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Abstract

Background: Enteric fever usually leads to hepato-cellular necrosis, 
a likely cause of alteration in liver biochemical markers in the serum. 
Further, the emergence of multi-drug-resistant Salmonella to common 
antibiotics, has complicated the treatment and management of this 
infection. The present study aims at evaluating the effect of Salmonella 
Typhi infection on biochemical markers of hepatic injury, and to deter-
mine the antibiotic susceptibility pattern of isolates.

Methods: A cross-sectional survey was conducted from March to 
June 2021 on 110 consented volunteer’s patients. Their socio-demo-
graphic, clinical and life style characteristics as well as risk factors were 
collected using questionnaires. Liver biochemical parameters such as 
Alanine Transaminase (ALT), Alkaline Phosphatase (PAL) and Total Bili-
rubin (TB) were analyzed in serum. The antibiotic susceptibility pattern 
of S. enterica serovar Typhi isolated from stool culture was evaluated.

Results: Significant associations between S. Typhi infection and liver 
biochemical parameters were revealed by Receiver Operating Charac-
teristic (ROC) curve analysis with area under the curves (95% CI) of  
0.64 (0.534 - 0.746), 0.838 (0.76 - 0.917), and 0.893 (0.825 - 0.961) for 
ALT, ALP and TB, respectively. Antibiotics ofloxacin (100%) and levo-
floxacin (100%) were active against all the S. Typhi isolates. In contrast, 
the presence of Multi-Drug-Resistant (MDR) Salmonella Typhi was ob-
served in the study population.

Conclusion: The present findings underline the involvement of S. 
Typhi in the modification of liver biochemical parameters. Data also 
highlighted the imperative need of conducting a rational prescription 
of antibiotics based on the local antibacterial susceptibility pattern.
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Introduction

Enteric fever is a systemic infection caused by Gram-negative 
bacilli Salmonella enterica serovars Typhi and Paratyphi [1]. 
Salmonella species are facultative anaerobic bacteria and oxi-
dase positive. They are usually motile, lactose negative, urease 
negative, citrate positive and acetyl methyl carbinol negative. 
S. enterica usually causes a localized infection of the gastroin-
testinal tract but can also proliferate in the reticulo-endothe-
lial system, leading to systemic infection and death. The World 
Health Organization estimates that there are 11 to 20 million 
cases of typhoid fevers per year and about 161,000 deaths from 
typhoid fever annually [2]. Infection is contracted through in-
gestion of contaminated water and food by Salmonella species 
and usually from feco-oral origin. Therefore, the occurrence 
of typhoid fever is perceived as an indicator of poor personal 
and environmental hygiene. The course of the disease may be 
minor but sometimes fatal as result of cellular and biochemi-
cal alterations [3,4], that follow the infection. Indeed, there is 
a unique relationship between S. enterica and macrophages of 
the liver, spleen, intestinal lymphoid follicles and mesenteric 
lymph nodes that may be responsible for the pathogenesis of 
this infection. Functionally active cytokines (TNF alpha, IL-1, 
alpha and beta interferons) are synthesized by macrophages 
and are important sources of arachidonic acid metabolites and 
reactive oxygen intermediate species [5]. The derived products 
may contribute to cell necrosis, recruitment of other inflamma-
tory cells, immune stimulation, vascular instability, initiation of 
the clotting mechanism, and other abnormalities associated 
with typhoid fever [5]. Liver injury is one of the complications 
that was early reported during typhoid fever [6], followed by 
increased numbers of cardiovascular diseases [7]. However, 
there are contrasting effects of Salmonella enterica infection on 
metabolic parameters.

Typhoid and paratyphoid fevers remain a public health prob-
lem despite availability and accessibility to potential antibiot-
ics, added to discovery and development of new antibacterial 
drugs. Indeed, Salmonella species have rapidly become resis-
tant to antibiotics including ampicillin, ceftriaxone and cotri-
moxazole and to previously effective drugs such as ciprofloxacin 
[8]. Resistance to conventional antibiotic agents is recognized as 
one of the greatest challenges that physicians have to overcome 
in the management of typhoid fever [9]. S. enterica serotypes 
Typhi and Paratyphi, in particular, multi-resistant strains are 
relatively ubiquitous and are the causative agents of many en-
demic infections in the community [10]. It is generally accepted 
that the initial development of antibiotic resistant strains re-
sults from the misuse and abuse of antibacterial drugs, hence 
the need for respecting treatment protocols during the admin-
istration of antibiotics is required. Determination of antibiotic 
susceptibility profile of local Salmonella isolates remains crucial 
to physicians for the selection of appropriate antibiotics to treat 
patients. Nevertheless, given the time required for availability 
of antibiogram results that usually last for days and even weeks, 
depending on the  availability of resources in health facilities 
concerned, an epidemiological update on the local suscepti-
bility profile of Salmonella isolates is imperative to ensuring 
prompt treatment of infection without worsening the disease, 
and to prevent antibiotic resistance. The present study aimed 

at evaluating the effect of Salmonella Typhi infection on liver 
biochemical parameters and determining the antibiotic suscep-
tibility pattern of isolates among patients visit Dschang district 
hospital in Cameroon, for medical care.

Materials and methods

Study design, population, and sampling method

A cross-sectional hospital based survey was carried out in 
the Laboratory of the Dschang District Hospital from March to 
June 2021. The study protocol was approved by the National 
Committee for Ethics in Human Health (CNERSH), Yaounde, 
Cameroon (ref: 2020/11/73/CE/CNERSH/SP). All participants 
willingly provided informed consent either by signing or plac-
ing their thumbprint on the consent form. Based on the inclu-
sion criteria (being positive to Salmonella infection or not, be-
ing at least 21 years old and giving a favorable opinion for free 
participation in the study) and the non inclusion criteria (being 
pregnant, being patients on antibiotic therapy whose spectrum 
of action included Salmonella Typhi and Paratyphi, and having 
a pre-history of specific disorders like liver diseases, malaria, 
diabetes, cardiovascular diseases and kidney failure and having 
refused to sign informed consent), 134 participants were eligi-
ble for the study. Among them, subjects with hemolyzed blood 
serum and who did not provide the full amount of information 
required (n=24) were excluded from the analysis. Finally, 110 
participants were included. Serum and stool samples were col-
lected from 110 patients who agreed and provided consent to 
participate in the study. TyphiDot® IGM and IgG test was used 
to separate patients into two groups based on their serological 
status. The investigation was approved by the Ethics Review and 
Consultancy National Committee of Cameroon. The research 
was carried out in accordance with the principles of the Helsinki 
Declaration.

Collection of blood, biochemical and serological analyses

Blood collection was specifically done by a qualified labora-
tory technician. The antecubical vein of the forearm was select-
ed and disinfected with a cotton wool swab impregnated with 
70% alcohol. Five millilitres (5 mL) of venous blood were col-
lected into a dry tube pre-labelled with an anonymised patient 
codes. The blood sample was allowed to clot completely before 
centrifugation at 3000 rpm for 15 min. Serum was separated 
from the clot into tightly screwed microfuge tubes and stored 
at -20°C. These frozen sera were later analyzed for assessment 
of the biochemical parameters. Serum Alanine Transaminase 
(ALT), Alkaline Phosphatase (ALP) and Total Bilirubin (TB) were 
measured using the method described in INMESCO commercial 
kits (INMESCO Gmbh- Germany), following manufacturer’s in-
structions.

Procedure for TiphyDot IgM and IgG test 

TyphiDot IgM and IgG test (TyphiDot; Malaysian Biodiagnos-
tic Research SDN BHD, Kuala Lumpur, Malaysia) is a dot ELISA 
kit that detects IgM and IgG antibodies against the Outer Mem-
brane Protein (OMP) of the Salmonella Typhi. This test becomes 
positive within 2 to 3 days of infection and separately identifies 
IgM and IgG antibodies. The test is based on the presence of 
specific IgM and IgG antibodies to a specific 50 kDa OMP anti-
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gen, which is impregnated on nitrocellulose strips. The reaction 
tray was divided into 2 columns marked as G and M. Then, 250 
µL of sample diluent was dispensed in each well and 2.50 µL of 
test /control was added followed by incubation for 20 minutes. 
The strips were washed with phosphate-buffered saline thrice, 
then, 250 µL of anti-human IgG and IgM was dispensed in each 
well and further incubated for 15 minutes. The wells were 
washed again, dispensed with 250 µL of colour development 
solution, and incubated for 15 minutes. A positive IgM was in-
terpreted clinically as acute typhoidal illness, while IgM and IgG 
positive were taken as acute typhoidal illness in middle stage of 
infection and IgG positive was interpreted as chronic carrier or 
previous infection or reinfection.

Stool collection, isolation and identification of Salmonella 
enterica serovar Typhi

Stool vials were provided to patients and they were instruct-
ed on collection. The samples were quickly transported to the 
Laboratory of the Dschang District Hospital for microbiological 
analysis. Three grams of stools were introduced into 3 mL of 
sterile physiological saline and mixed. Then, 1 mL of the mixture 
was removed aseptically and inoculated into enriched selenite 
broth (9 mL) and incubated at 37°C for 24 h. In the presence of 
turbidity / bacteria, aliquot from stool culture bottles were sub-
cultured onto a SS agar plate to obtain pure isolates. These pure 
isolates were inoculated in nutrient agar slant and stored at 
+4°C for further characterization and identification. Identifica-
tion of bacteria from positive culture plates was done with the 
use of standard microbiology techniques which included colony 
morphology, Gram stain, biochemical tests and serotyping [11]. 
The Analytical Profle Index (API 20E) was used to support the 
bacterial identifcation process (bioMerieux, France).

Antibiotic susceptibility testing

In vitro susceptibility of Salmonella isolates against antibi-
otics was performed using Kirby Bauer Agar Diffusion Method  
[12]. Antibacterial activity of antibiotics against Salmonella 
isolates was evaluated by measuring the clear zone of growth 
inhibition on agar surface around the discs. Results of disc diffu-
sion tests were then interpreted using the M100-S25 scale [13]. 
Each assay was done in triplicate. The antibiotics tested were 
penicillins (ampicillin and amoxicillin), cephalosporins (ceftri-
axone), fluoroquinolones (ciprofloxacin, ofloxacin, norfloxacin 
and levofloxacin), phenicols (chloramphenicol) and tetracycline 
(minocycline). Salmonella Typhi isolates were regarded as Mul-
tidrug Resistant (MDR) when they were resistant to one or more 
antibiotics in three or more classes of antimicrobials that the 
isolate is expected to be susceptible.

Statistical analysis

Data were entered into a form designed on Epi info v3.4.0, 
then exported to Statistical Package for Social Sciences (SPSS) 
16.0 for statistical analysis. The study participants were divided 
into groups according to the results of their serological Typhi-
dot test. The sero-prevalence of Salmonella infection in the 
studied population was calculated as the proportion of sero-
logically positive IgM and IgM/IgG samples among all samples 
tested. The Pearson Chi-square or Fisher’s exact test when nec-
essary was used to compare the relative frequencies of socio-
demographic, clinical and life style characteristics between S. 
Typhi positive and negative groups for participants. Data on 
biochemical parameters were expressed as the mean ± Stan-
dard Deviation (SD). Cut-off values provided by the kits were 

used to classify the participant as abnormal (value above the 
reference range) and normal (value within the reference range). 
The means of biochemical parameters of the categories within 
each socio-demographic variable were subjected to analysis 
of variance and when a difference existed, the test of Waller 
Duncan at the threshold of probability 5% was used to separate 
these averages. The bivariate correlation of Pearson was used 
to determine the strength of relationship between biochemical 
parameters, while the Receiver Operating Characteristic (ROC) 
curve analysis was performed to measure the association be-
tween variations of the biochemical parameters and the infec-
tious status of the patients.

Results

Effect of sociodemographic and clinical factors on Salmo-
nella Typhi infection

The present study involved a population of 110 volunteers of 
both sexes (44 men and 66 women) with a mean age of 33.90 ± 
13.42 years (Table 1). The TyphiDot® IGM and IgG test revealed 
53 patients as positive for S. Typhi, giving an overall Salmonella 
Typhi sero-prevalence of 48.18% in the study population. From 
bivariate analysis, the source of drinking water was a factor sig-
nificantly associated with S. Typhi infection (p = 0.045). A great 
proportion of participants (11/13) of those who reported to be 
rely on other untrusted sources of water was tested positive for 
S. Typhi. For other variables, although the difference between 
their distribution within both groups of participants, we noted 
that females, that were the most represented (60%) displayed 
high sero-prevalence (51.52%) than males (43.18%). 

Liver biochemical profile of the study population

Regardless of the gender or the age, analysis of biochemical 
data shows that alanine aminotransferase (ALT), Alkaline Phos-
phatase (ALP) and Total Bilirubin (BT) levels are significantly (p < 
0.05) higher in the group of S. Typhi positive patients compared 
to the S. Typhi negative patients (Table 2).

Because considering the average per group may hide ab-
normalities, we determined the prevalence of abnormalities 
according to S. Typhi status (Table 3). A significant association 
was observed between abnormality of each of the three bio-
chemical parameters analysed and the seroprevalence of S. Ty-
phi. All the sixteen individuals with abnormal ALT were tested 
positive for S. Typhi. Higher prevalences of  abnormal (hyper) 
ALT (30.18%), ALP (69.81%) and TB (84.9%) were found among 
S. Typhi positive individuals than their respective negatives (0%, 
5.26% and 17.54%).

Bivariate analysis (Figure 1) of the biochemical parameters re-
vealed no correlation between total bilirubin and ALT (r=0.113; 
p=0.342), as well as ALP vs ALT (r=0.035; p=0.714). However, a 
positive moderate correlation was observed between TB vs ALP 
(r=0.410, p < 0.001).

Regarding the association between biochemical parameters 
and the seroprevalence of  S. Typhi infection, we performed 
the Receiver Operating Characteristic (ROC) curve analysis and 
summarised results in Figure 2 and Table 4. The Area Under the 
Curves (AUC) with their confidence intervals were above 0.5, 
supporting a significant association between increase in these 
biochemical parameters  with the Typhidot sero-positivity.
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Table 1: Distribution of study participants according to their  Salmonella Typhi infection status in relationship to sociodemographic and 
clinical characteristics.

Characteristics of
participants Category

Frequency (%) S. Typhi positive S. Typhi negative
Chi-Square p-value

N = 110 n (%) n (%)

Sex Male 44 (40%) 19 (43.18%) 25 (56.82%) - 0.254

Female 66 (60%) 34 (51.52%) 32 (48.48%)

Age range ≤ 29 years 55 (50%) 25 (45.45%) 30 (54.55%) 0.344 0.842

30 – 39 years 29 (26.36%) 15 (51.72%) 14 (48.28%)

≥ 40 years 26 (23.64%) 13 (50%) 13 (50%)

Marietal status Single 60 (54.55%) 25 (41.67%) 35 (58.33%) - 0.096

Married 50 (45.45%) 28 (56%) 22 (44%)

Profession Teaching 16 (14.55%) 11 (68.75%) 5 (31.25%) 4.807 0.308

Farming 11 (10%) 3 (27.27%) 8 (72.73%)

Student 47 (42.73%) 22 (46.81%) 25 (53.19%)

Housewife 5 (4.55%) 2 (40%) 3 (60%)

Trader 31 (28.18%) 15 (48.39%) 16 (51.61%)

Level of education

Uneducated 52 (47.27%) 28 (53.85%) 24 (46.15%) 3.834 0.28

Primary 6 (5.45%) 1 (16.67%) 5 (83.33%)

Secondary 16 (14.55%) 6 (37.5%) 10 (62.50%)

University 36 (32.73%) 18 (50%) 18 (50%)

Source of water

Tap 46 (41.82%) 19 (41.3%) 27 (58.70%) 8.035 0.045*

Borehole 46 (41.82%) 21 (45.65%) 25 (54.35%)

Well 5 (4.55%) 2 (40%) 3 (60%)

Others 13 (11.82%) 11 (84.62%) 2 (15.38%)

Life style

Washing fruits and vegetables before consumption 103 (93.64%) 103 (66.03%) 53 (33.97%) - 0.541

Comsumption of food and drink from street vendors 78 (70.91%) 78 (64.46%) 43 (35.54%) - 0.191

Alcohol comsumption 110 (100%) 53 (48.18%) 57 (51.82%)

Physical activity practise 79 (71.82%) 39 (49.37%) 40 (50.63%) - 0.427

Well leather food before consumption 107 (97.27%) 52 (48.6%) 55 (51.4%) - 0.528

Ice consumtion 78 (70.91%) 35 (44.87%) 43 (55.13%) - 0.191

Consumtion of shellfish 102 (92.73%) 47 (46.08%) 55 (53.92%) - 0.113

Eating with hand 85 (77.27%) 40 (47.06%) 45 (52.94%) - 0.418

Symptoms

Headeache 70 (63.64%) 35 (50%) 35 (50%) - 0.38

Constipation 48 (43.64%) 19 (39.58%) 29 (60.42%) - 0.081

Cough 52 (47.27%) 24 (46.15%) 28 (53.85%) - 0.416

Fever 76 (69.09%) 35 (46.05%) 41 (53.95%) - 0.322

Diarrhea 53 (48.18%) 27 (50.94%) 26 (49.06%) - 0.357

Digestive disorders 55 (50%) 26 (47.27%) 29 (52.73%) - 0.5

Stomach pain 75 (68.18%) 33 (44%) 42 (56%) - 0.14

Abdominal pain 42 (38.18%) 23 (54.76%) 19 (45.24%) - 0.187

Anorexia 88 (80%) 43 (48.86%) 45 (51.14%) - 0.482

The corresponding p-value for  2x2 table was generated from Fisher’s Exact Test. On the same line, proportions of the S. Typhi positive group 
are significantly different to the S. Typhi negative group for p-values < 0.05.
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Table 2: Liver biochemical parameters according to S. Typhi status.

Liver biochemical markers
 Normal values

Groups p-value
(Waller-Duncan’s 

test )S. Typhi positive (n = 53) S. Typhi negative (n = 57)

Alanine amino-transferase (ALT)

Women (< 31 IU/L) 26.65 ± 1.74 18.92 ± 1.83 0.0021

Men (< 41 IU/L) 25.02 ± 2.33 21.79 ± 2.03 0.0742

Total 26.06 ±1.70 20.30 ± 0.98 0.003

Alkaline phosphatase (ALP)

Children and adolescents (70 
to 450 IU/L) 198.79 ± 11.02 91.3± 4.17 0.0019

Adults (30 to 125 IU/L) 121.63 ± 13.42 68.6 ±7.54 0.0024

Total 160.21 ± 14.78 80.12 ± 3.98 0.0046

Total bilirubin (TB) (0.30 to 1 mg/dL) 9.911 ± 1.42 1.59 ± 0.56 0.0001

On the same line, values of the S. Typhi positive group are significantly different to the S. Typhi negative group for p-values < 0.05 
(Waller-Duncan’s test ).

Table 3: Distribution of biochemical abnormalities in the two groups of the study population.

Liver biochemical markers Variation
Groups p-value

(Fisher’s exact test)S. Typhi positive n = 53 S. Typhi negative n = 57

Alanine amino-transferase n (%)
Abnormal 16 (30.18%) 0 (0%)

2.12.10-6

Normal 37 (69.81%) 57 (100%)

Alkaline phosphatase n (%)
Abnormal 37 (69.81%) 3 (5.26%)

1.29.10-13

Normal 16 (30.18%) 54 (94.73%)

Total bilirubin n (%)
Abnormal 45 (84.90%) 10 (17.54%)

4.03.10-13

Normal 8 (15.09%) 47 (82.45%)

* On the same line, values of the S. Typhi positive group are significantly different to the S. Typhi negative group.

Table 4: Summary statistics of area under the curve for the ROC analysis of ALAT, ALP and TB against S. Typhi sero-prevalence.

Parameters Area under the curve Std. error p-value
95% Confidence Interval

Lower bound Upper bound

ALAT 0.64 0.054 0.012 0.534 0.746

ALP 0.838 0.04 1.12.10-9 0.76 0.917

Total bilirubin 0.893 0.035 1.46.10-12 0.825 0.961

Table 5: Multidrug resistance patterns of Salmonella Typhi isolates at Dschang District Hospital.

Number of drugs resistant Number of isolates (n = 18) Resistance (%)

≥ 2 3 16.66

≥ 3 2 11.11

≥ 4 9 50.00

≥ 5 3 16.66

≥ 6 1 5.55
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Figure 1: Correlation between some biochemical parameters during S. Typhi infection. 
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Figure 2: Receiver Operating Characteristic (ROC) curve analysis of 
ALAT, ALP and TB against S. Typhi sero-prevalence.

Figure 3: Antibiotic resistance profile of S. Typhi isolates at Dschang 
District Hospital in Cameroon.

Antibiotic susceptibility of isolates from the study partici-
pants

All the tested isolates of Salmonella Typhi were found sensi-
tive to ofloxacin and levofloxacin (Figure 3). In contrast, 100%, 
61.11%, 72.22%, 22.22%, 11.11%, 11.11% and 5.55% of the 
isolates were resistant to minocycline, amoxicillin, ampicillin, 
chloramphenicol, ceftriaxone, norfloxacin, and ciprofloxacin, re-
spectively, while 27.77%, 16.66%, 11.11%, 11.11% and 5.55% of 
the isolates tested showed intermediate susceptibility to chlor-
amphenicol, amoxicillin, ampicillin, norfloxacin and ceftriaxone, 
respectively. None of Salmonella Typhi isolates were sensitive 
to all antibiotics used in this study.

 The presence of MDR Salmonella Typhi was observed in 
the study population (Table 5). Hence, 1 (5.55%), 2 (11.11%), 3 
(16.66%), 3 (16.66%), and 9 (50%) of the isolates were resistant 
to two, three, four, five and six antibiotics tested, respectively.

Discussion

This study reports the effect of Salmonella Typhi infection 
on liver biochemical parameters and the in vitro antibiotic sus-
ceptibility pattern of isolates among patients visiting Dschang 

District Hospital in Cameroon, for medical care. The prevalence 
of Salmonella Typhi infection in the study population was evalu-
ated at 48.18%. This result is higher than those obtained in oth-
er cities of Cameroon, particularly in Yaounde (34.5%), Douala 
(22.5%), Tiko (43%) and Bamenda (8.5%) [14,15]. Taking into ac-
count these data, it is obvious that Salmonella Typhi infection 
is a real public health problem in Cameroon. Nevertheless, the 
prevalence of S. Typhi infection obtained in the present study, 
is comparable to that recorded at the University hospitals of 
Tribhuvan (46.0%), Nepal and India [16]. These prevalences are 
in line with the World Health Organization [17], statement that 
the vast majority of typhoid fever cases occur in Asia, Africa 
and Latin America, where diseases transmission through results 
from inadequate public drinking water supply, added to poor 
environmental and personal hygiene. The findings of the pres-
ent investigation also revealed an association between Salmo-
nella Typhi positivity and inadequuete source of drinking water 
therefore consolidating the above mentioned WHO statement.

Many organs such as gastrointestinal tract, liver and heart 
may be involved in typhoid fever. Hepatic involvment is one of 
the earliest reported complications of typhoid fever [3,6,18,19]. 
In this study, the levels of alanine aminotransferase (26.06 IU/L), 
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alkaline phosphatase (160.20 IU/L) and total bilirubin (9.91 mg/
dL) were significantly higher in the group of S. Typhi positive 
patients compared to the control group. Similarly, higher preva-
lences of  abnormal (hyper) alanine aminotransferase (30.18%), 
alkaline phosphatase (69.81%) and total bilirubin (84.90%)  
were found among S. Typhi positive individuals than their re-
spective negatives (0%, 5.26% and 17.54%). However, the fre-
quencies of elevated serum ALT in previous reports were 22% 
[20] and 100% [7,21]. Abnormal biochemical parameters (30 - 
85%) suggestive of hepatic involvement have been reported in 
23 - 60% cases [3,6]. It has been suggested that mild increase 
in liver biochemical parameters occurs in typhoid hepatitis and 
it could differentiate such cases from viral hepatitis where in-
crease is marked [3,6]. However,  we observed in this study, 
high levels of liver biochemical parameters as showed by Ayhan 
et al. [22]. Significant associations between S. Typhi infection 
and liver biochemical parameters were revealed by ROC curve 
analysis with AUC (95%CI) of  0.64 (0.534 - 0.746), 0.838 (0.76 
- 0.917), and 0.893 (0.825 - 0.961) for Alanine Aminotransfer-
ase (ALT), Alkaline Phosphatase (ALP) and Total Bilirubin (TB), 
respectively. Indeed, there is an unique relationship between S. 
Typhi, macrophages of the liver, spleen, intestinal lymphoid fol-
licles and mesenteric lymph nodes that could be responsible for 
the pathogenesis of typhoid fever. Functionally, active cytokines 
(TNF alpha, IL-1, alpha and beta interferons) are synthesized by 
macrophages and are an important source of arachidonic acid 
metabolites and reactive oxygen intermediate species. These 
products can lead to cell necrosis, recruitment of other in-
flammatory cells, stimulation of the immune system, vascular 
instability, initiation of the clotting mechanism and other ab-
normalities associated with typhoid fever [5]. Hepatic damage 
by  Salmonella Typhi appears to be mediated by bacterial endo-
toxin  [23]. Liver injury and myopathy are largely responsible for 
the release of the ALT enzyme. Simultaneous elevations of ALT, 
ALP, and TB suggest that hepatic lesions are hepatocellular and 
cholestatic. Further, hyper-bilirubinemia observed in patients 
infected with S. Typhi is due to the localization in the bile ducts 
of S. Typhi [24]; which causes an obstacle to the biliary flow or 
a malfunction of the liver which is unable to transform the free 
bilirubin in conjugated bilirubin so that it is excreted. The hepa-
tocellular necrosis of the liver in typhoid fever may therefore be 
associated with an obstruction of the bile ducts.

Given the high frequencies of Salmonella isolates of bacte-
rial cultures in the laboratory, and the increasing resistance of 
Salmonella enterica serotype Typhi to the conventional antibi-
otics [25], it necessary to evaluate their antibiotic susceptibil-
ity pattern. Thus, we observed various susceptibilities of 100% 
to ofloxacin and levofloxacin, 94.44% to ciprofloxacin; 77.77% 
to norfloxacin; 83.33% to ceftriaxone, 50% to chlorampheni-
col, 22.22% to amoxicillin, 16.66%  to ampicillin, and 0% to mi-
nocycline. These results suggest that some Salmonella Typhi 
isolates with decreased ciprofloxacin susceptibility were still 
susceptible to norfloxacin, chloramphenicol and ceftriaxone. 
Further, the strains with decreased ciprofloxacin susceptibility 
were fully susceptible to broad-spectrum ofloxacin and levo-
floxacin which might suggest that these antibiotics could be ap-
propriate therapy for urgent cases of typhoid fever. However, 
attention should be paid to the emergence of strains resistant 
to extended-spectrum minocycline in the near future. Previous-
ly, S. enterica serovar Typhi isolates with decreased antibiotic 
susceptibility have become the subject of worldwide attention 
[26-29]. The susceptibility of Salmonella Typhi isolates to sec-
ond-generation fluoroquinolones is due to their high bacteri-

cidal activity. Indeed, after having penetrated the bacterium by 
diffusion, quinolones will inhibit bacterial replication by acting 
on the enzyme family namely topoisomerase and by exerting a 
rapid bactericidal effect [30,31]. The presence of fluorine in C6 
position has broadened the antibacterial spectrum by signifi-
cantly increasing the anti-DNA-gyrase activity and intracellular 
penetration of the antibiotic. Resistance of Salmonella against 
fluoroquinolones, minocycline, ceftriaxone, ampicillin, amoxi-
cillin and chloramphenicol are thought to be related to misdiag-
nosis and misuse of common antibiotics that have led to the de-
velopment and spread of multi-resistant strains of S. Typhi [32].

 Differences in the susceptibility between S. Typhi isolates, 
and which would be related to certain particularities in their 
genetic constitutions, show not only that some of the test anti-
biotics have limited spectra of action, but also that Salmonella 
Typhi infections should be well diagnosed; given that two iso-
lates of S. Typhi may have different susceptibilities to the same 
antibiotic. Hence, ongoing surveillance for antibiotic suscep-
tibility remains essential, and will enhance efforts to identify 
resistance and attempt to limit its spread. This is all the more 
important because, very often, drug misuse and inappropriate 
treatments as well as intrinsic plasmid-mediated factors are 
responsible of certain forms of resistance in microorganisms 
[32]. The increased virulence of MDR strains may be due to the 
presence of other virulence genes on its R-plasmid. However, 
resistance may develop again if MDR strains are able to trans-
fer their R-plasmids, which encode resistance determinants, to 
the strains sensitive to these drugs [28]. These findings may be 
of immense importance to health authorities in order to ratio-
nalise the policy of empirical treatment of typhoid fever.

The result of the present study indicates that ofloxacin 
(which is no longer commonly used for the treatment of typhoid 
fever in the study area) was found to be 100% active against the 
Salmonella isolates. This observation is consistent with the hy-
pothesis that a microorganism which was previously resistant to 
a particular antibiotic may become sensitive if treatment with 
that antibiotic is suspended for a long time [33].

The findings of this study also showed that 100%, 61.11%, 
72.22%, 22.22%, 11.11%, 11.11% and 5.55% of S. Typhi isolates 
were resistant to minocycline, amoxicillin, ampicillin, chloram-
phenicol, ceftriaxone, norfloxacin, and ciprofloxacin, respective-
ly. High prevalences of resistance to aminopenicillins, phenicols, 
tetracyclines, and penicillins have been reported from many ar-
eas of the world [29,34]. Also, resistance of Salmonella to newer 
antibiotics (quinolones and extended spectrum cephalosporins) 
has been documented both in developing and developed coun-
tries with increasing frequency [26,28,29,35]. The mechanisms 
of S. Typhi resistance against antibiotics are generally mediated 
through plasmid and chromosomal mediations [36]. Plasmids 
that transfer antibiotic resistance in S. Typhi are the plasmids of 
incompatibility group (Inc) HI1. The mechanism of resistance of 
S. Typhi by chromosome mediation against fluoroquinolones is 
the result of the selective selection in a bacterial population fol-
lowing antibiotic use. The point mutation in the Quinolone Re-
sistance Determining Region (QRDR) of the gyrA topoisomerase 
gene that codes for DNA gyrase is the resistance gene against 
fluoroquinolones [37].

Conclusion

This study provided data that further support liver disfunc-
tion through increase of biochemical parameters as a result of 
S. Typhi infection. Data also demonstrated the imperative need 
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to maintain continuous monitoring of antibacterial resistance 
and follow a rational prescription of antibiotics based on the 
local antibacterial pattern. These findings advocate update on 
algorithm and protocol for diagnosis, monitoring and manage-
ment of Salmonella enterica serovar Typhi positive patients.
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