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Abstract
Background; Acute respiratory infection in children is infection of the respiratory system and characterized by cough accompanied by short, rapid breathing that is chest-related, and/or difficult breathing that is chest-related . Acute respiratory infection is a major cause of morbidity and mortality in young children worldwide. In Ethiopia ARI related mortality and morbidity still high. Because of  huge difference in prevalence and risk factors of ARI in regional states of Ethiopia, identifying associated factors of ARI for Amhara region is essential to take appropriate intervention. Furthermore there is limited information regarding associated factors of ARI in under-five children at Amhara regional level and most of studies in Amhara region were conducted at Woreda, Town and health facility level and they used small sample size. Therefore, this study was aimed at identifying prevalence and associated factors of ARI in Amhara Region by using regionally representative data from EDHS 2016.
Objective: To determine the prevalence and associated factors of acute respiratory infection among under-five children in Amhara Region, Ethiopia, 2020.
Methods: Community-based cross-sectional study was carried out involving 1967 children under the age of 5 years. Information pertinent for this study was extracted from the main data set and a working data set was prepared. Analysis of the data was performed using STATA 14. Multilevel mixed effect binary logistic regression was applied to identify associated factors. 
Results: The prevalence rate of acute respiratory infection in Amhara region was 7.9% (95% CI=0.062, 0.097). The odds of ARI in children of age between 6-11 months were  4 times as compared to those age between 0-6 months (AOR= 3.33, 95% CI: 1.04, 10.71), The odds of  ARI in children who had diarrhea were 5 times higher  as compared to had no diarrhea (AOR= 4.72, 95% CI: 2.48, 8.96), The odds of ARI among children who had fathers with  primary level of education were reduced by 54% as compared to had no education (AOR=0.44, CI: 0.20, 0.99),  Children of mother’s age group  15-19 years old have increased the odds of ARI by 4 times as compared to age group 35-49 years(AOR= 4.22, CI: 1.05, 16.92) and the odds of ARI among children who distance to the health facility were a big problem were increased by 82% as compared to their counterpart (AOR: 1.82; 95% CI: 1.02, 3.24) were associated factors of under-five acute respiratory infection. 
Conclusion: In this study, the prevalence rate of ARI was slightly higher than national prevalence. Child age, children had diarrhea, Father Education level, distance to health facility and mother’s age were associated with acute respiratory infection. Governments should continue to strengthen provision of education and provide information on ARI for all community. 
[bookmark: _Toc48317267][bookmark: _Toc50768830]Key words: ARI, Associated factors, Ethiopia.
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AIDS                         Acquired Immune Deficiency Syndrome
AOR                          Adjusted Odds Ratio
ARI                            Acute Respiratory Infection.
CHD                           Congenital Heart Disease
CHERG                      Health Epidemiology Reference Group
CI                               Confidence Interval
COR                           Crude Odds Ratio
CSA                            Central Statistical Agency
EBF                             Exclusive Breast Feeding
ETB                             Ethiopian Total Birr
EDHS                          Ethiopian Demographic and Health Survey
Hib                              Homophiles Influenza Type B vaccine
IMNCI                         Integrated Management of Neonatal and Childhood
OPD                             Out Patient Department
PBF                              Partial Breast Feeding
PI                                 Principal Investigator
PCV                             Pneumococcal Conjugate Vaccine
SDG                             Sustainable Development Goal
SPSS                             Statistical Package for Social Science
UNICEF                       United Nations Children's Fund
WHO                            World Health Organization
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[bookmark: _Toc50768843][bookmark: _Toc63376861][bookmark: _Toc63379136]1. INTRODUCTION
[bookmark: _Toc42943981][bookmark: _Toc50768844][bookmark: _Toc63376862][bookmark: _Toc63379137]1.1 Background
Acute respiratory infection(ARI) is infection of the respiratory system (1). Acute respiratory infection are mostly classified as Upper Respiratory Tract Infections (URIs) and Lower Respiratory Infections (LRIs). It is the commonest infection and includes rhinitis (common cold), sinusitis, ear infections, acute pharyngitis, epiglottitis, and laryngitis. Of which ear infections and pharyngitis cause the more severe complication. The vast majority of URIs has a viral etiology. The common LRIs in children are pneumonia and bronchiolitis (2).Studies show that most ARI episodes to be due to pneumonia (3).
Studies show that acute respiratory Infection (ARI ) in under-five children is characterized by cough followed by fast breathing (4). On the other hand typical clinical feature of ARI  includes cough accompanied by (1) short, rapid breathing that is chest-related, and/or (2) difficult breathing that is chest-related (5). For this reason , it was recommended that ARI be described as “presumed pneumonia” to better reflect the probable cause and the recommended interventions and ARI and Pneumonia were used in different studies interchangeably (6). ARI describes all infections of the respiratory tract both upper (URI) and lower (ALRI) (7). Pneumonia the most serious presentation is singly responsible for almost one fifth of total mortality in this vulnerable age group (8). 
The commonest etiologies for ARI are Bacteria such as Streptococcus Pneumonia, Staphylococcus Aurous, H.Influenzae  and Viruses like Adenovirus, Influenza, Para influenza, Measles Coronavirus and Rhinovirus (1). Childhood Acute Respiratory Infection (ARI) is the largest cause of morbidity among under-five children through the world (8).  About 20% of deaths among children (<5) due to acute lower respiratory infections and 90% of these deaths due to pneumonia is very high in developing countries (9). And it is one of the leading public health challenges among children in low- and middle-income countries. ARI is a major cause of morbidity and mortality in young children worldwide. Other study shows that about 4 million children die every year due to ARI. (1). Studies shows that malnutrition, Low birth weight, inadequate breast feeding, Vitamin A deficiency, Indoor air pollution, Low socioeconomic status, Poor hygiene and Missing vaccines are among the factors associated with childhood ARI (1,10). 

[bookmark: _Toc50768845][bookmark: _Toc63376863]
[bookmark: _Toc63379138]1.2 Statement of the problem
Globally ARI is the leading cause of morbidity and mortality in young children, accounting for approximately 4 million children die every year due to the case. It accounts for 30-40% of the hospital visits (1). Another estimate shows that ARI is among leading causes of death in children under five and results 1.9 million deaths in children under  the age of 5 Mostly, in Africa and South East Asia (9). Acute respiratory infection is the largest cause of morbidity among under-five children across the world (8). 
Estimates of acute respiratory infection  incidence are highest in South-East Asia (0.36 episodes per child-year), followed by Africa (0.33 episodes per child-year) and by the Eastern Mediterranean (0.28 episodes per child-year), and lowest in the Western Pacific (0.22 episodes per child year), the Americas (0.10 episodes per child-year) and European Regions (0.06 episodes per child-year) (11). On the other hand childhood ARI is a universal problem of public health importance that disproportionately affects every region. Despite the sustained effort to stop the problem, the problem continues to kill millions of children worldwide. Annually, approximately 120–156 million cases of ARI occur globally, with nearly 1.4 million resulting in death under the age of five every year, with 90–95% of these deaths occurring in the developing world (8).
Studies show that the incidence and severity of childhood acute  respiratory tract infection was highest in Africa and south East Asia, which accounted for 30% and 39% respectively of the global burden of severe cases and about more than 490,000 under-five children died by ARI in 2016 in sub-Saharan Africa (12–14). The African Region has, in general, the highest burden of overall child mortality in the world, 50% of worldwide deaths from ARI in this age group. By contrast, less than 2% of these deaths take place in the European Region and less than 3% in the Region of the Americas. More than 90% of all deaths due this case in children age less than 5 years take place in 40 countries. In these two regions, 15 countries accounted the majority severe cases (12,13). 



In Ethiopia, under-five mortality rate has declined by two thirds from the 1990 figure of 204/1,000 live births to 68/1,000 live births in 2012, thus meeting the target for Millennium Development Goal 4 (MDG 4) on child survival three years ahead of time. In absolute numbers the under-five deaths in Ethiopia has declined from nearly half a million, 444,000 a year in 1990, to about 196,000 in 2013. However, the mortality reduction was not uniform across the different childhood age groups, geographic and socio-demographic population groups. Children are currently dying each year and the reductions in mortality were not proportionate across the different childhood age groups, socio-economic strata and geographic regions of the country (15).
The major causes of under-five mortality, based on the 2014 World Health Organization and Child Health Epidemiology Reference Group (WHO/CHERG ) estimates for Ethiopia shows that,  acute respiratory infection (ARI) (18%), diarrhea (9%), prematurity (11%), (sepsis 9%), birth asphyxia (14%), injuries (6%), and measles (2%) and others (21%) (16). Other studies indicates that, in Ethiopia 7% of children under age 5 had symptoms of ARI (5). This shows that ARI in Ethiopia is still the major cause of childhood mortality and morbidity and pneumonia, the severest presentation of ARI is a leading killer of under-five children. Studies in Amhara region show that, ARI featured among the top 10 diseases affecting under-five children (10).
Mortality and morbidity because of childhood acute lower respiratory infection is high in Ethiopian children due to limited coverage and affordability of effective preventive interventions like immunization of PCV, RSV, and lack of good access to care and unavailability of effective management strategies (17). It is therefore important that to look at a combination of strategies for reducing the morbidity and mortality from ARI (10,15,18,19).
The widespread nature of the problem in Ethiopia has already killed thousands of children which need to look for lasting solution so as to end the problem. Because of huge regional difference in  environmental, some climatic, and infrastructure across the regions of Ethiopia, there could be risk factors difference of ARI across regions of the country and needs to study specific risk factors for each regions including 



Amhara region is required for effective intervention. On the other hand variables that are found to be risk factor of acute respiratory infections in one study may not necessarily be a risk factor of acute respiratory infections in another study. This supports the argument that possible risk factor of childhood acute respiratory infections vary across different regions of Ethiopia. For this reason identifying specific risk factors for Amhara regions plays vital role for taking targeted interventions against ARI risk factors in the region.
[bookmark: _Toc50768846]Furthermore there is limited information regarding associated factors of ARI in under-five children at  Amhara regional level and most of studies conducted in Amhara region were conducted at Woreda, Town and health facility level and they used small sample size(20). For this reason it may, therefore, be difficult to generalize the result of those studies to the whole Amhara region. Therefore identifying of risk factors for ARI by using large and representative sample size at regional level is essential. Therefore this study aimed to identify magnitude and associated factors of childhood ARI in Amhara Region by using regionally representative data from the EDHS 2016, and it will identify which of these factors have more pronounced influence for the reduction of childhood ARI in Amhara region.
[bookmark: _Toc63376864]












[bookmark: _Toc63379139]
1.3 Significance of the study
In Ethiopia, acute respiratory infection is major causes of childhood morbidity and mortality every year. This problem could be easily prevented and treated through simple and cost effective interventions. This will be achieved through Understanding about the factors that have contribution for under-five acute respiratory infection. 
Identifying factors associated with ARI in under-five children will also help children’s of Amhara regional state, zonal health office, woreda health managers and extension workers in designing appropriate intervention to improve health status of under-five children. Therefore, identifying common factors associated with under-five pneumonia and burden, support for the readiness of health facilities to make appropriate prevention and evaluation of the causes of under-five pneumonia. Thus, this study tried to make all these possible.           
[bookmark: _Toc50768847][bookmark: _Toc63376865]Finally, this study will help for researchers as baseline information for other studies, which will be conducted on the related subject matter in the future.









[bookmark: _Toc63379140]2. Literature Review
[bookmark: _Toc50768848][bookmark: _Toc63376866][bookmark: _Toc63379141]2.1 Morbidity burden of Childhood Acute respiratory infection 
Annually, approximately 120–156 million cases of ARI occur globally, with nearly 1.4 million resulting in death under the age of five every year, with 90–95% of these deaths occurring in the developing world. The majority of acute respiratory infection   in children less than 5 years of age occurs in 15 countries, with South Asia and Sub-Saharan Africa collectively holding the largest burden of more than half the worldwide total cases of ARI in children. Pneumonia, the severest presentation of ARI is the single largest causes to child mortality, accounting for almost 28–34% of all under-five deaths globally (16,21).
Studies showed that estimates of acute respiratory infection  incidence are highest in South-East Asia (0.36 episodes per child-year), followed by Africa (0.33 episodes per child-year) and by the Eastern Mediterranean (0.28 episodes per child-year), and lowest in the Western Pacific (0.22 episodes per child year), the Americas (0.10 episodes per child-year) and European Regions (0.06 episodes per child-year (11). Another studies show that the incidence and severity of childhood acute lower respiratory tract infection was highest in Africa and south East Asia, which accounted for 30% and 39% respectively of the global burden of severe cases (12,13). About more than 490,000 under-five children died by ARI in 2016 in sub-Saharan Africa (14).
Study conducted in India show that there is a high proportion under-five ARI which is 54.7%. India, Pakistan, Nigeria, democratic republic of Congo and Ethiopia are the five highest children mortality burden countries due to the severest form of ARI, which is pneumonia in the world. In India, child mortality because of pneumonia was 23.6% of all deaths. In china, pneumonia is the single leading cause of childhood mortality, contributing to 17.4% to the toll of deaths in children less than five years. In Ruanda, Sierra Leone, Somali, South Sudan and South Africa, 18%,16%,19%,20% and 17% of  under-five deaths of pneumonia  respectively in 2012, (13,22). Studies show that the combined incidence of all types of ARI in India was 7.9 episodes/100 child-weeks And Prevalence of ARI in this study stood at 34.3% (3).
In Ethiopia, EDHS 20016 estimate indicates that 7% children are affected by ARI (5). Study conducted in Gondar University, Ethiopia revealed that the proportion of under-five years children with ARI was 27.3% (19).The WHO report showed that,  there were 389,000 under five deaths, of which 22% were due to ARI (22). Acute Respiratory Tract infection remains one of the major causes of morbidity and mortality in children and frequent cause of health care seeking both on outpatient and inpatient basis (23).



[bookmark: _Toc50768849][bookmark: _Toc63376867][bookmark: _Toc63379142]2.2. Associated Factors to under –five acute respiratory infection
[bookmark: _Toc50768850][bookmark: _Toc63376868][bookmark: _Toc63379143]2.2.1 Socio demographic characteristics
Studies on acute respiratory infection showed that the risk of ARI in children in developing countries is 3- 6 times higher than children’s of developed countries. Not only outbreak of ARI, but also the death rate of this disease is higher in developing countries. inadequate knowledge and awareness of mothers about proper infant care practices have association with ARI (24). Children’s of household with low income were highly vulnerable to acute lower respiratory tract infection. A cohort study conduct in Egypt  revealed that a low family income and residence were significant risk factors for acute respiratory infection among Egyptian children (25). A descriptive study conducted in Iraq show that  high percentage of acute respiratory infection in children (86%) was found from families of  low income and lives in urban area (91%), than rural area (9%) (26). 
[bookmark: _GoBack]Study conducted In South Wolo, Legambo district show that the most important risk factor for ARI was, Maternal age, children whose mothers were designated as being housewives and households economic status (10). Low socio economic status and low maternal schooling were the main determinants of acute respiratory Infections (28,29). Maternal educational is major and most important factors in predicting children health. Mother’s education level had impact on children's health. In this regard, the role of mother in health promotion and disease prevention, assistance in early diagnosis and patient care is vital. Study conducted at Komfo Anokye Teaching Hospital University of Ghana show that low maternal educational level was the major risk factor for under five pneumonia (30).  Other study also show that   children with poorly educated mothers had significantly higher proportion of ARIs (23). 



[bookmark: _Toc50768851]Study conducted in University of Gondar ,Ethiopia show that  maternal age, Child age, and residence, were significantly associated with ARIs (19). Mothers working in a professional/technical occupation are a protective factor against ARI. This may be because these mothers spend less or no time cooking food for their family while carrying their children on their back, thus reducing their children’s exposure to indoor air pollution. Further, mothers working in professional or technical occupations are likely to have a literacy level equivalent to secondary education or higher, so their educational background may also indirectly contribute to their ability to protect their children from infectious diseases such as ARI. In EDHS 2011 study the odds of ARI decreased as the age of the child increased (31). Other Study conducted in Pakistan revealed that being female and age status of children’s has significant association with ARIs (32).
[bookmark: _Toc63376869][bookmark: _Toc63379144]2.2.2 Household Characteristics
Overcrowding and indoor air pollution is some of the risk factors associated with ARI. Overcrowding and inadequate ventilation creates comfortable environment for mites, respiratory viruses, and molds. Those agents play role in respiratory disease pathogenesis. Use of fuel like crop residues, dung, wood, and coal in poorly ventilated houses may lead to accumulation of smoke in and around the home. Mothers and their young children, who spend the most time indoors, are exposed to this smoke and have high probability of acquiring ARI (33). Indoor air pollution predisposes children’s for ARI. Study conducted In Brazil show that Prevalence of acute lower respiratory illness was quite high in child with household crowding and maternal smoking (28). 
Study conducted in Rwanda indicates that  acute lower respiratory infections has strong association with seasonal variation and  using unimproved cooking fuel (34). Similarly WHO study indicates that indoor air pollution strongly associated with ARI-related mortality in children. Exposure to indoor air pollution from solid fuel combustion increases the incidence of ARI by 80% (13). A systematic review of indoor air pollution and acute lower respiratory tract infection(ALRI) risk among young children (<5 years) in developing countries indicates a significant association with ALRI morbidity and mortality (35). Also caring mothers back or besides during cooking increase the risk of developing infection by 2.5 times compared to keeping the child outside of the cooking house (36).





Safe water source for both drinking and other uses including hand washing and improved sanitation facility can play important role for prevention of the infection (37). Another study also show that environmental factors like inappropriate sanitation, overcrowded living conditions, lack of clean water and irregular hand washing, are contributing factors to child ALRI. Studies suggest that in lower income countries, regular hand washing can reduce the incidence of acute respiratory infection by 16% (38). Studies on acute respiratory infections show that the risk of infection in under-five children was linked with factors such as under nutrition, lack of safe water and sanitation, indoor air pollution and inadequate access to health care (24).
Furthermore ARI is more in rural clusters as compared to urban clusters. The reason for this urban-rural difference is due to the gap in the utilization of existing services, family practices leading to delay in seeking care (33). In Ethiopia study conducted in Tigray region and South Wollo show that ,cow dung use as a fuel, lack of access to an improved stove, poor ventilation and  Carrying a child while preparing food has significant association with Acute lower respiratory infections (10,29). In another study childhood acute respiratory infection has strong association with Indoor air pollution and over Crowding (39). Indoor air pollution, Low socioeconomic status and Poor hygiene are risk factors of childhood ARI (1).
[bookmark: _Toc50768852][bookmark: _Toc63376870][bookmark: _Toc63379145]2.2.3 Child care factors
Widespread use of vaccines against measles, diphtheria, pertussis, Hib, pneumococcus, and influenza has the potential to substantially reduce the incidence of ARIs in children in developing countries (7).An overall significant reduction in ARI  hospitalizations was observed following the introduction of PCV7 (40). The risk of ARI is increased by approximately 60% in children who are never breastfed and mortality was higher among not breastfed compared to exclusively breastfed infants 0-5 months of age and among not breastfed compared to breastfed infants and young children (41). An institution based case control study conducted at Achefer District, Northwest Ethiopia indicated that those children who had no chance to be breast feed were 83 times more likely to be cases than those who were exclusively breast feed (42).






Not breast fed, Missing vaccines and Vitamin A deficiency are linked with childhood ARI (1). Vitamin A has great role in the growth and development of cells and tissues (especially in respiratory epithelial cells and lung tissue) is essential. Vitamin A deficiency is associated with inflammation and infection in children and the severity of the infection (43).
Prior episodes of respiratory infection and nutritional status has strong association with  Acute lower respiratory infections (34,35). Other study show that, Non-exclusive breastfeeding (during the first 4 months of life) Lack of measles immunization (within the first 12 months of life) has strong association with ARI (39).
[bookmark: _Toc50768853][bookmark: _Toc63376871][bookmark: _Toc63379146]2.2.4 Comorbidity Factors
Presence of respiratory disorders, such as allergy contributed for the occurrence of ARI (44).Study conducted in jimma zone revealed that history of ARTI in last two weeks were four times  more likely risk to develop acute respiratory infection than who had no history of ARTI in last two weeks. Similarly children those who had contact with house hold those had ARTI in last two weeks were two  times more likely to develop acute respiratory infection  as compared to children those who had no contact with house hold ARTI in last two weeks (36). The newly emerging COVID-19 related pneumonia causes great morbidity and mortality throughout the world including children (45).
Ethiopia has one of the highest rates of malnutrition in Sub-Saharan Africa, and faces acute and chronic malnutrition and micronutrient deficiencies. Nutrition deficiencies during the first critical 1,000 days (pregnancy to 2 years) put a child at risk of being stunted and exposed to respiratory infection (5). Children who their weight is less than 70% appropriate weight for their age, compared to other children, increased an 8 times risk of mortality from ARI (43). Case control study conducted in Nepal indicate that moderate wasting was present on 36.4% of case ARI group and 16.8% of control group and It was significantly associated with ALRI (46) In EDHS 2011 study the odds of ARI among severely wasted children were 1.7 times higher than in normal children this show that the prevalence of ARI was found to be higher in children with malnutrition (31)







A survey conducted inTigray, Ethiopia and Bangladesh also reported that children who had history of diarrhea had increased odds of ARI (13,47). Children with conditions such as prematurity, malnutrition, congenital heart disease or HIV-infection are prone to ARI due to often require prolonged periods of hospitalization.  Study conducted in Cameroon show that, the risk factors significantly associated with ARI were: infection with HIV and contact with person having ARI (23). On the other hand study conducted in Kenya indicates that ARI and Diarrhea are the most comorbidity in under-five children (48). In Indian and Nepali children, Malnutrition (weight-for-age z-score < –2) and Diarrhea is a direct risk factor for ARI among children (49). A Multi-Country Study on measles and ARI show that, measles is the major risk factor for ARI.  For this reason getting of the measles vaccine was associated with decrease in ARI (49).
[bookmark: _Toc50768854][bookmark: _Toc63376872]



















[bookmark: _Toc63379147]3. Conceptual frame work
Level 1 factor
Level 2 factors 


 	         Enumeration areas
Residence
Household Factors 
· Source of water 
· Types of toilet facility 
· Types of cooking fuel 
· Cigarette smoke exposure
· Distance to health facility



 



	
		

Individual level Factors
Socio-demographic factors
· Child sex
· Age of child
· No of child
· Maternal education
· Maternal Occupation
· Father Education Status
· Wealth index
Child care Factors
· Vaccination status
· Drug for intestinal parasite
· Breast feeding status
· Vit. A supplement
Co-morbidity conditions 
· History of diarrhea,
· Wasting 
· Stunting




	


Childhood Acute Respiratory Infection




	



[bookmark: _Toc14002934]
[bookmark: _Toc62684535][bookmark: _Toc50768856][bookmark: _Toc63376873]Figure 1. Conceptual Frame Work for Acute Respiratory Infections among under five children in Amhara region. By using EDHS 2016 data
[bookmark: _Toc63379148]4. Objective
[bookmark: _Toc14002935][bookmark: _Toc50768857][bookmark: _Toc63376874][bookmark: _Toc63379149]4.1. General objective
· [bookmark: _Toc14002936][bookmark: _Toc50768858]To determine the prevalence rate of childhood acute respiratory infection and identify its associated factors among under-five children in Amhara Region, Ethiopia, 2020. 
[bookmark: _Toc63376875][bookmark: _Toc63379150]4.2. Specific objective
· To determine the prevalence rate of acute respiratory infection among under-five children in Amhara Region, Ethiopia, 2020
· To identify factors associated with acute respiratory infection among under-five children in Amhara Region, Ethiopia, 2020.
[bookmark: _Toc14002937][bookmark: _Toc50768859][bookmark: _Toc63376876][bookmark: _Toc63379151]5. Methods
[bookmark: _Toc14002938][bookmark: _Toc50768860][bookmark: _Toc63376877][bookmark: _Toc63379152]5.1. Study area
The Amhara National Regional State is one of the 9 Regional sates in Ethiopia. It is bounded by Tigray region in the north, Oromia region in the south, Benishangul-Gumuz region and Sudan in the west, and Afar region in the east. It covers approximately 161,828.4 Sq.km in area (50). This size of the region accounts 15 percent of the total area of the country. The region is divided into 11 zones, 128 rural Woredas and 23 city administrations. Amhara regional state has a population of 21.1 million in 2017, it is the second most populous region (making up 22.4 per cent of the Ethiopian population) (51). Among this 2,765,723 (12.7%) were under-five children (52). Urban inhabitants number 2,112,595 or 12.27% of the population. With an estimated area of 154,708.96 km2 (59,733.46 sq mi), this region has an estimated density of 108.2 people per square kilometer. The region has 82 hospitals, 859 health center and 3510 health post (53). The annual mean temperature of the region is between 15 and 21°C, but in valleys and marginal areas the temperature exceeds 27°C and The mean annual rainfall of the Region is 1165.2 mm (54).


[image: ][bookmark: _Toc62684536]Figure 2. Map of study Area
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Source: https://doi.org/10.1371/journal.pone.0215572.g001[bookmark: _Toc62684346][bookmark: _Toc62684537]Figure 3. Map of study Area
[bookmark: _Toc62684347][bookmark: _Toc62684538]Figure 4. Map of study Area

Amhara region has a poor health status compared to other regions in Ethiopia. Child mortality rates in the region are among the highest in the country. Approximately 12 per cent of the region’s total expenditure was spent on health care in 2015/16. Access to safe water and improved sanitation remain key challenges in the region (51).
[bookmark: _Toc14002939][bookmark: _Toc50768862][bookmark: _Toc63376878][bookmark: _Toc63379153]5.2 Study design
Community-based cross-sectional study was conducted among under-five children, by using EDHS 2016 data.
[bookmark: _Toc14002940][bookmark: _Toc50768863][bookmark: _Toc63376879][bookmark: _Toc63379154]5.3. Source population
[bookmark: _Toc14002941][bookmark: _Toc50768864]The source population was all under-five children who were residing in the households of Amhara Region prior to the 2016 EDHS data collection period.
[bookmark: _Toc63376880][bookmark: _Toc63379155]5.4. Study population
The study population was all under-five children who were living in the selected enumeration area and households in Amhara Region and included on EDHS 2016.
[bookmark: _Toc349567816][bookmark: _Toc358185698][bookmark: _Toc50768865][bookmark: _Toc63376881][bookmark: _Toc63379156]5.5. Inclusion criteria
[bookmark: _Toc349567817][bookmark: _Toc348036668][bookmark: _Toc358185699][bookmark: _Toc50768866][bookmark: _Toc63376882]The study included all alive under-five children in the selected households in Amhara Region in 2016 EDHS.

[bookmark: _Toc63379157]5.6. Exclusion criteria
[bookmark: _Toc358185700]This study excluded information’s of under-five children in 2016 EDHS who were died.
[bookmark: _Toc50768867][bookmark: _Toc63376883][bookmark: _Toc63379158]5.7. Sample size determination and sampling procedure
[bookmark: _Toc50768868][bookmark: _Toc63376884][bookmark: _Toc63379159]5.7. 1   Sample size determination
In the 2016 EDHS, representative samples were identified for individual interview. This analysis was based on under-five children to women within the five-years preceding the date of interview; that is 1,967 children under the age of five years born to women living in 928 households who were included in EDHS 2016. 
[bookmark: _Toc50768869][bookmark: _Toc63376885][bookmark: _Toc63379160]5.7.2 Sampling procedure
The sampling frame used for the 2016 EDHS is the Ethiopia Population and Housing Census (PHC),
This was conducted in 2007 by the Ethiopia Central Statistical Agency. The census frame is a complete list of 84,915 enumeration areas (EAs) created for the 2007 PHC. In Amhara Region in the first stage, a total of 71 EAs were selected with probability proportional to EA size (based on the 2007 PHC) and with random selection in each sampling stratum. In the second stage of selection, an equal probability systematic sampling technique was employed to select 28 households per cluster using the household listing. All women with children and who were residing in selected households in Amhara region were eligible for interview. This analysis was used information from 1,967 children under the age of five years born to women living in 928 households and who are alive and included in EDHS 2016. The detailed sampling procedure was presented in the full EDHS report(5).
[bookmark: _Toc50768870][bookmark: _Toc63376886]

[bookmark: _Toc63379161]5.8. Study variable
[bookmark: _Toc50768871][bookmark: _Toc63376887][bookmark: _Toc63379162]5.8.1 Dependent variables
ARI (yes/no)
[bookmark: _Toc50768872][bookmark: _Toc63376888][bookmark: _Toc63379163]5.8.2 Independent variables
The independent variables were classified as 
Level 1 Factors
Socio-demographic factors                                           Household factors
Sex of the child                                                               Source of water
Age of child                                                                    Types of toilet facility
Wealth index                                                                   Types of cooking fuel.
Maternal education,                                                         Cigarette smoke exposure
Maternal occupation                                                        Distance to health facility                                                                                 
Number of children 
Father education
Age of mother                                                      

Child care factors                                                             Co-morbidity conditions 
Vaccination status                                                                History of diarrhea 
Drug for intestinal parasites,                                                wasting
Breast feeding status                                                            Stunting
Vitamin A supplement,    
Level 2 Factors
Cluster/Enumeration Area
[bookmark: _Toc14002943]Residence                                               
[bookmark: _Toc50768873]

[bookmark: _Toc63376889][bookmark: _Toc63379164]5.9. Operational definition
ARI :-is defined as children that had history cough with short rapid breathing which is chest related and/ or difficulty of breathing reported by mothers or caregivers within two weeks preceding the survey and describes all infections of the respiratory tract both upper (URI) and lower (ALRI) (4,8,55).
[bookmark: _Toc358185703][bookmark: _Toc349567821][bookmark: _Toc50768874]Co-morbidity:-  is defined as the presence of one or more additional diseases co-occurring with a primary disease, in under-five children(56).
[bookmark: _Toc63376890][bookmark: _Toc63379165]5.10.   Data collection tools and Quality assurance
The source of data for this research was the 2016 EDHS conducted throughout the country from February 18- June 27 2016. Five questionnaires were used for the 2016 EDHS: the Household Questionnaire, the Woman’s Questionnaire, the Man’s Questionnaire, the Biomarker Questionnaire, and the Health Facility Questionnaire. These questionnaires, based on the DHS Programs standard Demographic and Health Survey questionnaires, were adapted to reflect the population and health issues relevant to Ethiopia. Input was solicited from various stakeholders representing government ministries and agencies, non-governmental organizations and international donors. 

Among the five questionnaires, this study used Household and women’s questioners. Interviews were performed using local languages. Prior to the actual data collection, interviewers were trained and a pre-test was performed. The 2016 EDHS interviewers used tablet computers to record responses during interviews. The tablets were equipped with Bluetooth technology to enable remote electronic transfer of files (transfer assignment sheets from team supervisors to interviewers and transfer of completed copies from interviewers to supervisors).And Cross tabulations and summary statistics were used to describe the study population. The quality of the data was maintained by checking its completeness, cleaning the missing values by running frequencies, and some of the variables were recoded(5).
[bookmark: _Toc349567822][bookmark: _Toc348036670][bookmark: _Toc358185704][bookmark: _Toc50768875][bookmark: _Toc63376891]

[bookmark: _Toc63379166]5.11. Data Processing and Analysis
The data was downloaded from the official website of the DHS program,   https://dhsprogram.com as STATA file after getting the permission from the DHS team. Amhara region’s data was extracted from the whole data and to obtain a working dataset for associated factors for ARI, kid’s record (KR) file was used for analysis. Sampling weight was performed to make the data representative of the entire population and to account for non-response. The proportion of ARI was obtained by dividing ARI cases with total under-five children in the region. As the response variable was dichotomous, logistic regression was used to identify the association between dependent and independent variables. A two level mixed effect logistic regression was used as a model which is most appropriate to consider the cluster random effect in a multilevel setting. The main reason to apply multilevel modeling (mixed effect) was the data collected had a hierarchical or clustered structure and In EDHS data; children within a cluster may be more similar to each other than children in the rest of the clusters. This violates the assumption of ordinary regression model which are the independence of observations and equal variance across clusters.

The first level represents the individual and household characteristics and the second level factors were the cluster/enumeration areas and residence. Since this study uses stratified cluster sampling technique for data collection, Accounting for complex survey design in the dataset was performed by using svyset command before analysis. Analysis on the data was performed using STATA version 14. In the simple binary logistic regression analysis, if the p-value<0.2, the variable transferred to the multi variable logistic regression analysis which helped to control confounders. Multicollinearity between independent variables was cheeked and adjusted odds ratios with 95% CI and p-value was computed to measure the strength of associations and Variables with p-values less than 0.05 during multivariable analysis was considered statistically significant.








[bookmark: _Toc50768876][bookmark: _Toc63376892][bookmark: _Toc63379167][bookmark: _Toc14002947]5.12. Ethical consideration
[bookmark: _Toc48317310][bookmark: _Toc50768241][bookmark: _Toc50768706][bookmark: _Toc50768877][bookmark: _Toc62677082][bookmark: _Toc63376893][bookmark: _Toc63379168][bookmark: _Toc14002948][bookmark: _Toc50768878][bookmark: _Toc63376894][bookmark: _Toc63379169]Ethical clearance was provided by the Institutional Review Boards of Ethiopian Health and Nutrition Research Institute, Ministry of Science and Technology of Ethiopia, ICF International, and the CDC. Permission was obtained from Measure DHS International Program which authorized the datasets and datasets was accessed after taking permission from Measure DHS. The primary 2016 EDHS have passed through all relevant ethical clearance procedures and have received clearance from the responsible bodies.
5.13. Dissemination and utilization results

The findings of the research will be submitted to Bahir Dar University College of medicine and Health science, Amhara region health bureau, Amhara Region public health institution and finally findings will be presented in different seminars, meetings and workshops and will be published in a scientific journal.
[bookmark: _Toc14002949]

[bookmark: _Toc63376895][bookmark: _Toc63379170]6. Results 
[bookmark: _Toc63376896][bookmark: _Toc63379171]6.1 Socio demographic Characteristics of respondents and children
From respondents included in this analysis, 1,425(72.5%) of mothers have no education and only 57 (2.9%) of them reported to have higher education. It is also shown that 1720(87.4%) of respondents were rural residents, and 1241 (63.1%) had three or more children under five years in their household. Additionally, 874 (44.4%) of the respondents were in the middle wealth index categories.  Among the children included in this study, 221 (11.2%) were less than six months of age, 200 (10.2%) were between six and eleven months and 828 (42.1%) were between 36 and 59 months of age. The percentage of male and female children was nearly equal (50.7% vs. 49.3%) respectively (table 1).













[bookmark: _Toc62685031]Table 1. Socio-demographic characteristics of care givers & under-five children in Amhara region. (n=1967)  
	Characteristics
	Frequency                          Percent

	
	
	

	Residence

	           Rural
	1,720      
	87.4

	           Urban
	247       
	12.6

	Age of child in month

	           0-5 
	237      
	12.1

	           6-11
	224      
	11.4

	           12-23
	361   
	18.4

	           24-35
	360   
	18.3

	           36-47
	380    
	19.3  

	           48-59
	403
	20.5

	Sex of child

	           Male
	997      
	50.7

	           Female
	970      
	49.3

	Mother Educational status

	           No education 
	1,425      
	72.5

	           Primary
	391     
	19.8

	           Secondary
	94        
	4.8

	           Higher
	57        
	2.9

	Age of the mother

	           15-19
	51
	2.6

	           20-35
	1280
	65.1

	           36-49
	636
	32.3

	Father’s education level

	           No education
	1302
	69.8

	           Primary
	393
	21.1

	           Secondary or higher
	170
	9.1

	Occupation of the mother

	           Not employed
	778
	39.6

	           Employed
	1189
	60.4

	Wealth index 

	           Poor 
	874    
	44.4

	           Middle 
	452    
	23.0

	           Rich 
	641       
	32.6

	Number of living children

	           1-3
	1064      
	54.1

	           4-6
	670   
	34.1

	           6 & Above 
	233       
	11.8





[bookmark: _Toc63376897][bookmark: _Toc63379172]6.2 Household characteristics 
[bookmark: _Toc62682419]About 1452 (73.9%) of the respondents use wood as a source of cooking fuel and about 1.7% of the respondents has access to electricity. Concerning water source facility, 1,033 (52.5%) of the respondents had improved water source, and the remaining 35.4% of respondents had unimproved water sources.  Only 75 (3.8%) of the respondents had improved toilet facility, while 1821 (92.6%) of the respondents had used unimproved toilet facility. Regarding cigarette smoking, only 4 (0.2%) of respondents were smokers (table 2).   
[bookmark: _Toc62685032]Table 2. Environmental characteristics of respondents and under -five children in Amhara region. (n=1967)
	Variable 
	Frequency (N)
	Percent (%)

	Type of cooking fuel

	   Electricity 
	33     
	1.7

	   Charcoal 
	56      
	2.9

	   Wood 
	1,452      
	73.9

	   Animal dung
	413        
	21.0

	   Other
	13
	0.7

	Source of drinking water

	   Improved 
	1,033      
	52.5

	   Not improved 
	695      
	35.4

	   Other 
	238
	12.1

	Type of toilet facility

	   Improved 
	75       
	3.8

	   Not improved 
	1821     
	92.6

	   Other 
	71     
	3.6

	Smoking  cigarettes

	   yes
	4        
	0.2

	   No 
	1,963      
	99.8

	Distance to the health facility

	   Big problem
	752
	38.2

	   Not a big problem
	1215
	61.8





[bookmark: _Toc63376898][bookmark: _Toc63379173]6.3 Child Care characteristics 
The study also showed that 408(20.7%) of children received vitamin A supplementation and the remaining 79.3% had not got It. additionally, 186 (9.5%) of the children got drugs against intestinal parasites and 1451(73.8%) of children were ever breast feed (table 3).
[bookmark: _Toc62685033]Table 3. Child care characteristics of under -five children in Amhara region.  (n=1967)
	Variable 
	Frequency (N)
	Percent (%)

	 Breast feeding status

	   Yes
	1,451      
	73.8     

	   No 
	516      
	26.2

	Vitamin A supplement

	   Yes 
	408       
	20.7

	   No 
	1,559    
	79.3

	Ever had vaccination

	   yes
	559
	28.4

	   No
	1408       
	71.6

	Drug for intestinal parasites 

	   Yes 
	186       
	9.5

	   No 
	1,781       
	90.5


[bookmark: _Toc63376899]


[bookmark: _Toc63379174]6.4 Comorbidity conditions of Children
This study shows 157 (7.9%) of children had acute respiratory infection and 270 (13.7%) had diarrhea. Regarding nutritional status of children, 464 (23.6%) were severely stunted and 120 (6.1%) were severely wasted. (Table 4)
[bookmark: _Toc62685034]Table 4. Frequency distribution of Co-morbid conditions in under -five children in Amhara region, Ethiopia. (n=1967)
	Symptoms 
	Presence
	Frequency
	Percent

	Diarrhea 
	Yes, last two weeks
No 
Do not know
	270
1684
13
	13.7
85.6
0.7

	Child Stunting



	Normal 
Moderate 
Severe 
	993 
510
464 
 
	50.5
25.9
23.6

	Child Wasting
	Normal  
Moderate
Severe
	1,699 
 147
120

	86.4
7.5
6.1

	
	
	
	


[bookmark: _Toc62685035]











This study shows 138 (8%) of rural resident children and 32 (14.2%) of children who belongs to age group 6-11 months had acute respiratory infection. (Table 5)
Table 5.  Acute respiratory infection rate by socio-demographic characteristics in Amhara region, Ethiopian (n=1967).
	Characteristics
	Total<5 children
	      ARI
	%

	
	
	No
	yes
	

	Residence

	   Rural
	1,720      
	1582
	138
	8.0

	   Urban
	247       
	228
	19
	7.5

	Age of child in Month

	   0-6
	237      
	224
	13
	5.7

	   6-11
	224     
	192
	32
	14.2

	   12-23
	362    
	323
	39
	10.5

	   24-35
	360     
	343
	17
	4.8

	   36-47
	380
	354
	26
	6.9

	   48-59 
	403
	373
	30
	7.5

	Sex of child

	   Male
	997      
	923
	74
	7.4

	   Female
	970      
	887
	83
	8.6

	Mother Educational status

	   No education 
	1,425      
	1305
	120
	8.4

	   Primary 
	391     
	367
	24
	6.2

	   Secondary 
	94        
	89
	5
	5.4

	   Higher
	57        
	49
	8
	12.9

	Wealth index 

	   Poor 
	874    
	813
	61
	7.0

	   Middle 
	452    
	396
	56
	12.3

	   Rich 
	641       
	601
	40
	6.2

	Number of  children

	   1-3
	1064       
	994
	70
	6.6

	   4-6
	670    
	592
	78
	11.6

	   6 & Above 
	233       
	224
	9
	3.8










This study shows 60 (22.2%) of children who had diarrhea and 2 (1.8%) of children who had severe wasting had acute respiratory infection. (Table 6
[bookmark: _Toc62685036]Table 6. Acute respiratory infection rate by child care and Co-morbidity characteristics in Amhara region, Ethiopian (n=1967).
	Variable 
	Total <5 children
	               ARI
	%

	
	
	 No 
	 Yes
	

	Breast feeding 

	   Yes 
	 1451   
	1325
	126
	8.7

	   No 
	 516
	485
	31
	6.0

	Vitamin A supplement

	   Yes 
	408       
	371
	37
	8.9

	   No 
	1,559    
	1439
	120
	7.7

	Ever had vaccination

	   yes
	559
	502
	57
	10.2

	   No 
	1408        
	1308
	100
	7.1

	Stunting 

	   Normal 
	993     
	919
	74
	7.4

	   Moderate 
	510    
	463
	47
	9.2

	   Severe
	464 
	428
	36
	7.8

	Wasting 

	   Normal 
	1,699   
	1558
	141
	8.3

	   Moderate 
	147       
	133
	14
	9.4

	   Severe 
	120     
	118
	2
	1.8

	Had diarrhea 

	   Yes 
	270      
	210
	60
	22.2

	   No 
	1,697    
	1600
	97
	5.7

	Drug for intestinal parasites 

	   Yes 
	186       
	173
	13
	6.8

	   No 
	1,781       
	1637
	144
	8.1









[bookmark: _Toc62685037]

Table 7. Acute respiratory infection rate by Environmental characteristics in Amhara region, Ethiopian (n=1967).
	Variable 
	Total <5 children
	                ARI
	%

	
	
	No 
	 Yes
	

	Type of cooking fuel

	   Electricity 
	33       
	33
	0
	0.0

	   Charcoal 
	56       
	52
	4
	7.9

	   Wood  
	1,452    
	1340
	112
	7.7

	   Animal dung, straw
	413      
	375
	38
	9.2

	   Other
	13
	11
	2
	16.56

	Source of drinking water

	   Improved 
	1,033      
	936
	97
	9.3

	   Not improved 
	696      
	456
	40
	5.8

	   Other 
	238
	218
	20
	8.2

	Type of toilet facility

	   Improved 
	75       
	65
	10
	13.8

	   Not improved 
	1820     
	1685
	135
	7.4

	   Other 
	71     
	60
	11
	16.1

	Smoking  cigarettes

	   yes
	4        
	4
	0
	0.0

	   No 
	1,963      
	1806
	157
	100.0

	Distance to the  health facility

	   Big problem
	752
	673
	79
	10.5

	   Not a big problem
	1215
	1137
	78
	6.4










[bookmark: _Toc63376900]

[bookmark: _Toc63379175]6.5 Prevalence of ARI
The prevalence rate of acute respiratory infection in Amhara region was 7.9% (95% CI=0.062, 0.097). The prevalence rate of ARI was higher among children whose age group was 6-11 months (14.2%) as compared to age group 0-6 months (5.7%). Similarly, children who had diarrhea (22.2%) as compared to those had no diarrhea (5.7%). 
[bookmark: _Toc63376901][bookmark: _Toc63379176]6.6 Associated Factors of Acute Respiratory Infection  
[bookmark: _Toc62676453][bookmark: _Toc62677091][bookmark: _Toc63376902][bookmark: _Toc63379177]To decide the type of analysis to be conducted, the intra cluster correlation coefficient (ICC) value was cheeked in the first null model and the ICC value was 0.17.this indicates that 17% of the chance of having ARI is explained by between cluster difference ( and conversely that 83% is explained by with in cluster difference) and which informed us there was potential clustering in the data set and this implies that the need to consider the between-cluster variability using advanced models. Therefore, a multilevel model (both fixed and random effects) was used. As the response variable was dichotomous, logistic regression and Generalized Linear Mixed models (GLMM) were fitted. Model comparison was done based on Akakie Information Criteria (AIC), Bayesian information Criteria (BIC), and intra cluster correlation (ICC) values. The model with the lowest AIC was chosen. 
In the mixed effect binary logistic regression model, Wasting status of children, child age in month, distance to the health facility, father’s educational status, age of the mother, mother’s occupation, had diarrhea recently and breast feeding history of the child were associated with acute respiratory infection at 20% level of significance in bi variable logistic regression analysis. Only age of children, had diarrhea recently, age of the mother, father educational status and distance to the health facility were appeared significant in the final multiple multilevel modeling.
The multivariable analysis showed that, The odds of acquiring acute respiratory infection in children of age between 6-11 months were  four times as compared to those age between 0-6 months (AOR= 3.33, 95% CI: 1.04, 10.71). In this study there is a strong association between children had diarrhea and acute respiratory infection. The odds of acquiring acute respiratory infection in children who had diarrhea were 5 times higher  as compared to those who had no diarrhea (AOR= 4.72, 95% CI: 2.48, 8.96). In this study there is association between acute respiratory infection and fathers’ educational status; the odds of acquiring ARI among children who had fathers with  primary level of education were reduced by 54% as compared to those who had fathers with no education (AOR=0.44 , CI: 0.20, 0.99). Children whose mother’s age group  15-19 years old was increased the odds of ARI by four times as compared to age group 35-49 years(AOR= 4.22, CI: 1.05, 16.92). In this study odds of ARI among children who were born to households which distance to the health facility were a big problem were increased by 82% as compared to those households that distance to the health facility were not a big problem (AOR: 1.82; 95% CI: 1.02, 3.24) (Table 8).
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[bookmark: _Toc62685038]Table 8 Bi-variable and Multivariable mixed effect logistic regression analysis of associated factors of ARI among under-five children in Amhara Region (n = 1,967).
	Variables 
	        ARI
	COR (95%CI)
	AOR (95%CI)

	
	No  
	Yes  
	
	

	Had diarrhea

	   Yes 
	210
	60
	5.60 (3.16,9.92)
	· 4.72(2.48, 8.96) 

	   No 
	1,600
	97
	1
	1

	Age of child in Month

	   0-5
	22
	13
	1
	1

	   6-11
	155
	29
	0.29(0.10, 0.84)
	· 3.33(1.04, 10.71)

	   12-23
	327
	37
	0.58(0.25, 1.34)
	1.85(0.60, 5.79)

	   24-35
	332
	22
	0.287(0.11, 0.73)
	1.24(0.35, 4.32)

	   36-47
	369
	24
	0.28(0.11, 0.72)
	2.07(0.62, 6.89)

	   48-59 
	402
	32
	0.37(0.16, 0.86)
	2.17(0.63, 7.18)

	Breast Feeding Status

	   Yes 
	1,326
	126
	1
	1

	   No 
	485
	31
	1.74(0.89, 3.39)
	1.53(0.66, 3.52)

	Father  Educational status

	   No education 
	1,190
	112
	1
	1

	   Primary 
	373
	20
	0.58(0.27, 1.22)
	· 0.44(0.20, 0.99)

	   Secondary & Higher
	159
	11
	0.69(0.23, 2.11)
	0.70(0.22, 2.32)

	Child wasting  

	   Normal 
	1,544
	141
	1
	1

	   Moderate 
	133
	14
	1.09(0.43, 2.73)
	1.23(0.47, 3.20)

	   Severe 
	134
	2
	0.19(0.02, 1.49)
	0.21(0.02, 1.71)

	Age of the mother

	   15-19
	43
	9
	3.99(1.14 ,14.06)
	· 4.22(1.05,16.92)

	   20-34
	1,170
	110
	1.72(0.94 , 3.16)
	1.58(0.83,  3.01)

	   35-49
	598
	38
	1
	1

	Distance to the health facility

	   Big problem
	672
	79
	1.67(0.97, 2.88)
	· 1.82(1.02, 3.24)

	   Not a big problem
	1,138
	78
	1
	1

	Mother occupation

	   Not employed
	723
	44
	1
	1

	   Employed
	1,087
	113
	1.35(0.75, 2.42)
	0.58(0.31, 1.08)


[bookmark: _Toc63376903]v001                                                   Coef.
            var(_cons)                              0 .422                                                          0.089    1.987

· Significant variables
· 

[bookmark: _Toc63379178]7. Discussion 
In this study, the prevalence rate of ARI among under-five children was 7.9 %( 95% CI=0.062, 0.097). This finding is slightly higher than national level prevalence which is 7%(5) and lower than other analysis conducted in Ethiopian 8.8% (57). But the prevalence of ARI in children in this study setting is inconsistent with the findings of the study conducted in Este town, which was  16.1%,  Oromiya zone 28.1% (20,36) and Wondo Genet district 33.5%(56).Other Studies done at Southeast Nigeria indicated that the prevalence of ARI was 31.6% which is inconsistent to this study (36). This discrepancy might be due to the fact that the ascertainment of the diseases was based on mothers or care takers' report in EDHS, where mothers may classify acute respiratory infection cases as no having acute respiratory infection cases. The other reason could be attributed to the difference in the skills of data collectors and the methodology used. In addition the differences might be due to difference in study setting and seasonal variation.
Under-five children who had past history of diarrhea in the last two weeks prior to data collection were more affected by ARI in this Study( AOR=4.72, CI=2.48, 8.96). This finding was in line with a study done in different parts of Ethiopia and also studies supported this study finding that  children who had history of diarrhea were more likely to develop ARI than their counterparts (27,47,49). Similar studies conducted  in Zimbabwe and Ghana also supported that children who had history of diarrhea had  increased odds of ARI (58,59). The possible explanation could be that children who have a concomitant illness like diarrhea may have a lowered immunity, making them more susceptible to a disease like ARI.
This study shows there was significant associated between 6-11 months child age and ARI (AOR= 3.33, CI=1.04, 10.71). This result is supported  by studies on determinants of acute respiratory infection among under-five children conducted in Ethiopia, where children in the age range of 6–11 months had higher chance of having ARI compared to 0-6 months age ones (57,60). Similarly, a study from Wondo-Genet district, southern Ethiopia  younger children were more likely to develop ARI (56). This could be due to the introduction of complementary feeding at the sixth month and increasing child mobility, which likely increases exposure to microbes and other risk factors. Our finding is in line with a study conducted in the Democratic Republic of Congo where the risk of the ARI increased in the first 8–20 months after birth but improved gradually thereafter(61). 



In this study it was noted that childhood ARI was more likely to occur among mothers whose age group below age 20 years old ( AOR=4.22, CI=1.05,16.92). This result is supported by study conducted in Legambo district  ,case control study  conducted in University of Gondar Ethiopia, and Bangladesh   have demonstrated young maternal age (<20 years) to be a significant risk factor for ARI in children (10,19,62). The association of maternal age with ARI can be explained by mothers’ experience to give necessary and sufficient care for their children as younger mothers may be less experienced in child care services. 
Having a paternal educational status of primary was a factor protecting against ARI in children under the age of 5 years (AOR=0.44, CI=0.20, 0.99). A child whose father had primary education decreased risk of ARI. This finding is in line with studies done in Oromia Zone, Gilgel,Gibe, Ethiopia and Southeast Nigeria(27,47,63). These could be due to Education helps to improve the socio‑economic lives of the individuals; hence helping in avoidance of some of the risk factors responsible for ARIs and proper recognition and application of simple home care and early presentation to health‑care providers.
In this study it was noted that childhood ARI was more likely to occur among children who were born to households which, distance to the health facility was a big problem (AOR: 1.82; 95% CI: 1.02, 3.24). This finding is in line with studies done in in Madagascar and in multicounty study (64,65). These could be due to near accesses of health facilities, helps for households’ to get information about the case, early treatment and also minimizes transport related difficulties and increases health seeking behavior.
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[bookmark: _Toc63379179]8. Strength and Limitation of the study
One of the strengths of this study was it used representative data regional levels and the use of data with large sample size and considering several explanatory variables. Furthermore, the use of multilevel analysis is strength of this study. 
Even with its strength, these findings should be interpreted considering the following limitations. The DHS surveys did not relied on themselves on clinically confirmed data; rather they dependent on mother or caregivers’ reports and might underestimate or overestimate the finding. 
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The present study had identified a comparatively high prevalence of ARI  in under-five years old children as compared to national prevalence. In this study child had diarrhea, maternal age, child age, distance to health facility and father educational level were statistically significantly associated factors with childhood acute respiratory infection.
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On the basis of these results, the following points were suggested. Since higher paternal education contributes to the reduction of ARI; governments should continue to strengthen provision of education for all community and provide information on acute respiratory infection.
The families, health-care workers and program planners on child health should give emphasis on the time of initiation of complementary feeding at 6 months of age to reduce the risk of childhood illnesses.
The Woreda Health Office and the health facilities, should provide health education for the community about the advantages of immunization and child care to prevent diarrheal diseases in children.
Policies and programs that improve access in more remote areas through, for example, increasing the number and qualities of facilities or reducing travel times through increased access to transport and establishing health facilities near to the community, are likely to reduce ARI.
Finally, further research is required to identify other possible associated factors which were not touched in this research such as Vitamin D and ARI.
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