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Abstract
Background: Bacterial infections are common in hospitals. The objectives of the present study are to describe the
bacteriological profile of bacterial infections and to assess the antibiotic resistance of bacteria at the Befelatananana

University Hospital.

Methods: This is a retrospective, cross-sectional and descriptive study from July 01 to December 31, 2019 at the

laboratory of the University Hospital of Befelatanana.

Results: Among the 1150 patients, 397 were affected by bacterial infections, for a prevalence of 34.5%.
Enterobacteriaceae were the most frequently isolated with 164 (40%) bacteria identified. Women (40.8%; p = 10-6),

subjects with suppurations and sores (70.7%; p = 10-6), subjects in intensive care (57.7%; p = 10- 6) and patients
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with pus swabs (80%; p = 10-6) were most affected by bacterial infections. The majority of bacteria were resistant to
penicillins and cotrimoxazole (40.6% to 100% resistance). Staphylococci and streptococci were all susceptible to
vancomycin. All Gram-negative bacilli were susceptible to amikacin and imipenem except the genus Acinetobacter

which showed 58.3% resistance to amikacin and 75% resistance to imipenem.

Conclusion: Empirical treatments for infectious diseases and self-medication should be avoided in order to improve
the management of patients with bacterial infections.

Keywords: Antibiotic resistance, enterobacteria, self-medication, resuscitation.

1. Introduction

In Madagascar, infectious pathologies constitute a major public health problem. They are responsible for 17 million
deaths worldwide, including 43% in developing countries against 1% in industrialized countries [1]. Among these
infectious pathologies, bacterial infections are starting to grow in importance today. Invasive bacterial infections are
the cause of a number of serious pathologies including meningitis, bronchopneumopathies, septicemia, peritonitis,
typhoid fever and especially diarrhea which still remains a real public health problem for the child population. in
developing countries [2]. The development and use of antibiotics over the past 70 years has led to a major decline in
terms of mortality and morbidity associated with infectious bacterial diseases around the world. However, although
these molecules have saved millions of patients, their use has led to strong antibiotic resistance in a growing number
of species and a growing number of antibiotics. In developing countries, poverty, malnutrition, poor hygienic
conditions, insufficient access to medicines, the absence of efficient healthcare systems, government crises, civil
wars and frequent population displacements have contributed considerably to the emergence and spread of antibiotic
resistance in these regions of the world [3]. The growing increase in these antibiotic resistance has prompted us to
carry out this study, the objectives of which are to describe the bacteriological profile of bacterial infections and to
assess the antibiotic resistance of these bacteria isolated in the biological samples seen in the laboratory of the

Joseph Raseta University Hospital Center, Befelatananana.

2. Materials and Methods

2.1 Type of Study

This is a retrospective, descriptive and cross-sectional study from July 01, 2019 to December 31, 2019 at the
laboratory of the Joseph Raseta Befelatanana University Hospital Center (CHUJRB) in Antananarivo Madagascar.
All bacteriological and antibiogram results from patients during the study period who met the inclusion criteria were
included in the presented study. Thus, this study included the results of bacteriological analysis and antibiogram of
1150 patients.

2.2Inclusion criteria
The inclusion criteria were constituted by all samples for bacteriological examinations with completed analysis

request forms and compliant samples.
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2.3 Exclusion criteria

The exclusion criteria were constituted by the results of bacteriological analysis including commensal bacteria of the
skin or mucous membranes. Likewise, the bacteriological results of bacterial colonies whose quantity was below the
positivity threshold were rendered negative. In addition, bacteriological examinations carried out during the study
period for other research or projects were excluded from the study.

2.4 Study parameters

The study parameters were represented by age, gender, clinical information, services, types of samples (blood
culture, stool culture, pus, sputum, throat, materials, effusion fluid, cerebrospinal fluid ( CSF), urethral smear,
cervico-vaginal smear, cytobacteriological examination of urine and other samples), results of bacteriological

analysis and results of antibiograms.

2.5 Data collection
Data were collected from analysis request sheets, benchtop sheets and anti biogram result sheets.

2.6 Statistical analysis
Data entry and processing were carried out using the Epi-info 3.5.2 software. The comparison of the percentages
used the Chi-square tests of Mantel Haenszel or the corrected Chi-square of Yates in the event of small numbers.

The statistical significance level used was p = 0.05.

2.7 Ethical considerations

The present study respected the notion of volunteering, anonymity and confidentiality. It was only implemented
after obtaining the authorization of the Director of the CHUJRB Establishment and the Head of Department of the
CHUJRB laboratory.

3. Results
3.1 Prevalence of Bacterial Infections
Among 1150 patients, 397 presented with bacterial infections showing a prevalence of 34.5% (figure 1).

= Negative results

m Bacterial
infections

Figure 1: Prevalence of Bacterial Infections
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3.2 Prevalence of Bacteria Responsible for Bacterial Infections
Regarding bacterial infections, the most frequent bacteria were represented by Enterobacteriaceae concerning 164
patients (40.0%) and the species Gargnerella vaginalis concerning 100 patients (24.4%) (figure 2).

Enterobacteriaceae 40.0%
Gardnerella vaginalis
Non-aureus...
Streptococcus spp
Staphylococcus aureus
Pseudomonas spp
Acinetobacter spp

Others

24.4%

12.4%

8.5%

7.8% ® bacteria identified
3.4%
2.9%
0.5%

0% 10% 20% 30% 40% 50%

Figure 2: Prevalence of Bacteria Responsible for Bacterial Infections

3.3 Associated Factors with Bacterial Infections

Women were the most affected by bacterial infections with a highly significant difference (40.8%; p = 10-6). The
subjects in the 2 extreme ages of life are the most affected by bacterial infections representing respectively 93 cases
(35.8%) and 71 cases (37.8%) but without significant difference (p = 0.7; NS) . The subjects with bacterial
infections presented with suppurations and wounds (41 cases or 70.7%) or fever (93 cases or 52.2%) in the majority
of cases with a highly significant difference (p = 10- 6). Patients hospitalized in intensive care and surgery were the
most likely to present bacterial infections representing respectively 82 cases (57.7%) and 25 cases (55.6%) with a
highly significant difference (p = 10- 6). Pus swabs and genitourinary swabs were the most likely to show positive
bacteriological results. Among these bacterial infections, 52 cases (80%) involved pus samples, 115 cases (69.3%)

genital samples and 115 cases (31.9%) urine samples with a highly significant difference (table 1).

Table 1: Associated Factors with Bacterial Infections

Associated factors Negative results Bacterial infections Total o-value
n % n % (N)

Gender

Female 374 59.2 258 40.8 632 .

Male 379 73.2 139 26.8 518 10

Age (years)

<19 167 64.2 93 35.8 260

20-39 263 66.9 130 33.1 393

40-59 206 66.7 103 33.3 309 o7

>60 117 62.2 71 37.8 188
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Clinical information

suppurations and wounds 17 29.3 41 70.7 58

Fever 85 47.8 93 52.2 178

Joint disorders 11 91.7 1 8.3 12
Pneumonia 13 50 13 50 26

Effusion fluid 149 93.7 10 6.3 159 10°
Digestive disorders 28 87.5 4 125 32
Genitourinarydisorders 99 50 99 50 198
Neurologicaldisorders 99 98 2 2 101

Others 252 65.3 134 34.7 386
Departments

Surgery 20 44.4 25 55.6 45
Out-patients 185 58 134 42 319
InternalMedicine 401 76.1 126 23.9 527 10°®
Pediatrics 87 74.4 30 25.6 117

Intesive care units 60 42.3 82 57.7 142

Types of samples

Urine 245 68.1 115 31.9 360
Cerebrospinalfluid 204 98.6 3 1.4 207

Other 94 62.7 56 37.3 150

Pus 13 20 52 80 65 10°
Pap smear and urethral

smear 51 30.7 115 69.3 166

Effusion fluid 185 91.6 17 8.4 202

3.4 Antibiotic Resistance

Enterobacteriaceae were resistant to amoxicillin (77.4% resistance) and cotrimoxazole (64% resistance) in the

majority of cases. Likewise, 51.8% were resistant to the amoxicillin-clavulanic acid combination and 48.8% to 3rd

generation cephalosporins (3GC) (figure 3).
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Figure 3: Antibiotic Resistance of Enterobacteriaceae

The figure 4 shows that streptococci were resistant to penicillin G (57.1% resistance) and cotrimoxazole (57.1%

resistance) in more than half of the cases.

57.1%
57.1%
48.6%
40.0%

40.0% = Antibiotic resistance
of streptococci

Penicillin G
Cotrimoxazole

Lincomycin
Erythromycin
Tetracyclin
Ciprofloxacin
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Levofloxacin
Vancomycin
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Figure 4: Antibiotic Resistance of Streptococci

Staphylococci were also resistant to penicillin G (87.5% resistance) and cotrimoxazole (40.6% resistance) in the

majority of cases. Likewise, 68.7% of the isolates were resistant to tetracycline (figure 5).

Arch Microbiol Immunology Vol. 6 No. 1 - March 2022. 12



ArchMicrobiollImmunology 2022; 6 (1): 7-19 DOI: 10.26502/ami.93650073

Penicillin G 87.5%
Tetracyclin 68.7%
Cotrimoxazole 40.6%
Gentamycin 31.2%
Lincomycin 28.1% o i
Tobramycin 18.7% 8 Q;\Sﬁ;?ct)::cogisilstance of
Oxacillin 15.6%

12.5%
12.5%
0.0%

0% 50% 100%

Erythromycin
Ciprofloxacin
Vancomycin

Figure 5: Antibiotic Resistance of Staphylococci

Regarding non-fermenting Gram-negative bacilli, bacteria of the genus Pseudomonas were highly resistant to

cotrimoxazole (78.5% resistance) and ticarcillin (64.2% resistance) (figure 6).

Cotrimoxazole 78.5%
Ticarcillin 64.2%
Ceftazidime
Cefoperazone
Ciprofloxacin
Gentamycin
Tobramycin
Amikacin | 0.0%
Imipenem | 0.0%

0% 20% 40% 60% 80% 100%

m Antibiotic resistance of
Pseudomonas

Figure 6: Antibiotic resistance ou Pseudomonas spp

The bacteria of the genus Acinetobacter were all resistant to ticarcillin (100% resistance). Likewise, 91.6% were
resistant to cotrimoxazole, 3rd generation cephalosporins (3GC) and 4th generation cephalosporins (4GC). These
bacteria of the genus Acinetobacter have been the most formidable in terms of antibiotic resistance. Indeed, 75% of
these bacteria have a carbapenemase (75% resistance to imipenem) and were resistant to all classes of antibiotics
tested. Likewise, 58.3% were resistant to amikacin while the other previous bacteria were all sensitive to this

antibiotic (figure 7).
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Figure 7: Antibiotic resistance of Acinetobacter

Other bacteria were identified but they were rare and were susceptible to all the antibiotics tested in the vast majority

of cases.

4. Discussion

4.1 Prevalence of Bacterial Infections

This study found a prevalence of bacterial infections of 34.5%. In the literature, this prevalence varies according to
the types of studies and the germs studied. Thus, a study in Congo also found a prevalence of 34.5% of nosocomial
bacterial infections [4]. Another study in a maternity hospital in Congo found a 15.5% incidence of urinary tract
infections and surgical site infections [5]. On the other hand, a study carried out in 27 hospitals in the Mediterranean
region showed a lower prevalence of nosocomial bacterial infections, of the order of 10.5% [6].This study found a
higher prevalence of bacterial infections compared to other studies because we considered all bacterial infections in
all types of specimen, age, gender, clinical information and departments combined, allowing us to have the overall
prevalence of infections. Bacterial Based on this result, a third of the results of bacteriological examinations carried
out at the CHUJRB laboratory are all positive. This high prevalence prompts us to take adequate measures to fight
against these infections. In hospitals, hygiene measures will have to be strict to limit the spread and to kill the germs

responsible for nosocomial infections.

4.2 Prevalence of Bacteria Responsible for Bacterial Infections

Regarding the bacteria responsible for bacterial infections in the present study, Enterobacteriaceae are the most
common. Indeed, the literature emphasizes that Enterobacteriaceae constitute the main source of community and
hospital infections [7]. These Enterobacteriaceae were found in almost all biological samples. These
Enterobacteriaceae are common because they include a large number of bacterial species such as Escherichia coli,
Klebsiellapneumoniae, Enterobacter cloacae, Serratiamarcescens, Proteus mirabilis, Morganellamorganii,

Citrobacterfreundii and many more. These Enterobacteriaceae are normally present in the human intestine. But they
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can happen accidentally in other parts of the body where they are responsible for sometimes very severe bacterial
infections that are life-threatening to the patient in the absence of early treatment. After Enterobacteriaceae,
Gardnerella vaginalis is the second bacterium identified. This bacterium is isolated in FCVs and is responsible for
bacterial vaginosis in women. A study carried out in Togo also showed that Gardnerella vaginalis is the bacteria
most frequently identified in FCV with a prevalence of 55.1% [8]. Bacterial vaginosis is an imbalance of the
microbial flora in the vagina. It is characterized by the disappearance of lactobacilli and the multiplication of
anaerobic germs such as Gardnerella vaginalis. It is not a sexually transmitted infection. It is due to an imbalance of
the vaginal flora with disappearance of the protective effect of the Ddderlein bacillus. It is the most common specific

cause of vaginal infection. The prevalence is higher in sexually active women and reaches almost a third [9].

This study also found gram-positive cooci such as streptococci and staphylococci. Streptococci have been isolated in
the various biological samples but especially in throat samples (strep throat (streptococcus pyogenes) and in FCV
(Streptococcus agalactiae vaginitis). In the absence of prompt management, strep throat A (Streptococcus pyogenes)
can lead to complications such as rheumatic fever (AAR) or peritoneal abscess [10]. Likewise, streptococcal B
vaginitis (Streptococcus agalactiae) is serious in pregnant women and must be treated quickly to avoid neonatal
infections, especially meningitis in term newborns [11-12]. Concerning the staphylococci, they were also isolated in
the various biological samples but especially in the samples of pus at the level of the skin. The most common
species was Staphylococcus aureus. The literature also claims that these bacteria can cause skin and soft tissue
infections [13]. Indeed, satphylococci are skin germs and cause secondary infections in the skin in the event of a

wound or injury.

4.3 Associated factors with bacterial infections

By gender, women were the most affected by bacterial infections compared to men with a highly significant
difference. In fact, from a morphological point of view, women are more fragile than men and are more vulnerable
to diseases. Moreover, women are always second to men in all circumstances of daily life [14]. A woman's immune
system can also be reduced by certain circumstances such as menstruation or pregnancy which are specific to

women.

Depending on age, this study did not find a significant relationship between age range and bacterial infections. Thus,
these infections can affect all patients regardless of age. Regarding clinical information, patients with suppurations
of the skin, wounds, fever and genitourinary disorders were most affected by bacterial infections with a highly
significant difference. Indeed, there are many bacterial flora which line the skin and mucous membranes, in
particular staphylococci, responsible for the high frequency of bacterial infections in the damaged skin. Likewise,
fever is the first sign presented by the patient when there is external aggression on the body by foreign bodies or

microorganisms, especially bacteria, which explains its high frequency [15].

Regarding services, patients hospitalized in the surgical and intensive care units were the most affected by bacterial

infections with a highly significant difference. Indeed, according to other studies, 20 to 25% of all nosocomial
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infections are acquired in intensive care units [16]. These bacterial infections are mainly due to the invasive
procedures performed on the patient in the surgical and intensive care units. Among these invasive procedures, we
can cite bladder catheterization, tracheal intubation, chest and abdominal drains, catheterization and many more
[17].

In this study, pus, pap smear and urethral smear showed positive bacteriological results in the majority of cases. In
fact, suppuration is always linked to any infection because the pus is a sign of the body's defense against external
aggression. Likewise, bacterial infections in the genitourinary systems are frequent because of various situations

including the proximity between the digestive tract and the genitourinary system.

4.4 Antibiotic resistance

Regarding antibiotic resistance, this study showed that Enterobacteriaceae are highly resistant to cotrimoxazole.
Indeed, this antibiotic is abused by the population since it is sold in small grocery stores and everyone can get it. The
misuse of this antibiotic as well as self-medication is at the origin of this high resistance. Likewise, these germs are
also highly resistant to beta-lactams such as amoxicillin, amoxicillin-clavulanic acid and third generation
cephalosporins. The high consumption of these antibiotics by the population is at the origin of this resistance [18].
Furthermore, the present study has shown that Enterobacteriaceae are beginning to become increasingly resistant to
other classes of antibiotics such as quinolones (nalidixic acid, ciprofloxacin, levofloxacin), aminoglycosides
(gentamycin) and phenicols (chloramphenicol). Fortunately, all identified Enterobacteriaceae were susceptible to
imipenem and amikacin. A study in Doula also found that imipenem (1.3% resistance) and amikacin (12.9%
resistance) are still effective against Enterobacteriaceae in the majority of cases [19]. These results confirm that

penems and amikacin are the antibiotics of choice for treating Enterobacteriaceae infections.

Furthermore, streptococci were highly resistant to penicillin G and cotrimoxazole. These 2 antibiotics are abused by
the population because cotrimoxazole is sold in small grocery stores and can be bought without a prescription in
pharmacies. The literature asserts that self-medication antibiotic arises with seriousness in developing countries
where these drugs are readily available often without a medical prescription [20]. In addition, streptococci are
starting to become increasingly resistant to other classes of antibiotics such as macrolides (erythromycin),
lincosamides (lincomycin) and cyclins (tetracycline). Fortunately, resistance to quinolones (ciprofloxacin,
levofloxacin) and aminoglycosides (gentamycin) are rare. Likewise, all streptococcal isolates were sensitive to
vancomycin. Other studies have also found the same result [21-22]. These results confirm that glycopeptides

(vancomycin, teicoplanin) are the antibiotics of choice for treating streptococcal infections.

In this study, staphylococci were highly resistant to penicillin, cotrimoxazole, and tetracycline. As stated in the
previous paragraphs, these 3 classes of antibiotics are abused by the population. Thus, self-medication increases the
resistance of germs to these 3 classes of antibiotics. Other classes of antibiotics like aminoglycosides (gentamycin,
tobramycin) and lincosamides (lincomycin) start to become ineffective. Fortunately, isolates of methicillin-resistant

Staphylococcus aureus (MRSA) were rare in the present study (15.6% resistance to oxacillin). Likewise, all isolates
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were sensitive to vancomycin. These results confirm that glycopeptides (vancomycin, teicoplanin) are the antibiotics

of choice for treating staphylococcal infections.

In this study, non-fermenting gram negative bacilli were represented by Acinetobacter sppand Pseudomonas spp.
Strains of Acinetobacter spp were highly resistant to cotrimoxazole and beta-lactams (ticarcillin, C3G and C4G).
Resistance to other classes of antibiotics (quinolones represented by ciprofloxacin and aminoglycosides represented
by gentamycin and tobramycin) were also higher compared to those of bacteria reported in the previous paragraphs
Similarly, 75% had a carbapenemase (resistance to imipenem) and were resistant to all antibiotics tested. A similar
study carried out in Saudi Arabia identified multi-resistant strains of Acinetobacter baumannii (94%) [23]. The study
carried out by Guckan et al also demonstrated the multi-resistant nature of Acinetobacter baumannii strains [60].
These strains were resistant to ciprofloxacin (97.3%), gentamicin (77.2%), trimethoprim-sulfamethoxazole (68.9%),
imipenem (89.1%), meropenem (90 , 3%) [24]. However, colistin (5.5%) and netilmicin (19.5%) were effective on
these strains [24]. Another recent study in Iran showed resistance to Acinetobacter baumannii with cefixime (99%),
ceftazidime (99%), ciprofloxacin (98%), meropenem (99%), trimethoprim-sulfamethoxazole (99%) %), imipenem
(91.5%), ceftriaxone (99%), levofloxacin (96.5%), amikacin (70%) and gentamycin (85%) [61]. In contrast,
tigecycline (4%) and colistin (0%) are effective [25]. According to these 2 studies, colistin remains the molecule of

choice for the treatment of infections caused by Acinetobacter baumannii [24-25].

Regarding the isolates of Pseudomonas spp, they are less resistant than the strains of Acinetobacter spp. Likewise,
all isolates were susceptible to imipenem (absence of carbapenemase) and amikacin. Like Enterobacteriaceae, the
antibiotics of choice for the treatment of Pseudomonas spp infections are penemes (imipenem, meropenem) and
amikacin. According to these results in non-fermenting gram-negative bacilli, bacteria of the genus Acinetobacter,
which produce carbapenemases, are among the highly resistant emerging bacteria [7]. Infection by these
microorganisms is responsible for therapeutic difficulties or even dead ends. In addition, these germs represent a
potential danger as sources, reservoirs and vehicles of carbapenemases as well as a risk of hospital epidemics which
can quickly spiral out of control [7]. Fortunately, amikacin has been effective against the majority of isolates of
Acinetobacter spp. In addition to colistin which has been reported in the literature, amikacin can be considered as
the molecule of choice to be included in the treatment regimen for infections caused by carbapenemase-producing
bacteria [7].

Regarding the antibiotic resistance of the other bacteria identified in this study, they are rare since these other
bacteria are not frequent in hospitals and in the community and they are sensitive to all antibiotics in the majority of
cases. For example, even though Neisseria meningitidis meningitis is very serious, it can be easily treated with beta-

lactams because these bacteria are sensitive to all the antibiotics tested.

5. Conclusion
This study identified the bacteria most frequently responsible for bacterial infections in hospitals and in the

community. It also identified the factors associated with these infections and assessed the antibiotic resistance of the
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bacteria isolated. Enterobacteriaceae were the most frequent. Likewise, women were often affected by Gardnerella
vaginalis vaginosis. Women, people hospitalized in intensive care and surgery as well as patients with suppurations
and wounds, were the most affected by bacterial infections. Regarding antibiotic resistance, penicillins and
cotrimoxazole are no longer effective against most germs. Fortunately, penemes (imipenem), broad-spectrum
aminoglycosides (amikacin) and glycopeptides (vancomycin) are still effective today and represent the antibiotics of
choice. However, some bacteria of the genus Acinetobacter have been resistant to imipenem and amikacin. In the
literature, colistin is the drug of choice against these bacteria of the genus Acinetobacter. Thus, this study
encourages clinicians to avoid empirical treatments for bacterial infections before bacteriological analysis. If
possible, wait for the results of the antibiogram to know the antibiotic of choice for the patient. If the treatment
cannot wait, it is recommended that the sample be taken before the antibiotic treatment. Then the probabilistic
treatment can be carried out and will be adjusted according to the result of the antibiogram. This attitude will help
reduce the antibiotic resistance of germs. Likewise, it is necessary to inform and educate the population about the

danger of self-medication.
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