Trimethoprim-sulfamethoxazole Versus Azithromycin for
the Treatment of Undifferentiated Febrile Illness in Nepal:
A Double-blind, Randomized, Placebo-controlled Trial
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Background. Azithromycin and trimethoprim-sulfamethoxazole (SXT) are widely used to treat undifferentiated febrile illness
(UFI). We hypothesized that azithromycin is superior to SXT for UFI treatment, but the drugs are noninferior to each other for
culture-confirmed enteric fever treatment.

Methods. 'We conducted a double-blind, randomized, placebo-controlled trial of azithromycin (20 mg/kg/day) or SXT (tri-
methoprim 10 mg/kg/day plus sulfamethoxazole 50 mg/kg/day) orally for 7 days for UFI treatment in Nepal. We enrolled patients >2
years and <65 years of age presenting to 2 Kathmandu hospitals with temperature >38.0°C for >4 days without localizing signs. The
primary endpoint was fever clearance time (FCT); secondary endpoints were treatment failure and adverse events.

Results. From June 2016 to May 2019, we randomized 326 participants (163 in each arm); 87 (26.7%) had blood culture-con-
firmed enteric fever. In all participants, the median FCT was 2.7 days (95% confidence interval [CI], 2.6-3.3 days) in the SXT arm
and 2.1 days (95% CI, 1.6-3.2 days) in the azithromycin arm (hazard ratio [HR], 1.25 [95% CI, .99-1.58]; P = .059). The HR of treat-
ment failures by 28 days between azithromycin and SXT was 0.62 (95% CI, .37-1.05; P = .073). Planned subgroup analysis showed
that azithromycin resulted in faster FCT in those with sterile blood cultures and fewer relapses in culture-confirmed enteric fever.

Nausea, vomiting, constipation, and headache were more common in the SXT arm.

Conclusions.

Despite similar FCT and treatment failure in the 2 arms, significantly fewer complications and relapses make

azithromycin a better choice for empirical treatment of UFI in Nepal.

Clinical Trials Registration. NCT02773407.
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Fever without localizing signs of infection, otherwise known as
undifferentiated febrile illness (UFI), is a common cause of mor-
bidity and mortality in low- and middle-income countries [1-3].
The causes of UFI vary by geographic region. In South Asia, ma-
laria, dengue, typhus, and Salmonella Typhi and paratyphoid
fever are all common causes of UFI [1, 2]. Enteric fever is the
commonest bacterial bloodstream infection in South Asia with
an incidence of about 500 per 100 000 [4-6]. Widely available

Received 12 August 2020; editorial decision 4 September 2020; published online 29 September
2020.

Correspondence: B. Basnyat, Oxford University Clinical Research Unit Nepal, Patan Academy
of Health Sciences, Lalitpur, Nepal (buddha.basnyat@ndm.ox.ac.uk).

Clinical Infectious Diseases® 2021;73(7):e1478-86

© The Author(s) 2020. Published by Oxford University Press for the Infectious Diseases Society
of America. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
reuse, distribution, and reproduction in any medium, provided the original work is properly cited.
DOI: 10.1093/cid/ciaa1489

rapid diagnostic tests can help diagnose malaria and dengue,
but distinguishing enteric fever from scrub or murine typhus, or
other less common causes, is difficult. This diagnostic challenge
is compounded by rapidly rising drug resistance among S. Typhi
and paratyphoid fever, especially against the fluoroquinolones [4,
7], which makes the selection of appropriate antimicrobial treat-
ment difficult. These uncertainties threaten treatment outcomes
and drive escalating and poorly directed antimicrobial use.

The commonest causes of UFI in Nepal are S. Typhi and para-
typhoid fever, murine and scrub typhus, and leptospirosis [8, 9].
Pooled data from 2092 patients with UFI enrolled in 4 previous
clinical trials conducted in Kathmandu showed that 885 (41%)
had either S. Typhi or paratyphoid fever [10]. Serological testing
of a subset of patients recruited in these studies showed evi-
dence for murine typhus in 17% (n=21/125), with the spotted
fever group rickettsioses, Q fever, hantavirus infection, brucel-
losis, and dengue as additional causes of UFI [9].
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Many patients with UFI in Nepal and other parts of South
Asia are treated empirically [11] for enteric fever. In Nepal and
the wider region, the selected antimicrobials depend upon avail-
ability and cost, but trimethoprim-sulfamethoxazole (SXT) and
azithromycin are very commonly prescribed antibiotics [12,
13]. Currently, both S. Typhi and paratyphoid fever are highly
susceptible to both SXT and azithromycin in Nepal [10].

SXT was commonly used in the past for enteric fever treat-
ment [14-18], but the emergence of multidrug-resistant S.
Typhi, which was SXT resistant, 2 decades ago reduced its use.
However, in the last few years SXT resistance has largely disap-
peared and nearly all S. Typhi and Salmonella Paratyphi A iso-
lates from Nepal and the nearby region are now susceptible [7,
19-21]. There are no recent clinical trials, but its effectiveness
against enteric fever is supported by a recent case report [22]
and observed low SXT minimum inhibitory concentrations
(MICs) for S. Typhi and S. Paratyphi A [20, 23].

In 2019, the Indian Council of Medical Research antimicro-
bial guidelines recommended SXT or azithromycin as the in-
itial, preferred treatment for suspected enteric fever [24].
Azithromycin is very effective for enteric fever, with minimal
resistance currently reported [25]. It may also have some ac-
tivity against scrub and murine typhus. There have been no
trials performed for the treatment of UFI in settings with en-
demic fluoroquinolone-resistant S. Typhi. There have been sev-
eral published studies that used azithromycin [26-28] or SXT
for the treatment of enteric fever, but there have been no head-
to-head randomized comparisons of the 2 drugs for UFI. In ad-
dition, many of the previous SXT studies had small sample sizes
and were conducted in the 1970s and 1980s [14-18]. Therefore,
we conducted a randomized, double-blind comparison of
azithromycin vs SXT for the treatment of UFI in Nepal. We hy-
pothesized [29] that azithromycin would be superior to SXT for
the treatment of patients with UFI and sterile blood cultures
but that the 2 drugs would be noninferior to one another for the
treatment of blood culture-confirmed enteric fever.

METHODS

Study Design and Participants

We conducted a parallel-group, double-blind, randomized con-
trolled trial of SXT vs azithromycin for the treatment of UFI
in Nepal at Patan Hospital and Civil Services Hospital in the
Kathmandu Valley, Nepal. [29] The study protocol was re-
viewed and approved by the Ethics Committee of the Nepal
Health Research Council and the Oxford Tropical Research
Ethics Committee, United Kingdom.

We screened patients between >2 years and <65 years of age
who presented at the emergency room and outpatient clinics of
Patan Hospital and Civil Service Hospital, who had a temper-
ature of >38.0°C and a documented or self-reported history of
fever for >4 days and <14 days, without a localizing focus of in-
fection. Patients were excluded if they were pregnant; had signs

of severe infection (eg, obtunded, in shock, had severe jaundice,
or active gastrointestinal bleeding) that required intravenous
antibiotics or hospital admission; had a history of hypersensi-
tivity to either of the trial drugs; were already on antimicrobials
and responding; or if the study physician considered either drug
was contraindicated for any reason.

Written informed consent to participate in the study was
obtained from all patients >18 years of age. For patients aged
12-17 years, written informed consent was obtained from
a legal guardian in addition to assent from the participant.
Written informed consent was obtained from legal guardians
for patients <12 years of age.

Randomization and Blinding

All enrolled patients were randomly assigned (1:1) to either
SXT or azithromycin according to a computer-generated ran-
domization list, with randomization in variable block sizes of
4 and 6 without stratification. The randomization list specified
the assignment of each unique study number to the respective
randomized treatment arm.

At enrollment, the study staff explained how the drugs should
be taken by the patient (Supplementary Table 1). Treatment al-
location was concealed from the patient, investigators, study
physicians, nurses, and other study staff throughout the study.

Procedures

Patients were randomized to either 1 of the 2 treatment groups:
Group A was administered azithromycin tablets 20 mg/kg/day
as a single daily dose orally for 7 days (maximum dose 1000 mg/
day); and group B was administered SXT tablets (trimethoprim
10 mg/kg + sulfamethoxazole 50 mg/kg) in 2 divided doses daily
orally for 7 days (maximum 3000 mg/day). The tablets were
manufactured by Lomus Pharmaceuticals Nepal as follows: SXT
tablets of 1200 mg, 600 mg, 300 mg, and 150 mg; azithromycin
tablets of 800 mg, 400 mg, 200 mg, and 100 mg; and placebo
tablets in 4 different sizes. The placebo tablets were identical to
the active drug. The content of the placebo and the drug doses
adjusted according to the weight of individual patients is given
in Supplementary Table 2 and Supplementary Table 3.

The follow-up intervals and the assessment schedule are
given in Supplementary Table 4. The blood culture and antibi-
otic susceptibility were done similarly as described in our pre-
vious trial [7].

Outcomes

The primary endpoint was fever clearance time (FCT): that is,
the time from the first dose of the study drug until a tempera-
ture of <37.5°C was recorded for at least 48 hours.

The secondary endpoint was treatment failure, defined as the
occurrence of at least 1 of the following events: FCT >7 days
(168 hours) after treatment initiation; clinical failure and re-
quirement for rescue treatment as judged by the study physi-
cian and the attending physician; blood culture positive for S.
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Typhi or paratyphoid fever on day 7 of treatment (microbiolog-
ical failure); culture-confirmed or syndromic enteric fever re-
lapse within 28 days of initiation of treatment; development of
any complication (eg, clinically significant bleeding, decline in
Glasgow Coma Scale, perforation of the gastrointestinal tract,
and need for hospital admission within 28 days after the initi-
ation of treatment). The time to treatment failure was defined
as the time from the first dose of treatment until the date of
the earliest failure event. Adverse events were also secondary
endpoints and defined as grade 3/4 adverse events, serious ad-
verse events, adverse events of any grade leading to modifica-
tion of study drug dose, or interruption/early discontinuation.

Patients who met the criteria for treatment failure were given
intravenous ceftriaxone 60 mg/kg once daily (maximum dose
2 g/day) for 7 days if they had culture-confirmed enteric fever.
Those with sterile blood cultures were treated with intravenous
ceftriaxone 60 mg/kg once daily (maximum dose 2 g/day) and
oral doxycycline (4 mg/kg/day) in 2 divided doses (maximum
200 mg/day) for 7 days.

Statistical Analysis

Analyses were prespecified in a statistical analysis plan before
unblinding of the treatment allocation. Based on data from our
previous trial [7], we assumed a Weibull distribution for the
FCT in each arm and a median FCT in the azithromycin arm
of 1.12 days in those with culture-negative UFI and 2.78 days
in those with culture-positive UFI. The shape parameter of
the Weibull distribution was assumed to be 0.75 for culture-
negative patients and 1.5 in culture-positive patients, which was
a conservative estimate compared to the observed FCT distri-
butions in the previous 3 trials we conducted [23, 30, 31]. We
assumed that SXT would be associated with a 2-fold slower FCT
in culture-negative patients and the same FCT as azithromycin
in culture-positive patients. Finally, we assumed that the pro-
portion of patients with culture-confirmed enteric fever would
be 33%-50%.

Based on these assumptions and an assumed twice-daily tem-
perature monitoring leading to an interval-censored FCT, the
power for various samples sizes was estimated based on simu-
lations (Supplementary Table 5). The target sample size chosen
was 330 participants (165 per study group), which included an
allowance of 10% loss to follow-up and providing >80% power
for the overall comparison with a 2-sided 5% significance level.

The primary analysis population was by intention-to-treat,
with prespecified subgroup analyses for both primary and
secondary outcomes in those with or without blood culture-
confirmed enteric fever (except for relapse, the subgroup ana-
lyses for the individual components of treatment failure were
not part of the statistical analysis plan). The primary endpoint
FCT was compared between the 2 groups based on a Weibull
accelerated failure time model with the treatment arm as the
only covariate. The distributions of the FCT over time in each

treatment arm were further visualized using the nonparametric
maximum likelihood estimator for interval-censored data.
With respect to treatment failure and its individual compo-
nents, we compared the 2 groups with a Cox regression model
with treatment as the only covariate. We used Firth penalized
likelihood in case the number of events in one of the arms was
zero or 1. We computed the distribution of time to treatment
failure via Kaplan-Meier curves and compared the absolute risk
of treatment failure until day 28. Comparisons of the number of
patients with each adverse event between the 2 arms were done
with Fisher exact test. None of the P values were corrected for
multiple comparisons. All analyses were done with R language
for statistical computing version 3.6.2 software [32].

The safety of the trial was overseen by an independent
data and safety monitoring board. The trial was registered at
ClinicalTrials.gov (identifier NCT02773407).

RESULTS

Between June 2016 and May 2019, 326 patients were random-
ized to either arm (Figure 1). The baseline characteristics were
well-balanced between the groups (Table 1).

The median FCT was 2.7 days (95% confidence interval
[CI], 2.6-3.3 days) in the SXT arm and 2.1 days (95% CI, 1.6—
3.2 days) in the azithromycin arm. The hazard ratio (HR) for the
treatment effect (azithromycin vs SXT) was 1.25 (95% CI, .99-
1.58) (P =.059; Figure 2A). The probability of the secondary
and composite endpoint of treatment failure at 28 days was 0.15
(95% CI, .09-.20) in the azithromycin arm vs 0.24 (95% CI,
.17-.30) in the SXT arm (HR, 0.62 [95% CI, .32-1.05]; P = .073)
(Table 2 and Figure 3A). This difference was driven primarily
by lower numbers of syndromic or culture-confirmed relapses
(6 SXT; 0 azithromycin; HR, 0.07 [95% CI, .00-.56]; P = .008)
and lower numbers of enteric fever-related complications (8
SXT, 1 azithromycin; HR, 0.17 [95% CI, .02-.97]; P =.011)
within 28 days of treatment initiation in the azithromycin arm
(Table 3).

There was heterogeneity in the primary outcome between the
prespecified subgroups of those with S. Typhi or paratyphoid
fever cultured from blood (culture positive) and those with
sterile blood cultures (culture negative) at baseline (P for inter-
action = .088). The median FCT in the culture-positive group
was 3.3 days (95% CI, 3.0-4.4 days) in the SXT arm and 4.4 days
(95% CI, 4.2-6.4 days) in the azithromycin arm (HR, 0.95 [95%
CI, .60-1.48]; P = .808). However, in the culture-negative par-
ticipants, the median FCT was 2.6 days (95% CI, 1.4-3.3 days)
in the SXT arm and 1.6 days (95% CI, 1.3-2.1 days) in the
azithromycin arm (HR, 1.37 [95% CI, 1.04-1.80]; P =.025)
(Figure 2B). In the model with culture and the interaction
with treatment added (Figure 2B), the overall P value for the
treatment effect was .031. The P value for the interaction be-
tween culture and treatment was .088; the overall P value for
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1761 patients identified as UFI

298- already on antibiotics and responding
236-fever duration <72 hours

218-denied consent

1009- excluded for various other reasons

4

330 Enrolled

*2 patients removed due to randomization error
«1 patient denied to be part of study after consent
«1 patient was diagnosed with malaria before taking study drug

‘ 326 Analyzed

|

‘ 163 patients received azithromycin ‘

l
! }

}

‘ 163 patients received SXT ‘

l
| }

42 patients had blood culture- 120 patients had negative
confirmed enteric fever blood culture

45 patients had blood culture— 112 patients had negative
confirmed enteric fever blood culture

| |

39 patients followed up at Day
7(92.9 %)

113 patients followed up at Day
7(94.1%)

| |

41 patients followed up at Day 103 patients followed up at
7(91.1 %) Day 7 (91.9 %)

| |

1 |

34 patients followed up at Day 14
(80.9 %)

95 patients followed up at Day
14 (79.1%)

34 patients followed up at Day
14 (75.5 %)

93 patients followed up at Day
14 (83.0%)

l 1

l 1

35 patients followed up at Day 28 89 patients followed up at Day
(83.3%) 28(74.1 %)

32 patients followed up at Day 85 patients followed up at Day
28 (71.1%) 28(75.8%)

| l

| l

36 patients followed up at Day 63 98 patients followed up at Day 63
(83.3%) (81.6 %)

Figure 1.

95 patients followed up at Day

63 (75.5 %) 63 (80.3 %)

34 patients followed up at Day ‘

Trial participant flowchart. Abbreviations: SXT, trimethoprim-sulfamethoxazole; UFI, undifferentiated febrile illness.

the culture effect was <.001.We did not observe heterogeneity
of the treatment effect on the composite secondary endpoint
of treatment failure by 28 days between the 2 prespecified sub-
groups (P for effect modification = .51) (Table 2).

There was no relapse in either of the subgroups in the
azithromycin arm and only 1 complication in the culture-
negative group in the azithromycin arm.The HR of treatment
effect for relapse in the culture-postive group within 28 days
was 0.09 (95% CI, .00-.81; P =.028). The HR of treatment ef-
fect for complications in the culture-positive group within
28 days was 0.11 (95% CI, .00-1.05; P = .056) (Table 3). In the
model with culture and the interaction with treatment added,
the overall P value for the treatment effect was .21 (Figure 3B).
The P value for the interaction between culture and treatment
was 0.51; the overall P value for the culture effect was .007. The
heterogenity tests for interval censored fever clearance time for

other subgroups (age, sex, MIC) besides the prespecified sub-
groups are shown in (Supplementary Table 6).

There were 4 culture-confirmed relapses and 2 syndromic re-
lapses within 28 days of treatment initiation in the SXT arm
(Table 3). Eleven patients had to be admitted to hospital for
grade 3 or 4 adverse events, high-grade or persistent fever, or
on 1 occasion for administration of intravenous rescue treat-
ment. Nine were in the SXT arm and 2 were in the azithromycin
arm [Table 4]. There were 34 rescue treatments given during
the study; 23 were in the SXT arm and 11 in the azithromycin
arm. Persistent fever constituted the most common cause for
rescue treatment. Twenty-one of 34 (61.8%) rescue treatments
were given for persistent fever at day 7. One culture-positive
patient had S. Typhi resistant to SXT, chloramphenicol, and
amoxicillin in vitro but nevertheless responded well to SXT. All
of the other isolates were susceptible to SXT and azithromycin.
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Table 1.

Treatment Group (Intention-to-Treat Population)

Baseline Characteristics of the Trial Participants According to

Table 1. Continued

SXT Azithromycin
. . Characteristic (n=163) (n=163)
SXT Azithromycin
Characteristic (n=163) (n=163) ALT, U/L 50.5 (36.2-85.8)  48.0 (34.0-75.6)
Blood culture and sensitivity
Age, y _
Median (1st=3rd quartile) 22.0(16.2-29.0)  21.0 (16.0-28.8) Contaminants 667 1(0.6)
14 22 (13.4) 28 (171) No growth . 112 (68.7) 120 (73.6)
>14 140 (85.8) 134 (82.2) SalmonellaTyphi 41 (25.2) 39(23.9)
Sex Salmonella Paratyphi A 4 (2.5) 3(1.8)

Male 113 (69.3) 104 (63.8) Stool culture and s.ensitivity

Female 60 (30.7) 59 (36.2) SalmonellaTyphi 4(2.9) 2 (1.5)
Median days of illness (1st-3rd quartile) 5.0 (4.0-6.0) 5.0 (4.0-6.0) Data are presented as no. (%) unless otherwise indicated.
sl Esians Abbreviations: ALT, serum alanine aminotransferase; AST, serum aspartate

& aminotransferase; SXT, trimethoprim-sulfamethoxazole; WBC, white blood cell.

Drinking water source
Tap water (piped supply) 69 (42.3) 70 (42.9)

Well 1(0.6) 6(3.7) The MICs for different drugs among the isolates are given in
Tube well 3(18) 4(2.5) (Supplementary Table 7).

Stone spout 5(3.1) 4 (2.5)

Bottled water 58 (35.6) 55 (33.7) DISCUSSION

Others 27 (16.6) 24 (14.7)

Treatment of drinking water We compared azithromycin with SXT for 7 days in the treat-
Untreated 72 (44.2) 76 (46.6) ment of UFI in Nepal. In all participants, azithromycin was as-
“Lilee Lol e sociated with shorter FCT, fewer treatment failures, and fewer
Boiled 26 (16.0) 22 (13.5) . . . .

i ; adverse events (with the exception of diarrhea, which was more
Boiled and filtered 8 (4.9) 3(1.8) in th ith . Ith h the diff .
Chlorinated 425 2(1.2) common in the azithromycin arm), although the difference in
BiihErs 1(0.6) 3(18) FCT and treatment failure did not reach standard statistical

Food taken outside of usual place in significance (P =.059 and P = .073, respectively). However in
last 3 wk the 2 prespecified trial subgroups, defined by positive or nega-
Restaurants/small hotels 50 (30.7) 51 (31.3) . . .

tive blood cultures for S. Typhi or paratyphoid fever, the drugs

Street vendors 10 (6.1) 10 (6.1) .
Party 106.1) 74.3) had different treatment outcomes. The FCT of both drugs was
None other than the usual place 87 (53.4) 90 (55.2) similar in those with positive cultures, but azithromycin was
Others 6(3.7) 5(3.1) associated with significantly shorter FCT than SXT in culture-
Symptoms negative participants. In addition, although there were no dif-

':’/g:eﬂ:?—tserdmﬁ::ﬁerj dit preseiision,  SE2 TR Sk BTe-SEE ferences in treatment failure in both the subgroups, there were

Fever 163 (100) 163 (100) significantly more relapses in the SXT arm in culture-positive

Headache 136 (83.4) 143 (877) participants.

Anorexia 130 (79.8) 126 (77.3) Azithromycin and SXT are commonly used antibiotics in

Nausea PEe 7O South Asia for the treatment of UFI before blood culture re-

vém't'ng 50 (30.7) 49(30.1) sults are available. An analysis of pharmaceutical sales in India

Diarrhea 43 (26.4) 42 (25.8) led that SXT and azith . h .

Constipation 19 (11.7) 27 (16.6) revealed that and azithromycin are among the top 5 anti-

Abdominal pain 45 (276) 50 (30.7) biotics sold [12]. The recent decrease in multidrug-resistant S.

Black stool 10 (6.1) 6(3.7) Typhi in the region, and the return of SXT-susceptible bacteria,

Cough 76 (46.6) 83 (50.9) has meant this inexpensive antibiotic might be potentially used

Chest pain 1700.4) 197 in UFI treatment [19, 22]. Indeed, SXT is now recommended

Throat di fort 26 (16.0 24 (147 i
roat discomior 160 fa.7) by some authorities as the preferred treatment [24] of suspected

Weakness 121 (74.2) 114 (69.9) ] i )

Acute gastroenteritis 19 (11.8) 26 (16.0) enteric fever and other UFIs. Therefore, our findings, which

Prior antibiotics 49 (32.9) 53 (36.1) suggest that 7 days of SXT is inferior to azithromycin in the

Laboratory values, median (1st-3rd treatment of UFI and enteric fever, are important for clinicians
juart'le) ( ) ( ) and policy makers.
ematocrit, % 41.0 (39.0-44.9) 41.0(38.0-45.0

WBC count, x16° cals/L 7 e e "'l'here has not been any recent étudy r.eported (?n SXT for en-

Platelets, x10° cells/L 186 (152-236) 204 (164-252) teric fever treatment. The 7 previous trials, published between

Neutrophils, % 68.0 (62.0-76.0) 70.0 (63.0-78.0) 1972 and 1989 [14-16, 33, 34] (Supplementary Table 8) used

Lymphocytes, % 30.0 (24.0-36.0) 28.0 (21.2-35.0) lower doses of SXT (800-1600 mg/day; 15-25 mg/kg/day) than

ASTAUE e our trial (60 mg/kg/day to maximum 3000 mg/day). These trials
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Figure 2. Estimated time to fever clearance by treatment arm in the intention-to-treat

(B). Abbreviation: SXT, trimethoprim-sulfamethoxazole.

By treatment arm and culture result
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population (4) and the subgroup of culture-confirmed and culture-negative patients

employed variable endpoints, and only 3 followed up patients
for relapse (Supplementary Table 8). However in the present
study, despite the higher doses, there was an unacceptably high
relapse rate (17%) in the SXT-treated patients with blood cul-
ture—confirmed enteric fever. This finding suggests that 7 days
of SXT fails to kill all the bacteria and longer durations may
be required to induce relapse-free cure. Historically, 14 days
of SXT have been given for enteric fever treatment, although
without support from randomized comparisons of treatment
duration.

In the culture-negative participants, azithromycin cleared
fever more rapidly (Figure 2B) than SXT. This rapid clearance
may be due to the fact that murine typhus (and possibly scrub
typhus) accounts for many UFIs, as our previous studies have
shown [9]. Rapid clearance of fever within 48 hours with ef-
fective antibiotic treatment is usual in most cases of murine
and scrub typhus treatment [34-36]. In addition, both murine
[37] and scrub [38] typhus are known to be effectively treated
with azithromycin. We do not know of any recent studies

using cotrimoxazole in the treatment of rickettsial illnesses.
Importantly, the lack of affordable, accurate rapid diagnostic
tests for rickettsial diseases is a major hindrance for proper
treatment.

The strengths of our trial include that it was placebo-
controlled and pragmatic, enrolling participants from 2 hos-
pitals in Kathmandu who were representative of a common and
important clinical syndrome. We employed clinically relevant
endpoints and followed participants for 63 days. It is also the
first randomized controlled trial to investigate the use of SXT
for the treatment of enteric fever since the 1980s, when anti-
microbial use and bacterial and drug resistance epidemiology
were very different from the present day.

The study has limitations. First, 7 days of SXT may have been
too short, and may have accounted for the higher relapse rate
in those with culture-confirmed enteric fever compared with
azithromycin. Second, the cause of UFI was undefined in the ma-
jority of participants, which leaves uncertainty as to why SXT was
associated with longer FCTs in the culture-negative group.

Table 2. Primary and Secondary Endpoints in the Intention-to-Treat Population and Subgroups of Blood Culture—Positive and Culture-negative Patients

Endpoint SXT Azithromycin Comparison, HR (95% CI) PValue
Fever clearance time, d, median (95% Cl)
Overall ITT 2.7 (2.6-3.3) 2.1(1.6-3.2) 1.25 (.99-1.58) .059
Culture positive 3.9 (3.0-4.4) 4.4 (4.2-6.4) 0.95 (.60-1.48) .81
Culture negative 2.6 (1.4-3.3) 1.6 (1.3-2.1) 1.37 (1.04-1.80) .025
Treatment failure within 28 days
Overall ITT 36/163 23/163 0.62 (.37-1.05) .073
Probability within 28 days, % (95% CI) 24 (17-30) 15 (9-20)
Culture positive 14 (37) 11(37) 0.78 (.35-1.72) 637
Probability within 28 days, % (95% CI) 39 (21-563) 30 (13-43)
Culture negative 20 (112) 12 (120) 0.56 (.27-1.14) M
Probability within 28 days, % (95% ClI) 19 (11-26) 11 (5-16)

Abbreviations: Cl, confidence interval; HR, hazard ratio (based on Weibull regression mode for fever clearance time and Cox regression for treatment failure); ITT, intention-to-treat; SXT,

trimethoprim-sulfamethoxazole.
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Figure 3. Kaplan-Meier curves for time to treatment failure in 2 treatment groups in the intention-to-treat population (A) and the subgroups of culture-positive and culture-
negative patients (B). Abbreviation: SXT, trimethoprim-sulfamethoxazole.

Table 3. Components of Treatment Failure in the Intention-to-Treat Population and Subgroups of Blood Culture—Positive and Culture-negative Patients

Component SXT Azithromycin Comparison (95% Cl) PValue
Fever failure at day 7
Overall ITT 22/134 18/135 RR, 1.20 (.67-2.14) .54
Probability, % (95% CI) 14 (9-20) 12 (8-18)
Culture positive 7 /36 10/29 RR, -0.63 (.27-1.51) .30
Probability, % (95% ClI) 16 (8-30) 26 (14-41)
Culture negative 14/95 8/105 RR, 1.81 (.79-4.15) .16
Probability, % (95% CI) 13 (8-21) 7 (4-14)
Clinical failure within day 7
Overall ITT 8/163 5/163 HR, 0.63 (.20-1.92) 41
Failure probability within day 7. % (95% Cl) 5.0 (1.6-8.3) 3.2 (.4-5.9)
Culture positive 3/45 1/42 HR, 0.44 (.04-2.67) .38
Failure probability within day 7. % (95% Cl) 7 (0-14) 2.6 (0-74)
Culture negative 5/118 4/121 HR, 0.77 (.21-2.85) .69
Failure probability within day 7 % (95% Cl) 0.04 (.01-.08) 0.03 (.00-.07)
Microbiological failure 0 1
Syndromic or culture confirmed relapse till day 28
Overall ITT 6/126 0/130 HR, 0.007 (.00-.56) .008
Probability within 28 days, % (95% CI) 5.6 (1.1-9.8) 0
Culture positive 5/33 0/28 HR, 0.09 (.00-.81) .028
Probability within 28 days, % (95% Cl) 17 (2-29) 0
Culture negative 1/90 0/101 HR, 0.27 (.00-5.11) .39
Probability within 28 days, % (95% CI) 1.3 (.0-3.8) 0
Complications till day 28
Overall ITT 8/163 1/163 HR, 0.17 (.02-.97) .01
Probability within 28 days, % (95% CI) 5.4 (1.7-8.9) 0.6 (.0-1.8)
Culture positive 4/45 0/42 HR, 0.11 (.00-1.05) .056
Probability within 28 days, % (95% Cl) 10 (0-18) 0
Culture negative 4/112 1/120 HR, 0.31 (.03-1.68)
Probability within 28 days, % (95% CI) 3.9 (.1-75) 0.8 (.0-2.4) 18
Rescue treatment 23 1
Overall ITT 23/163 11/163
Culture positive 10/45 5/42
Culture negative 13/112 6/120

Abbreviations: Cl, confidence interval; HR, hazard ratio (based on Cox regression); ITT, intention-to-treat population; RR, relative risk; SXT, trimethoprim-sulfamethoxazole.
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Table 4. Adverse Events in the Study Participants According to Treatment Group

SXT Azithromycin
Adverse Event No. of Patients (%) No. of AEs No. of Patients (%) No. of AEs Comparison PValue
Grade 4
Dyspnea 1(0.61) 1 1(0.61) 1 1
Grade 3
Any AE 4 (2.45) 4 0 0 123
Cough 1(0.61) 1 0 0 1
Hepatobillary jaundice 1(0.61) 1 0 0 1
Maculopapular rash 1(0.61) 1 0 0 1
Grade 1/grade 2
Any AE 135 (82.82) 448 13 (81.6) 381 .885
Vomiting 34 (20.86) 38 16 (9.82) 17 .008
Anorexia 31 (19.02) 32 24 (14.72) 24 .375
Black stool 3(1.84) 3 5(3.07) 5 723
Chest pain 13 (7.98) 13 19 (11.66) 19 .352
Constipation 20 (12.27) 22 7 (4.29) 7 .014
Cough 31 (19.02) 34 36 (22.09) 39 684
Dizziness 39 (23.93) 42 33 (20.25) 37 .505
Fever 3(1.84) 5 1(0.61) 1 .623
General weakness 42 (25.77) 45 37 (22.7) 40 .605
Headache 37 (22.7) 41 23 (14.11) 23 .062
Joint pain 14 (8.59) 14 19 (11.66) 19 463
Loose stool 25 (15.34) 27 50 (30.67) 56 .001
Maculopapular rash 9 (5.52) 9 5(3.07) 5 414
Nausea 39 (23.93) 44 25 (15.34) 28 .069
Abdominal pain 34 (20.86) 39 30 (18.4) 32 .676

Abbreviations: AE, adverse event; SXT, trimethoprim-sulfamethoxazole.

CONCLUSIONS

These findings make azithromycin a better choice for empirical
treatment of UFI in Nepal and other settings where enteric fever
is common. However, understanding the local epidemiology,
including resistance patterns, is critical for optimal clinical care
[39]. The challenges diagnosing and treating UFI, especially
when it is caused by S. Typhi, highlight the need for new point-
of-care diagnostics and the value of the new typhoid conjugate
vaccine, recently trialed in Nepal [40].
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Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader,
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