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SUMMARY 

 

Background: Salmonella typhi is a specific strain of the Salmonella bacterium, responsible for triggering typhoid 

fever; a significant public health concern in developing nations. 

Objective: The current study aimed to identify the bacteria from the gallbladder, taken during cholecystectomies 

of patients, by isolating Salmonella typhi and by using microscopic characteristics, biochemical and polymerase 

chain reaction (PCR) tests. 

Methods: A total of 120 specimens were collected from the Baghdad Teaching Hospital, Iraq. A cross-sectional de-

scriptive study was carried out from October, 2021, to July, 2022. During that study, 26 (54.2%) male patient test-

ed positive for Salmonella typhias well as 22 (45.8%) female patients. The age of the patients varied from < 30 to > 

60 years. p-value > 0.05 was considered significant to confirm a relationship between age and Salmonella typhi 

effect for patients. 

Results: Out of the 120 blood samples taken for this study, 48 (40%) tested positive by use of PCR test, 40 (33.3%) 

tested positive by use of the Widal test, 35 (29.1%) were positive for biopsy culture, and 35 (29.1%) were positive 

for blood culture. All Salmonella typhi isolates were found to be sensitive to the imipenem, cefepime, and ceftriax-

one, but were resistant to gentamycin, ciprofloxacin, amikacin, erythromycin, and tetracycline (72%, 29%, 43%, 

100%, 100%, respectively). 

Conclusions: The real time polymerase chain reaction (RT-PCR) tests and the Vitek 2 compact system showed a 

high level of accuracy in the detection of Salmonella typhi. Multidrug resistance was observed, which should be a 

signal to reduce antibiotic consumption. 
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LIST OF ABBREVIATIONS 

 

RT-PCR - Real time-polymerase chain reaction 

GD - Gallstone disease 

GC - Gallbladder cancer 

API-20E - Analytical Profile Index 20 Enterobacteria-

ceae 

XLD - Xylose Lysine Deoxycholate Agar 

TSI - Triple sugar iron 

LF - Liver function test 
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UT - Urease test 

IT - Indole test 

 

 

INTRODUCTION 

 

Salmonella typhi is a particular Salmonella type that 

causes typhoid fever and is considered a major public 

health problem, particularly in developing countries [1]. 

Salmonella enterica serovar typhi, also known as Sal-

monella typhi, only infects humans. Salmonella typhia 

motile, facultative anaerobe that is susceptible to vari-

ous antibiotics. It contains different phenotypic charac-

teristics, virulence features, and multi-drug resistance 

genes that complicate its treatment [2]. 

The gallbladder is a small, pouch-like organ in the up-

per right part of your tummy. It stores bile, a fluid pro-

duced by the liver that helps break down fatty foods. 

Adenocarcinoma, most common type of gallbladder 

cancer [3,4]. 

The ability of bile to aid in fat digestion does not play a 

role in its antimicrobial activity. An et al. [5], have stat-

ed: „Bile acids exhibit bacteriostatic and bactericidal ef-

fects against microbiota by disrupting their membranes, 

denaturing proteins, chelating iron and calcium, damag-

ing DNA, and regulating host immunity via nuclear re-

ceptors such as farnesoid X receptor (FXR; NR1H4) 

and vitamin D receptor (VDR; NR1I1)” (Salmonella-

Shigella and MacConkey agars) [4,5]. 

The Widal test is not able to identify Salmonella enteri-

ca. It is used for detecting infections indirectly rather 

than identifying microorganisms directly, while the 

polymerase chain reaction test has been shown to be 

both, quick and sensitive [6]. The current study is based 

on a comparative study that detected Salmonella typhi 

through erological test and molecular methods. FliC 

gene encodes flagellin protein in bacteria (Salmonella 

typhi) and isused for identifying those bacterial infec-

tions [7]. 

The primary objective of this ongoing investigation is to 

isolate and identify Salmonella typhi, with an additional 

focus on utilizing PCR testing for identification and for 

the specific detection of Salmonella typhi patients. 

 

 

MATERIALS AND METHODS 

 

Study design 

A cross-sectional descriptive study was carried out from 

October 2021 to July 2022 in Baghdad Teaching Hospi-

tal, Iraq, to detect Salmonella typhi among patients un-

dergoing gallbladder cholecystectomies, suspected of 

having enteric fever. 

 

Sample collection 

A total of 120 different specimens were collected from 

the same patients (gallstones, gallbladder, sac samples, 

blood samples), who were undergoing a gallbladder 

cholecystectomy in Baghdad Teaching Hospital. 

Isolation bacteria specimens 

The isolation and identification of bacteria from speci-

mens were carried out via cultural, morphological, and 

biochemical characteristics that were used for each iso-

lated bacterial colony on Xylose Lysine Deoxycholate 

(XLD) Agar and blood agar and biochemical tests were 

also carried out. Salmonella was detected by Analytical 

Profile Index 20 Enterobacteriaceae (API-20E) systems 

and by the automated VITEK-2 compact system (VI-

TEK-2 GNID kit). Widal testing was used for detecting 

O Ag and H Ag. 

 

Antibiotic susceptibility Test 

Isolates were tested for susceptibility to nine different 

antibiotic agents, including Imipenem, Ceftriaxone, Ce-

fepime, Erythromycin, Ciprofloxacin, tetracycline, Am-

ikacin, and Gentamycin (Oxoid, England). 

 

Molecular diagnosis of Salmonella typhi isolates 

The diagnostic system that was utilized was the FliC 

primers system, as it was applied by Arteta et al. [10], 

and was provided by Alpha DNA Company, as describ-

ed. 

fliC 

(11) 

F 5' ACT GCT AAA ACC ACT ACT 3' 363 

bp R 5' TGG AGA CTT CGG TCG CGT AG 3' 

 

DNA purification 

The main basic approach that is usually used for the pu-

rification of the DNA was performed according to the 

instruction manual of Promega, the supplier of the Kit. 

 

Exclusion criteria 

Patients that were on antimicrobial treatment within the 

past 3 days, patients with discharging ears of less than 3 

weeks duration, and immunocompromised patients with 

chronic illnesses like diabetes mellitus, who had organ 

transplants, or who were on immunosuppressive drugs 

were excluded. 

 

Ethical consideration 

Ethical approval for conducting this study was request-

ed from and approved by the College of Medicine, 

Baghdad, and the patients were informed about the 

study before collecting the specimens. 

 

Statistical analysis 

The SAS 2018 program was used to detect the effect of 

the different factors in this study. The chi-squared test 

was used for the comparison between the groups. 

 

 

RESULTS 

 

Salmonella is distinguished by a colony morphology 

which appears thick with irregular edges, by non-lactose 

fermentation, and by producing H2S on an XLD agar. 

The Salmonella typhi appears as a Gram-negative coco-

bacillus. Salmonella typhi is positive for catalase and 

urease, for indole and VP negative, but positive for 
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Table 1. Distribution of the patients according to age group. 

 

Age group Number Positive cases Negative cases 

χ2 = 0.422 

p ≥ 0.05 

no significant 

relationship 

20 ≥ years 5 (4.1%) 2 (40%) 3 (60%) 

20 - 29 years 23 (19.2%) 6 (26.1%) 17 (73.9%) 

30 - 39 years 30 (25%) 12 (40%) 18 (60%) 

40 - 49 years 24 (20%) 8 (33.3%) 16 (66.7%) 

50 - 59 years 20 (16.7%) 10 (50%) 10 (50%) 

≥ 60 years 18 (15%) 10 (55.6%) 8 (44.4%) 

Total 120 (100%) 48 (40%) 72 (60%) 

 

 

 

 

 

 

 
 

 
 

Figure 1. Identification of Salmonella typhi via different methods. 

 

 

 

 

 

 

 
 

 
 

Figure 2. Gender’s distribution of Salmonella typhi in gallbladder cholecystectomy patients. 
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Figure 3. PCR products of fil C gene, 599bp appear as positive results. 

 

 

 

 

 

 

 
 

 
 

Figure 4. Resistance and sensitive’s percentages of Salmonella typhi for some antibiotics. 

 

 

 

 

methyl red, citrate utilization, and hydrogen sulfide. 

From the 120 blood samples taken from the typhoid pa-

tients, 48 (40%) showed positive results with PCR test-

ing, while 40 (33.3%) had a positive Widal´s test. Fur-

thermore, 35 (29.1%) were positive for biopsy culture 

and 35 (29.1%) were positive for blood culture, as 

shown in Figure 1. 

Figure 2 shows the total numbers of Salmonella typhi 

cases that were examined and distributed among the 

male and female patients; 26 (54.2%) male patients test-
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ed positive for Salmonella typhi and 22 (45.8%) female 

patients tested positive, χ2 = 0.092, p > 0.05. 

Table 1 shows the age groups that were subjected to this 

study, ranging from < 30 to > 60 years. No significant 

relationship between age and Salmonella typhi infection 

were seen (p ≥ 0.05). 

 

Molecular detection of Salmonella typhiby PCR tech-

nique 

Salmonella typhi were detected by PCR technique for 

amplification. The results revealed band, 599bp, for 

FliC gene as shown in Figure 3. 

The antibiotic resistance profiles, as shown in Figure 4, 

reveal that all Salmonella typhi isolates are sensitive 

(100%) toward ceftriaxone, cefepime, and imipenem, 

while other Salmonella typhi isolates show resistance 

rates for ciprofloxacin (29%), for amikacin (43%), and 

for gen tamicin (72%). However, all Salmonella typhi 

isolates are resistant (100%) to tetracycline and erythro-

mycin. The differences in sensitivity for the isolates are 

significant when p < 0.05, while there is no significant 

(p ≥ 0.05) resistance of isolates towards ciprofloxacin 

and amikacin, as shown in Figure 4. 

 

 

DISCUSSION 

 

Despite a widespread agreement on the Widal´s test 

sensitivity and specificity, the results of our investiga-

tion diverged from those of Andualem et al. [8], in 

which 11.7% of the Salmonella typhi isolates show pos-

itive test results and increases in the variation due to in-

terpretational and methodological variation amongst the 

laboratories who were performing the same test. How-

ever, the outcomes of current research do not align with 

the researchers' findings of Arteta et al. [9]. 

Most serological tests for typhoid fever are accredited 

for use in hospitals and rely on traditional methods. 

These tests are involved in assessing the association be-

tween antigens and antibodies that present and appear in 

the patients' serum, in addition to determining the infec-

tion type; whether it is acute or chronic. The findings of 

this study align with the data reported in El-Tayeb et al., 

2017 [10]; the study indicates that 58.33% of the Sal-

monella bacteria was included a 587bp genetic se-

quence. The same investigation was conducted previ-

ously by Kumar et al., 2012 [11]. The results of our cur-

rent work matched with Mundher et al., 2023 [13]. 

Their study which used a 343bp reference size, making 

the two sets of findings consistent and reliable. The re-

sults from [13], who used a baseline size of 516bp, were 

consistent with our current findings as well. 

All Salmonella typhi isolates were resistant to tetracy-

cline and erythromycin with the highest rate (100%), 

while the resistance for ciprofloxacin, amikacin, and 

gentamicin was at only a low rate, and the resistance for 

imipenem, ceftriaxone, and cefepime was at zero per-

cent. The resistance of S. Typhi isolates for these anti-

microbial agents is clinically significant [14,15]. A 

transferable drug resistance includes all antibiotics in 

common use, and transferring the drug resistance usu-

ally occurs in vitro and in vivo (metabolically normal), 

yet in a normal gut it can be inhibited by several factors 

such as anaerobic status, bile salts, and alkaline pH [16]. 

However, the transport occurs easily in the gut of peo-

ple who are on oral antibiotic therapy, because of the 

selected pressure which is provided by the drugs. On the 

other hand, and due to the overuse of antibiotics in hos-

pitals, it is said that “the hospital is a paradise for drug-

resistant bacteria”. Most of this concern is associated 

with the R-plasmid [17-19]. 

 

 

CONCLUSION 

 

1) The use of the PCR tests and the Vitek 2 Compact 

system in detecting Salmonella typhi provides accurate 

results, which are very important for the diagnosis of ty-

phoid. 

2) Increases in the numbers of antibiotic-resistant Sal-

monella typhi are needed to raise the level of awareness 

of consuming antibiotics. 

3) Continuous surveillance of the antibacterial sensitivi-

ty testing and a reasonable dosage of antibiotics should 

be maintained to avoid the outbreak of a multidrug re-

sistance. 

 

 

Acknowledgment: 

The authors offer their thanks and express their grateful-

ness to the University of Baghdad (https://uobaghdad. 

edu.iq), College of Medicine, for their support during 

the process of research, and for preparing the required 

samples. 

 

 

Source of Funds: 

Self-funded. 

 

 

Declaration of Interest: 

No conflict of interest. 

 

 

References: 

 
1. Qamar FN, Azmatullah A, Kazi AM, Khan E, Zaidi AKM. A 

three-year review of antimicrobial resistance of Salmonella en-

tericaserovars Typhi and Paratyphi A in Pakistan. J Infect Dev 
Ctries 2014;8(8):981-6. (PMID: 25116662) 

 

2. Deng W, Liou S-R, Plunkett G, et al. Comparative genomics of 
Salmonella entericaserovar Typhi strains Ty2 and CT18. J Bac-

teriol 2003;185(7):2330-7. (PMID: 12644504) 

 
3. Gonzalez-Escobedo, G.; Marshall, J. M. and Gunn, J. S. (2011) 

Chronic  and acute infection of the  gallbladder by Salmonella  

Typhi: understanding the carrier state. Nature Reviews Microbi-
ology 9(1), 9-14.doi: 10.1038/nrmicro2490. 

 



Maryam K. Ali, Jaafar S. Shia 

Clin. Lab. 7/2024 6 

4. Zaman K. Hanan1, Ezat H. Mezal2, Manal B. Saleh3. Molecular 

Detection of Quinolones Resistance Gensof Salmonella Typhi 

from Gallbladder of Patients Undergoing to Cholecystectomy in 
Thi-Qar province/Iraq. Annals of R.S.C.B. 2021, Vol. 25, Issue 6, 

Pages. 268 - 280.  

 
5. An C, Chon H, Ku W, et al. Bile Acids: Major Regulator of the 

Gut Microbiome. Microorganisms 2022;10(9):1792. 

(PMID: 36144395) 
 

6. Hall-Stoodley L, Stoodley P. Evolving concepts in biofilm infec-

tions. Cell Microbiol 2009;11(7):1034-43. (PMID: 19374653) 
 

7. Zhou L, Pollard AJ. A fast and highly sensitive blood culture 

PCR method for clinical detection of Salmonella entericaserovar 
Typhi. Ann Clin Microbiol Antimicrob 2010;9:14. 

(PMID: 20403166) 

 
8. Andualem G, Abebe T, Kebede N, Gebre-Selassie S, Mihret A, 

Alemayehu H. A comparative study of Widal test with blood cul-

ture in the diagnosis of typhoid fever in febrile patients. BMC 
Res Notes 2014;7:653. (PMID: 25231649) 

 

9. Devrim I, Ergunay K, Kara A, et al. The comparison cultures, 
Widal agglutination testand polymerase chain reaction as a diag-

nostic tool in typhoid fever. Central European Journal of Medi-

cine 2008;3(4):470-4. 
https://www.degruyter.com/document/doi/10.2478/s11536-008-

0052-8/html?lang=en 

 
10. Arteta AA, Carvajal-Restrepo H, Sanchez-Jimenez MM, Diaz-

Rodriguez S, Cardona-Castro N. Gallbladder microbiota variabil-

ity in Colombian gallstones patients. J Infect Dev Ctries 2017; 
11(3):255-60. (PMID: 28368860) 

 

11. El-Tayeb MA, Ibrahim ASS, Al-Salamah AA, Almaary KS, 

Elbadawi YB. Prevalence, serotyping and antimicrobials resis-

tance mechanism of Salmonella enterica isolated from clinical 

and environmental samples in Saudi Arabia. Braz J Microbiol 
2017;8(3):499-508. (PMID: 28245965) 

 

12. Kumar G, Pratap CB, Mishra OP, Kumar K, Nath G. Use of urine 
with nested PCR targeting the flagellin gene (fliC) for diagnosis 

of typhoid fever. J Clin Microbiol 2012;50(6):1964-7. 

(PMID: 22493333) 
 

13. Mundher L. Radhi, Hadaf M. Kadhim. Molecular detection of 

some virulence genes in Salmonella typhi isolated from patients 
in Al-Diwaniyah city-Iraq. J Popul Ther Clin Pharmacol 2023; 

30(4): e593–e603. 

https://jptcp.com/index.php/jptcp/article/view/2290/2328 
 

14. Pratap CB, Kumar G, Patel SK, et al. Mix-infection of S. Typhi 
and ParaTyphi A in Typhoid Fever and Chronic Typhoid Car-

riers: A Nested PCR Based Study in North India. J Clin Diagn 

Res 2014;8(11):DC09-14. (PMID: 25584217) 
 

15. Srirangaraj S, Kali A, Charles MVP. A study of antibiogram of 

Salmonella entericaserovar Typhi isolates from Pondicherry, In-
dia. Australas Med J 2014;7(4):185-90. (PMID: 24817913) 

 

16. HananZK, MezalEH, Saleh MB. Molecular Detection of Quino-
lones Resistance Gens of SalmonellaTyphi from Gallbladder of 

Patients Undergoing to Cholecystectomy in Thi-Qar province / 

Iraq. Annals of Romanian Society for Cell Biology 2021;25: 
(6),16402-10. 

https://www.annalsofrscb.ro/index.php/journal/article/view/5278 

 
17. Aljanaby AAJ, Medhat AR. Prevalence of some antimicrobials 

resistance associated-genes in Salmonella typhi isolated from pa-

tients infected with typhoid fever. Journal of Biological Sciences 
2017;17:(4),171-84. 

https://scialert.net/fulltext/?doi=jbs.2017.171.184 

 

18. Oyedemi BOM, Shinde V, Shinde K, Kakalou D, Stapleton PD, 

Gibbons S. Novel R-plasmid conjugal transfer inhibitory and 

antibacterial activities of phenolic compounds from Mallotus-
philippensis (Lam.) Mull. Arg. J Glob Antimicrob Resist 2016; 

5:15-21. (PMID: 27436460) 

 
19.  Salman HA, Abdulmohsen AM, Falih MN, Romi ZM. Detection 

of multidrug-resistant Salmonella enterica subsp. Enterica sero-

var Typhi isolated from Iraqi subjects. Vet World 2021;14(7): 
1922-8. (PMID: 34475718) 

 

https://www.degruyter.com/document/doi/10.2478/s11536-008-0052-8/html?lang=en
https://www.degruyter.com/document/doi/10.2478/s11536-008-0052-8/html?lang=en
https://jptcp.com/index.php/jptcp/article/view/2290/2328
https://www.annalsofrscb.ro/index.php/journal/article/view/5278
https://scialert.net/fulltext/?doi=jbs.2017.171.184

