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Factors Affecting Acute Respiratory Rate Change Among
Under-Five Children Hospitalized with Severe Pneumonia:
A Longitudinal Study

Agir Pnomoni Nedeniyle Hospitalize Edilen
Bes Yas Altindaki Cocuklarda Akut Solunum Hiz1 Degisikligini
Etkileyen Faktorler: Boylamsal Bir Calisma

Muluwerk Ayele DEREBE?, * Awoke Seyoum TEGEGNE?, ™ Haile Mekonnen FENTA®

“Department of Statistics, Bahir Dar University, Ethiopia

ABSTRACT Objective: About one-third of all childhood deaths are ~ OZET Amag: Tiim cocukluk liimlerinin yaklasik iigte biri yiiksek so-
due to Pneumonia with high respiratory rate/acute respiratory infec-  lunum hizli pndmoni/akut solunum yolu enfeksiyonlari nedeniyle mey-
tions. Respiratory rate is used as a preliminary health indicator in the di- ~ dana gelmektedir. Solunum hizi, pnémoninin tanist ve ilerlemesi i¢in
agnosis and progression of Pneumonia. The current study was  bir 6n saglik goéstergesi olarak kullanilmaktadir. Bu galisma, Kuzey-
conducted to identify factors associated with tachypnea. Material and  Bat1 Etiyopya'daki Felege Hiwot Bagvuru Hastanesinde pndmoni ile
Methods: Quasi-Poisson modeling using generalized linear mixed-ef-  hastaneye yatirilan bes yasin altindaki ¢cocuklarda takipne ile iligkili
fects (GLM) and multiple logistic regressions models were used to an-  faktorleri belirlemek amaciyla yapilmistir. Gere¢ ve Yontemler: Ca-
alyze the study variable. The data were extracted from each patient’s  ligma degiskenini analiz etmek i¢in genellestirilmis dogrusal karisik et-
hospital chart. Parameter estimation was conducted using penalized  kiler ve ¢oklu lojistik regresyon modelleri kullanan Quasi-Poisson
quasi-likelihood estimation. Results: Four-hundred, fifty-three Pneu-  modellemesi kullanilmistir. Veriler, hastalarin hastane kayitlarindan
monia patients under-five years of age were included in the study. From  elde edilmistir. Parametre tahmini, penalize yari-olabilirlik tahmini kul-
the main effects, body temperature (adjusted rate ratio (ARR= 1.01, lanilarak yapilmistir. Bulgular: Calismaya 5 yasin altinda 453 pno-
p<0.001), length of hospital stay (ARR=0.92, p<0.001), previous cough  moni hastast alinmistir. Ana etkilerden viicut 1s1s1 [ayarlanmis hiz oran1
history (ARR= 1.03, p=0.0135), and season (summer: ARR= 0.98, (ARR)=1.01, p<0.001], hastanede kalis siiresi (ARR=0.92, p<0.001),
p=0.0021; autumn: ARR=0.99952, p=0.0032; spring: ARR= 0.90, onceki oOksiiriik Oykiisi (ARR=1.03, p=0.0135) ve mevsim (yaz:
p=0.02) had a significant effect on variation of acute respiratory ratein ~ ARR=0.98, p=0.0021; sonbahar: ARR=0.99952, p=0.0032; ilkbahar:
Pneumonia patients. Interaction effects that were significant for the ~ ARR=0.90, p=0.02) pnémoni hastalarinda akut solunum hiz1 varyas-
variable of interest included visiting times with family disease history,  yonu iizerinde anlamli bir etkiye sahipti. Ilgilenilen degisken igin an-
age with breast feeding history, and length of hospital stay with previ-  lamli olan etkilesim etkileri arasinda aile 6ykiisii ile ziyaret siireleri,
ous disease history. Conclusion: Certain groups of Pneumonia patients ~ emzirme 6ykiisii ile yas ve onceki hastalik nedeniyle hastanede kalis
(those with high temperature, previous disease history, and family dis-  siiresi yer almaktadir. Sonu¢: Bazi pndmoni hasta gruplar (yiiksek
ease history) need special intervention to reduce the risk of acute res-  atesi, onceki hastalik dykiisii ve ailede hastalik dykiisii olanlar) akut so-
piratory rate in Pneumonia patients. Parents should be educated to  lunum hiz1 riskini azaltmak i¢in 6zel miidahaleye ihtiya¢ duyarlar.
follow up their children for health checks whenever breathing rate be-  Anne-babalar, solunum hizi hizlandiginda veya arttiginda ¢ocuklarimni
comes fast or increases. Special attention should be given to patients  saglik kontrolleri igin takip etmeleri konusunda egitilmelidir. Daha 6nce
with a previous disease history, family disease history, and those hos-  hastalik dykiisii olan, ailesinde hastalik 6ykdisii olan ve kis mevsiminde

pitalised during the winter season. hastaneye yatirilan hastalara 6zel dikkat gosterilmelidir.
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Childhood acute respiratory illness constitutes a
major health problem for which families seek med-
ical advice, and account for 30% of pediatric hospi-
talizations.! High number of breaths per minute
(tachypnea) for children hospitalized with pneumo-
nia is an important clinical indicator for severity of
pneumonia in children.> The contribution of fast-
breathing pneumonia to family stress and school non-
attendance is substantial, but difficult to estimate. A
high proportion of young children hospitalized with
high respiratory rates have pneumonia as the dis-
charge diagnosis, and increased respiratory rate is sig-
nificantly associated with morbidity and mortality
globally.? One of the important severity indicators in
pneumonia is inflammation of the lung parenchyma
which results in disrupted gas exchange and elevated
respiratory and heart rates.

Pneumonia is one of the leading causes of illness
globally, and is a leading cause of death in children
under-5 years of age.>* Approximately, about 2 mil-
lion children die because of pneumonia in lower-mid-
dle income countries.” Pneumonia is also a leading
cause of childhood deaths in sub-Saharan Africa.® In
Ethiopia, fast-breathing pneumonia consistently
causes approximately 8,000 (20%) of the 40,000
under-5 years old annually.” These deaths are largely
preventable and treatable through the use of basic in-
terventions, including immunization, nutritional sup-
port, exclusive breastfeeding, hand washing and
access to antimicrobials.’

Fast breathing pneumonia influences all age
groups, but certain age groups are more at risk for se-
vere. Risk factors for fast-breathing pneumonia in
children include parental smoking, nutritional status,
socio-economic factors, number of siblings under-5
years of age in the household, lack of basic health
services (including immunization), lack of awareness
and overcrowding.'* Infants, children under-5 years,
and the elderly, especially those with comorbidities
including human immunodeficiency virus-infection,
measles, or Malaria are more at risk for developing
fast-breathing pneumonia.'!

The World Health Organization (WHO) criteria
used for diagnosis of childhood pneumonia requires
a history of cough or difficulty breathing and deter-
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mination of age-specific respiratory rate per minute.'”
Fast breathing pneumonia (tachypnea) is defined as
>60 breaths per minute (bpm) for children less than 2
months, >50 bpm for children aged 2-11 months, and
>40 bpm for children aged 1-5 years. Fast breathing
pneumonia in children ranges from mild to severe to
fatal. Even in non-fatal cases, fast breathing pneu-
monia poses a significant economic burden on health
care systems.

There are inconsistencies regarding pneumonia
risk factors between studies, many of which did not
evaluate interaction effects between potential covari-
ates.>'*"'> One way of clarifying these factors is use of
appropriate models which use respiratory rate, not
pneumonia, as the outcome variable of interest. The
aim of this study was to identify factors that were as-
sociated with age specific fast breathing (tachypnea)
among children under-5 years old, hospitalized with
pneumonia. The study variable (age specific fast
breathing pneumonia) is one of the criteria used by
the WHO for diagnosis of childhood pneumonia. The
study variable in current investigation also catego-
rized as tachypnea and non-tachypnea to check the
consistency of results obtained by the 2 models
namely generalized linear mixed (GLM)-effects and
multiple logistic regression models.

I MATERIAL AND METHODS

Study design and settings: We conducted a ret-
rospective longitudinal study design among severe
pneumonia patients aged under-5 years at Felege
Hiwot Teaching and Specialized Hospital, Amhara
region, North-West Ethiopia. The study was con-
ducted from July 01, 2018 to June 30, 2020. The hos-
pital is the largest health facility in the region, located
at an altitude of 1,800 (5,906 feet) meters above sea
level and treating more than 400 pneumonia patients
per week. '

Sample size and selection procedures: The
sample size was determined using single proportion
formula with the following assumptions: estimated
proportion of pneumonia patients 60% (p=0.60 ),
95% confidence interval (CI): (Z,,,=1.96), and a 5%
margin of error (¢=0.05).!7!* The final sample size
was 453 pneumonia patients selected randomly using
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stratified random sampling, considering their resi-
dence as strata. The investigation used secondary
data, collected by well-trained health service
providers.'? In sampling procedures, children hospi-
talized with pneumonia were serially measured their
respiratory rates over time during the course of the
hospitalization episode. This assures that the children
were being assessed during the same pneumonia
episode.

Quality of data: The quality of data was con-
trolled by data controllers at the pediatric emergency
department, specialized and teaching hospital. The
data extraction tools as well as variables included in
the study were tested for consistency of understand-
ing and their completeness of data items on 45 ran-
domly selected patients. Necessary amendments were
made on the final data collection sheet.

Inclusion criteria: Children under-5 years of
age, hospitalized with pneumonia that complied with
the WHO cut-offs for tachypnea bay age-group (as
mentioned above) were included. Only children that
required repeat assessment during the study period
were included: all participants had at least 2 visits,
and some had a maximum of 14 visits. The sampling
strategy was used to ensure repeated observations on
the same individual during the course of the same
pneumonia episode.?*->?

Data collection tools and procedures: The
study objectives were presented to health care
providers at the hospital. Data were extracted using a
data extraction form developed by the investigators in
consultation with health service providers. All im-
portant information related to predictor and response
variables were recorded by health care service
providers whenever patients visited the hospital for
treatment. Data were extracted from participant
charts into dedicated case record formats, and digi-
tized. The data were retrieved using unique partici-
pant registration numbers which were recorded in the
electronic database.

Variables included under investigation: The
response or outcome variable for this study was age-
specific respiratory rate recorded in breaths per
minute (bpm). The variable of interest was collected
in a standardized manner throughout the study period.
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Hence, a UNICEF respiratory rate time (number of
breaths per minute) was used in all respiratory rate
determinations.

Explanatory variables were: Sex; age (in
months); weight (kilograms); body temperature (de-
grees celsius); residence (urban versus rural); family
disease history: asthma (yes, no), tuberculosis (yes,
no); seasonal variation (autumn, spring, summer,
winter); cough history (yes, no); previous disease his-
tory such as: asthma (yes, no), tuberculosis (yes, no),
malaria (yes, no), diarrhea (yes, no); vaccination his-
tory of the child (yes, no); treatment type (amoxi-
cillin, ampicillin, ceftriaxone, gentamicin, penicillin);
vomiting status (yes, no); breast feeding [exclusive
(B), complimentary (C), both (B and C)]; number of
follow-up visits; and length of hospital stay (in days)
if hospitalized.?*->

Analysis: We used SAS version 9.2 (SAS Insti-
tute Inc.) for data analysis. Missing observations were
inferred using multiple imputations. Outliers and in-
fluential observations were tested using Cook’s dis-
tance. The response variable was evaluated as both
as count and dichotomous form. GLM effect and
multiple logistic models were used to investigate pre-
dictors of the variable of interest (respiratory rates).
Eligible predictors were included in multivariate
analysis applying forward selection procedures. Non-
eligible predictors were excluded using backward
elimination. Deviance and Pearson chi-square di-
vided by the degrees of freedom were used to detect
whether or not the distribution was over- or under-
dispersed. Values greater than 1 was an indicator of
over-dispersion, that is, true variance larger than the
mean, whereas values less than 1 indicated under-dis-
persion, that is, true variance smaller than the mean.
Evidence of under-dispersion or over-dispersion in-
dicated inadequate fit of the Poisson model. Multiple
logistic regression model was also used to check the
consistency of results analyzed by the 2 models.!”-*

ETHICAL CONSIDERATION AND CONSENT TO
PARTICIPATION

Ethical clearance was obtained from the Institutional
Review Ethical Board of Science College, Bahir Dar
University (date: October 20, 2019, no: PRCSVD/
23/2012). Permissions were also obtained from the
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ethics committee of the hospital administration.
As this was a retrospective study using secondary
data, informed consent from the caregivers of indi-
vidual patients was not obtained. Names and unique
identification numbers were not included in the
study.

I RESULTS

Of 1,572 pediatric pneumonia patients attended dur-
ing the study period, 45 were not included due to
death (n=45), transfer to another healthcare facility
(n=350) and other reasons (n=468). From the re-
maining 754 pneumonia patients, 453 were randomly
selected. Among the selected pneumonia patients,
252 (55.6%) of which were male, visited on at least
2 occasions during the course of the same pneumonia
episode and were eligible for inclusion in the study.
Three-hundred, twenty (70.6%) of the 453 children
included in the analysis were assessed on 14 occa-
sions, and 130 (28.7%) were hospitalized for at least
6 days. Eighty-four (18.5%) patients were treated as
outpatients.

Underlying medical conditions included diar-
rhea (n=63, 13.9%) and asthma (n=42, 9.3%). Three-
hundred, fifty (77.3%) children were fully vaccinated
according to the WHO criteria. Clinical and epi-
demiologic characteristics associated with the 453 in-
cluded pneumonia cases are shown in Table 1.

EXPLORATORY DATAANALYSIS

Goodness of fit and tests of dispersion were con-
ducted using the mean variance relationship for the
response variable.!”? Negative binomial did not con-
verge to a specific value, but quasi-Poisson con-
verged; hence, quasi-Poisson was considered as
preferable for data analysis (Supplementary Table
1).%¢ Information criteria, the mean-variance relation
and comparison of the cut-off point and mean of res-
piratory rate were also used to compare the negative
binomial and quasi-Poisson models.?” These com-
parisons confirmed that the quasi-Poisson model was
superior to the negative binomial model in the cur-
rent analysis.

In descriptive analysis, the variance was twice
the mean and the distribution was over-dispersed.
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SUPPLEMENTARY TABLE 1: Goodness of fit statistics
(comparison of quasi-Poisson and negative Binomial models
for fitting the data).
Model Fit Statistics
Quasi-Poisson -2 Res Log Likelihood 5606.06
AIC 5546.06
AICC 5545.36
BIC 5369.14
CAIC 5339.14
HQIC 5482.07
Generalized Chi Square 2955.38
Generalized Chi Square / DF 1.10
Negative binomial Did not converge

The quasi-Poisson regression analysis with the over-
dispersion parameters were used to identify the basic
determinants for the risk factors of acute respiratory
rate per minute on pneumonia patients of under-5
years of age. GLM model for main effects were used
to identify predictors of respiratory rate of pneumo-
nia patients of under-5 years of age. Similarly, mul-
tiple logistic regression model was also used by
categorized the variable of interest as tachypnea and
non-tachypnea.

In univariate linear mixed model with quasi-
Poisson regression, potentially significant variables
that were associated with respiratory rate at a signif-
icance level of <0.25 (i.e., with a p<0.25) were con-
sidered for inclusion in the multivariate model. Sex
and a history of vomiting were excluded from the
multivariate model as these characteristics were not
associated with respiratory rate to the required sig-
nificance level (Table 2).

After generating univariate results in Table 2, all
significant variables were put on the generalized lin-
ear mixed effect model (GLMMX) procedure ana-
lyzed using SAS version 9.2. The fitted model based
on univariate analyses was presented in supplemen-
tary materials.

The final GLM effect and logistic regression
models for reparatory rate per minute for children
hospitalized with pneumonia is given in Table 3. This
is the final model done using quasi-Poisson regres-
sion model under the GLM effect model and multiple
logistic regression models.
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TABLE 1: Baseline socio-demographic and clinical characteristics of the pneumonia patients (n=453).

Characteristics Level

Age in months

Number of days admitted in hospital for each visit

Temperature (°C)

Previous disease history Malaria

Tuberculosis

No

Breast feeding Complementary (C) 24 (5,3)
B&C 159 (59.6)
Amoxicillin 40 (8.9)
Ampicillin 15(3.4)
Ceftriaxone 184 (40.7)
Gentamicin 25(5.6)

Median (Q1, Q3) n (%)
13.91(6, 48)

35(2,5)

37.1(38.5,40.4)

10 (2.2)
20 (4.4)
318 (70.2)

Season of the year
Spring
Winter

Rural
Urban

Residence of a patient

Family disease history Asthma

No

Summer

Tuberculosis

118 (26.1)
81(17.8)
111 (24.5)

229 (50.6)
224 (49.4)

54 (119)
42(93)
357 (78.8)

Holding all other variables constant, each addi-
tional degree celcius increase in body temperature
was associated with a 0.01 bpm increase in respira-
tory rate ($=0.01387, 95% CI: 0.0098, 0.0179;
p<0.001). Furthermore, holding all other variables

constant, each month increase in patient age was
associated with a 0.003 bpm reduction in respira-
tory rate (f=-0.00245, 95% CI: -0.0082, -0.0011;
p=0.0035). Length of hospitalization was also
significantly associated with reductions in respiratory
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TABLE 2: Type 3 tests for fixed effects.
Covariates DF F value Pr>F
Sex 1 1.03 0.311
Age 1 27.98 <0.001
Weight 1 742 0.007
Temperature 1 320.89 <0.001
Waiting days in hospital 1 1926.17 <0.001
Previous disease history 4 4.1 0.003
Vaccine 1 0.18 0.055
Breast feed 2 6.02 0.003
Treatment type 7 2.10 0.046
Seasonal variation 3 1.05 0.045
Vomiting 1 139.03 0.257
Residence area 1 3.72 0.045
Cough history 1 152.84 <0.001
Family disease history 2 1.49 0.0271

rate, with a 0.08 bpm ($=-0.084, 95% CI: -0.1062,
-0.0617; p=0.0001) for each additional day of hospi-
talization (Table 3).

Other patient characteristics that were signifi-
cantly associated with reductions in respiratory rate
included: season in which the child developed pneu-
monia (autumn, spring and summer were each asso-
ciated with significantly lower respiratory rates
compared to winter); each additional hospital visit
was also associated with significant reductions in res-
piratory rate, with a 0.03 bpm ($=-0.03, 95% CI:-
0.2794,-0.0122; p=0.003); Table 3.

Factors that were significantly associated with
increased respiratory rate included residence in a
rural setting [which increased the respiratory rate by
0.01 bpm (95% CI: 0.0062, 0.0536; p=0.0135) rela-
tive to children that resided in urban settings)]; his-
tory of cough (p=0.014); and past medical history of
diarrhea (p=0.018); Table 3.

Additionally, Table 3 presents the result of
multiple logistic regression analysis of significant
variables in the univariate analysis. As age increased
by one month, the odds of a child having tachypnea
was decreasing by 37%, keeping the other covari-
ates constant [adjusted odds ratio (AOR) 0.630;
p=0.001].
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Weight and body temperature of a child had a
positively and statistically significant effect for a
child being tachypnea (AOR=1.142; p=0.001 and
AOR=1.516; p=0.001). On the other hand, repeated
visiting time of a hospital was less likely for a child
to develop tachypnea (AOR=0.472; p=0.001);
the season in which the child developed pneu-
monia (autumn) was associated with lower respira-
tory rates compared to winter (AOR=0.606;
p=0.001); treatment types (gentamicin with ampi-
cillin and gentamicin with ceftriaxone were each as-
sociated with lower respiratory rates compared to
penicillin).

The odds of a child whose treatment type
amoxicillin having tachypnea was increased by
47.4% as compared to those whose treatment type
is penicillin, keeping the other things constant
(AOR=O0R 1.474; p=0.001). The odds of a child
whose treatment type is gentamicin having tachyp-
nea was increased by 60.6% as compared to whose
treatment type was penicillin (AOR=1.606;
p=0.047).

The odds of a child whose family disease his-
tory, asthma having tachypnea was increased 7,727
times as compared to whose with a family disease
history, tuberculosis, keeping the other things con-
stant (AOR=7.727; p<0.0001). Similarly, the odds of
a child whose residence area, rural having tachypnea
was increased by 77.3% as compared to whose resi-
dence area, urban keeping the other things constant
(AOR=1.773; p<0.001). Similar to main effects, the
interaction effects was described based on GLM
model as follows.

Interaction effects between waiting days and
disease history of parents: There were significant
reductions in respiratory rate as the number of days
since first assessment during the course of respiratory
illness increased; however, rates of decline in respi-
ratory rate differed in association with family history
ofillness (Table 3). Rate of decline in respiratory rate
was greatest in children without a family history of
illness (f=-0.09 bpm, 95% CI: -0.0120, -0.0239;
p=0.0418), and slowest in those with a family history
of diarrhea ($=0.0198 bpm, 95% CI: 0.0034, 0.0362;
p=0.018) (Figure 1).
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Interaction between age and feeding type:
Rates of decline in respiratory rate decreased signif-
icantly with age, but at different rates depending on
type of feeding choice that was given to the child
(Table 3). Breastfed children had a more rapid de-
cline in respiratory rate as they aged (f=-0.001 bpm,
95% CI: -0.0152, -0.0042; p=0.001) than children
that received breastfeeds mixed with complementary
feeding (B=-0.008 bpm, 95% CI: -0.0130, -0.0029;
p=0.002) (Table 3, Figure 2).

Interaction plot between number of follow-up
visits and previous disease history: Using a history
of previous tuberculosis as the referent indicator, the
interaction between the number of clinic visits dur-
ing the pneumonia illness episode and other pre-ex-
isting co-morbidities was associated with significant
differences in the rate of change of respiratory rate
over time (Table 3, Figure 3). Rate of decline in res-
piratory rate was lowest in children with a prior his-
tory of diabetes.

== Families' disease history, TB

== Families' disease history, Asm

=== Families' with no disease history

4 -
3,5
3 4
)
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>
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1 4
0,5 = -0.2(nc
0 T T T T T d
d 2 3 4 5
Number of days required to be in patient

FIGURE 1: Plot of interaction effect between visiting time and disease history of parents.
Log(RR): logarithem of Respiratory Rate/the response variable; RR: Rate ratio; TB: Tuberculosis; Asm: Asthma.
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FIGURE 2: Plot of interaction effect between age and feeding type.
Log(RR): logarithem of Respiratory Rate/the response variable; RR: Rate ratio.
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FIGURE 3: Plot of interaction effect between follow-up visits and parents’ disease histories.
Log(RR): logarithem of Respiratory Rate/the response variable; Asm: Asthma; Dia: Diarrhea; RR: Rate ratio; TB: Tuberculosis.

I DISCUSSION

The focus of the current study was to identify factors
that affect the acute respiratory rate of pneumonia pa-
tients of under-5 years of age. We identified numer-
ous patient characteristics that were significantly
associated with fast breathing pneumonia over time in
children treated for pneumonia in-hospital and as out-
patients in a busy referral hospital in Ethiopia.
Previous studies have identified environmental, nu-
tritional, behavioral, socioeconomic and demo-
graphic risk factors for pneumonia in children, but
few have interrogated potential interactions between
covariates in longitudinal analyses.

We demonstrate that body temperature, repeated
consultations during the course of the pneumonia ill-
ness episode, cough history, length of hospital stay
and residence area (rural versus urban) were signifi-
cantly associated with fast breathing pneumonia for
hospitalized children under-5 years of age.

We also identified two-way interaction effects
that were associated with statistically significant dif-
ferences in rates of decline in respiratory rate through
our analysis, namely: number of visits and family ill-
ness history, age and type of feeding, and number of
visits and previous disease history.

Fever is a well-known driver of fast breathing
pneumonia, so our finding that abnormally fast
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breathing pneumonia (tachypnea) with increasing
body temperature is not surprising.?®** Length of hos-
pitalization, with clinical improvement during the
course of supportive, empiric and targeted treatment,
was found to be associated with significant reductions
in fast breathing pneumonia in our study. This find-
ing has been described in previous studies.*3!

Our finding on breast feeding was associated
with the most rapid declines in fast breathing pneu-
monia, is important. This result suggests that breast-
feeding has greater advantage in the recovery stage
of a child hospitalized with pneumonia over comple-
mentary or mixed feeding. The advantages of breast-
feeding in promotion of child lung health have been
described in other studies.*

I CONCLUSION

A history of previous or pre-existing illness is also
important. In our study, children with a previous
history of tuberculosis had slower resolution of their
respiratory rate over time compared to those with
no prior disease history; however, children with
asthma or diabetes had slower rates of decline in
their respiratory rates compared even to children
with a prior history of diarrheal. These findings
emphasize the need to ensure good control of un-
derlying chronic disease processes, through rein-
forcement of instruction and education to caregivers
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of young children, in order to optimize the health
status of their children.

This study is not without limitations. Although,
we demonstrated important associations between
feeding type and respiratory rate, we did not evaluate
the nutritional status of the study participants. Mal-
nutrition is an important risk factor for pneumonia,
and would be expected to impact on respiratory rate.
We also did not evaluate the effect of household air
pollutant exposure, including cigarette smoke expo-
sure, on resolution of respiratory rate in children that
were treated for pneumonia. Ours was a single-center
study, and so the findings may not be generalizable to
other settings. Further studies would be expected to
complement and consolidate the findings from our
study.

I RECOMMENDATION

The current study shows that fast breathing pneu-
monia decreased as length of hospital stay in-
creased, as well as with each additional outpatient
evaluation during the course of a child’s pneumo-
nia illness episode. Special attention should be given
to patients with a history of previous disease, as well
as to those with a family history of illness. Health
education should be given to parents to emphasize
the importance of exclusive breast feeding and ad-
herence to management of chronic childhood dis-
eases including asthma and diabetes. Interventions
should also target families that reside in rural areas,
to recognize the signs of respiratory illness (fever
and increased respiratory rate) in children, so

&3

that presentation to health care facilities is not de-
layed.

Acknowledgement

Felege-Hiwot Teaching and referral Hospital and all health staffs,
is gratefully acknowledged for the data they supplied for our

health research.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,
working conditions, share holding and similar situations in any

firm.

Authorship Contributions

Idea/Concept: Muluwerk Ayele Derebe; Design: Muluwerk Ayele
Derebe; Control/Supervision: Muluwerk Ayele Derebe; Data
Collection and/or Processing: Muluwerk Ayele Derebe, Awoke
Seyoum Tegegne, Haile Mekonnen Fenta; Analysis and/or Inter-
pretation: Muluwerk Ayele Derebe, Awoke Seyoum Tegegne, Haile
Mekonnen Fenta; Literature Review: Muluwerk Ayele Derebe,
Awoke Seyoum Tegegne, Haile Mekonnen Fenta; Writing the Ar-
ticle: Muluwerk Ayele Derebe, Awoke Seyoum Tegegne, Haile
Mekonnen Fenta; Critical Review: Muluwerk Ayele Derebe,
Awoke Seyoum Tegegne, Haile Mekonnen Fenta; References and
Fundings: Muluwerk Ayele Derebe; Materials: Muluwerk Ayele
Derebe.



Muluwerk Ayele DEREBE et al.

Turkiye Klinikleri J Pediatr. 2022;31(2):74-84

I REFERENCES

Izurieta HS, Thompson WW, Kramarz P, Shay DK, Davis RL, DeStefano
F, et al. Influenza and the rates of hospitalization for respiratory disease
among infants and young children. N Engl J Med. 2000;342(4):232-9.
[Crossref] [PubMed]

Maganga ER. Pneumonia case fatality rate in children under-five: un-
derstanding variations in district hospitals in Malawi. Norway: Depart-
ment of General Practice and Community Medicine, Faculty of Medicine
University of Oslo; 2004. [Link]

Garenne M, Ronsmans C, Campbell H. The magnitude of mortality from
acute respiratory infections in children under 5 years in developing coun-
tries. World Health Stat Q. 1992;45(2-3):180-91. [PubMed]

World Health Organization. Health situation analysis in the African re-
gion: atlas of health statistics. Africa: World Health Organization (WHO);
2011. [Link]

Cebey-Lopez M, Salas A. Recognising the asymptomatic enemy. Lancet
Infec Dis. 2021;21(3):305-6. [Crossref] [PubMed] [PMC]

Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global, regional,
and national causes of under-5 mortality in 2000-15: an updated sys-
tematic analysis with implications for the sustainable development goals.
Lancet. 2016;388(10063):3027-35. [Crossref] [PubMed] [PMC]

Black RE, Morris SS, Bryce J. Where and why are 10 million children
dying every year? Lancet. 2003;361(9376):2226-34. [Crossref] [PubMed]

World Health Organization. Global Health Risks: Mortality and Burden of
Disease Attributable to Selected Major Risks. Geneva: World Health Or-
ganization; 2015.

Legesse H, Degefie T, Hiluf M, Sime K, Tesfaye C, Abebe H, et al. Na-
tional scale-up of integrated community case management in rural
Ethiopia: implementation and early lessons learned. Ethiop Med J.
2014;52 Suppl 3:15-26. [PubMed]

. Graham NM. The epidemiology of acute respiratory infections in chil-

dren and adults: a global perspective. Epidemiol Rev. 1990;12:149-78.
[Crossref] [PubMed]

. UNICEF, World Health Organization, World Bank. State of the World's

Vaccines and Immunization. 3rd ed. Geneva: World Health Organiza-
tion; 2009. [Link]

. Wingerter SL, Bachur RG, Monuteaux MC, Neuman MI. Application of

the world health organization criteria to predict radiographic pneumonia
in a us-based pediatric emergency department. Pediatr Infect Dis J.
2012;31(6):561-4. [Crossref] [PubMed]

. Fatmi Z, White F. A comparison of 'cough and cold'and pneumonia: risk

factors for pneumonia in children under 5 years revisited. Int J Infect Dis.
2002;6(4):294-301. [Crossref] [PubMed]

. Smith KR, Samet JM, Romieu I, Bruce N. Indoor air pollution in devel-

oping countries and acute lower respiratory infections in children. Tho-
rax. 2000;55(6):518-32. [Crossref] [PubMed] [PMC]

. Pomat WS, Smith TA, Sanders RC, Witt CS, Montgomery J, Lehmann

D, et al. Levels of anti-pneumococcal antibodies in young children in
Papua New Guinea. Epidemiol Infect. 1993;111(1):109-19. [Crossref]
[PubMed] [PMC]

. Amhara Regional State. Budget Brief Amhara Regional State 2007/08-

2015/16. Ethiopia: United Nations Children's Fund (UNICEF); 2018.
[Link]

84

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Cameron AC, Trivedi PK. Regression Analysis of Count Data. Vol. 53.
2nd ed. Cambridge: Cambridge University Press; 2013.

Cameron AC, Johansson P. Count data regression using series
expansions: with applications. Journal of Applied Econometrics.
1997;12(3):203-23. [Crossref]

. Cochran WG. Sampling Techniques. 3rd ed. New York: John Wiley &

Sons; 2007.

Zalacain R, Torres A, Celis R, Blanquer J, Aspa J, Esteban L, et al. Com-
munity-acquired pneumonia in the elderly: Spanish multicentre study.
Eur Respir J. 2003;21(2):294-302. [Crossref] [PubMed]

Marston BJ, Plouffe JF, File TM. Prognosis and outcomes of patients
with  community-acquired pneumonia. JAMA.1996;275(2):134-41.
[Crossref] [PubMed]

Thomas Jr CF, Limper AH. Pneumocystis pneumonia. N Engl J Med.
2004;350(24):2487-98. [Crossref] [PubMed)]

Fine MJ, Auble TE, Yealy DM, Hanusa BH, Weissfeld LA, Singer DE, et
al. A prediction rule to identify low-risk patients with community-acquired
pneumonia. N Engl J Med. 1997;336(4):243-50. [Crossref] [PubMed]

McCullagh P, Nelder JA. Generalized Linear Models, No. 37 in Mono-
graph on Statistics and Applied Probability. 2 ed. Boca Raton; London;
New York: Chapman & Hall; 1989.

Pan W. Akaike's information criterion in generalized estimating equa-
tions. Biometrics. 2001;57(1):120-5. [Crossref] [PubMed]

Asparouhov T, Muthen B. Bayesian Analysis of Latent Variable Models
Using Mplus; 2010a. Tihomir Asparouhov and Bengt Muth'en Version 5.
[Link]

Seyoum A, Ndlovu P, Zewotir T. Quasi-Poisson versus negative bino-
mial regression models in identifying factors affecting initial Cd4 cell
count change due to antiretroviral therapy administered to hiv-positive
adults in North-West Ethiopia (Amhara Region). AIDS Res Ther.
2016;13:36. [Crossref] [PubMed] [PMC]

Lanata CF, Rudan I, Boschi-Pinto C, Tomaskovic L, Cherian T, Weber M,
et al. Methodological and quality issues in epidemiological studies of
acute lower respiratory infections in children in developing countries. Int
J Epidemiol. 2004;33(6):1362-72. [Crossref] [PubMed]

Khan AJ, Hussain H, Omer SB, Chaudry S, Ali S, Khan A, et al. High in-
cidence of childhood pneumonia at high altitudes in Pakistan: a longitu-
dinal cohort study. Bull World Health Organ. 2009;87(3):193-9. [Crossref]
[PubMed] [PMC]

de Andrade ALSS, de Andrade JG, Martelli CMT, Aimeida e Silva S,
de Oliveira RM, Neves Costa MS, et al. Effectiveness of haemophilus
influenzae b conjugate vaccine on childhood pneumonia: a case-
control study in Brazil. Int J Epidemiol. 2004;33(1):173-81. [Crossref]
[PubMed]

Brown KH, Stallings RY, de Kanashiro HC, de Romana GL, Black RE. Ef-
fects of common illnesses on infants' energy intakes from breast milk
and other foods during longitudinal community-based studies in Huascar
(Lima), Peru. Am J Clin Nutr. 1990;52(6):1005-13. [Crossref] [PubMed]
Tupasi TE, Mangubat NV, Sunico ME, Magdangal DM, Navarro EE,
Leonor ZA, et al. Malnutrition and acute respiratory tract infections in fil-
ipino children. Rev Infect Dis. 1990;12 Suppl 8:51047-54. [Crossref]
[PubMed]


https://www.nejm.org/doi/full/10.1056/NEJM200001273420402
https://pubmed.ncbi.nlm.nih.gov/10648764/
https://www.duo.uio.no/bitstream/handle/10852/30103/oppgavexEllubeyxRachelxMaganga.pdf?sequence=2&isAllowed=y
https://pubmed.ncbi.nlm.nih.gov/1462653/
https://www.aepap.org/sites/default/files/who_atlashealthstats_2011.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1473309920305879?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/32979931/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7515607/
https://www.sciencedirect.com/science/article/pii/S0140673616315938?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/27839855/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5161777/
https://www.sciencedirect.com/science/article/abs/pii/S0140673603137798?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/12842379/
https://pubmed.ncbi.nlm.nih.gov/25845070/
https://academic.oup.com/epirev/article-abstract/12/1/149/575183?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/2286216/
http://apps.who.int/iris/bitstream/handle/10665/44169/9789241563864_eng.pdf?sequence=1
https://journals.lww.com/pidj/Fulltext/2012/06000/Application_of_the_World_Health_Organization.5.aspx
https://pubmed.ncbi.nlm.nih.gov/22333702/
https://www.sciencedirect.com/science/article/pii/S1201971202901645?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/12718824/
https://thorax.bmj.com/content/55/6/518
https://pubmed.ncbi.nlm.nih.gov/10817802/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1745777/
https://www.cambridge.org/core/journals/epidemiology-and-infection/article/levels-of-antipneumococcal-antibodies-in-young-children-in-papua-new-guinea/C05D69535DD531C505817434470D5C89
https://pubmed.ncbi.nlm.nih.gov/8348925/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2271208/
https://www.unicef.org/esa/media/4256/file/UNICEF-Ethiopia-2018-Afar-Regional-State-Budget-Brief.pdf
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-1255(199705)12:3%3C203::AID-JAE446%3E3.0.CO;2-2
https://erj.ersjournals.com/content/21/2/294
https://pubmed.ncbi.nlm.nih.gov/12608444/
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.275.2.134
https://pubmed.ncbi.nlm.nih.gov/8531309/
https://www.nejm.org/doi/full/10.1056/NEJMra032588
https://pubmed.ncbi.nlm.nih.gov/15190141/
https://www.nejm.org/doi/full/10.1056/NEJM199701233360402
https://pubmed.ncbi.nlm.nih.gov/8995086/
https://onlinelibrary.wiley.com/doi/10.1111/j.0006-341X.2001.00120.x
https://pubmed.ncbi.nlm.nih.gov/11252586/
https://www.statmodel.com/download/BayesAdvantages18.pdf
https://aidsrestherapy.biomedcentral.com/articles/10.1186/s12981-016-0119-6
https://pubmed.ncbi.nlm.nih.gov/27843481/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5103612/
https://academic.oup.com/ije/article/33/6/1362/866438
https://pubmed.ncbi.nlm.nih.gov/15166188/
https://www.who.int/bulletin/volumes/87/3/07-048264.pdf
https://pubmed.ncbi.nlm.nih.gov/19377715/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2654635/
https://academic.oup.com/ije/article/33/1/173/668186
https://pubmed.ncbi.nlm.nih.gov/15075166/
https://academic.oup.com/ajcn/article-abstract/52/6/1005/4651165?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/2239775/
https://academic.oup.com/cid/article-abstract/12/Supplement_8/S1047/296594?redirectedFrom=fulltext
https://pubmed.ncbi.nlm.nih.gov/2270404/

