determined by an E-test (AB BIODISK, Dalvagen,
Sweden), and the result was interpreted according to the
guidelines of the National Committee for Clinical Labora-
tory Standards." The staphylococcal breakpoint for resis-
tance to RFP is defined as 24 pg/ml (susceptible is defined as
<1pug/ml)."

The distribution of RFP MICs for the MRSA isolates
obtained from tuberculosis and other wards is shown in Fig.
1. The MICs of RFP ranged from <0.002 to 2256ug/mil.
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Among the 84 MRSA isolates, 48 were resistant to RFP
with MIC 2481g/ml. The other isolates were susceptiblc to
RFP with MIC <0.015ug/ml. The majority of MRSA iso-
lates from tuberculosis wards, i.e., 48 of 51 (94%) [33 of 34
in a Tokyo hospital (97%) and 15 of 17 in a Chubu hospital
(88%)], were resistant to RFP (Fig. 1, Table 1). Meanwhile,
0 of 33 isolates from the other wards were resistant to RFP
(x*=72.47, P < 0.001) (see Table 1).
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Fig. 1. Distribution of rifampicin minimum inhibitory concentrations
(MICs) for 84 methicillin-resistant Staphylococcus aureus (MRSA)
strains isolated in Tokyo and Chubu hospitals. Gray bars represent
MRSA isolates obtained from tuberculosis wards; black bars represent
MRSA isolates from other wards

The DNA sequence of the region of 1318-1602 at
nucleotide positions (nt) of rpoB, corresponding to codons
440-534 (amino acid number, aa number), which includes
the RFP resistance-determining cluster I (1384-1464nt,
462-488aa)’ and cluster 1T (1543-1590nt, 515-530aa)* of S.
aureus were amplified by polymerase chain reaction (PCR)
with the primers rpoB-F (5-CCG TCG TTT ACG TTC
TGT AGG-3) and 1poB-R (5-AAA GCC GAA TTC
ATT TAC ACG-3"). PCR products were sequenced with
the same primers by the dideoxy chain termination method
with an ABI PRISM 3100 sequencer (Applied Biosystems,
Foster City, CA, USA). Of 84 isolates analyzed, 32 had one
mutation and 16 had two mutations in clusters I and II of
rpoB (Table 2). A total of 64 mutations were identified, and
all mutations resulted in amino acid substitution. Of them,
60 mutations were located in cluster I: 19 were Ala
4771—Asp, 14 were Ser 486—Leu, 12 were His 481—Asp,
12 were Ala 473—Thr, 1 was Ser 464—Pro, 1 was Gln
468—Leu, and 1 was Asp 471— Asn. Three mutations were
located in cluster II; all three were Ile 527—Leu. One was
found in the region upstream from cluster I, ie.,
Val453—Phe. All mutations except for the three mutations,
Aspd71—Asn, lle527—Leu, and Val453—Phe, were
already reported to be related to RFP resistance in
S. aureus.*” Type 3 isolates were resistant to RFP and had a
single mutation of Asp471—Asn, indicating that the rpoB
mutation was associated with RFP resistance. The muta-
tions at 527 aa, Ile527—Phe or Ile527-Met, were known to
be related to RFP resistance.? However, whether the muta-
tion Ile527—Leu at the same position was associated with
RFP resistance is unclear, because additional mutations
known to be related to RFP resistance were present
(see type 4 and 5 isolates, Table 2). The association of
Val453—Phe with RFP resistance is also unclear because
there was an additional mutation associated with RFP
resistance (see type 11 isolates, Table 2). Nevertheless,
three novel mutations of Asp471—Asn, Ile527—Leu, and
Val453—Phe were identified in S. aureus.

Based on RFP susceptibility testing, PFGE genotyping,
and DNA sequencing of rpoB, the MRSA isolates from
tuberculosis wards were classified into 23 types (see Table
2). Among 84 isolates, 12 isolates from a Chubu district
hospital (type 7) were resistant to RFP (MIC, >256 ug/ml),
showed PFGE pattern A2(M1), and had a mutation of Ala
477—Asp; 11 isolates from a Tokyo hospital (type 12) were
resistant to RFP (MIC, >2561g/ml), showed PFGE pattern

Table 1. Frequency of rifampicin-resistant methicillin-resistant Staphylococcus aureus (MRSA)

isolates in tuberculosis wards

Rifampicin No. (%) of isolates

susceptibility
Tuberculosis wards Other wards
Tokyo® Chubu district® Total T (n=133)
(n=34) (n=17) (n=151)

Resistant 33 (97%) 15 (88%) 48 (94%) 0(0%)

Susceptible 1(3%) 2 (12%) 3(6%) 33 (100%)

*Tokyo hospital
®Chubu district hospital
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Table 2. Resistance to rifampicin and mutations in the rpoB gene of S. aureus in tuberculosis wards

Hospital’ Specimen or No. of Rifampicin PFGE rpoB gene Type no.
reference strain  isolates ~ MIC genotype® assigned
(ng/ml) Nucleotide changes® Amino acid changes®
T Sputum 1 48 Ald TCT—CCT Ser464-sPro 1
T Sputum 1 >256 A2(M1) CAA—CTA GIn468—Leu 2
T Sputum 1 >256 F6 GAC—AAC Aspd7l—Asn® 3
T Sputum 1 >256 F2 GCT—GAT,ATT—-CTT  Alad477—Asp, lle527—Leu® 4
T Sputum 2 >256 Fa GCT—GAT, ATT—-CTT  Alad77-Asp, Ile527—-Leu’ 5
C Gastric juices 1 >256 M2(A18)  GCT—GAT Alad77-Asp 6
C Sputum 12 >256 A2(M1) GCT—GAT Alad71—Asp 7
C Sputum 1 >256 AO GCT—GAT Ala477—>Asp 8
C Sputum 1 >256 M7 GCT—GAT Alad77-Asp 9
T Sputum 1 >256 G2 GCT—GAT Alad77-Asp 10
T Sputum 1 >256 1 GTT-TTT, TCA—TTA  Val453—5Phe’, Serd86—Leu 11
T Arterial biood 1 >256 J1 TCA—TTA Ser486—Leu 12
Sputum 9
Nasal cavity 1
T Nasal cavity 1 >256 J2 TCA—TTA Ser486—Leu 13
T Sputum 1 >256 J4 TCA—TTA Ser486—Leu 14
T Thorax drain 1 >256 R1 GCA—ACA, CAT—GAT  Ala473—Thr, His481—Asp 15
Sputum 1
T Sputum 3 >256 J1(R2) GCA—ACA, CAT—GAT  Alad473—Thr, His481—Asp 16
Arterial blood 1
Urine 1 .
T Sputum 1 >256 J8 GCA—ACA,CAT—SGAT  Alad73—-Thr, Hisd81—Asp 17
T Sputum 1 >256 Al CAT—TAT His481—Asp 18
T Sputum 1 >256 A2(M1) CAT—TAT Hisd81—Asp 19
T Urine 1 >256 S CAT-GAT His481—Asp 20
T Sputum 1 >256 A22 CAT—TAT His481—Asp 21
T Sputum 1 0.015 AUL No change No change 22
C Sputum 2 0.005 A3 No change No change 23
ATCC29213 0.005 - No change No change
N315 0.004 - - -

MIC, minimum inhibitory concentration; PFGE, pulsed-field gel electrophoresis

*T, Tokyo hospital; C, Chubu district hospital
*Data from references 8-13
“Base changes are underlined

“The numbering of the amino acids is based on that of S. aureus N315 (GenBank accession no. NC-002745)

*Novel mutation

J1, and had mutation Ser486—leu; and 5 isolates from
Tokyo (type 16) were resistant to RFP (MIC, >256 ug/ml),
showed PFGE pattern J7(R2), and had two mutations of
Ala 473->Thr and His 481—Asp, indicating that there was
clonal expansion of these RFP-resistant MRSA strains in
tuberculosis wards in both hospitals. Sixteen isolates of
types 1-4, 6, 8-11, 13, 14, and 17-21 were resistant to PFP,
but showed different genotypes (PFGE patterns and
rpoB mutations), indicating that individual strains of RFP-
resistant MRSA existed in tuberculosis patients. Collec-
tively, these results suggest that there were two types of
transmission mode of MRSA isolates: some were transmit-
ted within tuberculosis wards and the others were brought
from outside the wards.

In conclusion, MRS As obtained from tuberculosis wards
in two hospitals in Japan had resistance to RFP and
mutation(s) in the particular regions of rpoB. It is difficult
to conclude that RFP-resistant MRSA isolates were emerg-
ing in the wards during RFP therapy. Nevertheless, the
present results strongly suggest an emergence of such
MRSAs in tuberculosis wards in Japan. It is necessary to
monitor PFP resistance in both tuberculosis and other
wards.

The DNA sequences of part of the rpoB of MRSA
reported here were registered in the DDBJ, EMBL,
and GenBank nucleotide sequence databases under the
following accession numbers: AB195713, AB195714,
and AB195715.
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