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Summary
Background—We aimed to investigate whether gatifloxacin, a new generation and affordable
fluoroquinolone, is better than chloramphenicol for the treatment of uncomplicated enteric fever in
children and adults.

Methods—We did an open-label randomised superiority trial at Patan Hospital, Kathmandu,
Nepal, to investigate whether gatifloxacin is more effective than chloramphenicol for treating
uncomplicated enteric fever. Children and adults clinically diagnosed with enteric fever received
either gatifloxacin (10 mg/kg) once a day for 7 days, or chloramphenicol (75 mg/kg per day) in
four divided doses for 14 days. Patients were randomly allocated treatment (1:1) in blocks of 50,
without stratification. Allocations were placed in sealed envelopes opened by the study physician
once a patient was enrolled into the trial. Masking was not possible because of the different
formulations and ways of giving the two drugs. The primary outcome measure was treatment
failure, which consisted of at least one of the following: persistent fever at day 10, need for rescue
treatment, microbiological failure, relapse until day 31, and enteric-fever-related complications.
The primary outcome was assessed in all patients randomly allocated treatment and reported
separately for culture-positive patients and for all patients. Secondary outcome measures were
fever clearance time, late relapse, and faecal carriage. The trial is registered on
controlled-trials.com, number ISRCTN 53258327.

Findings—844 patients with a median age of 16 (IQR 9–22) years were enrolled in the trial and
randomly allocated a treatment. 352 patients had blood-culture-confirmed enteric fever: 175 were
treated with chloramphenicol and 177 with gatifloxacin. 14 patients had treatment failure in the
chloramphenicol group, compared with 12 in the gatifloxacin group (hazard ratio [HR] of time to
failure 0·86, 95% CI 0·40–1·86, p=0·70). The median time to fever clearance was 3·95 days (95%
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CI 3·68–4·68) in the chloramphenicol group and 3·90 days (3·58–4·27) in the gatifloxacin group
(HR 1·06, 0·86–1·32, p=0·59). At 1 month only, three of 148 patients were stool-culture positive in
the chloramphenicol group and none in the gatifloxacin group. At the end of 3 months only one
person had a positive stool culture in the chloramphenicol group. There were no other positive
stool cultures even at the end of 6 months. Late relapses were noted in three of 175 patients in the
culture-confirmed chloramphenicol group and two of 177 in the gatifloxacin group. There were no
culture-positive relapses after day 62. 99 patients (24%) experienced 168 adverse events in the
chloramphenicol group and 59 (14%) experienced 73 events in the gatifloxacin group.

Interpretation—Although no more efficacious than chloramphenicol, gatifloxacin should be the
preferred treatment for enteric fever in developing countries because of its shorter treatment
duration and fewer adverse events.

Funding—Wellcome Trust.

Introduction
Enteric fever is a disease that predominantly affects children and is caused by the faecal–
oral transmission of Salmonella enterica serotype Typhi (S typhi) and Salmonella enterica
Paratyphi A (S paratyphi A). There are an estimated 26 million infections and over 200 000
deaths caused by the disease worldwide each year. In parts of south Asia, the incidence of
enteric fever in children can be as high as 573 cases per 100 000 person years.

Chloramphenicol was the standard treatment for enteric fever from the 1950s until the
development and spread of multidrug resistant (MDR; defined as resistance to all first-line
antibiotics: chloramphenicol, amoxicillin, and co-trimoxazole) S typhi and S paratyphi A in
the early 1990s. Subsequently, fluoroquinolones became first choice for the treatment of
enteric fever. However, increased resistance to the older generation fluoroquinolones
(ciprofloxacin and ofloxacin) has emerged. This reduces the options for treatment, and raises
the spectre of fully resistant enteric fever.

Conflicting reports have emerged from randomised controlled trials with relatively small
sample sizes that assessed older fluoroquinolones (ciprofloxacin and ofloxacin) versus
chloramphenicol for the treatment of enteric fever. Additionally, no trials have been done to
investigate the efficacy of chloramphenicol versus a newer fluoroquinolone, such as
gatifloxacin, in the treatment of enteric fever in children. Recent reports suggest a general
decline in the prevalence of MDR typhoid fever in Asia, and two recent studies of patients
with enteric fever in Kathmandu, Nepal reported a low prevalence of chloramphenicol
resistance in S typhi and S paratyphi A isolates: nine (1·7%) in 522 strains of S typhi and
three (1·2%) of 247 strains of S paratyphi A.

Gatifloxacin was effective in the treatment of nalidixic-acid-resistant enteric fever in two
previous randomised trials done in Nepal and Vietnam. The drug targets both DNA gyrase
and topoisomerase IV, and hence is less inhibited by the common mutations of the gyrA
gene of S typhi than are ciprofloxacin or ofloxacin.

We designed a randomised controlled trial to assess whether gatifloxacin had superior
efficacy compared with chloramphenicol in adults and children with uncomplicated enteric
fever in Nepal.
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Methods
Patients

The study physicians enrolled patients who presented to the outpatient or emergency
department of Patan Hospital, Lalitpur, Nepal from May 2, 2006, to August 30, 2008.
Patients with fever for more than 3 days who were clinically diagnosed to have enteric fever
(undifferentiated fever with no clear focus of infection on preliminary physical exam and
laboratory tests) whose residence was in a predesignated area of about 20 km2 in urban
Lalitpur and who gave fully informed written consent were eligible for the study. Exclusion
criteria were pregnancy or lactation, age under 2 years or weight less than 10 kg, shock,
jaundice, gastrointestinal bleeding, or any other signs of severe typhoid fever, previous
history of hypersensitivity to either of the trial drugs, or known previous treatment with
chloramphenicol, quinolone antibiotic, third generation cephalosporin, or macrolide within 1
week of hospital admission. Patients who had received amoxicillin or co-trimoxazole were
included as long as they did not show evidence of clinical response. Ethical approval was
granted by both Nepal Health Research Council and Oxford Tropical Research Ethics
Committee.

Randomisation and masking
Randomisation was done in blocks of 50 without stratification by an administrator otherwise
not involved in the trial. The random allocations were placed in sealed opaque envelopes,
which were kept in a locked drawer and opened by the study physician once each patient
was enrolled into the trial after meeting the inclusion and exclusion criteria. Patients were
enrolled in the order they presented and the sealed envelopes were opened in strict
numerical sequence. Masking was not possible because of the different formulations and
ways of giving the two drugs.

Procedures
Each enrolled patient was randomly assigned to treatment with either gatifloxacin tablets
(400 mg) 10 mg per kg per day in a single oral dose for 7 days or chloramphenicol capsules
(250 mg or 500 mg) 75 mg per kg per day in four divided oral doses for 14 days.
Gatifloxacin tablets were cut and weighed and the patients' daily doses were prepared in
sealed plastic bags. The per-protocol planned duration of chloramphenicol treatment of 14
days was modified for blood-culture-negative patients, who received at least 8 days of
chloramphenicol and stopped either on day 8 or 5 days after being afebrile, whichever came
later. Gatifloxacin was given for 7 days in all patients.

After enrolment, patients were managed as outpatients and seen by trained community
medical auxiliaries (CMAs), as described previously. The CMAs made a visit to each
patient's house every 12 h for either 10 days (gatifloxacin group), 14 days (chloramphenicol
group), or until the patient was cured. The CMA directly observed each patient ingesting the
single dose of gatifloxacin and two doses of chloramphenicol. The physicians re-examined
the patients on days 8 and 15, and at 1, 3, and 6 months. All examinations were standardised
and entered into case record forms.

Complete blood counts were done on days 1, 8, and 15. On day 1, serum creatinine,
bilirubin, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were also
checked. Random plasma glucose was measured on day 1, day 8, day 15, and 1 month. On
days 2–7, during the evening visit, the blood glucose was measured by finger-prick testing
(OneTouch SureStep, Johnson and Johnson, USA) by the CMAs. Haemoglobin A1C was
measured at 3 months.
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Blood culture was done as described previously in all patients at admission, in the culture-
positive patients on day 8, and if symptoms and signs suggested further infection.

Stool cultures were done on admission in all patients, and in culture-positive patients after
completion of treatment and at the 1 month, 3 month, and 6 month visits in 10 mL of
Selenite F broth and incubated at 37°C. After the overnight incubation, the broth was
subcultured onto MacConkey agar and xylose lysine decarboxylase agar media.

Isolates were screened using standard biochemical tests, and S typhi and S paratyphi A were
identified using API20E (BioMerieux, Paris, France) and slide agglutination with specific
antisera (MurexBiotech, Dartford, UK).

Minimum inhibitory concentrations (MICs) were calculated for amoxicillin, azithromycin,
chloramphenicol, co-trimoxazole, nalidixic acid, ofloxacin, ciprofloxacin, tetracycline,
gatifloxacin, and ceftriaxone by E-test (AB Biodisk, Solna, Sweden).

The primary endpoint of this study was the composite endpoint of treatment failure, which
consisted of any one of the following: persistence of fever of more than 37·5°C at day 10 of
treatment; the need for rescue treatment with ceftriaxone or ofloxacin as judged by the
treating physician; microbiological failure, defined as a positive blood culture for S typhi or
S paratyphi A on day 8; relapse, that is reappearance of culture-confirmed (including
mismatch of serotypes [eg, day 1 blood culture positive for S typhi and relapse blood culture
positive for S paratyphi A or vice versa]) or syndromic enteric fever on or after day 11 to
day 31 in patients who were initially categorised as successfully treated; and occurrence of
enteric-fever-related complications. Time to treatment failure was defined as the time from
the first dose of treatment until the date of the earliest failure event of that patient, and
patients without an event were censored at the date of their last follow-up visit.

Secondary endpoints were fever clearance time (FCT: time from the first dose of treatment
given until the temperature was ≤37·5°C and the patient remained afebrile for at least 48 h);
time to relapse until day 31, day 62, or month 6 of follow-up; and faecal carriage at the
follow-up visits at 1, 3, and 6 months. The patients' FCTs were calculated electronically on
the basis of twice-daily recorded temperatures. Patients without recorded fever clearance or
relapse were censored at the date of their last follow-up visit. To reduce possible bias, an
investigator not involved in the recruitment of patients decided patients' final outcomes by
use of a masked database.

Statistical analysis
The trial was designed as a superiority trial with the hypothesis that gatifloxacin was
superior to chloramphenicol in patients with enteric fever. The sample size was calculated to
detect a difference of 10% between the two groups in the proportion of patients reaching
treatment failure at the two-sided 5% significance level with 80% power. We assumed
treatment failure rates of 15% in the chloramphenicol and 5% in the gatifloxacin group,
leading to a total required sample size of 160 patients with culture-confirmed enteric fever
per group—320 patients in total. On the basis of results from a previous study, we assumed
that about 40% of patients who were randomly assigned treatment had culture-confirmed
enteric fever. To allow for a loss to follow-up rate of about 5%, a total of 853 patients with
suspected enteric fever were recruited to the trial.

Times to treatment failure, fever clearance, and relapse, were analysed by use of survival
methods. The cumulative incidence of events was calculated with the Kaplan-Meier method,
and comparisons were based on Cox regression models with the treatment group as the only
covariate. For the primary endpoint (treatment failure), we also compared the absolute risk
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of treatment failure until day 31 on the basis of Kaplan-Meier estimates and standard errors
according to Greenwood's formula. Additionally, the time to treatment failure was analysed
in the subgroups defined by culture result, pathogen (S typhi or S paratyphi A), and age (<16
years or ≥16 years), and heterogeneity of the treatment effect was tested with a Cox
regression model that included an interaction between treatment and subgroup.

The per-protocol analysis population consisted of all patients with blood-culture-confirmed
enteric fever. We also analysed all patients who were assigned treatment, with the exception
of those patients who were mistakenly randomised or withdrew before the first dose of study
treatment, for treatment failure and safety.

All reported tests were done at the two-sided 5% significance level, and 95% CIs are
reported. All analyses were done with the statistical software R version 2.9.1.

The trial is registered on controlled-trials.com, number ISRCTN 53258327.

Role of the funding source
The sponsor of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.

Results
Of 1151 patients assessed, 853 were assigned treatment; 844 were analysed, 418 assigned
chloramphenicol and 426 gatifloxacin (figure 1). The baseline characteristics of the patients
were similar in the two treatment groups (table 1). The proportion of patients with treatment
failure was similar in the two treatment groups in patients with culture-positive disease
(table 2). Of the five patients with persistent fever on day 10 in the gatifloxacin group (table
2), two became afebrile on day 11 and did not require rescue treatment. The other three
patients were effectively treated with intravenous ceftriaxone 50 mg/kg per day in a single
dose for 7 days. The five patients in the chloramphenicol group who needed rescue
treatment were successfully treated with ofloxacin 20 mg/kg per day in two divided doses
per day for 7 days. In all cases, rescue treatment was initiated on either day 10 or day 11.

Two patients with microbiological failure in the gatifloxacin group also had persistent fever,
and responded well to ceftriaxone 50 mg/kg per day in a single daily dose for 7 days. All
relapse patients, consisting of seven (five of whom were culture confirmed) in the
chloramphenicol group and four (three of whom were culture confirmed) in the gatifloxacin
group, were also treated with ofloxacin 20 mg/kg per day, and recovered.

The secondary outcome measures, which included fever clearance time (median 3·95 days in
the chloramphenicol group and 3·90 in the gatifloxacin group) and time to relapse until day
31 or day 62 also showed no significant difference between the groups (table 2). Only
syndromic relapses were documented between day 62 and 6 months. Figure 2 shows the
Kaplan-Meier estimates for the time to treatment failure, fever clearance, and relapse.

Stool samples at baseline were positive for S typhi or S paratyphi A in 16 (10%) of 157
patients in the chloramphenicol group and 14 (9%) of 160 patients in the gatifloxacin group.
The proportion of positive stool samples at 1–6 months of follow-up was low in both
groups: at 1 month, only three (2%) of 148 and none of 154 patients were stool-culture-
positive in the chloramphenicol and gatifloxacin groups (p=0·12), respectively. At the end of
3 months, only one patient (in the chloramphenicol group) had a positive stool culture, and
at 6 months no patients had a positive stool culture.
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Table 3 shows the primary and secondary endpoints in all randomised patients, with the
exception of patients who were mistakenly randomly allocated treatment or withdrew before
the first dose of study treatment. There was a slightly greater risk of treatment failure in
patients receiving chloramphenicol (p=0·09). Results in selected subgroups (table 4) suggest
that this is primarily due to a higher failure rate of chloramphenicol in the culture-negative
population, especially a higher rate of relapses until day 31 (nine [three confirmed, six
syndromic] vs two [both syndromic]; HR of time to relapse=0·22, 95% CI 0·05–1·01,
p=0·05). The median duration of chloramphenicol treatment was 9 days (IQR 8–11) in the
culture-negative population, but there was not a significant association between the duration
of treatment and the time to relapse (HR=0·93, 95% CI 0·66–1·30, p=0·66).

There was no indication of treatment effect heterogeneity in the subgroups defined by
pathogen or age (table 4).

Most adverse events were mild (grade 1 and 2; table 5). Adverse events were slightly more
common in the culture-positive patients than the culture-negative patients. In the
chloramphenicol group, 44 (25%) of 175 culture-positive patients experienced at least one
adverse event (81 events in total). In the gatifloxacin group, 30 (16·9%) of 177 culture-
positive patients experienced at least one adverse event (38 events in total). Three patients in
the chloramphenicol group had a white-blood-cell count between 1500 and 1999×106 cells
per L on day 5–8, and had their chloramphenicol stopped. No grade 3 or 4 leucopenia was
recorded (table 6). No grade 4 hypoglycaemias were recorded (table 7), and there were no
life-threatening complications of enteric fever in this cohort.

Of all the strains of S paratyphi A and S typhi isolated, 251 (73%) of 345 were nalidixic acid
resistant, and two (<1%) were multidrug resistant (table 8). Both MDR strains were S typhi
isolated from patients in the gatifloxacin group. Two S paratyphi A isolates were resistant to
chloramphenicol, one of which was isolated from a patient in the gatifloxacin group and one
of which was isolated from a patient in the chloramphenicol group.

In culture-positive patients, nalidixic acid resistance was significantly associated with a
slower rate of fever clearance (HR 0·57, 95% CI 0·40–0·81, p=0·002) for patients on
gatifloxacin, but there was no significant difference in speed of fever clearance between
patients with nalidixic-acid-resistant strains and those without in the chloramphenicol group
(0·80, 0·56–1·14, p=0·21).

Discussion
Both chloramphenicol, which is a readily available drug in many resource-poor settings, and
gatifloxacin, which is a newer generation fluoroquinolone, had excellent efficacy in the
treatment of culture-positive enteric fever, and both drugs had a favourable side-effect
profile. Gatifloxacin did as well as, but was not superior to, chloramphenicol in an area with
a high proportion (73%) of nalidixic-acid-resistant S typhi and S paratyphi A strains, but
almost no chloramphenicol resistance.

With 844 patients analysed (figure 1), this is to our knowledge the largest randomised
controlled trial in enteric fever, and the biggest trial comparing chloramphenicol with a
fluoroquinolone. This is also the first trial to compare chloramphenicol to a fluoroquinolone
in a predominantly paediatric population (table 1). We also assessed the—to our knowledge
—largest population of blood-culture-negative patients with enteric fever. In patients who
had blood-culture-negative syndromic enteric fever, both drugs were effective, but
gatifloxacin was more effective in reducing syndromic clinical relapse.
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There are underlying technical issues for typhoid and enteric fever treatment trials. One of
the central limitations is the low sensitivity of the blood culture technique, which is
estimated to be between 40% and 50%. That most patients with enteric fever are categorised
as syndromic, and treated empirically without a definitive diagnosis for enteric fever, is
therefore not surprising. For the same reason, syndromic relapse was included as an outcome
event in the a-priori defined analysis plan in this study.

The antibiotics used in this trial show different pharmacological properties. Gatifloxacin has
important features likely to help with treatment adherence compared with chloramphenicol:
gatifloxacin only needs to be taken once a day for 7 days, whereas chloramphenicol requires
four doses per day for 14 days. There was no difference between the two drugs in terms of
treatment failure and fever clearance time in the culture-positive group; however, the
adverse effects profile showed that anorexia, nausea, diarrhoea, and dizziness, were
significantly worse in the chloramphenicol group (table 5).

We monitored blood glucose levels closely in both treatment groups chiefly because of a
recent Canadian, retrospective case-control study of 1·4 million elderly individuals (mean
age 77) that showed that gatifloxacin was associated with dysglycaemia. After this report,
gatifloxacin was withdrawn from the US and Canadian markets. In our trial, between day 2
and day 7, the proportion of patients with a high (grade 2; 161–250 mg/dL) non-fasting
blood glucose on finger-stick testing was higher in the gatifloxacin group versus the
chloramphenicol group. However, there was no difference on days 15 and days 30.
Similarly, at the end of 3 months, HbA1c concentrations were not different in the two groups
(table 7). Additionally, previous studies using gatifloxacin in a younger population have not
reported clinically relevant dysglycaemia. Finally, in another study comparing gatifloxacin
with ofloxacin for the treatment of enteric fever that we are doing (ISRCTN63006567), we
have not recorded any dysglycaemia. The gatifloxacin-associated dysglycaemia in the
Canadian study might be attributed to an age-related decrease in renal function in elderly
patients receiving gatifloxacin, and there might well be a pharmacokinetic or
pharmacodynamic rationale for a potential age-related dose reduction. Treatment options for
enteric fever are clearly limited. Gatifloxacin is an efficacious drug for the treatment of
enteric fever in young and otherwise healthy patients, and should be available for indication
in this neglected disease. It would be prudent not to use gatifloxacin in patients over 50
years of age, or in patients with comorbidities such as diabetes or renal failure.

Most enteric fever trials are done in an inpatient setting, which does not reflect reality in
developing countries, where most uncomplicated enteric fever treatment is done in an
outpatient setting. Our trial was completed in an outpatient setting with the help of CMAs,
as described in our earlier trial. This model is more applicable to developing countries.

A very attractive feature, especially for resource-poor settings, is the inexpensiveness of the
antibiotics studied here. The average price for a 14-day treatment course with
chloramphenicol was US$7. The average price for a 7-day treatment with gatifloxacin was
US$1·5.

A recent Cochrane review (panel) of fluoroquinolones for the treatment of enteric fever
pointed out the weaknesses of typhoid fever treatment trials that have small sample sizes,
inadequate randomisation and concealment, incomplete follow-up, and a lack of paediatric
patients and standardised endpoints. We tried to address these criticisms by recruiting a
large sample of patients, by percisely defining our endpoints, and by attempting to reduce
bias within the limits of an open trial.

Two other trials used gatifloxacin for the treatment of enteric fever (panel). The first trial
compared gatifloxacin to cefixime, and enrolled children and adult outpatients in Nepal.
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This trial had to be prematurely stopped on the advice of the independent data safety
monitoring committee because of the poor performance of cefixime. There was a high rate
of overall treatment failure (persistent fever at day 7, relapse and death) with 29 (38%) of 70
patients failing in the cefixime group compared with three (3%) of 88 patients in the
gatifloxacin group (HR 0·08, 0·03–0·28, p<0·001). There was one death in the cefixime
group.

The second trial compared gatifloxacin with azithromycin, and was done in paediatric and
adult in-patients in Vietnam. There was no statistical difference between the two antibiotics,
and both showed excellent efficacy. The median fever clearance times were 106 h in both
groups. 13 (9%) of 145 patients in the gatifloxacin group had overall treatment failure as did
13 (9%) of 140 in the azithromycin group (HR 0·93, 0·43–2·0, p=0·85). Both trials were
done in regions with high rates of nalidixic-acid-resistant strains: 83% in Nepal and 96% in
Vietnam. In previous trials in Vietnam, patients treated with the older generation
fluoroquinolone ofloxacin given at 20 mg/kg per day showed high clinical failure rates of
36% (23 of 63 patients) and prolonged mean fever clearance times of 8·2 days (95% CI 7·2–
9·2 days).

Gatifloxacin is not superior to chloramphenicol in terms of efficacy. However, on the basis
of its shorter treatment duration, fewer adverse events, and lower cost, gatifloxacin should
be the preferred treatment of enteric fever in developing countries.

References
1. Parry CM, Hien TT, Dougan G, White NJ, Farrar JJ. Typhoid fever. N Engl J Med. 2002;

347:1770–1782. [PubMed: 12456854]
2. Crump JA, Luby SP, Mintz ED. The global burden of typhoid fever. Bull World Health Organ.

2004; 82:346–353. [PubMed: 15298225]
3. Ochiai RL, Acosta CJ, Danovaro-Holliday MC. A study of typhoid fever in five Asian countries:

disease burden and implications for controls. Bull World Health Organ. 2008; 86:260–268.
[PubMed: 18438514]

4. Bhan MK, Bahl R, Bhatnagar S. Typhoid and paratyphoid fever. Lancet. 2005; 366:749–762.
[PubMed: 16125594]

5. Woodward TE, Smadel JE, Ley HL, Green R, Mankikar DS. Preliminary report on the beneficial
effect of chloromycetin in the treatment of typhoid fever. Ann Intern Med. 1948; 29:131–134.
[PubMed: 18869867]

6. Murdoch DR, Woods CW, Zimmerman MD. The etiology of febrile illness in adults presenting to
Patan Hospital in Kathmandu, Nepal. Am J Trop Med Hyg. 2004; 70:670–675. [PubMed:
15211012]

7. Thaver D, Zaidi AK, Critchley J, Azmatullah A, Madni SA, Bhutta ZA. Fluoroquinolones for
treating typhoid and paratyphoid fever (enteric fever). Cochrane Database Syst Rev. 2008; 4
CD004530.

8. Parry CM, Beeching NJ. Treatment of enteric fever. BMJ. 2009; 338:b1159. [PubMed: 19493937]
9. Rodrigues C, Shenai S, Mehta A. Enteric fever in Mumbai, India: the good news and the bad news.

Clin Infect Dis. 2003; 36:535. [PubMed: 12567317]
10. Maskey AP, Day JN, Tuan PQ. Salmonella enterica serovar Paratyphi A and S enterica serovar

Typhi cause indistinguishable clinical syndromes in Kathmandu, Nepal. Clin Infect Dis. 2006;
42:1247–1253. [PubMed: 16586383]

11. Joshi S, Amarnath SK. Fluoroquinolone resistance in Salmonella typhi and S paratyphi A in
Bangalore, India. Trans R Soc Trop Med Hyg. 2007; 101:308–310. [PubMed: 16950486]

12. Maskey AP, Basnyat B, Thwaites GE, Campbell JI, Farrar JJ, Zimmerman MD. Emerging trends
in enteric fever in Nepal: 9124 cases confirmed by blood culture 1993–2003. Trans R Soc Trop
Med Hyg. 2008; 102:91–95. [PubMed: 18023462]

Arjyal et al. Page 8

Published as: Lancet Infect Dis. 2011 June ; 11(6): 445–454.

Sponsored D
ocum

ent 
Sponsored D

ocum
ent 

Sponsored D
ocum

ent



13. Dutta S, Sur D, Manna B, Bhattacharya SK, Deen JL, Clemens JD. Rollback of Salmonella
enterica serotype Typhi resistance to chloramphenicol and other antimicrobials in Kolkata, India.
Antimicrob Agents Chemother. 2005; 49:1662–1663. [PubMed: 15793167]

14. Sood S, Kapil A, Das B, Jain Y, Kabra SK. Re-emergence of chloramphenicol sensitive
Salmonella typhi. Lancet. 1999; 353:1241–1242. [PubMed: 10217089]

15. Wasfy MO, Frenck R, Ismail TF, Mansour H, Malone JL, Mahoney FJ. Trends of multiple-drug
resistance among Salmonella serotype Typhi isolates during a 14-year period in Egypt. Clin Infect
Dis. 2002; 35:1265–1268. [PubMed: 12410488]

16. Pandit A, Arjyal A, Day JN. An open randomized comparison of gatifloxacin versus cefixime for
the treatment of uncomplicated enteric fever. PLoS ONE. 2007; 2:e542. [PubMed: 17593957]

17. Dolecek C, Phi La TT, Rang NN. A multi-center randomised controlled trial of gatifloxacin versus
azithromycin for the treatment of uncomplicated typhoid fever in children and adults in Vietnam.
PLoS One. 2008; 3:e2188. [PubMed: 18493312]

18. Hooper DC. Mechanisms of action and resistance of older and newer fluoroquinolones. Clin Infect
Dis. 2000; 31:S24–S28. [PubMed: 10984324]

19. Lu T, Zhao X, Drlica K. Gatifloxacin activity against quinolone-resistant gyrase: allele-specific
enhancement of bacteriostatic and bactericidal activities by the C-8-methoxy group. Antimicrob
Agents Chemother. 1999; 43:2969–2974. [PubMed: 10582891]

20. Kalbfleish, JD.; Prentice, RL. The statistical analysis of failure time data. 2nd edn.. John Wiley and
Sons; Hoboken, NJ: 2002.

21. R Development Core Team (20010). R: a language and environment for statistical computing
(version 2.9.1). http://www.R-project.orghttp://www.R-project.org(accessed July 11, 2010).

22. WHO. Background document: the diagnosis, treatment and prevention of typhoid fever. World
Health Organization; Geneva: 2003. p. 19-23.

23. Park-Wyllie LY, Juurlink DN, Kopp A. Outpatient gatifloxacin therapy and dysglycemia in older
adults. N Engl J Med. 2006; 354:1352–1361. [PubMed: 16510739]

24. Pichichero ME, Arguedas A, Dagan R. Safety and efficacy of gatifloxacin therapy for children
with recurrent acute otitis media (AOM) and/or AOM treatment failure. Clin Infect Dis. 2005;
41:470–478. [PubMed: 16028153]

25. Ambrose PG, Bhavnani SM, Cirincione BB, Piedmonte M, Grasela TH. Gatifloxacin and the
elderly: pharmacokinetic-pharmacodynamic rationale for a potential age-related dose reduction. J
Antimicrob Chemother. 2003; 52:435–440. [PubMed: 12917247]

26. Thaver D, Zaidi AKM, Critchley J, Azmatullah A, Madni SA, Bhutta ZA. A comparison of
fluoroquinolones versus other antibiotics for treating enteric fever: meta-analysis. BMJ. 2009;
338:b1865. [PubMed: 19493939]

27. Phongmany S, Phetsouvanh R, Sisouphone S. A randomized comparison of oral chloramphenicol
versus ofloxacin in the treatment of uncomplicated typhoid fever in Laos. Trans R Soc Trop Med
Hyg. 2005; 99:451–458. [PubMed: 15837357]

28. Quintero-Perez NP, Andrade-Villanueva J, Leon-Garnica M, Bertin-Montano M, Rodrigues-
Chagollan E, Rodriguez-Noriega E. Comparative double blind efficacy and safety study of
ciprofloxacin with chloramphenicol in the treatment of typhoid fever. Interscience Conference on
Antimicrobial Agents and Chemotherapy; Oct 23–26 1988; Los Angeles, CA, USA. Abstract
number 385.

29. Bran JL, Garcia JF, Mendez O. Comparative, double blind study of chloramphenicol and
ciprofloxacin in the treatment of typhoid fever. 31st Interscience Conference on Antimicrobial
Agents and Chemotherapy; Sept 29–Oct 2 1991; Chicago, IL, USA. Abstract number 751.

30. Gottuzzo, E.; Carrillo, C. Typhoid fever. Evaluation of the efficacy and safety of ciprofloxacin in
comparison with chloramphenicol. In: Dupont, HL., editor. Use of quinolones in travel medicine.
Second Conference on International Travel Medicine, Atlanta, Georgia 1991. Springer-Verlag;
Berlin, Germany: 1992. p. 16-22.

31. Morelli G, Mazzoli S, Tortoli E, Tullia Simonetti M, Perruna F, Postiglione A. Fluoroquinolones
versus chloramphenicol in the therapy of typhoid fever: a clinical and microbiological study. Curr
Ther Res. 1992; 52:532.

Arjyal et al. Page 9

Published as: Lancet Infect Dis. 2011 June ; 11(6): 445–454.

Sponsored D
ocum

ent 
Sponsored D

ocum
ent 

Sponsored D
ocum

ent

http://www.R-project.org


32. Yousaf MH, Hasnain SS, Mohsin A, Ara N. A comparative study of efficacy and safety of three
antimicrobials in the treatment of enteric fever. Pak J Gastroenterol. 1992; 6:46–48.

33. Abejar NH, Dimaano EM, Cabanban AB. Fleroxacin versus chloramphenicol in enteric fever. An
open, randomized, parallel study. Philip J Intern Med. 1993; 31:327–330.

34. Arnold K, Hong CS, Nelwan R. Randomized comparative study of fleroxacin and chloramphenicol
in typhoid fever. Am J Med. 1993; 94:195S–200S. [PubMed: 8452180]

35. Cristiano P, Imparato L, Carpinelli C. Pefloxacin versus chloramphenicol in the therapy of typhoid
fever. Infection. 1995; 23:103–106. [PubMed: 7622257]

36. Gasem MH, Keuter M, Dolmans WMV, van der Ven-Jongekrijg J, Djokomoeljanto R, van der
Meer JWM. Persistence of salmonellae in blood and bone marrow: randomized controlled trial
comparing ciprofloxacin and chloramphenicol treatments against enteric fever. Antimicrob Agents
Chemother. 2003; 47:1727–1731. [PubMed: 12709347]

37. Parry CM, Ho VA, Phuong LT. Randomized controlled comparison of ofloxacin, azithromycin,
and an ofloxacin-azithromycin combination for treatment of multidrug-resistant and nalidixic acid-
resistant typhoid fever. Antimicrob Agents Chemother. 2007; 51:819–825. [PubMed: 17145784]

Acknowledgments
AA, BB, AK, SB, JF, and CD designed the study. AA, BB, SK, AK, SD, KA, NS, KS, MS, SL, KS, NK, US, JC,
SB, JF, and CD participated in data collection. AA, BB, JF, MW, and CD analysed the data. AA, BB, JF, MW, and
CD wrote the manuscript. All authors read and approved the final manuscript.

Acknowledgments
BB, JF, and CD are supporting an application to the WHO Essential Medicines List (EMS) in support of
Gatifloxacin for treating enteric fever, Submission to the 18th Expert Committee on the Selection and Use of
Essential Medicines. All other authors declared no conflicts of interest.

Acknowledgments
We sincerely thank all our community medical auxiliary workers—namely, Surendra Shrestha, Randeep Tamrakar,
Nabraj Regmi, Balmukunda Neupane, and Nabin Adhikari. Thanks also to Upendra Baral for looking after the
office administration. We would also like to thank Krishna Prajapati, Rita Bajracharya, Nabaraj Dahal, and others
from the laboratory at Patan Hospital. We are grateful to Bharat Yadav and his team of doctors, health assistants,
and nursing staff at Patan Hospital Emergency and Outpatient Clinics. We would also like to thank the data and
safety monitoring committee—namely, Zulfikar Bhutta, Phung Tuan, Keith P Klugman, Guy Thwaites, and Buddhi
Paudyal. Finally, we are indebted to our patients and their families from Lalitpur. We thank the Wellcome Trust of
Great Britain for funding the study.

Arjyal et al. Page 10

Published as: Lancet Infect Dis. 2011 June ; 11(6): 445–454.

Sponsored D
ocum

ent 
Sponsored D

ocum
ent 

Sponsored D
ocum

ent



Panel

Research in context
Systematic review

We searched Medline for the terms “gatifloxacin”, “chloramphenicol”, “clinical trial”,
and “typhoid/enteric fever”. We also identified relevant articles from a recent Cochrane
review, WHO typhoid guidelines, and a recent meta-analysis of fluoroquinolones versus
other antibiotics in the treatment of typhoid fever. There were ten trials in the meta-
analysis that compared fluoroquinolones with chloramphenicol. Multidrug-resistant
strains were absent in all but one trial, and nalidixic acid resistance was only reported in
one trial in which there were no nalidixic-acid-resistant strains. The meta-analysis
concluded that fluoroquinolones were not significantly different from chloramphenicol
for clinical failure or microbiological failure in an adult population. However, the sample
sizes of the trials included in the analysis were small, and there was a paucity of
paediatric data. There were only two previous trials of gatifloxacin for the treatment of
uncomplicated enteric fever: one from Nepal and one from Vietnam.

Interpretation

Gatifloxacin was not better than chloramphenicol in children and adults in Nepal with
enteric fever. Both gatifloxacin and chloramphenicol showed similar efficacy in the
treatment of blood-culture-positive enteric fever in a setting with strains of S typhi and S
paratyphi A fully sensitive to chloramphenicol and resistant to nalidixic acid. Our trial
showed that both in the adult and paediatric population gatifloxacin was not better than
chloramphenicol. However, in a developing-country setting like Nepal in a young
population where this disease predominates, gatifloxacin should be the preferred choice
because of its shorter treatment duration, fewer adverse events, and lower cost in the
treatment of enteric fever.
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Figure 1.
Trial profile
*Two culture-positive patients in both the chloramphenicol and glatifloxacin groups were
lost to follow-up before day 8.
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Figure 2.
Kaplan-Meier estimates for time to treatment failure, fever clearance, and relapse for
culture-positive patients
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Table 1

Baseline characteristics of patients according to treatment group

Chloramphenicol (n=418) Gatifloxacin (n=426)

Median (IQR) age (years) 15 (8–22) 16 (9–22)

Male sex 261 (62·4%) 279 (65·5%)

Median (IQR) weight (kg) 42 (20–51) 44 (23–53)

Median (IQR) duration of illness before admission (days) 5 (4–7) 5 (4–7)

Median (IQR) temperature at admission (°C) 38·95 (38·2–39·5) 38·90 (38·1–39·4)

Headache 375 (89·7%) 374 (87·8%)

Anorexia 323 (77·3%) 308 (72·5%)

Abdominal pain 181 (43·5%) 157 (37·1%)

Cough 145 (34·8%) 129 (30·4%)

Nausea 120 (28·7%) 136 (32·1%)

Vomiting 86 (20·7%) 81 (19·6%)

Diarrhoea 78 (18·8%) 79 (18·6%)

Constipation 60 (14·4%) 42 (9·9%)

Hepatomegaly 47 (11·2%) 66 (15·5%)

Splenomegaly 64 (15·3%) 55 (12·9%)

Median (IQR) haematocrit (%) 39 (36·0–43·5) 40 (36·0–43·0)

Median (IQR) leucocyte count (×109/L) 6·4 (5·0–8·1) 6·2 (5·1–8·1)

Median (IQR) platelet count (×109/L) 190 (162–219) 193 (165–232)

Median (IQR) AST (U/L) 46 (34–62) 44 (33–60)

Median (IQR) ALT (U/L) 29 (20–43) 30 (20–42)

Salmonella typhi isolated 125 124

Salmonella paratyphi A isolated 50 53

Positive pretreatment faecal cultures 20 (5·3%) 19 (5·1%)

AST=serum aspartate aminotransferase (normal range 12–30 U/L). ALT=serum alanine aminotransferase (normal range 13–40 U/L).
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Table 2

Summary of primary and secondary outcomes for culture-positive patients (per-protocol analysis)

Chloramphenicol (n=175) Gatifloxacin (n=177) Comparison

Total number of treatment failures* 14 12 HR 0·86 (95% CI 0·40 to
1·86), p=0·70

Persistent fever at day 10 5 5 ..

Need for rescue treatment 5 3 ..

Microbiological failures 0 2 ..

Relapse until day 31 7 4 ..

Enteric fever related complications 0 0 ..

Probability of treatment failure† 0·08 (95% CI 0·04 to 0·13) 0·07 (95% CI 0·03 to 0·11) RD −0·01 (95% CI −0·07
to 0·04), p=0·64

Median time to fever clearance (days)† 3·95 (95% CI 3·68 to 4·68) 3·9 (95% CI 3·58 to 4·27) HR 1·06 (95% CI 0·86–
1·32), p=0·59

Microbiological failures‡ 0/170 (0%) 2/167 (1%) §p=0·24

Relapses until day 31 7 4 HR 0·56 (95% CI 0·16–
1·91), p=0·35

Number of culture confirmed relapses 5 3 ..

Number of syndromic relapses 2 1 ..

Probability of relapse until day 31† 0·04 (95% CI 0·01 to 0·07) 0·02 (95% CI 0·00 to 0·05) ..

Relapses until day 62 10 9 HR 0·87 (95% CI 0·35 to
2·15), p=0·77

Number of culture confirmed relapses 8 5 ..

Number of syndromic relapses 2 4 ..

Probability of relapse until day 62† 0·06 (95% CI 0·02 to 0·10) 0·06 (95% CI 0·02 to 0·09) ..

Relapses after day 62 (all of which were syndromic) 4 10 ..

HR=hazard ratio (based on Cox regression). RD=absolute risk difference (based on Kaplan-Meier estimates).

*
Patients can have more than one type of treatment failure.

†
Kaplan-Meier estimates.

‡
Only patients with a blood culture taken on day 8.

§
Based on Fisher's exact test.
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Table 3

Summary of primary and secondary outcomes for all patients

Chloramphenicol (n=418) Gatifloxacin (n=426) Comparison

Total number of treatment failures* 26 15 HR 0·57 (95% CI 0·30–1·08), p=0·09

Persistent fever at day 10 7 6 ..

Need for rescue treatment 6 4 ..

Microbiological failures 0 2 ..

Relapse until day 31 16 6 ..

Enteric fever related complications 0 0 ..

Probability of treatment failure† 0·07 (95% CI 0·04 to 0·09) 0·04 (95% CI 0·02 to 0·06) RD −0·03 (95% CI −0·06 to 0·00);
p=0·07

Median time to fever clearance (days)† 2·69 (95% CI 2·44 to 2·85) 2·69 (95% CI 2·41 to 2·88) HR 0·99 (95% CI 0·87 to 1·14);
p=0·93

Microbiological failures‡ 0/185 (0%) 2/181 (1%) p§=0·24

Relapses until day 31 16 6 HR 0·37 (95% CI 0·14 to 0·94);
p=0·04

Number of culture confirmed relapses 8 3 ..

Number of syndromic relapses 8 3 ..

Probability of relapse until day 31† 0·04 (95% CI 0·02 to 0·06) 0·02 (95% CI 0·00 to 0·03) ..

Relapses until day 62 23 12 HR 0·50 (95% CI 0·25 to 1·02);
p=0·06

Number of culture confirmed relapses 12 5 ..

Number of syndromic relapses 11 7 ..

Probability of relapse until day 62† 0·06 (95% CI 0·04 to 0·08) 0·03 (95% CI 0·01 to 0·05) ..

HR=hazard ratio (based on Cox regression). RD=absolute risk difference (based on Kaplan-Meier estimates).

*
Patients can have more than one type of treatment failure.

†
Kaplan-Meier estimates.

‡
Only patients with a blood culture taken on day 8.

§
Based on Fisher's exact test.
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Table 4

Comparison of treatment failure in the culture-positive and culture-negative population and selected subgroups

Chloramphenicol Gatifloxacin HR (95%CI) p for heterogeneity*

Population

Culture positives 14/175 12/177 0·86 (0·40–1·86, p=0·70) 0·08

Culture negatives 12/243 3/249 0·25 (0·07–0·87, p=0·03) ..

Pathogen

Salmonella typhi 11/125 8/124 0·73 (0·29–1·82, p=0·50) 0·51

Salmonella paratyphi A 3/50 4/53 1·32 (0·30–5·91, p=0·72) ..

Age

Less than 16 years 18/222 10/217 0·58 (0·27–1·25, p=0·17) 0·98

16 years or older 8/196 5/209 0·59 (0·19–1·8, p=0·35) ..

*
Heterogeneity was tested with a Cox regression model that included an interaction between treatment and subgroup.
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Table 5

Adverse events: comparison of overall frequency and frequency of selected adverse events between the two
treatment groups

Chloramphenicol (n=418) Gatifloxacin (n=426) p value*

Number of patients with
event (%)

Number of events Number of patients with
event (%)

Number of events

Any adverse event 99 (24%) 168 59 (14%) 73 0·0003

Abdominal pain 11 (3%) 12 8 (2%) 8 0·5

Acne 2 (<1%) 2 0 0 0·2

Anorexia 9 (2%) 10 1 (<1%) 1 0·01

Diarrhoea 24 (6%) 26 5 (1%) 5 0·0002

Dizziness 11 (3%) 11 2 (<1%) 2 0·01

Nausea 26 (6%) 29 9 (2%) 9 0·003

Oral candidiasis 4 (1%) 4 0 0 0·06

Vomiting 36 (9%) 39 35 (8%) 35 0·9

Weakness 4 (1%) 4 0 (0%) 0 0·06

All adverse events in this list were non-severe (ie, grade 1 or grade 2) except for one grade 3 dehydration in the chloramphenicol group and one
grade 3 abdominal pain in the gatifloxacin group.

*
Based on Fisher's exact test.
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Table 6

Adverse events: leucopenia

Chloramphenicol (n=418) Gatifloxacin*(n=426)

At baseline

Grade 1 2/411 (0·5%) 1/414 (0·2%)

Grade 2 0/411 (0%) 2/414 (0·5%)

On day 8

Grade 1 4/403 (1·0%) 1/188 (0·5%)

Grade 2 3/403 (0·7%) 1/188 (0·5%)

On day 15

Grade 1 1/351 (0·3%) 1/166 (0·6%)

Grade 2 0/351 (0%) 0/166 (0%)

Data are n (%) of patients tested. Grade 1 white blood cell (WBC) count 2000–2500×106/L. Grade 2 WBC count 1500–1999×106/L. No grade 3 or
4 leucopenia was recorded.

*
Not all patients who received gatifloxacin had haematological tests on day 8 and day 15.
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Table 7

Adverse events: dysglycaemia

Chloramphenicol (n=418) Gatifloxacin (n=426) p value*

Hyperglycaemia, grade 2†

At baseline 1/414 (0·2%) 2/422 (0·5%) 1·00

On day 2 to day 7‡ 25/407 (6·1%) 42/414 (10·1%) 0·04

On day 8 0/402 (0%) 1/400 (0·3%) 0·50

On day 15 1/366 (0·3%) 0/351 (0·%) 1·00

On month 1 1/375 (0·3%) 0/383 (0·0%) 0·50

Hypoglycaemia, grade 2 or worse§

At baseline 4/414 (1.0%) 4/422 (1·0%) 1·00

On day 2 to day 7‡ 1/407 (0·3%) 1/414 (0·2%) 1·00

On day 8 2/402 (0·5%) 2/400 (0·5%) 1·00

On day 15 4/366 (1·1%) 3/351 (0·9%) 1·00

On month 1 3/375 (0·8%) 4/383 (1·0%) 1·00

HbA1c>6%

On month 3 22/351 (6·3%) 20/359 (5·6%) 0·8

Data are n (%) of patients tested for abnormal blood glucose.

*
Based on Fisher's exact test.

†
Grade 2 non-fasting plasma glucose 161–250 mg/dL. No grade 3 or 4 hyperglycaemias were recorded.

‡
On days 2 to 7, all patients were monitored with fingerstick glucose testing.

§
Grade 2 non-fasting plasma glucose 40–54 mg/dL. One grade 3 hypoglycaemia (30–39 mg/dL) was recorded at baseline, and two on day 15 (one

in each group). No grade 4 hypoglycaemias were recorded.
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Table 8

Antimicrobial susceptibility results: minimum inhibitory concentrations (MICs)*and resistance profile
ofSalmonella paratyphiA andS typhiisolates

Salmonella paratyphi A (n=103) Salmonella typhi (n=249) p value

Chloramphenicol

MIC 50 (μg/mL) 8·00 4·00 ..

MIC 90 (μg/mL) 12·00 8·00 <0·0001

Range 2·00–64·00 1·50 to >256·00 ..

Amoxicillin

MIC 50 (μg/mL) 1·00 0·50 ..

MIC 90 (μg/mL) 2·00 1·00 <0·0001

Range 0·50–3·00 0·04 to >256·00 ..

Cotrimoxazole

MIC 50 (μg/mL) 0·12 0·03 ..

MIC 90 (μg/mL) 0·19 0·06 <0·0001

Range 0·02–0·38 0·01 to >32·00 ..

Tetracycline

MIC 50 (μg/mL) 1·50 1·00 ..

MIC 90 (μg/mL) 2·90 2·00 <0·0001

Range 0·50–8·00 0·38 to >256·00 ..

Ceftriaxone

MIC 50 (μg/mL) 0·19 0·12 ..

MIC 90 (μg/mL) 0·25 0·19 <0·0001

Range 0·12–0·38 0·05–0·25 ..

Azithromycin

MIC 50 (μg/mL) 12·00 6·00 ..

MIC 90 (μg/mL) 16·00 12·00 <0·0001

Range 1·00–48·00 0·38–24·00 ..

Nalidixic acid

MIC 50 (μg/mL) >256·00 >256·00 ..

MIC 90 (μg/mL) >256·00 >256·00 <0·0001

Range 1·50 to >256·00 0·38 to >256·00 ..

Ciprofloxacin

MIC 50 (μg/mL) 0·50 0·25 ..

MIC 90 (μg/mL) 0·75 0·38 <0·0001

Range 0·02–1·50 0·00–1·00 ..

Ofloxacin

MIC 50 (μg/mL) 1·50 0·38 ..

MIC 90 (μg/mL) 2·00 0·50 <0·0001

Range 0·06–6·00 0·02–4·00 ..

Gatifloxacin

MIC 50 (μg/mL) 0·50 0·12 ..
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Salmonella paratyphi A (n=103) Salmonella typhi (n=249) p value

MIC 90 (μg/mL) 0·50 0·19 <0·0001

Range 0·02–1·50 0·00–1·00 ..

Multidrug-resistant isolates 0 (0%) 2 (0·82%) 1·00

Nalidixic-acid-resistant isolates 92 (90·2%) 159 (65·43%) <0·0001

*
102 S typhi and 243 S paratyphi A were available for MIC testing. MIC50/90=concentration at which 50% and 90% of the organisms,

respectively, are inhibited. Multidrug resistance is defined as resistance to chloramphenicol, ampicillin, and co-trimoxazole. Comparisons are based
on Wilcoxon test for continuous data and Fisher's exact test for categorical data.
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