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Abstract

Background/Objectives: The antibacterial-resistant genes (ABRG) associated with bloodstream infections in patients
(BSI-PAP) receiving treatment at the Nigerian Air Force Medical Centre, Onikan, Lagos State, were studied from October
2023 to June 2024. BSI-PAP was defined as bloodstream infections diagnosed within 48 hours of hospitalization.

Methods: Blood samples were analyzed for bacterial contamination and antibiotic resistance, adhering to standard
microbiological protocols.

Results: The prevalence of BSI-PAP was found to be at 9.5%. The likelihood of being admitted with BSI-PAP was highest
among patients with diabetes mellitus, previous hospitalization, renal failure, and chronic dermatitis. The odds ratios
(OR) with 95% confidence intervals (CI) were as follows: Diabetes mellitus: OR = 4.96 (95% CI = 1.37-7.32), previous
hospitalization: OR = 2.59 (95% CI = 0.29-4.9), renal failure: OR = 2.39 (95% CI = —0.17-4.89), chronic dermatitis:
OR = 1.32 (95% CI = 0.37-4.29). Among the patients admitted with BSI-PAP, the following bacterial species were
identified: S. scuri ssp. lentus (35.3%), S. gallinarum (17.6%), S. eqourum (17.6%), E. cloacae ssp (11.8%), B. capacia
complex (5.9%), S. xylulosus (5.9%), C. freundi (5.9%). Gram-negative bacteria accounted for a greater proportion
of BSI cases (56.7%) compared to gram-positive bacteria (43.3%). Approximately 76% of BSI-PAP cases with these
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organisms exhibited antibiotic resistance. Resistance to erythromycin, sulfamethoxazole, ciprofloxacin, and ampicillin
was most prevalent in patients aged 30 years. A high prevalence of resistant genes was observed, including TEM,
CTX-M, SHV, and VEB types. The bacterial isolates (S. scuri ssp. lentus, S. gallinarum, S. eqourum, and S. xylulosus)
demonstrated high antimicrobial resistance to commonly prescribed antibiotics, particularly gentamicin, erythromycin,

sulfamethoxazole, and tetracycline.
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1. Introduction

The effectiveness of antimicrobial agents in fighting bloodstream
infectious diseases is limited by antimicrobial resistance (AMR)
a growing global health concern [1]. The ranks AMR among
the top ten global public health threats [2]. Overuse and misuse
of antibiotics in healthcare and other industries have led to the
emergence and spread of antimicrobial-resistant pathogens. In
2019, antimicrobial resistance directly caused about 1 in 27 million
of the 495 million deaths linked to the disease. Sub-Saharan Africa
and South Asia had the highest rates of antimicrobial resistance-
related deaths, with 23.5 deaths per 100,000 and 21.5 deaths per
100,000 population, respectively, according to the Global Burden
of Disease analysis [3].

Bloodstream infections (BSIs) remain a significant global public
health threat, despite significant advancements in management
and therapy [4]. In the United States, they have a high mortality
rate, resulting in an estimated 200,000 deaths annually [5].
Early treatment of significant bacteremia and sepsis is crucial
for achieving good clinical outcomes [6]. The prevalence of
antimicrobial-resistant pattern-related bloodstream infections in
admitted patients (BSI-PAP) has increased recently, and it is a
potentially fatal illness that consumes substantial resources and
incurs significant costs [7]. The overall population-based incidence
of BSI-PAP in Canada, Europe, and the US ranges from 81.6 to
189 per 100,000 person-years, with a reported incidence of 18.6
per 1000 discharges in 2013 [8]. Concerns have been raised about
the increasing incidence of BSI-PAP, particularly concerning
multiple-resistant organisms [9]. Although BSI has been the subject
of several population-based, the rise of antimicrobial resistance
jeopardizes the effectiveness of healthcare systems, highlighting
the urgent need for comprehensive research and interventions
[10,11]. Of particular concern are bloodstream infections caused
by antimicrobial-resistant patterns in patients receiving medical
care in hospitals. Treating these infections can be challenging due
to the limited availability of effective antimicrobial agents that
target antimicrobial-resistant strains. This study aims to identify
the antibacterial-resistant genes associated with bloodstream
infections in patients receiving treatment at the Nigeria Airforce
Medical Center Onikan, Lagos State.

2. Materials and Methods

2.1. Study Design

This study adopted the use of a cross-sectional study design
approach.

2.2. Study Area
The study was conducted at the Nigerian Air Force Medical Centre,

Onikan. The medical centre is a military health care organisation
located in Lagos Island. The medical centre attends to the medical
needs of residents of Lagos Island and its surroundings.

2.3 Study Population

The population of this study was made up of patients receiving
treatment from October 2023 to June 2024 at the Nigerian Air
Force Medical Centre, Onikan.

3. Sample Size and Sampling Method

3.1 Determination of Sample Size

The sample size was determined using the formula (n= (Z/2)2 P
(1-P)/d2), as was reviewed in similar studies reported by [12]. The
maximum sample size was obtained from a study conducted in
southern Nigeria where the prevalence/proportion of bloodstream
infections was 28.09% (0.281) [12].

As a result, n= (Z/2)2 P (1- P) /d2 with a margin of error
(d=0.05) and a 95% confidence interval. p=0.281, d=0.05,
7=0.05=7/2=0.025=1.96.

As a result, n=(1.96)2 x 0.281(1-0.281)/ (0.05)2 =310.

Then, adjusting for a 5% non-response rate, the minimum sample
size was 315.

3.2. Inclusion and Exclusion Criteria

This study included patients of both sexes and all ages with
suspected and proven bloodstream infections. Patients who were
critically ill and unable to provide a blood sample during the data
collection period were excluded from the study. The study also
excluded patients who were released from the hospital and then
readmitted with a BSI within 30 days [13].

3.3 Sampling Method

A convenience sampling technique was used. This was achieved
when the physician attending to the patients suspects bloodstream
infection in any of the hospital wards.

4. Method of Data Collection, Culture and Identification of
Antibacterial-Resistant Genes

4.1. Data Collection Using a Semi-Structured Questionnaire
The sociodemographic data, and information on risk factors such
as recent invasive procedures, immunosuppression, and underlying
health conditions were collected from the hospitalized patients
and/or their caregivers using a semi-structured questionnaire with
the assistance of trained nursing staff and laboratory personnel of
the hospital. Also, some of the patient information was collected
from the health records, including age, gender, comorbidities,
length of hospital stay, and any prior antibiotic exposure.

4.2. Blood Samples Collection and Culture
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Based on the National Healthcare Safety Network (NHSN)
definitions, as provided by the Centre for Disease Control and
Prevention (CDC) in 2016. Patients with BSI-PAP were defined
as those who had a BSI within 48 hours of admission. The
patient's blood collection was performed aseptically, ensuring
strict adherence to sterile techniques to avoid contamination. The
venipuncture site was properly disinfected with 70% alcohol and
2% iodine tincture. Within a 30-minute interval, two bottles of
blood for each patient (5 ml of blood for patients over five years
of age and 2 ml of blood for patients under five years of age) were
aseptically collected from any of the hands as described by [14].
The collected sample was inoculated into a blood culture bottle
containing Brain Heart Infusion (BHI) broth as a suitable growth
medium. The culture flask was incubated at 37°C for 24 to 48
hours to promote microbial growth. The culture was monitored
regularly to detect signs of microbial proliferation by looking for
turbidity and or colour changes in the medium. When microbial
growth was observed, the sample was sub-cultured on solid agar
media including MacConkey agar, blood agar, and chocolate agar
for isolation and identification of the bacteria.

4.3. Identification of the Bacterial Isolates

Gram staining was used to identify the gram reaction of the
bacterial isolates that showed positive blood cultures. Traditional
biochemical assays and other various methods including,
matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF-MS), and molecular techniques such
as polymerase chain reaction (PCR) were used to further identify
the bacterial isolates [15].

4.4. Antimicrobial Susceptibility Testing (AST)

The disk diffusion method as described by was used to perform
the AST [16]. The antimicrobial susceptibility of each of the
blood culture isolates was assessed following the guidelines of the
Clinical and Laboratory Standards Institute [17]. On nutrient agar,
anew subculture of every isolate was initially created. Each isolate
was incubated overnight at 37°C after five colonies were touched
with a sterile straight wire and suspended in a sterile Bijou bottle
with five millilitres of peptone water (Lab M). Using sterile saline,
the overnight broth cultures were diluted to 106 colony-forming
units per millilitre by comparing the inoculum's turbidity to the
0.5 McFarland turbidity standards. Mueller-Hinton agar (Oxoid,
England) plates were dried and inoculated using a sterile cotton-
tipped applicator mixed with a standardized inoculum. Each plate
had sterile antibiotic discs, which were then incubated aerobically
at 37°C for 24 hours. Following the standardized CLSI 2021
guidelines, the zone diameter of inhibition of each isolate to the
disc was measured using a calibrated ruler [17,18].

On Mueller-Hinton agar supplemented with 2 per cent NaCl,
staphylococcal isolates exhibiting gentamicin resistance were
identified, as previously reported [19]. Gentamicin 10pg
(Gen), erythromycin 10pg (Er), sulfamethoxazole 10pg (Sxt),
ciprofloxacin 10pg (Cip), ampicillin 10pg (Amp), tetracycline
10pg (Tet), and cefotaxime 10pg (Ctx) were the antibiotics used
for Gram-positive isolates, whereas erythromycin 10pg (Er),

sulfamethoxazole 10ug (Sxt), ciprofloxacin 10pg (Cip), ampicillin
10pg (Amp), ampicillin 10pg (Cip), ampicillin 10pg (Amp),
tetracycline 10pg (Tet), cefotaxime Spg (Ctx), and ampicillin-
subitan 30pg (Sam) were the antibiotics for Gram-negative
isolates.

To identify infections and patterns of antimicrobial susceptibility,
the algorithms used microbiology results and ICD-9-CM billing
codes for the following seven organisms: Citrobacter freundi,
Burkholderia cepacia-komplex, Staphylococcus eqourum, Staph-
vilococcus gallinarum, Staphylococcus Scurissp lentus, Staphylo-
coccus Xylulosus, Enterobacter cloacae ssp, and Staphylococcus
eqourum. These organisms were chosen because they were among
the most common causes of BSI and frequently develop resistance
to one or more antimicrobials [11].

5. Extended-Spectrum Peta-Lactamase (ESBL) Screening

The isolates were screened by one of these drugs (30 pg of
erythromycin, sulfamethoxazole, ciprofloxacin or gentamicin,
tetracycline or ampicillin-subitan) on a standard disk diffusion
procedure. The zones 29 mm for erythromycin, 20 mm for
tetracycline or 10 mm for ampicillin-subitan, 24 mm for gentamicin,
or 30 mm for ciprofloxacin were considered as probable ESBL
producers which were further confirmed by double disk diffusion
testing.

5.1. Extended-Spectrum f§ Lactamase Confirmation by Double
Disk Diffusion Testing

The disks containing erythromycin with and without absolute
ethanol (8ml) were placed 20mm apart on the surface of a Kigler’s
Iron Agar (KIA) plate previously inoculated with the test organism
and incubated at 56°C for 10 minutes. A test result was considered
positive if there was an increase of Smm or higher in the zone
diameter for the combination of antimicrobial agent and absolute
ethanol compared with the antibiotic alone. The test was done in
cognisance with the Clinical and Laboratory Standards Institute
(CLSI) document M100-S21 [20]. Staphylococcus scurissp lentus
was used as the ESBL-positive control, and Barkholderia cepacia-
komplex was used as the negative control.

6. The Genomic DNA Extraction

The specimen (100 pl) was added into a micro-centrifuge tube,
followed by the addition of 500 pl of Lysis Buffer. The mixture
was then vortexed and incubated at 56°C for 10 minutes. After
incubation, it was centrifuged at 10,000 rpm for 1 minute.
Subsequently, 200 pl of absolute ethanol was added to the tube,
and the mixture was transferred into a spin column.

The spin column was centrifuged at 10,000 rpm for 30 seconds,
after which the flow-through was discarded, and the collection tube
was blotted on tissue paper. Next, 500 ul of Wash Buffer 1 was
added to the spin column, followed by centrifugation at 10,000
rpm for 1 minute. The flow-through was discarded again, and the
collection tube was blotted on tissue paper. This was repeated with
500 ul of Wash Buffer 2, centrifuged at 10,000 rpm for 1 minute,
and the flow-through was discarded as before.
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All traces of ethanol were removed, and the spin column was
centrifuged once more at 12,000 to 14,000 rpm for 3 minutes. The
spin column was then placed into another micro-centrifuge tube,
and 50 pl of Elution Buffer or nuclease-free water was added to the
centre of the column. The setup was incubated at room temperature
for 1 to 2 minutes and centrifuged at 10,000 rpm for 1 minute to
elute the DNA. Finally, the DNA was stored at -20°C or -80°C.

6.1. Detection of Antibacterial Resistance Genes

The genotypic analysis for erythromycin ribosome methylation
gene F (ermF), erythromycin ribosome methylation gene X
(ermX), erythromycin ribosome methylation gene A (ereA),
beta-lactamase methicillin-resistance Staphylococcus scurissp
lentus (blaMsrS), vietnamese extended-spectrum beta-lactamase

(VEB), cefotaximase-type extended-spectrum beta-lactamase
(CTX-M), betal-lactamase Klebsiella pneumonia (blaSHV), and
beta-lactamase and enzyme (blaTEM), were performed to confirm
the resistant isolates. The antimicrobial-resistant pathogens as
described by (2021) were determined by selecting specific genes
associated with antimicrobial resistance, and amplifying them
through a series of temperature changes using DNA primers and
DNA polymerase [21]. The amplified DNA was then analyzed for
the presence of antimicrobial resistance genes using techniques
such as gel electrophoresis. Finally, the results were compared
to known resistance gene sequences to confirm the presence of
specific resistance genes. The primers of the genes used are
described in Table 1.

Targets Forward Sequence Reverse Sequence Band size
ermF CGA CACAGC TTT GGT TGA AC QQA CCTACC TCATAG ACAAG 309
ermX GAG ATC GGR CCA GGAAGC GTG TGC ACC ATC GCC TGA 488
ereA GCC GGT GCT CAT CAT GAA CTT GAG CGA CTC TAT TCG ATC AGA GGC 420
MsrS GCA CTT ATT GGG GGT AAT GG GTC TAT AAG TGC TCT ATC GTG 384
VEB GAT GGT GTT TGG TCG CAT ATC GCA AC CAT CGC TGT TGG GGT TGC CCAATT TT 391
TEM TCG CCG CAT ACACTATTC TCAAGA ATGAC CAG CAATAAACCAGC CAG CCG GAAG 422
CTX-M ATG TGC AGY ACC AGT AAR GTK ATGGC GGT RAA RTARGT SACC AGA AYC AGC GG 590
SHV TGT ATT ATCTC(C/T) CTG TTA GCC(A/G) CCCTG GCT CTG CTT TGT TAT TCG GGC CAA GC 739

Table 1: Primer Sequence used for Resistance Gene Detection

7. Method of Data Analysis

After coding and properly sorting the data in a Microsoft Excel
spreadsheet, we transferred it to SPSS version 25 software for
analysis. To ensure the data's consistency and completeness, we
used a cross-tabulation of all variables. We then calculated the
descriptive statistics, including percentages, frequencies, means,
and standard deviations (SD), for all variables. Next, we performed
bivariate analyses to determine the relationships between BSI-PAP
and potential predictor variables, such as source of admission, age,
gender, previous hospitalization, renal failure, diabetes mellitus,
malignancy, and chronic dermatitis. We used chi-square tests for
categorical variables and the Wilcoxon rank sum test for confidence
class interval (CCI). Multiple logistic regression was then used to
include the variables significantly associated with BSI-HOA in
the bivariate analyses (P < 0.05). Due to the small sample size (n
= 2), we excluded malignancies from the multivariable analysis.
Additionally, we excluded CCI from the multivariable analysis
since some of the predictors in our model were included in the

CCI composite score.

8. Results

8.1. Socio-Demographic Information of the Study Participants
A total of 315 patients were sampled in this study on antibacterial-
resistant genes associated with bloodstream infections present in
admitted patients at Nigeria Air Force Medical Centre, Onikan
Lagos State. All patients had received at least one antimicrobial
agent during the study period. Out of these, 30 patients (10%) had
bloodstream infections. Among these 30 patients, 21 (71%) were
male and 9 (29%) were female as shown in table 2.

The participants' educational backgrounds were as follows: 14
(47%) had a secondary school certificate, 4 (24%) had technical/
vocational training, and 9 (29%) had a Bachelor's degree.

The lifestyle and habits of the participants were as follows: 26
(88%) did not smoke, while 4 (12%) admitted to smoking.

Variables Frequency Percentage (%)
Age (years)

18-24 11 35

25-29 9 29

30-34 5 18

35- 39 1 6

40 - 44 4 12

Total 17

Mean 29.29

Standard Deviation 7.447
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Gender

Male 21 71
Female 9 29
Mean 1.29

Standard Deviation 0.469

Educational Background

Secondary 14 47
Technical/Vocational Training 7 24
Bachelor’s Degree 9 29
Mean 3.79

Standard Deviation 0.893

Health History

Diagnosed with Chronic Medical Condition

YES 30 100
NO 0 0
Mean 2.00

Standard Deviation 0.000

Specify the Chronic Disease

Diabetes Mellitus 4 12
Malignancies 2 6
Renal Failure 9 29
Chronic Dermatitis 5 18
Urinary tract infection 11 35
Currently Taking Antibiotics

YES 30 100
NO 0 0
Mean 2.00

Standard Deviation 0.000

Antibiotics Intake

Within the last 3 months 9 29
Within the last 6 months 16 53
Within a year 5 18
Mean 4.00

Standard Deviation 0.679

Surgeries for last 6 Months

YES 0 0
NO 30 100
Lifestyle and Habits

Smoking

YES 4 12
NO 26 88
Mean 1.93

Standard Deviation 0.267

Consume Alcoholic Beverages

Never 12 35
Occasionally 14 47
Regularly 4 18
Mean 1.71

Standard Deviation 0.726

Do you engage in regular exercise?

YES 5 15
NO 25 85
Mean 1.79

Standard Deviation 0.426

Table 2: Socio-Demographic Information of the Study Participants

Figure 1 below revealed the ages of the participants with ages of 18 to 24 years having the highest frequency. The mean was 29.29 and
the SD was 7.447 which indicates less variability.
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Frequency

10 20 30

Age

Histogram

Mean = 29.29
Std. Dev. = 7.447
N=14

40 a0

Figure 1: The Participants’ Age With Febrile Illness.

8. 2. Prevalence and Co-Morbid Conditions of Bloodstream
Infections Among the Admitted Patients (BSI-PAP)

The patients were 315, out of which 30 (9.5%) cases were of
bloodstream infection admitted. The male patients were the most
admitted with a BSI (71%) than the female (29%). The urinary
tract infection, diabetes mellitus, renal failure, chronic dermatitis

and malignancies were significantly associated with BSI-PAP in
bivariate analyses. The mean score (mean = 3.8 £ SD = 3.5) of
patients with BSI-PAP was significantly higher, compared with
those patients without BSI-PAP (mean =2.8 + SD =3.3), P<0.001
(Table 3).

BSI-PAP (n = 30) (%) Non- BSI-PAP (n = 285) (%) P-value
Laboratory Culture Media Source <0.001
Eosin Methylene Blue (EMB) 14 (47) 137 (48)
Salmonella-Shigella Agar (SSA) 12 (41) 131 (46)
MacConkey Agar (MAC) 4(12) 17 (6)
Age Category (years) <0.001
18 -24 11 (35) 66 (23)
25-29 9(29) 51(18)
30-34 5(18) 100 (35)
35-39 1(6) 23 (8)
40 - 44 4 (12) 46 (16)
Gender <0.001
Male 21 (71) 202 (71)
Female 9(29) 83 (29)
Co-Morbid Conditions
Urinary tract infection 11 (53) 94 (33) <0.001
Diabetes mellitus 4 (29) 51(18) <0.001
Renal failure 9 (35) 68 (24) <0.001
Chronic Dermatitis 5(18) 48 (17) <0.001
Malignancies 2 (12) 26 (9) <0.001
CCI Scores: Mean | Standard Deviation] | 3.8 [ 3.5] 2.8[3.3]

Table 3: Prevalence and Co-Morbid Conditions of Bloodstream Infections Among the Admitted Patients (Bsi-Pap)

8.3. The Risk Factors and Predictors Contributing to the
Development of AMRP-Associated Bloodstream Infections
Present in Admitted Patients (BSI-PAP).

Table 4 shows the multivariable analysis of the association
between Patients’ characteristics and BSI-PAP, the odds of being
admitted with BSI-PAP were greatest among patients admitted

with diabetes mellitus, urinary tract infection, renal failure and
chronic dermatitis. The odds ratios 95% confidence interval
(CI) were 4.96 (95% CI = 1.37-7.32), 2.59 (95% CI = 0.29-4.9),
2.39 (95% CI = -0.17-4.89) and 1.32 (95% CI = 0.37-4.29) and,
respectively. There was no association between ages from 30 to 44
years, female gender and EMB culture media.
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Predictors Odds Ratio (OR) 95% Confidence Interval (C.I)
Lower Upper

Co-Morbid Conditions
Urinary tract infections 2.5899 0.2868 4.9367
Diabetes Mellitus 4.9566 1.3728 7.3295
Renal Failure 2.3855 -0.1677 4.8943
Chronic Dermatitis 1.3193 0.3668 4.2941
Age (In years)

18-24 1.8777 0.6950 5.0723
25-29 1.8613 0.6274 5.5220
30-34 0.3137 0.0718 1.3698
35-39 0.8341 0.1073 6.4851
40 -44 0.8536 0.1949 3.7393
Gender
Male 1.0213 0.4257 2.4500
Female 0.9792 0.1273 2.4213
Laboratory Culture Media Source
Eosin Methylene Blue (EMB) 0.6192 0.2296 1.6698
Salmonella-Shigella Agar (SSA) 1.2158 0.5003 2.9547
MacConkey Agaar (MAC) 2.0354 0.4612 8.9836

Table 4: Association Between Patients’ Features and Bsi-Pap in Multivariable Logistic Regression Analysis.

8.4. Bacterial Isolates Associated with BSI-PAP

Table 5 shows the isolates associated with BSI-PAP among the
patients admitted with BSI-PAP (n = 30), the largest proportion
presented with S. scurissp Lentus (n = 6, 35.3%), followed by S. BSI-PAP cases with these organisms were antibiotic-resistant.

gallinarum (n =3, 17.6%), S. eqourum (n =3, 17.6%), E.cloacae
SSP (n=5,11.8%), B. capacia-komplex (n="7,5.9%), S. xylulosus
(n=1,5.9%), and C. freundi (n=15, 5.9%). About 76% (13) of the

Isolates Total EMB Resistant (n, %) SSA Resistant (n, %) | MAC Resistant (n, %) | P-Value
S.gallinarum 3 1(95) 1(92) 1 (100) 0.545*
S.scuri SSP lentus 6 3(78) 2(79) 1( 49) 0.001*
S.xylulosus 1 0(0) 1(95) 0(0) 0.720f
S.eqourum 3 2 (62) 1(78) 0(0) 0.003f
E. cloacae SSP 5 0(0) 0(0) 0(0) 0.842*
B.cepacia-konplex |7 0(0) 0(0) 0(0) 0.725%
C.freundi 5 0(0) 0(0) 0(0) 0.360f
Total 30 6 (78) 5 (86) 2 (75) 0.001*
*-chi-square, f-Fisher’s exact test

Table 5: Bacterial Isolates Associated With Bsi-Pap Among the Patients Admitted With BSI-PAP

8.5. The AMRP of Bacterial Isolates from BSI-PAP Among
Commonly Prescribed Antibiotics

Out of which 30 (34.7%) documented BSI, gram-negative bacteria
had the highest frequency (56.7%), which are E. cloacae ssp, B.
cepacia-komplex, and C. freundi. The gram-positive bacteria had
43.3% in BSI, which S. scuri ssp lentus, S. gallinarum. S. eqourum

bacterium was B. cepacia-komplex (23.3%) and others occurred in

descending order as follows: S. scuri ssp lentus (20%), E. cloacae

and S.xylulosus were present. The most frequently isolated

ssp and C. freundi (16.7%), S. gallinarum and S. eqourum (10%)
and S. xylulosus (3.3%). A high level of resistance was obtained
among both the gram-positive (4-100%) and gram-negative

bacterial isolates (3—100%) (Table 6).

Bacterial isolates

No of Isolates (%)

Gram Positive
i. S.scurissp.lentus
ii. S.gallinarum

13 (43.3)
6 (20) GENRSS = 5 (83%)

3 (10) GENRSG = 3 (100%)

iii. S.xylulosus 1(3.3)

iv. S.eqourum 3 (10) ERSE =3 (100%)
Gram Negative 17 (56.7)

i.E.cloacae ssp 5(16.7)
ii.B.cepacia-komplex 7(23.3)

iii.C.freundi 5(16.7)
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Total Isolates 30

GENRSS = Gentamicin-resistant Staphylococcus scuri ssp lentus
GENRSG = Gentamicin resistant gallinarum
ERSE = Erythromicin resistant Streptococcus eqourum

Table 6: The Bacterial Isolates of Bloodstream Infection (BSI)

8.6. The Efficacy of the Antibiotic Combination used as first-
line Empirical Treatment of BSI-PAP

Table 7 displayed the pattern of the drug resistance for both gram-
positive and gram-negative isolates, this revealed single and
multiple drug resistance patterns with the number of antibiotics
ranging from 2 to 5 and from 2 to 6 for Gram positive and Gram
negative respectively. For the drug resistance pattern for Gram-

positive isolates; gentamicin erythromycin and erythromycin
sulfamethoxazole tetracycline resistance phenotypes occurred most
frequently among the patients aged 18-29 years (54%), while for
the gram-negative isolates, the resistance phenotypes erythromycin
sulfamethoxazole and erythromycin sulfamethoxazole
ciprofloxacin ampicillin occurred most frequently in the age group
of 3044 years (72%).

Gram Positive Isolates
No of Antibiotics | Resistance (R) Pattern No of Isolates Bacteria %
1 Gentamicin 1 S.scuri ssp 8
2 Gentamicin Erythromycin 4 S.xylulosus; 31
S.equorum;
S.gallinarum;
S.scuri ssp
Erythromicin Sulfamethoxazole 2 S.gallinarum; 15
S.scuri ssp
3 Erythromicin Sulfamethoxazole Tetracycline 3 S.xylulosus; 23
S.equorum;
S.gallinarum
4 Gentamicin Erythromycin Sulfamethoxazole 1 S.scuri ssp 8
Ciprofloxacin
Sulfamethoxazole Ciprofloxacin Ampicillin Cefotoxine | 1 S.scuri ssp 8
Gentamicin Erythromycin Sulfamethoxazole
5 Ciprofloxacin Ampicillin 1 S.scuri ssp 8
13
Gram Negative Isolates
1 Erythromicin 3 B.cepacia-komplex, | 18
E.cleacole ssp
C.freuodii
2 Erythromicin Sulfamethoxazole 3 B.cepacia-komplex, | 18
E.cleacole ssp
C.freuodii
3 Erythromicin Sulfamethoxazole Ciprofloxacin 1 B.cepacia-komplex
4 Erythromicin Sulfamethoxazole Ciprofloxacin 3 B.cepacia-komplex, | 18
Ampicillin E.cleacole ssp
C.freuodii
5 Erythromicin Sulfamethoxazole Ciprofloxacin 3 B.cepacia-komplex, | 18
Ampicillin Tetracycline E.cleacole ssp
C.freuodii
6 Erythromicin Sulfamethoxazole Ciprofloxacin 1 B.cepacia-komplex | 6
Ampicillin Tetracycline Cefotoxime
7 Erythromicin Sulfamethoxazole Ciprofloxacin 3 B.cepacia-komplex, | 18
Ampicillin Tetracycline Cefotoxime Ampicillin-Subitan E.cleacole ssp
C.freuodii A
17

Table 7: The Antibiotics Resistance Pattern of Gram Positive and Gram-Negative Isolates
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8.7. Extended-Spectrum Beta-Lactamase (ESBL) Screening
and Confirmatory Testing

In this study, 7 bacterial isolates of E. coli (B. cepacia-komplex)
and 5 bacterial isolates of K.pnemonia (E. cloacae ssp) were

recovered from the hospitalized patients. Generally, 29% (2 out of
7) isolates of E. coli (B. cepacia-komplex) and 20% (1 out of 5) K.
pneumonia (E. cloacae ssp) isolates showed resistance to the third-
generation cephalosporin by phenotypic screening tests (Table 8).

Bacterial Isolates ESBL Screening by the disk diffusion method ESBL confirmed by double
disk diffusion testing.

Erythromycin Tetracycline 30(ug) | Sulfamethoxazole Ciproflaxin 30(ng) | Erythromycin (30pg) with
30(ng) N (%) N (%) 30(ng) N (%) N (%) absolute ethanol (10 pg) N (%)

E.coli.(B. cepacia- | 7 (100) 3(43) 6 (86) 5(71) 7 (100)

komplex) (7)

K.pneumonia 5(100) 2 (40) 4 (80) 3 (60) 5(100)

(E.cloacae ssp) (5)

Total (12) 12 (100) 542) 10 (83) 8 (67) 12 (100)

Table 8: Phenotypic Detection of ESBL Isolates.

8.8. Molecular Detection of Resistant Genes

The overall incidence of Peta-lactamase genes was found to
be 30.7% (12 out of 39) which included 100% (7 out of 7) of
Escherichia coli (B. cepacia-komplex) and 100% (5 of 5) of
Klebsiella pneumonia (E. cloacae ssp), respectively. Molecular
characterization showed that out of the 12 phenotypically positive
ESBL isolates, 33% (4 out of 12) were positive for the blaCTX-M
(Figure 4.3, lane 3, 4, 5, 6, 8). It consisted of 29% (2 out of 7)

of Escherichia coli (B. cepacia-komplex) and 40% (2 out of 5)
of Klebsiella pneumonia (E.cloacae ssp). Generally, TEM (42%)
was the most common genotype followed by CTX-M (33%),
SHV (17%) and VEB (8%) both in single or when combined. No
isolates harbored ermF, ermX, ereA, and MsrS genes (Table 9). In
total, 35% of the total ESBL-positive isolates harboured the three
ESBL genes, while 61% carried two of the tested ESBL genes.

Escherichia coli (B. cepacia-komplex) | Klebsiella pneumonia (E.cloacae ssp) (N =5) Total (N =12) (%)
N="7) (%) (%)

ermF 0(0) 0(0) 0(0)

ermX 0(0) 0(0) 0(0)

ereA 0(0) 0(0) 0(0)

MsrS 0(0) 0(0) 0(0)

VEB 1(14) 0(0) 1(8)

CTX-M 2 (29) 2 (40) 4(33)

SHV 1(14) 1(20) 2(17)

TEM 3(43) 2 (40) 5(42)

Table 9: Distribution of Different Genes in Esbl-Producing Escherichia Coli (B. cepacia-komplex) and Klebsiella Pneumoniae (E.

cloacae ssp) Isolates

9. Discussion

9.1. The Prevalence and Distribution of Antimicrobial-
Resistant Pathogen (AMRP) causing Bloodstream Infections
present in Admitted Patients (BSI-PAP).

The patients receiving healthcare treatment in Nigeria Airforce
Medical Center Onikan, Lagos State from January to June 2024
were 315, out of which 30 were cases of BSI-PAP that led to a
prevalence rate of 9.5%. Consistently, investigated BSI among
nursing home (NH) and non-nursing home (NNH) admissions and
ascertained that NH exposure was a risk factor for BSI-PAP caused
by gram-positive and gram-negative organisms and reported that
patients admitted for a long-term in a medical care facility was
associated with gram-negative BSI-PAP [22,23]. One of the
limitations of these studies was that the patients were from a single
hospital, which is also applicable to the current study.

9.2. The Risk Factors and Predictors contributing to the
Development of AMRP-Associated Bloodstream Infections
present in Admitted Patients (BSI-PAP).

The multivariable analysis of the association between Patients’
characteristics and BSI-PAP shows that younger ages 18 to 34
years and male gender were the significant predictors of BSI-
PAP. This is contrary to the results of who found older age and
male gender to be significant predictors of BSI-PAP (Sequel to
the patient characteristics studied, patients with diabetes mellitus,
prior hospitalisation, renal failure and chronic dermatitis had the
highest odds ratios of being admitted with a BSI [24,25]. These
findings are consistent with two previous studies of that reported
renal failure and prior hospitalisation to be associated with
BSI-PAP [26,27]. Generally, reported that patients with these
conditions have multiple co-morbidities which include changes
in immune function which influence their risk of BSI acquisition
and dermatitis which menaced the skin barrier [28]. However,
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this finding follows the study of who reported diabetes mellitus
increased the odds of BSI-PAP in chronically sick patients (OR =
1.42,95% CI=1.10-1.82) () [29].

The isolate S. scuri ssp lentus was associated with BSI-PAP which
accounted for almost half of the isolates among the organisms
studied and had a higher proportion of resistant strains. This
finding is in contrast with the reports of which reports that S.
aureus accounted for most of the isolates with a higher proportion
of resistant strains among the patients admitted from nursing
homes [27].

9.3. The AMRP of Bacterial Isolates of BSI-PAP among
Commonly Prescribed Antibiotics

During the period of this investigation, 30 (34.7%) were
microbiologically documented BSI as being mono-microbial. This
value follows the range reported by in Nigeria and other countries
[27,30]. The Gram-negative bacteria were more frequently
involved (56.7%), than the gram-positive bacteria (43.3%) in BSL.
The high level of resistance to commonly available antibiotics that
were used for the treatment of BSI was obtained among both the
Gram-positive (4-100%) and Gram-negative bacterial isolates
(3—100%). The study of has shown an association with increased
mortality rates, overstay in hospital admission and costs due to
BSI-PAP-resistant organisms [31].

9.4. The Efficacy of the Antibiotic Combination used as First
Line Treatment of Bsi-Pap

The pattern of the drug resistance for both Gram-positive and
Gram-negative isolates revealed single and multiple drug resistance
patterns with the number of antibiotics ranging from two to five and
from two to six for Gram-positive and Gram-negative respectively.
This is consistent with the study conducted by, where the drug
resistance pattern of both the Gram-positive and Gram-negative
isolates revealed single and multiple drug resistance patterns with
the number of antibiotics ranging from two to seven [32]. For
the drug resistance occurred most frequently among the patients
aged 18-29 years (54%), while for the Gram-negative isolates, the
resistance phenotypes E Sxt and E Sxt Cip Amp occurred most
frequently in the age group 30-44 years (72%).

9.5. Extended-Spectrum Beta-Lactamase (ESBL) Screening
and Confirmatory Testing and the Molecular Analysis of the
Resistant Genes

The highly prevalent co-morbidity in this study is the major issue
among the patients that were hospitalized, and multidrug-resistant
E. coli (B. cepacia-komplex) and K. pneumonia (E. cloacae
ssp), were the most important pathogens (Prasada et al., 2019).
Generally, 29% isolates of E. coli (B. cepacia-komplex) and 20%
of K. pneumoniae (E. cloacae ssp) isolates showed resistance to
the third-generation cephalosporin by phenotypic screening tests.
The reports of had lower prevalence of 60.80% [33,34].

The overall incidence of Peta-lactamase genes was found to be
30.7%. Molecular characterization showed that out of the 12
phenotypically positive ESBL isolates, 33% was positive for the

blaCTX-M, TEM (42%), SHV (17%) and VEB (8%). No isolates
harbored ermF, ermX, ereA, and MsrS genes. There is a probability
of community-based dissemination of ESBL-producing isolates
because this is a serious issue. There is a significant implication
with the high rate of various ESBL-producing genes for patient
treatment and outline the benefits that strengthens the antimicrobial
surveillance, antibiotic stewardship, and continuous monitoring
of the rate of ESBL production along with multidrug resistance
among nosocomial isolates. This aligned with a study conducted
in North East districts in India, where cefotaximase-type extended-
spectrum beta-lactamase (CTX-M) was found in E. coli (88.67%)
and beta-lactamase and enzyme (blaTEM) in K. pneumoniae
(77.58%) as the genotype that predominates the most. [35].
However, the study of identified a higher rate of cefotaximase-
type extended-spectrum beta-lactamase 15 (blaCTX-M15) (100%)
compared with this current study (33%) [36].

10. Conclusion

This study highlights a 9.5% prevalence of bloodstream infections
(BSI) and identifies key risk factors, including younger adults,
males, diabetes, prior hospitalization, renal failure, and chronic
dermatitis. High antimicrobial resistance was noted among
clinical isolates, particularly to gentamicin, erythromycin,
sulfamethoxazole, and tetracycline. The study underscores the
increasing complexity of healthcare delivery and its role in
disseminating resistant organisms. Extended-spectrum beta-
lactamase (ESBL) prevalence in UTIs caused by Escherichia coli
and Klebsiella pneumoniae is significant, with resistance linked
to TEM, CTX-M, SHV, and VEB beta-lactamases. Findings
emphasize stricter control measures and the cautious use of
ceftazidime in managing ESBL infections.
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APPENDICES

Appendix A: Ethical Consent from Nigeria Air-force Medical Centre, Onikan Lagos State.
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Reference:

055 CAMP/405/MEDCEN

055 Migerian Air Force Camp
Medical Cenire

Mo 12 King George V Road
Unikan-Lagos

DE0% 243 6710
nigerianairforcemedeenizyahoo.com

c FICATE OF ETHICS APPROVAL

NAME OF RESEARCH PROTOCOL:

PRINCIPAL INVESTIGATOR:

Greetings from 055 NAF MED CEN

ANTIMICORBIAL RESISTANT
PATHOGENS (AMRP) ASSOCIATED
WITH BLOOD STREAM INFECTIONS IN
PATIENTS RECEIVING HEALTHCARE
TREATMENT IN 055 NIGERIA AIR
FORCE MEDICAL CENTRE ONIKAN,
LAGOS STATE

UKACHUKWU CHARLES CHIGOZIE
REG. NO - 20204253908

1. In response to your request for ethical approval on the above research
protocol dated 10 October 2023, | wish to inform you that the protocol for your study
has been given ethical approval by 055 NAF Medical Centre.

2. Kindly note that the National Code for Health Research Ethics (NCHRE)
requires you to comply with all Institutional Guideline, Rules and Regulations and
with the Tenets of the code. No charges are permitted in 055 NAF Medical Centre
excapt in circumstances outlined in the National Code. Thank you.
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SD JOSHUA
Wing Commander
Commanding Officer
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