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Introduction

Pneumonia in South Africa remains a major public health concern with a number of children admitted each month to hospital for the

management of severe pneumonia. The cost of an admission of a patient with community acquired pneumonia (CAP) is seldom

considered in the greater scheme of management strategies and it is an important calculation, especially when the cost-efficacy of

preventative strategies (such as vaccines) is to be calculated.

The prevalence of CAP is unknown, but there is a global report of 21 million children under 5 years dying annually from acute lower

respiratory tract infections (ALRTI).1 The prevalence of this condition is estimated to be 2-10 times greater in Africa and Asia than

the United States of America.2 Together with diarrhea and malnutrition, ALRTI ranks among the top three causes of death in

developing countries.3 Pneumonia accounts for nearly one fifth of childhood deaths worldwide, with approximately 2 million children

under five dying each year. The majority of deaths occur in Africa and South-East Asia.1,4 The Human Immunodeficiency Virus

(HIV) and acquired immune deficiency syndrome (AIDS) have had a significant impact on both the prevalence and severity of CAP.5

In South Africa, there are approximately 80 000 new infections annually with 30 to 40% of admissions to hospital, being HIV related.6

This results in a disease with a case fatality rate of 15-28%.7  The natural consequence of the HIV epidemic, and increase in

childhood pneumonia prevalence and severity, is therefore a rise in hospitalization for this condition and consequent increase in

disease-related costs. Costs would be dictated by, amongst other, increased numbers of admissions and increased utilization of

diagnostic and therapeutic services for more severe disease.

One prevention strategy that has been shown to be highly successful in the USA is routine childhood vaccination with pneumococcal

conjugate vaccine. This vaccine has only just been introduced into the immunization schedule in South Africa.  Local studies have

shown benefit of this vaccine with a reduction of invasive pneumococcal disease by between 65 and 85 percent in HIV-infected and

HIV-non- infected children respectively.8  However, a cost-efficacy analysis of benefit of such a vaccine, will dictate the real world

impact on pneumonia.
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This study has important implications for the following reasons:

The actual cost of a child admitted to hospital with pneumonia has never been determined in a developing country and it is an

important pharmaco-economic calculation in a resource poor setting.

This cost is an important quantum when the cost of preventative strategies is to be calculated. This may impact on the calculation of

the cost-benefit of routine Pneumococcal 7-valent, 10-valent or 13-valent vaccine for children in South Africa.

The specific increased costs incurred by HIV-infected children should be calculated in order to make a case for early and aggressive

implementation of highly active anti-retroviral therapy (HAART), therapeutic and preventative, protocols for children.

Aim

The aim of this study was to determine the total and individual costs of children admitted to hospital for the management of

pneumonia. In addition the study set out to determine the cost differentials for children HIV-infected and those HIV-uninfected and for

children admitted to a general paediatric ward or paediatric intensive care unit (PICU). The study set out to measure real costs for a

subsidized service (Public sector) and to infer the ‘real’ value of such services by adjusting for a private fee-for-service setting. This

latter calculation was made by means of pricing adjustment.

Methods

Study design

This was a retrospective observational cross sectional study. The study protocol was approved by the University’s ethics committee.

 A review of each admission of a child for the diagnosis of ‘pneumonia’, to the Steve Biko Academic Hospital’s paediatric

pulmonology ward and paediatric intensive care unit (PICU) for the period 1 January 2007 to 31 December 2007, was conducted.

Patients with a diagnosis of bronchiolitis were excluded. Each admission had their actual direct costs measured. Direct costs were

obtained from the hospital billing file.9  These were calculated based on a code of hospital category H2 – this being a hospitalized

patient, partially subsidized by the state, as set out on the Uniform Patient Fee Schedule (UPFS). Public sector fees

(included a facility fee, which reflects the overhead costs of providing the environment in which the healthcare service is rendered

(tertiary hospital (Level 3)), and a professional fee, which reflects the costs of healthcare professionals rendering the service to the

patient), were noted. Costs were calculated per patient per admission and a median cost per diagnosis per ward in each month was

calculated. In addition to facility and professional fees, additional actual procedural (including specific testing for HIV-status) and
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therapeutic costs were added. All laboratory blood culture results were noted. The outcome of these admissions was assessed as

death in hospital or discharge to home.

All costs also had a theoretical translation added.  The actual costs were adjusted to a fee-for-service or private practice rate

obtained from the private practice billing manual.10

Statistical analysis

A Stata 10 (eStataCorp LP, 4905 Lakeway Drive, College Station, Texas 77845 USA) was used for computations. An analysis of the

actual costs was compared for groups using the two-sample Wilcoxon rank-sum (Mann-Whitney) test. A 5% level of significance was

considered statistically significant.

Results

A total of 200 patients were admitted to the facility for ALRTI during the study period. Sixty eight were excluded because the

diagnosis proved to be bronchiolitis (11) or HIV testing was not performed (57). 132 patients, therefore, qualified for data analysis. 86

patients were admitted to the ward and 46 to the PICU. The male to female ratio was 1.45:1(51:35) in the ward and 1:1.42 (19:27) in

the PICU. Thirty three patients (25%) died, 12 in the ward and 21 in the PICU (Table I).

Table II (a and b) reflect the comparison of median costs for HIV-infected patients to HIV-uninfected children in both the ward and

PICU and for both Public and Private sectors. The costs of HIV testing were higher for HIV-infected than HIV-uninfected patients in

both sectors in the ward (p=0.02 for Public and p=0.01 for Private respectively). Public and Private adjustment costs for PICU were

significant but similar for HIV-infected and uninfected children (P=0.002). This occurs because an HIV-PCR has to be performed on

HIV-ELISA positive children less than 18 months of age to define HIV-infection. 81% of our cohort required this testing.

The mean cost of an admission to the ward was R3 480.96 for 8.67 days and R6 366.48 for 9.35 days to the PICU. The calculated

translational costs for ‘private practice’ admissions would have been R48 733.92 and R90 724.88,  respectively.

PICU radiology costs were statistically similar for both sectors and significantly higher for private sector patients. PICU costs of

doctor consultations, nursing fees and antibiotic use in a private sector would have been higher for HIV-infected patients. The public

sector costs appear lower, but these are subsized. The antibiotics costs are included in the hospital bed costs in accordance with

UPFS.
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HIV-infected patients, admitted to PICU, had on average, more haematological and blood culture tests performed as compared to

the HIV-uninfected children and HIV-infected patients in the ward.  The mean number of  haematological investigations in PICU

infected was 16.03 haematological specimen and 1.67 blood culture specimens for HIV-infected while 7.41 haematological

specimens and 0.71 blood culture specimens were drawn from HIV-uninfected patients. In patients admitted to the ward, a mean of

6.41 haematological specimens and 0.83 blood culture specimens were collected in HIV-infected patients while a mean of 7.21

haematological specimens and 1.03 blood culture specimens were drawn from HIV-infected patients.

HIV-infected patients had a greater number of positive cultures for bacteria as compared to their HIV-uninfected counterparts. This

was noted in both the ward and PICU.

The total mortality was 25% (13.9% and 36.9% in the ward and PICU respectively). Survival estimates revealed a significant

difference between HIV-infected patients and HIV-uninfected in the ward (p = 0.03) (Figure 1), while for patients admitted to the

PICU, there was no difference between the two groups (p = 0.80) (figure 2).

Discussion

Children admitted to hospital for the management of severe pneumonia cost the state a significant amount of money each year. Both

HIV-infected and HIV-uninfected children are still admitted to hospital and PICU with pneumonia. The total number of HIV-uninfected

children with severe and very severe pneumonia (28 to the ward and 15 to PICU respectively) during the study year (2007), suggest

that even in the absence of HIV-infection, pneumonia is still a common condition of children. On average there are just more than 2

ward admissions and 1 PICU admission per month. In addition to the usual risk factors for very severe pneumonia described in

Western studies,11  it is important to include HIV-infection, especially for children, from the developing world. The mortality from

pneumonia occurs in HIV-infected severe (ward) and both HIV-uninfected and infected very severe pneumonia (PICU). This has

been well described.12,13  However what has emerged from this study is that once very severe pneumonia occurs the protective

effect of not having HIV-infection is lost for early mortality but HIV-infected children continue to die well into PICU stay. The reason

for this late mortality phenomenon is poorly understood but immune compromise has been listed as a reason for hospital-acquired

pneumonia.14  Many reasons for similar early PICU mortality have been suggested but it is likely that the host inflammatory

response takes over as a major driver of disease in very severe pneumonia.15

In addition HIV-infected children admitted to hospital with pneumonia cost more, probably not surprisingly, but seldom considered.

The real, unsubsidized costs borne by the public sector are probably reflected by the private sector costs.  This calculation is
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important when the true cost-benefit ratio of preventative strategies is to be calculated. Blood culture and microbiology costs were

not statistically significantly different between HIV-infected and HIV-uninfected children in both sectors since all children have an

initial microbiological screen and in our setting regular and routine microbiological cultures are discouraged. Patients admitted to the

PICU had significantly more haematological investigations performed, irrespective of HIV status, confirming a sicker population

group. HIV-infected patients admitted to the PICU incurred higher hospital bed costs (as reflected by a longer duration of stay) as

compared to HIV-uninfected patients in both sectors. The duration of hospitalization was 1.8 days longer in the ward and 5.7 days

longer in PICU respectively. The pattern of organisms identified from blood culture on these children is similar to that described from

other similar African settings.16  Lack of positive yield on blood culture is a universally acknowledged phenomenon in childhood

pneumonia.17  The greater likelihood of culturing an organism from blood specimens in HIV-infected children has also been

previously described.17  This study was conducted before a routine policy of sampling for Pneumocystis jerovicii and Cytomegalo

Virus was introduced.

Conclusions

Children admitted for pneumonia cost the public sector a significant amount of money each year. HIV-infected children cost more.

These costs need to be borne in mind when preventative campaigns are embarked on.

The Public sector spends a significant amount of money in procuring antiretroviral treatment for HIV-infected patients and treating

consequences of uncontained HIV disease. These costs are set to escalate unless authorities and medical personnel alike re-

enforce preventative strategies such as reducing mother to child transmission (MTCT) of the HI virus and vaccines that prevent

infectious diseases. This should be coupled with reducing new infections in the parents of these children. Only when all preventative

strategies are utilized in conjunction, will the burden of pneumonia and its attendant costs come down. This study adds to the

mounting evidence that childhood pneumonia is a costly illness18 and that all efforts should be focused on preventing its occurrence.
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Table I. Overview of the patient profile and outcome of children admitted with pneumonia. n=132, IQR= Inter Quartile Range

Ward PICU

HIV-infected 58/86 (67%) 31/46 (67%)

Deaths -Total 12/86 (14%) 21/46 (46%)

Deaths -HIV infected 12/86 (14%) 17/46 (36.9%)

Deaths - HIV uninfected 0/86 (0%) 4/46 (8.6%)

Length of stay in days Median(IQR) 7 (5-12) 6.5 (3-14)

Length of stay HIV-infected in days

Median(IQR)

8 (4-12) 9 (5-18)

Length of stay HIV-uninfected in days

Median(IQR)

6.5 (5-8) 3 (2-7)

Table II(a) Median costs per patient (in Rands) in the Ward (Public and Private) in each category.

Cost centre Public P value * Private P value *

HIV - infected HIV -

uninfected

HIV - infected HIV -

uninfected

HIV testing 365 87.2 0.02 578.2 108.7 0.01

Blood culture 90.4 90.4 0.54 280.7 280.7 0.59

Sputum

microbiology

230 230 0.18 315.30 315.30 0.18

Haematological

testing

478.3 264.95 0.01 766.2 522.15 0.02

Hospital bed 1388.28 1115.89 0.23 9368.8 7612.15 0.23

Radiology 247 247 0.25 413 413 0.25

Antibiotics 0 0 0.20 2108 1278 0.23

* Statistical significance for comparison of HIV-infected patients to HIV-uninfected patients
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Table II(b) Median costs per patient (in Rands) in the PICU (Public and Private) in each category.

Cost centre Public P value* Private P value*

HIV – infected HIV -

uninfected

HIV – infected HIV -

uninfected

HIV test 365 87.2 0.002 578.2 108.7 0.002

Blood cultures 90.4 90.4 0.42 280.7 280.7 0.42

Microbiology-

sputum

230 230 0.54 315.30 315.30 0.54

Haematological

testing

828.2 570.7 0.17 1418.2 990.1 0.18

Hospital bed 3060 1020 0.01 35156.7 11718.9 0.01

Radiology 365.8 365.8 0.04 498.8 498.8 0.04

Antibiotics 0 0 0.11 2844 588 0.01

* Statistical significance for comparison of HIV-infected patients to HIV-uninfected patients


