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INTRODUCTION 

Antibiotics play a crucial role in reducing morbidity and 

mortality from infectious diseases worldwide.
[1,2]

 

However, antibiotics exert natural selection pressure on 

bacterial populations and can cause resistance.
[3]

 

 

In the 2000s, according to data from the World Health 

Organization (WHO), infectious diseases caused by 

multidrug-resistant bacteria (BMR) caused 25% of 

deaths worldwide, 50% of which came from developing 

countries (60% in children aged 0 to 4).
[4]

 The burden of 

antibiotic-resistant infections is heavy. By way of 

illustration, in Europe in 2007, 400,000 infections were 

caused by BMRs, of which 25,000 deaths were linked to 

these bacteria which could not be treated for lack of 

effective antibiotics. The annual cost of treating these 

infections is estimated between 1 and 5 billion euros.
[5]

 

These figures are much higher in the United States, 

where these infections are estimated at nearly 2 million 

cases per year at a direct treatment cost of $20 billion.
[7]

 

 

The increase and spread of antibiotic resistance in Gram-

negative bacilli, particularly Enterobacteriaceae, 

represent a major public health problem worldwide. 

These include Salmonella and Shigella. Therefore, it is 

important to determine the genetic basis of antibiotic 

resistance. 

 

MATERIALS AND METHODS 

Study framework 

The National Hospital of Niamey (HNN) now has a 

capacity of 808 functional beds and includes clinical 

services and medico-technical services including the 

biology service in which our study was carried out 
[7]
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ABSTRACT 

Background: Infectious diarrhea is a real public health problem for the general population, especially infants and 

the immunocompromised. The establishment of microbiological surveillance is more than necessary. Materials 

and Methods: Samples from Diarrheal stools were collected and analyzed by standard bacteriology technique 

(microscopy, gram and slide microscopy, culture / identification, and serogrouping). The sensitivity of the strains 

to antibiotics was determined by the antibiogram technique. Detection and characterization of resistance genes was 

done by gene amplification using specific primers. Results: During the period from March to December 2016, the 

stools of 2181 children with acute diarrhea were collected for bacteriological examination. A sample of 316 of the 

consulting population was studied to isolate bacteria belonging to salmonella and shigella. 28 stools or 63.7% 

contained Salmonella and 16 or 36.3% contained Shigella. The study of antibiotic sensitivity showed high 

resistance rates in both shigella and salmonella: 100% against cyclins, 87.5%, cotrimoxazole, 56.25% amoxicillin, 

56.25% amoxicillin- clavulanic acid, 68.75% chloramphenicol. On the other hand, a total sensitivity to imipenem, 

amikacin, gentamicin, ceftriazone, cefotaxime and ofloxacin, was observed in shigella. For Salmonella, resistance 

rates of 71.43%, 64.29%, 57.14%, 53.57%, 50%, respectively to amoxicillin, amoxicillin-clavulanic acid, 

trimethoprim-sulfamethoxazole and to tetracycline, were detected. But sensitivity to amikacin, nalidixic acid and 

imipenem is 100%. The study of the genetic support of these resistances made it possible to detect the tet, qnrS, 

qnrB, blaTEM, blaOXA, blaSHV genes. Conclusion:the study of antibiotic sensitivity revealed the emergence of 

resistance to 3rd generation cephalosporins and fluoroquinolones. The use of these molecules must therefore be 

done with caution in the treatment of shigellosis and salmonellosis. 
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The HNN is a public administrative establishment 

(EPA), endowed with management autonomy. 

 

Type, population and study period 

This is a descriptive study in which children aged 0 to 59 

months hospitalized for diarrhea were included in the 

pediatric department A of the National Hospital of 

Niamey between March and December 2016. Were 

excluded from our study, any patient older than five 

years, the patient whose duration of diarrhea was greater 

than or equal to seven days and the patient who received 

antibiotic treatment before admission. 

 

Data collection and sample collection 

A standardized questionnaire was administered to 

patients to collect sociodemographic characteristics (age, 

sex), clinical signs (fever, vomiting, abdominal pain, 

teething and weight loss), aspect, number and duration of 

stools per day. 

 

Stool specimens were collected in sterile wide-mouth 

jars at the time of inclusion and sent directly to the 

laboratory for processing. 

 

Stool treatment, bacterial isolation and identification 

The samples collected were processed using 

conventional bacteriology techniques (macroscopy, 

Gram and slide microscopy, culture/identification, and 

serogrouping). 

 

Macroscopy makes it possible to assess the appearance 

of the stools with the naked eye (soft, mucous, liquid, 

mucous and bloody, etc.). Gram staining and 

microscopic observation of the smear make it possible to 

assess the morphological and tinctorial appearance of the 

germs and to guide the choice of culture media to be 

used for isolation. 

 

For bacterial culture, the stools are simultaneously 

inoculated onto Hecktoen media and peptone water broth 

or selenite broth for pre-enrichment. Subculturing on 

another Hecktoen dish from the enriched medium is done 

after 6 hours of incubation in an oven at 37°C. The 

identification of the germs was made on the suspicious 

colonies, using the modern Api 20E gallery which makes 

it possible to identify Salmonella typhi, the other 

Salmonella Spp and Shigella Spp. 

 

The isolate was subcultured from Hecktoen medium to 

Mueller Hinton medium for serogrouping. Thus, the 

determination of Salmonella paratyphi was made by slide 

agglutination of unspecified strains (Salmonella Spp) 

with the respective antisera A, B, and C and the 

specification of the four species (S. dysenteriae, S. 

flexneri, S. boydii and S. sonnei) of Shigella with also 

specific antisera. 

 

Antibiotic sensitivity test 

The antibiotic susceptibility of each isolate is determined 

by the Kirby Bauer method, with the recommendations 

of the Antibiogram Committee of the French Society of 

Microbiology, and the European Committee on 

Antimicrobial Susceptibility Testing (CA-SFM / 

EUCAST 2019). 

 

A panel of sixteen antibiotics is tested. These are 

amoxicillin (25 g), cefoxitin (30 g), nalidixic acid (30 

g), tetracycline (30 mcg), ceftazidime (30 g), 

ceftriazone (30 μg), cefotaxime (30 mcg ), ofloxacin (5 

µg), ciprofloxacin (5 µg), gentamicin (15 µg), amikacin 

(30 g), imipenem (10 g), tobramicin (10 g), 

chloramphenicol (70 g), trimethoprim- 

sulfamethoxazole (1.25g/23.75g), amoxicillin-

clavulanic acid (20g/10g). 

 

The discs are deposited using a disc dispenser once the 

inoculated box dries. The reading is made after 18 – 24 

hours of incubation at 35°C – 37°C. 

 

The interpretation criteria are based on the measurement 

of the inhibition diameters of each strain tested and 

according to the standards of CA-SFM/EUCAST 

(V.0.Mai 2019). 

 

The reference strains used are: Escherichia coli CIP 7624 

(ATCC 25922), Staphylococcus aureus CIP 7625 (ATCC 

25923), Streptococcus pneumoniae CIP 104485. 

 

Genomic DNA Extraction, Amplification and 

Electrophoresis 

The principle of the Polymerase Chain Reaction (PCR) 

consists of specifically amplifying a target DNA 

sequence. 

 

Genomic DNA was extracted using QIAGEN's QIAamp 

DNA Mini Kit, following the manufacturer's 

recommendations. The resistance gene amplification 

reactions are carried out with specific primer pairs, in a 

BioRad® type thermocycler. 

 

For all the PCRs, the amplification conditions were as 

follows: 5 min of denaturation at 94°C, 35 cycles of 

amplification (30 s of denaturation at 94°C, 30 s of 

hybridization at 55°C, 40 s elongation at 72°C) and a 

final elongation of 7 min at 72°C. 

 

The quality of DNA extraction was evaluated by 

electrophoresis of a 5 μl sample for 20 min at a voltage 

of 100 V containing TBE buffer (TRIS, Borate, EDTA) 

in an agarose gel at 1. 5%. 

 

Once the migration is finished, the gel is placed in the 

UV imaging system for the visualization of the bands. 

The presence of the band which corresponds to the 

amplified fragment was compared with the molecular 

weight marker (1000 base pairs) using the controls. 
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Statistical analysis of data 

Data entry and analysis were performed using Excel 

2010 software and Epi info™ 7.2.2.1 

(http://wwwn.cdc.gov/epiinfo/).  

 

RESULTS  

Frequency of isolated bacteria 

Of the three hundred and sixteen (316) stool samples 

analyzed, forty-four presented a bacterial etiology, i.e. 

13.9%. Among the positive cases, 28 (63.7%) consisted 

of Salmonella and 16 (36.3%) of Shigella. Table 1 

presents the stool analysis results for each bacterial 

species. 

 

 

 

Table 1: Percentage distribution of bacteria isolated by culture N=44. 

Germs identified Number N (%) 

Salmonella paratyphi A 3(6,8) 

Salmonella paratyphi B 3(6,8) 

Salmonella paratyphi C 1(2,3) 

Salmonella Spp 12(27,3) 

Salmonella typhi 9(20,4) 

Shigella boydii 2(4,5) 

Shigella flexneri 7(16,0) 

Shigella sonnei 2(4,5) 

Shigella Spp 5(11,4) 

TOTAL 44(100) 

 

Susceptibility of Salmonella strains to antibiotics 

The resistance of the isolated strains (N=28) was tested 

against 16 antibiotics and the proportions of resistant 

isolates are presented in Table 2. 

 

Salmonella strains showed 100% sensitivity to amikacin, 

nalidixic acid and imipenem. 

 

Resistance rates of 71.43%, 64.29%, 57.14%, 53.57%, 

50% are observed respectively against amoxicillin, 

amoxicillin-clavulanic acid, trimethoprim-

sulfamethoxazole and tetracycline. 

 

The Salmonella isolates, on the other hand, showed low 

resistance rates of 7.14% to 10.71% vis-à-vis the other 

antibiotics tested. 

 

Table 2: Resistance profile of isolated Salmonella to antibiotics. 

Antibiotics Tested 
Intermediate Resistant 

n % n % 

Amoxicillin (AMX) 0 0 20 71,43 

Amoxicillin-clavulanic acid (AMC) 0 0 18 64,29 

Imipenem (IPM) 0 0 0 0 

Amikacin (AN) 0 0 0 0 

Tobramicin (TM) 1 3,57 3 10,71 

Gentamicin (GMN) 0 0 2 7,14 

Cefotaxime (CTX) 0 0 2 7,14 

Cefoxitin (FOX) 1 3,57 2 7,14 

Ceftazidime (CAZ) 3 10,71 3 10,71 

Ceftriaxone (CRO) 0 0 3 10,71 

Ciprofloxacin (CIP) 0 0 2 7,14 

Nalidixic acid (NA) 0 0 0 0 

Ofloxacin (OFX) 0 0 3 10,71 

Chloramphenicol (CHL) 0 0 14 50 

Tetracycline (TE) 0 0 15 53,57 

Trimethoprim-sulfamethoxazole (SXT) 0 0 16 57,14 

 

Susceptibility of isolated Shigella strains to antibiotics 

The resistance of the isolated strains was tested against 

16 antibiotics and the proportions of resistant isolates are 

presented in Table 3. 

 

Shigella strains are 100% resistant to tetracycline. 

Resistance rates to trimethoprim-sulfamethoxazole, 

amoxicillin, amoxicillin-clavulanic acid, 

chloramphenicol are also high with 87.50%, 56.25%, 

56.25% and 68.75% respectively. 

 

On the other hand, all these isolates are 100% sensitive 

to the following antibiotics: imipenem, amikacin, 

gentamicin, ceftriaxone, cefotaxime and ofloxacin. Note 

http://wwwn.cdc.gov/epiinfo/
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that three strains showed low resistance to the following 

antibiotics: ciprofloxacin, cefoxitin, tobramicin, 

ceftazidime, nalidixic acid. 

 

 

 

Table 3: Resistance profile of isolated Shigella to antibiotics. 

Antibiotics Tested 
Intermédiaire Résistant 

n % n % 

Amoxicillin (AMX) 0 0 9 56,25 

Amoxicillin-clavulanic acid (AMC) 0 0 9 56,25 

Imipenem (IPM) 0 0 0 0 

Amikacin (AN) 0 0 0 0 

Tobramicin (TM) 0 0 0 0 

Gentamicin (GMN) 5 31,25 1 6,25 

Cefotaxime (CTX) 0 0 0 0 

Cefoxitin (FOX) 0 0 0 0 

Ceftazidime (CAZ) 9 56,25 1 6,25 

Ceftazidime (CAZ) 1 6,25 1 6,25 

Ceftriaxone (CRO) 0 0 0 0 

Ciprofloxacin (CIP) 1 6,25 0 0 

Nalidixic acid (NA) 0 0 1 6,25 

Ofloxacin (OFX) 0 0 0 0 

Chloramphenicol (CHL) 0 0 11 68,75 

Tetracycline (TE) 0 0 16 100 

Trimethoprim-sulfamethoxazole (SXT) 0 0 14 87,50 

 

Prevalence of resistance genes in Salmonella 

After revealing the DNA bands on agarose gel by 

electrophoresis under UV, the standard PCR results 

(Figure N°1) show that: 

 Of the 28 strains of Salmonella, 

 27 (96.43%) carried the tetracycline resistance gene 

(tet); 

 2 (7.14%) only are carriers of the qnrS gene (type S 

quinolone resistance); 

 12 (42.86%) carry the qnrB gene (type B quinolone 

resistance); 

 25 (89.29%) are carriers of the blaTEM gene; 

 6 (21.43%) carry the blaOXA and blaSHV genes 

 Some strains carry several genes: 

• blaTEM and Tet for 13 strains; 

• blaTEM, qnrB and Tet for 6 strains; 

• blaOXA, blaSHV, blaTEM, qnrB and Tet for 5 

strains; 

• blaOXA, blaSHV, blaTEM, qnrB, qnrS and Tet. For 

2 strains 

 

 
Figure 1: Prevalence of resistance genes in Salmonella. 

 

Prevalence of resistance genes in Shigella 

After the revelation of the DNA bands on agarose gel by 

electrophoresis under UV, the standard PCR results 

(Figure N°2) show that: 

 Of the 16 strains of Shigella, 

 16 (100%) are carriers of the tetracycline resistance 

gene (tet); 

 13 (81.25%) contained the blaTEM gene; 
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 10 (62.50%) carry the blaOXA genes; 

 3 (18.75%) carry the qnrB gene (type B quinolone 

resistance); 

 1 (6.25%) carries the qnrS gene (type S quinolone 

resistance); 

 Some strains carry several genes: 

• blaTEM and Tet for 3 strains; 

• blaTEM, blaOXA, and Tet for 7 strains; 

• blaOXA, blaTEM, qnrB and Tet for 2 strains; 

• blaOXA, blaTEM, qnrB, qnrS and Tet for 1 strain. 

 

 
Figure 2: Prevalence of Resistance Genes in Shigella. 

 

DISCUSSION 

The prevalence of Shigella and Salmonella in children 

under five with acute diarrhea was studied at the 

National Hospital of Niamey, as well as their sensitivity 

to antibiotics. Indeed, Salmonella and Shigella are 

among the main bacterial infectious agents responsible 

for acute diarrhea, especially in young children in 

developing countries. Thus in the present study, they 

were isolated in forty-four (13.92%) cases among the 

three hundred and sixteen stools analyzed. These results 

are comparable to two recent and similar studies carried 

out on the same age group in Maradi in southern Niger
[8]

 

and in another African country, namely Gabon.
[9]

 The 

proportions reported by these studies were respectively 

of the order of 11.95% and 12.9%. On the other hand, 

much higher proportions were reported by two other 

recent studies conducted in two African countries 

neighboring Niger: Nigeria 
[10]

 with 34% and Burkina 

Faso
[11]

 with 21.4%. 

 

These proportions were very low in industrialized 

countries with 0.8%
[12]

, 3.7%
[13]

 and 0.3%
[14]

 reported, 

respectively in Switzerland, the United States of America 

and the United Kingdom.  

 

This low rate is linked to progress in hygiene and the 

improvement of drinking water supply conditions in 

industrialized countries. In developing countries, the 

high incidence would be associated with poor hygiene 

conditions and the risk of faecal transmission. 

 

In our study, isolated Salmonella strains showed 100% 

sensitivity to amikacin, nalidixic acid and imipenem. 

These rates are comparable to those obtained in two 

studies conducted in Niger revealing in Maradi, 100% 

sensitivity to imipenem, 94.2% to nalidixic acid, 99.2% 

sensitivity to amikacin.
[8]

 In Niamey, the same studies 

showed: 100% sensitivity to imipenem, 96% to nalidixic 

acid, 100% sensitivity to amikacin.
[15]

 

 

These rates are also close to those in another study 

conducted in Burkina Faso in children with acute 

diarrhea where there was 100% sensitivity to amikacin 

and 94.4% to nalidixic acid.
[16]

 

 

High rates of resistance: amoxicillin (71.43%), 

amoxicillin-clavulanic acid (64.29%), trimethoprim-

sulfamethoxazole (57.14%, tetracycline (53.57%), 

chloramphenicol (50%), These resistance rates are 

particularly close to those obtained in Burkina where the 

proportions are 74.7%, 72.1% and 60.1% for amoxicillin, 

amoxicillin-clavulanic acid and trimethoprim 

respectively. -sulfamethoxazole.
[16] 

 

Isolated Shigella strains showed 100% resistance to 

tetracycline, strong resistance to trimethoprim-

sulfamethoxazole (87.50%), amoxicillin (56.25%), 

amoxicillin-clavulanic acid (56.25%), and 

chloramphenicol (68.75%). 

 

These rates are slightly higher than those reported in the 

study conducted in Maradi where resistance was 67.7% 

for amoxicillin, 87.59% for trimethoprim-

sulfamethoxazole and 1.6% for amoxicillin-clavulanic 

acid. 
[8]

 However, the 100% sensitivity to imipenem, 

amikacin, gentamicin, ceftriazone, cefotaxime and 

ofloxacin of Shigella, observed in our study is perfectly 

identical to that described in Maradi.
[8]

 

 

Regarding the genetic supports of resistance, our study 

shows that 100% of Shigella strains carry the tet gene for 

tetracycline resistance; which confirms the 100% 
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sensitivity to tetracyclines revealed by our tests. It is 

noted that: 81.25% of the strains contain the blaTEM 

gene; 62.50% of the strains carry the blaOXA gene; 

18.75% of the strains carry the qnrB gene for resistance 

to type B quinolones, only one strain (6.25%) carries the 

qnrS gene for resistance to type S quinolones, and 

18.75% of the strains contain both blaTEM and Tet, 

62.75% of the blaTEM, blaOXA, and Tet strains; 12.5% 

of the strains contain blaOXA, blaTEM, qnrB and Tet; 

6.25% of strains carry blaOXA, blaTEM, qnrB, qnrS and 

Tet. 

 

Regarding Salmonella, the genetic determinants of 

resistance detected are: tet(96.43%) of the strains; 

qnrS(7.14%); qnrB (42.86%); blaTEM (89.29%); 

21.43% of the strains carry the blaOXA and blaSHV 

genes; 46.41% of the strains contain both blaTEM and 

Tet, 21.43% of the strains carry both blaTEM, qnrB and 

Tet; 17.85% of the strains carry blaOXA, blaSHV, 

blaTEM, qnrB and Tet; 7.14% of the strains contain 

blaOXA, blaSHV, blaTEM, qnrB, qnrS and Tet.The 

genetic supports of resistance observed in our study are 

comparable to those reported by a study in Senegal 

where there is a predominance of resistance genes to 

cyclins (Tet) in Shigella 
[17]

.These results are also very 

close to those shown by a study conducted in Algeria, 

where a predominance of beta-lactam resistance genes 

(blaOXA, blaSHV, blaTEM) was noted in Salmonella 
[18]

.The study of the sensitivity of Salmonella and 

Shigella to antibiotics generally revealed a high level of 

resistance for the majority of the antibiotics tested. These 

observations, also reported by various studies, show that 

this strong resistance to antibiotics is the consequence of 

the selection pressure due to the massive prescription and 

the often abusive use of broad-spectrum antibiotics both 

in hospitals and in community settings. , as well as the 

cross-transmission of acquired resistance to plasmid 

determinism. 

 

CONCLUSION 

Faced with these alarming figures of resistance to 

antibiotics, it would be wise to modify the empirical 

treatment of infections due to Salmonella and Shigella. 

The use of amikacin and/or imipenem could be 

considered in the treatment of infections due to 

Salmonella and Shigella, given the negligible or even 

zero resistance rate to these antibiotics. The emergence 

of multi-resistant enterobacteriaceae is a global public 

health problem. In the absence of new effective 

antibiotics, this risks leading to therapeutic impasses. 

The fight against this phenomenon is multidisciplinary 

and should integrate the rationalization of the 

prescription of antibiotics and strict compliance with 

hygiene measures. Monitoring the resistance of strains to 

antibiotics must be continuous and systematic in order to 

define therapeutic strategies adapted to local 

epidemiological data. 
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