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Case Series of Imported Enteric Fever at a Referral Center in Tokyo, Japan:
Antibiotic Susceptibility and Risk Factors for Relapse
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Abstract. Owing to the increase in Salmonella strains with decreased fluoroquinolone susceptibility in the endemic
areas, we have been treating enteric fever with intravenous ceftriaxone empirically since 2007. In this study, we
reevaluated our treatment protocol. This retrospective cohort study was conducted at a single institute in Tokyo, Japan,
between January 2006 and December 2013. Enteric fever was defined as isolation of Salmonella Typhi or Salmonella
Paratyphi A, B, and C from the blood and/or stool of patients with fever. Of the 35 patients with imported enteric
fever, 28 (80%) had returned from south Asia. Ciprofloxacin-susceptible strains were detected in only 12% of the
cases. The isolates showed excellent susceptibility to ampicillin (91% ), chloramphenicol (94%), ceftriaxone (97%), and
azithromycin (97%). One case of Salmonella Paratyphi B was excluded, and of the remaining 34 patients, 56% were
treated with ceftriaxone alone, 26% with ceftriaxone then fluoroquinolone, and 9% with levofloxacin alone. The over-
all relapse rate was 6.1%; however, among those receiving ceftriaxone monotherapy, the relapse rate was 11% (N = 2).
The relapse group was characterized by longer times to treatment initiation (P = 0.035) and defervescence (> 7 days)
after treatment initiation (P = 0.022). In such cases, we recommend that ceftriaxone treatment be continued for > 4 days
after defervescence or be changed to fluoroquinolone if the strains are found to be susceptible to prevent relapse.
Furthermore, ampicillin and chloramphenicol, which are no longer prescribed, may be reconsidered as treatment

options in Asia.

INTRODUCTION

Every year, an average of 11.9-20.6 million new cases of
typhoid fever occur worldwide with the highest incidences in
south and southeast Asia,' resulting in significant morbidity
and mortality especially among children.? In addition, enteric
fever (i.e., typhoid fever or paratyphoid fever) is one of the
important differential diagnoses of febrile illness in returning
travelers. According to the GeoSentinel database of travelers,
between 2006 and 2011, 67% of all enteric fever patients were
those returning from south Asia.® This equates to the current
epidemiology in Japan: 20-70 cases of enteric fever are being
reported in Japan each year, 60-80% of which are imported
from south and southeast Asia.

Fluoroquinolones are widely accepted as the optimal treat-
ment of enteric fever in adults.* They have better clinical
outcomes, such as resolution of fever and lower rates of
treatment failure, than those of other antibiotics because
they have excellent tissue penetration and bactericidal activi-
ties against Salmonella enterica subspecies enterica serovar
Typhi and Paratyphi A, B, and C in the intracellular station-
ary stage in monocytes/macrophages. However, isolates sus-
ceptible to ciprofloxacin, but resistant to nalidixic acid in the
laboratory, showed poor clinical outcomes and treatment
failure before 2012 when the treatment was directed by the
breakpoint of ciprofloxacin.™® Owing to the increasing num-
ber of isolates with decreased fluoroquinolone susceptibility
found in the endemic areas, we have been treating enteric
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fever with intravenous ceftriaxone empirically since 2007,
depending on the prevalence of strains with decreased
fluoroquinolone susceptibility.

To the best of our knowledge, case series that describes the
treatment course and outcome of enteric fever in returning
travelers is limited. In 2012, the Clinical Laboratory Standard
Institute (CLSI) revised the breakpoints of ciprofloxacin: min-
imum inhibitory concentration (MIC) for susceptibility was
changed from < 1 pg/mL to < 0.06 pg/mL. Therefore, in this
study, we reevaluated our treatment protocol and determined
the clinical characteristics, antibiotic susceptibility, and risk
factors for relapse of enteric fever in Japan.

MATERIALS AND METHODS

Subjects. This retrospective cohort study was conducted
by chart review of all cases of enteric fever diagnosed at the
National Center for Global Health and Medicine (NCGM),
Tokyo, Japan, between January 2006 and December 2013.
Enteric fever was defined as isolation of Salmonella Typhi or
Salmonella Paratyphi A, B, and C from the blood, urine,
stool, or bone marrow samples of patients with fever. Conva-
lescent patients and chronic carriers were excluded in this
study, and the Widal test was not used for diagnosis.

Study description and consent. This research was approved
by the institutional review board of NCGM. We obtained par-
ticipation consent by using an opt-out consent form.

Definitions. Defervescence was defined as having a body
temperature < 37.5°C for > 48 hours without antipyretics.
We used the criteria of sepsis adopted by the 2012 Surviving
Sepsis Campaign’ and Cunha’s criteria for relative bradycardia.®
Relapse was defined as recurrence of symptoms with a positive
culture from a sterile site (blood, urine, or bone marrow) or
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from the stool of a patient with clinical features characteristic
of enteric fever. We defined symptomatic treatment failure as
> 7 days to defervescence. Early-phase microbiological treat-
ment failure was defined as persistent bacteremia during the
initial treatment course. Late-phase microbiological treatment
failure was defined as a positive urine or stool culture without
any symptoms up to 1 month after the initial treatment
course. Convalescent carriers were defined as asymptomatic
patients with a positive urine or stool culture for > 1 month
up to 1 year after onset. Chronic carriers were defined as
asymptomatic patients with a positive culture obtained > 1 year
after onset of acute illness.

Microbiological tests. Bacterial isolates from blood, urine, bone
marrow, and stool cultures were identified using the API 20E
system (bioMérieux, Marcy I’Etoile, France). Blood cul-
tures were performed using the BACTEC (Becton Dickinson
and Company, Franklin Lakes, NJ) automatized blood cul-
ture system. The MICs of antibiotics were determined with
the microdilution technique, using the dry plate Eiken
(Eiken Chemical, Tokyo, Japan). The susceptibility patterns
of the isolates to ampicillin, chloramphenicol, trimethoprim—
sulfamethoxazole, nalidixic acid, ciprofloxacin, and ceftriaxone
were defined according to the guidelines of CLSI M100-S23;
for ciprofloxacin, MIC > 1 pg/mL was defined as resistant,
MIC 0.12-0.5 pg/mL as intermediate, and MIC < 0.06 pg/mL
as susceptible. Susceptibility to azithromycin was defined as
MIC < 16 pg/mL according to the guidelines of CLSI M100-
S25. This CLSI recommendation for azithromycin only refers
to Salmonella Typhi, not Salmonella Paratyphi A, B, or C.
The MIC of azithromycin in Salmonella Paratyphi A tends to
be higher than that in Salmonella Typhi.® Consequently, it is

currently not clear whether we can use the same breakpoint
of azithromycin; however, in this study, we tentatively applied
this breakpoint against Salmonella Paratyphi A, B, and C
as well.

Treatment and follow-up. We treated enteric fever depend-
ing on the prevalence of strains with decreased fluoroquino-
lone susceptibility (Figure 1). If a patient returned from a
country with high-to-moderate prevalence of decreased fluoro-
quinolone susceptibility strains, empiric intravenous ceftriaxone
was initiated, and then switched to oral levofloxacin for strains
found to be susceptible to nalidixic acid. This treatment pro-
tocol has been used from 2007 to 2012 at NCGM and is
modified according to each case. After the revision of CLSI
M100-S23, all patients in 2013 were treated by ceftriaxone
empirically regardless of their travel destinations, and ceftriaxone
treatment was changed to oral ciprofloxacin depending on
the result of the revised susceptibility. We tested three con-
secutive stool cultures for all patients > 1 month after the
initial treatment course to detect convalescent carriers.

Statistical analyses. All statistical analyses were performed
using SPSS Statistics 21 (IBM, Armonk, NY). The Fisher’s
exact test was used for nominal variables, and the Mann—
Whitney test was used for continuous variables to compare the
characteristics of patients who relapsed and those who were
cured. Statistical significance was set at P < 0.05.

RESULTS

Enteric fever was diagnosed in 35 patients (24 men and
11 women; mean age, 30 years; age range, 4-53 years) during
the study period. Most patients were Japanese (94%); there

Travel destination

e T

India, Bangladesh,
Nepal, Pakistan,
Afghanistan,
Myanmar, Vietnam

Ceftriaxone 2 g Levofloxacin 600
q24h mg qd

Levofloxacin

Other countries

Levofloxacin

MIC < 0.5% MIC < 0.5*
Yes /\ No Yes /\ No
Levofloxacin Continue Continue Switch to
600 mg qd for Cefiriaxone Levofloxacin for Ceftriaxone 2 g
total of l14days 14days q24h
ECT < 96h FCT < 96h
Yes No Yes / \N 0
Stop at day 10 Complete for Stop at day 10 Complete for
l4days l4days

MICs of ciprofloxacin, levofloxacin, moxifloxacin, and
ceftriaxone should be determined using the E-test.

If levofloxacin MIC is less than 0.125, therapy can be
stopped after 7 days.

FCT means the time from the start of treatment until the
body temperature reaches 37.5 °C and remained at 37.5 °C
for 48 h.

Treatment failure means persistent fever for 7 days under
appropriate treatments.

See also susceptibility of nalidixic acid.

FiGure 1. Treatment protocol for uncomplicated enteric fever, Travel Clinic in National Center for Global Health and Medicine, Version 2.0

on June 17, 2008.
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TaBLE 1

Baseline, clinical, and microbiological characteristics of patients with
imported enteric fever (N = 35)

TABLE 2

Antibiotic susceptibility of Salmonella Typhi and Salmonella Para-
typhi A (N =33)

Characteristics Cases, n (%)

Male sex 24 (69)
Age (years), median (range) 30 (4-53)
Japanese 33 (94)
Destination/source of isolate
South Asia 28 (80)
Southeast Asia 6 (17)
Other (Turkey) 1(3)
Pretravel consultation 8 (23)
Typhoid vaccination within 2 years 4 (11)
Symptoms
Fever 35 (100)
Headache 19 (54)
Diarrhea 17 (49)
Nausea/vomiting 10 (27)
Joint pain 7 (20)
Muscle pain 4 (11)
Constipation 4 (11)
Examination findings
Relative bradycardia (N = 32) 28 (88)
Rose spots 2 (6)
Imaging findings (N = 32)
Splenomegaly 17 (52)
Paraileocecal lymph node swelling 8 (24)
Tleocecal thickening 4 (11)
Laboratory findings
Total leucocytes (x10*/uL), median (range) 5.1 (1.1-11.7)
Eosinopenia (< 1%) 34 (97)
Absolute eosinopenia (0/pL) 19 (54.3)
ALT (IU/L), median (range) 53 (13-560)
CRP (mg/L), median (range) 48 (2.9-212)
Fulfilled the sepsis definition (N = 34) 16 (47)
Serovar
Typhi 15 (43)
Paratyphi A 19 (54)
Paratyphi B 1(3)
Diagnosis
Blood culture 26 (74)
Blood and stool culture 6 (17)
Stool culture 309
Time to positive blood culture (hours), median 28 (6-45)

(range) (N = 26)

ALT = alanine transaminase; CRP = C-reactive protein.

was one Indian and one American. Of the 35 patients,
28 (80%) had returned from south Asia, that is, 19 had
returned from India, six from Bangladesh, two from India
and Nepal, and one from Nepal. Of the remaining seven, six
(17%) had returned from southeast Asia, that is, three from
Cambodia, two from Indonesia, and one from Myanmar, and
one (3%) had returned from Turkey (Table 1). Tourism
(46%) and business (37%) were the main reasons for travel,
backpackers accounted for half of the patients with tourism
as the reason, followed by expatriates (9%), volunteer
workers (9%), and those visiting Japan (3%). Only eight
patients (23%) had received pretravel consultation, four of
whom (11%) had been vaccinated for typhoid fever in the
previous 2 years. All patients who had received typhoid vac-
cination were infected with Salmonella Paratyphi A. None of
the patients were taking any immunosuppressive medications
or had any immunocompromising underlying diseases,
including human immunodeficiency virus infection, liver cir-
rhosis, chronic kidney disease, diabetes mellitus, or malig-
nancy. None of the patients were on medications that are
regarded as risk factors for enteric fever, such as proton

Susceptibility
Antibiotics Susceptible, n (%) Intermediate, n (%) Resistant, n (%)
Ampicillin 30 (91) 0 309
Chloramphenicol 31 (94) 0 2 (6)
TMP-SXM 26 (79) NA 7 (21)
Nalidixic acid 5(15) NA 28 (85)
Ciprofloxacin 4 (12) 14 (42) 15 (46)
Ceftriaxone 32 (97) 0 13
Azithromycin 32 (97) NA 1(3)

TMP-SXM = trimethoprim-sulfamethoxazole; NA = not available.

pump inhibitors or H, blockers. Of the 35 patients, 19 (54%)
had headache, 17 (49%) had diarrhea, and 10 (27%) had
nausea/vomiting (Table 1). None of the patients had symp-
toms of coma or bloody stool. Only 16 of 34 patients (47%)
fulfilled the criteria for sepsis, whereas 22 of 25 patients
(88%) experienced relative bradycardia. Rose spots were
observed in only two of 35 patients (6%) and eosinopenia
(£ 1% blood eosinophils) was noted in 34 (97%). Of the
32 patients with imaging findings, splenomegaly was noted in
17 (52%); however, none of the patients had gallstones.
None had abnormal neurological findings or gastrointestinal
perforation. Salmonella Paratyphi A was more common than
Salmonella Typhi (54% and 43% patients, respectively).
Salmonella Paratyphi B was identified in one patient who
returned from Turkey.

Among 33 patients, ciprofloxacin-susceptible strains were
detected in only four (12%). Susceptibility to ampicillin (91%),
chloramphenicol (94%), ceftriaxone (97%), and azithromycin
(97%; Table 2) was excellent. In addition, mismatched fluoro-
quinolone and nalidixic acid susceptibility was found in one
patient, that is, nalidixic acid susceptibility was found at an
MIC of 8 pg/mL, whereas intermediate ciprofloxacin suscepti-
bility was found at an MIC of 0.12 pg/mL. Multidrug-resistant
strains characterized by resistance to ampicillin, chloramphenicol,
and trimethoprim-sulfamethoxazole were observed in only
two patients (6%). Extended-spectrum beta-lactamase (ESBL)-
producing Salmonella Paratyphi A was detected in one patient.'
None of the bacterial strains in patients returning from south
Asia were susceptible to ciprofloxacin, but the strains detected
in four of six patients returning from southeast Asia (67%) were
susceptible to ciprofloxacin. In this study, a strain of Salmonella
Paratyphi A with an MIC of 32 pg/mL was tentatively classified
azithromycin resistant.

One patient had Salmonella Paratyphi B and was excluded
from the clinical course evaluation (Table 3). Among the
remaining 34 patients, 29 (85%) were treated empirically with
ceftriaxone and three (9%) with levofloxacin. We divided the
34 patients to four groups: treatment with ceftriaxone alone
(19, 56%), ceftriaxone then fluoroquinolone (9, 26%), fluoro-
quinolone alone (3, 9%), and other (Table 3). In the group
treated with ceftriaxone alone, a 4-year-old child treated with
cefotaxime was also included. Of the 19 in this group, 18
(95%) returned from south Asia and two (11%) patients
relapsed, which only occurred in this group. In those treated
with ceftriaxone followed by fluoroquinolone, the median
duration of ceftriaxone treatment was 3 days (range, 2-8),
and this was changed to levofloxacin (four of nine patients),
ciprofloxacin (three of nine), or tosufloxacin (two of nine)
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TaBLE 3
Clinical course and outcome of each therapeutic antimicrobial (N = 34)

Treatment

Characteristics Ceftriaxone alone* Ceftriaxone then fluoroquinolone Fluoroquinolone alonef Otherf
Cases, n (%) 19 (56) 9 (26) 3(9) 309
Returning from south Asia, n (%) 18 (95) 6 (67) 2 (67) 2 (66)
Symptomatic treatment failure§, n (%) 3 (16) 2 (22) 1(33) 0 (0)
Relapse, n (%) 2 (11) 0 (0) 0 (0) 0 (0)
Late-phase microbiological treatment failure 0 (0) 0 (0) 1(33)
Time from onset to treatment initiation (days), median (range) 5 (1-27) 4 (1-9) 11 (8-25) NA
Time to reach defervescence (days), median (range) 5 (1-13) 5 (4-12) 6 (3-8) NA
Total treatment period (days), median (range) 13 (9-20) 14 (8-14) 12 (10-14) NA
Treatment period after defervescence (days), median (range) 5(0-13) 8 (2-10) 6 (6-11) NA

NA = not applicable.
*A 4-year-old child treated with cefotaxime was included.
TAll three patients were treated with levofloxacin.

fIncludes patients treated with azithromycin plus norfloxacin, ceftriaxone changed to azithromycin, and azithromycin alone.

§Defined as time to reach defervescence > 7 days.

treatment. In the group treated with fluoroquinolone alone,
all three patients were treated with levofloxacin; however, the
levofloxacin susceptibility was intermediate in all patients, that
is, MIC was 0.25, 0.5, and 1 pg/mL. The last group (other)
included patients treated with azithromycin plus norfloxacin,
ceftriaxone changed to azithromycin, and azithromycin alone.
A patient treated with azithromycin alone had asymptomatic
positive stool culture soon after completion of initial treat-
ment, which was categorized as late-phase microbiological
treatment failure in this study. No differences were found
between the three groups regarding time to reach deferves-
cence and total treatment period. None of the patients in any
group had persistent bacteremia (early-phase microbiological
treatment failure). No convalescent carriers or chronic carriers
were found, and there were no cases of death, intestinal per-
foration, or encephalopathy.

Two patients were excluded from the statistical analysis:
one had Salmonella Paratyphi B and the other was catego-
rized as late-phase microbiological treatment failure. Of the
remaining 33 patients, two belonged to the relapse group
and 31 to the cure group; consequently, the relapse rate was
6% in total. For the two patients who relapsed, the median
number of days to relapse after completion of initial treat-
ment was 12 (range, 6-17 days). No significant differences
were found between the two groups in terms of travel from
south Asia (P = 0.67), typhoid vaccination in the past 2 years
(P = 0.78), fulfillment of the sepsis definition (P = 0.76), and

time to positive blood culture result (P = 0.96). However, in
the relapse group, treatment initiation took longer (P =
0.035) as did time to defervescence after treatment initiation,
that is, duration of > 7 days to defervescence (P = 0.022).
The cure group took a median of 5 days for defervescence
compared with 9 days in the relapse groups (Table 4).

DISCUSSION

In this study, we evaluated the epidemiological and clinical
characteristics of imported cases of enteric fever in Japan. To
the best of our knowledge, this is one of the largest case
series that describes the treatment course and outcome of
imported enteric fever in returning travelers.

A previous study reported a higher incidence of imported
enteric fever in young men,” which may be related to men’s
preferred travel and meal habits. Six of our patients had
returned from southeast Asia, including three from Cambodia
who had Salmonella Paratyphi A, which likely reflects the
outbreak of paratyphoid fever that occurred in Cambodia
in 2013.""'? The strongest risk factor for enteric fever in
travelers is considered to be traveling to visit friends and
relatives.'>'* However, none of our patients traveled for
such purpose in this study, which may indicate that there
are not many immigrants from the endemic areas in Japan.
Additionally, the importance of pretravel consultation is
still not yet widely recognized. Therefore, further initiatives

TABLE 4

Comparison of imported enteric fever patients in the relapse and cure groups (N = 33)

Characteristics Relapse group (N = 2) Cure group (N = 31) P value
Age (years), median (range) 42 (31-53) 30 (4-56) 0.19
Male, n (%) 2 (100) 20 (67) 0.48
Returning from south Asia, n (%) 2 (100) 25 (78) 0.67
Typhoid vaccination within 2 years, n (%) 0 (0) 3(1) 0.78
Time from onset to treatment initiation (days), median (range) 7 (7-7) 5(0-27) 0.035
Fulfilled the sepsis definition, n (%) 1(33) 14 (43) 0.76
Total leucocytes (x10*/uL), median (range) 4.4 (3.2-5.6) 5.3 (1.1-11.7) 0.39
CRP (mg/L), median (range) 65 (32-99) 49 (11-218) 0.88
Time to positive blood culture (hours), median (range) (N = 25) 17 (16-18) 16 (6-45) 0.96
Time to reach defervescence (days), median (range) 9 (5-13) 5(2-12) 0.24
Total treatment period (days), median (range) 13 (11-15) 14 (8-21) 0.66
Treatment period after defervescence (days), median (range) 4 (2-4) 8 (1-16) 0.14
Symptomatic treatment failure*, n (%) 1 (50) 5(16) 0.022

CRP = C-reactive protein.
*Defined as time to reach defervescence > 7 days.
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to provide pretravel health information are required. More-
over, typhoid fever is a vaccine-preventable disease, whereas
the typhoid vaccinations such as the Vi capsular polysaccha-
ride vaccine and the TY21a vaccine have, unfortunately, not
been licensed in Japan.

The rate of occurrence of enteric fever symptoms in this
study is similar to that reported in the literature (Table 1).}>Y7
The rates of occurrence of relative bradycardia and spleno-
megaly were also similar to those in a previous study.'> How-
ever, the rate for rose spots is reported to vary widely, from
2.6-4%"" up to 49%," and it was only 6% (2/35 patients)
in the present study. We speculate that this wide variation
could be the result of differences in time from disease onset
to treatment initiation, because rose spots generally develop
1-2 weeks after onset. In addition, one article reported that
all patients had elevated liver function test results;'® how-
ever, in our study, 16% of patients had results within the
normal range. Classical signs of enteric fever such as rela-
tive bradycardia and eosinopenia were noted in 88% and
97% patients, respectively. However, these are not specific
diagnostic predictors of enteric fever and can also be seen
in other infections.

Isolation of Salmonella Typhi or Salmonella Paratyphi A
in the stool alone may not be sufficient to confirm the diag-
nosis of enteric fever because it may represent a carrier
state. However, in the presence of pyrexia or a reliable his-
tory of febrile episodes, stool cultures may be diagnostic
when blood cultures fail, as seen in three of our patients.
In endemic countries, approximately 80% of enteric fever
cases are caused by Salmonella Typhi, with Salmonella Para-
typhi accounting for the remaining 20%. However, the inci-
dence of Salmonella Paratyphi infection among travelers
from Nepal tends to be higher and the ratio is reversed,” as
noted in the present study. This disproportion may be due to
vaccines, which protect against Salmonella Typhi only, as
well as the likelihood of Salmonella Typhi infections originat-
ing from household environments and Salmonella Paratyphi
infections originating from street food.?°

In this study, ciprofloxacin-susceptible strains were detected
in only 12% of patients (Table 2). This included all fluoro-
quinolone-resistant strains isolated from those returning from
south Asia. A study in the Netherlands showed decreased
ciprofloxacin susceptibility and resistance in 32.8% and 1.7%
cases, respectively.” The increase in strains with decreased
susceptibility to fluoroquinolones, especially in the endemic
areas, is a serious problem that leads to treatment failure
and severe or fatal outcomes such as intestinal perforation,
encephalopathy, and hemodynamic shock.!” Accordingly,
recent articles have recommended intravenous ceftriaxone or
oral azithromycin for empiric treatment of enteric fever in
returning travellers.?! In fact, in our study, the isolates showed
excellent susceptibility to ceftriaxone (97%) and azithromycin
(97%). By contrast, one study reported azithromycin-resistant
strains (MIC > 16 pg/mL) in 16.1% of patients.” Moreover,
we have experienced a case of ESBL-producing Salmonella
Paratyphi A.'° If the azithromycin-resistant strains and ESBL-
producing organisms become widespread, treatment options
could become severely limited.”> However, it should be noted
that ampicillin and chloramphenicol were effective in 91%
and 94% cases, respectively, suggesting that antibiotics that
are no longer being used as treatment of enteric fever may
be effective treatment options again, as mentioned in a previ-

ous report.?? This result might also suggest the effective
strategy of revising the primary antimicrobial regimen in a
timely manner to fight against the antibiotic-resistant strains
of enteric fever.

The overall relapse rate was 6.1% (2 of 33) in this study,
which is similar to that reported by a previous study
(3-6%).>' Some articles mention a higher relapse rate with
ceftriaxone treatment (5-17%) than with fluoroquinolone
treatment, although the relapse rate in this study was lower
than that in previous studies,”®*> despite using mainly ceftri-
axone. By changing the perspective, the relapse rate of treat-
ment with ceftriaxone alone was found to be 11% (2 of 19)
in this study. However, no relapse occurred in groups treated
with ceftriaxone then fluoroquinolone and fluoroquinolone
alone. Therefore, these results may support our recommen-
dation on initiating empiric ceftriaxone treatment and chang-
ing to fluoroquinolone later if the strains are susceptible.
As mentioned in introduction, fluoroquinolone treatment
generally has better clinical outcomes than other antibiotics;
however, no differences were found in this study (Table 3).
This may be because intermediate fluoroquinolone suscepti-
bility was found in all three patients receiving fluoroquino-
lone monotherapy or because the number of cases receiving
this treatment were too small. Furthermore, interestingly, all
three patients treated with levofloxacin alone were cured,
despite intermediate susceptibility. It cannot be generalized
to the larger population owing to the small number of cases
in this study; however, this poses a good clinical question
with respect to the revised breakpoint of fluoroquinolones
and the differences between in vitro and in vivo antibac-
terial activity.

Although decreased fluoroquinolone susceptibility has
been considered as a risk factor for relapse,'”® no large-
scale study has analyzed the risk factors for relapse with cef-
triaxone treatment. In the present study, the relapse group
showed longer times from disease onset to treatment initia-
tion (P = 0.035) and time to defervescence (> 7 days) after
treatment initiation (P = 0.022) compared with the cure
group. Consequently, we suspect that the amount of bacteria
on initial visit is a risk factor for relapse; however, no statisti-
cal differences were found between the two groups in terms
of time to confirmation of a positive blood culture (P = 0.96).
Generally, the relapse group had a higher occurrence of
severe complications such as persistent bacteremia, enteric
perforation, and sepsis, although disease severity did not dif-
fer significantly between the two groups in our study. Addi-
tionally, no clear evidence exists on the optimal treatment
period of ceftriaxone. One study on children with enteric
fever recommended ceftriaxone treatment of at least 5 days
after defervescence.>*’ In our study, we could not find that
treatment of > 4 days after defervescence may reduce the
risk for relapse.

This study has some limitations. It was retrospective and
limited by the relatively low number of enteric fever cases.
In addition, the treatment period (median, 14 days; range,
8-21 days) and choice of antibiotics differed among cases.
We also did not evaluate factors that increase the risk for
acquiring enteric fever, virulence of the bacterial strain, and
host factors such as human leucocyte antigen type and evi-
dence of Helicobacter pylori infection. Further studies are
needed to reduce biases and to clarify the risk factors
for relapse.
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CONCLUSIONS

Empiric ceftriaxone and subsequent switching to fluoro-
quinolones, if susceptible, may be an effective treatment pro-
tocol for enteric fever. Ampicillin and chloramphenicol, which
are no longer prescribed, are likely to be effective and should
be reconsidered as alternative treatment options among
selected patients for enteric fever in Asia. The greater the
delay in initiating treatment and the longer the time to defer-
vescence (> 7 days) may influence relapse. In such cases,
we recommend that ceftriaxone treatment be continued for
> 4 days after defervescence or be changed to fluoroquinolone
if the strains are found to be susceptible to prevent relapse.
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