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Background: Pneumonia is inflammation of the lung. The Streptococcus pneumoniae (S. pneumoniae) is commensal in the upper 
airway and can cause infection to under-five children. The bacteria is gram-positive diplococci, catalase negative, and optochin 
sensitive. The bacteria is the leading cause of bacterial pneumonia among under-five children. No similar data is reported from the 
current study area.
Objective: To determine prevalence, antimicrobial drug resistance and associated factors of S. pneumoniae infection among under- 
five children with acute lower respiratory tract infection attending Sheck Hassan Yebere Referral Hospital from March 1 to April 30, 
2021 Jig-Jiga, Ethiopia.
Methods: A cross-sectional study was conducted among 374 study participants selected by convenience sampling method. A structured 
questionnaire was used to collect child data. Nasopharyngeal/oropharyngeal swabs were collected and diagnosed to isolate S. pneumoniae 
by using culture then identified by biochemical examination. Later antimicrobial drug resistance testing was performed by Kirby–Bauer 
disk diffusion method. All data were entered on epi-data 3.1 then exported to SPSS version 22 to calculate analysis. Statistically significant 
value was found by calculating an adjusted odds ratio with p-value ≤ 0.05 in a multivariate logistic regression model.
Results: Among 374 under-five children, 180 (48.1%) were males and 109 (29.2%) were from low income families. The overall 
prevalence of S. pneumoniae infection in the study was 18% (95% CI 14.4–22.2). No window (AOR=2.8 CI 1.1–7.6), no/non- 
exclusive breast-feeding (AOR= 2.1 CI 1.1–4.1), and previous URTI (AOR= 3.2 CI 1.7–6.1) were significantly associated with 
S. pneumoniae infection. The isolated organism showed drug resistance for Cotrimoxazole (35%), and Tetracycline (34%).
Conclusion: The prevalence and antimicrobial resistance in this study were comparatively high. No window, non-exclusive breast- 
feeding and previous URTI were associated with S. pneumoniae infection. The isolated S. pneumoniae showed high drug resistance to 
cotrimoxazole and tetracycline.
Keywords: under-five pneumonia, antimicrobial resistance, S. pneumoniae

Introduction
Pneumonia is an inflammation of alveoli and bronchioles of the lung.1 It can be caused by either a virus or bacteria 
pathogen. The S. pneumoniae bacteria is normal flora in the upper respiratory airway and it can frequently cause 
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respiratory tract infection for under-five children due to low or under-developed immunological status.2 In the middle and 
low income countries the bacteria are commonly carried in the nasopharynx of children, which serves as a reservoir for 
human pathogen for the development of pneumonia disease.3

Airborne is the main transmission route for the bacteria respiratory infection. Therefore, this airborne transmission of 
S. pneumoniae bacteria is almost exclusively high in the home air environment in crowded living conditions as well as 
the using of solid fuel source for cooking that leads to poor indoor air quality.4 S. pneumoniae bacteria is a gram-positive 
lancet-shaped diplococci, non-spore forming, catalase negative, bile soluble and optochin sensitive bacteria. 
Microscopically, the bacteria is seen in pairs, single cells and chains and it is found in the family member of 
Streptococcus so it is named S. pneumoniae.5 The bacteria best grows on blood agar media because naturally the 
bacteria lack catalase enzyme which is essential for hydrogen per oxide neutralization, so the media neutralizes it and the 
bacteria grows as alpha hemolytic on the these blood agars.6

S. pneumoniae bacteria spreads via aerosol from infected individuals; it can also spread directly via contact with 
saliva and nasal secretions. It usually causes rhinorrhea.7 According to a World Health Organization (WHO) estimation 
report in developing countries, each year 156 million under-five children had pneumonia; among these, annually 
1.2 million deaths occur and 20 million pneumonia cases need hospital admission.8 So these deaths in the developing 
world account for 90–95% of the total death rate.9

In Africa, especially Ethiopia, annually 3,370,00 under-five children develop pneumonia and, among these, 40,000 
children will die, which accounts for 18% of the all causes of deaths reported every year.10 Due to low coverage of 
controlling and preventive strategies like administration of pneumococcal conjugate vaccine (PCV) and vitamin 
A supplementation throughout all parts of Ethiopia, the burden of pneumonia among children is high.11 According to 
the study done in some Ethiopian regions, the most common serotypes found in Ethiopian children were 15A/B/C 10A/F, 
7C, 35A/B, 19A. However, the PCV 13 vaccination protects against strains of 1, 3, 4, 5,6A. 6B, 7F, 9V, 14, 19A, 19F, 
18C, and 23F.12 A study conducted in Indonesia showed the overall prevalence of S. pneumoniae bacterial infection 
among children to be 22%.13 In Gondar city, Ethiopia, the prevalence of S. pneumoniae infection among children under 
five years of age was 12%.10 Similarly, in the Mizan Tepi University teaching hospital prevalence was 25.3% and in 
Harar, in the eastern part of the country, it was 11.2%.14,15

WHO reported that S. pneumoniae bacteria is being increasing antibiotic drug resistant across the world.16 In 
a prospective study conducted in Amhara region and Addis Ababa city national referral hospitals, S. pneumoniae showed 
antimicrobial drug resistance for Erythromycin (59.6%), Clindamycin (17.5%), Tetracycline (38.6%), Chloramphenicol 
(17.5%) and Trimethoprim-sulphamethoxazole (24.6%).17 In a correctional study conducted in Harar among under-five 
children from March 1 to 30, 2020, S. pneumoniae bacteria showed high antibiotic resistance to Trimethoprim- 
sulphamethoxazole 21 (48.8%), but in contrast the bacteria showed a 95.4% susceptible rate for Ceftriaxone and 
a 93% susceptible rate for Amoxicillin-clavulanate.14

In Ethiopia, especially the Somali region, there is a lack of data available on overall S. pneumoniae prevalence and its 
antimicrobial drug resistance among children under five years of age. Therefore, to fill this gap the study was conducted 
to determine prevalence of S. pneumoniae with its associated risk factors and antimicrobial drug resistance among under- 
five children with acute lower respiratory tract infection.

Methodology
Study Area and Period
The study was conducted at Sheik Hassan Yebere Referral Hospital from March 1 to April 30, 2021. This hospital found 
in the Somali region capital town of Jig-Jiga, is now giving health services for people living in the town and other 
patients referred from different localities of the region. Jig-Jiga is located 625 km to the east of the capital city of 
Ethiopia, Addis Ababa, and 60 km from the western border of Somalia.18

Study Design
A health facility-based cross-sectional study was carried out.

https://doi.org/10.2147/IDR.S409919                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2023:16 3512

Mekuria et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Source Population
All children under five years of age who visited the hospital pediatric outpatient department (OPD) with acute lower 
respiratory tract infection.

Study Subjects
All selected children age less than five years with lower respiratory tract infection who visited Sheik Hassan Yebere 
Referral Hospital pediatric outpatient department in the study period.

Eligibility Criteria
All under-five children suspected for symptomatic lower respiratory tract infection who had persistent cough, fever and 
sometimes difficulty breathing and visited Sheik Hassan Yebere Referral Hospital pediatric OPD during the study period. 
However, all children who were on antibiotic therapy during the study period were excluded from the study because their 
samples may lead to false negative results.

Sample Size Determination
Single population proportion formula was used to determine the sample size of the study by considering the prevalence 
rate of S. pneumoniae 33.3%,19 margin of error 5%, confidence interval 95% and finally adding 10% non-response rate, 
the total sample size was 374.

Sampling Procedure
There were three hospitals (Karamara general hospital, Jig-Jiga primary hospital and Sheik Hasan Yebere Referral 
Hospital) in Jig-Jiga town. By using simple random sampling method, the Sheik Hasan Yebere Referral Hospital was 
selected. Then, from pediatric outpatient department study participants who had symptoms of acute lower respiratory 
tract infection were selected by using convenience sampling method.

Methods of Data Collection
Four BSc nurses and two laboratory technologists participated in the collection of data and samples. The main criteria for 
the selection of data collectors and supervisor was based on experience. The principal investigator gave two days training 
for the participating data collectors on how to collect the data and sample specimens before the actual data collection. 
Then there was daily onsite supervision and monitoring by supervisor and principal investigator.

Data Collection Instruments
For Socio-Demographic Factors and Child Clinical History
Data for patient socio-demographic factors like age, sex, and educational status of parents were collected using semi- 
structured questionnaires by direct interview with the child parent/legal guardian. The clinical history of the child was 
obtained from the pediatric physician record and similarly the vaccination status was obtained from immunization 
records by asking the child’s parent to show the card. All data was collected during working days at the hospitals.

For Clinical Specimens
Both nasopharyngeal and oropharyngeal swab specimens were collected using sterile swabs, which were then placed in 
sterile cups labeled with identification numbers.

For Nutritional Status Measurements
Nutritional status of the child was assessed by using anthropometric measurement. The weight of the child in 
kilograms was measured using a standard weighing scale. The clinical nurse working at OPD measured children without 
shoes and wearing light clothes standing erect; those children who cannot stand erect were measured lying down on the 
measurement scale. The weight measurement was calibrated to zero before taking the actual weight. Weight for age 
Z-scores (WAZ) was used to assess the nutritional status of the child to classify them as malnourished or not. WHO 
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anthro-version 3.2.2 software application was used to calculate WAZ. If the WAZ score result is less than −2 standard 
deviations, then the child is considered underweight.20

Laboratory Procedure
Sample Collection
Specimens were collected using sterile swabs and transferred to sterile tubes. Before collecting the actual specimen, the 
sample tube was labeled with necessary identification. The clinically acceptable sample consists of mucoid, yellowish, 
which sometimes may contain blood.

Sample Transport
The specimens were transported using Amies transport medium, inserted in leak-proof biohazard bags with maintainable 
cooler temperature of 2–8°C. During sample transportation specimen transport forms were included. Then, the collected 
samples were immediately transported to the microbiology laboratory without delay.

Culturing the Media
Upon arrival the specimens were cultured at Jig-Jiga University Sheck Hassan Yebere Referral Hospital microbiology laboratory 
for the isolation of S. pneumoniae. The specimens obtained were inoculated on an enriched media like blood agar containing 5% 
sheep blood and chocolate agar. Then, using strict standard operating procedure, the inoculated plates were incubated with 5% 
CO2 at the temperature of 37 °C for 18–24 hours. The isolated colonies that showed alpha hemolysis on the blood agar plate were 
further identified using Optochin disk sensitivity and biochemical tests like fermentation of glucose, lactose and sucrose. For an 
ambiguous result on Optochin, a disk sensitivity bile soluble test was performed to confirm the result.21

Antimicrobial Sensitivity Testing
Antimicrobial drug resistance testing was performed on the isolated S. pneumoniae bacterial pathogens on Mueller– 
Hinton agar containing 5% sheep blood using disk diffusion method. The method was performed on 150 mm plate and 
the diameter of zone of complete inhibition including the diameter of the disk was measured with the unaided eye. 
Firstly, we obtained information from attending physicians on the antibacterials they were commonly ordering to treat 
S. pneumoniae bacteria, and we compared those antimicrobials to the Clinical and Laboratory Standards Institute (CLSI) 
guidelines. Those antimicrobials were Chloramphenicol 30µg, Vancomycin 30µg, Penicillin, Amoxacillin-clavulanate 
30µg, Tetracycline 30µg, Ceftriaxone 30µg, and Trimethoprim-sulphamethoxazole 25 µg. The zone of inhibition was 
measured by ruler and compared with CLSI standards to identify whether samples containing isolated S. pneumoniae 
bacteria were susceptible or resistant to the drugs. For non-meningitis isolate, a penicillin MIC (minimum inhibitory 
concentration) of ≤ 0.06µg/mL or (zone of inhibition ≥20mm predicts susceptibility to the β- lactam). Those S. 
pneumoniae bacterias’ which showed a zone of inhibition of ≤19mm were further checked by MIC before being reported 
as resistant.22

Microscopic Examination for Morphology
The isolated and suspected S. pneumoniae bacteria were taken from the media, then smeared and stained by gram stain. 
Finally, by using 100% oil objective the diplococci bacteria was observed.

Operational Definitions
Under-five children: children older than 2 months and younger than 59 months.
Acute respiratory infection (ARI): an infection of the airway that may interfere with normal breathing.
MDR: resistance of the bacteria to two or more antibiotics from different classes of antibiotics.

Data Quality Control
The prepared structured questionnaire was translated into commonly used languages like Amharic and Somali and 
then back-translated into English for checking the consistency of the questionnaire. All data collectors took training 
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on how to collect, handle and transport data and specimens before the actual data collection. A pretest was 
performed on 5% of the sample size in non-study area at Ayerdega Health Center. Quality of prepared media was 
checked by incubating for 24 hrs at 37 °C without inoculation to check for the presence of contaminants. For the 
drug susceptibility test, we took quality control strains of S. pneumoniae ATCC (American-type culture control) 
49619 from the regional laboratory and the diameter of zone of inhibition was compared using CLSI standard 
criteria.22 The quality of Optochin disk was checked with a positive control of S. pneumoniae ATCC 49619 and 
negative controls of Staphylococcus aureus ATCC 25953. The results of the pretest were excluded from the actual 
data and the supervisor investigated all processes thoughout the study period. For some questions that were not 
understood by respondents, like prior antimicrobial usage, we prepared color photos for easy identification by 
parents of study participants. Finally, we used double data entry in statistical software SPSS 22 for the minimization 
of data entry error.

Methods of Data Analysis
The collected data was coded and entered in Epi-data version 3.1 software. Then it was cleaned to check the validity of entered 
data. After exporting on SPSS version 22, statistical analysis was made. Descriptive statistics for independent variables were 
calculated and odds ratios were measured to assess the associations between dependent and independent variables. All 
independent variables were analyzed using bivariate analysis and then those variables with a p-value of ≤0.25 were further 
checked by multivariate analysis to control for the confounding variable. Both crude and adjusted odds ratios were calculated 
with a 95% confidence interval. A result with a p-value of ≤0.05 was considered a statistically significant association with the 
outcome variable. Finally, the data was formulated as figures and tables, both by SPSS and by using Microsoft Excel 2016 
programs.

Ethical Consideration
Ethical clearance ref no. (JJU-CMHS-ERC 0032/2021) was obtained from Jig-Jiga University College of Medicine 
and Health Sciences Institutional Health Research and Ethics Review Committee (IHRERC), in accordance with 
the Declaration of Helsinki. A cooperative letter written from Jig-Jiga University research and publication office 
was sent to Sheik Hassan Yebere Referral Hospital to get permission. All participant parents were informed that 
participation in the study was voluntary. Their failure to participate in the study would not result in any form of 
penalty. Participants were also informed of the confidentiality of the data and told that they can quit the study if 
they are not comfortable. Written informed consent was obtained from the child’s parent/legal guardian after 
explaining the purpose and objective of the study. Finally, participating children with positive laboratory results of 
S. pneumoniae infection were linked to the attending physician to get appropriate treatment.

Results
Socio-Demographic Characteristics
In this study, 374 under-five children suspected for lower respiratory tract infection were included, with a response rate of 
100% (all selected study participants got involved willingly, with no refusals). In this study there were 194 (51.9%) 
female participants; 170 (45.5%) of the under-five children were under one year of age; and 264 (70.6%) were Somali 
ethnicity (Table 1).

Living Conditions
Of 374 study participants, the highest proportion (170, 45.5%) of them were living in a house with two rooms. Of all 
rooms, 69 (18.4%) do not have a window for ventilation; 185 (49.5%) children live in a family that cooks in the kitchen 
and the majority (197 (52.7%) use charcoal for fuel source; 118 (32.6%) children are exposed to either cigarettes or 
shisha in the house (Table 2).
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Vaccination, Breast-Feeding and Supplementation Status
Among all study participants, the majority (216, 57.8) have received a PCV vaccination. But 249 (66.6%) of the children 
did not take zinc supplements (Table 3).

Table 1 Socio-Demographic Characteristics of Under-Five Children Attending Sheck Hasan Yebere Referral 
Hospital, Jig-Jiga, Ethiopia, 2021

Variables Category Frequency Percentage

Sex Male 180 48.1

Female 194 51.9

Age <1 170 45.5
≥ 1–2 96 25.7

≥ 2–3 49 13.1

≥ 3–4 42 11.2
≥ 4–5 17 4.5

Parent’s marital status Married 297 79.4
Single 13 3.5

Divorced 59 15.8

Widowed 5 1.3
Religion Muslim 287 76.8

Orthodox 73 19.5

Protestant 14 3.7
Ethnicity Somali 264 70.6

Amhara 59 15.8

Oromo 34 9.1
Gurage 12 3.2

Others 5 1.3

Mother’s educational 
status

Unable to write/read 149 39.8
Can read and write 75 20.1

Primary school 66 16.2

Secondary school 62 16.6
Diploma and above 22 5.9

Father’s educational status Unable to write/read 72 19.3

Can Read and write 63 16.8
Primary 43 11.5

Secondary 84 22.5

Diploma and above 112 29.9
Mother’s current 

occupation

Housewife 251 67.1

Civil servant 31 8.3

Merchant/Trader 53 14.2
Daily laborer 36 9.6

Others 3 8

Father’s occupation Agricultural worker 93 24.9
Civil servant 74 19.8

Merchant/Trader 97 25.9

Daily laborer 75 20.1
Driver 26 7.0

Others 9 2.4

Monthly income <3000 33 8.8
3000–6000 ETB 109 29.2

6000–9000 ETB 120 32.1

>9000 ETB 112 29.9

Abbreviation: ETB, Ethiopian birr.
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Clinical History of the Child
Among all under-five children involved in study, 163 (43.6%) had previous history of URTI, 19 (5.1%) had history of 
measles, 4 (1.1%) of them had malaria. Regarding to growth status of the children, calculated from body mass index 
(BMI) Z-score, 129 (34.5%) were underweight (Table 4).

Overall Prevalence of S. pneumoniae Bacterial Infection
The proportion of S. pneumoniae infection among children age less than five years attending Sheck Hassan Yebere 
Referral Hospital was 68/374 (18%) (95% CI 14.4–22.2).

Bivariate and Multivariate Analysis Results for Factors Associated with S. pneumoniae 
Bacterial Infection
Child’s father’s educational status, number of windows in room, type of fuel source, place of cooking, household cigarette 
exposure, breast-feeding, previous URTI and nutritional status of the baby showed significant associations with S. pneumonia 

Table 2 Living Conditions of Under-Five Children Attending Sheik Hasan Yebere Referral Hospital Jig-Jiga, 
Ethiopia 2021

Variables Category Frequency Percentage

Number of rooms in the house One 93 24.9

Two 170 45.5

Three 84 22.5
Four and above 27 7.2

Available windows in the house No window 69 18.4

Only one window 182 48.7
Two windows 123 32.9

Fuel source Charcoal 197 52.7
Wood 98 26.2

Electricity 69 18.4

Kerosene 10 2.7
Place of cooking Living room 137 36.6

Kitchen 185 49.5

Outdoors 52 13.9
Child carrying while cooking Yes 208 55.6

No 166 44.4

Child household cigarette or Shisha exposure Yes 118 31.6
No 256 68.4

Table 3 Vaccination and Feeding Status of Under-Five Children Attending Sheik Hasan Yebere Referral 
Hospital, Jig-Jiga, Ethiopia, 2021

Variables Category Frequency Percentage

PCV vaccination Vaccinated 216 57.8
Not vaccinated 158 42.2

Breast-fed for first 6 months Exclusive breast-feeding 181 48.4
Non-exclusive breast-feeding 193 51.6

Duration of breast-feeding Still breast-feeding 126 33.7

1–23 months 213 57
24–36 months 35 9.4

Zinc supplementation Yes 125 33.4

No 249 66.6
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infection in a binary logistic regression model. These variables were subjected to multivariate analysis and the majority 
remained significantly associated with S. pneumoniae infection. In the multivariate regression analysis, children who lived in 
a home with insufficient ventilation due to absence of windows (p-value=<0.04 AOR=2.8; 95% CI 1.1–7.6), children who did 
not exclusively breast-feed (p-value=<0.03 AOR=2.1; 95% CI 1.1–4.1), and children who encountered previous URTI 
(AOR=3.2; 95% CI 1.7–6.1); p-value=<0.01) were associated with S. pneumoniae infection (Table 5).

Antimicrobial Drug Susceptibility Testing
Among all S. pneumoniae isolated bacteria, 24 (35%) were resistant to Cotrimoxazole, 23 (34%) were resistant to 
Tetracycline, and 10 (14%) were resistant to penicillin. Whereas 61 (89%), 68 (100%), 64 (94%) and 64 (94%) were 
susceptible to Chloramphenicol, Ceftriaxone, Vancomycin and Amoxicillin-clavulanate, respectively (Table 6).

Multi-drug resistant S. pneumoniae is increasing worldwide, as reported from many studies across the globe. An 
increased number of antimicrobial treatments are at increased risk of drug resistance to commonly used antibiotics.23 In 
our study, from all isolated S. pneumoniae bacteria, 28 (41.2%) were resistant to only one antibiotic, 15 (22.1%) were 
resistant to two antibiotics and 3 (4.4%) were resistant to three or more antibiotics (Table 7).

Discussion
Pneumonia is an inflammatory disease which mainly affects the parenchymal structure of the lung like alveoli and 
bronchioles.1 The bacteria named S. pneumoniae is found as a normal flora in the upper respiratory airway but these 
bacteria can cause a serious infection for children aged less than five years due to their lower immunological status.2

According to this study, the overall prevalence of S. pneumoniae bacterial infection was 18%, which showed a lower 
prevalence from other studies conducted in Niger and Indonesia, with reported prevalence rates of 39.6% and 22%, 
respectively.13,24 This difference might be due to the detection method; the latter study was conducted using a highly sensitive 
molecular technique known as PCR. BThe results of the PCR technique are not dependent on the lab technician’s ability or the 
time it takes to grow the bacteria in the culture dish, which results in highly compressed, accurate and fast data sets. Similarly, the 
prevalence rate of S. pneumoniae infection reported in our study was also lower compared to similar studies conducted in 
Belgium, Mozambique, Ghana and Indonesia, which reported prevalence rates of 21%, 80.5%, 48.9% and 46%, respectively.25–28 

This difference could be the result of the duration of the study period, study area and detection method. For example, the study 
conducted in Belgium involved 12 months of data collection, the Mozambique study was carried out in three different areas of 
study, and the Ghanaian study was carried out by molecular detection method that made the prevalence of infection higher. In 
another way, the prevalence of S. pneumoniae infection showed a higher prevalence rate than the study conducted in United States, 

Table 4 Clinical History and Growth Status of Under-Five Children Attending Sheik Hasan 
Yebere Referral Hospital, Jig-Jiga, Ethiopia, 2021

Variable Category Frequency Percentage

Previous URTI Yes 163 43.6

No 211 54.6

Measles Yes 19 5.1
No 355 94.9

Malaria Yes 4 1.1

No 370 98.9
Diarrhea Yes 177 47.3

No 197 52.7
Chronic disease CHD or 

Asthma

Yes 51 13.6

No 323 86.4

Growth status of the child Underweight 129 34.5
Overweight 29 7.8

Obese 36 9.6

Healthy weight 180 48.1

https://doi.org/10.2147/IDR.S409919                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2023:16 3518

Mekuria et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 5 Results of Bivariate and Multivariate Analysis of S. pneumoniae Infection Associated Factors Among Under-Five Children Attending Sheik Hasan Yebere Referral Hospital, Jig- 
Jiga, Ethiopia, 2021

Variables Category S. pneumoniae Bivariate Analysis Multivariate Analysis

Positive n (%) Negative n (%) COR (95% CI) P-value AOR (95% CI) p-value

Father educational status Unable to write/read 28(38.8%) 44(61.2%) 6.5(2.9–14.5) 0.01 1.8(0.5–6.2) 0.37

Can read and write 14(22%) 49(78%) 2.9(1.2–70) 0.02 0.8(0.2–2.9) 0.74

Primary school 8(19%) 35(81%) 2.3(0.9–6.3) 0.09 0.9(0.3–3.9) 0.7
Secondary school 8(9.9%) 76(90.1%) 1.1(0.4–2.8) 0.88 0.6(0.2–2.0) 0.43

Diploma and above 10(8.9%) 102(91.1%) 1

No. of windows No windows 27(39.1%) 42(60.9%) 5.4(2.6–11.5) 0.01 2.8 (1.1–7.6)* 0.04
Only one window 28(15.4%) 154(84.6%) 1.5(0.7–3.1) 0.23 0.9 (0.4–2.3) 0.88

Two windows 13(10.6%) 110(89.4%) 1

Place of cook Living room 34(24.8%) 103(75.2%) 0.89(0.4–1.8) 0.77 0.83(0.3–2.3) 0.72
Kitchen 20(10.8%) 165(89.2%) 0.3(0.2–0.7) 0.01 0.61

Outdoors 14(26.9%) 38(73.1%) 1

Cigarette or Shisha exposure in household Yes 32(25.9%) 86(74.1%) 2.2(1.3–3.9) 0.003 1.8 (0.9–3.4) 0.08
No 36(14.1%) 220(85.9%) 1

Breast-feeding Non-exclusive 51(26.4%) 142(73.6%) 3.4(1.9–6.2) 0.01 2.1(1.1–4.1)* 0.03

Exclusive 17(9.4%) 164(90.6%) 1
Previous URTI Yes 46(28.2%) 117(71.8%) 3.4(1.9–5.9) 0.01 3.2 (1.7–6.1)* 0.01

No 22(10.4%) 189(89.6%) 1

Nutritional status by BMI Underweight 36(27.9%) 93(72.1%) 3.2(1.8–6.0) 0.01 1.5(0.7–0.3.1) 0.20
Overweight 6(20.7%) 23(79.3%) 2.2(0.8–6.1) 0.12 2.2(0.7–7.2) 0.17

Obese 7(19.5%) 29(80.5%) 2(0.8–5.3) 0.14 2(0.7–6.5) 0.15

Healthy weight 19(10.6%) 161(89.4%) 1

Notes: *Means those variables that showed significant association with S. pneumoniae bacterial infection (P-value ≤0.05).
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Laos PDR and in Gondar city, Ethiopia, which reported prevalence rates of 16.2%, 15.7% and 12%, respectively.10,29,30 The 
possible reason could be that the US study was conducted in a clinic rather than in a hospital, in Laos PDR the study participants 
were under-five children who have received a PCV vaccination, and in Gondar city the study was conducted in a community- 
based setting that may contribute for to low prevalence of S. pneumoniae bacteria infection. Similarly, our study finding had 
a higher prevalence rate than the study conducted in Haramaya University Hiwot Fana Specialized University Hospital, with the 
prevalence of S. pneumoniae infection among under-five children at 11.2%14; the difference might be living conditions.

Earlier prevalence studies carried out in different areas of Ethiopia showed a high prevalence rate of S. pneumoniae 
infection when compared to our study finding. This study finding revealed a lower prevalence than that of another study 
conducted in Wondo Genet and Mizan Tepi University Teaching Hospital, with prevalence of S. pneumoniae of 33.33% 
and 25.3%, respectively;15,19 this difference might be due to geographical variation. Similarly, this study has much lower 
prevalence than the study carried out in Jima Shaman Gibe Hospital and Debre Berhan Referral Hospital, with total 
prevalence of S. pneumoniae infection of 43.8% and 39.6%, respectively.31,32 The disagreement could happen as a result 
of differences in the geographical areas and geographical settings of studies.

The finding of this study showed that children who were living in houses with no windows had a 2.8 times increased risk of 
S. pneumoniae infection than their counterparts, which is more or less similar to previous studies conducted in Alexandria, where 
children who were living in poorly circulated air due to no window in the rooms had a 3.5 times increased risk of S. pneumoniae 
infection than children who were living in houses with 2 or more windows.33 Similarly, on the other side of Munesa district, 
children living in houses with more than two windows were 95% protected from S. pneumoniae infection.15 Poor ventilation can 

Table 7 MDR (Multi-Drug Resistant) S. pneumoniae Isolated from Under-Five 
Children Attending Sheik Hasan Yebrere Referral Hospital, Jig-Jiga, Ethiopia, 2021 
(N=68)

Antibiotics Resistance

Cotrimoxazole + Tetracycline 11(16.2%)

Cotrimoxazole + penicillin 3(4.4%)

Penicillin + Chloramphenicol 1(1.5%)

Cotrimoxazole + Tetracycline + Chloramphenicol 1(1.5%)

Augmentin + Cotrimoxazole + Tetracycline 1(1.5%)

Augmentin + Cotrimoxazole + penicillin + Chloramphenicol 1(1.5%)

Table 6 Antibiotic Susceptibility Pattern of Isolated S. pneumoniae Among Under-Five Children 
Attending Sheik Hasan Yebere Referral Hospital, Jig-Jiga, Ethiopia, 2021

Antimicrobial Drugs Susceptible Intermediate Resistant

Amoxicillin clavulanate 64(94%) 2(3%) 2(3%)

Cotrimoxazole 36(53%) 8(12%) 24(35%)

Chloramphenicol 61(89%) – 7(10%)

Tetracycline 41(60%) 4(6%) 23(34%)

Penicillin 52(77%) 6(9%) 10(14%)

Ceftriaxone 68(100%) – –

Vancomycin 64(94%) 4(6%) –
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have a serious health impact due to prolonged exposure to bacteria, which means that lower air exchange rate might increase the 
concentration of the S. pneumoniae bacteria.

In this study, under-five children who had a previous upper airway infection in the last month were 3.2 times more likely to 
develop S. pneumoniae infection than under-five children who did not have the illness. This result was higher than previous studies 
conducted in East Africa and Munesa district where under-five children with history of respiratory infection in the upper airway 
was significantly associated with infection of S. pneumoniae with an AOR of 2.62 and 4.2, respectively.15,34 This difference from 
the study done in East Africa could be due to the study design used; our study was done using a cross-sectional design but the 
previous study was done by systematic review and meta-analysis. The other difference regarding the study done in Munesa was 
that it was conducted in a community-based setting but our study was hospital based.

In this study, under-five children who were not exclusively breast-fed for 6 months were 2.1 times more likely to develop 
S. pneumoniae infection than children who were exclusively breast-fed. But our results were lower than those of a study conducted 
in Kersa district: among 378 children, those who were not exclusively breast-fed below the age of six months were more likely to 
develop pneumonia infection, with an AOR of 3.3.35 This difference could be the result of study design because our study was 
cross-sectional but the earlier study used a case control approach. In a study conducted in Achefer district, Northwest Ethiopia, 
under-five children who were exclusively breast-fed were 83 times less likely to be infected with S. pneumoniae bacteria than 
those who were not.36 Again, this difference may be explained by the fact that our study used a case control approach. According 
to immunological science, breast-feeding protects infants from infections and inflammation, mainly via secretory IgA antibodies 
and some other anti-inflammatory components; thus, breast-feeding for the first six months of life is advisable until the infant 
begins to produce their own antibodies. The secretory IgA obtained from breast-feeding has ability to modify the virulence of the 
surface protein A of S. pneumoniae bacteria.

The isolated S. pneumoniae bacteria in the present study showed drug resistance for commonly used antimicrobials. 
Those antimicrobials were Cotrimoxazole 35%, Tetracycline 34%, penicillin 14% and Chloramphenicol 10%. The 
finding of this study was compared with different studies across the globe. A study conducted in Tehran revealed that 
S. pneumoniae bacteria showed antibiotic drug resistance to Tetracycline (69.85%), Azithromycin (54.9%), 
Cotrimoxazole (11.8%), penicillin (9.2%), and Vancomycin (1.5%);37 further, regarding resistance to Tetracycline, 
Vancomycin and Cotrimoxazole, these figures are higher than those in our study. This may be due to geographical 
variation. In this study, S. pneumoniae showed lower resistance patterns when compared to a study conducted in Gondar, 
where S. pneumoniae showed resistance patterns of 33.2% to Erythromycin and Tetracycline and 14.6% to 
Chloramphenicol.38 The isolated S. pneumoniae bacteriain our study showed similar 10% antibiotic drug resistance to 
Erythromycin to that found in a study conducted in Harar and Gondar, Ethiopia.14,38

A study conducted in Hawassa, Ethiopia showed 64.6% and 42.6% resistance of S. pneumoniae to Cotrimoxazole, and 
Tetracycline, respectively, which is higher than the resistance pattern reported in our study; however, Chloramphenicol showed 
8.8% resistance, which is lower than that found in our study.39 Similarly, a study in Jima town Shanan Gibe Hospital revealed that 
S. pneumoniae showed resistance to Tetracycline (53.2%), Cotrimoxazole (43.7%), penicillin (36.1%), and Chloramphenicol 
(13.3%),32 which is higher antibiotic resistance than that in our study area. This difference could be the result of variation in 
geographical, area, study season and implementation of immunization. A study conducted at Harar Hiwot Fana Specialized 
Hospital revealed that S. pneumoniae showed resistance to Chloramphenicol (14%), Tetracycline (42%), Ceftriaxone (2.3%) and 
Cotrimoxazole (46.5%), which are higher than those from our study. Amoxicillin-Clavulanate showed similar resistance pattern 
from our study,14 which might result from a variation in study period.

Limitation
This study used convenience-sampling method, which may limit the generalizability of the findings.

Conclusions
The prevalence and antimicrobial drug resistance of S. pneumonia in this study were comparatively high. The overall 
prevalence rate among under-five children attending the hospital was 18%. No window in the house, non-exclusive 
breast-feeding and previous URTI were associated with S. pneumoniae bacterial infection in under-five children. The 
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identified organisms showed drug resistance to Cotrimoxazole (35%), Tetracycline (34%) and Chloramphenicol and 
Erythromycin (both 10%).

Abbreviations
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outpatient department; PCV, pneumococcal conjugate vaccine; URTI, upper respiratory tract infection; WAZ, weight for 
age Z-score; WHO, World health organization.

Data Sharing Statement
The data used in this research study is available from the corresponding author upon reasonable request.

Acknowledgment
We would like to thank Jig-Jiga University research directorate for funding us to conduct this research project. Our 
special thanks also to Jig-Jiga University College of Medicine and Health Science Faculty for their continuous support 
and tremendous follow up during the study. We would like to thank Sheck Hassan Yebere Referral Hospital Laboratory 
staff and pediatric nurses who participated during collection and examination of data and samples, respectively.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically 
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article 
has been submitted; and agree to be accountable for all aspects of the work.

Funding
The funding for this research project was obtained from Jig-Jiga University Research Directorate.

Disclosure
All authors declare that they have no competing interests.

References
1. Agweyu A, Lilford RJ, English M, et al. Appropriateness of clinical severity classification of new WHO childhood pneumonia guidance: a 

multi-hospital, retrospective, cohort study. Lancet Global Health. 2018;6(1):e74–e83. doi:10.1016/S2214-109X(17)30448-5
2. Clark SE. Commensal bacteria in the upper respiratory tract regulate susceptibility to infection. Curr Opin Immunol. 2020;66:42–49. doi:10.1016/j. 

coi.2020.03.010
3. Adegbola RA, DeAntonio R, Hill PC, et al. Carriage of Streptococcus pneumoniae and other respiratory bacterial pathogens in low and 

lower-middle income countries: a systematic review and meta-analysis. PLoS One. 2014;9(8):e103293. doi:10.1371/journal.pone.0103293
4. Ram PK, Dutt D, Silk BJ, et al. Household air quality risk factors associated with childhood pneumonia in urban Dhaka, Bangladesh. Am J Trop 

Med Hyg. 2014;90(5):968–975. doi:10.4269/ajtmh.13-0532
5. Wainer H. Medical Illuminations: Using Evidence, Visualization and Statistical Thinking to Improve Healthcare. Oxford University Press; 2014.
6. Riedel S, Morse SA, Mietzner TA, Miller S. Jawetz Melnick & Adelbergs Medical Microbiology 28 E. McGraw Hill Professional; 2019.
7. Hyams C, Camberlein E, Cohen JM, Bax K, Brown JS. The Streptococcus pneumoniae capsule inhibits complement activity and neutrophil 

phagocytosis by multiple mechanisms. Infect Immun. 2010;78(2):704–715. doi:10.1128/IAI.00881-09
8. Rudan I, Boschi-Pinto C, Biloglav Z, Mulholland K, Campbell H. Epidemiology and etiology of childhood pneumonia. Bull World Health Organ. 

2008;86:408–416B. doi:10.2471/BLT.07.048769
9. Walker CLF, Rudan I, Liu L, et al. Global burden of childhood pneumonia and diarrhoea. Lancet. 2013;381(9875):1405–1416. doi:10.1016/S0140- 

6736(13)60222-6
10. Andualem Z, Adane T, Tigabu A, et al. Pneumonia among under-five children in Northwest Ethiopia: prevalence and Predictors—A community- 

based cross-sectional study. Int J Pediatr. 2020;2020:1–6. doi:10.1155/2020/3464907
11. UNICEF. Integrated global action plan for the prevention and control of pneumonia and diarrhoea (GAPPD); 2015.
12. Sharew B, Moges F, Yismaw G, et al. Serotype distribution of streptococcus pneumoniae isolates causing invasive and non-invasive infections 

using whole-genome sequencing in Ethiopia. Infect Drug Resist. 2021;14:787–794. doi:10.2147/IDR.S293578
13. Hadinegoro SR, Prayitno A, Khoeri MM, et al. Nasopharyngeal carriage of Streptococcus pneumoniae in healthy children under five years old in 

Central Lombok Regency, Indonesia. Southeast Asian J Trop Med Public Health. 2016;47(3):485–493.

https://doi.org/10.2147/IDR.S409919                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2023:16 3522

Mekuria et al                                                                                                                                                         Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S2214-109X(17)30448-5
https://doi.org/10.1016/j.coi.2020.03.010
https://doi.org/10.1016/j.coi.2020.03.010
https://doi.org/10.1371/journal.pone.0103293
https://doi.org/10.4269/ajtmh.13-0532
https://doi.org/10.1128/IAI.00881-09
https://doi.org/10.2471/BLT.07.048769
https://doi.org/10.1016/S0140-6736(13)60222-6
https://doi.org/10.1016/S0140-6736(13)60222-6
https://doi.org/10.1155/2020/3464907
https://doi.org/10.2147/IDR.S293578
https://www.dovepress.com
https://www.dovepress.com


14. Bayu D, Mekonnen A, Mohammed J, Bodena D. Magnitude of streptococcus pneumoniae among under-five children with symptom of acute 
respiratory infection at Hiwot Fana specialized University Hospital, Harar, Ethiopia: associated risk factors and antibacterial susceptibility patterns. 
Risk Manag Healthc Policy. 2020;13:2919. doi:10.2147/RMHP.S283860

15. Abateneh DD, Shano AK, Dedo TW. Nasopharyngeal carriage of and associated factors among children in Southwest Ethiopia. Open Microbiol J. 
2020;14(1):171–178. doi:10.2174/1874285802014010171

16. World Health Organization. Antimicrobial Resistance: Global Report on Surveillance. World Health Organization; 2014.
17. Sharew B, Moges F, Yismaw G, et al. Antimicrobial resistance profile and multidrug resistance patterns of Streptococcus pneumoniae isolates from 

patients suspected of pneumococcal infections in Ethiopia. Ann Clin Microbiol Antimicrob. 2021;20(1):1–7. doi:10.1186/s12941-021-00432-z
18. Wikipedia. Jijiga woreda; 2019. Available from: https://en.wikipedia.org/wiki/Jijiga_(woreda). Accessed November 15, 2019.
19. Abuka T. Prevalence of pneumonia and factors associated among children 2–59 months old in Wondo Genet district, Sidama zone, SNNPR, 

Ethiopia. Curr Pediatr Res. 2017;147:863–870.
20. World Health Organization. WHO child growth standards: training course on child growth assessment; 2008.
21. Todar K. Nutrition and growth of bacteria 1; 2018. Available from: http://textbookofbacteriology.net/nutgro.html. Accessed November 17, 2019.
22. Wayne P. Clinical and Laboratory Standards Institute performance standards for antimicrobial susceptibility testing. CLSI document M100-S29; 2023.
23. Thummeepak R, Leerach N, Kunthalert D, Tangchaisuriya U, Thanwisai A, Sitthisak S. High prevalence of multidrug resistant Streptococcus 

pneumoniae among healthy children in Thailand. J Infect Public Health. 2015;8(3):274–281. doi:10.1016/j.jiph.2014.11.002
24. Dano ID, Ousmane S, Moumouni K, Lagare A, Issa I, Testa J. Risk factors associated with Streptococcus pneumonia carriage in children under five 

years old with acute respiratory infection in Niger. Pan Afr Med J. 2019;33:239.
25. Malfroot A, Verhaegen J, Dubru J-M, Van Kerschaver E, Leyman S. A cross-sectional survey of the prevalence of Streptococcus pneumoniae 

nasopharyngeal carriage in Belgian infants attending day care centres. Clin Microbiol Infect. 2004;10(9):797–803. doi:10.1111/j.1198- 
743X.2004.00926.x

26. Verani JR, Massora S, Acácio S, et al. Nasopharyngeal carriage of Streptococcus pneumoniae among HIV-infected and–uninfected children< 5 
years of age before introduction of pneumococcal conjugate vaccine in Mozambique. PLoS One. 2018;13(2):e0191113. doi:10.1371/journal. 
pone.0191113

27. Mills RO, Twum-Danso K, Owusu-Agyei S, Donkor ES. Epidemiology of pneumococcal carriage in children under five years of age in Accra, 
Ghana. Infect Dis. 2015;47(5):326–331. doi:10.3109/00365548.2014.994185

28. Marchisio P, Esposito S, Schito GC, Marchese A, Cavagna R, Principi N. Nasopharyngeal carriage of Streptococcus pneumoniae in healthy 
children: implications for the use of heptavalent pneumococcal conjugate vaccine. Emerg Infect Dis. 2002;8(5):479. doi:10.3201/eid0805.010235

29. Immergluck LC, Kanungo S, Schwartz A, McIntyre A, Schreckenberger P, Diaz P. Prevalence of Streptococcus pneumoniae and Staphylococcus 
aureus nasopharyngeal colonization in healthy children in the United States. Epidemiol Infect. 2004;132(2):159–166. doi:10.1017/ 
S0950268803001791

30. Dunne EM, Choummanivong M, Neal EF, et al. Factors associated with pneumococcal carriage and density in infants and young children in Laos 
PDR. PLoS One. 2019;14(10):e0224392. doi:10.1371/journal.pone.0224392

31. Gizachew N. Magnitude of pneumonia and associated factors among under five children in debre berhan referral hospital, North Shoa, Ethiopia; 2019.
32. Gebre T, Tadesse M, Aragaw D, et al. Nasopharyngeal carriage and antimicrobial susceptibility patterns of Streptococcus pneumoniae among 

children under five in Southwest Ethiopia. Children. 2017;4(4):27. doi:10.3390/children4040027
33. Fadl N, Ashour A, Yousry Muhammad Y. Pneumonia among under-five children in Alexandria, Egypt: a case-control study. J Egypt Public Health 

Assoc. 2020;95(1):14. doi:10.1186/s42506-020-00043-0
34. Lema B, Seyoum K, Atlaw D. Prevalence of community acquired pneumonia among children 2 to 59 months old and its associated factors in 

Munesa District, Arsi Zone, Oromia Region, Ethiopia. Clinics Mother Child Health. 2019;16:334.
35. Geleta D, Tessema F, Ewnetu H. Determinants of community acquired pneumonia among children in Kersa District, Southwest Ethiopia: facility 

based case control study. J Pediatr Neonatal Care. 2016;5(2):00179.
36. Gedefaw M, Berhe R. Determinants of childhood pneumonia and diarrhea with special emphasis to exclusive breastfeeding in north Achefer 

district, northwest Ethiopia: a case control study. Open J Epidemiol. 2015;5(02):107. doi:10.4236/ojepi.2015.52014
37. Dashti AS, Abdinia B, Karimi A. Nasopharyngeal carrier rate of Streptococcus pneumoniae in children: serotype distribution and antimicrobial 

resistance. Arch Iran Med. 2012;15(8):500–503.
38. Assefa A, Gelaw B, Shiferaw Y, Tigabu Z. Nasopharyngeal carriage and antimicrobial susceptibility pattern of Streptococcus pneumoniae among pediatric 

outpatients at Gondar University Hospital, North West Ethiopia. Pediatr Neonatol. 2013;54(5):315–321. doi:10.1016/j.pedneo.2013.03.017
39. Haile AA, Gidebo DD, Ali MM. Colonization rate of Streptococcus pneumoniae, its associated factors and antimicrobial susceptibility pattern 

among children attending kindergarten school in Hawassa, southern Ethiopia. BMC Res Notes. 2019;12(1):344. doi:10.1186/s13104-019-4376-z

Infection and Drug Resistance                                                                                                          Dovepress 

Publish your work in this journal 
Infection and Drug Resistance is an international, peer-reviewed open-access journal that focuses on the optimal treatment of infection (bacterial, 
fungal and viral) and the development and institution of preventive strategies to minimize the development and spread of resistance. The journal is 
specifically concerned with the epidemiology of antibiotic resistance and the mechanisms of resistance development and diffusion in both hospitals and 
the community. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. 
Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/infection-and-drug-resistance-journal

Infection and Drug Resistance 2023:16                                                                                       DovePress                                                                                                                       3523

Dovepress                                                                                                                                                         Mekuria et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.2147/RMHP.S283860
https://doi.org/10.2174/1874285802014010171
https://doi.org/10.1186/s12941-021-00432-z
https://en.wikipedia.org/wiki/Jijiga_(woreda
http://textbookofbacteriology.net/nutgro.html
https://doi.org/10.1016/j.jiph.2014.11.002
https://doi.org/10.1111/j.1198-743X.2004.00926.x
https://doi.org/10.1111/j.1198-743X.2004.00926.x
https://doi.org/10.1371/journal.pone.0191113
https://doi.org/10.1371/journal.pone.0191113
https://doi.org/10.3109/00365548.2014.994185
https://doi.org/10.3201/eid0805.010235
https://doi.org/10.1017/S0950268803001791
https://doi.org/10.1017/S0950268803001791
https://doi.org/10.1371/journal.pone.0224392
https://doi.org/10.3390/children4040027
https://doi.org/10.1186/s42506-020-00043-0
https://doi.org/10.4236/ojepi.2015.52014
https://doi.org/10.1016/j.pedneo.2013.03.017
https://doi.org/10.1186/s13104-019-4376-z
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Methodology
	Study Area and Period
	Study Design
	Source Population
	Study Subjects
	Eligibility Criteria
	Sample Size Determination
	Sampling Procedure
	Methods of Data Collection
	Data Collection Instruments
	For Socio-Demographic Factors and Child Clinical History
	For Clinical Specimens
	For Nutritional Status Measurements

	Laboratory Procedure
	Sample Collection

	Sample Transport
	Culturing the Media
	Antimicrobial Sensitivity Testing
	Microscopic Examination for Morphology
	Operational Definitions
	Data Quality Control
	Methodsof Data Analysis
	Ethical Consideration

	Results
	Socio-Demographic Characteristics
	Living Conditions
	Vaccination, Breast-Feeding and Supplementation Status
	Clinical History of the Child
	Overall Prevalence of <italic>S.pneumoniae</italic> Bacterial Infection
	Bivariate and Multivariate Analysis Resultsfor Factors Associated with <italic>S.pneumoniae</italic> Bacterial Infection
	Antimicrobial Drug Susceptibility Testing

	Discussion
	Limitation
	Conclusions
	Abbreviations
	Data Sharing Statement
	Acknowledgment
	Author Contributions
	Funding
	Disclosure

