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Background: Typhoid is a major health concern. Drug-resistant cases of typhoid have given rise to
new debates. Azithromycin has shown adequate results. The study is designed to determine the
clinical efficacy of oral azithromycin versus other antimicrobial drugs in typhoid patients. Method:
The studies included in the systematic review are randomized controlled trials, comparing the
clinical efficacy of azithromycin to other antimicrobial drugs on typhoid patients. We searched 1180
articles from Google Scholar, PubMed Central, Cochrane Library, PLOS ONE, and JSTOR on 16%
October, 2023. The risk of bias was analyzed by visualizing the funnel plot, Begg’s and Egger’s test,
and plotting risk of bias graphs. Forest plots are created to display the findings. Results: We
identified 14 research articles (1556 participants). Odds ratios of the treatment outcomes were
extracted. In a forest plot, the overall effect of the treatment outcome (CI=95%) of azithromycin, in
comparison to fluoroquinolones appeared to be favourable (Random Effect Model (REM)=2.15,
heterogeneity: F°=37%, 1= 0.1729, p=0.15, the overall pooled effect was towards right side).
Compared to chloramphenicol, azithromycin showed a high odds ratio (1.23). However, there was
no difference in outcome among ceftriaxone and azithromycin groups (REM=0.67, heterogeneity:
P=0%, 1=0%, p=0.78, the overall pooled effect touched the no-effect line). Conclusion:
Azithromyecin is more clinically efficacious than fluoroquinolones and chloramphenicol. The drug
has fewer documented relapses in comparison with other antimicrobial drugs. Fever clearance time
of azithromycin is greater than ceftriaxone and chloramphenicol.
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INTRODUCTION

Typhoid is a threat to global health. In many
underdeveloped and  developing countries,
particularly in regions such as South-East Asia,
Eastern Mediterranean, Africa, and the Western
Pacific, typhoid fever is hyperendemic. The primary
reason for this high prevalence is the limited
availability of resources. As a result, these regions
struggle to provide uncontaminated food and clean
water.! All these factors lead to the nourishment of
none other than Salmonella typhi and paratyphi, the
basic organisms causing typhoid or enteric fever
among children and adults. Globally, 14.3 million
people are infected by typhoid and 0.12 million
have lost their lives in 2017. Among those who
could not survive from typhoid infection were
children and geriatrics (GBD Typhoid and
Paratyphoid Collaborators).? A study conducted in
Karachi (Pakistan) reported that typhoid occurred

most commonly in males, under 15 years of age, and
in the month of April.?

The disease worsens when the antibiotics
fail to cure it. Recently a lot of cases have been
reported that showed multi-drug resistance due to
excessive usage of antimicrobial drugs*. The
challenging situation arises from the fact that the
first line of antibiotics is ineffective in treating
multi-drug-resistant typhoid. Fluoroquinolone (FQ)
resistance has also been reported which was once
considered to be a drug of choice.’

Numerous randomized controlled trials
have highlighted the clinical effectiveness of oral
azithromycin (AZM) in treating typhoid fever. For
instance, the research conducted by Jin et al®, as
well as the study by Siddiqi ef al’, have underscored
the significance of AZM in managing patients with
typhoid. Therefore, it is explicitly important to
combine these studies under the umbrella of one
systematic review.




This systematic review primarily investigates the
clinical efficacy of oral AZM, which refers to its
effectiveness in patient recovery, in comparison to
other antimicrobials. This research question seeks
to evaluate the treatment outcomes and
effectiveness of AZM, focusing on patient recovery
rates. Alongside this primary inquiry, a secondary
question explores various dimensions of AZM
treatment, including fever clearance time (FCT),
microbiological cure, relapses data, laboratory
findings, and adverse effects. In addition, the review
takes into account various details from the included
studies. These details encompass the timing and
location of the trials, the blinding procedure used,
the demographic profiles of the participants, the
number of participants in both the study and
comparator groups, and the dosages of the drug
administered.

MATERIAL AND METHODS

Eligibility criteria:

The review included those articles that applied
randomized controlled trials (RCTs) including
open- label controlled trials, and at the same time
comparing the clinical efficacy of azithromycin
versus other antimicrobial drugs in treating typhoid
resistant and non- resistant patients to provide a
comprehensive impact of azithromycin in treating
typhoid patients. The inclusion criteria did not
specify the year of study, study setting, age groups,
or gender. The studies included were open-access,
easy to interpret implying clarity in data,
summarizing results concisely with charts and
tables, and written in English.

Information sources:

The databases explored were Google Scholar,
PubMed Central, Cochrane Library, PLOS ONE,
and JSTOR. No other websites were explored other
than these databases. No conference data were
collected.

Search strategy:

The research articles were searched by the single-
line method. The words used to search were
“(efficacy OR effectiveness of oral azithromycin)
AND (ciprofloxacin OR gatifloxacin OR ofloxacin
OR ceftriaxone OR cefixime OR fluoroquinolones
OR  chloramphenicol OR  gentamycin  OR
aztreonam) AND (typhoid patients OR enteric fever
OR salmonella typhi) AND (randomized controlled
trials OR trials OR experiments)”. there was no
limit filter applied on google scholar. For JSTOR,
we filtered out only “English” and “research
reports”.

Selection Process:

The searched articles were reviewed. They were
uploaded to EndNote X9 software. The titles of the
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research were scanned out manually. In case of any
doubt, articles were skimmed, and decided whether
to include or exclude them.

Data Collection Process:

The studies were inspected especially the abstract
and results sections. The whole activity was
performed by the authors separately.

Data Items:

The primary outcomes concerned with the clinical
efficacy of the drugs upon the patients of study
groups and comparator groups were retrieved. The
secondary outcomes related to clinical failure,
microbiological cure, FCT, and laboratory values of
the patients were also reviewed. Fever clearance
time is the duration starting from the initiation of
antibiotic treatment, or from the onset of a fever of
38.0 °C or higher after antibiotic treatment begins,
until the temperature consistently stays below 38.0
OC.6

Assessment of Bias:

The bias assessment was performed by visualizing
the funnel plot of related studies separately.
Heterogenicity (I?) was observed when the forest
plot was made. We performed Egger’s test and
Begg’s test to detect publication bias in the review
studies by using MedCalc software. The risk of bias
graphs was plotted by using online ROBVIS. A web
application created to display the results of risk-of-
bias evaluations conducted during a systematic
review.

Effect measures:

The odds ratio and confidence interval (upper and
lower limits) were calculated from the treatment
outcomes of every study.

Synthesis Method:

During the review process, assessment of blinding
status in each study was conducted, followed by
verification of the number of participants and
examination of the basic demographic profile of
patients. Additionally, scrutiny of drug dosage for
both the study and comparator groups was
undertaken. Key parameters encompassed the
number of patients treated with the drug, the
duration required for fever resolution, rates of
microbiological cure, incidence of adverse effects,
laboratory test results, and information on any
relapses, all supported by their respective p-values.
The forest plots (Random effect model, Hedges
Olkin test) were generated by using the Rstudio
software.

Reporting bias assessment of missing outcomes:
The results of selected studies were analyzed and
missing outcomes were scanned from the studies.
Certainty Assessment:

The certainty of any outcome was measured by the
p-value of the given variable (p=<0.05).




RESULTS

Study Selection:
A total of 1180 articles were identified by the search
engines. EndNote X9 software was used to collect
all the articles in one place. The duplicated and
incorrectly searched articles such as those articles
that were concerned with diseases other than
typhoid (Scrub typhus etc) were removed at the
spot. 1150 articles were screened. Fourteen research
articles were selected that matched the inclusion
criteria as mentioned in the PRISMA flow diagram
(Figure-1)8. We did not explore unpublished articles
and registers. We did not apply any filter in the
search bar. The research articles that were similar to
the topic of the systematic review were: Faryad et
al’, Antolis et al’’, and Faisal et al''. Faryad et al
were withdrawn because the study design was not a
randomized controlled trial. Antolis et a/ was not
considered for the systematic review because the
information was not sufficient for the appropriate
analysis of the systematic review. The study of
Faisal et al., 2020 was eliminated because it was a
quasi-experimental study and, therefore, out of the
study scope.
Study characteristics:
General Findings in the Selected Studies:
The authors recruited 100 patients of typhoid from
1* May 2013 to 31" Oct 2013. The study was a
clinical trial conducted in Pakistan by establishing
a blinding procedure. This study compared oral
AZM (0.01 g/kg, once daily for one week) with IV
Ceftriaxone (CRO) (0.075 g/kg, once daily for one
week). The age and gender distribution of the AZM
group were, as follows: mean age: 6.68+2.27 years,
male/female ratio (M/F): 27/23 and of the
comparator group, mean age: 7.47+2.93 years, M/F:
27/23.12

It was a randomized controlled trial
conducted in India. Blinding of all the participants
was established. The study included 124
participants of whom 64 patients were selected. It
compared oral AZM (20mg/kg/day, maximum
1000mg/kg) to CRO (75mg/kg/day, maximum up to
2.5 g/day). The age and gender of the study group
were, as follows: mean age: 11.4+£3.6 years, M/F:
14/30 and those of the comparator group, as
follows: mean age: 10.4+3.4 years, M/F: 14/34."3

This study was performed in India. The
authors recruited 92 participants out of which 77
patients were finalized. It compared the clinical
efficacy of AZM (1/2g x 1 Tablet daily x PO for 1
week) against Chloramphenicol (CHL) (2000-3000
mg x 4 times daily in divided doses for 2 weeks).
Blinding of the procedure was assured. The age and
gender recorded in the AZM group were, as follows:
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mean age: 26.2 years, M/F: 34/8 in the CHL group,
mean age: 28.5 years, M/F: 25/10.'4

The study was conducted in Pakistan. Data
were collected from 120 typhoid patients. Double
blinding was performed in the study. The RCT
compared the efficacy of AZM (10mg/kg/dose once
daily, PO for one week) with oral ciprofloxacin (15
mg/kg, two times daily, for 1 week). The age and
gender distribution in the AZM group were mean
age: 7.07+£3.25 years, M/F: 28/24, and in the
ciprofloxacin group were mean age: 8.27+3.03
years, M/F: 34/31.1°

The study was carried out at An Giang
Provincial Hospital. It was an open-labeled
randomized controlled trial study that encompassed
460 participants out of which only 287 patients were
selected from April 2004 to August 2005. It
compared two drugs: AZM (20 mg/kg) and
Gatifloxacin (10 mg/kg). Eleven years was the mean
age of the participants and the male-female
distribution of the AZM group was 76/66 and, in the
comparator, group was 71/74.1°

The randomized controlled trial was
conducted in Pakistan. The authors recruited 92
patients with typhoid from January to July 2016.
Blinding of patients was established. The study drug
was AZM (20 mg/kg, once daily for 1 week). The
comparator group was IV ceftriaxone (100mg/kg,
once daily for 1 week). The mean age of the study
group participants was 6.97+3.01 years and gender
distribution were (AZM group; M/F: 24/21, CRO
group; M/F: 23/22)."7

The study was conducted in Egypt. This
clinical trial was performed by masking the patients.
A total of 128 participants were recruited for the
study, of which 68 participants were selected. Oral
AZM (0.02g/kg x daily, up to 1000mg/day for 5
days) and IV CRO (0.075g/day, upto:2.5 g/day for 5
days) were used. The age and gender distribution in
the study group were mean age: 11.843.6 years,
M/F: 19/13 and in the comparator, group were mean
age: 10.8 £3.35 years, M/F: 20/16.'%

This open randomized controlled trial was
conducted in Vietnam. The number of participants
in the study was 97 and the selected patients were
88. It compares AZM (1000mg, 1 tablet daily for 5
days) with ofloxacin (0.2 g, 1 tablet daily for 5
days). The mean age in each group was 24.7 years
for AZM and 26.6 years for ofloxacin. The gender
distribution of each group was, AZM: M/F: 26/18,
Ofloxacin: M/F: 20/24."

The study compares AZM (1000mg/day for
6 days) with ciprofloxacin (0.5 g, 2 times daily for
1 week). A total of 108 participants were included
in the study and 64 patients were selected for the
trial in Egypt. The age and gender distribution of the




AZM group were, mean age: 19.6 years, M/F: 24/12
and in ciprofloxacin group were, mean age: 20.3
years, M/F: 19/9.20

It was an open-labelled randomized
controlled trial. The study was conducted in the
United Kingdom from March 2015 to August 2017.
A total of 235 participants enlisted while 81 patients
were selected for the trial. The authors compared
AZM (0.5g/day) with ciprofloxacin (0.5g, twice
daily). The mean age and male-female ratio of the
AZM group were 26.2 years and M/F: 34/18 while
of comparator group was 27.9 years and M/F: 23/6.°

It was an open-labelled clinical trial
conducted in Egypt. The study compares AZM (0.01
g/kg, up to 500 mg/day for 1 week) with IM CRO
(0.075 g/kg, up to 2.5g/day for 1 week). The number
of participants was 108 whereas 64 were selected
and the mean age and gender distribution in the
AZM group were, mean age: 9.7 years with M/F:
20/14, on the other hand, in the CRO group mean
age was 10.1 years with M/F: 17/13.%!

The RCT study took place in Pakistan at the
Paediatric Department of Holy Family Hospital,
Rawalpindi. 230 typhoid patients from March to
September 2012 were finalized by the authors. The
study compares AZM (0.01g/kg, daily for 1 week)
with ofloxacin (0.015g/kg/day in two divided doses
for 1 week). The mean age of both groups recorded
was 7.7£2.45 years and male-female distribution
was M/F:125/105.22

The clinical trial compared oral AZM (20
mg/kg, daily for 1 week) versus intravenous CRO
(100mg/kg/day for 7 days). The study setting was
Bangladesh. A total of 98 participants were studied
from January to December 2009. The ages of
children ranged from 2-12 years.?*

It was an open-labelled RCT conducted in
a provincial hospital in Vietnam. The study
compared the treatment outcomes of Ofloxacin and
AZM individually and also as a combination. This
study also included resistant patients. 241
participants were recruited in entirety while 187
patients were enlisted. It included children (mean
age: study group: 10.5 years, Ofloxacin group: 8.8
years). The gender distribution was M/F:22/40 for
the AZM group and M/F:33/30 for the ofloxacin
group.?*

Bias risk in included studies:

The bias assessment graph is given in Figure-2.
Result of synthesis:

Treatment outcome:

Azithromycin (AZM) versus Fluoroquinolones
(FQs):

The odds ratios of all the selected studies were
calculated as Riaz et al'’ (2.24, p=0.02, upper value
=5.53, lower value=0.91), Dolecek et al'® (0.78,
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upper value=1.68, lower value=0.36), Manzoor et
al*? (2.41, upper value=4.13, lower value=1.40),
Chinh et al'® (3.32, p=0.27, upper value= 17.43,
lower value=0.63), Girgis et al?* (1.00, upper
value=50.40, lower value=0.02), Jin et al® (4.46,
p=<0.001,upper value=12.40, lower value=1.60)
and Parry et al** (2.67, upper value=6.11, lower
value= 1.16). The forest plot (CI=95%) is given in
Figure-3. The direction of the diamond is towards
the right side indicating a positive effect. The
heterogeneity I” was 37% with a 12 value of 0.1729
and a p-value of 0.15. The cause of heterogeneity is
variation in patient populations among different
studies.

Azithromycin (AZM) versus Ceftriaxone (CRO):
The odds ratios of the selected studies were
calculated as described by Frenck, Jr. et al'® (0.43,
p=0.5, lower value=0.04, upper value= 4.96), Saeced
et al'? (0.65, p= 0.424, lower value=0.23, upper
value=1.87), Nair et al'® (0.42, lower value=0.04,
upper value= 4.93), Khokar et al'” (1.75, p=0.688,
0.243, lower value=0.39, upper value=7.81),
Frenck, Jr. et al?' (0.36, p=>0.5, lower value=0.04,
upper value= 3.62) and Islam et a/** (0.33, lower
value=0.03, upper value=3.32, p=0.582). The forest
plot (CI=95%) is given in Fig 04. The I° and 7°
values are zero (p=0.78) indicating that there is no
heterogenicity. The direction of the diamond is left
and it touches the line of no-effect.

Azithromycin (AZM) versus Chloramphenicol
(CHL):

The odds ratio of Butler et al'*is (1.23, p=0.23,
upper value=4.66, lower value=0.33, CI=95%). The
forest plot is given in Figure-5.

Publication Bias:

It is analyzed by applying Egger’s and Begg’s tests.
For AZM vs FQ: Egger’s test: Intercept= 0.8790,
95% CI= -4.6775 to 6.4355, Significance level=
0.6832, Begg’s test: Kendall’s Tau= 0.2000,
Significance level= 0.5730. For AZM vs CRO:
Egger’s Test: Intercept=-0.9436, 95% CI= -3.2135
to 1.3262, Significance level= 0.3127, Begg’s test:
Kendall’s Tau= -0.2000, Significance
level=0.5730). As both tests are showing
insignificant results, it rules out publication bias.
Microbiological Cure:

Seven trials have presented the data of
microbiological cure in typhoid patients. In the
azithromycin (AZM) group, Dolecek et al'®
documented three instances of microbiological
failure, Girgis et al?° reported one, Chinh et al'®
reported one, and Frenck, Jr. ef al?! reported one. On
the other hand, Butler et al'*, Frenck, Jr. et al'?,
and), Nair et al'® found no cases of microbiological
failure in their respective studies. In the
fluoroquinolone (FQ) arm, Dolecek er al'® and




Chinh et al' each recorded two instances of
microbiological failure, Girgis et al?® reported no
failures in achieving microbiological cure. Within
the ceftriaxone (CRO) group, Frenck, Jr. et al's,
Nair ef al'?, and Frenck, Jr. et al?! each documented
one case of microbiological failure in their
respective trials.

Fever Clearance Time (FCT):

Ten studies have mentioned the fever clearance
times. By combining mean FCTs of comparator
group, FCT of FQ turned out to be 4.656 days, of
CHL 4.3 days and of CRO 4.095 days. The mean
FCT for AZM was 4.4965 days as shown in Table-
1.

Relapses:

Eight studies reported the relapses data. Dolecek et
al'® reported four, Chinh et al'® reported one Girgis
et al?® and Parry et al** documented no relapses in
FQ group. In CRO group, Frenck, Jr. et al'8 reported
eleven, Nair ef al'® six, and Frenck, Jr. et al*!
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documented four relapses. On the other hand, Chinh
et al'® reported one and Frenck, Jr. et al'® recorded
three relapses in AZM group.

Laboratory Findings:

Aspartate aminotransferase (AST) and Alanine
aminotransferase (ALT) were raised in AZM
groups. Thrombocytosis was recorded according to
Frenck, Jr. et al'®, Frenck, Jr. et al?', Chinh et al'®,
Girgis et al**, and Jin et al®. On the other hand, Parry
et al** study revealed that AST and ALT decreased
in each group after treatment. Jin et al * documented
one incidence of raised Alkaline phosphatase (ALP)
in one patient of AZM group.

Adverse effects:

Nine studies documented the adverse events. The
prominent adverse effects recorded in the AZM
group were vomiting and diarrhoea according to
Nair ef al'® and Frenck, Jr. et al'®. Dolecek et al'®,
Chinh et al'®, reported maculopapular

rash at the injection site and Frenck, Jr. et a/?' reported pain at the injection site for 24 hours in AZM group. While the
rest of the studies indicated mild gastrointestinal effects in AZM arms.

Identification of studies via databases
g Records identified from Google Records removed before screening:
E Scholar, PubMed, Cochrane Duplicate records removed (n =
= Library, PLOS ONE and L 26)
EE JSTOR: Records marked as ineligible by
o Databases (n = 1180) automation tools (n=0)
= Records removed for other
reasons (n =04)
Records s-:f'eened Records excluded manually
(n=1150) (n=1073)
¥
o Reports sought for retrieval Reports not retrieved
_E (n=77) (n=46)
-¥]
&
o
w . . g
Reports assessic; f01' eligibility Reports excluded:
(n=32) Exclusion criteria (n =09)
L Not in full text (n =04)
. ] ] Insufficient Data (n= 02)
Studies included in review Other reason (n = 03)
(n=14)

Figure-1: PRISMA flow diagram
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Figure-3: Forest plot of Azithromycin versus Fluoroquinolone
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Figure-4: Forest plot of Azithromycin versus Ceftriaxone
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Figure-5: Forest plot of Azithromycin versus Chloramphenicol

Table-1: Fever Clearance Time (FCT) of Azithromycin versus Other Drugs

Article/Author Fever Clearance Time (Days)
Azithromycin Other drugs Mean FCT of drugs
Christiane Dolecek 2008 4.4 4.4 (Gatifloxacin)
NABIL I. GIRGIS, 1999 3.8+1.1 3.3 £ 1.0(Ciprofloxacin)
NGUYEN TRAN CHINH, 2000 5.625 5.58 (Ofloxacin) 4.656 (Fluroquinolones)
Celina Jin,2019 2.7 1.8(ciprofloxacin)
Christopher M. Parry,2006 5.8 8.2 (Ofloxacin)
Thomas Butler 1999 4.1£2.4 4.34£3.1(Chloramphenicol) 4.3 (Chloramphenicol)
Frenck R 2004 45+1.9 3.6+1.6 (Ceftriaxone)
Bindu T Nair 2007 5.5¢1.9 4.5+1.6 (Ceftriaxone) 4.095 (Ceftriaxone)
Robert W. Frenck,Jr.2000 41+1.1 3.9 + 1.0 (Ceftriaxone)
Md. Atiqul Islam, 2014 444 +1.25 4.38 = 1.21 (Ceftriaxone)
Mean FCT of Azithromycin 4.4965
DISCUSSION The overall effect of both drugs can be established by

In the context of the selected studies, AZM turns out
to be clinically efficacious in comparison with FQs.

observing the forest plot (Random Effect Model
(REM): 2.15). By analyzing studies that showed
significant results like Jin et al® (p<0.001) and Riaz et
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al’ (p=0.021), it becomes evident that AZM manifests
better treatment outcomes as compared to FQs. AZM
is more effective in resistant typhoid than ofloxacin as
reported by Christopher M. Parry et al., 2006.

Regarding CHL, only one study, conducted
by Butler et al'4, is included in the systematic review.
It demonstrates a favourable outcome and a high odds
ratio (1.23) for AZM compared to CHL. However, the
findings of this study were statistically insignificant
(p=0.12).

The treatment outcome of AZM in
comparison with CRO is not conclusive. As far as the
findings of the forest plot are concerned (REM=0.67),
both treatments show no discernible differences.
However, studies like Saeed et al'?, Nair et al®,
Frenck, Jr. et al'® and Frenck, Jr. et al?! indicate that
CRO is more efficacious than azithromycin during 7
days treatment. Nonetheless, Khokar et al'” found
different efficacies of AZM and CRO in various age
groups. Between 2-6 years of age group children, CRO
was more efficacious than AZM while in children of
7-12 years, AZM was more effective.

The FCT of AZM is greater than that of CRO
and CHL while mildly less than FQs. On the other
hand, relapse of typhoid is less documented in patients
who were on AZM than in those on other antimicrobial
drugs. Vomiting and maculopapular rash were
reported as adverse effects of AZM. Raised ALT and
AST were also appreciated in patients taking AZM.
Thrombocytosis is also documented.

Suggestions for future research:

It is crucial to conduct more research into the growing
problem of patients resistant to drugs, a challenge that
hits developing countries especially hard. A thorough
investigation is needed to fully understand this
complex issue and to create effective solutions to
lessen its effects. Additionally, the effectiveness of the
antibiotic ceftriaxone in treating these patients
warrants further study based on the findings of the
chosen studies.

Limitations:

The systematic review encompasses open-access
research articles. It does not include conference
papers, thesis, or dissertations.

CONCLUSION

The clinical efficacy of azithromycin against
fluoroquinolones and chloramphenicol is well
established. The fever clearance time of AZM is longer
than ceftriaxone and chloramphenicol. Nevertheless,
the benefits of AZM are superior, as there is less
evidence of relapses and has fewer side effects in
patients taking it.

Implications:

It is evident from the studies that AZM is clinically
more efficacious than fluoroquinolones and

J Ayub Med Coll Abbottabad 2024;36(3)

chloramphenicol. Therefore, AZM should be part of
the regimen for typhoid patients. However, it must be
kept in mind that the FCT of AZM is greater than that
of CRX and CRO which makes it practically
unacceptable in patients but the benefits are greater, as
there is less evidence of relapses in patients taking
AZM.
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