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ABSTRACT

	 Pneumonia, sepsis, and meningitis are three of the 
main causes of hospitalization and mortality, particularly in 
children under 5 years old.  The economic burden associated 
with these illnesses is important for health policy, planning, and 
management.  We investigated the cost of pneumonia, sepsis, 
and meningitis in hospitalized children younger than 5 years 
of age at a tertiary public hospital.  The study was designed 
as an incidence-based cost of illness study from a societal 
perspective.  Data were collected from medical records and 
prospective interviews from October to November 2014.  Forty 
patients were included, comprising patients with pneumonia 
(35 cases), sepsis (3 cases), and meningitis (2 cases).  The mean 
total costs (SD) of illness per episode were US $1,945 (2,628), 
US $3,489 (2,757), and US $4,855 (28,360) for pneumonia, 
sepsis, and meningitis, respectively.  High economic burden of 
pneumonia, sepsis, and meningitis in children was found.  These 
data could help policymakers evaluate the cost-effectiveness of 
vaccination strategies against these illnesses.

1. INTRODUCTION
	 Pneumonia, sepsis, and meningitis are three of the main 
causes of hospitalization and mortality, particularly in children 
younger than 5 years of age.  Pneumonia is the most common 
cause of death in children worldwide1.  In 2010, the incidence 
of pneumonia in all age groups in Thailand was 260.17 cases 
per 100,000 persons, with a mortality rate of 1.53 per 100,000 
persons.  The incidence rate was highest in children under 5 
years old at 1,939.49 per 100,000 persons2.  Additionally, bacterial 
sepsis and meningitis are serious infections resulting in long-term 
morbidity and death in children3.  In 2001, the incidence rate of 
meningitis in Thai children under 5 years of age was 24.6 cases 
per 100,000 persons4. The incidence rate of pneumococcal 
bacteremia and sepsis in children under five years of age in the 
Sa Kaeo and Nakhon Phanom provinces of Thailand between 
2005 and 2010 was 11.7 cases per 100,000 person-years5.
	 Vaccination has been one of the most effective interventions 
to decrease mortality and morbidity caused by infectious diseases6.  
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Pneumococcal conjugate vaccines (PCVs) have 
been proven safe and effective in children to 
prevent both invasive (e.g. meningitis, sepsis) 
and non-invasive (e.g. pneumonia, otitis media) 
pneumococcal diseases. The efficacy of the 
pneumococcal conjugate vaccine (PCV) was 89% 
in the reduction of invasive pneumococcal disease, 
6% in the prevention of clinical pneumonia, and 
29% in the prevention of radiograph-confirmed 
pneumonia7.  For Haemophilus influenzae type b 
(Hib) vaccine, safety and immunogenicity have 
been demonstrated. The protective efficacy of the 
Hib conjugate vaccine was 84% against invasive 
Hib disease, 75% against meningitis, and 69% 
against pneumonia8. 
	 PCV and Hib vaccines are recommended 
for routine immunization by the World Health 
Organization (WHO)9.  Presently, the PCV and 
Hib vaccines are available in the Thai market10; 
however, they are not included in the Expanded 
Program of Immunization (EPI)11.  In Thailand, 
the introduction of new vaccines is authorized 
by the Ministry of Public Health (MoPH) with 
recommendations made by the Advisory Committee 
on Immunization Practices (ACIP). The ACIP makes 
recommendations for vaccine schedules, the target 
population, and choices of vaccines to prevent 
specific diseases12.  Introduction of a new vaccine 
depends on various aspects, including policy, 
regulation, clinical guidelines, expert recommen-
dations, clinical efficacy, and economic evaluation13. 
	 Cost of illness studies are important for 
estimating the economic burden of diseases on 
society14.  Cost of illness is an important input in 
cost-effectiveness analysis, known as the burden 
of disease, which is a term that encompasses various 
aspects of disease impact on health outcomes in 
a country, specific regions, communities, and even 
individuals15, 16.  They are also useful markers for 
evaluating healthcare technologies. The cost-
effectiveness of PCVs and Hib vaccines has been 
evaluated in England, India, Singapore, Switzerland, 
Thailand, and Wales17-22.  Although cost studies 
of pneumonia, sepsis, and meningitis have been 
conducted in many countries23-26, the generaliz-
ability of the results to other settings is limited 
due to differences in healthcare systems, attitudes, 
culture, and environment.
	 A recent study in Thailand on the cost 
utility of PCV-10 and PCV-13 was conducted and 

the vaccines were found not cost-effective22. The cost 
data in that evaluation involved reimbursement 
rates that are normally less than the economic 
cost in public hospital settings. For Hib vaccine, 
a cost-benefit analysis found that the cost of the 
vaccination program was higher than savings 
from disease prevention20.  This study employed 
costing data published in 2002 that was not up-to-
date. Therefore, we aimed to explore the current 
empirical cost of pneumonia, meningitis, and 
sepsis in tertiary care from a societal perspective. 
The results could be used to re-evaluate cost-
effectiveness of the vaccines, and also to make 
decisions as to whether to include selected vaccines 
in the National EPI.

2. MATERIALS AND METHODS
2.1. Study design and data collection

	 The study was conducted prospectively 
as an incidence-based cost of illness analysis 
from a societal perspective.  The incidence-based 
approach estimates the costs of new cases from 
diagnosis to cure or death27.  The study sample 
included all hospitalized children aged 5 years 
and younger with a diagnosis of pneumonia, sepsis 
or meningitis at Siriraj Hospital, a tertiary care 
public hospital in Bangkok, who were admitted 
between October to November 2014. Patients 
with a major diagnosis of pneumonia, sepsis, and 
meningitis – with or without complications or a 
secondary diagnosis – were included in the study.  
Cases were excluded when (i) the patient did not 
receive full treatment in the hospital or was referred 
to the hospital; (ii) the patient could not be contacted 
for a follow-up interview after returning home; 
(iii) the primary discharge diagnosis (according 
to the International Classification of Diseases, 
10th revision; ICD-10) did not match the criteria 
for pneumonia (J12–18), bacteremia (A021, A327, 
A40–A41), or bacterial meningitis (A170, A320, 
A390, G01–G03). 
	 The costs from a societal perspective are 
composed of direct medical costs (treatment cost), 
direct non-medical costs (travel, food, accommo-
dation, time lost by caregivers), and indirect costs 
(time lost by patient)27.  Direct medical costs in the 
hospital of study was extracted from the hospital’s 
electronic data. The database covered resource 
utilization from patient bills, including medications 
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and supplies, laboratory tests, surgeries, procedures, 
inpatient nursing care, and other hospital fees.  
The demographic characteristics of patients and 
their clinical status were also reviewed.  Direct 
non-medical costs and indirect costs, including 
treatment costs before, during, and after treatment 
in the hospital, were collected by interviewing 
caregivers twice using a structured questionnaire.  
The first interview was conducted face-to-face 
during admission while the second interview was 
conducted via telephone seven days after hospital 
discharge. Informal care was estimated by asking 
whether anyone in the family had to stop working 
in order to care for the patient during illness, and 
if so, for how many days and at what cost per day 
of lost income.  Duration of illness was derived 
from the caregiver’s report of the time from when 
the child first became ill until full recovery.
	 The study was approved by the Siriraj 
Institutional Review Board (SiRB) for Human 
Research Protection. Informed consent was 

obtained before the interviews and prior to 
accessing clinical records. Patient information 
and questionnaires were collected and stored 
separately. 

2.2. Costing methods

	 Cost component definitions and cost 
calculations are described in Table 127.  All costs are 
valued in 2014 US dollars (US $1 = 32.5 Thai baht)28.  
Direct medical cost was defined as healthcare-
related costs associated with hospital treatment 
plus the cost of treatment before, during, and after 
admission. The hospital treatment costs were 
calculated by multiplying the billed hospital 
charges by the cost-to-charge ratios (CCR) (Table 
2).  The CCR, which were obtained from the Cost 
Estimation Unit of the Finance Division at Siriraj 
Hospital, were calculated based on the total annual 
expenditures of each of the hospital’s service 
departments (excluding expenditures of its teaching 
school) divided by its total annual revenue.

	 Variable	 Definition	 Source	 Cost calculation

Direct medical cost	 Healthcare-related costs associated with medical treatments

Hospital treatment costs 	Medical treatments in	 Hospital electronic	 Hospital charge 
		  the study hospital	 database	 × CCR

Cost of treatment before	 Medical treatments	 Caregiver interviews	 Actual payment
and after admission	 outside the study 
		  hospital		

Direct non-medical cost	 Out-of-pocket expenses incurred by the patient and caregiver

Foods, travel, babysitter	 Extra cost incurred	 Caregiver interviews	 Actual payment
costs	 because of illness	

Informal care cost	 Value of  the 	 Caregiver interviews	 Informal care days ×
		  caregiver’s 		  per capita GNI/365
		  productivity loss as
		  a result of child care		

Indirect cost	 Value of the patient’s productivity loss due to illness

Morbidity cost	 Inability to lead	 Caregiver interviews	 Days of illness × 
		  a normal life		  per capita GNI/365

Mortality cost	 Premature death	 Caregiver interviews	 (average life span − age at 
				    death) × per capita GNI

Table 1.	Cost components, definitions and cost calculations

Note: CCR = cost-to-charge ratio; GNI = gross national income.
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	 Direct non-medical cost was defined as 
the out-of-pocket expenses incurred by both patients 
and caregivers, including transportation to the 
hospital, food, babysitting, and cost of time spent 
taking care of the patient (informal care).  Cost of 
informal care can be categorized in the indirect 
cost or direct non-medical cost. In a cost-utility 
analysis (CUA) using a societal perspective, cost of 
time lost by patients or indirect cost is not included.  
However, cost of time lost by caregivers or cost 
of informal care must be included in the analysis.  
Therefore, if cost of informal care is added to the 
indirect cost, and then the indirect is excluded, 
the results of the CUA are wrong. This was 
demonstrated in a study on rotavirus diarrhoea29.
	 Indirect cost was defined as the value of 
productivity lost – the patient’s inability to live a 
normal life (morbidity cost) or premature death 
(mortality cost).  The morbidity cost was calculated 
by multiplying the time lost or duration of illness 
by the gross national income (GNI) per capita per 
day, or US $15.9 (517.3 Thai baht), according to 
the Office of the National Economic and Social 
Development Board, Thailand30. The cost of 
residual disability was not included in the study 
due to limitations in detecting such disability.

2.3. Statistical analysis

	 Demographic characteristics of the patients, 
resource use, cost by component, and total cost of 
illness were analyzed using descriptive statistics.  
One-way sensitivity analysis was used to determine 
the robustness of the results. For multi-way analysis, 
in the best-case scenario, the minimum values of 
all the variables were used, while the maximum 
values were used in the worst-case scenario. 

3. RESULTS
3.1. Characteristics of interviewed patients

	 Forty cases were included in the analysis: 
pneumonia (35 cases; 87.5%), sepsis (3 cases; 
7.5%), and meningitis (2 cases; 5.0%).  The median 
age was 10 months for pneumonia, 9 months for 
sepsis, and 25 days for meningitis. The characteristics 
of the patients are presented in Table 3.
	 Two schemes of healthcare coverage 
were used for reimbursement by the patients: 19 
cases (47.5%) used Universal Coverage (UC), 
which is the default healthcare scheme provided 
to all Thai citizens who do not have other coverage, 
and 9 cases (22.5%) used the Civil Servant Medical 
Benefit Scheme (CSMBS), which is provided to 
family members of civil servants. The other 12 
cases (30%) were out-of-pocket payments. 

	 Charge group 	 Subgroup	 Cost-to-charge ratio*

	 Medical service 	
		  Rehabilitation	 1.44
	  	 Blood components	 1.08
		  Treatments 	 2.88
	 Investigation service	
	  	 Laboratory 	 0.98
		  Blood test for transfusion 	 1.08
		  Diagnostic 	 1.00
	  	 Radiology	 0.86
		  Pathology 	 1.12
	 Drugs and medical supplies		  0.77
	 Other charges		  1.35
	 Room and food charges		  2.23

Table 2.	Cost-to-charge ratio

*	Cost-to-charge ratios were calculated based on the total annual expenditures of each of the service departments in the hospital, 
	 exclude expenditure of teaching school, and divided by their total annual revenue.  They were provided by the Cost Estimation 
	 Unit of the Finance Division at Siriraj Hospital.
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	 The median length of hospital stay was 
4 days for pneumonia, 8 days for sepsis, and 19 
days for meningitis. The median duration of illnesses 
was 11days for pneumonia, 19 days for sepsis, 
and 22 days for meningitis.  For pneumonia, viral 
pathogens were identified in 18 cases (51.4%), 
of which 10 (56%) were related to respiratory 
syncytial virus (RSV). Complications occurred in 
8.6% of patients with pneumonia and in 66.7% 
of those with sepsis. Two pneumonia cases and 1 
sepsis case resulted in admission to the intensive 
care unit (ICU).  None of the patients underwent 
surgery or died (Table 3).

3.2. Total costs (per episode)

	 The average (SD) total costs of pneumonia, 
sepsis, and meningitis were US $1,945 (2,628), 
US $3,489 (2,757) and US $4,855 (28,360), 
respectively.  In all of the cases, the majority 
of costs were attributable to direct medical cost 
(76.1%), followed by direct non-medical cost 
(12.5%), and indirect cost (11.4%). Medical service 
cost (mainly, nursing fee) was the largest component 
of direct medical costs, followed by investigation 
cost and drug cost.  Informal care cost represented 
the highest proportion of direct non-medical costs 
(Table 4).

3.3. Sensitivity analysis

	 One-way sensitivity analysis was conducted 
for pneumonia, but not for sepsis and meningitis 
due to an inadequate number of patients. The total 
cost of illness was most affected by the change 
of medical service cost, with changes in the total 
cost of -30.8% and +350.3% when replacing the 
average value with minimum and maximum values, 
respectively. This was followed by food and room 
cost (-17.2% and +84.3%), investigation cost (-6.9% 
and +93.6%), and travel cost (-4.7% and +90.3%), 
respectively. In the multi-way analysis of the best- 
and worst-case scenarios using the minimum and 
maximum values of all the variables, the average total 
cost was decreased from the base-case calculations 
by 81.3% in the best-case scenario and increased 
by 803.3% in the worst-case scenario.

4. DISCUSSION
	 This is the first study on the societal costs 

of the three major infections in children under 
5 years of age in Thailand, conducted in a public 
hospital setting in Bangkok. Most of the pneumonia 
patients were younger than 1 year of age (60%), 
comprising mostly males (71.4%), which is similar 
to a study conducted in Sa Kaeo province, Thailand, 
in 200631. The high proportion of RSV was also 
comparable to that found in another study on 
pneumonia in two Thai provinces32.
	 The most precise tool for hospital cost 
evaluation is the micro-costing method, which 
provides details of the resources used. However, 
this method is costly and time-consuming, hence, 
we used the CCR to adjust hospital costs in this 
study. Due to differences in the pricing of each 
service, this method may be less accurate than the 
micro-costing method. Nevertheless, we felt that 
the advantages of the CCR method (i.e. simpler 
and less time-consuming) outweighed the minimal 
potential drawbacks. Although the CCR of 1.93 
in this study was comparatively higher than the 
findings of 1.63 and 1.45 for regional/provincial 
hospitals and district hospitals, respectively33, a 
higher CCR is to be expected in larger tertiary 
care centers. Moreover, most patients are referred 
to tertiary care centers for more serious infections, 
and therefore, the higher CCR in tertiary care centers 
would be more relevant for the three medical 
conditions (pneumonia, sepsis, and meningitis) 
investigated in this study.
	 In this analysis, hospital treatment costs 
included the cost of outpatient visits on the day of 
admission. This is a component that might result 
in a higher direct medical cost compared with 
other studies34. We found that 76% of the total cost 
was attributed to direct medical cost. This differed 
from some previous studies in Thailand, such as 
those on influenza and bacteremic melioidosis34, 35. 
In those studies, the indirect cost was found to be 
higher than the direct cost, accounting for 57% 
of the total cost of influenza-related illness35, and 
75–85% of the total cost of melioidosis34.  
	 Moreover, residual disability was not 
included in this study. The cost due to disability 
is usually high because of the need for prolonged 
treatment after hospitalization, such as physical 
therapy in the hospital and at home. Therefore, 
the indirect costs in this study may be underes-
timated. 
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	 We also found that the largest component 
of direct medical cost was labor costs charged to 
patients, mainly nursing care (the highest value of 
medical service cost) and doctor fees (the second-
highest value of investigation cost), for all three 
illnesses. For pneumonia and sepsis, the medical 
service cost also represented the largest proportion 
of the total cost. The proportion of the cost 
components may vary in smaller hospitals that 
lack specialists.
	 Similar to this study, a study in Vietnam 
on the cost of pneumonia and meningitis among 
children less than 5 years of age at tertiary hospitals 
from a societal perspective, using patient’s medical 
records and personal interviews with patients’ 
caregivers, resulted in average total treatment 
costs of US $318 for pneumonia and US $727 for 
meningitis (2012 value)23. The costs were estimated 
from payments using a cost-to-charge ratio. Contrary 
to this study, the study in Vietnam covered laboratory-
confirmed and clinically diagnosed cases (different 
sample) and included 980 cases (larger sample size). 
After these costs were adjusted for the Consumer 
Price Index (CPI) and exchange rate36, 37, the costs 
were US $482 for pneumonia and US $1,101 for 
meningitis (2014 value). The costs in our study 
were found to be higher, which could be due to 
the higher GNI and cost of medications and medical 
services in Thailand.
	 The authors were aware of the possibility 
of recall bias, which could have affected the data 
obtained from interviews. All interviews were 
conducted by trained researchers who used 
structured questionnaires to reduce recall bias; 
however, inaccuracies may still occur, especially 
if the interviews were not conducted soon after 
hospitalization. 
	 In terms of representativeness, we checked 
the sample size38 by using mean and standard 
deviation of the results.  With a precision of 20% 
and 30%, the sample size is 138 cases and 61 cases, 
respectively. Due to time limitations, we reviewed 
only 40 cases in this study, which is another limita-
tion of this study.   
	 In terms of the benefits of this study, other 
than as an input for priority setting of health problems, 
these findings can be used for economic evaluation 
of health interventions, particularly vaccination 
programs. The economic evaluation of vaccination 

programs usually utilizes a modelling method using 
secondary data. As vaccination programs are usually 
a national policy, the data inputs require nationwide 
representations. As such, costs of providing services 
and proportion of service usage at different levels 
of health facilities is required. In order to obtain 
these costs, using estimations by adjustments is 
acceptable. For instance, we can estimate costs at 
provincial and district hospitals from the costs at 
the teaching hospital based on rate of payment per 
relative weight (RW).  At a rate of 1 RW, costs at 
the teaching hospital, provincial hospital and 
district hospital are 12,000 Thai baht, 10,000 Thai 
Baht and 8,000 Thai baht, respectively.  Based on 
the cost at the teaching hospital of US $2,207, the 
costs at provincial hospital and district hospital 
are estimated at 2,207 x (10,000/12,000) = US 
$1,839  and 2,207 x (8,000/12,000) = US $1,471, 
respectively. In addition, the health economics 
methods can compensate for a limitation of a small 
sample size by the use of probabilistic sensitivity 
analysis (PSA). The PSA repeats the analysis, 
normally 10,000 times, using random cost values 
from the mean and range of variability, which results 
in probability of the cost-effectiveness results. 
This approach has been employed in a previous 
study in Thailand29.     

5. CONCLUSION
	 Pneumonia, meningitis, and sepsis are a 
significant economic and health burden in young 
children.  High medical costs were found for all 
three conditions. Although the information used was 
from one tertiary hospital, the results can be adjusted 
for other levels of health facilities and used for 
economic evaluation of health interventions via a 
modelling technique with probabilistic sensitivity 
analysis. Therefore, the cost analysis from this study 
could be useful for hospital management, and 
evaluation and development of preventive strategies. 
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