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Ciprofloxacin-Resistant Salmonella enterica Serovar Typhi from Kuwait
with Novel Mutations in gyrA and parC Genes�
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Blood isolates of Salmonella enterica serovar Typhi from two recently returned Bangladeshi patients in
Kuwait were ciprofloxacin resistant, with ciprofloxacin MICs of 12 mg/liter for both isolates. Both isolates had
three novel gyrA mutations (55-Leu3Trp, 87-Asp3Ala, and 106-Gln3Arg) and three novel parC mutations
(84-Glu3Lys, 106-Trp3Gly, and 128-Tyr3Asp).

Typhoid fever is a major cause of morbidity and mortality in
developing countries (8). In the last two decades, the world-
wide emergence of multiresistant salmonellae has led to the
withdrawal of chloramphenicol and its replacement with fluo-
roquinolones and broad-spectrum cephalosporins (2).

However, nalidixic acid-resistant strains (MIC, �32 mg/
liter) exhibiting reduced susceptibility to ciprofloxacin (MICs,
0.125 to 1 mg/liter) have emerged and become endemic in
South and South-East Asia (3, 18, 23). Such strains have also
been reported from other parts of the world (26, 27). Conse-
quently, there is treatment failure with ciprofloxacin in patients
infected with these organisms (11, 26, 27).

A large expatriate population from South and South-East
Asia is employed in the oil-rich Gulf States including Kuwait.
We have previously reported enteric fever isolates that are
either multiresistant or with reduced susceptibility to cipro-
floxacin from expatriate workers of South Asian origin from
Kuwait (9, 10, 11). Although there are reports from India (13,
24), Bangladesh (1, 25), and Nepal (5) of Salmonella enterica
serovar Typhi strains fully resistant to ciprofloxacin (MICs � 4
mg/liter), infection with such strains is rare. The targets for
fluoroquinolones are DNA gyrase and topoisomerase IV,
whose subunits are encoded by gyrA and gyrB and by parC and
parE genes, respectively (27). Single point mutations in the
quinolone resistance-determining region (QRDR) of gyrA
gene (spanning amino acids 54 to 171) lead to decreased sus-
ceptibility to ciprofloxacin (15). Additional mutations may be
required to attain high-level fluoroquinolone resistance (7, 16).
There has been only one report of molecular characterization
of three serovar Typhi isolates fully resistant to ciprofloxacin
from India whose gyrase and topoisomerase genes have been
analyzed with mutations in gyrA and parC genes (13). We
report here two cases of typhoid fever with full ciprofloxacin
resistance. We analyzed these isolates for mutations in both

gyrA and parC genes and found novel mutations in both these
genes.

Two Bangladeshi male patients, one 29 years old and the
other 2 years old, presented with fever at the Infectious Dis-
eases Hospital, Safat, Kuwait, in June 2006 and May 2007,
respectively. Both of them returned recently from Bangladesh.
Both were treated unsuccessfully at private clinics prior to their
visit at our facility. The adult patient received amoxicillin, and
the child patient received amoxicillin and cotrimoxazole. Blood
cultures were performed on these patients (10) in our facility,
and serovar Typhi grew from both blood cultures (laboratory
identification numbers of isolates: 1958 from the older patient
and 1474 from the child). The isolates were screened for met-
abolic profiles with API 20E strip (BioMerieux, Marcy l’Etoile,
France) and confirmed by slide agglutination with Salmonella
antisera (Denka-Seiken, Tokyo, Japan). Antimicrobial suscep-
tibility was performed by disk diffusion method according to
Clinical and Laboratory Standards Institute (CLSI) guidelines
(6) with disks containing chloramphenicol (30 �g), amoxicillin
(10 �g), cotrimoxazole (1.25/23.75 �g), ceftriaxone (30 �g),
cefixime (30 �g), nalidixic acid (30 �g), ciprofloxacin (5 �g),
moxifloxacin (5 �g), and levofloxacin (5 �g). Escherichia coli
ATCC strain 25922 was used as the quality control strain in the
susceptibility test.

The MIC of nalidixic acid was determined by the agar dilu-
tion method (6) and that of ciprofloxacin by Etest (AB Biodisk,
Solna, Sweden) according to the manufacturer’s instructions.

For amplification of QRDRs of gyrA and parC genes, bac-
terial DNA template was prepared by the method of Giraud et
al. (14). The gyrA gene was amplified by the primers and
cycling conditions described by Brown et al. (3), and parC gene
was amplified by the primers and cycling conditions described
by Giraud et al. (14). The PCR products were photographed
under UV transillumination of 1% agarose gel after electro-
phoresis and staining with ethidium bromide. DNA sequencing
was carried out by the dideoxynucleotide chain termination
method, using an automated DNA sequencer (ABI Prism 3100
genetic analyzer; Applied Biosystems, Foster City, CA). The
sequences were confirmed by sequencing both strands three
times. We also included a ciprofloxacin-susceptible strain of se-
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rovar Typhi and a serovar Typhi strain with reduced ciprofloxacin
susceptibility in sequencing as controls. Sequences were analyzed
by the BLAST online search engine (http://www.ncbi.nih.gov
/cgi-bin/BLAST) with the sequences of susceptible strains in the
database.

Clonal relatedness of the two isolates was studied by pulsed-
field gel electrophoresis with XbaI-digested bacterial chromo-
some using the PulseNet protocol (4).

Both of the serovar Typhi isolates showed the same antimi-
crobial susceptibility pattern by disk diffusion method. They
were resistant to nalidixic acid, ciprofloxacin, moxifloxacin,
levofloxacin, chloramphenicol, amoxicillin, and cotrimoxazole
but susceptible to ceftriaxone and cefixime. The MICs of
nalidixic acid (256 mg/liter) and ciprofloxacin (12 mg/liter)
were identical for both of the isolates. Thus, both isolates were
deemed multiresistant (being resistant to amoxicillin, chloram-
phenicol, and cotrimoxazole) and highly resistant to nalidixic
acid and ciprofloxacin. Both patients were given a course of
ceftriaxone, to which they responded.

Both of the isolates showed the same four point mutations in
the QRDR of the gyrA gene. These were 55-TTG (Leu)3TGG
(Trp), 83-TCC (Ser)3TTC (Phe), 87-GAC (Asp)3GCC
(Ala), and 106-CAG (Gln)3CGG (Arg). Again, both of the
isolates showed the same three point mutations in the QRDR
(spanning amino acids 12 to 130) of the parC gene (15). These
were 84 GAA (Glu)3AAA (Lys), 106 TGG(Trp)3GGG
(Gly), and 128 TAC (Tyr)3GAC (Asp). These sequences have
been deposited in GenBank (accession no. FJ222660 for gyrA
gene and accession no. FJ222661 for parC gene). The fully
susceptible control strain did not have mutations, and the
strain with reduced susceptibility had a single mutation at
Ser-833Phe in the gyrA gene.

In Salmonella, the more common point mutations found to
be associated with resistance to quinolones occur in the gyrA

gene and results in substitutions at the Ser-83 position, often to
Tyr, Phe, or Ala, and in Asp-87 substitutions to Asn, Gly, or
Tyr. The most common amino acid substitution reported in
parC gene is Thr-573Ser, with Thr-663Ile or Ser-803Arg
being observed as occasional second substitutions (12, 21).

In both studies from India (13, 24) and one study from
Bangladesh (25) with fully ciprofloxacin-resistant serovar
Typhi isolates in which the gyrA gene has been sequenced, all
isolates had mutations at Ser-83 and Asp-87. For our isolates,
the previously reported codon change at Ser-833Phe was
present. There was also a codon change at 87 with the change
of amino acid from Asp to Ala. This amino acid change to
alanine has not been reported previously. In addition, there
were changes at positions 55 and 106. A BLAST search re-
vealed that these novel mutations have not been reported
previously in the gyrA gene of any organism. Site-directed
mutagenesis experiments would have to be conducted to de-
termine whether these amino acid changes affect quinolone
susceptibilities in a single genetic background. In our previous
study using serovar Typhi isolates with decreased ciprofloxacin
susceptibility collected during 2000 to 2003 in Kuwait, we
found a single mutation in the gyrA gene (Ser-833Phe) as the
mechanism for decreased ciprofloxacin susceptibility (9). A
study of three ciprofloxacin-resistant serovar Typhi isolates
from India reported mutations in both the gyrA and the parC
genes (13). All three isolates had mutations at codon 80 from
AGC (Ser)3ATC (Ile) in the parC gene. In contrast, although
our isolates lacked this mutation, they carried three novel
mutations at Glu-843Lys, Trp-1063Gly, and Tyr-1283Asp.
A BLAST search has revealed that the Trp-1063Gly and the
Glu-843Lys mutations in the parC gene have been previously
reported in S. enterica serovar Typhimurium LT2 (20) and S.
enterica serovar Paratyphi A (19), respectively. A comparison
of mutations previously reported in the QRDR of the gyrA

FIG. 1. QRDR of the gyrA gene of serovar Typhi, with base changes reported previously and now. The QRDR spans nucleotides 161 to 514.
The triplet bases with changes are underlined with the amino acids indicated above them. The underlined triplet bases in lowercase letters have
been reported previously. The underlined triplet bases in capital letters have been found in the present study.
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gene of serovar Typhi to those found in our study is shown in
Fig. 1. A similar comparison for the QRDR of parC gene is
shown in Fig. 2. Although mutations in both gyrA and parC
genes have been identified in bacteria highly resistant to fluo-
roquinolones, the role of parC mutation is less clear (19). The
primary target of fluoroquinolones is gyrase rather than topo-
isomerase IV. Mutation in parC is, however, required to
achieve high-level fluoroquinolone resistance.

As determined by pulsed-field gel electrophoresis, the two
isolates shared 14 bands of identical molecular weights. How-
ever, the isolate 1474 had an additional band of approximately
500 bp that was absent in strain 1958 (data not shown).

Thus, the two isolates were closely related. It was not pos-
sible to get information on the sources of the infections.

Ours is the second report of molecular characterization of
changes in the gyrA and parC genes of fully ciprofloxacin-
resistant serovar Typhi strains. However, unlike the first report
(13), we have shown novel mutations in both of the genes.
Since we have not sequenced gyrB and parE genes, we are not
sure of any changes in these genes in our isolates. High-level
ciprofloxacin resistance could be due to the cumulative impact
of mutations in many genes, decreased membrane permeabil-
ity, the efflux pump, and plasmid-encoded Qnr genes (17).

The emergence of fully ciprofloxacin-resistant serovar Typhi
strains is a worrying development that seriously limits treat-
ment options. It is likely that there will be more reports of fully
resistant strains in the future from regions of the world where
typhoid fever is endemic. A revision of the MIC breakpoint
criteria by the CLSI is also required, since the current refer-
ence standards are unable to distinguish between fully suscep-
tible isolates and isolates with reduced susceptibility (22).
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