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Abstract

Background Lower respiratory tract infections are the most common health problem, demanding frequent
consultation and hospitalization. Moreover, there has been a dramatic rise in antibiotic resistance among respiratory
pathogens.

Objective This study aimed to assess the bacterial profile, antimicrobial susceptibility patterns, and associated factors
of lower respiratory tract infection among patients attending at Debre Markos Comprehensive Specialized Hospital,
Northwest Ethiopia, in 2023.

Method A hospital-based cross-sectional study was conducted on a total of 305 study participants from May 1 to
July 30, 2023. Purulent sputum samples were collected and streaked onto chocolate agar, blood agar, and MacConkey
agar. Chocolate agar and blood agar plates were incubated at 35-37 °C for 24 h with 5% carbon dioxide in a candle
jar. MacConkey agar was incubated aerobically at 35-37 °C for 24 h. Antimicrobial susceptibility patterns were
determined via the disk diffusion method (Kirby—Bauer) on Mueller-Hinton agar. A logistic regression model was used
to show the relationship between the outcome and independent variables.

Result Of a total of 305 samples, 33.4% (95% Cl: 29.2-38.8%) samples showed growth of various species of bacteria.
The predominant pathogens were Klebsiella pneumoniae 31/102 (30.4%), Streptococcus pneumoniae 21/102 (20.6%),
and Pseudomonas aeruginosa 16/102 (15.7%). The overall magnitude of multidrug resistance (MDR) was 47.1%.

Having > 58 age groups (AOR=7.180, 95% Cl: 1.858-27.743), being illiterate (AOR=2.76, 95 Cl: 1.158-6.578), chronic
cough (AOR=5.26,95% Cl: 1.725-16.038), and alcohol drinking (AOR=6.542, 95% Cl: 2.570-16.654), were determinants
of lower respiratory tract infection.
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Conclusion K. pneumoniae and S. pneumoniae were the most predominant pathogens. A high levels antibiotic
resistance was present in the majority of the isolates. Therefore, antibiotic susceptibility testing should be applied to

guide treatment decisions.

Keywords Bacterial profile, Antimicrobial susceptibility test, LRTIs

Introduction

Lower respiratory tract infections (LRIs) are the lead-
ing cause of severe morbidity and mortality around the
globe, especially in developing countries [1]. There are
488.9 million cases and 2.4 million deaths worldwide as
a result of LRIs [2]. Half of the fatalities take place in sub-
Saharan Africa [3]. The prevalence of LRIs in Ethiopia is
ranges from 32.1 to 33.5% [4, 5]. Mycobacterium tubercu-
losis (MTB) and Streptococcus pneumoniae are important
causes of LRTIs and cause tuberculosis (TB) and pneu-
monia, respectively. Pneumoniae is caused by inhalation
of bacterial pathogens that pass through the nose, throat,
and lungs [6, 7]. Furthermore, blood and touch can trans-
mit pneumonia, particularly during and after childbirth
[8]. Sharing air space with someone who has active tuber-
culosis and breathing in their droplet aerosols are the
main ways that M. tuberculosis infection is transmitted.
In poor nations, the great majority of people are afflicted
[9].

The common pathogens causing LRTIs other than M.
tuberculosis and Streptococcus pneumoniae are Klebsi-
ella species, Pseudomonas species, Staphylococcus spe-
cies, Acinetobacter species, H. influenza. K. pneumoniae,
M.pneumoniae, B.pertussis, and M.catarrhalis cause sig-
nificant community-acquired as well as hospital-acquired
LRTIs, including bronchitis, and lung abscess in elderly
individuals [10, 11].

The following factors may increase a person’s suscep-
tibility to lower respiratory tract infections (LRTIs):
advancing age, smoking, alcoholism, pulmonary disease,
heart disease, neurological disorders, cystic fibrosis,
major surgical interventions (such as transplantation),
cancer, the geriatric population, and the use of immuno-
suppressive medications [1, 12].

Antibacterial drugs are not widely available, but when
they are, people tend to overuse them, which has led to
the selection and spread of resistant bacteria. Antibacte-
rial drugs have been extensively utilized over the course
of several decades. Antibiotics have therefore become
less or perhaps useless, leading to a worldwide medical
catastrophe that is expanding faster than accessible treat-
ment options [13].

Therefore, this study aimed to assess the bacterial pro-
file, antimicrobial susceptibility patterns, and associated
factors among lower respiratory tract infection patients
attending at Debre Markos Comprehensive Specialized
Hospital, Northwest, Ethiopia.

Materials and methods

Study design, period, and setting

A hospital-based cross-sectional study was conducted
among patients with lower respiratory tract infections
at Debre Markos Comprehensive Specialized Hospital
(DMCSH), Northwest Ethiopia, from May 2023 to July
2023. DMCSH is located in Debre Markos Town, and
it provides specialized health services via its clinical,
medical, and diagnostic departments for approximately
255,248 per year from a catchment area with a popula-
tion of about 5 million people [14].

Inclusion and exclusion criteria

All patients who were suspected of lower respiratory
tract infections at DMCSH during the study period were
considered as the study population. All patients who ful-
filled the eligibility criteria, were clinically diagnosed with
lower respiratory tract infections, and showed typical
clinical signs and symptoms of the disease like chronic
cough >2-week duration, unexpected weight loss, night
sweat, purulent sputum, loss of appetite, streaked blood
sputum, and the habit of alcohol drinking were included
in the study. All patients who took antibiotics in the last
14 days and could not produce sputum were excluded
from the study.

Sample size determination and sampling techniques

The sample size was calculated using a single popula-
tion proportion formula by considering a 95% confidence
interval (Za/2=1.96), a 5% margin of error, and a preva-
lence of lower respiratory tract infection (32.1% ) from
Addis Ababa, Ethiopia [4].

(za/2)* xP (1 —P)
d2

Where, n =the sample size, Z ,;, = the z-value at 95% con-
fidence interval = 1.96.

P =prevalence=32.1%, d=margin of error=5%. The
total sample size=334. A convenience consecutive sam-
pling technique was employed to select 334 participants.
However, 29 samples have been excluded form statistical
analysis as they did not fulfill the acceptance criteria and
with Bartlett’s scoring of <0. Hence, the final sample size
for this study was 305.
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Socio-demographic and clinical data collection

After signed consent/assent agreement from study par-
ticipants, socio-demographic, clinical, and other asso-
ciated factors data were collected by trained nurses by
using a pretested structured questionnaire from eligible
patients.

Sputum specimen collection and transportation

Two up to ten milliliters (2-10 mL) of sputum samples
were collected in wide-mouthed sterile containers by
standard collection procedures and labeled with patients’
medical registration number (MRN) and ID and trans-
ported to the Microbiology Laboratory of DMCSH
within 2 h of collection for laboratory analysis via amies
transport medium. Sputum samples were stable for up to
48 h at refrigeration temperatures (2—8 °C) before pro-
cessing. If specimens could not be processed within 48 h,
they were frozen at or below — 70 °C to maintain viability.

According to the routine procedure, sputum specimens
were first examined macroscopically and microscopically
(using gram staining) at the DMCSH microbiology lab-
oratory before being subjected to further culture analy-
sis. A thin smear was made on a clean microscope slide
by using the collected sputum sample and then allowed
to air-dry. The slide was briefly heat-fixed by passing
through flame. Crystal violet stain was applied for 1 min,
followed by rinsing with distilled water. Iodine solu-
tion was added for 1 min for better retention, followed
by a rinse. The slide was then decolorized in acetone for
10-30 s and immediately rinsed. Safranin was used as a
counterstain for 30 s to 1 min, followed by another rinse
and blotting dry. Lastly, the slide was observed under an
oil immersion lens (100x) to identify purple (Gram-posi-
tive) and pink (Gram-negative) bacteria.

If the specimens had less than 10 epithelial cells per
low-power field and at least 25 polymorph nuclear leu-
kocytes, they were allowed for culture [15]. If not, the
sputum sample was rejected since it was thought to be
tainted with saliva. Only good-quality specimens were
used to culture the bacteria in the DMCSH Microbiology
Laboratory [16]. The quality of the specimens for bacte-
rial culture was checked through a visual examination by
observing the clarity of the specimen, color, and presence
of contaminants; the good-quality specimens were clear
without any visible impurities. An exact microscopic
count of PMNs was also done since the higher the count,
the better was the specimen for culture.

Isolation and identifications of bacterial pathogens

The media and chemicals used were first cleared for the
experiment according to quality control checks and were
within their expiry dates to ensure efficacy. Prior to the
procedures, it was necessary to clean all work areas using
10% bleach. For inoculation, sterile inoculation loops
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were used, which were flame-sterilized before and imme-
diately after the inoculation of each specimen to avoid
contamination. The cultures were capped and stored
appropriately when not in use. All manipulations were
performed inside a biosafety cabinet to minimize aerosol
exposure. Following inoculation, incubation conditions
were carefully controlled to optimize bacterial growth
while addressing safety concerns at every step.

Blood agar plate (Oxoid, Hampshire, UK), Chocolate
agar plate (Oxoid, Hampshire, UK), and MacConkey agar
plate (Oxoid, Hampshire, UK) were prepared following
the manufacturer’s instructions. A sample of purulent
sputum was streaked over each agar plate using a cali-
brated wire loop.

The inoculated MacConkey agar plates were incubated
aerobically at 37 °C for 24 h whereas Chocolate agar and
Blood agar plates were incubated in a candle jar for 24 h
at 35-37 °C with 5-10% carbon dioxide [17]. Follow-
ing incubation, the plates were checked for growth, and
those that showed no growth were left to incubate for an
additional 48 h to allow for the potential growth of slow-
growing or fastidious organisms [17].

The Gram stain, hemolysis patterns on blood agar,
colonial features, catalase test, coagulase test, and Opto-
chin susceptibility were used to distinguish Gram-pos-
itive cocci. In addition, Gram-negative bacteria were
differentiated using colony morphology, triple sugar iron
agar (TSI), indole creation, urea hydrolysis, oxidase test,
hydrogen sulfur, gas formation, citrate utilization, motil-
ity, and lysine decarboxylase (LDC) [18].

Antimicrobial susceptibility testing

Muller-Hinton agar with a uniform agar depth of approx-
imately 4 mm (Oxoid, Hampshire, UK) supplemented
with 5% sheep’s blood was used for the disk diffusion
method (Kirby—Bauer) for fastidious bacterial isolates.
To create a uniform suspension, similar pure colonies
were subcultured into nutrient broth and well mixed.
Mueller-Hinton agar was uniformly inoculated with the
suspension. The turbidity of the inoculum was adjusted
to 0.5 McFarland standards. Following that, using a ster-
ile cotton swab, the bacterial suspensions were seeded
onto the Mueller-Hinton agar’s surface. Using sterile for-
ceps, the antimicrobial-impregnated disks were put into
the media, and the plate was left to stand for fifteen min-
utes. After that, the plates were incubated for 18 to 24 h
at 35 to 37 degrees Celsius. The zone of inhibition was
then measured using a clipper, and according to standard
protocol, it was reported as sensitive, intermediate, and
resistant.

Antibiotic discs such as Trimethoprim-Sulfamethox-
azole (SXT, 1.25/23.75 pg), Erythromycin (ERY, 15 pg),
Tetracycline (TET, 30 pg), Chloramphenicol (CHL,
30 pg), Azithromycin (AZM), Clindamycin (CLIL 2 pg),
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Ciprofloxacin (CIP, 5 pg), Gentamycin (CN, 10 pg),
Cefoxitin (FOX), and Penicillin (PEN, 5 pg) were used for
Gram-positive bacteria and Trimethoprim-Sulfamethox-
azole (SXT, 1.25/23.75 pg), Ampicillin (AMP, 30 pg),
Ciprofloxacin (CIP, 5 pg), Gentamycin (GEN, 10 pg),
Tetracycline (TET, 30 pg), Ceftriaxone (CRO, 30 ug),
Ceftazidime (CAZ, 30 pg), Tombomycin (TOB, 10 pg),
Cefazolin (CZO, ), Piperacillin (PIP, 10 pg), Amoxicillin-
Clavulanate (AMC, 20/10 pg), and Meropenem (Mem,
10 pg) were used for gram-negative bacteria. All antibiot-
ics were sourced from Abtek Biologicals Ltd., located in
Liverpool, UK [19].

Laboratory quality control

The quality of the specimens was checked based on
Bartlett’s acceptance and rejection criteria. Bartlett’s
criteria primarily focused on the ratio of squamous epi-
thelial cells (SEC) to white blood cells (WBC) in sputum
samples. A sample was considered acceptable if it con-
tained fewer than 25 s per low power field (LPF) and a
sufficient number of WBCs, typically more than 10
WBCs per LPE. Alternatively, a Q-score could be calcu-
lated, where a score of +2 was assigned for more than 25
WBCs per LPF, +1 for 10-25 WBCs per LPF, -2 for more
than 25 s per LPF, and -1 for 10-25 s per LPF; a posi-
tive Q-score indicated material from an active infection,
categorizing it as acceptable. Conversely, samples that

Table 1 Socio-demographic characteristics of study participants
with lower respiratory tract infections among patients attending
DMCSH, Debre Markos, Ethiopia, 2023

Variables Categories Frequency Percentage (%)
Sex Male 183 60
Female 122 40
Age 18-27 39 12.8
28-37 77 252
38-47 87 28.5
48-57 58 19.1
>58 44 144
Marital status  Single 42 13.8
Married 240 787
Divorced 11 36
Windowed 12 39
Residence Urban 137 449
Rural 168 551
Education Unable to read and write 108 354
Primary school 69 226
Secondary school 68 223
Collage/university above 60 19.7
Occupation  Merchant 33 10.8
Government employer 47 154
Student 28 9.2
Farmer 146 47.8
Housewife 27 89

Daily labor 24 79
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showed more than 25 s per LPF were generally rejected
due to the likelihood of contamination from oropharyn-
geal flora rather than true respiratory pathogens, while
a Q-score of 0 or negative suggested low sputum quality,
excessive contamination, or insufficient cellular evidence
of infection [20].

By incubating 5% of the batch at 35-37 °C overnight
and watching for bacterial growth, the prepared cul-
ture media’s sterility was verified. The performance of
all prepared media was checked by inoculating interna-
tional standard strains, including E. coli (ATCC 25922),
P, aeruginosa (ATCC 27853), S. aureus (ATCC 25 923), S.
pneumoniae (ATCC 49619), P. mirabilis (ATCC-12453),
and H. influenzae (ATCC-49766), during culture and
antimicrobial susceptibility testing. The effectiveness of
the tested antibiotics was assessed using control strains.
In addition, the CLSI M100 and CLSI M2 standards were
utilized to establish performance criteria for antimicro-
bial susceptibility testing and antimicrobial disk suscep-
tibility tests. Moreover, the CLSI M100 S33 standard was
utilized to establish performance criteria for the selection
of antibiotics based on the specimen type. To standardize
the inoculum density of bacterial suspension for the sus-
ceptibility test, 0.5 McFarland standards was used.

Data processing and analysis

Data were entered into EPI data software version 4.6
and analyzed via SPSS version 26 software. Descriptive
statistics were performed using frequency. Binary logis-
tic regression models were used to show the associa-
tion between the dependent and independent variables.
Variables with a p-value<0.25 in the bivariable logistic
regression analysis were moved to a multivariable logis-
tic regression analysis model. Adjusted odds ratios with
a 95% confidence interval (CI) were used and variables
with a p-value less than 0.05 in multivariable analysis
were taken as significant predictors.

Results

Socio-demographic characteristics of study participants

A total of 334 lower respiratory tract infection cases
were enrolled in this study. Of them, twenty-nine sputum
samples, which did not fulfill acceptance criteria and with
Bartlett’s scoring of <0 were discarded. Finally, 305 spu-
tum samples were enrolled. The majority (60%) of study
participants were males. Moreover, 240 (78.7%) were
married, and 158 (55.1%) were from rural areas (Table 1).

Clinical characteristics of study participants

Among 305 individuals, the majority 262 (85.9%), 250
(82%), 233 (76.4%), and 216 (70.8%) had a night sweat, a
chronic cough >2 weeks, purulent sputum, and habit of
drinking alcohol, respectively.
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Prevalence of bacterial isolates of lower respiratory tract
infections among study participants

The overall prevalence of bacterial isolates among study
participants was 33.4% (102/305) (95% CI: 29.2—-38.8%).
Furthermore, the prevalence of K.pnuemoniae, S. pneu-
moniae, P. aeruginosae, E.coli, S. aureus, Pmirabilis, and
P, vulgaris were 31/102 (30.4%), 21/102 (20.6%), 16/102
(15.7%), 15/102 (14.7%), 14/102 (13.7%), 3/102 (9%), and
(2/102) (2%), respectively. The most prevalent bacterial
isolates were K. pneumoniae 31/102 (30.4%) and S. pneu-
moniae 21/102 (20.6%) (Fig. 1).

Antimicrobial susceptibility patterns of bacterial isolates
From Gram-positive isolates (22.39%), S.aureus showed
high sensitivity to clindamycin, trimethoprim-sulfa-
methoxazole, and ciprofloxacilin, with 87.7%, 78.6%, and
78.6%, respectively. In contrast, a high level of resistance
was observed to penicillin (64.3%). Moreover, S. pneu-
moniae showed a high sensitivity to clindamycin (85.7%)
and trimethoprim-sulfamethoxazole (73.7%). While
a high level of resistance was observed to tetracycline
(76.2%) (Table 2).

Among Gram-negative isolates, K. pneumoniae showed
a high sensitivity rate to meropenem (93.5%), ceftriaxone

Frequency
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(83.9%), ciprofloxacin (74.2%), chloramphenicol (61.3%),
and ceftazidime (61.3%). While high resistance rate was
noted for ampicillin (83.9%). E. coli showed high sensi-
tivity to meropenem (86.7%) and trimethoprim-sulfa-
methoxazole (80%). While a high level of resistance was
observed to ampicillin (71.4%). Pseudomons aeruginosa
showed a high sensitivity to gentamaycin (81.7%), and
tombomaycin (75%) (Table 3).

Multidrug resistance (MDR) patterns of bacterial isolates
Resistance to three or more antimicrobials was observed
in 48/102 (47.1%) of the isolates and a high level of MDR
was observed among K.pneumoniae 17/31 (54.9%), E.coli
8/15 (53.3%), and S.aureus 7/14 (50%) (Table 4).

Factors associated with lower respiratory tract infections
Patients with age groups of >58 years (AOR=7.180, 95%
CI: 1.858-27.743, P<0.004), who were alcohol consum-
ers (AOR=6.542, 95% CI: 2.570-16.654, P<0.000), who
had chronic cough (AOR=5.26, 95% CI: 1.725-16.038,
P<0.004), and who were illiterate (AOR=2.76, 95 CI:
1.158-6.578, P<0.022) were more likely to be exposed
to bacterial infections as compared to their counterparts
(Table 5).

Bacterial Isolates

Fig.1 Frequency of bacterial isolates of study participants of lower respiratory tract infection among patients attending DMCSH, Debre Markos, Ethiopia,

2023
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Table 2 Antimicrobial susceptibility patterns of Gram-positive isolates
Isolates Antimicrobial susceptibility patterns
S. pneumoniae (N=21) PEN AZM TET CcD cIp ERY SXT CTX @
(%) (%) (%) (%) (%) (%) (%) (%) (%)
S NA NA 3(14.3) 18(85.7 NA 8(38.1) 15(71.5 NA NA
| NA NA 2(9.5) 2(9.5) NA 5(23.8) 3(14.2) NA NA
R NA NA 16(76.2) 1(4.8) NA 8(38.1) 3(14.3) NA NA
S.aureus (N=14) S 9(64.3) 10(71.42) 4(28.6) 12(85.7) 11(78.6 NA 11(78.6 10(71.4 9(64.3
| 0 2(14.3) 6(42.9) 2(14.3) 2(14.3) NA 1(7.1) 0 4(28.6
R 5(35.7) 2(14.23) 4(28.6) 0 1(7.1) NA 2(14.3) 4(28.6) 1(7.1)
Overall (N=35) S 9(64.3) 10(71.42) 7(20) 30(85.73 11(78.6 8(38.1) 26(74.3 10(71.4 9(64.3
I 0 2(14.28) 8(22.9) 4(11.42) 2(14.3) 5(23.8) 4(11.4) 0 4(28.6
R 5(35.7) 2(14.28) 20(57.1) 1(2.85) 1(7.1) 8(38.1) 5(14.3) 4(28.6) 1(7.1)

SXT-Trimethoprim-sulfamethoxazole, AZM- Aztromaycin, CIP-Ciprofloxacin, CD - Clindamycin, ERY - Erytromicin, TET-Tetracyclin, PEN- Penicillin, C - Chloraphinicole,

OXA- Oxacilin, CTX-Cefoxitin and NA- not applicable

Discussion

In this study, the overall prevalence of culture-confirmed
bacterial isolates among patients with lower respiratory
tract infections was 102 (33.4%) (95%CIL: 29.2-38.8%).
This result is in line with studies done in Ethiopia:
Hawassa (33.5%) [5], and Addis Abeba (32.1%) [4]. But
it is higher than the study conducted in Nigeria (24.24%)
[21], and India (26.34%) [22]. These variations in preva-
lence between different places could be explained by sev-
eral variables. First, differences in the number of study
participants may have an impact on the prevalence rates
that are detected. This is because larger sample sizes
may yield more accurate estimates of the infection rates
within the population [23]. The possibility of detecting
and validating bacterial illnesses through culture tests
may also be impacted by variations in infection control
procedures among nations or areas [24].

Moreover, variations in study design may also be a fac-
tor in the disparities in prevalence rates; for instance,
variations in inclusion criteria or sampling techniques
may have an impact on the makeup of the patient groups
under investigation [25]. Finally, geographic locations
may matter because of regional differences in envi-
ronmental conditions that could affect the presence of
pathogens and the spread of disease [26].

In this study, gram-negative bacteria were the major
isolates (65.7%). This result is in good agreement with
a previous study from Nigeria that found a higher per-
centage of isolates of gram-negative bacteria than gram-
positive bacteria ( 82.5 vs. 17.5%) [21]. This might be due
to differences in their cell wall structures. For instance,
Gram-negative bacteria have an outer cell wall beyond
the peptidoglycan membrane as compared to Gram-pos-
itive bacteria, and this makes them resistant to various
antibiotics. However, Gram-positive isolates are vulner-
able to different antibiotics [27].

In the current study, K. pneumoniae was the most com-
mon isolate from Gram-negative bacteria (30.4%) (95%
CI: 22.2-40.2%). This is because K. pneumoniae, the

most commonly known bacterial-induced community,
acquired a lower respiratory infection [28]. This find-
ing is consistent with the previous results reported from
Nigeria (34.29%) [29], Tanzania (29.9%) [30], and Ethio-
pia (25.4-39.5%) [4, 31]. However, this is lower than the
result reported from Nigeria (70%) [21], and higher than
the result from Cameroon (9.2%) [32]. The spread of K.
pneumoniae can be influenced by variations in sanitation
standards and hygiene practices, especially in healthcare
settings. Additionally, K. pneumoniae may spread more
quickly and be more common in countries with larger
population densities. In other words, the prevalence of K.
pneumoniae in various locations can also be influenced
by environmental factors like pollution, climate, and
other ecological characteristics. Furthermore, dispari-
ties in socioeconomic status may affect the availability of
healthcare services and be a factor in the national vari-
ances in the prevalence rates of K. pneumoniae infections
(33, 34].

Furthermore, P aeruginosae was the 2nd most com-
mon isolate from Gram-negative bacteria, accounting for
16 (15.7%) (95% CI: 9.5 to 22.5). It is consistent with the
results from various nations; China (10.3%) [35], Ghana
(15.2%) [36], and Tanzania (11.7%) [30], and lower than
the result reported from Nigeria (25.71%) [29]. This may
be due to differences in medical facilities, environmen-
tal factors, population density, sanitation standards, and
hygiene practices [37].

From the total Gram-negative isolates, E. Coli
accounted for 14.7% (95% CI: 7.8 to 21.6%), which is in
line with studies conducted in China (17.9%) [35], and
Ethiopia (16%) [4]. Moreover, the prevalence of P. mirabi-
lis and P. vulgaris was 3 (2.9%) (95% CI: 0.0 to 6.9%) and 2
(2%) (95% CI: 0.0 to 4.9%), respectively.

In this study, Gram-positive bacteria comprise 22.39%
of all isolated bacteria, with S. pneumoniae being the
most frequently isolated (20.6%) (95% CI: 12.7 to 22.5%)
and this is one of the most responsible bacterial agents
for community-acquired pneumonia [38]. Similar results



Page 7 of 12

(2025) 25:266

Yimer et al. BVIC Infectious Diseases

1dwy -dWY pue wauadola|y - WIW ‘udexopoldi) - d[D ‘UnAweiusn - N ‘auoxeniyad -4 1) ‘@reue|nae|d-u

9|gedijdde jou -yN

IXOWY-DWY ‘DuipAdel3al-13] ‘dwipizeysd-Zy) ‘djozexoylawejns-wiidoyiawil] ‘1 XS ‘UpAwelqol-goL

(€91)8
(@ols
(S€L)9g

N
(Cxdhiz
(Tol
(6€8)9¢
%410

(€91
ST
(€18)€l
N

N

¥N

N

N

N

N

N

N
(€91
(sTu)e
(€19)€L
N
N
N

% ND

(£s1)8
L€
90£)9¢
09)L
09)L

9L
@l
470134
%D

(§9/)6€
(L€l
(86)S
(091

(L9901
(€€
(00)€
N

WN

N
(6'€8)9C
(CydhiZ
(ol
% dWY

€E0)LL
(Seaet
(Ten)ze
0
9L
(09)L
0)0
L
9)C
A )9
(L9t
(€'€6)s
N
N
N
60)6
¥61)9

9'15)91
% DY

S)
S)
0)
am@
99)
b)
v

@119
(S50€L
(L29)ce

oLz
E00vL
(L89)9¥
0

)
(889)L1
(Cxdhid
(Cxdhid
(crl)e
% dID

(8'€0)9L
(cLiel
(ces)ee

0

(€'19)61
% Z¥D

2091
(£s1)8
695)6¢

VN
Grqhid
(Crdbidg
TyL)ET
% 131

L'8l)E
SL€)9
8'EV)L
VN
VN
VN
VN
VN
VN
VN
VN
VN
L8l)€
SL€)9
8'EV)L
VN
VN
VN
%14d

(sTue
STl
(so)el
N
N
WN
N
WN
N
N
N
N
Sz
ST
(sH)el
N
N
N
%401

(Sp)e
oL/
1'68)/S
0
0
(oo)z
(%0)0
€eo)l
£'99)C
(9
(9
£'99)€
(€9l
SOy
8'89)L
ol
ol
S€6)6C
%4IN

d

— . N — Xx u» — X v — v — o u» —

(£9=U) ||leIen0

7=supbbinr g

(€=U)wd

Gl =103

(91 =u)psousbnisp'd

(L€ =u) apjuownaud y

suiaied Ayjiqndadsns jeiqodiwnuy

saj}e|os|

$93e|0S| 9AIIRDBU-WERID) JO sulaned A3j1g13dadsns [elqoDIwiRuY € d|qeL



Yimer et al. BMC Infectious Diseases (2025) 25:266 Page 8 of 12
Table 4 Multi-drug resistance patterns of bacterial isolates
Antimicrobials Drug S.aurues S. P. aerugi- K. pneu- E.coli P. Total

classeResistance (n=14) pnemoniae nosa moniae (n=15) mirabiles

(n=21) (n=16) (n=31) (n=3)

PEN, SMX, FOX 3 10129%) - - - - - 1(12.9%)
PEN, TET, FOX 10129%) - - - - - 1(12.9%)
PEN, AZM, FOX 2(28.6%) - - - - - 2(28.6%)
CIP, SMX, C 1(12.9%) - - - - - 1(12.9%)
CIRTET, SMX, C 4 1(12.9%) - - - - - 1(12.9%)
PEN, AZM, FOX, SMX 1012.9%) - - - - - 1(12.9%)
TET, AZM, SMX 3 - 1(10%) - - - - 1(10%)
CD, TET, AZM - 1(10%) - - - - 1(10%)
CD, TET, SMX - 1(10%) - - - - 1(10%)
ERY, TET, AZM - 6(60%) - - - - 6(60%)
CD, TET, AZM, SMX 4 - 1(10%) - - - - 1(10%)
CAZ,TOB, CIP 3 - - 2(40%) - - - 2(40%)
CAZ,TOB, TZP - - 1(20%) - - - 1(20%)
MEM, CIP, CAZ - - 1(20%) - - - 1(20%)
MEM, TOB, TZP, CAZ 4 - 1(20%) - - - 1(20%)
CAZ, CAMP 3 - - - 2(11.8%) - - 2(11.8%)
AMP, CAZ, TET - - - 2(11.8%) - - 2(11.8%)
AMP, TET, CAZ, AMC 4 - - - 2(11.8%) - - 2(11.8%)
AMP,TET, SMX, CTR - - - 1(5.9%) - - 1(5.9%)
AMP, TET, SMX, CAZ - - - 1(5.9%) - - 1(5.9%)
AMC, TET, CTR, CAZ, AMP 5 - - - 1(5.9%) - - 1(5.9%)
CIP TET, SMX, CTR, 4 - - - 1(5.9%) - - 1(5.9%)
CIP, AMC, TET, CAZ, AMP 5 - - - 1(5.9%) - - 1(5.9%)
MEM, CIP, SMX, CAMP 5 - - - 1(5.9%) - - 1(5.9%)
AMC, TET, SMX, CAZ, AMP 5 - - - 1(5.9%) - - 1(5.9%)
CIP TET, SMX, CAZ, AMP 5 - - - 1(5.9%) - - 1(5.9%)
CIP TET, SMX, CRO, AMP 5 - - - 1(5.9%) - - 1(5.9%)
AMP, AMC, TET, SMX, CTR, CAZ 6 - - - 1(5.9%) - - 1(5.9%)
AMP, CIP, AMC, SMX, CTR, CAZ 6 - - - 1(5.9%) - - 1(5.9%)
AMP, AMC, TET 3 - - - - 3375%) - 3(37.5%)
AMP, C, AMC 3 - - - - 10025%) - 1(12.5%)
TET, SMX, AMP 3 - - - - 1(12.5%) - 1(12.5%)
CAZ, CIP, AMC, TET 4 - - - - 1002.5%) - 1(12.5%)
AMP, CIP, AMC, TET, CTR 5 - - - - 1(12.5%) - 1(12.5%)
AMP, AMC, TET, CTR, CAZ - - - - 1012.5%) - 1(12.5%)
CAZ, AMC, AMP 3 - - - - - 1(100%) 1(100%)
Total 7(50%) 10(47.7%)  5(31.3%)  17(549%)  8(533%)  1(33.3) 48(47.1%)

SXT- Trimethoprim-sulfamethoxazole, AZM- Aztromaycin, CIP-Ciprofloxacin, CD - Clindamycin, ERY - Erytromicin, PEN- Penicilin, C - Chloraphinicole, FOX-Cefoxitin
TOB-Tobramycin, CAZ-Ceftazidime, TET-Tetracycline, AMC-Amoxicillin-clavulanate, CTR - Ceftriaxone, CN - Gentamycin, MEM-Meropenem, AMP- Ampicillin

were reported from Pakistan (18.11%) [39], and Nigeria
(17.5%) [21]. However, this finding is relatively higher
than the previous result from Vietnam (12.6%) [40]. On
the other hand, the culture positivity of S. aureus was14
(13.7%) (95% CI: 7.8 to 20.6%), which is consistent with
the findings from Ethiopia (8.8—-18.6%) [41-43], and
another country; China (12%) [35]. Whereas a higher
finding was found in Jordan (7.7%) [44]. However, a
higher result was reported from Spain (82.3% [45].
Numerous factors, such as healthcare infrastructure,
public health regulations, socioeconomic situations, and

the environment, might affect the prevalence of gram-
positive bacteria across the world [46].

In the current study, K. pneumoniae showed high resis-
tance to ampicillin (83.9%) and sensitivity to meropenem
(93.5%) and ceftriaxone (73.5%). One possible explana-
tion for the increased resistance of K. pneumoniae to
ampicillin could be that the bacteria naturally develop
extended-spectrum beta-lactamases (ESBLs), which
render beta-lactam medications ineffective [47]. These
results are similar to the study done in Ethiopia, which
found that the resistance and sensitivity profiles of K.
pneumoniae were 83.0% and 98%, respectively [4]. Our
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Table 5 Multivariable logistic regression analysis of associated factors
Variables Categories Culture COR(95%,Cl) P-value AOR(95%,Cl) P-value
positivity
Yes No
Residence Rural 74 94 3.065(1.831,5.129) 0.000*
Urban 28 109 1
Age 18-27 4 33 1 1
28-37 24 55 3.6(1.148,11.291) 0.028
38-47 32 54 4.889(1.586,15.074) 0.006*
48-57 18 45 3.3(1.021,10.663) 0.046
>58 24 16 12.375(3.671,41.719) 0.000* 7.180(1.858,27.743) 0.004**
Educations Unable to Rand W 53 49 4.867(2.214,10.699) 0.000* 2.760(1.158,6.578) 0.022%*
Primary School 30 49 2.755(1.211,6.269) 0.016*
Secondary School 9 60 0.675(0.253,1.798) 0432
College 10 49 1
/university
Number of families <5 52 131 1
>5 50 72 1.749(1.079,2.836) 0.023*
chronic cough > 2 weeks Yes 98 155 7.587(2.653,21.701) 0.000* 5.260(1.725,16.038) 0.004**
No 4 48 1 1
Sputum production Yes 92 141 4.045(1.974,8.292) 0.000*
No 10 62 1
Alcohol drinking Yes 9% 123 10.407(4.353,24.877) 0.000% 6.542(2.570,16.654) 0.000%*
No 6 80 1 1

R and W=read and write, COR=crude odds ratio, AOR=adjusted odds ratio, Cl=confidence interval, *=Candidate variable for multivariate analysis at P<0.25,

**=statistically significant, 1=reference category

study also demonstrated that E. coli showed resistance to
ampicillin (66.7%) and comparable results were reported
from Bangladesh (100%) [48] and Tanzania (100%) [30].
However, it was highly sensitive to meropenem (86.7%),
trimethoprim-sulfamethoxazole (80%), and ceftazidime
(66.7%).

Numerous variables influence the development of anti-
biotic resistance in K. pneumoniae. Resistance can be
exacerbated by the overuse or improper use of antibiot-
ics. K. pneumoniae is subject to selective pressure from
environmental factors, such as the use of antimicrobial
drugs in healthcare settings, which fosters resistance. The
ability of K. pneumoniae to develop resistance mecha-
nisms against antimicrobial drugs is also influenced by its
genetic makeup. Infections produced by resistant strains
of K. pneumoniae are also more likely to occur in patients
with certain features, including age, underlying medical
problems, and prior antibiotic exposure [49].

As well, P arogenesae exhibited a high sensitivity to
gentamycin (81.3%), tobramycin (75%), meropenem
(68.8%), and resistance to ceftazidime (28.6%). Compara-
tively, a study from the USA shows that P arogenesae is
sensitive to meropenem (86.2%) [50]. The high level of
ampicillin resistance in different bacterial isolates may
be brought on by the drugs’ easy availability, unrestricted
use, empirical therapy, and careless use. Moreover, from
Gram-positive isolates, S. pneumoniae showed high levels
of sensitivity to trimethoprim-sulfamethoxazole (73.7%)

and clindamycin (85.7%) and resistance to tetracycline
(76.2%). The genetic determinants may affect the sensi-
tivity of S. pneumoniae to tetracycline [51]. These find-
ings are lower than the result from Pakistan, with 90%
sensitivity to sulfamethoxazole-trimethoprim [52].

The resistance pattern of S. pneumoniae to tetracy-
cline is higher than the result from Felege Hiwot, Ethio-
pia (45%) [53]. S. aureus exhibited sturdy resistance to
penicillin (64.3%), and tetracycline (28.6%). Resistance
of S. aureus to various antibiotics could arise from muta-
tions in chromosomal genes or from the horizontal trans-
fer of resistance determinants encoded by transposons,
plasmids, and the staphylococcal cassette chromosome.
Enzymatic drug modification, inactivation, alteration of
the drug binding site, drug efflux, bypass mechanisms
including the acquisition of a novel drug-resistant target,
and drug displacement to protect the target are all exam-
ples of how horizontally acquired resistance might arise.
Mutations that cause the drug target to change such that
the inhibitor cannot bind derepression of chromosomally
encoded multidrug resistance efflux pumps and a series
of stepwise mutations that change the composition and
structure of the cell wall and/or membrane to decrease
drug access to the target can all lead to the acquisition of
resistance through mutation [54].

In contrast, it was highly sensitive to clindamycin
(85.7%), trimethoprim-sulfamethoxazole (78.6%), and
ciprofloxacin (78.6%). In the current study, the resistance
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pattern of S. aureus to penicillin and tetracycline is rel-
atively lower than the findings reported from Kenya
(91.9%) and (33.15%), respectively [55]. Moreover, the
overall magnitude of multidrug resistance (MDR) in the
current study was 47.1%. In contrast, a higher result of
MDR profile was reported from another study in Ethio-
pia, Gondar (72.2%) [56].

Several causes, including improper and excessive use of
antibiotics, treatment noncompliance, inadequate infec-
tion control in healthcare and community settings, and
inadequate hygiene and sanitation, may contribute to
the occurrence of MDR variation. Furthermore, MDR in
bacteria can be caused by the activity of multidrug efflux
pumps, which are capable of pumping out several drug
types, or by the accumulation of genes that code for resis-
tance to a particular agent in on-resistance (R) plasmids
or transposons [57].

In our study, factors like alcohol use (p<0.001), edu-
cational status (p=0.022), chronic cough (p=0.004), and
age (p=0.004) were significant contributors to patients
with lower respiratory tract infections. This is analogous
to the studies conducted in India, Nigeria, Turkey, and
Indonesia [58-61], and also comparable with another
study done in Ethiopia; Mekelle [62]. According to this
study, illiterate participants were 2.76 times more likely
to be subjected to bacterial illnesses than participants
who had completed their elementary, secondary, as well
as higher-level education, and this might be because
human health is directly impacted by illiteracy. It makes
it impossible for people to read the directions on a bottle
of medication. This indicates that fewer people are likely
to be aware of information regarding infectious diseases,
such as how they spread, what causes them, and how to
avoid getting lower respiratory tract infections brought
on by bacteria [63].

In the present study, participants who were found to
be in the age group of >58 years had a 7.18-fold higher
chance of being exposed to lower respiratory bacterial
infections as compared to their counterparts. An immune
system deterioration, especially cell-mediated immunity,
and declines in efficiency with aging could be the possible
reason. However, this modification by itself is unable to
account for the rise in infection rates. The infections that
most commonly affect the elderly are those of specific
organ systems, such as the lung, for which aging-related
changes in the anatomical structure and function account
for a major portion of the increased vulnerability. A situa-
tion such as malnourishment, degenerative illness, or the
extent of prior infection exposure can potentially cause
an infection in old age [64].

As compared to non-consumers, alcohol users had
a 6.542 times greater chance of contracting bacte-
rial illnesses. People with a history of alcohol use have
weakened immune systems, which makes them more
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vulnerable to this lung illness. Innate immune response
cells, neutrophils, lymphocytes, and alveolar macro-
phages are the main immune cells that fight lower respi-
ratory tract infections. For instance, drinking too much
alcohol might alter the way alveolar macrophages oper-
ate, which weakens the lungs’ defenses against infections
[65]. According to this study, patients with a persistent
cough had a 5.26-fold increased risk of coming into con-
tact with bacterial infections compared to those without
one. Suspected lung patients who have a chronic cough
may be more susceptible to the spread of bacterial patho-
gens, which could explain their heightened vulnerability
to these pathogens.

Limitations of the study

Despite the significant importance of this study for public
health, we only characterized the bacterial isolates phe-
notypically. Moreover, Mycobacterium tuberculosis has
not been detected due to resource and time constraints.
In addition, methicillin-resistant Staphylococcus aureus
(MRSA), inducible clindamycin-resistant S. aureus,
Extended-spectrum beta-lactamases (ESBLs)-producing
gram-negative bacteria and carbapenemase-producing
Enterobacteriaceae (CPE) have not been detected due to
resource constraints.

Conclusions

The prevalence of lower respiratory tract infections was
high in the study area. Gram-negative bacteria were
the major isolates. Klebsiella pneumoniae was the most
predominant bacteria isolated from patients with lower
respiratory tract infections. Gram-negative bacilli were
highly sensitive to meropnem, while Gram-positive
cocci were highly sensitive to clindamaycin. However,
this study found a significant rate of antibiotic resistance
and most of the isolates were highly resistant to ampicil-
lin and penicillin. In other words, selecting targeted and
effective antibiotic therapy for LRTIs and preventing the
establishment of multidrug-resistant bacteria depend
heavily on accurately identifying the causative bacteria
and their patterns of antibiotic susceptibility. In addi-
tion, the findings of this study underscore the need for
ongoing surveillance and targeted interventions, such as
antimicrobial stewardship programs, to combat the rising
threat of multidrug-resistant bacterial agents in LRTIs
and to ensure effective treatment options.

Furthermore, associated factors were also assessed in
this study and the ages of study participants, alcohol con-
sumption, chronic cough, and being illiterate are deter-
minants of lower respiratory infections.

To avoid the spread of lower respiratory tract infection
and drug resistance pathogens, there should be appropri-
ate infection prevention measures, periodic antimicrobial
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surveillance, an effective antibiotic policy, and regular
monitoring of the antimicrobial resistance patterns.

In addition, there should be several initiatives to com-
bat antibacterial drug resistance in hospital settings,
including research into new treatment options, collabo-
ration with public health agencies, the adoption of rapid
and accurate diagnostic tools, and antibiotic steward-
ship programs. Future research is also needed on the
molecular characterization of the isolates and the detec-
tion of Mycobacterium tuberculosis, methicillin-resistant
Staphylococcus aureus (MRSA), inducible clindamycin-
resistant S. aureus, extended-spectrum beta-lactamases
(ESBLs)-producing gram-negative bacteria, and car-
bapenemase-producing Enterobacteriaceae (CPE).
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