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Summary
The prevalence and genetic basis of resistance of multi-drug resistant (MDR)
S typhi strains from an urban paediatric population was determined. Blood
cultures performed on 109 cases of suspected typhoid fever yielded 30(27.5 % )
S typhi isolates. Of these, 20(67 %) S typhi isolates were resistant to the common

antimicrobials
used in Bangladesh, eg, chloramphenicol,
ampicillin,
cotrimoxazole, streptomycin and tetracycline, while 6(20 %) isolates were
resistant only to streptomycin. However, all the isolates were sensitive to
fluquinolones and cephalosporins. Molecular analysis demonstrated that all
MDR strains possessed a single large transferable 98 MDal plasmid. On
conjugation, chloramphenicol, ampicillin and cotrimoxazole resistance was
transferred from MDR strains toE coli K-12. Restriction endonuclease analysis
of plasmid DNA showed similar digest profiles of all 5 selected donors and
their transconjugants. This trend of increasing resistant strains of S typhi,
especially by the transferable plasmid is of major public health concern.
Introduction
Typhoid fever remains a significant cause of
morbidity and mortality, especially in
developing countries with an annual global
estimate of 20 million cases and 7,00,000
deaths'. Effective antimicrobial therapy not
only decreases mortality, but also reduces
complications and the carrier state. Among
the various antibiotics chloramphenicol,
ampicillin and cotrimoxazole are the first line
drugs for the treatment of typhoid fever.
Development of plasmid-encoded resistance
to chloramphenicol occurred soon after its

introduction and has been reported from
many countries2-4. As such, the use of
ampicillin was started as its alternative, but
plasmid-encoded resistance to ampicillin
emerged during an outbreak of typhoid fever
in Mexic05. With the emergence of S typhi
strains resistant to both chloramphenicol and
ampicillin, cotrimoxazole became the drug
of choice6. Plasmid-encoded resistance to
cotrimoxazole was soon reported from
France, and thereafter strains of S typhi
became resistant to all the three first line
drugs7. In South-East Asia, multi-drug
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resistant (MDR) S typhi strains first appeared
in Thailand, followed by other countries of
the Indian SubcontinentX-III.
Although chloramphenicol resistant strain of
S typhi was first isolated from Bangladesh in
1980, S typhi remained
sensitive
to
chloramphenicol during the next six years ".
In 1986, a second chloramphenicol resistant
S typhi was isolated followed by the isolation
ofthe first MDR S typhi strain 12. Henceforth,
there has been a steady increase in the
isolation rate of MDR strains of S typhiJ3-I7.
The present study was conducted
to
determine the antimicrobial susceptibility
pattern and the genetic basis of resistance of
MDR S typhi strains isolated from an urban
paediatric population of Bangladesh.
Materials

& Methods

Blood cultures were performed on 109
children between I to 15 years of age
attending various clinics of Narayanganj
district with suspected typhoid fever using
standard blood culture procedure. Trypticase
soy broth enriched with sodium polyanethol
sulphonate (SPS) and paraaminobenzoic acid
(PABA) was used for blood culture.
Subcultures were done on MacConkey's agar
and blood agar media. All the strains were
identified biochemically
using API-20E
system (API) and confirmed serologically
using agglutinating antisera (Wellcome, UK).
Antibiotic susceptibility tests were performed

tetracycline (1OIlg), nalidixic acid (30Ilg),
cefotaxime (30llg), ceftazidine
(30llg),
cefuroxime (30llg) gentamycin (I 0llg).
amoxycillin & cIavulinic acid (20llg &
IOllg), neomycin (30llg), netilmicin (30llg),
ciprofloxacin (5Ilg), ofloxacin (I Ilg), and
spectinomycin (25Ilg). E coli ATCC 25922
was used as control.
Conjugation experiments were performed by
broth mating for each of the resistant isolates
using the method of Walia et al."J. The
recipient in each case was the laboratory
strain E coli K-12 (I4R525 Lac+, F, Na').
DST plates incorporating nalidixic acid (30
mgll) with chloramphenicol
(30mg/l) or
streptomycin
(I Omg/l) were used for
selection of transconjugants.
Antibiotic
sensitivity tests of all the transconjugants
were performed to determine the resistance
pattern transferred.
Plasmid DNA was
extracted
from all the MDR isolates.
transconjugates and E coli 39R (861 NCTC
Plasmid collection
molecular
weight
standard) using the method of Birnboim and
Doly20. Plasmids were electrophoresed on
horizontal 0.8% agarose gels and stained with
0.05% ethidium bromide (Sigma, Poole.
UK). Finally, the DNA bands were visual izcd
using a UV transilluminator.
Plasmid DNA of five selected donors and
their respective
transconjugants
were
digested with restriction enzyme EcoRI by
the method of Sam brook et a{2I. Restriction

by the Stokes comparative method IX on

fragments were resolved
electrophoresis.

diagnostic sensitivity test (DST) agar (Oxoid
Ltd., Basingstoke, UK). Antibiotics with the
following
disc strengths
were used:
chloramphenicol
(30llg), amoxycillin
(30llg), sulphamethoxazole & trimethoprim
(23.75 & 1.25Ilg), streptomycin (10Ilg),

by agarose

gel

Results
Out of the 109 blood cultures performed, S
typhi was isolated from 30 (27.5%) cases. Of
these 30 S typhi isolates, 20(67%) were
82
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resistant to the antibiotics commonly used
in Bangladesh eg, chloramphenicol,
ampicillin, cotrimoxazole, streptomycin and
tetracycline, while 6(20%) isolates were
resistant only to streptomycin. The remaining
4( 13%) isolates were sensitive to all the
antibiotics. However, all 30 S typhi isolates
were sensitive
to fIuoquinolones
and

nicol,

al.

ampicillin and cotrimoxazole to E coli

K-12 (Table-II). Analysis of the plasm ids
from these MDR strains demonstrated that
the donors and transconjugants carried a large
98 MDal plasmid. However, on repeated
attempts all six streptomycin resistant isolates
failed to conjugate and no plasm ids were
visualized from these isolates.

cephalosporins (Table-I). The history of
antibiotic intake was inconclusive, but 50%

On restriction endonuclease (RE) digestion

of thepatientsgave history of takingvarious of the 98 MDal plasmids with EcoRI, all 5
antibiotics, usually in inadequate dosage
during the febrile illness.

donors and their transconjugants showed
similar restriction digest profi les, and
produced 8 to 9 fragments which ranged in

On conjugation studies, all the 20 MDR S
typhi isolates transferred only chloramphe-

size from2 to

10kb.

Table-I: Antibiotic susceptibility pattern ofS typhi strains
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Am=Amoxycillin; Cm=Chloramphenicol;Sx=Sulphamethoxazile+Trimethoprim; Sm=Streptomycin;
Te=Tetracycline; Na=Nalidixic acid; Ct=Cefotaxime; Ca=Ceftazidine; Cn=Gentamycin;
Ac=Amoxycillin + Clavulanic acid; N=Neomycin; Ne=Netilmicin;Ci=Ciprotloxacin; Of=Otloxacin;
Cx=Cefuroxime; Sh= Sp~ctinomycin.
*R=resistant; *S=sensitive.
Table-II: Antibiotic resistance transfer pattern of MDR S typhi strains
No. of S typhi isolates
No. of successful transfers

30

Phenotype of donor

Cm, Ap, Tc, Tm, Su, Sm

Phenotype transferred to E coli K-12

Cm, Tm, Ap

20

Ap=Ampicillin; Cm=Chloramphenicol; Tm=Trimethoprim; Su=Sulphonamide; Tc=Tetracycline;
Sm=Streptomycin.
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Discussion
In Bangladesh, the first plasmid-encoded
chloramphenicol resistant S typhi strain was
isolated in 1980, followed in 1986 by the
isolation of the first MDR S typhi strain I 1.12.
During the following years the rate of
resistant strains increased and 12% of S typhi
isolates
were resistant
to multiple
antibiotics22. Between 1990-92, 45% of S
typhi were resistant to ampicillin, cotrimoxazole, chloramphenicol and tetracyclines23.
The increase in the prevalence of resistance
seemed to persist as evidenced by the
observation
of 67% multiply antibiotic
resistant S typhi in this study. This trend of
subsequent increase of plasmid-encoded
resistance was also observed in Shigella and
Vcholerae isolates24.25.A high prevalence of
resistance in the enteric flora of children
maintained in heterogenous and mobile
plasmid pool was also observed from
Bangladesh26. These findings suggest that the
plasm ids were probably derived from
resistant commensal gut coliforms, which act
as reservoir for the development of resistance
to antimicrobials. The high frequency of
resistance to these antibiotics in developing
.

countries like Bangladesh is probably due to
the widespread and indiscriminate use of
these antibiotics
in inadequate
and
inappropriate doses27.2x.
In this study, plasmids were demonstrated in
all the 20 MDR isolates and the resistance
pattern was transferable. Moreover, the
multiply resistance pattern was encoded on
a large 98 MDal plasmid. Comparative data
from the Indian Subcontinent demonstrated
that travellers
returning
Kingdom from Pakistan

to the United
and India had

plasmid-encoded resistance to chloramphenicol, ampicillin, cotrimoxazole, tetracycline
and streptomycin, which probably suggests
the spread of similar phenotype in the
Subcontinent2'1.
The six streptomycin
resistant strains in our study failed to
conjugate
and plasmids could not he
visualised from these isolat~s, suggesting that
none of the streptomycin resistant strains
carried any plasmid and hence the resistance
was probably chromosome-encoded.
Studies

from

various

countries

have

demonstrated that S typhi strain with) 10-120
MDal
plasmids
belong
to the H
incompatibility group7.30.Similarly, a study
from Bangladesh also demonstrated that
chloramphenicol resistant strains of S tvphi
belonged to incompatibility
group Hl~.
Isolates of S typhi from Pakistan also showed
a similar resistance pattern to the present
study and possessed
a large 98 MDal
transferable plasmidlO. Moreover, a study on
antibiotic
sensitivity
patterns
of
Enterobacteriaceae
from Bangladesh
demonstrated
plasm ids with molecular
weights of 98 and 110 MDal possessing
similar antibiotic resistance pattern but
different
digest profile
belonged to
incompatibility group HI 12(,.Thus, it may be
assumed that the resistance pattern has been
disseminated into plasmids of different sizes
within the same incompatibility group.
In many developing countries, the increasing
spread of resistance to the first line antimicrobials is a major constraint for the treatment
of typhoid fever. Meanwhile, the mainstay
of treatment of these MDR S typhi isolates
are fluoroquinolones such as ciprofloxacin
and ofloxacin and the third generation
84
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cephalosporins such as ceftriaxone. Needless
to say, if this trend of increasing resistance
persists, S typhi strains will also become
resistant to these new antimicrobials soon.
Hence, their prescription and use should be
strictly restricted and regulated to avoid the
devastating effect of antimicrobial drug
resistance in the near future.
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