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Abstract  Globally, Pneumonia is the leading communicable disease which is the reason of fatality in children. In 

2013, there was approximately 935 000 child death in less than 5 years old because of Pneumonia, which was 15% 

of all the deaths in children. The scenario is more or less same in sub-Saharan Africa and South Asia. The objective 

of the study was to collate information from existing data and chart out the trends of the incidence of Pneumonia 

(mild + severe) per 1,000 children under five years (new visits) in the future. A secondary data analysis of the 

incidence of Pneumonia (mild + severe) per 1,000 children under five years (new visits) in Nepal was done between 

2005 to 2014. The survey was conducted under the administrative supervision of the population division of the 

Ministry of Health and Population (MOHP). Curve fitting method was used to find out the convenient model. The 

data was analysed using Statistical Package for the Social Sciences (SPSS) for Windows Version 16.0 (SPSS Inc; 

Chicago, IL, USA). A p-value of < 0.05 (two-tailed) was used to establish statistical significance. Excluding the 

constant term in the equation, the best fitted model was cubic, for the prediction of incidence of Pneumonia (mild + 

severe) per 1,000 children under five years (new visits). It is estimated that there will be 331 with 95% CI (0,1000) 

cases of Pneumonia (mild + severe) per 1,000 children under five years during 2020 in Nepal. The year wise 

incidence of Pneumonia (mild + severe) per 1,000 children under five years (new visits) in Nepal is having an 

increasing trend. The result provides reference data for organizing, planning, and evaluation of childhood pneumonia 

control program. Strengthening the health care delivery system and community-based prevention strategies and case 

management will facilitate to trim down pneumonia cases and the overall burden of this public health threat. 
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1. Introduction 

Globally, Pneumonia is the leading communicable 

disease which is the reason of fatality in children. During 
2013, it was reported that approximately 935 000 children 

less than 5 years old died due to Pneumonia, which was 

15% of all the deaths in children. The scenario is more or 

less same in sub-Saharan Africa and South Asia. [1]. 

There is an increase of the incidence of Pneumonia (mild 

+ severe) per 1,000 children under five years (new visits) 

in Nepal. It is reported in the 2014 Nepal annual report of 

the Ministry of Health and Population (MoHP) and 

Department of Health Services (DoHS) that the incidence 

of Pneumonia (mild + severe) per 1,000 children under 

five years (new visits) is 244 [2]. Dorringston et al 
conducted a study in South Africa to project 

communicable disease and his model was appropriate, 

reliable and useful [3]. Another study done by Hall et al in 

the United States also provided a reliable model to 

estimate HIV incidence [4]. Allen et al also studied in 

England the use of Markov model for HIV disease 

progression [5]. Statistical modelling and forecasting 

techniques can be used in the prediction of the incidence 

of Pneumonia in under five years children.  

2. Aim and Objectives 

The objective of the study was to collate information 

from existing data and chart out the trends of the incidence 

of Pneumonia (mild + severe) per 1,000 children under 

five years (new visits) in the future. 

3. Materials and Methods 

A secondary data analysis of the incidence of 
Pneumonia (mild + severe) per 1,000 children under five 

years (new visits) in Nepal was done for the period 

between 2005 to 2014. The survey was conducted under 
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the administrative supervision of the population division 

of the Ministry of Health and Population (MOHP) [2,6-12].  

The data was analysed using Statistical Package for the 

Social Sciences (SPSS) for Windows Version 16.0 (SPSS 

Inc; Chicago, IL, USA) and GraphPad Prism 6. A p-value 

of < 0.05 (two-tailed) was used to establish statistical 

significance. The incidence of Pneumonia (mild + severe) 

per 1,000 children under five years (new visits) from 2005 
to 2014 plotted in y-axis against the corresponding year in 

the x-axis. Curve fitting method was applied to choose the 

proper curve for a given data points. The models used 

were Compound, Linear, Power, Logarithmic, S, Inverse, 

Growth, Quadratic, Exponential and Cubic.  

1. Liner Model 
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4. Quadratic Model 
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5. Cubic Model 
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6. Compound Model 
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8. S-curve Model 
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9. Growth Model 
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10. Exponential Model 
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To select the best fitting curve for the testing of 

hypothesis F-test was used. P-value was taken as 

significant when < 0.05 (two-tailed). R2 value > 0.90 was 

considered significant for prediction. The Cubic model 

was the best fitted model for incidence of Pneumonia 

(mild + severe) per 1,000 children under five years (new 

visits) from 2005 to 2014 (Figure 2). In the cubic model, 

m0 is the constant term and m1 and m2 are coefficient terms. 

Where Y is the incidence of Pneumonia (mild + severe) 

per 1,000 children under five years (new visits) and X is 

the corresponding year; 1=2005, 2=2006, 3=2007, 4=2008 
and so on. 

4. Results 

Table 1, Table 2 and Graph 1 illustrate the parameter 

estimates and the model summary for different models 

including the constant term. Considering the constant term 

in the model, none of the model was the best fit, for the 

prediction of incidence of Pneumonia (mild + severe) per 
1,000 children under five years (new visits). 

Table 1. Model Summary with Constant Term in The Model 

Equation R Square F df1 df2 Sig. 

Linear .748 23.708 1 8 .001 

Logarithmic .805 33.082 1 8 .000 

Inverse .639 14.184 1 8 .005 

Quadratic .874 24.380 2 7 .001 

Cubic .900 17.933 3 6 .002 

Compound .743 23.126 1 8 .001 

Power .813 34.784 1 8 .000 

S .658 15.416 1 8 .004 

Growth .743 23.126 1 8 .001 

Exponential .743 23.126 1 8 .001 

Table 2. Parameter Estimates with Constant Term in The Model 

Equation Constant b1 b2 b3 

Linear 120.933 15.267   

Logarithmic 106.057 65.440   

Inverse 250.053 -154.161   

Quadratic 66.267 42.600 -2.485  

Cubic 105.567 7.743 5.073 -.458 

Compound 125.133 1.087   

Power 114.897 .359   

S 5.537 -.855   

Growth 4.829 .083   

Exponential 125.133 .083   

 

Figure 1. Fitted Curves with Constant Term in The Model Year Wise 

Incidence of Pneumonia (Mild + Severe) Per 1,000 Children Under Five 

years (New Visits) from 2005 to 2014 

Table 3. Model Summary without Constant Term in The Model 

Equation R Square F df1 df2 Sig. 

Linear .915 97.008 1 9 .000 

Logarithmic .945 153.477 1 9 .000 

Inverse .353 4.903 1 9 .054 

Quadratic .986 274.350 2 8 .000 

Cubic .988 185.358 3 7 .000 

Compound .821 41.273 1 9 .000 

Power .859 54.851 1 9 .000 

S .511 9.393 1 9 .013 

Growth .821 41.273 1 9 .000 

Exponential .821 41.273 1 9 .000 
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Table 3, Table 4 and graph 2 portray the parameter 

estimates and the model summary for different models, 

excluding the constant term. Excluding the constant term 

in the equation, the best fitted was the cubic model, for the 

prediction of the incidence of pneumonia (mild + severe) 

per 1,000 children under five years (new visits).  

Table 4. Parameter Estimates without Constant Term in The Model 

Equation b1 b2 b3 

Linear 32.543   

Logarithmic 123.375   

Inverse 318.425   

Quadratic 67.749 -4.481  

Cubic 81.702 -8.940 .320 

Compound 2.166   

Power 2.951   

S 9.610   

Growth .773   

Exponential .773   

 

Figure 2. Fitted Curves without Constant Term in The Model in Year 

Wise Incidence of Pneumonia (Mild + Severe) Per 1,000 Children Under 

Five Years (New Visits) From 2005 to 2014 

Table 5. Forecasted Year Wise Incidence of Pneumonia (Mild + 

Severe) Per 1,000 Children Under Five Years (New Visits) from 2005 

to 2020 

Year 
Estimated 

cases 

Predicted 

cases 

95% Confidence Interval 

Lower 

Limit 

Upper 

Limit 

2005 128 73 2 144 

2006 136 130 55 206 

2007 131 173 98 249 

2008 190 204 131 278 

2009 237 225 152 298 

2010 255 238 164 312 

2011 246 244 168 319 

2012 239 246 170 321 

2013 243 245 169 320 

2014 244 243 155 332 

2015 - 243 111 376 

2016 - 247 35 459 

2017 - 255 0 584 

2018 - 271 0 754 

2019 - 296 0 976 

2020 - 331 0 1000 

 

Figure 3. Year Wise Incidence of Pneumonia (Mild + Severe) Per 1,000 

Children Under Five Years (New Visits) From 2005 to 2020 

5. Discussions 

In the Curve fitting method, collected data were plotted 

in a graph to find out the relationship between dependent 

variable and time by connecting the `points' with a line. 

Then the next step to find out the best fitted model to the 

observed data. Once the model is selected then it would be 

used to forecast the trend of the dependent variable for a 

time variable [13,14]. Sathian B et al. has done several 

studies using curve fitting method to predict the trends in 
non communicable and communicable diseases in Nepal 

[13-18]. This study hereby launches the suitability of 

statistical modelling in forecasting the year wise incidence 

of Pneumonia (mild + severe) per 1,000 children under 

five years (new visits) in the Nepalese context. 

This study showed a increasing trend in pneumonia in 

under five children which is supported by the studies done 

in Bangladesh [19] and Taiwan [20]. The main reason for 

this is because children are more vulnerable to general and 

viral infections [21,22,23]. 

The WHO and UNICEF started a program to hasten 
pneumonia control with a blend of interventions to treat, 

prevent and protect Pneumonia in children and named it as 

Integrated Global Action Plan for Pneumonia and 

Diarrhea (GAPPD) [1]. Prevention program should focus 

mainly on Immunization against Hib, Measles, 

Pneumococcus and Whooping Cough (Pertussis). 

6. Conclusion 

Year wise incidence of Pneumonia (mild + severe) per 

1,000 children under five years (new visits) in Nepal is 

having an increasing trend. The findings of this study will 
be helpful for the policy makers, stakeholders and all 

health care providers to recognize the circumstances of 

Pneumonia among children under five years. Furthermore, 

the result provide reference data for organizing, planning, 

and evaluation of childhood pneumonia control program. 

Strengthening health care delivery system and 

community-based prevention strategies and case 

management will facilitate to trim down pneumonia cases 

and the overall burden of this public health threat. 
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