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Abstract 

Background: Bacterial pneumonia remains the major cause of morbidity and admission 

diagnosis among human immunodeficiency virus-infected individuals. In the study area, 

data about the bacterial profile of pneumonia and their antimicrobial resistance pattern 

among people living with human immunodeficiency virus is limited. Hence, this study 

was aimed to estimate the prevalence of bacterial pneumonia, antibiotic resistance 

patterns of isolated bacteria, and associated factors among HIV patients in Felege Hiwot 

Referral Hospital. 

Method: A Hospital-based cross-sectional study was conducted from February 15 to 

June 15, 2019. Sputum specimens were collected from 163 pneumonia presumptive HIV 

seropositive individuals. Data on socio-demographic characteristics and risk factors were 

also collected using a structured questionnaire. Blood, Chocolate, and MacConkey agar 

plates were used to grow the isolates. The isolated colonies were identified based on Gram 

Stain, colony morphology, hemolysis, and biochemical tests. The antimicrobial 

susceptibility test was performed using the modified Kirby-Bauer Disc Diffusion method. 

Descriptive and multivariate analyses were performed using SPSS version 23. P-value < 

0.05 was considered statistically significant. 

Result: Out of 163 sputum samples, 68 (41.7%) were culture positive for common 

bacterial infections. The predominant bacterial isolates were Klebsiella pneumoniae 19 

(27.9%), and Staphylococcus aureus, 17 (25%). From multivariate analysis, age groups 18-29 

(AOR = 5.4, 95 % CI: 1.26-23.35), age groups 30-39 (AOR = 3.8, 95% CI: 1.03 13.80), 

recent viral load greater than or equal to 150 copies/ml (AOR= 24.3, 95 % CI: 2.61-

56.38), viral load less than 150 copies/ml (AOR= 5.1, 95% CI: 1.26-21.04), cigarette 

smoking (AOR=15.5, 95% CI: 1.61-48.59), and alcohol consumption (AOR=8.1, 95% 

CI: 2.76-23.51) were found to have statistically significant association with bacterial 

pneumonia. Out of the tested antibiotics, 46 (70.8%) were resistant to cotrimoxazole and 

P. aeruginosa were 100% resistant to gentamycin and ceftazidime. Overall, 77.9% of the 

isolates were MDR. 

Conclusion: The study showed a high prevalence of bacterial pneumonia and a high 

percentage of drug resistance including MDR in the study area. Therefore, we recommend 

that culture and antimicrobial susceptibility tests should be routinely performed for the 

selection of appropriate treatment. 

 

https://bioresscientia.com/
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Background 

The respiratory tract is the most frequently affected site 
in human immunodeficiency virus (HIV), infected 
individuals. From the respiratory tract, the lung was the 
most frequently infected, ranging from 100% in the early 
period of the HIV epidemic to 70% in the era of highly 
active antiretroviral treatment (HAART) [1]. Thus, 
pulmonary complications are a major cause of morbidity 
and mortality among HIV-infected patients worldwide 
[2]. Pulmonary infection represents a common and 
frequently fatal complication in HIV infected 
population. It accounted for 72% of AIDS deaths 
globally [3]. 
Pneumonia is one of the most common pulmonary 
complications in HIV infected patients. It is caused by 
different groups of micro-organisms from which 
bacteria are the common etiological agents [4]. Bacterial 
pneumonia remains the commonest cause of 
hospitalization and mortality in countries where the HIV 
epidemic is high [5]. Following the introduction of ART, 
the incidence of HIV-associated cases of pneumonia has 
decreased [6] but bacterial pneumonia became the most 
frequent infection in HIV-infected patients, as well as 
the most common admission diagnosis [1]. It accounts 
for the major cause of death and remains the main 
problem of HIV-infected individuals. Its rate of 
occurrence ranges from 1.93 to 19.2 cases per 100 
patients per year in HIV infected individuals [7]. S. 
pneumoniae, H. influenzae, K. pneumoniae, P. aeruginosa, E. 
coli, and S. aureus are the most common pathogens that 
cause bacterial pneumonia in HIV infected patients [8]. 
From these S. pneumoniae are the most common cause of 
pneumonia [9] which accounts for 40% of all bacterial 
pneumonia where the etiological agents are identified 
and H. inluenzae is the next most common cause in HIV-
infected individuals [10]. 
Antimicrobial resistance in bacteria that cause infectious 
diseases is a global problem, even if it varies from region 
to region depending upon the antibiotic pressure in that 
locality [11]. Bacteria isolated from HIV patients with 
pneumonia show a varying degree of antimicrobial 
resistance to common antimicrobials [12]. Since 
bacterial pneumonia in HIV patients is a common 
pulmonary complication. Information about the 
common bacterial agents and their respective 
antimicrobial resistance in these groups of the 
population is important [4]. In the study area drugs are 
prescribed for patients with pneumonia based on the 
empirical clinical or radiological diagnosis which favors 
the emergence of drug-resistant bacterial strains. The 
emergence of drug-resistant bacterial strains will face 
difficulty in the management of pneumonia in HIV 
infected patients. Yet, there is a scarcity of information 
about the bacterial profile of pneumonia and their 

antimicrobial resistance pattern among people living 
with HIV in the study area. Hence, this study aimed to 
describe the bacterial profile and their antimicrobial 
resistance pattern among HIV patients diagnosed with 
pneumonia in ART clinics of Felege-Hiwot Referral 
Hospital, Bahir Dar, Northwest Ethiopia. 
 

Materials and Methods 

Study settings, Design and Period 

A hospital-based cross-sectional study was conducted 
from February 15, 2019, to June 15, 2019, at ART Clinic 
of Felege-Hiwot Referral Hospital Bahir Dar, North 
West Ethiopia. The hospital has 13 wards, 430 beds, and 
about 531 health professionals. The daily outpatient 
clients are more than 600. The ART Clinic at Felege-
Hiwot referral hospital is one of the largest in the 
Amhara region, which has been serving more than 400 
patients per week. 

Sample Size and Sampling Technique 

A total of 165 HIV patients diagnosed with pneumonia 
were included in the study, based on the 
inclusion/exclusion criteria. A convenience sampling 
technique was employed to include study participants 
who meet the inclusion criteria until the required sample 
size is achieved. 

Inclusion and Exclusion Criteria 

Human immunodeficiency virus-positive, antiretroviral 
therapy users, and non-users aged ≥ 18 with a diagnosis 
of pneumonia as described by the clinician were 
included in the study. Patients who were critically ill, 
who cannot produce sputum, who took antibiotics 
during the past two-week period except cotrimoxazole 
prophylaxis, patients whose age < 18 years were 
excluded from the study. 

Data Collection Procedures 

Data on socio-demographic characteristics and 
associated factors were collected using a structured and 
pretested questionnaire.  

Specimen Collection, Transport and Processing 

Pneumonia suspected individuals showing clinical 
symptoms such as shortness of breath, chest pain, fever, 
chills, tiredness, and cough were examined by clinicians 
and the sputum samples were collected using a clean, 
dry, wide-necked, leak-proof container. The patients 
were requested to take a deep breath, cough deeply, and 
vigorously to produce about 2ml of purulent sputum 
specimen. Then it was labeled with a screening ID 
number and/or patient ID number and transported to 
Flege Hiwot Referral Hospital microbiology laboratory 
for processing within 2hrs or stored at 40C until further 
processing. The macroscopic examination was done to 
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determine the sample integrity and Gram staining was 
performed from the purulent part of the sputum. Slides 
with more than 25 leucocytes and fewer than 10 
epithelial cells per low power field (10x) were accepted 
for culture. Samples that had more than 10 epithelial 
cells and less than 25 leukocyte counts per low power 
field were discarded [8]. 

Cultivation and Identification of Isolates 

Blood, Chocolate, and MacConkey agar plates were 

prepared as per the manufacturers‟ instructions. Using 
a sterile wire loop, a purulent sputum sample was 
streaked onto each agar plate. Chocolate agar plates were 
incubated at 37ºC for 24 hours in a candle jar. 
MacConkey agar and blood agar plates were incubated 
aerobically at 37ºC for 24 hours. After incubation, the 
plates were inspected for any growth, and negative plates 
were incubated for an additional 24 hours. To get a pure 
colony, the samples were streaked in four quadrants of 
the plate [13]. Following the standard microbiological 
procedure, the bacterial isolates were characterized using 
colony morphology, hemolysis, gram stain, and 
employing a panel of biochemical tests. For gram-
positive bacteria, we used catalase, coagulase, optochin, 
bile solubility test and for gram-negative bacteria 
motility, indole, urea, lysine decarboxylase (LDC), 
oxidase, triple sugar iron agar (TSI), and citrate 
utilization tests and growth in blood agar with S. aureus 
(satellitizm test) for H. influenzae [14]. 

Antimicrobial Susceptibility Test 

Antibiotic sensitivity test for the isolated organism was 
done by using Kirby Bauer Disc 
Diffusion Method. Bacterial inoculums were prepared 
from 3-5 pure colonies by suspending the freshly grown 
bacteria in 25ml of sterile nutrient broth (Oxoid, Ltd., 
England) and mixed thoroughly to make the suspension 
homogenous. The suspension was compared with 
turbidity equivalent to 0.5 McFarland standard and was 
streaked on the entire Muller-Hinton agar plate for those 
organisms that are not fastidious. For fastidious 
organisms like Haemophilus spp.; it was streaked onto 
chocolate agar and for Streptococcus species; it was 
streaked onto blood agar [15]. The disks containing the 
antimicrobial agents were applied within 15 minutes of 
inoculation on the Muller-Hinton agar plate. The discs 
were about 25mm apart from each other. They were 
pressed down firmly to ensure complete level contact 
with the agar and incubated overnight at 35ºC. The 
diameter of a zone of inhibition was measured, and the 
CLSI zone diameter criterion was used to interpret the 
level of susceptibility to each antibiotic [16, 17]. The 
antimicrobial agents that were used for gram-positive 
bacteria include, oxacillin (1μg), chloramphenicol 
(30μg), ciprofloxacin (5μg), clindamycin (2μg), 

cotrimoxazole (1.25/23.75μg), tetracycline (30μg), 
erythromycin (15μg), and Cefoxitin (30μg). For gram-
negative bacteria, Gentamycin(10μg), amoxicillin 
(25μg), augmentin (20/10μg), chloramphenicol (30μg), 
ciprofloxacin (5μg), cotrimoxazole (1.25/23.75μg), 
tetracycline (30μg) and ceftazidime (30μg) were used. All 
antibiotics were obtained from Abtek Biologicals Ltd., 
UK. 

Quality Control 

The filled questionnaires were checked for their 
completeness. Media preparations were made based on 
the manufacturer’s instruction. Standard operating 
procedures were followed during specimen collection, 
handling, transportation, microbiological analysis, and 
interpretation. Ten percent of media per batch were 
incubated overnight for sterility check. Standard 
reference strain of American type culture collection S. 
aureus (ATCC-25923), E. coli (ATCC-25922), and P. 
aeruginosa (ATCC-27853) were used as control bacteria 
strains to evaluate the support of media for bacterial 
growth and evaluation of the efficacy of antimicrobial 
discs. The interpretation of a zone of inhibition diameter 
was performed based on the updated 2019 CLSI 
guideline. 

Data Processing and Analyses 

Data were entered into EpiData and exported to SPSS 
statistical software version 23 for analysis. Descriptive 
statistics were calculated to visualize the distribution of 
the outcome variable to socio-demographic 
characteristics and other possible associated factors. A 
univariate logistic regression model was used to 
determine the possible association of each variable with 
the outcome variable. All covariates that were associated 
with the outcome variable in the univariate analysis were 
subsequently included in the multivariable analysis. 
Multivariable analysis was done to those independent 
variables with a p-value < 0.05 to identify factors that 
are independently associated with the dependent 
variable. The strength of the association was interpreted 
using an odds ratio in a 95% confidence interval. In all 
cases, P-values less than 0.05 were considered 
statistically significant. 
 

Results 

Socio-Demographic Characteristics 

A total of 163 HIV infected individuals were included in 
the study. Of these, 101 (62%) were females. Among the 
study participants, 138 (84.7%) were urban dwellers and 
25 (15.3%) were rural dwellers. The mean age of the 
study participants was 39.77 ± 10.64, with a range of 18-
68 years old (Table 1). 
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Table 1: Socio-demographic characteristics of the study participants in the ART clinic of FHRH, Bahir Dar, Ethiopia 
Variables Frequency Percent (%) 

Gender   

Male 62 38.0 

Female 101 62.0 

Residence   

Urban 138 84.7 

Rural 25 15.3 

Age   

18-29 24 14.7 

30-39 62 38.0 

40-49 46 28.2 

50-68 31 19.0 

Occupation   

Farmer 17 10.4 

Merchant 27 16.6 

Employed 40 24.5 

Student 9 5.5 

Other 70 42.9 

Educational level   

Can‟t read and 
write 

58 35.6 

Only read and write 12 7.4 

1-8 44 27.0 

9-12 33 20.2 

College and above 16 9.8 

Marital status   

Single 36 22.1 

Married 61 37.4 

Divorced 39 23.9 

Widowed 27 16.6 

 
Prevalence of Bacterial Pneumonia 

Bacterial pneumonia was observed in 68 (41.7 %) and 
out of these 45 (66.2 %) of them were female 
participants. From the total of bacterial isolates, 19 

(27.9%) were gram-positive bacteria and 49 (72.1%) 
were gram negatives. Bacterial pneumonia was found 
highest in the age group 30-39, 30 (44.1%), and lowest 
in the age group 50-68, 7 (10.3%). Out of the 68 isolates, 
55 (80.9%) were isolated from urban dwellers (Table 2). 

 
Table 2: Rate of bacterial pneumonia among study participants in FHRH, Bahir Dar, Ethiopia 
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Bacterial occurrence 

Variables Positive N (%) Negative N (%) Total N (%) 

Gender    

Male 23(33.8) 39(41.1) 62 (38.0) 

Female 45(66.2) 56(58.9) 101 (62.0) 

Residence    

Urban 55(80.9) 83(87.4) 138 (84.7) 

Rural 13(19.1) 12(12.6) 25 (15.3) 

Age    

18-29 12(17.6) 12(12.6) 24 (14.7) 

30-39 30(44.1) 32(33.7) 62 (38.0) 

40-49 19(27.9) 27(28.4) 46 (28.2) 

50-68 7(10.3) 24(25.3) 31 (19.0) 

Occupation    

Farmer 10(14.7) 7(7.4) 17 (10.4) 

Merchant 13(19.1) 14(14.7) 27(16.6) 

Employed 16(23.5) 24(25.3) 40(24.5) 

Student 1(1.5) 8(8.4) 9(5.5) 

Other 28(41.2) 42(44.2) 70(42.9) 

Educational level    

Can‟t read and write 26(38.2) 32(33.7) 58(35.6) 

Only read and write 6(8.8) 6(6.3) 12(7.4) 

1-8 19(27.9) 25(26.3) 44(27.0) 

9-12 11(16.2) 22(23.2) 33(20.2) 

College and above 6(8.8) 10(10.5) 16(9.8) 

Marital status    

Single 10(14.7) 26(27.4) 36(22.1) 

Married 24(35.3) 37(38.9) 61(37.4) 

Divorced 22(32.4) 17(17.9) 39(23.9) 

Widowed 12(17.6) 15(15.8) 27(16.6) 

 
Bacterial Isolates  
Of the total 68 bacterial isolates, the predominant isolate 
was Klebsiella pneumoniae 19(27.9%) followed by 
Staphylococcus aureus 17(25%), Escherichia coli 11(16.2%), 

Acinetobacter baumanii 6(8.8%), Klebsiella species 5(7.4%), 
Pseudomonas aeruginosa 3(4.4%), Haemophilus influenzae 
3(4.4%), Streptococcus pneumoniae 2(2.9%), Enterobacter 
species 2(2.9%) (Figure 1). 

 

 
Figure 1:  The distribution of bacterial isolates identified from the study participants in FHRH, 2019 
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Antimicrobial Susceptibility Pattern of Bacterial 
Isolates 

Out of the tested antibiotics for different bacterial 
isolates, 46 (70.8%) were resistant to cotrimoxazole, and 
31 (52.2%) were resistant to tetracycline. From gram-
positive isolates, 9 (47.4%) were resistant to 
erythromycin and 5 (26.3%) were resistant to 

clindamycin. Similarly, 24 (52.2%) of gram-negative 
isolates were resistant to gentamycin. On the other hand, 
most of the isolates were less resistant to 
chloramphenicol 20 (33.9%) and ciprofloxacin 28 
(42.4%). Methicillin resistance was observed from 9 
(52.9%) isolates of S. aureus (Table 3). Multi-drug 
resistance was observed in 53 (77.9%) of the isolates 
(Table 4).

 
Table 3: Antimicrobial resistance patterns of bacterial isolates among study participants in FHRH, Bahir Dar, 
Ethiopia 

Bacterial 
isolate(n) 

Antibiotics 

Amo Ag Ox Cl Gen Cip Ch Co Cef Cez Tet Ery 

K.pneumoniae(19) 19(100.0) 17(89.5) NT NT 7(36.8) 10(52.6) 10(52.6) 13(68.4) NT 11(57.9) 9(47.4) NT 

S.aureus(17) NT NT NT 4(23.5) NT 2(11.8) 5(29.4) 12(70.6) 9(52.9) NT 7(41.2) 9(52.9) 

E. coli (11) 10(90.9) 8(72.7) NT NT 8(72.7) 8(72.7) 2(18.2) 8(72.7) NT 5(45.5) 8(72.7) NT 

A.baumanii (6) NT NT NT NT 4(66.7) 5(83.3) NT 6(100.0) NT 5(83.3) NT NT 

P. aeruginosa (3) NT NT NT NT 3(100.0) 2(66.7) NT NT NT 3(100.0) NT NT 

S. pneumoniae (2) NT NT 1(50.0) 1(50.0) NT NT 0.0 1(50.0) NT NT 1(50.0) 0.0 

H. influenza (3) 3(100.0) 2(66.7) NT NT NT 0 1(33.3) 2(66.7) NT 1(33.3) 3(100.0) NT 

Enterobacter spp 
(2) 

2(100.0) 2(100.0) NT NT 1(50.0) 1(50) 1(50.0) 2(100.0) NT 2(100.0) 2(100.0) NT 

Klebsiella spp (5) 5(100.0) 1(20.0) NT NT 1(20.0) 0.0 1(20.0) 2(40.0) NT 1(20.0) 1(20.0) NT 

Total n (%) 39(97.5) 30(75.0) 1(50.0) 5(26.3) 24(52.2) 28(42.4) 20(33.9) 46(70.8) 9(52.9) 28(57.1) 31(52.5) 9(47.4) 

Total n (%) 39(97.5) 30(75.0) 1(50.0) 5(26.3) 24(52.2) 28(42.4) 20(33.9) 46(70.8) 9(52.9) 28(57.1) 31(52.5) 9(47.4) 

NT= not tested, Amo= amoxicillin, Ag= agumentin,Ox= oxacillin, Cl= clindamycin, Gen= gentamycin, Cip= 
ciprofloxacin, Ch= chloramphenicol, Co=cotrimoxazole, Cef=cefoxitin, Cez=ceftazidime, Tet=tetracycline, and 
Ery=erytromycin 
 
Table 4: Multidrug resistance pattern of bacterial isolates among study participants in FHRH, Bahir Dar, Ethiopia 
 

Organism isolated 
(No.) 

 

Degree of resistance R0 to ≥R6 
N (%) 

 

Total 
MDR 

isolates 
≥R3 

R0 R1 R2 R3 R4 R5 R≥6  

S.aureus (17) 1(5.9) 2(11.8) 4(23.5) 2(11.8) 3(17.6) 3(17.6) 2(11.8) 10(58.8) 

S.pneumoniae(2) - 1(50) - 1(50) - - - 1(50) 

K.pneumoniae(19) - - 1(5.3) 1(5.3) 3(15.8) 7(36.8) 7(36.8) 18(94.7) 

E. coli (11) - - 2(18.2) - 1(9.1) 3(27.3) 5(45.5) 9(81.8) 

A.baumanni (6) - - - 5(83.3) 1(16.7) - - 6(100) 

P.aeruginosa (2) - - 1(33.3) 2(66.7) - - - 2(66.7) 

Enterobacter 
species (2) 

- - - - - - 2(100) 2(100) 

Kellebsila species 
(5) 

- 2(40) 1(20) - 2(40) - - 2(40) 

H.influenzae (2) - - - 1(33.3) 1(33.3) 1(33.3) - 3(100) 

Total(n=68) 1(1.5) 5(7.4) 9(13.2) 12(17.6) 11(16.2) 14(20.6) 16(23.5) 53(77.9) 

 
R0: susceptible to all antibiotics, R1=Resistant to one antibiotic class, R2=Resistant to two antibiotic class, R3= 
Resistant to three antibiotic class, R4=Resistant to four antibiotic class, R5=Resistant to five and >R6=Resistant 
more than to six and above antibiotic class, MDR= Multidrug resistance 
 

Associated Factors 
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Based on the multivariable logistic regression analysis, 
variables like the age groups 18-29 (AOR = 5.4, 95 % 
CI: 1.26-23.35, P ≤ 0.023), age groups 30-39 (AOR = 
3.8, 95% CI: 1.03-13.80, P ≤ 0.046), recent viral load ≥ 
150 copies/ml (AOR= 24.3, 95 % CI: 2.61-56.38, P≤ 
0.005), viral load < 150 copies/ml (AOR= 5.1, 95% 
CI: 1.26-21.04, P ≤ 0.023), cigarette smoking 

(AOR=15.5, 95% CI: 1.61-48.59, P≤ 0.015), and 
alcohol consumption (AOR=8.1, 95% CI: 2.76-23.51, 
P≤ 0.001) were found to have statistically significant 
association with bacterial pneumonia. Gender, 
occupation, period of ART enrolment and WHO 
clinical stage didn’t show a statistically significant 
association with bacterial pneumonia (Table 5). 

 
Table 5: Factors associated with bacterial pneumonia among study participants in FHRH, Bahir Dar, Ethiopia 
 

Variables Bacterial occurrence COR (95% CI) P-value AOR (95% CI) P-value 

Positive 
N (%) 

Negative 
N (%) 

    

Gender 

Male 23(37.1) 39(62.9) 1    

Female 45(44.6) 56(55.4) 1.4(0.71-2.60) 0.349   

Age (in years) 

18-29 12(50) 12(50) 3.4(1.07-10.95) * 0.038 5.4(1.26-23.35) * 0.023 

30-39 30(48.4) 32(51.6) 3.2(1.21-8.55) * 0.019 3.8(1.03-13.80) * 0.046 

40-49 19(41.3) 27(58.7) 2.4(0.87-6.73) 0.093 1.5(0.38-5.89) 0.570 

50-68 7(22.6) 24(77.4) 1  1  

Occupation 

Farmer 10(58.8) 7(41.2) 2.1(0.73-6.29) 0.166   

Merchant 13(48.1) 14(51.9) 1.4(0.57-3.40) 0.467   

Employed 16(40) 24(60) 1.0(0.45-2.21) 1.000   

Student 1(11.1) 8(88.9) 0.2(0.02-1.58) 0.124   

Other 28(40) 42(60) 1    

History of bacterial pneumonia 

No 49(39.5) 75(60.5) 1    

Yes 19(48.7) 20(51.3) 1.5(0.71-3.00) 0.311   

Recent viral load 

≥150 copies/ml 14(93.3) 1(6.7) 30.0(3.82-68.76) * 0.001 24.3(2.61-56.38) * 0.005 

<150 copies/ml 12(75) 4(25) 6.4(1.96-21.12) * 0.002 5.1(1.26-21.04) * 0.023 

Undetected 42(31.8) 90(68.2) 1  1  

Marital status 

Single 10(27.8) 26(72.2) 0.5(0.17-1.38) 0.173   

Married 24(39.3) 37(60.7) 0.8(0.32-2.03) 0.654   

Divorced 22(56.4) 17(43.6) 1.6(0.60-4.35) 0.340   

Widowed 12(44.4) 15(55.6) 1    

History of tuberculosis 

No 64(40.5) 94(59.5) 1    

Yes 4(80) 1(20) 5.9(0.64-53.78) 0.117   

Cotrimoxazole prophylaxis 

No 44(40.7) 64(59.3) 1    

Yes 24(43.6) 31(56.4) 1.1(0.58-2.17) 0.723   

IV drug use 

No 60(39) 94(61) 1  1  

Yes 8(88.9) 1(11.1) 12.5(1.53-42.75) 0.019 0.00 1.000 

Cigarette smoking 

No 59(38.6) 94(61.4) 1  1  

Yes 9(90) 1(10) 14.3(1.77-46.10) * 0.013 15.5(1.61-48.59) * 0.015 

Alcohol consumption 

No 37(29.4) 89(70.6) 1  1  

Yes 31(83.8) 6(16.2) 12.4(4.79-32.28) * 0.000 8.1(2.76-23.51) * <0.001 

Period of ART enrolment 
ART >90 days 64(41.6) 90(58.4) 0.9(0.23-3.44) 0.865   

ART in 90days 4(44.4) 5(55.6) 1    

WHO stage 

I 16(42.1) 22(57.9) 1    

II 19(43.2) 25(56.8) 1.0(0.43-2.51) 0.922   

III 26(37.1) 44(62.9) 0.8(0.36-1.82) 0.614   

IV 7(63.6) 4(36.4) 2.4(0.60-9.63) 0.215   

COR=crude odds ratio; CI=confidence interval; AOR=adjusted odds ratio; 1: referent; ∗statically significant at p ≤ 
0.05.
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Discussion 

Bacterial pneumonia is the most frequent cause of 
pulmonary infection and one of the most common 
causes of pneumonia that oblige hospitalization in HIV-
infected individuals [8, 18]. In this study, the overall 
prevalence of bacterial pneumonia was 41.7%. This is in 
line with reports in Nigeria 42.9% [18] , Ethiopia 43.7% 
[8] and India 44.3% [19]. This may be because immune-
compromised patients are more prone to bacterial 
infections due to their decreased protective immunity. 
Our finding is higher than the findings from the two 
studies in India (16.6% [20] & 21.71% [21]) and Malawi 
29% [22]. However, lower than the studies reported in 
Nigeria, 55.6% [7] &  54.07% [23]. The inconsistency 
between these studies might be due to the socio-
demographic variability of the study participants, the 
type of sample used, and/or immune status of the study 
participants involved. 
In this study, K. pneumoniae and S. aureus were the 
predominant bacterial agents identified in HIV patients 
suspected of pneumonia. These agents were also 
similarly identified as the predominant isolates in studies 
from Nigeria [23] and Nepal [15]. On the other hand, 
bacterial isolates such as K. pneumoniae and S. pneumoniae 
in Ethiopia and India [8, 19], and E. coli and P. aeruginosa 
in Nigeria [7] were reported as the predominant isolates 
among HIV infected patients. In our study, the least 
commonly encountered bacterial isolates were S. 
pneumoniae, 2.9%, and Enterobacter species, 2.9%. The 
possible reasons for the different frequencies of 
bacterial isolates in different studies among HIV 
patients may be due to variations in climate and 
geographic distribution, the sample used, and the 
method of sample processing in the study areas.  
In this study, E. coli, 11 (16.2%) was the second most 
common gram-negative bacterial isolate which was 
similarly reported in Ethiopia (14.5%), Nepal (8.3%), 
and India (6.8%) [8, 15, 24]. From the gram-positive 
bacteria, S. pneumoniae 2 (2.9%) was the second most 
commonly isolated bacteria and it is in line with the 
studies reported in Nepal (18.8%) and Nigeria (9.6%) 
[15, 23]. The occurrence of these bacteria might be due 
to aspiration from the previously colonized site, 
nosocomial infection during hospitalization, recurrent 
bacterial pneumonia, and systemic spread through the 
blood to the lung [1, 25].  
Cotrimoxazole is recommended by WHO as a 
prophylactic agent against opportunistic infections 
among HIV/AIDS patients. But in our study, 70.8% of 
bacterial isolates were resistant to cotrimoxazole. This 
may be due to long-term receiving of cotrimoxazole that 
may lead to increased development of cotrimoxazole 
resistant bacterial isolates in the study area. In this study, 

S. aureus showed 29.4% resistance to chloramphenicol 
and 70.6% resistance to cotrimoxazole. A previous study 
conducted in Nepal reported a similar finding, 30% 
resistance to chloramphenicol, and 70% resistance to 
cotrimoxazole in this regard [15]. However, 52.9% and 
41.2% of these isolates were resistant to erythromycin 
and tetracycline, respectively. This is in line with the 
study conducted in India, at which 50% resistance to 
erythromycin and 37.5% resistance to tetracycline [24]. 
K. pneumoniae were 52.6% resistant to ciprofloxacin and 
68.4% resistant to cotrimoxazole in our study which was 
comparable with the finding from Nepal, 53.8% 
resistant to ciprofloxacin, and 69.2% resistant to 
cotrimoxazole [15]. In our finding, we also noted a high 
level of resistance to amoxicillin, augmentin, and 
cotrimoxazole. This may be, due to the incorrect 
antibiotics being prescribed for a condition, wrong 
doses, incomplete schedules, or inadequate timing of the 
intake of an antibiotic. The other contributing factor 
may be the economic status of the patient which 
compels patients to abort their treatment halfway and 
stop taking their medicines, as they cannot afford to buy 
the full schedule of an antibiotic. On the other hand, 
patients who are not economically disadvantaged are 
also known to stop their treatment well before the 
schedule ends since they “feel better” and do not find a 
reason to complete the full course of the antibiotic. This 
does not kill all the organisms causing the infection nor 
eradicate it. Those that survive reproduce, thus helping 
to propagate resistant strains. Out of the S. aureus 
isolates, 52.9% were methicillin-resistant. This finding 
was higher from the reports in Ethiopia (44.4%) [8] and 
a study reported in India (37.5%) [24]. 
The overall prevalence of MDR was 77.9% which was 
relatively similar as compared to the study done in 
Cameroon, where the prevalence was 79.4% [26] but 
slightly higher from a study in Nigeria 66.7% [27]. This 
high prevalence of MDR might be contributed by 
misuse of antimicrobial agents in resource constraint 
areas like in our study area where there is no well-
organized bacteriology laboratory for isolation of the 
etiologic agents. Also, Weak infection control practices 
and poor general hygiene in several health-care facilities, 
especially in resource-limited settings, facilitate the 
emergence and spread of multi-drug resistant organisms. 
The other contributing factor may be the use of drugs 
by buying from private pharmacies without a physician 
prescription. 
In our study, we have assessed the association of 
different variables to bacterial pneumonia. Thus, the age 
group, recent viral load of ≥ 150 copies/ml, and recent 
viral load < 150 copies/ml, cigarette smoking, and 
alcohol consumption showed a significant association to 
have bacterial pneumonia. The age groups 18-29 and 30-
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39, were 5.4 and 3.8 times more likely to have bacterial 
pneumonia respectively as compared to the age group of 
50-68 which is comparable with studies reported in 
Ethiopia [8] and Nepal [28]. The reason might be 
because that these age groups are active and can involve 
various predisposing factors. Besides, a large number of 
younger age groups of our study participants were 
having a detected number of viral loads and WHO stage 
III compared to those aged between 50 and 68. This can 
contribute to increased bacterial pneumonia observed in 
our study participants. In contrary to our finding, the 
studies reported in Spain [1] and France [29] showed 
common bacterial pneumonia in older age groups.  
In this study, the recent viral load is another factor 
identified. Study participants with a recent viral load of 
≥ 150 copies/ml and individuals with a recent viral load 
of < 150 copies/ml but detected viral loads, were 24.3 
and 5.1 times more likely to have bacterial pneumonia, 
respectively as compared to individuals having an 
undetected recent viral load. This might be due to 
effective control of the HIV viral load which has a 
significant positive impact on decreasing the risk of 
bacterial pneumonia. This finding was consistent with 
studies reported in Spain [1] and South Africa [25]. 
Cigarette smoking is one of the potential risk factors for 
the development of pneumonia. In our study, the 
prevalence of bacterial pneumonia was higher among 
cigarette smokers, and they were 15.5 times more likely 
to have bacterial pneumonia than non-smokers. This 
may be because of smoking which alters lung function 
by damaging epithelial cells and cilia of the lung. This 
may inhibit the ability to prevent the entry of 
microorganisms into the respiratory tract. This was 
supported by a previous study [8]. Alcohol consumption 
was also found to be a statistically significant association 
with bacterial pneumonia. Alcohol consumers were 8.1 
times more likely to have bacterial pneumonia than non-
consumers. This may be because of the sedative 
properties of alcohol which can reduce the 
oropharyngeal tone, leading to an increased risk of 
aspiration of microbes. Furthermore, high levels of 
alcohol intake can modify alveolar macrophage 
function, hence diminishing pulmonary defense against 
infection [30]. This was consistent with studies in 
Ethiopia [8], South Africa [31], and North America [32]. 
This study has provided valuable data on the bacterial 
isolates and their drug resistance profile among HIV 
positive patients who are clinically diagnosed with 
pneumonia. Despite this, our study has some limitations. 
We did not attempt to isolate atypical bacterial agents 
like Chlamydia, Mycoplasma, and Legionella species due to 
resource limitations. As well molecular characterization 
of the isolated bacterial agents was not done because of 

a lack of resources. Hence, further studies that will 
overtake the above limitations are recommended. 
 

Conclusions 

The overall prevalence of bacterial pneumonia among 
HIV-infected patients was 41.7% in the study area. A 
relatively higher percentage of bacterial pneumonia was 
caused by gram-negative bacteria of which K. pneumoniae 
and E. coli were the dominant isolates. In gram-positive 
isolates, S. aureus was the most dominant species of 
bacteria. A low level of resistance was observed to 
ciprofloxacin and chloramphenicol by most of the 
isolates. However, a high rate of antimicrobial resistance 
including MDR was observed to commonly prescribed 
antibiotics such as amoxicillin, cotrimoxazole, and 
tetracycline. A younger age group, detectable recent viral 
load, cigarette smoking, and alcohol consumption 
showed a significant association with bacterial 
pneumonia. Based on these findings, routine culture and 
antimicrobial susceptibility tests are recommended for 
HIV positive clients, for the selection of appropriate 
treatment. 
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