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Pulsed-field gel electrophoresis (PFGE) of Xbal-digested chromosomal DNA was performed on 133 sirains
of Salmoneclla enterica serovar Typhi obtained from Papua New Guinea, with the objective of assessing the
temporal variation of these strains. Fifty-two strains that were isolated in 1992 and 1994 were of one phage
type, DI, and only two predominant PFGE profiles, X1 and X2, were present. Another 81 strains isolated
between 1997 and 1999 have shown divergence, with four new phage types, UVS 1 (s = 63), UVS (a = 5), VNS
= 4), and D1 (m = 9), and more genetic variability as evidenced by the multiple and new PFGE Xbal profiles
21 profiles; Dice coefficient, F = 0.71 to 0.97). The two profiles X1 and X2 have remained the stable, dominant
subtypes since 1992, Cluster analysis based on the unweighted pair group method using arithmetic averages
algorithm identifies two main clusters (at 87% similarity), indicating that the divergence of the PFGE subtypes
was probably derived from some genomic mutations of the X1 and X2 subtypes. The majority of isolates were
from patients with mild and moderate typhoid fever and had various Xbal profiles. A single isolate from a
patient with fatal typheid fever had a unigque X11 profile, while four of six isolates from patients with severe
typhoid fever had the X1 pattern. In addition, 12 paired serovar Typhi isolates recovered from the blood and
fecal swabs of individual patients exhibited similar PFGE patterns, while in another 11 individuals paired
isolates exhibited different PFGE patterns. Three pairs of isolates recovered from three individuals had

different

usefulness of PFGE in assessing the genetic diversity

types and PFGE patterns, indicating infection with multiple strains. The study reiterates the
of 8. enterica serovar Typhi for both long-term epidemi-

ology and in vive stability and instability within an individual patient.

Typhoid fever is a sysiemic prolonged febrile illness caused
by Salmonella enterica serovar Typhi. Tt continues to be a
worldwide health problem, especially in developing countries
with their poor sanitation, poor standards of personal hygicne,
and contaminated food. Current estimates from the World
Health Organization suggest that the worldwide incidence of
typhoid fever is approximately 16 million cases annually, with
more than 600,000 deaths. Effective epidemiological surveil-
lance is needed 1o monitor the presence and spread of the
disease. For scrovar Typhi, the primary tools are scrotyping
and phage typing (f). However, these phenotypic methods lack
discrimination and arc often complemented by the more sen-
sitive and discriminative molecular techniques (1). Pulsed-field
gel electrophoresis (PFGE) is one of the most common Lech-
nique used to perform comparative chromosomal DMA anal-
wviis of serovar Typhi (6, 15, 21).

Previous studics of serovar Typhi have shown significant
genetic diversity, as demonstrated by PFGE differences among
400 isolates obtained from various regions with endemic infec-
tion, including Malaysia, Indonesia, Thailand, and Chile (21,
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22, 23). In contrast, PFGE analysis of a collection of 52 serovar
Typhi isolates obtained in 1992 w0 1994 from Papua New
Guinea wére very homogeneous (25). The present study was
carried out to extend the monitoring of genetic diversity to
more recenl isolations of scrovar Typhi strains from Papua
New Guinea with respect to the phage types and PFGE pro-
files.

MATERIALS AND METHODS

Bacterial strains. Eighty-onc scrovar Typhi strains oboined from 6l indige-
nous paiticnts wilh sporadic casca of typhoud fover in Papaea Now Guinea boetecen
1957 and 1999 wore studicd. Among the 81 solates, 23 paircd solaics (Lo, 46
ol ) wore from both focal swab and Blood cultarcs from 23 paticats and were
anatyzod to detcrming the in vivo stabiliny of the straine. The scverity of discase
in the paticnts from whom the isolatos were obtained i wmmarized in Tablc 1.
Random isolatcs from the 1992 and 1994 coflection (25) were also analvacd 1o
cumfirm (e stabnlity of the strams snd to compare (heim il the pecicnl dram
The unganesms were sadated, mantaned, and identificd by standard baochomical
mecthods and serotyping. Repeated subculturing of islates was moided. Vi
phage myping of the solatcs was porformed by sandard procodurcs by the
Salmonclla Reference Contre al the Instituie of Medical Roscarch, Kuala Lum-
. Malwysia. All the strains wore tesied for suscopiibility 1o 10 antimicrobial
agents by the duk diffuson echnguc wang Muclicr-Himon by the Buscr. Kirw
micthod (3) as recommended by NOCLS (14). These inchede ampicillin (10 pg),
chioramphoniond (30 pg), gentamicin (10 gg), tctrecycline (M) ug), co-trimon-
apode (35 pgl, strepionmycin (10 wg), kanamycin (30 ug). ciprofloxacin (5 ug).
ccliriamne (M pg), and nalidixic schd (30 pg). Exhenichis coll ATOC 25922 and
Staplvlocercus aurms ATUC 22213 wore used as controls for the poicncy of
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TABLE |. Association of PFGE pattems of serovar Typhi isolates from Papua Mew Guinea with disease severity and phage types

Ducasc soventy W B O Abal profilcs (no. of isolatcs) Phage types (a0, of isolaics)
Fatal 1 X1 (0 UVSL{l}
Patient dies
Severe f X1 (4), X8 (1) X2 (1) UVS1 (4), VNS (1), D1 (1)
Severcly o, with life-threatening
complications which include:
shock, bowel perforation or
Inmrrhueﬂqmdthu:dly
neuropsychiatric manifestations,
bleeding diathesis or acute renal
failure
Moderate n X1 13), X3 (4), X4 1), X6 (1), X9 (1), UVS1 (22), UVS (2), D1
Requires hospitalization because of X100 (1), X102 (3), X13 (1), X17 (1), (2), VNS (1)
!E'ltl'l‘l'j" no complications or only X14 (1)
mild complications
Milkd ITXN (1), X2 (3D, X5 (1), X6 (1), X10 UVS] (21), UVS (1), VNS
Mo complications, not severely ill, (7 X106 (1) X18 (1), X19 ¢1), X21 (1) i1y, D0 (4)
does ot require hospitalization
other than supervision of
treatment for pediatric cases.
Unkmown state” 20 X1 00n), X2 (1), X100 (2), X7 (3), X15 UWVSL (15), UVS (1), VNS
(1), X012 (1) X0 (1) (1) D1 (2)

* Unavailable clinical reconds.

amtibentics. Intcrprotation of the sonc of inhitktion was madk in acoordance with
the imtcrpretative stamdands provided by the mamsacturcr (Diagnoste Pasicur b

DRA preparation asd PFGE. Chromosomal [DNA for PFGE analysis was
proparcd in agansc plugs a8 proviously deseribod (21, M) Shiees of DNA-
containing agarose phegs wore digostod overnight with 101U of Xbel (Promega)
at 3TC and then cloctrophorcsed on a CHEF-DE 11111 systemn (Bio-Had Lab-
oratorics) for 36 h at 6 V om ', with & ramped pulse time of 1 to 40 s at 12°C,
Lambda DNA concalcmcr PFG marker (New England, Biolabs) was wcd & a
DNA soc standard. The gel was stained with cthidium bromide (1 ug mi—';
Sigma) ffor 15 min, destained in distillod watcr for 15 min, and phoiographed
under UV llumination. DA ragment panicras wore ssscssod vismlly, and
distinct profiles wore assignod an arbitrary restriction cndonecicas anahysis
paticrn. The hand diffcrences were interpreted by the method of Tepover ot al,
(20} By these criteria, isolates that have similar PFGE banding paticrms wore
deseribed as genctically indistinguishable, isolates that gave dilfcrent banding
paticrns in fower than four hands were assumed to be doscly relatod, and snlatcs
with dillerenccs in fouwr 1o &% bands might be relasicd. In addition, isolaics
showing a diffcrence in more than soven hands wore comsidered 1o be cpidomi-
ologically unrclited. Dice cocfficicnts of similarity wone aaloubaed o compare
the macrorcstriction paticrns. This cocficicnt, F, cwprosses the proportion of
shared DNA. fragments in wo isolates and was caleubatcd by the following
formuda. F = 2n_fn, + n ), wherem, is the totl number of DNA fragments from
isnlate AL m, i the otal number of DNA fragmenis from isolate ¥, and n,, is the
numbcr of DNA fragments that were identical in the o isnlatcs. By this
asscsement, F o= LIV indicaics. complete identity and F = ) indicates complcto
disamilarity. Chutcring was based on (he umweightcd pair group avcrage mothod
(UPGMA) and was performed with GedCompar (Applicd Maths, Kontrijk, Bel-
gium).

RESULTS

All strains were susceptible to the antimicrobial agents
tested. Among the 81 strains isolated from 1997 10 1999, only
four phage types were present: untypeable Vi | (UVSL, n =
h3}), untypeable Vi (UVS, n = 5), Vi negative (VNS, n = 4),
and D1 (n = 9). Phage typing was of limited use in subtyping
of the strains because it lacked discrimination. Phage type D2,

which was found in all 52 strains isolated in 1992 and 1994, was
nit detected (Table 2).

PFGE of Xbal-digested chromosomal DNA from 81 isolates
gave stable and reproducible patterns consisting of 15 10 20
fragments. Only Xbal was used in this study since it s more
discriminatory and cheaper than Avrll or Spel and is a more
useful restriction endonuclease for serovar Typhi (21). Twenty-
one pulsed-field profiles (X1 to X21) were obtained: X1 (n =
39), X2 (n = 9), X6 (n = 2), X7 (n = 3), X10 (n = 10), and X 12
(m = 4) were found in multiple isolates, and the other PFPs
were represented by one isolate each (F = (.71 1o 1.0). (Table
2; Fig. 1). In comparison with the 52 isolates obtained during
1992 1o 1994, which had mostly X1 (52%) and X2 (44%)
profiles, the recent isolates (obtained in 1997 o 1999) were
genetically more diverse. Nevertheless, X1 and X2 still re-
mained the predominant and stable genotypes (Table 2). The
genetic relatedness of the PFGE profiles, as demonstrated by
a dendrogram, shows two main clusters (a1 87% similarity).
Each cluster has cither the X1 or the X2 profile, indicating that
the divergence of the PFGE subtypes probably occured from
these two initial, closely related clones by some genomic mu-
tations (Fig. 2). Each cluster consisted of nine different profiles
differing in one to four bands (F = (L88 10 0.97) and two or
three bands (F = 0.92 to 0.94), respectively. Based on the
criteria of Tenover et al. (20), these strains can be designated
closely related strains.

Fifty-two isolates from patients with mild and moderate ty-
phoid fever had a variety of Xbal patterns, There was only one
isolate from a patient with fatal typhoid fever, and this had a
unique X11 pattern (differing from X1 in three DNA frag-
ments). The X1 profile was found in 7% of the solates (four
of six) from patients with severe typhoid fever. No distinet
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TABLE 1. Destribution of PFGE Ahal \uh‘.l.'l'n.-\ ol & oV |'r|\h:|
from Papua New Guinea over 1992 o 1994 and 1997 to 1999

Y Phage tvpes Xhal PFGE pattcrns F
T
(e o pdatos ) (mo, of molatca)
19921994 D2 (51} X1 (27), X2 (23), 094=1.0
X3 (2)
1997 UVS (2), X1 (18), X2 (3), L85-1.0
LUVS1 {21, X4 (1) X511),
VHS (2, X6 (1) X7 (1),
D1l XZ11(1)
| s UVS (2), X1 (14), X2 (3). 71=-1.0
UWVS1 {31, X6 (1), X7 (1),
o (5), XB (1) X9q1),
VNS (1) X1 (8), Xi1
(13, X012 (4),
X1341), X14
(1), X15 (1)
X16 (1), X0
(n
(R UWVSL (1), X1 (7), X2 (3) n78=1.0
D1 (3, X7 (1) X10
VNS (1), (2, XI17 (1)
UVSil) X185 (1), X19

()

* Daits Troim provoas study (25)

correlation between the molecular subtypes with disease sever-
ity was found (Table 1).

Twenty-three pairs of isolates obtained from blood and fecal
swabs from the 23 individual patients were also compared.
Paired blood-fecal isolates from 12 individual patients had
indistinguishable patterns. In another 11 patients, the paired
blood-fecal isolates differed by one 1o five bands (F = 0.86 to

X0

194.0
145.5
7.0

485

FIG. 1. PFGE (Abal clesvage) patterns of representative isolates
from sporadic cses of typhoid fever in Papua New Guinea (1992 1o
1999} The lanes contain {from left to right) lambda DMA concatemer
marker, UJI9F (X1), UJ42ZB (X2), UJI64 (X2), UISF (X4), UGB
(X5), UJ6F (X6), UJM9B (X21), UJ495F (6), PNGI1 (X1), UIS42F
(XT), UIMF (X7), UJGOF (X8), UI2IZF (X9), UIR2ZB (X1,
UJ3RE (X11), UJT3RB (X12), UJ4XB (X13), Ul446B (X14),
UJS42F (X15), UJEOSF (X16), UJSIZF (X17), U916 (XI18), and
UJ9348 (X199,

L Coas, MicC RO

(L91). Three of these pairs also had different phage types
(VINS-LIVS, UVE-LIVS], and DI1-1IVS1).

MSCUSSION

Strain typing is an integral pant of molecular epidemiclogy
and is used to discern the clonality of sirains involved in local
epidemics or global epidemiology. For serovar Typhi. the pri-
mary phenotypic method for subdividing serotypes of clinical
or epidemiological importance is phage typing. In Papua New
CGuinea, the serovar Typhi strains that were isolated in 1992 1o
1994 were mostly phage type D2, However, this phage type was
replaced by D1, UVS, UVSI, and VNS in the recently isolated
strains (1997 and 1999). Most of these new strains belonged o
the untypeable Vi 1 type (78%). Changes of phage type could
be due 1o phage type conversion among the Papua New
Giuinea serovar Typhi strains. Phage conversion is a well-doc-
umenied phenomenon associated with the loss or acquisition
of plasmids, phage conversion by lemperate phages, and loss of
lipopolysaccharide (2, 4, 17, 18, 26). It remains possible that
the replacement of serovar Typhi strains of phage type D2 by
strains of phage type D1, UVS, VNS, and UVS1 may represent
a postireatmeni effect and that strains have been selected fol-
lowing eradication of other competing strains. This is an inter-
esting point 1o be analyzed in further studies.

Our observations in this study indicate that phage typing
remains a useful epidemiological wol, but it must be comple-
menied by molecular methods involving direct chromosomal
DNA analysis. These might include plasmid analysis, PFGE,
ribotyping. or PCR-based amplification fragment length poly-
morphism and single-strand conformation polymorphism (13,
19). Among these methods, PFGE is known to be the method
of choice for subtyping of & enterica, since it is very reliable
and reproducible and has high discriminatory ability (1. 12).
PFGE analysis of serovar Typhi isolates from different parts of
Southeast Asia suggesis that a wide genetic diversity exists
among strains (22).

In our previous study of the serovar Twvphi isolates from
Papua New Guinea, a limited number of PFGE types were
found, with one or two patterns among the 52 isolates studied
(25). The limited diversity observed was probably due 1o the
relatively recent introduction of typhoid fever into the country,
since the disease was rarely seen before 1985 (16). Typhoid
fever was reported 1o have spread only recenily in endemic
form in the highland regions and in some of the larger coastal
towns. The population is now rather mobile due to improved
infrastructure, making it unlikely that isolation or the lack of
muobility are the causes of limited diversity among the strains.

Strains that were circulating in Papua New Guinea from
1992 to 1994 were most probably derived from a single intro-
duced clone based on the observation that all the serovar Typhi
strains belonging o phage type D2 were sensitive 1o the same
antibiotics and had limited genctic diversity. The present
strains {isolated in 1997 o0 1999) have now spread and, pre-
sumably due to selective pressure, have developed some ge-
netic variability. Since 1997, the number of PFGE subtypes has
increased from 2 to 21. The X1 and X2 patterns that were
prevalent in 1992 1o 1994 could have established themselves in
a number of ways. The single clone of X1 could have spread via
the movement of people. The assumption is that as time passes
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FIG. I Dendrogram showing the cluster analysis of the different PFGE Xbal parterns from 134 strains of scrovar Typhi, generated by the
GelCompar program using the UPGMA method, based on the mairix of F values.

and organisms spread, divergence may increase. The PFGE
approach is a measurement of diversity within resiriction en-
donuclease recognition sites distributed throughout the entire
genome, which may have arisen as a resoll of mutations which
remove or create recognition sites through insertion, deletion,
translocation, or inversion or via mobile genetic clements.
Some genetic diversity has occurred in serovar Typhi, but the
extent to which mutations, deletions, or chromosomal rear-
rangemenis were responsible for the divergemt Xbal profiles is
not clear. Liu and Sanderson (9) suggested that lmeral transfer
of DNA from an external source is the most probable mech-
anism for producing genetic changes in serovar Typhi. In ad-
dition, it has been demonstrated by Liv and Sanderson (10)
that serotype Typhi seems to be more susceptible than other
Salmonella serotypes to genetic reorganization and that these
genetic changes do not substantially alter the stability and
survival of the bacterium. A high natural mutation rate has also
been demonstrated in Salmaoneila (8).

It has been reported that the clinical manifestations differ
markedly in different parts of the world where typhoid is en-
demic. In South America and parts of Southeast Asia (eg.,
Malaysia and Thailand), typhoid fever manifests as a relatively
mild illness with low fatality rates and minimal complications.
In contrast, in Indonesia, severe and often fatal disease is
frequently seen, with higher mortality. The reasons for these
differences in discase severity are not known but may be re-
lated to differences in health care facilities, host immune re-
sponscs, genetic [actors, and perhaps dilferences in the sirains
of serovar Typhi circulating in the area of endemicity. Hengine
et al. (T) characterized four serovar Typhi isolates from pa-

ticnts with severe and mild typhoid fever by using protein
profiles, ribotyping, plasmid analysis, multilocus enzyme elec-
trophoresis, and phage typing. No association was found be-
tween the characteristics of the isolates and discase severity.
Grossman et al. (5) reported an association between flagellar
serotypes and decreased scverity of illness and invasiveness.

In our previous study, certain PFGE molecular subtypes of
serovar Typhi isolates were associated with the ability to cause
fatal or nonfatal disease (25). All 11 isolates obtained from
paticnts with fatal typhoid fever were identical and had the
same PFGE pattern combination, whereas the isolates from
paticnts with nonfatal typhoid fever had various PFGE pattern
combinations. In the present study, only one isolate from a
patient with fatal typhoid fever was available for analysis. This
particular isolate had a unigue X11 profile, which differed from
the X1 pattern in three DNA fragments. At this point, inter-
pretation of the PFGE profiles in terms of disease manifesta-
tions is hampered by insufficient clinical information concern-
ing the patients. No association was found between the phage
types and PFGE sublypes in that no particular pulsed-field
profiles were linked to any phage types. PFGE was definitely
more discriminatory than phage typing since it could further
differentiate the four phage types into 21 PFGE profiles.

In addition to its use as an epidemiological tool, PFGE is
very useful for studying the in vivo stability of a pathogen
within an individual. Comparison of pairs of isolates obtained
from different body sites from 12 individual patients revealed
indistinguishable patterns and phage types. This shows that in
these patients, the strains inhabiting different sites are the
same. However, the study also indicates that serovar Typhi
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strains isolated from blood and fecal samples from another 11
patients showed genetic changes that may have occurred in
vivo during the course of the infection. These variations in
strains from different bodily sites may arise as a result of
selective pressure owing 1o host immune response or antibody
therapy. Such variations in the strains indicate that the sirains
are nol independent clones but are so closely related that they
are presumed to be the same strain or a clonal variant. An
exceplion was scen in three patienis, for whom there is a
possibility that they were infected simultaneously by different
serovar Typhi strains since these sirains not only differed in
their PFGE profiles (F = (.85 1o (1.94) bul also differed in their
phage types. The in vivo instability of the microorganisms was
also noted in our previous study (25) and in another study by
others (11). The genctic relatedness of strains of Candida ob-
tained from different parts of the body suggested a possibility
of “substrain shuffling” within a patient.

In conclusion, we have demonstrated that multiple clones of
scrovar Typhi are now circulating in the Papua New Guinea
population and that the present strains are probably derived
from a common ancestral clone. The study reiterates the use-
fulness of PFGE in assessing the genetic diversity of serovar
Typhi for both long-term epidemiology and in vivo stability and
instability within an individual patient.
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