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mortality in children of 1 month in developing countries. The aim of this research was
to examine the spatial patterns of children under LRTT in Lahore, Pakistan. The records

of all patients of LRTIs among children <5 years, admitted in the four different public sector
hospitals of Lahore from 2017-2021 were analyzed. The collected data was processed and
analyzed in SPSS 22.0 for the chi-square test (P<0.0.5), Multiple linear regression and ANOVA
were calculated to assess the association of these variables. Town-wise distribution of diseases
was mapped in ArcGIS 10.5. There were 2,609 pediatrics patients admitted and major cases
in the year 2021. All the patients were distributed in four age groups, <2m, 2-12m, 13-24m,
25-60m. The most common diagnosis was Bronchopneumonia with (77.50%), Bronchiolitis
(11.84%), Pneumonia (6.86%), and Bronchitis (3.79%). A significant increasing trend was
found in Bronchopneumonia. In town-wise analysis, out of 2,609 patients, 977 patients were
observed in Allama Igbal Town. The peak season of the disease was seen in winter Dec Feb.
LRTI is a leading cause of childhood hospitalization in Lahore, Pakistan. These results may
guide health authorities to determine where and when to effectively allocate resources for the
prevention and control of LRTT.
Keywords: LRTI; ArcGIS 10.5; seasonality; Bronchopneumonia; children; chi-square Test
and ANOVA.
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Introduction

Health geography can provide a spatial understanding of a population's health
distribution of disease in an area [1]. The researches which bring geography and medicine
together have been followed since long ago. The initial studies tracked the diffusion of
infectious disease, but the research that highlights spatial variances in several health related
weaknesses is not new and continues to prevail today.

A healthy child makes an energetic generation. There is a close association among
unhealthy children to a weakened future of the world [2]. Respiratory infections are a foremost
cause of morbidity and mortality in children under five years of age globally [3, 4, 5, 6].
Approximately, 6.6 million children less than 5 years of age die each year in the world; 95% of
them are in low-income countries [7] and one third of the total deaths is due to LRTT [8].
WHO assessed the rate of respiratory tract infections in 2010, according to estimations four
and a half million deaths due to respiratory tract infections among children every year [8, 9,
10, 11]. In South Asia, 48 of every 1000 children die before the age of five. Pakistan is presently
placed as the sixth most populated country with a population of 199 million. It is estimated
that about 20% to 30% of deaths of children under 5 years of age are because of respiratory
infections in Pakistan [12].

Lower respiratory infections caused 652, 572 deaths in children younger than
5 years worldwide in 2016. Particularly, Acute Lower Respiratory Infection (ALRI) in the form
of pneumonia is recognized as the single largest cause of childhood death globally accounting
for 16% of the overall deaths in 2015 [13]. LRTI are common and foremost causes of death
in children worldwide [14, 15, 16, 17, 18, 19]. Another study showed that, LRTIs are one of
the leading causes of morbidity and mortality among children [20, 21] in both developed and
developing countries. LRTIs are common diseases in children under five globally [22, 23, 24,
25], accounting for high morbidity, hospital admissions, and healthcare expenditures,
especially in emerging countries [26, 27, 28]. LRTT in children are often below the level of the
larynx and may be taken as Broncho-pneumonia, pneumonia, bronchiolitis and bronchitis [29,
30, 31]. Every year, 3% of all children less than 12 months of age need to be admitted for
moderate or severe LRTI [32, 33, 34, 35]. Recent studies from the World Health Organization
(WHO) suggest that Acute Lower Respiratory Tract Infections (ALRTT) is accountable for
20% of deaths in under five years old children, every year. About 120—-156 million cases of
ALRI occur globally, and almost 1.4 million deaths occur every year. More than 95% of these
deaths occur in underdeveloped and developing countries [36, 37].

The current study was conducted on different types of LRTT in children less than five
years of age in Lahore, based on disease year, age, gender, locality, and seasonal distribution
of disease. This paper will help to design other research studies on the prevalence of LRTIs
in children aged <2-5 yeats.

Material and methods.
Selection of study area

This study was conducted in Lahore, according to census of 2017, the population of
Lahore was 11,126,285 (PBOS, 2017). Lying between 31°15'—31°45' N and 74°01'— 74°39'
E, Lahore is surrounded on the north and west by the Sheikhupura district, on the east by
Wagah, and on the south by Kasur District. Ravi River flows on the northern side of Lahore.
The weather of Lahore is extreme during the months of May, June, and July, when the
temperatures soar to 40—48 °C (104—118 °F). The lowest temperature recorded in Lahore is
—1.1 °C (30 °F) (WCLA, 2012).

Data collection and analysis

Following the nature of the study, secondary data sources were collected. This study
was conducted for children under 5 years of age admitted with LRTI illness at Fatima
memorial hospital, Jinnah hospital, Sir Ganga Ram hospital, and Sheikh Zaid hospital of
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Lahore from the year 2017-2021. After taking permission from the institutional ethical
committee, all children with LRTT were included in the study. A standardized Performa was
designed and then the medical records of the hospitals were reviewed to collect individual’s
data regarding age, gender, and area of residence, diagnosis of disease, seasonal distribution of
disease, and date of hospital admission. The collected information was organized and tabulated
in Microsoft Excel 13. Data was analyzed using IBM SPSS 22. To analyze the results, the chi-
square test (P<0.05) was applied to assess the association between these variables (disease and
age, disease and gender, disease and season). A P-value of 5% (2-tailed) level of significance
was considered statistically significant. Afterward for the mapping technique, ArcGIS 10.5
were used.
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Figure 1. The Study area.
Results and discussion.

LRTT are mainly responsible for the continuing high rates of morbidity and mortality
in children under 5 years in developing countries, accounting for more than 4 million deaths
per year. The findings in table 1 and figure 2 revealed that the higher morbidity of LRTT was
in 2021. The mean of data was computed as 2019.05 and the standard deviation was 0.81. The
trend of LRTT was observed increasing (2017-2021) gradually.
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Table 1. Year of admission

Year|Frequency/Percent
2017 796 30.5%
2019 891 34.2%
2021 922 35.3%
Total 2,609 100.0

Source: Field survey, 2020
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Figure 2. The frequency of LRTT disease in Lahore district for the last three years
20172021.
Table 2. Town wise & disease wise patterns of LRTI in children

Sr. no Towns Bronchopneumonia |Pneumonia|Bronchitis Bronchiolitis| Total
1 |Allama Igbal Town 720 55 47 155 977 |37%
2 |Samna bad Town 319 37 4 42 402 [15%
3 |Gulberg Town 172 20 14 25 231 | 9%
4 |Data Gung Bakhsh 318 19 16 34 387 [15%
5 |Aziz Bhatti Town 85 3 4 8 100 | 4%
6 |Ravi Town 120 9 1 12 142 | 6%
7 |Nishter Town 84 6 4 16 110 | 4%
8 |Cantonment 65 12 6 6 89 | 3%
9  |Shalimar Town 101 13 2 5 121 | 5%
10 |Wahga Town 38 5 1 6 50 | 2%
Total 2022 179 36 309 2609 | 100

Source: Field survey, 2020

Town wise distribution of LRTI patients.

Figure 3 illustrates the spatial distribution of LRTI cases in the study site. The reported
2,609 patients of LRTI were observed during the study period in all towns of Lahore. Out of
2,609 cases, 977 (37%) were found in Allama Igbal Town with the maximum number of LRTI,
Samnabad town with 402 cases (15%), Data Gunj Bakhsh Town with 387 (15%) cases. The
minimum number of cases were seen in Wahga Town with 50 patients (2%). The further
geographical situation of the diseases can be seen through pie charts in Figure 3 & 4.
Table 3. Children hospitalized with LRTIs in 2017-2021, per season of the year

Condition

Winter

%

Spring

%

Summer

% |Autumn

Total

%

Bronchopneumonia

1032 (64.9)

79

362 (25.0)

72

183 (10.1)

74

445 (22)

81.6

2022 (100)

77.4
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Pneumonia 7442 |5 | 5631 (11| 20(11) | 8 | 29(16) |5.5| 179 (100) | 6.9
Bronchitis 2930) | 2 | 28(28) [55] 23(23) 95| 19(19) |3.4| 99 (100) |3.8
Bronchiolitis 177 (57) |14 | 59 (19) |11.5] 21(7) |8.5| 52(17) [9.5| 309 (100) |11.8
Total 1312 |100| 505 100 247 100 545 |100| 2609  [100
Source: Field survey, 2020
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Figure 3. Town wise & disease wise patterns of LRTT.
While observing the seasonal variations, about 1312 cases were observed in Dec Feb,
545 cases from Sep-Nov and 505 cases for Mar-May. The lease number of cases were recorded

in June-Aug which were 247.

Figure 5 demonstrates the seasonal comparison of Bronchopneumonia, Bronchitis,
and Bronchiolitis, and Pneumonia. Concerning the seasons, the largest number of cases of
LRTI, were observed in winter season. Bronchopneumonia on first, followed by Bronchiolitis,
Pneumonia was the third in the number of cases, and Bronchitis was with fewer cases.

Chi-square analysis was performed to check the association between disease and

season (Table 4&5).

Table 4. Association between disease and seasons of the year

Value df |Asymp. Sig. (2-sided)
Pearson Chi-Square 2636.469 | 9 .000
Likelihood Ratio 2724244 | 9 .000
Linear-by-Linear Association | 1792.671 | 1 .000
No of Valid Cases 2609
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Figure 4. Town wise spatial distribution of disease.
Table 5. Symmetric Measures

Value Approx. Sig.
Phi 1.005 000
Cramer's V 580 000
2609

The output of Table 4 shows that significant association found in disease and season
of the year with P-value (0.00)). The value of Phi (1.005) in table 5 also showed a strong
association between the variables.

Children Hospitilized with LRTT 2017-21, per season of the year
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Figure 5. Children hospitalized with LRTI 2017-2021, per season of the year.
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Table 6. Children hospitalized with LRTTs in 2017, 2019, 2021, per age groups

Condition <2m 2-12m 13-24m 25-60m Total
No % No % No % No % No %
Bronchopneumonia 209 | 73 (10.3) (1425 [77 (70.4) (229 |79 (11.3) |159 |80 (7.8) |2022 100 |77
Pneumonia 18 6(10) 123 |1 8(69) |23 | 8(13) |15 | §(8) 179100 | 7
Bronchitis 11 4(11) 73 | 4(74) 7 2(7) 8 4(8) 99100 4
Bronchiolitis 48 | 17 (16) 213 | 11 (69) |32 | 11 (10) |16 | 8(5) 309100 (12
‘Total 286 100 [1834 100 |291 100 (198 | 100 2,609 100

Source: Field survey, 2020

Considering age, there was a significant difference between the age groups. Table 6
and figure 6 shows the age group dissemination of LRTI among children. A high incidence of
LRTI patients was seen in 2-12m age with number (1834) patients. Broncho-pneumonia was
the most common entity related to LRTT (70.4%) and most commonly seen in the age group
of 2-12m (1425cases). The second group comprised of 13-24m of age with 291 cases. Out of
291 cases, 229 cases of Broncho-pneumonia were found in this age group. The third group is
<2m, with 286 patients. The last group was 25-60m, where minimum number of pediatrics
found in this group were found with 198 cases.

Chi-square analysis was performed to check the association between disease and age
groups (Table 7&8).

The output of Table 6 shows that a significant association was found between disease
and age groups with P-value (0.00). The value of Phi (1.361) in table 7&8 showed a strong
association between the variables.

Table 7. Association between disease and age groups
Table 8. Symmetric Measures

Value |Approx. Sig.
Phi 1.361 .000

Cramer's V | .786 2609 .000

Children Hospitilized with LRTT, per age group
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Figure 6. Children hospitalized with LRTI, per age group
Table 9. Cross-Tabulation analysis of Children hospitalized with LRTI, according to

gender
Disease Gender Total
Male Female
Broncho-pneumonia 1289 733 2022
63.7% 36.3% [100.0%
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Bronchitis 49 50 99
49.5% 50.5% [100.0%
Bronchiolitis 188 121 309
60.8% 39.2% [100.0%
Pneumonia 126 53 179
70.4% 29.6% [100.0%
Total 1652 957 2609
63.3% 36.7% [100.0%

Source: Field survey, 2020

Table 9 shows the gender variation of disease in children. This study was done among

2,609 children in the age group under five years of LRTI. A higher proportion of males 63.3%
were reported to have LRTT when compared to females with 36.7%.
The study carried out by Savitha AK, Gopala Krishnan S, 2019, reported that male
children are more prone to LRTI when compared to female children. The probable reason
that there is predominance among male children could be because of the tendency of male
children to play outside the home gets them exposed to infected aerosols from the
surrounding outdoor environment when compared to female children. There is a huge male
predominance observed as shown in figure 7 and table 9.
Chi-square analysis was performed to check the association between disease and

gender (Table 10&11).

Table 10. Association between disease and gender

Value DfAsymp. Sig. (2-sided)
Pearson Chi-Square 12,978 3 005
Likelihood Ratio 12.792] 3 .005
Linear-by-Linear Association| .148 |1 .700
No of Valid Cases 2609
Table 11. Symmetric Measures
ValueApprox.
Sig.
Phi 071 | .005
Cramer's V| .071 | .005
2609

The output of Table 11 shows that a significant association was found between disease
and gender with P-value (0.05)). The value of Phi (.071) in table 9&10 also showed a strong

association between the variables.

Children Hospitilized with LRTI 2017-2021, according to
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Figure 7. Children hospitalized with LRTT 2017-2021, according to gender.

It was necessary to examine the possible relationship between respiratory disease and
age, gender and season. For this purpose, few statistical tests i.e., multiple linear regression
and ANOVA were performed. A strong correlation was found among the variables (Table
12).

Table 12. Summary of statistic model of fitness.

Model R R Square djusted R Square| Std. Error of the | Durbin-
Estimate Watson
1 916 .840 .840 .380 024

Table 13. Analysis of variance (ANOVA)
Model Sum of Squares| df |Mean Square| F Sig

Regression 1967.758 3 655.919  14550.208|.000
Residual 375.515 2605 144
Total 2343.273 2608

Multiple Linear regression analysis and ANOVA were conducted to examine the
relationship between respiratory diseases as a dependent variable and age, gender, and season
as independent variables. Table 12 summarized the descriptive statistics and analysis results.
The results indicated that the age, gender and season was significant predictor of respiratory
diseases, F (3, 2608) =4550.208, Sig=.000. Moreover, the Durbin Watson value i.e., .024
indicate a positive autocorrelation as it is less than 2.

Conclusion.

Childhood respiratory infections are a major concern in developing countries. The
present study concludes that the Lahore district has witnessed substantial growth in the
incidence and prevalence of LRTI, types during 2017, 2019, and 2021. In year-wise analysis,
maximum number of patients were seen in 2021. In the town-wise distribution of patients,
the greater number of LRTT cases were seen in Allama Igbal Town with 2022 cases. In the
next analysis, there was a huge male predominance observed in our study. The study was done
by Srinivasa & Patel (2018) which includes children less than 5 years also showed male
predominance. The most common age group in the study was 2-12m followed by the13-24m
group. Among LRTT in children, most of the cases were bronchopneumonia followed by
bronchiolitis, pneumonia and bronchitis. Mungala VK et al also reported bronchopneumonia
as the commonest LRTT in their study. In another study by Begum, | et al.,, (2018) in
developing countries Bronchiolitis and Bronchopneumonia are the major contributing
respiratory illness. The seasonal variation of the disease varies from season to season and area
to area. In this study a larger number of cases were observed in the winter season (Dec-Feb)
followed by autumn (Sep-Nov), spring (Mar-May), and summer (Jun-Aug). Chi-square,
multiple linear regression analysis, and ANOVA was applied to check the association of
respiratory diseases between the variables. There is a strong association between disease and
season, disease and gender and disease and age groups. An epidemiological outline of
admissions for respirational infections in this population, highlighting the periods of the year
and the most vulnerable age groups, will lead to protective measures that can be applied to
prevent hospitalizations for these various illnesses.
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