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Abstract
Objective: Pneumonia is an opportunistic infection and it is a major cause of mortality and morbidity among human 
immunodeficiency virus/acquired immune deficiency syndrome-positive patients. Previous studies have shown the dominant 
pathogens bacterial isolates were K. pneumoniae 27.0%, S. aureus 20.8%, S. pneumoniae 18.8% and E. coli 8.3%. This study 
aimed to determine bacteriology of community-acquired pneumonia, antimicrobial susceptibility pattern and associated risk 
factors among human immunodeficiency virus patients in the Northeast Ethiopia: cross-sectional study.
Methods: A health facility-based cross-sectional study was conducted from January to April 2021 at six health facilities 
in Dessie Town. A total of 378 community-acquired pneumonia patients suspected to be human immunodeficiency virus-
positive were recruited using a consecutive sampling technique. Sociodemographic and clinical data were collected using a 
structured questionnaire. A two-milliliter sputum specimen was collected aseptically from each study participant. Samples 
were cultivated on blood agar, chocolate agar and MacConkey agar to isolate bacterial pathogens. To identify bacteria 
pathogens Gram stain, colony morphology and biochemical tests were performed. The Kirby-Bauer Disc Diffusion method 
was used to perform the antimicrobial susceptibility test. Descriptive statistics, logistic regression analysis was carried out 
using Statistical package for social science version 25 software. p-value < 0.05 with a corresponding 95% confidence interval 
(CI) was considered for statistical significance.
Result: The overall prevalence of bacterial pneumonia was 175 (46.3%). Gram-negative bacteria accounted for 119 (68%) 
and the predominant isolates identified were Streptococcus pneumoniae 49 (28%) followed by Klebsiella pneumoniae 46 (26.3%), 
Pseudomonas aeruginosa 34 (19.4%). There were 148 (84.6%) multidrug-resistant bacteria overall. Statistically significant 
factors included viral load, cigarette smoking, cluster of differentiation 4 count, alcohol use, World Health Organization 
clinical stages III and IV and low white blood cell count.
Conclusion: The study found that both multidrug resistance and bacterial pneumonia were high. Thus, bacterial culture and 
antimicrobial susceptibility tests should be routinely performed in health facilities in order to prevent and control the spread 
of bacterial infection and concurrent drug resistance.
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Introduction

Pneumonia is one of the most common pulmonary complica-
tions in human immunodeficiency virus (HIV)-positive 
patients.1 As HIV influences both the humoral and cellular 
components of innate immunity; these alterations are spe-
cific and are evident even with relatively preserved cluster of 
differentiation 4 (CD4+) T cell counts and undetectable viral 
loads. Impaired innate immune function, particularly in the 
setting of CD4+ T cell depletion, may contribute to the 
pathogenesis of opportunistic lung infections.2

Pneumonia is caused by various groups of micro-organ-
isms. In fact, the most common etiological agents are bacte-
ria.3 Bacterial pneumonia is well known to occur at an 
elevated incidence in individuals living with HIV.4 Patients 
with acquired immune deficiency syndrome (AIDS) and 
HIV infection at the beginning of the HIV outbreak have a 
documented rise in the rate of bacterial infection.5 HIV 
patients are more vulnerable to opportunistic and bacterial 
infections due to alteration of host T-cell function, impaired 
phagocytic response of neutrophils and macrophages and the 
inability of B-cells to produce specific and increasing anti-
bodies.6 Infection of pulmonary macrophages and lympho-
cytes with HIV-1 plays a key role in pulmonary disease 
pathogenesis in AIDS.7

Pneumonia is the fourth most common cause of death 
worldwide, after ischemic heart disease, stroke, and chronic 
obstructive pulmonary disease, and it is the second most 
common reason for years of life lost.8 It is more frequent in 
HIV patients, being 5–15 times more common in them than 
in HIV negative individuals.9

Pulmonary complications are a major cause of morbidity 
and mortality among HIV-infected patients globally.10 The 
incidence of bacterial disease among HIV-infected individu-
als has been substantially reduced by the use of antiretroviral 
therapy in both developed and developing countries.11 
However, even in patients with antiretroviral treatment 
(ART) and high CD4+ counts, bacterial pneumonia remains 
high.12 The incidence of bacterial pneumonia among HIV-
infected people increased with poor HIV/AIDS control, most 
commonly manifested by increased viral load and lower 
CD4 count.13

The most common bacterial pathogens that cause bacte-
rial pneumonia are Streptococcus pneumoniae, Haemophilus 
influenzae, Klebsiella pneumoniae, Pseudomonas aerugi-
nosa, Escherichia coli and Staphylococcus aureus.14 In 
Spain, a prospective observational study showed that S. 
pneumoniae was the leading species in causing bacterial 
pneumonia, accounted for 31.7%.11 Another study revealed 
that from 161 HIV-infected individuals, bacterial pneumonia 
was 17%. In addition, S. Pneumoniae was the most predomi-
nant bacteria (30%), followed by H. influenzae and S. aureus, 
accounted for 2%.15 Moreover, bacterial pneumonia was pre-
dominant in HIV-positive patients, accounted for 54%.16 The 

most common bacterial isolates were K. pneumoniae 27.0%, 
S. aureus 20.8%, S. pneumoniae 18.8%, E. coli 8.3%, H. 
influenzae, Klebsiella oxytoca, P. aeruginosa, 4.2% each, 
Enterobacter spp. 2.1% and unidentified Gram-negative 
bacteria 10.4%.17

Inappropriate use of antimicrobials provides selective 
pressure that favors the emergence of resistant strains in 
pathogenic bacteria. The majority of bacterial isolates found 
in people infected with HIV have varying levels of antimi-
crobial resistance.18 Multidrug resistance is defined as a bac-
terium which is non-susceptible to at least one agent in three 
or more antimicrobial categories.19,20

In the study area, the most commonly prescribed drugs 
for pneumonia were amoxicillin, amoxicillin-clavulanic 
acid, erythromycin, gentamicin and ceftriaxone without  
antimicrobial susceptibility testing (AST). This empirical 
method of treatment favors the emergence of drug-resistant 
bacterial strains. The emergence of drug-resistant bacterial 
strains poses difficulty in the management of pneumonia 
among HIV-positive patients. Therefore, this study was 
aimed to assess bacteriology of community-acquired pneu-
monia (CAP), antimicrobial susceptibility pattern and asso-
ciated risk factors among HIV patients in the Northeast 
Ethiopia: cross-sectional study.

Method and materials

Study setting and design

A health facility-based cross-sectional study was conducted 
from January to April 2021 at the ART clinics of six health facil-
ities in Dessie town, Northeast Ethiopia. These health facilities 
were Dessie Comprehensive Specialized Hospital, Selam 
General Hospital, Borumeda General Hospital, Dessie Health 
Centre, Ethio General Hospital and Bati General Hospital.

Inclusion and exclusion criteria.  All HIV-positive patients from 
selected health facilities who were enrolled in the ART clinic 
and showed clinical signs and symptoms of pneumonia, such 
as shortness of breath, chest pain, fever, chills, fatigue, and 
cough, during data collection were included. However, 
patients who were critically ill and unable to expectorate 
sputum were excluded.

Population.  All individuals living with HIV and who were 
enrolled at the ART clinics of health facilities in Dessie town 
were the source of population. Whereas HIV patients who 
were enrolled in the ART clinic of selected health facilities 
developed clinical evidence of CAP and were available in 
the ART clinic during the study period.

Sample size and sampling technique.  The sample size was 
determined using a single population proportion formula 
considering (43.7%) taken from a previous study conducted 
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in patients suspected to have pneumonia in Mekelle, North-
ern Ethiopia,21 marginal error of 5% and 95% confidence 
interval (CI) = 1.96 by using the following formula:

n Z p p

d
a= −( )  ( ) * */2

2

2

1

where n = the minimum sample size required, Za/2 = the sig-
nificant value for 95% CI, P = the expected prevalence of 
pneumonia infection, and d = the margin of error, finally a 
total of 378 study participants with clinically diagnosed CAP 
(CD-CAP) were selected using a systematic random sam-
pling. HIV-positive patients who received antibiotics within 
the past 2 weeks except cotrimoxazole were excluded.
[LE]

Operational definitions
Hand washing habit.  Either washing hands with soap and 

water or killing germs on the hands with an at least 60% 
alcohol-based hand sanitizer or rub. When you clean your 
hands, you remove many germs.22

Smoking habit.  Smoker consuming between 11–19 ciga-
rettes and above 20 cigarettes or more per day.23

ART failure.  ART failure is defined as progression of the 
disease and high risk of mortality after the beginning of 
ART.24

Co-infection.  Co-infection is the simultaneous infection 
of a host by multiple pathogen species, for instance multi-
parasite infections.25

Body mass index.  Body fat based on height and weight 
that applies to adult men and women.26

The normal range for a white blood cell count is typically 
between 4000 and 11,000/microliters. Factors like age and 
sex may determine what a normal range type of WBC: nor-
mal percentage of overall lymphocyte: 20% to 40%, neutro-
phil: 55% to 70%, eosinophil: 1% to 4%, monocyte: 2% to 
8% and basophil: 0% to 2%.27

Specimen collection and processing

In total, 2 ml sputum specimens were collected using clean, 
dry, sterile, wide-necked and leak-proof containers from 
each study participant. Sputum samples were transported 
immediately to Wollo University Microbiology Laboratory 
for analysis. Sputum samples were stored at 4 °C if a speci-
men processing delay existed.28 Blood samples were also 
collected for viral load, CD4+ cell and white blood cell count 
during data collection.

Gene Xpert test was performed for mycobacterium  
analyses.29 Gram staining with more than 25 polymorphic 

nuclear leukocytes and <10 epithelial cells were considered 
as good and cultivated. However, specimens with more than 
10 epithelial cells and less than 25 polymorphic nuclear leu-
kocytes per high power field (100X) were not good and 
discarded.28

A sterilized loop of specimens were streaked onto Blood 
agar (HiMedia™), Chocolate agar and MacConkey agar 
(HiMedia™). The Chocolate agar was incubated in a candle 
jar at 37 °C for 24–48 h. Whereas, Blood Agar and MacConkey 
agar was aerobically incubated for 24 h at 37 °C.30,31 Positive 
growth on Blood agar and MacConkey agar (HiMedia™) 
was subculture onto Nutrient agar (HiMedia™) for biochemi-
cal and antimicrobial susceptibility test.

Bacterial isolation and identification

The bacteria isolate was characterized using colony mor-
phology, haemolysis pattern, Gram staining, and biochemi-
cal tests following the standard microbiological procedure. 
The significant bacterial count was carried out and the sig-
nificant bacterial count was reported on the basis of observ-
ing an excess of 105 CFU/ml.28 Gram-positive cocci were 
distinguished and recognized based on Gram stain, blood 
agar haemolysis patterns, colonial characteristics, catalase 
test, coagulase test, mannitol fermentation test, and optochin 
(5 μg) susceptibility. Gram-negative bacteria were identified 
based on Gram reaction, colony morphology and pigmenta-
tion, oxidase test, fermentation of carbohydrates, H2S pro-
duction, motility, formation of indole, triple sugar iron agar 
and citrate utilization, lysine decarboxylase or methyl red 
vogues Proskur utilization, urea hydrolysis and satellite tests.

Antimicrobial susceptibility testing.  The isolated organism was 
tested against antibiotic agents using the Kirby Bauer disc 
diffusion method on Muller Hilton agar (HMEDIA). Briefly, 
single pure colonies of isolated species from nutrient agar 
were picked and transferred to a tube containing 5 ml tryp-
tone-soya broth and mixed to make a homogenous suspen-
sion, then incubated at 37 °C until the turbidity of the 
suspension was matched to a 0.5 McFarland standard. Using 
sterile swab, the inoculum suspension was inoculated over 
the entire surface of the Mueller Hinton agar plate.32 After 
application of the selected antimicrobial disks, the plate was 
incubated overnight at 37 °C for 16–18 h. Inhibition zone 
diameter was measured and the degree of susceptibility was 
interpreted to each antibiotic according to Clinical and labo-
ratory standards institute (CLSI) guideline.33 Antibacterial 
agents were selected based on local prescription habit and 
CLSI recommendations.

The standard antibiotic discs (Liofilchem-Italy, HARDY 
Diagnosis-Santa Maria, USA) and its concentrations used as: 
penicillin (10 μg), chloramphenicol (30 μg), ciprofloxacin 
(5 μg), clindamycin (30 μg), cefoxitin (30 μg), trimethoprim-
sulfamethoxazole (1.25/23.75 µg), cefotaxime (30 µg), ceftri-
axone (30 μg), erythromycin (15 μg) and oxacillin (30 μg) are 
the antimicrobial agents that can be used by Gram-positive 
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bacteria. Chloramphenicol (30 μg), ciprofloxacin (5 μg), tet-
racycline (30 μg), gentamicin (10 μg), trimethoprim-sul-
famethoxazole (1.25/23.75 µg), ceftriaxone (30 μg), 
piperacillin-tazobactam (100/10 µg), ceftazidime (30 µg), 
amikacin (30 µg), ampicillin (10 µg), amoxicillin-clavulanic 
acid (20/10 μg), meropenem (10 μg) and amoxicillin (10 µg) 
can be used for Gram-negative bacteria.33,34

Diameters of zones of inhibitions were measured using 
digital caliper. The interpretation of results of antimicrobial 
susceptibility tests were based on the standardized table sup-
plied by CLSI33 as sensitive, intermediate or resistant. 
Moreover, an isolate was considered Multidrug resistance 
(MDR) if it is resistant to at least one agent in three or more 
antimicrobial categories.35

Quality control.  Training was given for data collectors; the 
completeness of the questionnaires was checked by the prin-
cipal investigator, and about 5% of the questionnaire was 
pretested at Meseret specialized clinic. Quality control of 
culture media was verified for sterility testing by overnight 
incubation of 5% of uninoculated plates/tubes of the pre-
pared media from each batch. Standard reference strains of 
S. aureus American type culture collection (ATCC-25,923), 
E. coli (ATCC-25,922) and P. aeruginosa (ATCC-27,853) 
and for fastidious organisms, H. influenzae (ATCC 49,247) 
and S. pneumoniae (ATCC 49,619) were used as control 
strains.

Statistical analysis.  All the data were entered using Epi-data 
version 4.6.0.4 and exported to Statistical package for social 
science version 25 for analysis. Descriptive statistics were 
performed. Bivariate and multivariate analyses were done. 
Variables with a p-value less or equal to 0.25 in bivariable 
analysis were subjected to multivariable analysis. Adjusted 
odd ratio with p value of <0.05 with 95% CI was statistically 
significant. Results were presented using graphs and tables.

Ethical considerations.  Ethical approval was obtained from 
the ethical review committee of the College of Medicine and 
Health Sciences, Wollo University with a protocol number of 
CMHS/HC/354/13. Written informed consent was obtained 
from the subjects and the legally authorized representatives 
of the minor subjects prior to study initiation. Confidentiality 
and any special data security requirements were maintained 
and assured. All data and sample collected were kept confi-
dential and used only for the purpose of the study. The posi-
tive cases were communicated with t physicians in order to 
initiate their treatment and management accordingly.

Result

Sociodemographic characteristics

The mean age of the study participants was 40.09 (±12.24)  
years, ranges from 10 to 70 years. Half (50.5%) of the study 

participants were females and majority of the study participants 
were urban dwellers (76.5%). In addition, 84% and 35% of par-
ticipants were married and daily worker, respectively. Two hun-
dred fifty-eight (68.3%) participants were living in a family 
having less than five members (Table 1).

Clinical and behavioural characteristics

Over 378 participants, 258 (68.4%) were non-smokers, 275 
(72.8%) were never drink alcohol and 299 (79.1%) were 
chewed chat. Among 378 participants, 168 (44.4%), 183 
(48.4%) and 137 (36.2%) participants were on World Health 
Organization (WHO) stage-II. viral load and CD4 count of 

Table 1.  Sociodemographic characteristics of pneumonia-
suspected HIV-positive study participants (n = 378) at Dessie 
town health facilities, Northeast Ethiopia, 2021.

Demographic and clinical variables Frequency Percentage (%)

Sex  
  Male 187 49.5
  Female 191 50.5
Age in years  
  10–16 10 2.6
  17–30 77 20.4
  31–45 174 46
  >45 117 31
Residence  
  Rural 89 23.5
  Urban 289 76.5
Education status  
  Unable to read and write 104 27.5
  Only read and write 37 9.8
  Primary school completed 100 26.5
  Secondary school completed 64 16.9
  College and above 73 19.3
Occupation  
  Employed 82 21.7
  Student 27 6.3
  Merchant 97 25.7
  House wife 28 7.4
  Farmer 16 4.2
  Daily laborer 131 34.7
Marital status  
  Single 25 6.6
  Married 318 84.1
  Divorced 18 4.8
  Widowed 17 4.5
No of family members  
  One 19 5.0
  Two 41 10.8
  Three 90 23.8
  Four 108 28.6
  Five 63 16.7
  >Six 57 15.1
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<150 copies/cell and 201–350 cells/mm3, respectively. 
Moreover, half of the study participants had a white blood 
cell count of less than 4000 cells/mm3 (Table 2).

Prevalence of bacterial isolates

The overall prevalence of bacterial infection was 46.3% (95% 
CI: 41.3%–51.3%), and almost equal prevalence rate was 
observed among male and female participants. Of the total 
175 isolates, Gram-negative bacteria accounted for 119 
(68%). Overall, the predominant isolates identified were S. 

pneumoniae 49 (28%) followed by K. pneumoniae 46 
(26.3%), P. aeruginosa 34 (19.4%). Whereas, the least identi-
fied bacteria were Acinetobacter species and Proteus vulu-
garis 2 (1.1%) each (Figure 1).

Antimicrobial susceptibility profile of bacterial 
isolates

Gram-positive bacteria showed high levels of resistance to 
tetracycline 49 (87.5%), penicillin 48 (85.7%), trimetho-
prim-sulfamethoxazole 34 (78.6%) and chloramphenicol 37 

Table 2.  Behavioural, clinical and health-related characteristics of pneumonia suspected HIV-positive study participants (n = 378) at 
Dessie town health facilities, Northeast Ethiopia, 2021.

Variables Category Frequency Percentage (%)

Hand washing habit Yes 366 (96.8)
No 12 (3.2)

Cigarette smoking Yes 120 (31.6)
No 258 (68.4)

Alcohol consumption Always 23 (6.1)
Some times 80 (21.2)
Never 275 (78.7)

Chat chewing Always 26 (6.9)
Some times 53 (14)
Never 299 (79.1)

Current WHO clinical stage Stage-I 127 (33.6)
Stage-II 168 (44.4)
Stage-III 67 (17.7)
Stage-IV 16 (4.2)

CD4 count 0—200 51 (13.5)
201—350 137 (36.2)
351—500 99 (26.2)
>500 91 (24.1)

White blood cell counts Low 185 (48.9)
Normal 170 (45.0)
High 23 (6.1)

Viral load count >1000 copies/cell  180 (47.6)
150–1000 copies/cell  15 (4.0)
<150 copies/cell  183 (48.4)

History of hospitalization in the last 6 months Yes 43 (11.4)
No 335 (88.6)

Prophylaxis TMP.SMX Yes 193 (51.1)
No 185 (48.9)

Co-infection Yes 62 (16.4)
No 318 (83.6)

ART failure Yes 49 (13.0)
No 329 (87.0)

Current BMI Under weight 108 (28.6)
Normal 237 (62.7)
Over weight 33 (8.7)

ART treatment duration 7–12 months 3 (0.8)
1–5 years 72 (19)
>5 years 303 (80.2)

WHO = World Health Organization; ART = antiretroviral treatment; BMI = body mass index; CD4 = cluster of differentiation 4.
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(66.1%). whereas 40 (71.4%) and 42 (75%) of the Gram-
positive isolates were sensitive to clindamycin and oxacillin, 
respectively. Moreover, 57% of S. aureus isolates also 
showed resistance to methicillin (Table 3).

Majority of the Gram-negative isolates showed resistance 
rate of 67 (88.2%) for tetracycline, 65 (88.2%) for Ampicillin 
and 65 (87.8%) for amoxacillin-clavulinic acid. Rates of 
resistance of Gram-negative bacterial isolates against cef-
tazidime, tetracycline, trimethoprim-sulfamethoxazole, 
chloramphenicol, amoxacillin-clavulinic acid, cefotaxime, 

amikacin, ceftriaxone, meropenem and gentamicin ranged 
from 45 (37.8%)–67 (88.2%). However, Gram-negative bac-
terial isolates showed relatively low resistance against ami-
kacin 45 (37.8) and meropenem 47 (39.5) (Table 4).

MDR patterns of the isolates

Overall, 173 (98.9%) bacterial isolates were resistant to at 
least one antimicrobial agent and 167 (95.4%) isolates were 
resistant to ⩾2 antimicrobials. About 25 (143%) isolates had 

Figure 1.  Frequency of bacteria isolated from pneumonia suspected HIV-positive patients at Dessie town health facilities, Northeast 
Ethiopia, 2021.

Table 3.  Antimicrobial resistance and susceptibility pattern of Gram-positive bacteria isolated from pneumonia-suspected HIV-positive 
patients at Dessie town health facilities, Northeast Ethiopia, 2021.

Gram-positive 
bacterial isolates

Antimicrobial agents tested 

  E
N (%)

FOX
N (%)

C
N (%)

CXT
N (%)

CRO
N (%)

CIP
N (%)

SXT
N (%)

CL
N (%)

OX
N (%)

TE 
N (%)

P 
N (%)

S. pneumoniae(49) S 21 (42.9) NT 13 (26.5) 26 (53.1) 26 (53.1) NT 10 (20.4) 36 (73.5) 37 (75.5) 6 (12.4) 7 (6.3)
R 28 (57.1) NT 36 (73.5) 23 (46.9) 23 (46.9) NT 39 (79.6) 13 (27.3) 12 (24.5) 43 (87.6) 41 (83.7)

S. aureus (7) S 3 (42.9) 3 (42.9) 3 (42.9) 3 (42.9) 4 (57.1) 4 (51.1) 2 (28.6) 4 (57.1) 5 (71.4) 1 (14.3) 1 (14.3)
R 4 (57.1) 4 (57.1) 4 (57.1) 4 (57.1) 3 (42.9) 3 (42.9) 5 (71.4) 3 (42.9) 2 (28.6) 6 (85.7) 6 (85.7)

Total (56) S 24 (42.9) 3 (42.9) 19 (33.9) 29 (51.8) 30 (53.6) 4 (51.1) 12 (21.4) 40 (71.4) 42 (75) 7 (12.5) 8 (14.3)
R 32 (57.1) 4 (57.1) 37 (66.1) 27 (48.2) 29 (46.3) 3 (42.9) 34 (78.6) 16 (28.6) 12 (25) 49 (87.5) 48 (85.7)

CL = Clindamycin; E = Erythromycin; C = Chloramphenicol; CIP = Ciprofloxacin; TE = Tetracycline; SXT = Trimethoprim-Sulfamethoxazole; CRO = Ceftriax-
one; P = penicillin; R = Resistant; OX = oxacillin; FOX = Cefoxitin; S = Sensitive; NT = Not tested.
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Table 5.  Multidrug resistance profile of bacterial isolates (n = 175) from pneumonia-suspected HIV-positive participants at Dessie town 
health facilities, Northeast Ethiopia, 2021.

Isolated 
bacteria

Antimicrobial resistance pattern MDR; n (%)

Ro; n (%) R1; n (%) R2; n (%) R3; n (%) R4; n (%) ⩾R5; n (%)

Gram 
positive

0 (0) 2 (3.6) 7 (12.5) 28 (50) 16 (28.6) 3 (5.4) 47 (83.9)

S. 
pneumoniae

0 (0) 2 (4.8) 5 (30.6) 25 (28.6) 14 (20.4) 3 (6.1) 42 (85.7)

S. aureus 0 (0) 0 (0) 2 (28.5) 3 (43) 2 (28.5) 0 (0) 5 (71.42)
Gram 
negative

2 (1.7) 2 (3.4) 14 (11.8) 52 (43.7) 28 (23.5) 22 (18.5) 101 (84.9)

K. 
pneumoniae

0 (0) 2 (4.3) 1 (2.2) 22 (47.8) 11 (23.9) 10 (21.7) 43 (93.4)

P. aeruginosa 1 (2.9) 0 (0) 4 (11.8) 21 (55.9) 5 (14.7) 3 (21.4) 29 (85.3)
E. coli 0 (0) 0 (0) 1 (12.5) 2 (25) 2 (25) 3 (37.5) 7 (87.5)
C. freundii 0 (0) 0 (0) 2 (22.2) 0 (0) 2 (22.2) 5 (55.55) 7 (77.77)
Enterobacter 
spp.

0 (0) 0 (0) 1 (16.7) 1 (16.7) 3 (33.3) 1 (16.7) 5 (83.3)

H. influenzae 1 (11.1) 0 (0) 1 (22.2) 4 (33.30) 3 (33.3) 0 (0) 7 (77.7)
P. mirabilis 0 (0) 0 (0) 1 (33.3) 0 (0) 2 (66.7) 0 (0) 2 (66.7)
P. vulgaris 0 (0) 0 (0) 1 (50) 1 (50) 0 (0) 0 (0) 1 (50)
Acinetobacter 
speciesa

0 (0) 0 (0) 2 (100) 2 (100) 0 (0) 0 (0) 2 (100)

Overall 
totalb

2 (1.1) 6 (3.4) 21 (12) 80 (45.7) 44 (25.1) 25 (14.3) 148 (84.6)

MDR = multidrug resistance; R0 = No antibiotic resistance; R1 = resistance to one; R2 = resistance to two; R3 = resistance to three; R4 = resistance to four; 
R4 = resistance to four antibiotics; R5 = resistance to five and more than five antibiotics class.
aPercent is computed from the total number of each bacteria species.
bPercent is computed from a total number of isolates.

resistance to five and more antimicrobials. The overall prev-
alence of MDR bacteria was 148 (84.6%). The MDR rate of 
Gram-positive and Gram-negative isolates was 47 (83.9%) 
and 101 (84.9%), respectively. About 43 (93.4%) of K. pneu-
moniae, 7 (87.5%) of E. coli, 42 (85.7%) of S. pneumoniae, 
5 (83.3%) of Enterobacter spp. and 67% of H. influenzae 
isolates developed MDR (Table 5).

Factors associated with bacterial infection

All variables with a p-value of 0.25 in the bivariate analysis 
were entered into multivariable logistic regression analysis. 
Accordingly, alcohol consumption frequently (Adjusted 
Odds Ratio (AOR) = 3.474, 95% CI: 1.07–11.31, p = 0.039), 
viral load >1000 copies/ml (AOR = 4.88, 95% CI: 1.88–
36.54, p = 0.002), cigarette smoking (AOR = 3.87, 95% CI: 
1.56–54.87, p = 0.023), CD4+ cell count less than 200 cells/
mm3 (AOR = 6.5, 95% CI: 1.16–11.21, p = 0.027), WHO 
HIV clinical stage IV (AOR = 9.51, 95% CI: 1.66–54.45, 
p = 0.011), educational status of participants who only read 
and write (AOR = 3.415, 95% CI: 1.48–22.88, p = 0.006); 
and most white blood cell count less than 4000 cells/mm3 
(AOR = 3. 5, 95% CI: 1.90–19.57, p = 0.023) were found to 
have statistically significant association with bacterial infec-
tion (Table 6).

Discussion

Bacterial pneumonia turns into the most common infection 
in HIV-infected patients and the most joint cause of hospital 
admission and mortality in high HIV epidemic countries.36

In the present study, the overall prevalence of culture pos-
itive sputum among HIV-positive patients was 46.3%. This 
is comparable with previous studies done in Ethiopia such as 
Mekelle 43.7%,21 Jimma 45%37 and Arbaminch 42.9%,38 
and other parts of the world including Nigeria 42.9%39 and 
Nepal 46.6%.30 The current finding, however, is higher than 
previous reports from India (16.6%9 and 17.1%),43 Malawi 
29%,40 Nepal 39.7%17 and Ethiopia (32.1% and 40.3%),41,42 
but lower than previous prevalence reports from Nigeria 
(54.07% and 55.6%)43,44 and Spain 53.5%.16 The observed 
inconsistency might be due to methodological differences, 
sample size, seasonal variations, or sociodemographic vari-
ability of the study participants. Besides, the majority of our 
study participants had CD4 cell counts of less than 350 cells/
mm3 and a higher viral load, which subsequently increases 
the incidence of bacterial infection and leads to concurrent 
opportunistic infections.7

Similarly, like most previous study reports in our country 
and elsewhere, our findings showed that the majority of the 
isolated etiological agents were Gram-negative bacteria (68%). 
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Table 6.  Bivariable and multivariable logistic regression analysis of factors associated with bacterial pneumonia among pneumonia 
suspected HIV patient’s infection at Dessie town health facilities, Northeast Ethiopia, 2021.

Variable of study 
participant

Category Bacterial growth N (%) COR (95% CI) p-Value AOR (95% CI) p-Value

Yes No

Sex Male 87 (46.5) 100 (53.5) 1.8 (0.68–12.53) 0.93 NA  
Female 88 (46) 103 (54) Ref  

Age of study 
participant

10–16 4 (40) 6 (60) Ref  
17–30 27 (35.1) 50 (64.9) 1.57 (0.15–2.13) 0.405  
31–45 81 (46.6) 93 (53.4) 1.46 (0.26–0.84) 0.34  
>45 63 (53.8) 54 (46.2) 1.747 (0.47–1.19) 0.28  

Alcohol drinking habit Always 13 (56.5) 10 (43.5) 9.46 (1.04–5.83) 0.18 3.47 (1.07–11.31) 0.039*
Sometimes 67 (83.8) 13 (16.20) 1.76 (5.13–18.59) 0.29  
Never 95 (34.5) 180 (65.50) Ref  

Occupational status Employed 20 (24.4) 62 (75.6) Ref  
Student 9 (37.5) 15 (62.5) 1.86 (0.71–4.90) 0.209  
Merchant 52 (53.6) 45 (46.4) 1.75 (0.88–16.81) 0.35  
House wife 17 (60.7) 11 (39.3) 1.9 (0.92–11.91) 0.28  
Farmer 7 (43.8) 9 (56.2) 1.41 (0.80–17.04) 0.25 1.90 (0.06–15.29) 0.061
Daily labor 70 (53.4) 61 (46.4) 3.56 (1.93–6.55) 0.01 2.25 (1.09–6.71) 0.009*

Educational status Illiterate 52 (50) 52 (50) 1.43 (0.783–2.623) 0.12 3.45 (1.48–22.88) 0.006*
Only read and write 29 (78.4) 8 (21.6) 1.6 (0.89–12.92) 0.26  
Primary school 38 (38) 62 (62) 0.88 (0.47–1.63) 0.681  
Secondary-school 26 (40.6) 38 (59.4) 0.981 (0.50–1.94) 0.955  
College and above 30 (41.1) 43 (58.9) Ref  

Residence Rural 57 (64) 32 (36) 2.58 (1.58–4.22) 0.15 2.579 (1.66–18.06) 0.025*
Urban 118 (40.8) 171 (59.2) Ref  

CD+ count <200 cells/mm3 35 (68.6) 16 (31.4) 5.51 (8.04–49.39) 0.018 6.50 (1.16–11.21) 0.027*
201–350 cells/mm3 95 (69.3) 42 (30.7) 4.90 (9.46–44.88) 0.21 3.20 (0.72–13.11) 0.128
351–500 cells/mm3 36 (36.4) 63 (63.6) 0.56 (0.23–11.60) 0.65  
>500 cells/mm3 9 (9.9) 82 (90.1) Ref  

WBC cells count Low (<4000) 134 (72.4) 51 (27.6) 11.80 (1.71–19.52) 0.017 3.50 (1.90–19.57) 0.023*
High (>11,000) 10 (43.5) 13 (56.5) 0.74 (0.45–13.76) 0.35  
Normal (4000–11,000) 31 (1) 139 (82.5) Ref  

WHO clinical stage Stage I 32 (25.2) 95 (74.8) Ref  
Stage II 88 (52.4) 80 (47.8) 0.56 (0.19–11.65) 0.290  
Stage III 49 (73.1) 18 (26.9) 1.86 (0.65–5.34) 0.251  
Stage IV 10 (62.5) 6 (37.5) 4.54 (1.44–14.29) 0.010 9.51 (1.66–54.47) 0.011*

Marital status Single 5 (20) 20 (80) Ref  
Divorced 7 (38.9) 11 (61.1) 1.26 (0.96–0.71) 0.58  
Widowed 7 (41.2) 10 (58.8) 1.66 (0.25–1.75) 0.404  
Married 156 (49.1) 162 (50.9) 1.73 (0.27–1.96) 0.528  

Current smoking habit Yes 88 (73.3) 32 (26.70) 5.45 (1.35–8.73) 0.021 3.87 (1.56–23.82) 0.023*
No 87 (33.7) 171 (66.3) Ref  

Chat chewing habit Always 20 (76.9) 6 (23.1) 3.48 (2.14–14.07) 0.011 8.48 (1.87–30.07) 0.001*
Sometimes 42 (79.2) 11 (20.8) 3.28 (3.11–12.70) 0.056  
Never 113 (37.8) 186 (62.8) Ref  

Viral load >1000 copies/ml 147 (81.7) 33 (18.3) 6.99 (2.8–58.46) 0.021 4.85 (1.88–36.54) 0.002*
150–1000 copies/ml 6 (40) 9 (60) 1.88 (0.58–15.03) 0.21  
<150 copies/ml 22 (12.0) 61 (88) Ref  

Underlying chronic 
diseases

Yes 22 (84.6) 4 (15.4) 2.14 (0.45–11.41) 0.45  
No 153 (43.5) 199 (56.5) Ref  

Coinfection/
comorbidity

Yes 42 (84) 8 (16) 1.13 (0.66–25.29) 0.29  
No 133 (40.5) 195 (59.5) Ref  

 (Continued)
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This finding is compatible with similar studies done in Addis 
Ababa,41 Tanzania45 and Nepal.17 However, it is different from 
the study reports in Bahirdar44) and Jimma.43 Etiological differ-
ences might be due to environmental contamination and the 
fact that the majority of Gram-positive bacteria are vulnerable 
to antibiotics that are widely self-administered, especially the 
concurrent use of cotrimoxazole drug as a prophylactic agent 
among HIV patients, which may result in a reduction in the 
incidence of Gram-positive bacteria.

In the present study, the predominant isolate was S. pneu-
moniae 49 (26.3%) followed by K. pneumoniae 46 (47.4%) 
and P. aeruginosa 34 (19.4%). This result is inconsistent with 
other studies conducted in Ethiopia such as Arbaminch,38 
Jimma,43 Bahirdar,44 others with different geographical 
regions of the world like India,1,46 United Kingdom40 and 
Spain15 showed that S. pneumoniae was the predominant iso-
late On the contrary, previous studies conducted in Mekelle,21 
Addis Ababa41 Tanzania45 and Bahirdar47; and elsewhere in 
the world including Nepal,17 Nigeria43,44 and India.14,26,48 This 
dominance could be attributed to their capsular nature and the 
emergence of strains from both species with additional 
genetic traits. The bacteria’s ability to form biofilm, fimbriae 
and capsular protein to prevent phagocytosis by polymorpho-
nuclear leukocytes and macrophages, as well as the emer-
gence of strains that can acquire additional genetic traits, may 
explain the bacteria’s dominance49 and capsule that causes 
severe pneumonia in immunocompromised people.50

According to the international standard for the definition 
of drug resistance,16 the overall multidrug resistance was 
found in 84.6% of the total isolated bacteria. This finding 
was slightly higher as compared to the studies conducted in 
Bahirdar Ethiopia 76%,42 Nigeria (67.2%)51 and Cameron 
79.4%.52 The result was much higher than a study reported 
from Ethiopia that ranged from 17.9%–56.7%18,29,30; and a 
systematic review report of 59.7% overall MDR prevalence 
in Ethiopia.52 The reason for the high MDR prevalence might 

be due to poor infection control strategies, inappropriate uti-
lization of antimicrobial agents in empirical treatment, 
extreme antibiotic use, and self-antibiotic prescribing hab-
its.18 MDR was found in 43 (93.4%) of K. pneumoniae iso-
lates, 7 (87.5%) of E. coli isolates, 42 (85.7%) of S. 
pneumoniae isolates, 5 (83.3%) of Enterobacter spp. isolates 
and 67% of H. influenzae isolates. This is mainly attributed 
to the ability of those species to express resistance genes, 
including external and spread on mobile genetic elements, 
produce extended-spectrum beta-lactamases and carbapen-
ems, aminoglycoside-modifying enzymes, and porin-efflux 
mechanisms, which are the main contributing factors of 
MDR.53,54

In this study, Gram negative bacteria showed the highest 
resistance rate to 67 (88.2%) for tetracycline, 65 (88.2%) for 
ampicillin and 65 (87.8%) for amoxacillin-clavulinic acid. 
Similar findings have been reported in previous studies done 
in Bahirdar,42 Jimma,41 Mekele,21 Nigeria,43 Nepal17 and 
India.14 This could be due to the drug’s long-term overuse, 
the expression of extended-spectrum beta-lactamases, which 
were developed to resist penicillin, cephalosporins, and 
monobactams, and the expression of carbapenems, which 
provides resistance to those -lactams, including carbapen-
ems. The capsule, production of biofilm, efflux pumps and 
production of polysaccharide matrix that coats the cell can 
limit the penetration of certain agents.55,56 On the other hand, 
lower resistance was observed against gentamicin, amikacin, 
ciprofloxacin, and meropenem, which is indicative of a pos-
sible drug of choice for such infections.

In our study, Gram-positive bacteria were resistant to tetra-
cycline 49 (87.5%), penicillin 48 (85.7%), trimethoprim-sul-
famethoxazole 34 (78.6%) and chloramphenicol 37 (66.1%). 
which is in line with previous studies conducted in 
Arbaminch,38 Jimma,41 India14 and Nepal.57 This might be due 
to Lack of pump inhibition, efflux proteins, structural modifi-
cations.58 Furthermore, long-term usage, easy availability, 

Variable of study 
participant

Category Bacterial growth N (%) COR (95% CI) p-Value AOR (95% CI) p-Value

Yes No

History of ART failure Yes 16 (61.5) 10 (68.5) 1.52 (0.23–13.17) 0.312  
No 159 (45.2) 193 (54.80) Ref  

BMI Under weight 82 (75.9) 26 (24.1) 1.519 (0.39–12.72) 0.65  
Over weight 12 (36.4) 21 (63.4) 0.91 (0.43–1.94) 0.804  
Normal weight 81 (36.2) 156 (65.8) Ref  

ART treatment 
duration

7–12 months 2 (66.7) 1 (33.3) Ref  
1–5 years 28 (38.9) 44 (61.1) 0.67 (0.28–1.56) 0.340 NA  
>5 years 145 (47.9) 158 (52.1) 0.99 (0.46–2.3) 0.999  

Cotrimoxazole 
prophylaxis

Yes 143 (74.1) 50 (25.9) Ref  
No 32 (17.3) 153 (82.7) 0.65 (0.48–2.10) 0.35 NA  

ART = antiretroviral therapy; AOR = adjusted odds ratio; BMI = body mass index; CI = confidence interval; COR = crude odds ratio; Ref = reference.
*Significant at p < 0.05.

Table 6.  (Continued)
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common prophylaxis and indiscriminate use of commonly 
used drugs such as trimethoprim-sulfamethoxazole and peni-
cillin could lead to an increase in resistance. On the other 
hand, Gram-positive isolates showed sensitivity of 70.0% to 
clindamycin, 62.1% to ceftriaxone, and 72.4% to oxacillin, 
which was also in agreement with other studies conducted in 
Mekelle,21 Bahirdar,44 China59 and India.60

Cotrimoxazole has been used as a prophylactic agent 
against opportunistic infections in HIV/AIDS patients 
around the world for over 10 years, and it is now used in all 
HIV/AIDS patients as a prophylactic agent.61 In our study, 
193 patients were given cotrimoxazole and 69.5% of bacte-
rial isolates were resistant to cotrimoxazole. This finding 
was supported by a study report from Tanzania (81.3%).61 
This might be attributable to long-term usage of cotrimoxa-
zole as prophylaxis and a common antibacterial agent, which 
subsequently led to increased development of resistance.61

Patients with CD4+ count less than 200 cells/mm3, viral 
load 1000 copies/ml and viral load >1000 copies/ml, and 
white blood cell count less than 4000 cells had a statistically 
significant association with the occurrence of CAP in the 
current study, which is comparable to studies from Ethiopia,21 
Nepal,30 India,17 Brazil,12 India14 and Nigeria.44 This might 
be due to the large number of study participants having a low 
CD4+ count and WHO stages III and IV. When depletion of 
the CD4+ T cells occurs, bacterial infection may occur. 
Increasing viral numbers weaken the immune status of the 
patient, causing impairment of their immunological system 
(alveolar CD4+ T-cell function is impaired) and is probably 
related to the impairment of humoral immunity.6,62

Study participants with a viral load of ⩾1000 copies/ml 
were 4.85 times more likely to develop bacterial infection, 
respectively, as compared to individuals having <150 copies/
ml viral load. This is in agreement with studies conducted in 
Ethiopia,44 Spain63 and South Africa.64 This might be due to the 
fact that virus-mediated immunosuppression of the host innate 
immunity exposes the patient to opportunistic bacteria coloni-
zation and viral-induced secondary bacterial infections.62

Cigarette smoking is one of the potential risk factors for 
the development of pneumonia. In our study, pneumonia 
patients who smoked frequently were 3.87 times more likely 
to develop bacterial infection than non-smokers. This was 
comparable with studies done in Ethiopia,21 Brazil12 and 
Nepal,17 Kenya65 and Spain63,66 that showed a significant 
association of cigarette smoking with bacterial infection. This 
is because cigarette smoking produces structural changes in 
the respiratory tract that cause peribronchial inflammation 
and fibrosis, increased mucosal permeability, weakens the 
muco-ciliary clearance, affects pathogen adherence, and dis-
ruption of the respiratory epithelium, which in turn exposes 
one to lower respiratory tract infections, which may increase 
the cigarette smoke-induced lung inflammation.67

Alcohol consumption was also found to have a statisti-
cally significant association with bacterial infection. In our 
study, alcohol consumers were 3.474 times more likely to 
have bacterial pneumonia than non-consumers. This was in 

line with studies done in Ethiopia,21 South Africa68 and North 
America.69 This might be because of the sedative effects of 
alcohol, which can reduce the oropharyngeal tone, leading to 
an increased risk of aspiration of microbes and altering the 
pathophysiology by decreasing the phagocytic function of 
the alveolar macrophages, impairing bacterial clearance and 
diminishing pulmonary defence against infection. 
Furthermore, high levels of alcohol blunt mental function 
and suppress cough and gag reflexes. It also decreases muco-
ciliary clearance, impairing both innate and acquired immu-
nity, reduces the production of chemokines, and blunts the 
chemotaxis of neutrophils.69

Limitation of the study

Due to a lack of resources, we did not attempt to isolate atyp-
ical bacterial agents such as Chlamydia, mycoplasma, or 
Legionella species and respiratory infections. Moreover, 
molecular characterization of the isolated bacterial agents 
was not done.

Conclusion

In the current study, relatively higher proportions of K. pneu-
moniae, P. aeruginosa and S. pneumoniae were the most bac-
terial isolated identified. In this study, majority of isolated 
bacteria were Gram-negative. Most of the isolates were found 
susceptible to gentamicin, cefotaxime and ceftriaxone. 
However, they were resistant to commonly used antimicrobi-
als like amoxicillin, tetracycline, amoxicillin-clavulanate and 
co-trimoxazole. However, antimicrobial resistance including 
MDR was observed to a number of commonly used antibiot-
ics, such as trimethoprim-sulfamethoxazole ampicillin, 
amoxicillin-clavulanic acid and tetracycline. Detectable 
recent viral load, low CD4+ count, late WHO clinical stage, 
cigarette smoking and alcohol consumption were found sig-
nificant predictors of bacterial infection. Thus, preventive 
measures to minimize the risk of the disease including life-
style factors such as smoking and alcohol consumption; and 
advocation of proper antimicrobial usage should be done. 
ART services should strengthen good adherence of ART and 
monitoring to decrease patients’ viral load and increase CD4+ 
counts. Moreover, culture screening and antimicrobial sus-
ceptibility testing should be practiced routinely; and large-
scale population-based surveys are needed to assess 
effectiveness of cotrimoxazole and molecular-based studies 
are needed to monitor the epidemiology of MDR bacterial 
isolates and combat antimicrobial resistance.
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