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Abstract

Introduction Lower respiratory tract infections (LRTIs) caused by drug-resistant pathogenic bacteria is a major
problem in developing countries including Ethiopia. Therefore, this study aimed to determine the pathogenic
bacteria and their antimicrobial susceptibility patterns among Gene X-pert tuberculosis-negative adult patients with
clinically suspected LRTIs at the University of Gondar Comprehensive Specialized Referral Hospital, Gondar, Northwest
Ethiopia.

Methods This institutional-based cross-sectional study was conducted from February 01 to March 15, 2020. Socio-
demographic data were collected by using a structured questionnaire. A total of 254 sputum specimens were
collected from Gene X-pert tuberculosis-negative patients. Bacterial recovery was performed using blood, chocolate,
and MacConkey agar plates. Bacterial isolates were identified based on Gram staining, colony characteristics, and
biochemical reactions. Antimicrobial susceptibility testing was performed using the Kirby-Bauer disk di usion
method. Methicillin resistance of S. aureus was confirmed using cefoxitin (30 pg). Descriptive statistics were calculated
for each variable and results are shown in tables and figures.

Results In this study, the overall sputum culture positivity rate was 145/254 (57.1%). Gram-negative bacteria 111
(64.9%) were predominant compared to Gram-positive bacteria 60 (35.1%). Of the 145 culture-positive cases, 26
(14.8%) had poly-bacterial infections. S. aureus 40 (66.7%) was the predominant Gram-positive bacterium whereas
K. pneumoniae 33 (29.7%), was the most isolated Gram-negative bacterium. Bacterial species, such as S. aureus
were sensitive to ciprofloxacin 38/40 (95.0%), gentamicin 37/40 (92.5%), cefoxitin 36/40 (90.0%), and clindamycin
34/40 (85.0%). The proportion of Methicillin-resistant S. aureus was low, 4(10.0%). S. pneumoniae was sensitive to
chloramphenicol 8/9 (88.9%) and resistant to ciprofloxacin 6/9 (66.7%). K pneumoniae, P. aeruginosa, E. coli, Serratia
species, and H. influenzae also demonstrated high levels of resistance to ampicillin at rates of 21/33 (63.6%), 8/8
(100.0%), 15/17 (88.2%), 7/10 (70.0%), and 6/6 (100.0%), respectively.
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Conclusion This study revealed a higher burden of Gram-negative and Gram-positive pathogenic bacterial agents,
which is responsible for LRTs. Therefore, routine sputum culture identification and antibiotic susceptibility testing
should be performed in Gene X-pert tuberculosis-negative patients.

Keywords Pathogenic bacteria, Lower respiratory tract infections, Gene X-pert

Introduction

Lower respiratory tract infections (LRTIs) are defined
as infections that occur in the lower airways such as the
trachea, bronchi, and lung tissue with clinical symptoms
of cough, expectoration, dyspnea, wheezing, and/or
chest pain usually for a period of 1 to 3 weeks [1]. It is
a broad category of infections including acute bronchitis,
bronchiectasis, bronchiolitis, emphysema, lung abscess,
pleural effusion, chronic obstructive pulmonary disease,
tuberculosis, and pneumonia [2]. Globally, LRTIs are a
major threat to public health, causing significant mor-
bidity and mortality in all age groups. The Global Burden
of Disease Study in 2015 indicated that LRTIs were the
leading infectious disease cause of death and the fifth
leading cause of death overall [3]. LRTIs were the third
leading cause of mortality in Brazil in 1990 and 2015,
with 63.5 and 47.0 deaths/100,000 people, respectively.
Although the number of deaths increased to 26.8%, mor-
tality rates standardized by age were reduced by 25.5%,
with an emphasis on children under 5 years of age [4]. In
2016 alone, LRTIs (defined as pneumonia, bronchitis, or
bronchiolitis) caused an estimated 2.38 million deaths
with a disproportionate effect on children younger than 5
years and adults more than 70 years old [5].

In African countries, LRTIs continue to be the leading
cause of death due to the lack of identification of etio-
logical agents and administration of appropriate medica-
tion. The burden and number of deaths among adults are
higher in Sub-Saharan Africa than in other developed
countries. For instance, 546.8 and 511.3 adult deaths
per 100 000 were reported in Somalia and Chad, respec-
tively; while the lowest reported mortality was in Finland
in Western Europe, with 0.65 deaths per 100 000 [6, 7].
Aging, smoking, alcoholism, pulmonary disease, heart
disease, immunosuppressive therapy, acute viral respira-
tory tract infection, cystic fibrosis, major surgical inter-
vention, and malnutrition are among the major factors
contributing to bacterial LRTTs [8].

Although the etiological agents of LRTIs differ in geo-
graphic location, the most common bacterial agents
causing LRTIs are S. pneumoniae, S. aureus, H. influen-
zae, K. pneumoniae, P. aeruginosa, E. coli, and A. bau-
mannii [9]. Respiratory tract epithelial damage due to
viruses and transient immune suppression can cause S.
pyogenes pneumonia [10]. In addition, hematogenous
dissemination of intestinal bacteria to the lung and oro-
pharyngeal aspiration causes LRTIs due to enteric bacte-
ria [11]. Currently, inappropriate use and administration

of antibiotics have resulted in treatment failure, increased
hospital mortality rates, and healthcare-related expen-
ditures for LRTI patients [12]. In Ethiopia, a few studies
have been conducted on the etiology and antimicrobial
susceptibility patterns of LRTIs in adult patients [13—18].
In the study area and most parts of the country, once
patients suspected of tuberculosis had a negative Gene
X-pert result, they were usually treated empirically or
left without further infection diagnosis and medication.
Therefore, this study investigated the pathogenic bacteria
causing LRTIs among Gene X-pert tuberculosis-negative
adult patients at the University of Gondar Specialized
Referral Hospital, Northwest Ethiopia.

Materials and methods

Study design, period, and setting

This institutional-based cross-sectional study was con-
ducted at the University of Gondar Comprehensive Spe-
cialized Referral Hospital, Gondar, Northwest Ethiopia
from February 01 to March 15, 2020. Gondar town is
located west of the northern Gondar administrative zone,
which is 748 km from Addis Ababa, the capital city of
Ethiopia [19]. The University of Gondar Comprehensive
Specialized Referral Hospital is a teaching hospital that
provides outpatient and inpatient services for more than
five million people in North Gondar and its surrounding
zones.

Population, sample size, sampling technique, and data
collection

Adult patients aged>18 years with clinical symptoms of
LRTIs and those who consented to participate and pro-
vided sputum specimens were included in the study.
However, patients who were on antimicrobial treatment
and had a history of hospital admission 14 days before
the data collection period were excluded from the study.
A total of 254 LRTI-suspected adult patients with Gene
X-pert tuberculosis negatives were enrolled. To deter-
mine the sample size, all patients who attended during
the study period were selected using a convenient sam-
pling technique. Sociodemographic information of the
participants was collected using a pre-tested question-
naire. Gene X-pert negative LRTI was defined as patients
with all TB signs and symptoms and Gene X-pert nega-
tives. The Gene X-pert MTB/RIF assay procedure was
performed at the University of Gondar Specialized and
Referral Hospital tuberculosis laboratory and we have
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considered patients with negative Gene X-pert result for
further identification of pathogenic bacteria.

Sputum collection, processing, and bacterial identi cation
Purulent sputum specimens were collected in wide-
mouthed sterile containers from each Gene X-pert pul-
monary tuberculosis (PTB) negative patient. The quality
of the collected sputum specimens was assessed using
Bartlett’s scoring method by considering the score of
pus cells, squamous epithelial cells, and macroscopic
observation. A positive score (sum of positive and nega-
tive values assigned) on Gram’s stain was considered as
an acceptable result for culture [20]. The specimens were
then inoculated on chocolate agar, blood agar, and Mac-
Conkey agar plates (Oxoid Ltd., Basingstoke, UK). Mac-
Conkey agar plates were incubated aerobically at 37°C for
24 h, whereas blood agar and chocolate agar plates were
incubated in a humid atmosphere containing 5% carbon
dioxide at 37 °C for 24 h. After 24 h of incubation, the
plates were examined for bacterial growth, and prelimi-
nary identification was performed based on the Gram
staining and colony characterization (size, shape, hemo-
lysis pattern, and color). After obtaining pure colonies,
further confirmatory identification was performed using
standard microbiological techniques such as biochemi-
cal tests. A series of biochemical tests, including triple
sugar iron agar, indole-motility, citrate, lysine decarbox-
ylase, and urea were performed for Gram-negative bacte-
rial isolates, whereas catalase, coagulase, bacitracin, and
optochin disk tests were performed for Gram-positive
bacteria [21, 22].

Antimicrobial susceptibility testing

Antimicrobial susceptibility tests of the bacterial isolates
were performed according to the Kirby-Bauer disk dif-
fusion technique on Mueller-Hinton agar (Oxoid Ltd.,
Basingstoke, UK) with or without 5% lysed or non-lysed
sheep blood [23]. About 2-3 colonies were picked with
a wire loop and emulsified in 3 ml of sterile physiologi-
cal saline. The turbidity of the bacterial suspension was
matched and checked using the 0.5% McFarland stan-
dard. A sterile cotton swab was then dipped into the sus-
pension and squeezed against the side of the test tube to
avoid excess inocula. The test organisms were uniformly
seeded on the surface of Mueller-Hinton agar using the
lawn culture technique. After 5 min, a set of selected anti-
microbial disks was aseptically placed on Mueller-Hinton
agar plates and allowed to stand at room temperature for
15 min. Then, all plates were incubated for 24 h while
maintaining all the requirements of the respective bac-
teria as done during the isolation process. The diameters
of the zone of inhibition around the disk were measured
using a ruler and compared with the Clinical Laboratory
Standard Institute 2018 reference points. Results were

Page 3 of 9

interpreted as sensitive, intermediate, and resistant. An
inhibition zone diameter of <21 mm was reported meth-
icillin-resistant and =22 mm was considered methicillin-
sensitive. The following routinely used antimicrobials
were tested: ampicillin (10 pg), amoxicillin (10 pg), cip-
rofloxacin (5 ug), gentamicin (10 pg), ceftriaxone (30 pg),
co-trimoxazole (25 pg), erythromycin (15 pg), clindamy-
cin (30 pg), tetracycline (30 pg), chloramphenicol (10 pg),
penicillin (10 pg), and cefoxitin (30 pg). All antibiotics
were obtained from Abtek Biologicals, Ltd., Liverpool,
UK [23].

Quiality control

Participant data were collected using a pre-tested ques-
tionnaire. All samples were collected and processed
according to the standard operating procedure of speci-
men collection. The qualities of the specimens were
checked based on Bartlett’s criteria [24]. The sterility of
the culture media was ensured by incubating 5% of each
batch of the prepared media at 37oc for 24 h. The per-
formance of all media was checked by inoculating stan-
dard ATCC strains. To standardize the inoculum density
of bacterial suspension, turbidity was adjusted using, 0.5
McFarland standard [23].

Data analysis and interpretation

Data cleaning was done using EPI info version 7.1 and
exported to SPSS version 20.0 for analysis. Descriptive
statistics were then computed to calculate the frequen-
cies. Data were summarized using numbers, percentages,
graphs, and tables.

Results

Socio-demographic characteristics of the participants

A total of 254 LRTI-suspected patients were enrolled
in this study. More than half, 149 (58.7%) of them were
males and 138 (54.3%) were living in the urban. About
118 (46.5%) were in the age group of 18-35 years. One
hundred fifteen (45.3%) of the study participants had
2—4 family members and 82 (32.2%) were unable to
write. Moreover, 186 (73.2%) participants were married
(Table 1).

The prevalence of pathogenic bacteria in LRTIs

In this study, the overall sputum culture-positivity rate
among LRTI-suspected patients was 145/254 (57.1%). A
total of 171 bacterial isolates were recovered, and about
26 (14.8%) patients were positive for more than one bac-
terial isolate. Gram-negative bacteria 111 (64.9%) were
predominant over Gram-positive bacteria 60 (35.1%).
Among Gram-negative bacterial isolates, K. pneumoniae
33 (29.7%) was the most frequently isolated bacteria,
followed by K. rhinoscleromatis 19 (17.1%), E. coli 17
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Table 1 Socio-demographic characteristics of the study
participants (N =254)

Variables Frequency
(%)
Gender Male 149 (58.7)
Female 105 (41.3)
Residence Urban 138 (54.3)
Rural 116 (45.7)
Age in years 18-35 118 (46.5)
36-55 91 (35.8)
>55 45(17.7)
Family size 2-4 members 115 (45.3)
5-7 members 103 (40.5)
8 and above 36 (14.2)
Educational level ~ Unable to write 82(32.2)
Read and write 71(28.0)
Primary 32(126)
Secondary 33(13.0)
Degree and above 36 (14.2)
Marital status Single 62 (24.4)
Married 186 (73.2)
Widowed 6(24)

(15.3%), K. ozienae, 13 (11.7%), and Serratia species 10
(9.0%) (Fig. 1).

Alternatively, S. aureus, S. pyogenes, and S. pneumoniae
were among Gram-positive bacteria isolated with a fre-
quency of 40 (66.7%), 11 (18.3%), and 9 (15.0%), respec-
tively (Fig. 2).
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Antimicrobial susceptibility patterns of bacterial isolates
In this study, the antimicrobial susceptibility patterns of
both Gram-positive and Gram-negative bacterial iso-
lates were characterized (Tables 2 and 3). S. aureus, one
of the leading Gram-positive bacteria isolated, demon-
strated sensitivity to ciprofloxacin 38/40 (95.0%), gen-
tamicin 37/40 (92.5%), cefoxitin 36/40 (90.0%), and
clindamycin 34/40 (85.0%), but resistance to tetracy-
cline, 22/40 (55.0%). S. aureus was resistant to methicil-
lin 4/40 (10.0%). S. pyogenes and S. pneumoniae showed
significant levels of resistance to some tested antimicro-
bial agents. For instance, S. pyogenes was resistant to cip-
rofloxacin, vancomycin, and erythromycin accounting
for 8/11(72.7%) each. Similarly, S. pneumoniae showed
significant levels of resistance to ciprofloxacin, eryth-
romycin, and penicillin with the rate of 6/9 (66.7%), 6/9
(66.7%), and 7/9 (77.8%), respectively. However, chlor-
amphenicol 11/11 (100.0%) and cefepime 9/9 (100.0%)
showed good effects on S. pyogenes and S. pneumoniae,
respectively (Table 2).

Most K. pneumoniae demonstrated sensitivity to
most of the tested antimicrobial agents. It showed 31/33
(93.9%) sensitive to gentamicin, 29/33 (87.9%) to chlor-
amphenicol, 29/33 (87.9%) to ceftriaxone, 25/33 (75.8%)
to cotrimoxazole, 30/33 (90.9%) to ceftazidime, and 26/33
(78.8%) to tetracycline. However, it was significantly
ampicillin-resistant, 21/33 (63.6%). Likewise, bacterial
isolates such as P aeruginosa, E. coli, Serratia species,
and H. influenzae demonstrated high levels of resistance
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Table 2 Antimicrobial susceptibility profile of Gram-positive bacterial isolates (N = 60)

Antibiotics Bacterial isolates

S. aureus (n=40) S. pyogenes (n=11) S. pneumoniae (n=9)

S (%) R (%) S (%) R (%) S (%) R (%)
Gentamicin 37(925) 3(75) N/A N/A N/A N/A
Chloramphenicol N/A N/A 11 (100.0) 0(0) 8(88.9) 1(111)
Cipro oxacin 38(95.0) 2(5.0) 3(27.3) 8(72.7) 3(333) 6(66.7)
Ampicillin N/A N/A 8(72.7) 3(27.3) N/A N/A
Penicillin N/A N/A N/A N/A 2(22.2) 7(778)
Vancomycin N/A N/A 3(27.3) 8(72.7)) 6 (66.7) 3(333)
Clindamycin 34 (85.0) 6 (15.0) 7(636) 4(364) N/A N/A
Cefoxitin 36 (90.0) 4(10.0) N/A N/A 8(88.9) 1(111)
Tetracycline 18 (45.0) 22 (55.0) N/A N/A N/A N/A
Erythromycin 26 (65.0) 14 (35.0) 3(273) 8(72.7) 3(33.3) 6 (66.7)
Cefepime N/A N/A N/A N/A 9(100.0) 0(0)

Note. S=Sensitive, R=Resistant, N/A=Not Applicable

to ampicillin at the rate of 8/8 (100.0%), 15/17 (88.2%),
7/10 (70.0%), and 6/6 (100.0%), respectively (Table 3).

Discussion

In recent decades, antimicrobial resistance in the lower
respiratory tract bacterial pathogens has become a
major problem in developing countries, where the infec-
tious disease burden is high that resulting in increased
healthcare costs and mortality of patients [25, 26]. In this
study, 145 (57.1%) respiratory cultures yielded growth
for different bacteria from the 254 LRTI-suspected adult
patients. Comparable findings were reported in India,
57.4% [27] and 52.8% [28]. This finding is higher than the
previous reports from Ethiopia in Hawassa, 33.5% [18],
Dessie, 38.7% [16], Bahr Dar, 40.3% [15], Arba Minch,
40.0% [13], Addis Ababa, 32.1% [17], Jimma, 45.0% [29],
Mekelle, 43.7% [14], Cameroon, 46.8% [30], India, 17.0%

[31]; 38.5% [32]; 43.3% [33], Nepal, 44.4% [34]; 39.7%
[35], Nigeria, 14.5% [36];18.9% [37]; 24.2% [38]; 41.2%
[39]; 46.1% [40], Tanzania, 20.4% [41], Sudan, 23.6% [42];
42.0% [43], Central Kerala, 26,3% [2], and Sri Lanka,
29.4% [44]. However, our finding is lower than studies
from Bangladesh, 64.0% [45], India, 65.1% [46]; 76.7%
[47]; 83.0% [48]; 84.7% [49]; 86.1% [50], Ghana, 84.9%
[51], and China, 70.9% [52]. This difference might be due
to the variation in the bacterial distribution in geographic
areas, study period, study population, the type and qual-
ity of the respiratory specimens used, and delay in speci-
men transportation.

This study demonstrated the predominance of patho-
genic Gram-negative bacteria in LRTIs, accounting for
111 (64.9%), while 60 (35.1%) were Gram-positive bac-
teria. This is consistent with previous Ethiopian stud-
ies, which found a higher prevalence of Gram-negative
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was 100.0%, 100.0%, and 90.0%, respectively [36]. A study
conducted in Jimma reported S. aureus resistance to cip-
rofloxacin (31.3%), gentamicin (31.5%), and erythromycin
(75.0%) [29]. Nowadays, MRSA has become a significant
problem in community and hospital settings, with high
mortality rates [62]. Too in this study, the prevalence of
MRSA was 4 (10.0%). Comparable findings were reported
in Central Kerala, India, 15.4% [2], and 16.6% [28].
Higher MRSA was reported by Tewodros et al. [16], Cox,
D. [63], and Koripella et al. [61]; 34.5%, 33.0%, and 26.7%,
respectively.

In our study, of 33 K. pneumoniae isolates subjected to
antimicrobial susceptibility testing; resistance rate was
2 (6.1%), 3 (9.1%), 4 (12.1%), 4 (12.1%), 7 (21.2%), and 8
(24.2%) to gentamicin, ceftazidime, chloramphenicol, cef-
triaxone, tetracycline, and co-trimoxazole, respectively.
Although K. pneumoniae become resistant to most anti-
biotics, our finding showed low resistance to certain anti-
biotics because of their minimal use as empirical therapy
for adult LRTIs. Comparable results were reported by
Temesgen et al. 6.7% and 20.0% for gentamicin and chlor-
amphenicol [15]. Considerably, Kishimbo et al. reported
resistance rates to ciprofloxacin, gentamicin, co-trimox-
azole, and ceftriaxone; 17.4%, 26.1%, 43.5%, and 87.0%,
respectively [41]. Similarly, 18.2% and 100% resistance to
gentamicin and co-trimoxazole were reported by Regasa
[64]. In contrast, a study conducted in Nigeria reported
that the sensitivity of K. pneumoniae to gentamicin was
66.7%, respectively [36]. A study by Temesgen et al. [15]
reported that K. pneumoniae isolates were found to be
co-trimoxazole-resistant (90.0%), but sensitive to ceftri-
axone (100.0%).

In the present study, E. coli showed 8 (47.0%) and 15
(88.0%) resistance to gentamicin and ampicillin, respec-
tively. Correspondingly, 70.0% of E. coli showed resis-
tance to ampicillin in Bahir Dar, Ethiopia [15]. A study
from Addis Ababa also reported comparable E. coli resis-
tance to gentamicin (40.0%) and ampicillin (80.0%) [17].
P. aeruginosa also isolates showed 3 (37.5%) resistance to
both ciprofloxacin and co-trimoxazole, which correlates
with a Tanzanian study that showed 37.5% resistance to
ciprofloxacin and 37.0% to co-trimoxazole [41]. A study
from Jimma also reported a 20.0% resistance of P. aeru-
ginosa to ciprofloxacin [29]. Invariably, all P aeruginosa
isolates were piperacillin-resistant and this is in accor-
dance with the results of a study conducted in Addis
Ababa [17]. The difference in antibiotic-resistant bacte-
rial strains and the proportion of identified bacteria in
the study settings might be the reason for variation in the
susceptibility pattern.

As strength, this study attempted to rule out PTB using
Gene X-pert but did not consider the atypical bacteria,
such as M. pneumoniae, C. pneumoniae, and L. pneu-
mophila, due to their difficulty in growth using routine
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culture methods. Again, this study did not also consider
anaerobic bacteria like; Prevotella spp., Fusobacterium
spp., and Clostridium spp.) as routine culture meth-
ods are mostly aerobic. Hence, it can underestimate the
actual prevalence of bacteria in the study area. Further-
more, this study did not attempt serotyping of H. influen-
zae and S. pneumoniae due to resource limitations.

Conclusion

This study found a higher prevalence of pathogenic bac-
teria, 57.1% among PTB-negative adults in the study area.
Both Gram-negative and Gram-positive bacterial agents
were the frequently identified causes of LRTIs. S. aureus
and Klebsiella species were the major bacterial pathogens
responsible for LRTIs. S. aureus was highly susceptible
to ciprofloxacin, gentamicin, cefoxitin, and clindamycin
but resistant to tetracycline with the existence of MRSA
strains. S. pyogenes and S. pneumoniae were highly cipro-
floxacin-resistant. Gram-negative bacteria demonstrated
a high level of susceptibility to chloramphenicol, ceftriax-
one, and gentamicin but resistance to ampicillin. There-
fore, confirmation of bacteria etiology after Gene X-pert
detection of PTB is essential, and local drug susceptibility
testing is a solution to drug resistance.
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