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ABSTRACT

Typhoid fever or commonly referred to as enteric fever is a systemic disease 
caused by Salmonella typhi. It often occurs in developing countries due to poor 
sanitation. Second-line antibiotics, including ciprofloxacin, have been widely 
used as the first choice treatment for typhoid fever. However, S. typhi has 
increased resistance to second-line antibiotics, so azithromycin has become an 
alternative treatment for the typhoid fever. This systematic review assessed the 
effectiveness of azithromycin and ciprofloxacin against typhoid fever in adults. 
This research used the PRISMA protocol with predefined Pubmed, Proquest, and 
EBSCO keywords. After removing duplicates and selecting studies according 
to inclusion and exclusion criterias, 17 studies about the effectiveness of 
azithromycin and ciprofloxacin in typhoid fever in adults from 1988-2020 were 
gathered.  Studies were evaluated using JBI Critical Appraisal Tools. The results 
showed that administration of azithromycin and ciprofloxacin for typhoid fever 
yields average length of fever (3.5 d and 4.2 d) and average length of stay (9.3 d 
and 10 d), respectively. The susceptibility of S. typhi to azithromycin was 99.9%, 
whereas a significant decrease in its susceptibility to ciprofloxacin was observed 
in 2017-2020, from 4% to 2%. Azithromycin showed better effectiveness than 
ciprofloxacin in treating typhoid fever in adults based on S. typhi’s susceptibility, 
average length of fever and average length of stay from 17 studies reviewed. 

ABSTRAK

Demam tifoid atau yang biasa disebut demam enterik merupakan penyakit 
sistemik akibat infeksi Salmonella typhi. Demam tifoid masih banyak terjadi di 
negara-negara berkembang akibat sanitasi yang buruk. Antibiotik lini kedua, 
termasuk ciprofloxacin, banyak digunakan sebagai pilihan pertama untuk terapi 
demam tifoid meskipun terjadi peningkatan resistensi terhadap antibiotik lini 
kedua tersebut, sehingga azithromycin menjadi pengobatan alternatif. Telaah 
sistematis ini menilai efektivitas azithromycin dan ciprofloxacin untuk demam 
tifoid pada orang dewasa. Pencarian studi menggunakan protokol PRISMA 
dengan kata kunci yang telah ditentukan pada PubMed, Proquest, dan EBSCO. 
Setelah menghilangkan duplikasi pustaka dan memilih penelitian yang sesuai 
dengan kriteria inklusi dan eksklusi, diperoleh 17 penelitian tentang efektivitas 
azitromisin dan ciprofloksasin pada demam tifoid pada orang dewasa dari tahun 
1988-2020. Penilaian hasil penelitian menggunakan JBI Critical Appraisal Tools. 
Hasil telaah menunjukkan pemberian azitromisin dan ciprofloksasin pada 
pasien demam tifoid memberikan rata-rata lama demam berturut-turut (3,5 hari 
dan 4,2 hari), dan rata-rata lama rawat inap (9,3 hari dan 10 hari). Kepekaan S. 
typhi terhadap azitromisin adalah 99,9%, namun terjadi penurunan kepekaan 
yang signifikan pada ciprofloksasin pada tahun 2017-2020, dari 4% menjadi 2%. 
Azitromisin menunjukkan efektivitas yang lebih baik daripada ciprofloksasin 
untuk demam tifoid pada orang dewasa berdasarkan kepekaan S. typhi serta 
lama demam dan lama rawat dari 17 hasil penelitian yang ditelaah.
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INTRODUCTION 

Typhoid fever is a systemic disease 
caused by an infection of Salmonella 
bacteria, especially Salmonella typhi 
(S. typhi), that spreads through 
contaminated food. This disease usually 
occurs in environments with poor 
sanitation and inadequate access to clean 
water.1 Between 11-20 million cases 
of typhoid fever which cause 128,000-
161,000 deaths were reported annually 
worldwide.2

Early diagnosis and treatment 
can prevent complications due to 
typhoid fever. In untreated patients, 
approximately 10% may experience 
relapse, and 4% can become chronic 
carriers. Possible complications 
include diarrhea due to irritation of the 
gastrointestinal tract and constipation 
resulting from Peyer’s patch 
hypertrophy. In severe cases, necrosis 
of Peyer’s patches can occur, leading to 
ulceration and bleeding. Approximately 
5-7% of patients are at risk of developing 
hepatitis and encephalopathy. Liver 
and spleen abscesses can also occur 
due to intra-abdominal infections. The 
likelihood of complications increases 
with the duration of the illness 
before hospitalization, the length of 
hospitalization, and immunodeficiency 
conditions caused by chronic diseases 
such as cancer, tuberculosis, and HIV. 
Malnutrition can lead to a reduction in 
normal gut flora, increasing the risk of 
infection.3

Initially, first-line antibiotics such 
as chloramphenicol, cotrimoxazole, and 
ampicillin were used to treat typhoid 
fever. Over time, S. typhi resistance to 
these first-line antibiotics, leading to the 
widespread use of second-line antibiotics 
from the fluoroquinolone group, such as 
ciprofloxacin. However, there has been 
a decrease in susceptibility to second-
line antibiotics, including ciprofloxacin, 
making them less effective. Consequently, 
alternative antibiotics like azithromycin 
are now being used in the treatment of 
typhoid fever.4-6

Salmonella typhi exhibits 

continuously changing resistance to 
its antibiotics, which can be attributed 
to the frequency of antibiotic usage 
in specific regions. In 1998 in Egypt, 
there was no resistance observed 
in S. typhi against azithromycin or 
ciprofloxacin. However, between 2009 
and 2012, the resistance rates for S. 
typhi to azithromycin and ciprofloxacin 
reached 71.8% and 38% in Bangladesh, 
respectively.7,8 In India, the resistance 
rates for S. typhi to azithromycin and 
ciprofloxacin were 0.8 and 44.7% (2012-
2016).9 In 2018, resistance to S. typhi to 
azithromycin and ciprofloxacin stood at 
4.3% and 43.5% in Nepal.10 Meanwhile, 
in Pakistan, resistance rates for S. typhi 
to azithromycin and ciprofloxacin were 
5% and 95% (2018).11

Ciprofloxacin, a fluoroquinolone-
class antibiotic, can be utilized in the 
treatment of typhoid fever. A study 
conducted in 1995 reported that the 
use of ciprofloxacin is effective against 
multidrug-resistant (MDR) strains of S. 
typhi.12-14 However, the widespread use 
of ciprofloxacin led to the development 
of resistance, reducing its effectiveness. 
Consequently, with limited treatment 
options, other antibiotics such as 
azithromycin, from the macrolide class, 
are becoming an alternative therapy for 
typhoid fever resistant to fluoroquinolone 
class antibiotics. Azithromycin also has a 
lower resistance rate compared to other 
antibiotics and demonstrates a high 
clinical cure rate, ranging from 81-100% 
after 5-7 d of therapy.15-17

A study by Amin et al.18 showed 
that 90% (18/20) of patients treated with 
azithromycin recovered, while only 
62% (13/21) of patients treated with 
ciprofloxacin recovered. Azithromycin 
has a shorter average duration of fever by 
2.4 d than ciprofloxacin (8.2 d).18 Based on 
other studies, azithromycin has a lower 
average fever clearance time, clinical 
failure rate, and relapse rate than other 
antibiotics.19,20 Although azithromycin 
is effective for treating typhoid fever, 
fluoroquinolone-class antibiotics such as 
ciprofloxacin are still widely used despite 
the increasing resistance. This systematic 
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review evaluated the effectiveness of 
azithromycin and ciprofloxacin in the 
treatment of typhoid fever and the trend 
of its susceptibility to S. typhi.

MATERIAL AND METHODS

This systematic review evaluated 
the effectiveness of azithromycin and 
ciprofloxacin in the treatment of adult 
typhoid fever. This study was conducted 
at the Faculty of Medicine and Health 
Sciences, Atma Jaya Catholic University 
of Indonesia (FKIK UAJ), from January 
2023 to June 2023. The study search 
used keywords: “Azithromycin AND/
OR Ciprofloxacin AND Typhoid fever 
OR Enteric fever” in PubMed, Proquest, 
and EBSCO. All studies were put into 
the Zotero reference manager to be 
screened.

Study selection based on 
predetermined inclusion and exclusion 
criteria using the Preferred Reporting 
Items for Systematic Review and Meta-
analysis (PRISMA) (FIGURE 1) flowchart. 
The inclusion criteria for this systematic 
review were experimental and 
observative studies using azithromycin 
or ciprofloxacin to treat typhoid fever 
caused by S. typhi and studies with 
adults population data. Exclusion 
criterias for this systematic review were 
case reports, review articles, systematic 
reviews, meta-analyses, studies with no 
full text, studies written in other than 
Indonesian and English languages and 
research in pediatrics. Several inclusion 
studies were obtained after selecting and 
screening.

The studies used in this systematic 
review were appraised with the Quality 
Assessment Tool from JBI (Joanna 
Briggs Institute) Clinical Appraisal 
Tool.21 The data that has been obtained 
were processed using Microsoft Excel. 
The susceptibility of azithromycin and 
ciprofloxacin was evaluated from the 
percentage of sensitive, intermediate, 
and resistant samples to S. typhi. The 
average length of fever and stay were 
calculated from the study results.

RESULTS

There were 3,829 studies obtained 
from the search results, and 1231 
duplicate studies were eliminated. 
Study selection was carried out based 
on exclusion and inclusion. All of the 
titles and abstracts were screened, and 
17 inclusion studies were obtained 
(FIGURE 1). These inclusion studies 
were assessed with Quality Assessment 
Tool from JBI (Joanna Briggs Institute) 
Clinical Appraisal Tool, and all studies 
were included in this systematic review 
(TABLE 1).

Demographic data

Out of the 17 inclusion studies, 
demographic data were collected from 
10 studies, which included a total of 451 
adult typhoid fever patients. Among 
the available demographic data, it was 
found that a higher percentage of males 
(72%) were affected by typhoid fever 
compared to females (28%). Out of the 
451 patients, 26% received treatment 
with azithromycin, while 42% received 
treatment with ciprofloxacin (TABLE 2).

Trends of susceptibility of 
azithromycin and ciprofloxacin 
against S. typhi

Out of the 17 inclusion studies, there 
were 9 studies on the susceptibility of 
S. typhi to azithromycin, and 13 studies 
on the susceptibility of S. typhi to 
ciprofloxacin from several countries. The 
samples were taken between 1989-2020. 
Salmonella typhi was highly susceptible 
to azithromycin in 1998 (100%) but 
decreased from 2009 to 2012 (28.2%). 
However, between 2011 and 2013, there 
was an increase in susceptibility (78.5%), 
which then grew steadily (99.9%) until 
2020. On the other hand, the susceptibility 
of S. typhi to ciprofloxacin in 1988-
2002 was very high (100%) in 6 studies. 
However, it decreased to 62% between 
2009-2012 decreased and continued to 
decline (2%) until 2020 (TABLE 3). 
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FIGURE 1. PRISMA chart22

TABLE 1. Results of inclusion study assessment with the JBI clinical appraisal tool

Authors Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Results

Chinh et al.20 √ √ √ x √ √ √ √ √ Suitable

Amin et al.18 √ √ √ x √ √ √ √ √ Suitable

Gasem et al.30 √ √ √ x √ √ √ √ √ Suitable

Zmora et al.31 √ √ √ x √ √ √ √ √ Suitable

Limson et al.23 √ √ √ x √ √ √ √ √ Suitable

Tribble et al.27 √ √ x x √ √ √ √ x Suitable

Liberti et al.29 √ √ √ x √ √ √ √ x Suitable

Butler et al.28 √ √ √ x √ √ √ √ √ Suitable

Wallace et al.26 √ √ √ x √ √ √ √ √ Suitable

Chew et al.24 √ √ x x √ √ √ √ √ Suitable

Girgis et al.7 √ √ x x √ √ √ √ √ Suitable

Joshi et al.9 √ √ √ √ √ √ √ √ √ Suitable

Shah et al.11 √ √ √ √ √ √ √ √ √ Suitable

Veeraraghavan et al.34 √ √ √ √ √ √ √ √ √ Suitable

Bhetwal et al.33 √ √ √ √ √ √ √ √ √ Suitable

Harichandran et al.32 √ √ √ √ √ √ √ √ x Suitable

Khadka et al.10 √ √ √ √ √ √ √ √ √ Suitable

Afroze et al.8 √ √ √ √ √ √ √ √ x Suitable
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TABLE 2. Demographic data of adult typhoid fever patients

Authors Subjects 
(n) Age (yr)

Gender [n (%)] Antibiotics [n (%)]

Male Female Azithromycin Ciprofloxacin Other

Limson et al.23 28 18-77 NA (NA) NA (NA) 0 (0.00) 15 (53.57) 13 (46.40)

Chew et al.24 22 20-46 NA (NA) NA (NA) 0 (0.00) 22 (100) 0 (0.00)

Uwaydah et al.25 62 13-46 56 (90.32) 6 (9.68) 0 (0.00) 62 (100) 0 (0.00)

Wallace et al.26 42 26-28 NA (NA) NA (NA) 0 (0.00) 20 (47.6) 22 (52.40)

Tribble et al.27 14 21-47 10 (71.00) 4 (29.00) 14 (100) 0 (0.00) 0 (0.00)

Butler et al.28 77 17-60 59 (76.62) 18 (23.38) 42 (54.50) 0 (0.00) 35 (45.50)

Girgis et al.7 60 18-32 NA (NA) NA (NA) 34 (56.70) 26 (43.30) 0 (0.00)

Liberti et al.29 48 19-54 20 (42.00) 28 (58.00) 0 (0.00) 20 (41.70) 28 (58.30)

Gasem et al.30 50 15-35 NA (NA) NA (NA) 0 (0.00) 25 (50.00) 25 (50.00)

Zmora et al.31 48 >18 NA (NA) NA (NA) 27 (56.25) 0 (0.00) 21 (43.75)

Mean (72)* (28)* (26)* (42)* (32)*

Note :n = number of adult typhoid fever patients; NA = not available; *The calculation results are only from studies 
with complete sex data

TABLE 3. Susceptibility of S. typhi to azithromycin

Antibiotics/Authors Sample 
origin

Sample 
intake

Resistant 
[n* (%)]

Intermediate
[n* (%)]

Sensitive 
[n* (%)]

Azithromycin

•	Butler et al.28 India 1998 9/82 (11) 0 (0.0) 73/82 (89.0)

•	Girgis et al.7 Egypt 1998 0 (0.00) 0 (0.0) 60/60 (100)

•	Afroze et al.8 Bangladesh 2009-2012 51/71 (71.8) NA (NA) 20/71 (28.2)

•	Harichandran et al.32 India 2011-2013 NA (NA) NA (NA) 62/79 (78.5)

•	 Joshi et al.9 India 2012-2016 1/159 (0.8) 0/159 (0.0) 132/159 (99.2)

•	Bhetwal et al.33 Nepal 2015-2017 6/162 (3.7) 0/162 (0.0) 156/162 (96.3)

•	Veeraraghavan et al.34 India 2017-2020 NA (NA) NA (NA) 2030/2032 
(99.9)

•	Khadka et al.10 Nepal 2018 2/46 (4.3) NA (NA) 44/46 (95.7)

•	Shah et al.11r Pakistan 2019 4/81 (5.0) 0 (0.0) 77/81 (95.0)

Ciprofloxacin

•	Limson et al.23 Phillipine 1988 0 (0.0) 0 (0.0) 28/28 (100.0)

•	Uwaydah et al.25t Qatar 1991 0 (0.0) 0 (0.0) 62/62 (100.0)

•	Wallace et al.26 England 1993 0 (0.0) 0 (0.0) 42/42 (100.0)

•	Liberti et al.29 Italia 1997-1999 0 (0.0) 0 (0.0) 48/48 (100.0)

•	Girgis et al.7 Egypt 1998 0 (0.0) 0 (0.0) 60/60 (100.0)

•	Gasem et al.30 Indonesia 2002 0 (0.0) 0 (0.0) 50/50 (100.0)

•	Afroze et al.8 Bangladesh 2009-2012 27/71 (38.0) NA (NA) 44/71 (62.0)

•	Harichandran et al.32 India 2011-2013 NA (NA) NA (NA) 26/79 (33.0)

•	 Joshi et al.9 India 2012-2016 71/159 (44.7) 78/159 (49.0) 10/159 (6.3)

•	Bhetwal et al.33 Nepal 2015-2017 4/162 (2.4) 95/162 (58.6) 63/162 (39.0)

•	Veeraraghavan et al.34 India 2017-2020 NA (NA) NA (NA) 43/2032 (2.1)

•	Khadka et al.10 Nepal 2018 20/46 (43.5) 25/46 (54.3) 1/46 (2.2)

•	Shah et al.11r Pakistan 2019 77/81 (95.0) 1/81 (1.2) 3/81 (3.7)

Note: *n/N: n (number of resistant, intermediate, and sensitive S. typhi samples)/N (total of all assessed S. 
typhi samples; NA = not available



IJPTher, Volume 4, Number 3, 2023;

Length of fever

Fever was the primary symptom of 
typhoid fever with varied duration of 
fever. There were 10 of 17 studies with 
data on the average length of fever in 
adult typhoid fever patients. The mean 
duration of fever in patients treated with 
azithromycin ranged from 1.6 to 4.3 d, 
and the average duration in patients 
treated with ciprofloxacin ranged from 
1.5 to 5.7 d. The total average from the 
collected data was 3.46 d in patients 
treated with azithromycin and 4.22 d 
in patients treated with ciprofloxacin 
(TABLE 4).

Length of stay

Length of stay was defined as the 
length of stay after the therapy started. 
There were 4 of 17 inclusion studies 
with data on the length of stay in adult 
typhoid fever patients treated with 
azithromycin or ciprofloxacin. Typhoid 
fever patients treated with azithromycin 
had an average duration ranging from 
8.7 to 10 d. The average duration of fever 
in patients treated with ciprofloxacin 
ranged from 8 to 5.7 ± 2.3 d. The overall 
average duration of fever in typhoid 
fever treatment with azithromycin was 
shorter (9.31 d) than with ciprofloxacin 
(9.97 d) (TABLE 4).

TABLE 4. Duration of fever and length of stay in adult typhoid fever 
patients treated with azithromycin and ciprofloxacin

Antibiotics/Authors Number of 
pasients (n)

Length of 
fever (d)

Average length 
of fever (d)

Length of 
stay (d)

Average length of 
stay (d)

Azithromycin

•	 Gasem et al.30 NA NA NA NA

•	 Zmora et al.31 27 1.6 NA NA

•	 Limson et al.23 NA NA NA NA

•	 Tribble et al.27 14 4.31 NA NA

•	 Liberti et al.29 NA NA 3.46 NA NA 9.31

•	 Butler et al.28 41 4.1 41 8.7

•	 Wallace et al.26b NA NA NA NA

•	 Chew et al.24 NA NA NA NA

•	 Girgis et al.7 36 3.8 36 10

•	 Uwaydah et al.25 NA NA NA NA

•	 Uwaydah et al.25 NA NA NA NA

Ciprofloxacin

•	 Gasem et al.30 28 5.1 28 11.7 ± 2

•	 Zmora et al.31 NA NA NA NA

•	 Limson et al.23 20 5 NA NA

•	 Tribble et al.27 NA NA NA NA

•	 Liberti et al.29 20 1.5 NA NA

•	 Butler et al.28 NA NA 4.22 NA NA 9.97

•	 Wallace et al.26 20 4 NA NA

•	 Chew et al.24 25 4 25 8

•	 Girgis et al.7 28 3.3 28 10

•	 Uwaydah et al.25 28 5.7 ± 2.3 NA NA

•	 Uwaydah et al.25 34 4.5 ± 1.3 NA NA

Note: NA = not available
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DISCUSSION

Azithromycin and ciprofloxacin 
act in different ways. Azithromycin 
functions by binding to the 23S 
component of the bacterial 50S ribosome 
subunit, thereby inhibiting bacterial 
protein synthesis through the prevention 
of aminoacyl-tRNA transit and the 
growth of proteins via the ribosome. It 
exhibits bacteriostatic properties.35 On 
the other hand, ciprofloxacin operates 
by inhibiting DNA replication, binding to 
DNA gyrase and topoisomerase IV, and 
demonstrating bactericidal properties.36

Orally administration, azithromycin 
has a bioavailability of approximately 
37% and reaches peak concentrations 
within 2 h.37 Oral ciprofloxacin has a 
bioavailability of 70-80% and reaches 
peak concentrations between 1 to 1.5 h.36 
Azithromycin has a lower percentage 
of bioavailability and takes longer to 
reach peak concentrations compared 
to ciprofloxacin. Azithromycin is 
metabolized in the liver and excreted 
through bile and urine, while 
ciprofloxacin is also metabolized in the 
liver and excreted through feces and 
urine.35,36

The present systematic review 
showed that the susceptibility of S. typhi 
to azithromycin exhibited a decreased 
from 100% (1988) to 28.2% (2009-2012), 
but there was an increase in susceptibility 
to 78.5% (2011-2013) and continued to 
rise to 99.9% (2017-2020). Comparing 
these findings to the systematic review 
conducted by Marchello et al.38 most 
results were similar. However, there was 
a lower resistance rate (4.1%) reported 
in 2010-2014 compared to the inclusion 
study (71.8%) from 2009-2012. The 
susceptibility of S. typhi to ciprofloxacin 
decreased from 100% (1988) to 62% 
(2009-2012) and continued to decrease to 
2.1% (2017-2020). Results that were found 
are similar to the systematic review 
conducted by Marchello et al.38 which 
reported that there is an increase in S. 
typhi resistance to ciprofloxacin from 
0% (1985-1989) to 37.8% (2010- 2014). 

The differences could be attributed to 
variations in sampling locations and 
years, leading to differences in the 
prevalence of resistant strains.

Azithromycin treatment for typhoid 
fever resulted in an average duration 
of fever of 3.46 d and an average length 
of stay of 9.31 d. On the other hand, 
ciprofloxacin had an average duration 
of fever of 4.22 d with an average length 
of stay of 9.97 d. In a study by Amin et 
al.18 there were the following results: 
average length of fever (5.8 d and 8.2 d), 
average length of stay (12.6 d and 13. 7 
d) from azithromycin and ciprofloxacin 
treatment for typhoid fever patients.

There are several limitations of 
this study. There are not many studies 
regarding the susceptibility of S. typhi to 
azithromycin and ciprofloxacin and the 
use of azithromycin and ciprofloxacin 
as a treatment for typhoid fever in the 
adult population. Some data need to 
be completed on some studies, and the 
included studies were dominated by 
studies conducted in Nepal and India, 
thus not reflecting the broader situation.

CONCLUSION

There has been an increase in S. 
typhi’s susceptibility to azithromycin 
from 1998-2020 and a decrease in S. 
typhi’s susceptibility to ciprofloxacin 
from 1988-2020. Typhoid fever treatment 
with azithromycin is more effective than 
those treated with ciprofloxacin based 
on the duration of fever and length of 
stay from the inclusion studies.

ACKNOWLEDGEMENT

The authors thank colleagues from 
the Faculty of Medicine and Health 
Sciences, Atma Jaya Catholic University 
of Indonesia, for their support in writing 
this research article.

REFERENCES

1. Kasper DL. Harrisons manual of 
medicine, 20th ed., vol. 1. McGraw-



IJPTher, Volume 4, Number 3, 2023;

Hill Education; 2019.
2. Typhoid epid who [Internet]. [cited 

2022 Oct 4]. 
https://www.who.int/news-room/
fact-sheets/detail/typhoid

3. Bhandari J, Thada PK, DeVos E. 
Typhoid fever. StatPearls [Internet]. 
Treasure Island (FL): StatPearls 
Publishing; 2022. 
https: / /www.ncbi.nlm.nih.gov/
books/NBK557513/

4. Kalra SP, Naithani N, Mehta SR, 
Swamy AJ. Current trends in the 
management of typhoid fever. Med J 
Armed Forces India 2003; 59(2):130-5.
ht tps : / /doi .org/10.1016/S0377-
1237(03)80060-6 

5. Rahman BA, Wasfy MO, Maksoud 
MA, Hanna N, Dueger E, House B. 
Multi-drug resistance and reduced 
susceptibility to ciprofloxacin 
among Salmonella enterica serovar 
typhi isolates from the Middle East 
and Central Asia. New Microbes New 
Infect 2014; 2(4):88-92.
https://doi.org/10.1002/nmi2.46 

6. Effa EE, Bukirwa H. WITHDRAWN: 
Azithromycin for treating 
uncomplicated typhoid and 
paratyphoid fever (enteric fever). 
Cochrane Database Syst Rev 2011; 
2011(10):CD006083.
https://doi.org/10.1002/14651858.
CD006083.pub3

7. Girgis NI, Butler T, Frenck RW, 
Sultan Y, Brown FM, Tribble D, et al. 
Azithromycin versus ciprofloxacin 
for treatment of uncomplicated 
typhoid fever in a randomized trial 
in Egypt that included patients with 
multidrug resistance. Antimicrob 
Agents Chemother 1999; 43(6):1441-4.
https://doi.org/10.1128/AAC.43.6.1441 

8. Afroze SR, Rahim MA, Hasan MdM, 
Afroz F, Haque HF, Ahmed JU, et al. 
Pattern of antibiotic sensitivity in 
enteric fever: a tertiary care hospital 
experience. J Medicine 2014; 
15(2):122-4.
https://doi.org/10.3329/jom.v15i2.20684 

9. Joshi RD, Khadka S, Joshi DM, 
Shrestha B, Dangal G, Acharya KP, et 

al. Antimicrobial sensitivity trend in 
blood culture positive enteric fever. 
J Nepal Health Res Council 2018; 
16(2):228-32.

10. Khadka S, Shrestha B, Pokhrel 
A, Khadka S, Joshi RD, Banjara 
MR. Antimicrobial resistance in 
Salmonella typhi isolated from a 
referral Hospital of Kathmandu, 
Nepal. Microbiol Insights 2021; 
14:11786361211056350.
https://doi.org/10.1177/11786361211056350

11. Ali Shah SA, Nadeem M, Syed SA, 
Fatima Abidi ST, Khan N, Bano N. 
Antimicrobial sensitivity pattern 
of salmonella typhi: emergence 
of resistant strains. Cureus 2020; 
12(11):e11778.
https://doi.org/10.7759/cureus.11778 

12. Ciprofloxacin - American Chemical 
Society [Internet]. [cited 2022 Dec 5]. 
https://www.acs.org/content/acs/
en/molecule-of-the-week/archive/c/
ciprofloxacin.html

13. Conley ZC, Bodine TJ, Chou A, 
Zechiedrich L. Wicked: the untold 
story of ciprofloxacin. PLoS Pathog 
2018; 14(3):e1006805.
https://doi.org/10.1371/journal.
ppat.1006805 

14. Alam MN, Haq SA, Das KK, Baral 
PK, Mazid MN, Siddique RU, et al. 
Efficacy of ciprofloxacin in enteric 
fever: comparison of treatment 
duration in sensitive and multidrug-
resistant salmonella. Am J Trop Med 
Hyg 1995; 53(3):306-11.
https://doi.org/10.4269/ajtmh.1995.53.306 

15. Drug-Resistant Typhoid [Internet]. 
Take on Typhoid. [cited 2022 Nov 14]. 
https://www.coalitionagainsttyphoid.
org / the- issues /drug-res is tant -
typhoid/

16. Jelić D, Antolović R. From 
erythromycin to azithromycin and 
new potential ribosome-binding 
antimicrobials. Antibiotics (Basel) 
2016; 5(3):29.
https://doi.org/10.3390/antibiotics5030029 

17. Veeraraghavan B, Pragasam AK, 
Bakthavatchalam YD, Ralph R. 
Typhoid fever: issues in laboratory 



Mulyono BM, et al, Effectiveness of azithromycin...

detection, treatment options 
& concerns in management in 
developing countries. Future Sci OA 
2018; 4(6):FSO312.
https://doi.org/10.4155/fsoa-2018-0003 

18. Amin MR, Das SK, Kabir A, Islam MR, 
Ahmed SM, Hasan MJ. Open label 
randomized controlled comparison 
of three alternative regimes 
of ciprofloxacin, azithromycin 
and cefixime for treatment of 
uncomplicated typhoid fever in 
Bangladesh. Mymensingh Med J 
2021; 30(3):725-37. 

19. Dolecek C, Tran TP, Nguyen NR, Le 
TP, Ha V, Phung QT, et al. 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(5):e2188.
https://doi.org/10.1371/journal.
pone.0002188 

20. Chinh NT, Parry CM, Ly NT, Ha 
HD, Thong MX, Diep TS, et al. A 
randomized controlled comparison 
of azithromycin and ofloxacin for 
treatment of multidrug-resistant or  
nalidixic acid-resistant enteric fever. 
Antimicrob Agents Chemother 2000; 
44(7):1855-9.
h t t p s : / / d o i . o r g / 1 0 . 1 1 2 8 /
AAC.44.7.1855-1859.2000 

21. Critical Appraisal Tools | JBI 
[Internet]. [cited 2022 Nov 28]. 
https://jbi.global/critical-appraisal-tools

22. Cullis J. Subject and research guides: 
systematic reviews: Step 6: PRISMA 
Flow Diagram & Screen [Internet].
h t t p s : / / l i b g u i d e s . m q . e d u . a u /
systematic_reviews/prisma_screen

23. Limson BM, Littaua RT. Comparative 
study of ciprofloxacin versus co-
trimoxazole in the treatment of 
Salmonella enteric fever. Infection 
1989; 17(2):105-6.
https://doi.org/10.1007/BF01646892 

24. Chew SK, Monteiro EH, Lim YS, Allen 
DM. A 7-day course of ciprofloxacin 
for enteric fever. J Infect 1992; 
25(3):267-71.

h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / 0 1 6 3 -
4453(92)91519-h 

25. Uwaydah AK, al Soub H, Matar I. 
Randomized prospective study 
comparing two dosage regimens 
of ciprofloxacin for the treatment 
of typhoid fever. J Antimicrob 
Chemother 1992; 30(5):707-11.
https://doi.org/10.1093/jac/30.5.707 

26. Wallace MR, Yousif AA, Mahroos GA, 
Mapes T, Threlfall EJ, Rowe B, et al. 
Ciprofloxacin versus ceftriaxone 
in the treatment of multiresistant 
typhoid fever. Eur J Clin Microbiol 
Infect Dis 1993; 12(12):907-10.
https://doi.org/10.1007/BF01992163 

27. Tribble D, Girgis N, Habib N, Butler 
T. Efficacy of azithromycin for 
typhoid fever. Clin Infect Dis 1995; 
21(4):1045-6.
https://doi.org/0.1093/clinids/21.4.1045 

28. Butler T, Sridhar CB, Daga MK, 
Pathak K, Pandit RB, Khakhria 
R, et al. Treatment of typhoid 
fever with azithromycin versus 
chloramphenicol in a randomized 
multicentre trial in India. J 
Antimicrob Chemother 1999; 
44(2):243-50.
https://doi.org/10.1093/jac/44.2.243 

29. Liberti A, Loiacono L. Ciprofloxacin 
versus chloramphenicol in the 
treatment of Salmonella infection. 
Int J Antimicrob Agents 2000; 
16(3):347-8.
ht tps : / /doi .org /10 .1016/s0924-
8579(00)00262-4 

30. 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(5):1727-31.
h t t p s : / / d o i . o r g / 1 0 . 1 1 2 8 /
AAC.47.5.1727-1731.2003 

31. Zmora N, Shrestha S, Neuberger A, 
Paran Y, Tamrakar R, Shrestha A, et 
al. Open label comparative trial of 



IJPTher, Volume 4, Number 3, 2023;

mono versus dual antibiotic therapy 
for typhoid fever in adults. PLoS 
Negl Trop Dis 2018; 12(4):e0006380.
https://doi.org/10.1371/journal.
pntd.0006380 

32. Harichandran D, Dinesh K. 
Antimicrobial susceptibility profile, 
treatment outcome and serotype 
distribution of clinical isolates of 
Salmonella enterica subspecies 
enterica: a 2-year study from Kerala, 
South India. Infect Drug Resist 2017; 
10:97-101.
https://doi.org/10.2147/IDR.S126209 

33. Bhetwal A, Maharjan A, Khanal PR, 
Parajuli NP. Enteric fever caused 
by Salmonella enterica serovars 
with reduced susceptibility of 
fluoroquinolones at a community 
based teaching Hospital of Nepal. Int 
J Microbiol 2017; 2017:2869458.
https://doi.org/10.1155/2017/2869458 

34. Veeraraghavan B, Pragasam AK, Ray 
P, Kapil A, Nagaraj S, Perumal SPB, 
et al. Evaluation of antimicrobial 
susceptibility profile in Salmonella 
typhi and Salmonella paratyphi A: 

presenting the current scenario 
in India and strategy for future 
management. J Infect Dis 2021; 
224(Supple 5):S502–16.
https://doi.org/10.1093/infdis/jiab144 

35. Sandman Z, Iqbal OA. Azithromycin. 
In: StatPearls [Internet]. Treasure 
Island (FL): StatPearls Publishing; 
2022.
http://www.ncbi.nlm.nih.gov/books/
NBK557766/

36. Thai T, Salisbury BH, Zito PM. 
Ciprofloxacin. In: StatPearls 
[Internet]. Treasure Island (FL): 
StatPearls Publishing; 2022.
https: / /www.ncbi.nlm.nih.gov/
books/NBK535454/

37. Singlas E. Clinical pharmacokinetics 
of azithromycin. Pathol Biol (Paris) 
1995; 43(6):505-11. 

38. Marchello CS, Birkhold M, Crump 
JA. Complications and mortality of 
typhoid fever: a global systematic 
review and meta-analysis. J Infect 
2020; 81(6):902-10.
https://doi.org/10.1016/j.jinf.2020.10.030


