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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

by the Stokes comparative method IX on
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),
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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

fragments were resolved by agarose gel
electrophoresis.

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

of thepatientsgavehistory of takingvarious
antibiotics, usually in inadequate dosage
during the febrile illness.

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

On restriction endonuclease (RE) digestion
of the 98 MDal plasmids with EcoRI, all 5
donors and their transconjugants showed

similar restriction digest profi les, and

produced 8 to 9 fragments which ranged in
size from2 to 10kb.

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

Phenotype of donor

Phenotype transferred to E coli K-12

30

20

Cm, Ap, Tc, Tm, Su, Sm

Cm, Tm, Ap

Ap=Ampicillin; Cm=Chloramphenicol; Tm=Trimethoprim; Su=Sulphonamide; Tc=Tetracycline;
Sm=Streptomycin.
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Table-I: Antibiotic susceptibility pattern ofS typhi strains

Am Cm 8x 8m Te Na CI Ca Cn Ac N Ne Ci Of Cx 8h Tolal

R R R R R S 8 8 8 S S 8 8 8 8 8 20

8 8 8 R 8 8 8 8 8 8 8 8 8 S 8 8 6

8 8 8 8 8 8 8 S S 8 8 8 8 8 8 8 4
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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, cotrim-

oxazole, 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 to the United

Kingdom from Pakistan and India had
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plasmid-encoded resistance to chloramphe-
nicol, 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 antimicro-
bials 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
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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.

References

Multi-Drug Resistant Salmonella Typhi KZ Mamun et al.

tance to multiple antibiotics in Salmonella
typhi. J Infect Dis 1986; 153: 261-6.

8. Ling J. & Chan PY. Plasmid mediating
resistance to chloramphenicol, trimethoprim
and ampicillin in Salmonella typhi strains
isolated in the South East Asian region. .I
Infect Dis 1984; 149:652.

9. Jesuadson MV & John JT. Multi-resistant

Salmonella typhi in India. Lancet 1990; ii:
252.

1. Thong KL, Cheong MY, Puthucheary S, et
10. Mirza SH & Hart CA. Plasmid encoded

al. Epidemiologic analysis of sporadic multi-drug resistance in Salmonella typhi

Salmonella typhi isolates and those from from Pakistan. Ann Trap Med Parasifol

outbreaks by pulse-field gel electrophoresis. 1993; 87: 373-7.

J Clin Microbiol1994; 32: 1135-41. 11. Huq MI & Samadi AR. Salmonella fyphi Vi
2. Butler T. Linh NN, Arnold K, & Pollen M. phage type A isolated from a patient in

Chloramphenicol resistant typhoid fever in Bangladesh (letter). Lancet 1982; i: 1125.
Vietnam associated with R-factor. Lancet 12. MorshedMG, Khan WA, Khan NZ, &Akhar
1973; ii: 983-5. MS. Multipledrug resistantSalmonella fyphi

3. Paniker CKS & Vimala KN. Transferable in Bangladesh. J Diarrhoeal Dis Res 1986;

chloramphenicol resistance in Salmonella 4: 241.

typhi. Nature London. 1972; 239: 109-10. 13. Hasan Z, Rahman KM, Alam MN, Afros A,
4. Vazquez V, Calderon E, Rodriquiz RS & Asna SMZH, Gosh PK, Alam N. Role of a

Infantil H. Chloramphenicol resistant strains large plasmid in mediation of multiple drug

of Salmonella typhosa. N Eng J Med 1972; resistance in Salmonella typhi and paratyphi
286: 1220. A in Bangladesh. Bangladesh Med Red

5. Olarte S & Galindo E. Salmonella typhi
Counc Bu11.1995;22: 50-4.

resistant to chloramphenicol, ampicillin and 14. Asna SMZH, Salam KMA, Hussain MA,

other antimicrobial agents: strains isolated Akhter N, MalekA, Hossain M. Mamun KZ.

during an extensive typhoid fever epidemic Hasan Z. Multidrug resistant Salmonella in
in Mexico. Antimicrob Agents Chemother pediatric population. JCMCTA 1996; 7:
1973; 4: 597-601. 23-27.

6. Geddes AM, Pugh RNH, & Nye EJ. 15. Mamun KZ, Tabassum S, Ashna SMZH.
Treatment and follow-up studies with Salmonella paratyphi A: an emerging public
cotrimoxazole in enteric feverand in typhoid health concern. Bang J Pathol 1997; 12:
carriers.J Antimicrob Chemother1976; I: 18-9.
51-4.

16. Mirza S, Kariuki S, Mamun KZ, Beeching
7. Goldstein FW, Chumpitaz JC, Guevera JM NJ, Hart CA. Analysis of plasmid and

& Papadopoln B. Plasmid mediated resis- chromosomal DNA of multidrug-resistant

85



Bangladesh Med. Res. Counc. Bull

Salmonella enterica serovar typhi fromAsia.
J Clin Microbiol20oo; 38: 1449-52.

17. Asna SMZH, Haq JA, Rahman MM.
Nalidixic acid resistant Salmonella enterica

serovar Typhi with decreased susceptibility
to ciprofIoxacin caused treatment failure: A
report from Bangladesh. Jpn J Infect Dis.
2003; 56: 32-3.

18. Stokes EJ & Waterworth PM. Antibiotic

sensitivity tests by diffusion methods.
Association of Clinical Pathologists
Broadsheet. 1972;55: 1-12.

19. Walia SK, Madhavan T, Chagh TD, &
Sharma KB. Characterization of self-

transmissible plasmids determining lactose
fermentation and multiple antibiotic
resistance in clinical strains of Klebsiella

pneumoniae. Eur J ClinMicrobiollnfect Dis
1987; 7: 279-84.

20. Birnboim HC & Doly J. A rapid alkaline
extraction procedure for screening
recombinant plasmid DNA. Nucleic Acid
Res 1979; 7: 1513-23.

21. Sam brook J, Fritsh EF & Maniatis T.
Molecular cloning. A laboratory manual
(Second ed, Vol I). Cold Spring Harbor
Laboratory Press. pp 1.21-1.32.

22. Albert MJ, Haider K, Nahar S, Kibriya AK,
& Hossain MA. Multiresistant Salmonella

typhi in Bangladesh. J Antimicrob
Chemother 1991; 27: 554-5.

23. Saha SK, & Saha SK. Antibiotic resistance

of Salmonella typhi in Bangladesh. J
Antimicrob Chemother 1994; 33: 190-1.

December 2004

24. Huq MI, Ahmed QS & Rahman MM.
Changing pattern of antibiotic resistance in
Shigella isolated in Bangladesh, Shigellosis:
A continuing global problem. Proceedings
of an International Conference, ICDDR,B.
1981; 174-81.

25. Glass RI, Huq MI,AlimARMA& YunusM.
Emergence of multiply antibiotic resistant
Vcholerae in Bangladesh. J b!lect Dis 1980:
142: 939-42.

26. Mamun KZ, Shears P & Hart CA. The
prevalence and genetics of resistance to'
commonly used antimicrobial agents in
faecal Enterobacteriaceae from children in

Bangladesh. Epidemiol Infect 1993; 110:
447-58.

27. Hossain MM, .plass RI & Khan MR.
Antibiotic use in rural community in
Bangladesh. Int J Epidemio[ 1982: II:
402-5.

28. Mamun KZ, Shears P, Tabassum S & Hart
CA. Antimicrobial use and antimicrobial

resistance in rural Bangladesh. Trans Roy
Soc Trop Med Hyg 1996;90: 213.

29. Rowe B, Ward LR & Threfall EJ.

CiprofIoxacin and typhoid fever. Lancer
1992; 339: 740.

30. Kimura S. Incompatibility grQup of R
plasmids from Southeast Asian strains of S
typhi. Gastrointestinal InfectS~)lltheasfA. :'1.
1978; 128-31.

86


