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SUMMARY

Since 1987, multidrug resistant (MDR) strains of Salmonella Typhi, resistant simultaneously to

ampicillin, chloramphenicol and trimethoprim-sulfamethoxazole, have caused epidemics of

severe typhoid fever in Asia and Africa. A retrospective analysis of blood culture results

(1989–96) in a Diarrhoea Treatment Centre in Dhaka, Bangladesh detected MDR strains in

0±3% (8 of 2793) of samples in 1990. The isolation rate peaked to 3±2% (240 of 7501) in 1994

(P! 0±01) and decreased to 1±8% (165 of 9348) in 1995 and further to 1±0% (82 of 8587) in

1996 (P! 0±01 compared to 1994) indicating the emergence and decline of MDR typhoid

epidemic. Ten of 15 MDR strains tested had a 176 kb conjugative R plasmid that mediates

resistance to ampicillin, chloramphenicol and trimethoprim-sulfamethoxazole to Escherichia coli

K12. Unlike MDR strains, the isolation rate (C 3±3%) of susceptible S. Typhi remained

remarkably unchanged during the study. The significant decrease in isolation of MDR strains

suggests that cheaper and effective first-line antibiotics may re-emerge as drugs of choice for

the treatment of typhoid fever in Bangladesh.

INTRODUCTION

Typhoid fever caused by Salmonella enterica serotype

Typhi (Salmonella Typhi), continues to be a major

public health problem with an estimated 16±6 million

cases and 600000 deaths annually with 440000 deaths

in Asia alone [1]. It occurs predominantly in the

developing world particularly in Southeast Asia with

highest mean incidence (1000 cases per 100000 people

per annum) [2]. It is highly endemic in Bangladesh and

is an important cause of health problems involving

huge health care costs, high morbidity and economic

loss [2–4]. Since 1948 chloramphenicol (Cm) has

effectively reduced the morbidity and mortality associ-

ated with typhoid fever [5]. Cm resistance in S. Typhi

isolates was reported in 1950 in England, but there

had been no accounts of an epidemic caused by

resistant strains until 1972 when it occurred in Mexico,

* Author for correspondence.

India and Vietnam [6–8]. Ampicillin (Ap) and tri-

methoprim-sulfamethoxazole (Ts) were considered

suitable alternatives for the treatment of typhoid fever

caused by chloramphenicol-resistant strains.

Until 1990, Bangladesh was remarkably free of

drug-resistant strains of S. Typhi although multiresis-

tant strains were isolated from sporadic cases on two

occasions. In 1982, there was a report of a single

isolate of S. Typhi that was resistant to Cm,

streptomycin (Sm), sulfonamide (Su) and tetracycline

(Te) followed by isolation of another strain in 1986

which was resistant to Cm, Ap, Ts, cloxacillin and

cephalexin [9, 10].

In late 1987 an outbreak of typhoid fever caused by

multidrug resistant (MDR) S. Typhi strain, resistant

simultaneously to three first-line antibiotics Ap, Cm

and Ts, occurred in suburbs of Shanghai, China [11].

During 1989–90, there were reports of emergence of a

similar MDR strain of S. Typhi with incompatibility
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group H1 R plasmid that caused epidemic typhoid

fever in India [12], Pakistan [13] Arab Gulf [14] and

Vietnam [15]. The MDR epidemic strain was un-

usually associated with severe illness and high in-

cidence of complications and mortality in many

countries [4, 11–13, 15]. In early 1990, MDR S. Typhi

(R type – ApCmTs) was detected in Bangladesh as an

extension of typhoid epidemic in Southeast Asia [16].

Subsequently, it spread to many countries of Asia and

Africa [15]. MDR epidemic strains were also detected

in the United Kingdom and the United States among

immigrants from the epidemic-affected countries

raising problems in the detection and treatment of

MDR typhoid fever [13, 17]. MDR strains subse-

quently developed resistance to fluoroquinolones such

as ciprofloxacin (Cp) and ofloxacin [18, 19]. Recently,

an epidemic caused by quinolone-resistant S. Typhi

(R type – ApCmTsCp) has been reported in Tajikistan

[20].

On the contrary, a declining trend in epidemic

MDR typhoid has been reported from the Indian

subcontinent at the same time [21]. Therefore, we

studied the emergence, duration and the status of this

prolonged MDR typhoid epidemic in Bangladesh so

that a rational approach to therapy might be adopted

with a probability of reintroducing cheaper first-line

conventional antibiotics with proven efficacy.

METHODS

Clinical samples

The study was conducted in Dhaka Clinical Research

and Service Centre (CRSC), of ICDDRB: Centre

for Health and Population Research, Bangladesh

(ICDDR, B), Bangladesh. It serves 100 000 diarrhoeal

patients annually. The clinical microbiology labora-

tory cultures blood from inpatients with diarrhoea

and fever as determined by the centre’s physicians as

well as from outpatients who are referred to this

laboratory by physicians of Dhaka city. All salmonella

strains were isolated from blood cultures in Dhaka

clinical microbiology laboratory, ICDDR, B between

1989 and 1996, were included in the study.

Microbiological techniques

Blood (1–2 ml from children, 4–5 ml from adults) for

culture, was drawn by puncture of the femoral vein in

children and anterior cubital vein in adults with sterile

disposable needle and plastic syringe after cleansing

the puncture site with tincture iodine (1%) and

ethanol (70%). For children, DuPont’s isolator 1.5

(DuPont Company, Wilmington, USA) was used for

isolating salmonella according to instructions of the

company. A bottle containing 50 ml of Trypticase

Soya broth was used for adults. The bottle was

incubated aerobically at 37 °C for 7 days and broth

was subcultured on appropriate agar plates when

growth was suspected and blindly on the seventh day

of incubation. Suspected bacterial colonies were

identified by standard biochemical tests, serogrouped

and serotyped by slide agglutination using salmonella

O and H group antisera (Difco Laboratories, Detroit,

MI, USA) by standard method. Antimicrobial sus-

ceptibility was determined by Kirby-Bauer disk

diffusion technique using NCCLS standards, and E.

coli (ATCC 25992) and Staphylococcus aureus (ATCC

25923) (22) as control strains, Mueller-Hinton agar

(MHA) and commercial antibiotic disks (Oxoid,

Basingstoke, UK). The following commercial disks

were used: ampicillin 10 (µg), chloramphenicol

(30 µg), trimethoprim-sulfamethoxazole (1±25 µg}
23±75 µg), ceftriaxone (30 µg), and ciprofloxacin

(5 µg). MICs of antibiotics were determined by agar

dilution method by inoculating 10% CFU per spot on

MHA containing antibiotic in appropriate concen-

trations.

Plasmid DNA was extracted from 15 MDR (R

type – ApCmTs) and five susceptible S. Typhi isolates

according to the method of Portnoy et al. [23] and

separated by electrophoresis in 0±7% agarose gel. Gels

were stained with ethidium bromide and visualized by

UV transilluminator for plasmid DNA. The transfer

of R plasmid was determined by conjugation between

MDR S. Typhi and rifampicin-resistant Escherichia

coli K12 (F-, lac-, RifR) according to the method of

Neu et al. [24]. Transconjugants were selected on

brain-heart infusion agar containing rifampicin

(200 µg}ml) and chloramphenicol (125 µg}ml). To

obtain transconjugants, all putative transconjugants

were tested for antimicrobial susceptibility, plasmid

profiles and lactose fermenting property to differ-

entiate from spontaneous rifampicin-resistant-mutant

of donor.

RESULTS

Between 1989 and 1996, a total of 2683 (5±3%) S.

Typhi were isolated from 50677 blood cultures

processed in the clinical microbiology laboratory. The
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Table 1. Changes in isolation rates of multidrug resistant (MDR) and

susceptible strains of Salmonella Typhi from blood cultures, 1989–96

Year

No. of blood

cultures

No. (isolation rate) of S. Typhi

No. (isolation rate)

of S. ParatyphiAll

MDR

strains*

Susceptible

strains

1989 4385 61 (1±4) 0 (0) 61 (1±4) 9 (0±2)

1990 2793 99 (3±5) 8 (0±29) 91 (3±3) 14 (0±5)

1991 5163 231 (4±5) 60 (1±2) 169 (3±3) 35 (0±7)

1992 5456 309 (5±7) 126 (2±3) 182 (3±3) 27 (0±5)

1993 7444 479 (6±4) 191 (2±6) 268 (3±6) 75 (1±0)

1994 7501 547 (7±3) 240 (3±2) 299 (4±0) 56 (0±7)

1995 9348 582 (6±2) 165 (1±8) 364 (3±9) 81 (0±9)

1996 8587 375 (4±4) 82 (0±95) 283 (3±3) 79 (0±9)

Total 50677 2683 (5±3) 872 (1±7) 1717 (3±4) 376 (0±74)

* MDR strains¯ strains simultaneously resistant to ampicillin, chloramphenicol

and trimethoprim-sulfamethoxazole.
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Fig 1. Increase and decrease of multidrug resistant (MDR) Salmonella Typhi isolation rate from blood cultures ; U— MDR

S. Typhi, -+- Susceptible S. Typhi.

isolation rate of S. Typhi increased significantly from

1±6% in 1989 to 3±5% in 1990 (P! 0±01) and 7±3%

in 1994 (P! 0±01) in our laboratory (Table 1).

However, the isolation rate decreased to 6±2% in 1995

and further to 4±4% in 1996 (P! 0±01 compared to

1994). In contrast, isolation rates of susceptible S.

Typhi and S. Paratyphi from blood cultures (Table 1)

remained more or less the same during the epidemic

period of typhoid fever (1990–6).

In 1989, all S. Typhi isolates were susceptible to all

antibiotics tested. MDR S. Typhi strain (strain

simultaneously resistant to Ap, Cm and Ts) was first

isolated in 1990. The isolation rate of MDR strain was

0±3% (8 of 2793 samples) from blood cultures in that

year and increased by more than fourfold to 1±2% (60

of 5163 samples) in 1991 and peaked to 3±2% (240 of

7501 samples) in 1994 (P! 0±01 compared to 1990).

The rate decreased to 1±8% (165 of 9348 samples) in

1995 and further to 1% (82 of 8587 samples) in 1996

(P! 0±01 compared to 1994) indicating a decline in

the epidemic of MDR typhoid fever.

In 1990, 8% (8 of 99 isolates) of S. Typhi isolates

were simultaneously resistant to Ap, Cm and Ts. The

frequencies of resistance to these drugs increased to

26% in the next year and peaked up to 51% in 1994

(P! 0±01 compared to 1990) (Table 2). In 1995, a

lower percentage (range¯ 34–39%) of S. Typhi

isolates were resistant to these antibiotics. They

decreased further to a range of 24–31% in 1996

(P! 0±01 compared to 1994). Ceftriaxone (Cr) resist-

ance was negligible and Cp resistance was not detected

by disk diffusion method among S. Typhi isolates.

Almost all of the resistant strains of S. Typhi were

MDR strains (Table 3). In 1989, 8% of 61 S. Typhi
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Table 2. Frequency of antibiotic resistance among Salmonella Typhi

isolates from blood cultures, 1989–96

Antimicrobial

agents

Percentage of isolates resistant to antibiotics

(no. of isolates tested)

1989 1990 1991 1992 1993 1994 1995 1996

(61) (99) (231) (309) (479) (547) (582) (375)

Ampicillin 0 8 26 41 42 48 34 25

Trimethoprim- 0 8 26 41 44 51 39 24

sulfamethoxazole

Chloramphenicol 0 8 26 41 42 46 34 31

Ceftriaxone NT* 0 0 2±5 0 0 0±2 0

Ciprofloxacin NT NT NT 0 0 0 0 0

* NT, Not tested.

Table 3. Patterns of resistance to antibiotics among Salmonella Typhi

isolates from blood samples, 1989–96

Resistance

phenotypes*

Percentange of isolates with resistance patterns

(no. of isolates tested)

1989 1990 1991 1992 1993 1994 1995 1996

(61) (99) (231) (309) (479) (547) (582) (375)

Ap, Cm, Ts 0 8 31 41 40 44 29 22

Ap, Cm 0 0 0 0 0±3 0 4 0

Ap, Ts 0 0 0 0±3 2 4 0 3

Cm, Ts 0 0 0±4 0 1 2 4 1

Cm 0 0 0 0±3 0 0 0 0±4
Ts 0 0 0±4 0 0±3 2±5 2 4

* Ap, ampicillin ; Cm, chloramphenicol ; Ts, trimethoprim-sulfamethoxazole.

were MDR strains. The percentage of MDR strains

increased to 44% of 547 in 1994 (P! 0±01) indicating

the peak of epidemic and then subsequently decreased

to 22% of 375 in 1996 (P! 0±01 compared to 1994)

showing the decline of epidemic. Resistance to one or

two antibiotics was rarely detected among S. Typhi

strains.

Ten (66±7%) of 15 MDR S. Typhi strains tested had

one 176 kb plasmid. No plasmid was detected in five

susceptible isolates. Resistance to Ap, Cm and Ts in

MDR strains having plasmid, was transferred to E.

coli K12 by conjugation and mediated by 176 kb

conjugative R plasmid.

DISCUSSION

Until 1989, the treatment of typhoid fever was

relatively simple in Bangladesh like many other

countries since all S. Typhi isolates were uniformly

susceptible to first-line antibiotics, including chlor-

amphenicol. Although, a few sporadic cases of

typhoid fever caused by antibiotic-resistant S. Typhi

were reported, there was no evidence of a clinically

important resistance among strains of S. Typhi in

Bangladesh before 1990. In early 1990, MDR S.

Typhi strain was detected in our clinical microbiology

laboratory (16). Since then it was isolated at an

increasing frequency and in 1996, nearly half of

isolates were MDR strains. During the same period,

epidemics caused by MDR S. Typhi were reported

from Pakistan, India and other Southeast Asian and

West Pacific countries, the Middle East and Africa

[15]. MDR strains from all countries had similar

resistance patterns being resistant to three first-line

antibiotics Ap, Cm and Ts. Thus, MDR strain that

emerged in 1987 appeared to have caused the largest

and prolonged pandemic of typhoid fever for the first

time infecting large number of peoples across Asia

and Africa [2, 15, 17–20].
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At the beginning of pandemic in China, MDR S.

Typhi was resistant to three first-line antibiotics

similar to that observed in Bangladesh. Fluroquino-

lones (Cp, ofloxacin etc.) and third generation

cephalosporins (Cr, cefotaxime) were used to treat

MDR typhoid fever in Bangladesh and other coun-

tries. The strain subsequently developed resistance to

Cp resulting in treatment failures in patients from

Indian subcontinent and Vietnam [18, 19]. In 1997,

Cp-resistant S. Typhi caused an epidemic typhoid

fever in Tajikistan (20) signaling the impending

difficulties in the treatment of typhoid fever. Al-

though, resistance to third generation cephalosporins

is still rare among MDR isolates, Cr resistance is

present in non-typhi salmonella strains which could

serve as donors of an extended-β-lactamase gene to S.

Typhi.

MDR S. Typhi was reported to cause severe illness

resulting in serious complications and high mortality

[2, 4]. It was associated with high and prolonged fever,

marked toxaemia, prolonged bacteraemia and high

incidence of complications such as intestinal haem-

orrhage, jaundice, hepatomegaly and disseminated

intravascular coagulation in Bangladesh and many

other countries [4, 11, 15]. These severe clinical fea-

tures were not observed in the first multiresistant

typhoid fever epidemic in 1972 in Mexico, Latin

American countries, India and Vietnam [6–8]. It

appears that MDR S. Typhi strain may be more

virulent, perhaps due to presence of other virulence

genes on its R plasmid.

The recent MDR strain appears likely to have

spread from China to Bangladesh via neighbouring

countries. Interestingly, the MDR strain did not

replace or gain a survival advantage over susceptible

S. Typhi strains in Bangladesh. Both MDR and

susceptible strains were isolated during the epidemic

period. However, a decline in isolation rate of MDR

strain was observed after 4 years of the MDR epidemic

period and continued to do so for the next few years

indicating the waning of the MDR epidemic typhoid

fever in Bangladesh. A similar observation was

reported in India [25]. The isolation rate of susceptible

strains in Bangladesh remained unchanged during the

epidemic period without being influenced by the

emergence and decline of epidemic MDR S. Typhi.

The findings of our study in association with others

who reported the concurrent prevalence of MDR and

susceptible S. Typhi [25], support the views that there

was no emergence of susceptible strains of S. Typhi in

the Indian subcontinent during the post-epidemic

period, contradicting the views that there was an

reemergence of susceptible strains of S. Typhi [21].

The majority of MDR S. Typhi strains in Bangla-

desh had a 176 kb conjugative R plasmid that

mediates resistance of Ap, Cm and Ts and was similar

in size to MDR isolates from all countries affected by

the epidemic [13, 15, 16]. Thus, it is reasonable to

define this epidemic as a R plasmid epidemic, hosted

and disseminated by S. Typhi. The decline in epidemic

of MDR typhoid fever in the Indian subcontinent is

perhaps related to the loss of this R plasmid.

Integration of the R plasmid into the chromosome

of MDR S. Typhi strains explains the absence of R

plasmid in some MDR strains in Bangladesh as

described earlier among strains from other countries

[13].

Like many bacterial pathogens, we continue to

encounter the emergence of resistance to commonly

used antibiotics among S. Typhi isolates at an

increasing frequency resulting in difficulties in the

treatment of typhoid fever in Bangladesh like other

countries in Asia, Africa and Latin America. The

incidence of typhoid fever in Southeast Asian coun-

tries is still alarmingly high. Thus, the use of an

effective vaccine appears to be the key factor in

containing typhoid fever in this part of the world in

association with appropriate antimicrobial therapy

for the treatment of typhoid cases. Our study suggests

that cheaper and effective first-line antibiotics may re-

emerge as drugs of choice for the treatment typhoid

fever in Bangladesh as indicated by a marked decline

in isolation rate of MDR S. Typhi strain.
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