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We characterized by antibiotic susceptibility, plasmid analysis, incompatibility grouping, and pulsed-field
gel electrophoresis (PFGE) of XbaI- and SpeI-digested DNA 102 Salmonella enterica serovar Typhi (serovar
Typhi) isolated from recent outbreaks of typhoid in three different parts of Kenya. Only 13.7% were fully
susceptible, whereas another 82.4% were resistant to each of the five commonly available drugs: ampicillin,
chloramphenicol, and tetracycline (MICs of >256 �g/ml); streptomycin (MIC, >1,024 �g/ml); and cotrimox-
azole (MIC of >32 �g/ml). Resistance to these antibiotics was encoded on a 110-kb self-transferable plasmid
of IncHI1 incompatibility group. The MICs of nalidixic acid (MIC, 8 to 16 �g/ml) and ciprofloxacin (MIC of
0.25 to 0.38 �g/ml) for 41.7% of the 102 serovar Typhi isolates were 5- and 10-fold higher, respectively, than
for sensitive strains. Amplification by PCR and sequencing of the genes coding for gyrase (gyrA and gyrB) and
topoisomerase IV (parE and parC) within the quinolone resistance-determining region revealed that the
increase in the MICs of the quinolones had not resulted from any significant mutation. Analysis of genomic
DNA from both antimicrobial agent-sensitive and multidrug-resistant serovar Typhi by PFGE identified two
distinct subtypes that were in circulation in the three different parts of Kenya. As the prevalence of multidrug-
resistant serovar Typhi increases, newer, more expensive, and less readily available antimicrobial agents will
be required for the treatment of typhoid in Kenya.

Typhoid fever, caused by Salmonella enterica serovar Typhi
is endemic in most parts of Central America (7, 20), Southeast
Asia (12, 15, 16), and the Indian subcontinent (23, 25), and
recently increasing numbers of cases have been reported in
Africa (13, 14). Globally, it is estimated that typhoid causes
over 16 million cases of illness each year, resulting in over
600,000 deaths (31). Typhoid fever manifests as a prolonged
illness, and it is a sometimes fatal infection in both adults and
children if it results in inflammatory destruction of intestines
and other organs, including the bone marrow.

For more than 40 years since its discovery, chloramphenicol
was the drug of choice for the treatment of typhoid. However,
the emergence in the late 1980s of multidrug-resistant (MDR)
serovar Typhi (isolates resistant to ampicillin, chlorampheni-
col, and cotrimoxazole) in outbreaks reported in the Indian
subcontinent (16, 23, 25), Arabian Gulf, the Philippines (24),
and South Africa (5) has led to the use of the fluoroquinolones
as alternative drugs (4). Among the first reports of clinical
treatment failure due to serovar Typhi resistant to nalidixic
acid and showing then an increased ciprofloxacin MIC (0.125
�g/ml) was in 1991 in a patient who had recently returned to
the United Kingdom from India (29). Thereafter, several cases
of MDR serovar Typhi also resistant to nalidixic acid and the
fluoroquinolones have been reported in Bangladesh (2), India
(18) Thailand, Vietnam (21), and Tajikistan (17), raising con-
cerns about further spread to other regions where typhoid
fever is endemic. In addition, molecular characterization of the

serovar Typhi outbreak strains revealed that resistance to com-
monly used antimicrobial agents, including chloramphenicol,
ampicillin, and trimethoprim, was encoded by plasmids of the
HI incompatibility group (14, 16, 24).

In most strains of serovar Typhi, resistance to the quinolones
has been attributed to point mutations in the genes encoding
DNA gyrase (gyrA and gyrB) or DNA topoimerase IV (parC
and parE) enzymes, which are located within the quinolone
resistance-determining region (QRDR) of the chromosomes
of bacteria (9, 11, 22, 23). Recently, MDR serovar Typhi show-
ing resistance to nearly all of the commonly available “first
line” antimicrobial agents used for the treatment of these and
other infections have been isolated in Kenya (13). Using plas-
mid and chromosomal DNA typing, the aim of the present
study was to characterize MDR serovar Typhi strains isolated
from the blood of patients in three different parts of Kenya
that reported outbreaks during a period of 2 years and then
compare these with isolates from previous outbreaks of ty-
phoid fever.

MATERIALS AND METHODS

Patients. These were adult admissions to the hospital who came from areas
reporting outbreaks of typhoid fever during the period January 2001 to Decem-
ber 2002. Outbreaks were reported at various times during the period from three
parts of Kenya: (i) Nairobi Province, with cases of typhoid fever being identified
at the main referral hospital, Kenyatta National Hospital, and the Aga Khan
Hospital; (ii) Embu District, located ca. 120 km north of Nairobi; and (iii) Thika,
located ca. 50 km north of Nairobi. Cases from Embu District and Thika District
were treated at the respective Provincial General Hospitals.

Bacterial isolation. Blood for culture was obtained from suspected cases
before antibiotic treatment was commenced and cultured in brain heart infusion
broth (Oxoid, Ltd., Basingstoke, United Kingdom) with p-aminobenzoic acid
(Sigma-Aldrich, Dorset, United Kingdom). The blood cultures were incubated at
37°C and subcultured when turbid onto sheep blood and MacConkey agar
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(Oxoid) plates. Bacterial isolates were evaluated by biochemical tests with API
20E strips (bioMerieux, Basingstoke, United Kingdom), and the isolates were
then serotyped by using agglutinating antisera (Murex Diagnostics, Dartford,
United Kingdom). Serovar Typhi isolates were stored at �70°C on protect beads
(Technical Service Consultants, Ltd., Heywood, United Kingdom) until ana-
lyzed.

Antibiotic susceptibility testing. Serovar Typhi isolates were tested for sus-
ceptibility to antimicrobials by a controlled disk diffusion technique on IsoSen-
sitest agar (Oxoid) plates containing 5% lysed horse blood. The antibiotic disks
(all from Oxoid) contained ampicillin (10 �g), tetracycline (30 �g), cotrimox-
azole (1:25 �g), chloramphenicol (30 �g), streptomycin (30 �g), gentamicin (10
�g), co-amoxyclav (20:10 �g), ciprofloxacin (5 �g), cefuroxime (30 �g), ceftri-
axone (30 �g), and nalidixic acid (10 �g). MICs of these antibiotics were deter-
mined by using the E-test strips (AB Biodisk, Solna, Sweden) according to the
manufacturer’s instructions. Escherichia coli ATCC 25922 (with known MICs)
was used as a control for potency of antibiotics. Disk susceptibility tests and
MICs were interpreted according to the guidelines provided by the National
Committee for Clinical Laboratory Standards (NCCLS) (19).

Mating experiments. Mating experiments were performed as described previ-
ously (13) with Escherichia coli K-12 (F�, nalidixic acid resistant) as recipient.
Briefly, both donor isolates (serovar Typhi resistant to one or more antimicrobial
agents, including ampicillin or chloramphenicol) and recipient E. coli K-12 were
grown in nutrient broth on a shaker at 37°C for 18 h. Both donor and recipient
cultures were diluted 1:10 in freshly prepared and prewarmed (37°C) nutrient
broth (Oxoid). Donor and recipient broth cultures were then mixed in equal
proportions in 4-ml volumes and incubated without shaking at 37°C for 18 h.
Transconjugants were selected on IsoSensitest agar containing either ampicillin
and nalidixic acid or chloramphenicol and nalidixic acid (32 �g/ml each). In
order to determine transferability of antibiotic resistance, E. coli K-12 transcon-
jugants were retested by disk diffusion for antibiotic susceptibility to the range of
antimicrobial agents previously tested on the serovar Typhi donor isolates. To
obtain information on the transferable resistance-encoding plasmids, plasmid
DNA was extracted from both donor and transconjugant strains by using a
Plasmid Mini-Prep kit (Qiagen, Ltd., West Sussex, United Kingdom) according
to the manufacturer’s instructions. Plasmid molecular sizes were determined by
coelectrophoresis with plasmids of known molecular sizes from E. coli strains
V517 (35.8, 4.8, 3.7, 2.6, 2.0, 1.8, and 1.4 MDa) and 39R861 (98, 42, 24, and 4.6
MDa) on 1% horizontal agarose gels.

Incompatibility grouping of plasmids by PCR. Plasmids isolated from both the
donor serovar Typhi, and their transconjugants were subjected to PCR to de-
termine whether they belonged to the IncHI1 incompatibility group. The
RepHI1A replicon, present in IncHI plasmids, was amplified by using PCR with

the primers 5�-GGTCCAACCCATTGCTTTAC-3� and 5�-CACGGAAAGAA
ATCACAAC-3� as previously reported (8, 14) on a Techgene MiniCycler
(Techne, Inc., Princeton, N.J.). Reaction conditions consisted of 50 ng of plasmid
DNA and 100 nM concentrations of each primer in a buffer composed of 10 mM
Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl2, a 200 �M concentration of
deoxynucleoside triphosphate mixture, and 1 U of Taq polymerase in a final
volume of 100 �l. Amplification conditions were 30 cycles of 94°C for 30 s, 55°C
for 30 s, and 72°C for 30 s, with a final extension step of 72°C for 10 min. PCR
products were resolved by electrophoresis on 1.2% gels at 120 V run for 1 h.
Amplicons of 365 bp were considered positive for the RepHI1A replicon, as
previously reported (14, 25).

PCR of the gyrA, gyrB, parC, and parE genes in the QRDR of serovar Typhi.
Total DNA was prepared by boiling serovar Typhi for 10 min, followed by
centrifugation at 13,000 rpm for 2 min to obtain the supernatant. PCR was
performed on a Techgene MiniCycler (Techne) with the four primer pairs shown
in Table 1. Reaction conditions consisted of 50 ng of plasmid DNA and 100 nM
concentrations of each primer in a buffer composed of 10 mM Tris-HCl (pH 8.3),
50 mM KCl, 1.5 mM MgCl2, a 200 �M deoxynucleoside triphosphate mixture,
and 1 U of Taq polymerase in a final volume of 100 �l. Amplification conditions
consisted of 30 cycles of 94°C for 30 s, 55°C for 30 s, and 72°C for 30 s, with a final
extension step of 72°C for 10 min. To determine whether a mutation had oc-
curred at the gyrase A site, 2 �l of purified PCR product was digested with 5 U
of HinfI at 37°C for 2 h. PCR products were resolved by electrophoresis on 1.2%
gels at 120 V run for 1 h.

DNA sequencing. DNA sequencing was carried out by using automated se-
quencing (Lark Technologies, Inc., Essex, United Kingdom). DNA sequences
were analyzed by using a commercial software (Lasergene; DNAStar, Inc., Mad-
ison, Wis.). BLAST (1) was used to compare the nucleotide sequences from the
four PCRs with the published genome sequence of serovar Typhi strain CT18
(complete chromosome accession number AL513382).

PFGE of macrorestricted chromosomal DNA. Chromosomal DNA from se-
rovar Typhi isolates was prepared in agarose plugs as described previously (13).
DNA in agarose plugs was digested by using 25 U each of XbaI and SpeI (Roche
Diagnostics GmbH, Mannheim, Germany). PFGE of agarose plug inserts was
then performed on a CHEF-DR III system (Bio-Rad Laboratories, Hercules,
Calif.) on a horizontal 1% agarose gel for 20 h at 120 V, with a pulse time of 5
to 40 s at 14°C. A lambda DNA digest consisting of a ladder (�22 fragments) of
increasing size from 50 to �1,000 kb was included as a DNA size standard. The
gel was stained with ethidium bromide and photographed on a UV transillumi-
nator (UVP, Inc., San Gabriel, Calif.). The restriction endonuclease digest pat-
terns were compared, and their similarities were scored by the method of
Tenover et al. (26) and by using the Dice similarity coefficient formula: 2 h/(a �
b), where h is the number of matching bands and a � b is the total number of
matching and nonmatching bands.

RESULTS

Bacterial isolates. During the period of study from January
2000 to December 2002 a total of 102 serovar Typhi isolates
were obtained: 85 isolates from patients in Nairobi Province,
14 isolates from patients from Embu District, and 3 isolates
from patients treated at Thika District Hospital (Table 2). In
addition, serovar Typhi isolates from recent (i.e., 1999 and
2000) outbreaks in Pakistan (Rawalpindi) (six MDR serovar
Typhi isolates) and South Africa (Natal, 1992 outbreak of

TABLE 1. Primers used for PCR amplification and sequencing of
genes coding for the quinolone resistance

Primer Primer sequence Reference

GYRA1 5�-ATGAGCGACCTTGCGAGAGAAATTAC
ACCG-3�

3

GYRA2 5�-CTTCTGTAGTCGTAACTTCCCGACTAC
CTT-3�

GYRB1 5�-AAGCGCGATGGCAAAGAAG-3� 11
GYRB2 5�-AACGGTCTGCTCATCAGAAAGG-3�
PARC1 5�-ATGAGCGATATGGCAGAGCG-3� 9
PARC2 5�-TGACCGAGTTCGCTTAACAG-3�
PARE1 5�-GACCGAGCTGTTCCTTGTGG-3� 9
PARE2 5�-GCGTAACTGCATCGGGTTCA-3�

TABLE 2. Phenotype and genotype distribution of serovar Typhi isolates from sporadic outbreaks in three different parts of Kenya

Source of
serovar Typhi

No. of
isolates

No. (%) of MDRa

isolates
No. (%) with

increased MICsb

No. (%) of isolates with XbaI and SpeI PFGE pattern:

1 2

MDR Sensitive MDR Sensitive

KNH 85 72 (84.7) 38 (44.7) 34 (40) 10 (11.8) 38 (44.7) 3 (3.5)
Embu 14 13 (92.8) 7 (50) 9 (64.3) 0 4 (28.6) 1 (17.1)
Nakuru 3 3 (100) 3 (100) 0 0 3 (100) 0

a That is, serovar Typhi strains resistant to three or more antimicrobial agents.
b The nalidixic acid and ciprofloxacin MICs were 8 to 16 �g/ml and 0.25 to 0.38 �g/ml, respectively.
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typhoid) (three MDR serovar Typhi and two sensitive isolates)
were included for epidemiological comparison.

Antibiotic susceptibility testing. Of the 102 serovar Typhi
isolates studied, only 14 (13.7%) isolates were fully susceptible
to all 11 antibiotics tested. Four strains showed different sus-
ceptibilities: one strain each from Nairobi hospitals were re-
sistant to chloramphenicol and tetracycline, respectively; one
strain was resistant to ampicillin, chloramphenicol, and tetra-
cycline, and one strain was resistant to ampicillin, streptomy-
cin, chloramphenicol, and tetracycline. The fourth isolate from
Embu was also resistant to ampicillin, streptomycin, chloram-
phenicol, and tetracycline. The rest of the isolates 84 (82.4%)
were all uniformly resistant to ampicillin, chloramphenicol,
and tetracycline (MICs of �256 �g/ml), streptomycin (MIC of
�1,024 �g/ml), and cotrimoxazole (MIC of �32 �g/ml), which
are among the most readily available antibiotics in Kenya.
Nearly half (48 [47.1%]) of all the isolates showed increased
nalidixic acid and ciprofloxacin MICs (8 to 16 �g/ml and 0.25
to 0.38 �g/ml, respectively) compared to fully sensitive isolates
(nalidixic acid and ciprofloxacin MICs of 2 to 4 �g/ml and 0.02
to 0.1 �g/ml, respectively), a 5- to 10-fold increase in the MIC
level. However, increased nalidixic acid and ciprofloxacin
MICs remained within the sensitive range (MICs of �1 and
�16 �g/ml, respectively) according to NCCLS criteria (19).
There was no correlation between increased nalidixic acid and
ciprofloxacin MICs and the MDR phenotype. For example, for
a total of 20 (19.6%) isolates, the nalidixic acid (MIC of 2 to 4
�g/ml) and ciprofloxacin (MIC of 0.02 to 0.09 �g/ml) MICs
were low, even though these isolates were multiply resistant to
all five commonly available antimicrobial agents. There was
also no correlation between the source of serovar Typhi (by
region) and susceptibility or resistance to the antimicrobial
agents tested.

Plasmid incompatibility and in vitro conjugation tests. All
88 MDR serovar Typhi contained a single 110-kb plasmid, but
6 isolates contained one to two additional plasmids of 4 to 10
kb. No plasmids were isolated from fully sensitive isolates. On
the basis of in vitro conjugation tests, the MDR serovar Typhi
all transferred their full resistance phenotype to five antibiotics
(ampicillin, chloramphenicol, tetracycline, streptomycin, and
cotrimoxazole) to E. coli K-12 on the 110-kb plasmids. Plasmid
preparations from MDR serovar Typhi and total DNA from
five fully sensitive isolates (negative controls) were used as a
template, along with incompatibility group HI1A-specific
primers, in order to amplify a 365-bp region specific for the
RepHI1A replicon. Only the MDR serovar Typhi isolates were
positive for the 365-bp PCR product (Fig. 1). HindIII digestion
of the 365-bp product resulted in two fragments (165 and 220
bp, respectively) for all of the MDR serovar Typhi isolates.

Analysis of QRDR of serovar Typhi. We examined a total of
15 serovar Typhi with raised MICs of nalidixic acid and cipro-
floxacin (MICs of 8 to 16 �g/ml and 0.25 to 0.38 �g/ml, re-
spectively) and a negative control strain (MICs of 4 �g/ml and
0.08 �g/ml, respectively) for mutations in the gyrA, gyrB, parC,
and parE genes within the QRDR. Amplification of the gyrA
gene by using PCR and restriction analysis with HinfI of the
620-bp product revealed three bands (Fig. 2) at the HinfI sites
corresponding to Ser-83 and Asp-87 of gyrA, a finding which
indicated that there were no alterations of the HinfI restriction
sites. Nucleotide sequence analysis also showed that no point

mutation had occurred in the QRDR in the gyrA, gyrB, parC,
and parE genes.

PFGE. In the analysis of fragments produced by XbaI and
SpeI digestion of genomic DNA, fragments of �100 kb were
excluded because of the possibility of including plasmid DNA
from the MDR serovar Typhi. Analysis by PFGE of restriction
fragments from the two enzymes, XbaI and SpeI, produced
two distinct but similar patterns with either enzyme (Fig. 3, left
panel). Restriction fragment pattern I (14 fragments each with
XbaI and SpeI) consisted of 75.5% of isolates, whereas pattern
II (14 fragments with XbaI and 12 fragments with SpeI) con-
sisted of 24.5% of isolates. There were �8 band differences in
migration on PFGE gels between the two restriction fragment
patterns. The Dice coefficient value, excluding plasmid DNA,

FIG. 1. Incompatibility grouping for IncHI1 plasmid by PCR. The
product is 365 bp. Lanes: M, 100-bp ladder; 1 to 10, MDR serovar
Typhi; 11, antibiotic-sensitive serovar Typhi.

FIG. 2. HinfI digests of a 620-bp product from amplification of
gyrA gene by PCR, resulting in three fragments. This experiment shows
that there was no point mutation to abolish HinfI sites within gyrA
region. Lanes: M, 123-bp ladder; 1 to 6, HinfI restriction digests of
PCR product containing fully sensitive serovar Typhi (lanes 1 to 3),
serovar Typhi resistant to ampicillin and cotrimoxazole (lane 4), and
MDR serovar Typhi resistant to ampicillin, cotrimoxazole, tetracy-
cline, streptomycin and with increased nalidixic acid and ciprofloxacin
MICs (lanes 5 and 6).
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for both XbaI and SpeI digest fragment patterns was 42.9%.
There was, however, no correlation between the antimicrobial
susceptibility phenotype of serovar Typhi and the PFGE re-
striction fragment pattern (Table 2).

With both XbaI and SpeI, the PFGE pattern I was identical
to the pattern for the earlier (i.e., 1999) serovar Typhi out-
break strain (13) but differed significantly from the banding
patterns of sensitive isolates from the 1988 to 1990 outbreaks
(Fig. 3, right panel). In addition, the Kenyan serovar Typhi
strains of pattern I were identical in their PFGE restriction
fragment pattern to a MDR strain (ampicillin, chlorampheni-
col, tetracycline [MICs of �256 �g/ml] and streptomycin [MIC
of �1,024 �g/ml]) from South Africa, for which the nalidixic
acid and ciprofloxacin MICs were 6 and 0.09 �g/ml, respec-
tively. However, these serovar Typhi strains of PFGE pattern I
were different from the sensitive serovar Typhi isolates from
South Africa and the MDR strains from Pakistan and Hong
Kong (Fig. 3, right panel).

DISCUSSION

Although typhoid outbreaks caused by MDR serovar Typhi
in most endemic parts Asia and the Indian subcontinent (4, 6,
11, 16) have been well characterized, data from areas in Africa
where there have been outbreaks are scarce. We characterized
by antimicrobial susceptibility testing and by plasmid and
genomic DNA typing a total of 102 serovar Typhi isolates from
recent outbreaks in three parts of Kenya.

Since the first report of MDR serovar Typhi outbreaks,
which occurred in Kenya in 1997 to 1999 (13) when the prev-
alence of the MDR phenotype was 50 to 65%, continuous
surveillance has shown that the prevalence of MDR serovar
Typhi has been rising steadily and that, at present, 70 to 78%
of all serovar Typhi isolates from blood cultures from the main
referral hospital in Nairobi are MDR. This figure is much

higher than the 52% prevalence for MDR serovar Typhi re-
ported in outbreaks of typhoid in Ghana (14) but is close to the
high prevalence of MDR serovar Typhi noted in South African
outbreaks (5). Based on the increases in the prevalence of the
MDR phenotype, it appears that MDR serovar Typhi strains
have been spreading to other parts of Kenya and are gradually
replacing the fully sensitive strain type, probably due to their
survival advantage over sensitive strains.

The initial screening for mutations within the gyrase gene by
using HinfI restriction sites produced three bands (137, 43, and
15 bp) in both the low- and the higher-antimicrobial-agent-
MIC serovar Typhi isolates, showing that no significant
changes had occurred within the HinfI sites, as would normally
occur with nalidixic acid-resistant isolates. In addition, se-
quencing of the PCR products did not reveal any significant
point mutations in the gyrA, gyrB, parC, and parE genes within
the QRDR. This could be because our isolates, although show-
ing raised quinolones MICs compared to fully sensitive iso-
lates, are still within sensitive category on the basis of NCCLS
criteria. Full resistance to the quinolones has normally been
traced to sequential point mutations within the QRDR of the
chromosome of serovar Typhi, with each mutation encoding
higher levels of resistance. The increased quinolone MICs is
not surprising since, within the last 5 years, the quinolones,
especially norfloxacin and ciprofloxacin, have become the
mainstay treatment choices for typhoid fever after resistance
developed to previously commonly available antibiotics, in-
cluding chloramphenicol and cotrimoxazole. The high preva-
lence of MDR serovar Typhi strains for which the nalidixic acid
and ciprofloxacin MICs are high compared to those for sensi-
tive strains means that soon resistance may emerge that ren-
ders these drugs ineffective, as has happened in Southeast Asia
(4, 17, 18, 28), where even moderate rises in MICs has led to
clinical treatment failure. The major concern in Kenya has
been the unregulated over-the-counter sale of the quinolones

FIG. 3. (Left panel) Gel picture showing two different digest patterns of MDR serovar Typhi from Kenya: PFGE pattern 1 (lanes 1 and 2) and
PFGE pattern 2 (lanes 3 and 4) with SpeI restriction endonuclease. Lane M, 50-kb lambda molecular size ladder. (Right panel) Gel picture showing
XbaI digest pattern I of MDR serovar Typhi from Kenya (lanes 1 to 3), a similar PFGE pattern of MDR serovar Typhi from South Africa (lane
4) but different from the digest patterns of MDR serovar Typhi from Hong Kong (lane 5), Pakistan (lane 6), and the fully sensitive serovar Typhi
from 1988 to 1990 outbreaks in Kenya (lanes 7 to 9). Lane M, 50-kb lambda molecular size ladder.
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and indeed other antibiotics mainly for self-treatment of sus-
pected infection in humans and, to a lesser extent, for use in
animals without prescription, which will inevitably lead to the
emergence and rapid dissemination of resistance. In addition,
there will be a need to ensure that cheaper generic drugs
available in the market for the treatment of typhoid are of
good quality and are used rationally. As in MDR serovar Typhi
outbreaks reported from many parts of the world (16, 17, 30),
multidrug resistance in Kenyan serovar Typhi (which is resis-
tant to five commonly available antimicrobial agents) was en-
coded on large self-transferable IncHI1 plasmids of �110 kb.
It is likely that resistance was acquired through the horizontal
transfer of plasmids to previously sensitive strains irrespective
of susceptibility to the quinolones commonly in use in Kenya:
nalidixic acid, norfloxacin, and ciprofloxacin.

PFGE of XbaI- and SpeI-digested chromosomal DNA from
serovar Typhi isolates, including both MDR and fully sensitive
strains, produced two distinct patterns, showing that two strain
types were in circulation in the affected parts of the country
and hence likely to represent outbreak-related strains. In ad-
dition, 75.5% of serovar Typhi (PFGE pattern I) from the
recent outbreaks had PFGE patterns similar to those of iso-
lates from a previous 1997-to-1999 typhoid outbreak in Nairobi
(13), and this strain type seems to be predominant in the three
study areas examined here. Most outbreaks in Asia have been
due to single or closely related serovar Typhi strains, as char-
acterized by PFGE (10, 29). In contrast, outbreaks of typhoid
in Pakistan have previously been caused by clonally unrelated
strains (16), whereas MDR serovar Typhi isolates from Thai-
land (27) were found to be distinct and independently coex-
isted with sensitive strains. Our observations seem to be in
contrast to these findings since the MDR and sensitive serovar
Typhi strains shared similar PFGE patterns and were not spe-
cific to any one regional outbreak. In addition, the two PFGE
patterns of serovar Typhi from Kenya were unrelated to pat-
terns observed in the isolates we analyzed from recent out-
breaks in Pakistan and Hong Kong. However, the most pre-
dominant PFGE pattern I was indistinguishable from that of
an MDR serovar Typhi resistant to four antimicrobial agents
(ampicillin, chloramphenicol, tetracycline, and streptomycin),
but for which the quinolone MICs were low, that we obtained
from an outbreak in 1992 in Natal, South Africa. It is likely that
outbreaks from these two regions were caused by related
strains.

Although contamination by a burst sewer line of a river used
by local people for drinking water was incriminated in the
typhoid outbreak in Embu District for the spread of infection,
no clear sources were associated with the outbreaks in Nairobi
and Nakuru. However, overcrowding in urban centers and
subsequent deterioration of sanitary conditions may be respon-
sible for the typhoid outbreaks reported at the respective hos-
pitals. In conclusion, we observe that outbreaks caused by
MDR strains will require more expensive and not so readily
available drugs for effective treatment, and this will be an
added burden to the healthcare sector. Improvements in san-
itation, prompt diagnosis, and the rational use of available
effective drugs in treatment will be important in managing
typhoid and in arresting any further escalation in outbreaks.
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