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Abstract

Sepsis, an important and preventable cause of death in the newborn, is associated with high

out of pocket hospitalization costs for the parents/guardians. The government of Nepal’s

Free Newborn Care (FNC) service that covers hospitalization costs has set a maximum limit

of Nepalese rupees (NPR) 8000 i.e. USD 73.5, the basis of which is unclear. We aimed to

estimate the costs of treatment in neonates and young infants fulfilling clinical criteria for

sepsis, defined as clinical severe infection (CSI) to identify determinants of increased cost.

This study assessed costs for treatment of 206 infants 3–59 days old, enrolled in a clinical

trial, and admitted to the Kanti Children’s Hospital in Nepal through June 2017 to December

2018. Total costs were derived as the sum of direct costs for bed charges, investigations,

and medicines and indirect costs calculated by using work time loss of parents. We esti-

mated treatment costs for CSI, the proportion exceeding NPR 8000 and performed multivar-

iable linear regression to identify determinants of high cost. Of the 206 infants, 138 (67%)

were neonates (3–28 days). The median (IQR) direct costs for treatment of CSI in neonates

and young infants (29–59 days) were USD 111.7 (69.8–155.5) and 65.17 (43.4–98.5)

respectively. The direct costs exceeded NPR 8000 (USD 73.5) in 69% of neonates with

CSI. Age <29 days, moderate malnutrition, presence of any sign of critical illness and docu-

mented treatment failure were found to be important determinants of high costs for treat-

ment of CSI. According to this study, the average treatment cost for a newborn with CSI in a

public tertiary level hospital is substantial. The maximum limit offered for free newborn care

in public hospitals needs to be revised for better acceptance and successful implementation

of the FNC service to avert catastrophic health expenditures in developing countries like

Nepal. Trial Registration: CTRI/2017/02/007966 (Registered on: 27/02/2017).
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Introduction

In 2018, of the estimated 5.3 million deaths in children under 5 years of age, 2.5 million (47%)

occurred in the first month of life [1]. Neonatal disorders are one of the leading causes of sepsis

related deaths [2]. Sepsis in the newborn is an important and preventable cause of death [3].

Moreover, newborns treated for sepsis are at an increased risk of adverse neurodevelopmental

outcomes, which adds to the economic burden to families in developing countries [4–7]. The

newborn mortality rate of 21 per 1000 live births, contributes to two thirds of all infant deaths

in Nepal [8]. While sepsis is a major cause of neonatal death [9], reported burden of neonatal

sepsis varies widely, ranging from 2% to 32%, in the few studies that have been conducted in

health facilities across Nepal [10,11].

Amongst the microorganisms causing neonatal sepsis, bacteria are the most common [12].

The lack of an internationally accepted consensus definition of neonatal sepsis, non-specific

signs and symptoms, having to wait for 48–72 hours for results of blood culture, including the

low sensitivity of this test poses challenges for the early detection and successful management

of this condition [13]. Therefore, after collecting samples for blood culture and other tests,

treatment with antibiotics is initiated in all clinically suspected cases of neonatal sepsis. The

World Health Organization (WHO) recommends hospitalization and treatment of infants less

than 2 months of age identified with signs of possible serious bacterial infection. [14,15]. The

criteria we used to identify young infants with sepsis in this study is an adaptation of the signs

by WHO that we defined as clinical severe infection (CSI), to increase the specificity of the

diagnosis [16].

In 2016, Nepal spent 6.3% of GDP on health [17] and out of pocket spending as a percent-

age of total health expenditure was 55.4% [18]. While voluntary community-based health

insurance plans have been introduced in 36 districts of Nepal since 2018 [19], their coverage

remains sporadic and there is no other publicly run health insurance plan in the country. The

Government of Nepal (GoN) introduced the Free Newborn Care (FNC) service in 2015–2016

[19,20]. The FNC service, targeting sick neonates requiring inpatient care in public health

facilities, aims to make health care provision equitable by preventing inaccessibility due to pov-

erty. It has been designed to disburse costs, in three set packages A, B and C, according to type

of health facility and service provision [20]. The amount specified in each package is expected

to cover costs for investigations, medicines and bed charges for the duration of stay in hospital.

Package A (NPR 1000) covers costs for newborn care at birthing centres, Package B (NPR

2000) for care provision in Special Newborn Care Units and Package C (NPR 5000) for care in

the Neonatal Intensive Care (NICU). Tertiary level public hospitals can claim a maximum of

NPR 8000 (Package A + B + C) for services it is likely to provide to a hospitalized sick neonate

and included in all three packages [20]. While this is an important initiative to increase cover-

age to include marginalized groups, the basis for fixing the cost at NPR 8,000 is unclear. In a

recent study on the status of FNC services, the most common cause of hospital admission was

neonatal sepsis, and implementation of the program was delayed in many health facilities as

the maximum limit of NPR 8000 offered was insufficient for providing tertiary level care to a

sick newborn [21].

Among the studies done worldwide on costs related to sepsis in infants only a few are from

LMIC settings [22,23] and Nepal [24,25]. In a clinical trial, assessing the efficacy of zinc for the

treatment of clinical severe infection (CSI) in infants aged 3–59 days, we also documented the

out-of-pocket treatment costs of parents/guardians at the study site in Nepal [16]. The knowl-

edge on the costs may be important for the successful implementation of the FNC service by

the GoN. This study aims to generate the information by estimating costs of treatment of CSI

in infants and to identify determinants of increased costs.
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Methods

The study site, Kanti Children’s Hospital (KCH) in Kathmandu, was part of a double-blind

randomized placebo-controlled multicentre trial. KCH, is a tertiary, government referral hos-

pital for children in Nepal.

Study participants were infants, 3–59 days of age, fulfilling criteria for CSI and requiring

hospital admission. We adapted the inclusion criteria from WHO IMCI [14] and IMNCI [15]

to identify very sick infants with CSI [26]. Eligibility criteria used to enroll study participants

are outlined in Fig 1. The enrolled infants were admitted in the hospital, administered the

study medication (zinc or placebo dispersible tablets) in two divided doses of 5 mg each for a

period of 14 days, treated using standard case management protocols and followed up till dis-

charge or other study outcomes, death and leaving hospital against medical advice. Approval

was obtained from Nepal Health Research Council (NHRC) and institutional ethics commit-

tees. Written informed consent was obtained from parents/guardians of eligible infants prior

to enrolment. Details of trial procedures are outlined in the study protocol [16]. The study was

conducted over a period of 18 months from 26th June 2017 to 31st December 2018.

As part of the study procedures, direct hospital costs (bed charge, investigation and medi-

cine cost) for each enrolled infant were reimbursed to the participant’s parents/guardians.

We derived total cost of treatment for CSI as a sum of direct and indirect cost as shown in

Fig 2. To calculate direct cost, the amount in the medical bills that were collected from the

parents/guardians of each infant was entered in a database under the headings shown in Fig 2.

Indirect cost, defined as work time loss of parents [27], was computed based on several

assumptions. We assumed work time loss for a single parent/guardian and used length of hos-

pital stay as a proxy for time lost. We input minimum daily wages for calculating indirect

costs. The minimum daily wage of NPR 517 was taken from the notice published in the Nepal

Gazette for the year 2018 by the Ministry of Labor [28].

The bed charges at KCH vary by ward. We kept a record of where study infants were admit-

ted. While most study infants were admitted to Neonatal Intermediate Care Unit (NIMCU),

some had to be transferred to Neonatal Intensive Care Unit (NICU) and some admitted in

Fig 1. Eligibility criteria for study participants.

https://doi.org/10.1371/journal.pone.0260127.g001
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medical ward, paying ward and private cabins. All cost data collected in Nepali Rupees (NPR)

have been converted to US dollar using the average exchange rate for 2018 (NPR 108.9 = USD

1) for the purpose of comparison with other similar studies [29].

Statistical analysis

The demographic and clinical data of study participants was entered in Microsoft Access data-

base and analysed using STATA software (version 15). Means with standard deviations and

95% confidence intervals (CI); and medians with interquartile range (IQR) were used to

describe quantitative variables and proportions for categorical variables. Infants were dichoto-

mized in age groups: neonates (age<29 days) and young infants (age�29 days). The direct

cost for treatment of CSI was dichotomized into categories of�NPR 8000 and<NPR 8000.

Multivariable linear regression models were developed to identify determinants of cost. For

both the dependent variables, total and direct cost, we included the following as candidate vari-

ables in the multivariable regression analyses: Age group (neonates vs. young infants), gender,

nutritional status, place of birth, mother’s age, mother’s education, father’s education, symp-

toms of illness (fever, lethargy, stopped feeding well), signs of clinical severe infection (severe

chest indrawing, febrile or hypothermia, movement only when stimulated), signs of critical ill-

ness (grunting, nasal flaring, convulsions and no movement at all) and treatment failure. Col-

linearity was assessed by calculating the variance inflation factor [30]. We first assessed the

crude associations of relevant independent with dependent variables i.e. total and direct costs

using linear regression. Variables with p< 0.20 were included in the multivariable models and

those variables which were still significant, i.e., being associated with a p-value of< 0.05, were

retained in the model. In these models we included the other variables one at a time and kept

them if significant, in a manual stepwise approach outlined by Hosmer and Lemeshow [30].

Results

Through June 2017 to December 2018, 213 infants aged 3–59 days were enrolled in the clinical

trial at KCH. Seven children, in whom at least one component of cost data was missing, were

excluded from the analysis. Among the 206 infants, 138 (67%) were neonates and admitted to

Fig 2. Components of treatment costs for clinical severe infection in infants aged 3–59 days.

https://doi.org/10.1371/journal.pone.0260127.g002
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neonatal units. Among the young infants (N = 68), 18 (26%) were admitted to Medical ward

with no bed charge and others (74%) were admitted to Paying wards and private cabins. All

the 206 infants were retained in the analysis. Demographic and clinical characteristics of neo-

nates and young infants are outlined in Table 1. The demographic characteristics of both the

groups were similar. More than half of the neonates (52%) presented with complaint of fever

and among them almost two third were febrile (axillary temperature� 38˚C) at enrolment.

Severe chest indrawing was the most common sign of CSI in young infants (87%). The median

(IQR) length of hospital stay for neonates and young infants was 7 (5–11) and 7 (5–9) days

respectively. Treatment failure, defined as either initiation of life support or change of antibiot-

ics due to persistence/appearance/reappearance of signs of CSI or death [16] was documented

in 22% of neonates and 12% of young infants. Coagulase negative staphylococcus was isolated

in most blood cultures using BACTEC in neonates.

Cost of bed charge accounted for the largest component of direct costs in both neonates

and young infants (Fig 3). The mean (95% CI) direct cost for treatment of CSI in neonates and

young infants was NPR 15096(13099–17092) and NPR 9698 (7579–11816) respectively (S1

Table). The median total costs and its components are described in Table 2. The direct costs of

treatment exceeded NPR 8000 in 69% neonates with CSI.

As the distribution of the outcome variables (direct and total cost) was skewed, we log

transformed the data before we fitted the regression models. The coefficients of the dependent

variables, in both univariable and multivariable regression models, were exponentiated to

enable interpretation of the results. The association between the direct cost and the indepen-

dent variables is depicted in Table 3.

Age <29 days (neonates), moderate malnutrition and presence of any sign of critical illness

at the time of admission were independently associated with direct costs for treatment of CSI

(Model 1). While treatment failure was also independently associated with direct costs, addi-

tion of this variable did not change the association between the outcome and other indepen-

dent variables (Model 2) as depicted in Table 3. The results of the multivariable regression

analysis with total cost as the outcome variable were very similar and is available in S2 Table.

Discussion

In this study we report an analysis of costs for treatment of CSI from data collected in 206 par-

ticipants enrolled in a clinical trial assessing the efficacy of zinc in hospitalized infants that

were 3–59 days old. The average direct costs for the treatment of CSI in neonates in a public

tertiary hospital in Nepal was NPR 15096 (USD 138.6) in 2018 which was higher in compari-

son to young infants. After accounting for inflation, the estimated average direct costs would

be NPR 16741 in 2020 [31]. The bed charge for hospital stay was a major component of direct

cost for treatment of CSI in both groups. In the multivariable regression model, age<29 days

(neonates) and moderate malnutrition was associated with incremental costs of 61% and 33%

respectively. Similarly, the presence of signs of severe illness and experiencing treatment failure

was associated with increment of 26% and 100% direct costs respectively.

Two thirds of the study participants were neonates (3–28 days). The direct costs of treat-

ment exceeded the maximum limit of NPR 8000 offered in the FNC service by the GoN in

69% in this group. Our finding of substantial treatment costs for care of a sick newborn sup-

ports the reason for reluctance of public tertiary level hospitals to initiate the FNC service, stat-

ing that the maximum amount allocated by GoN is insufficient [21].

The bed charges, the largest component of direct costs, depended on which ward the infant

was admitted to and the length of hospital stay. Our study is similar to studies in India and

Bangladesh [32,33], where the bed charges account for significant cost of treatment of

PLOS ONE Hospital cost and its determinants in Nepali infants with clinical severe infection

PLOS ONE | https://doi.org/10.1371/journal.pone.0260127 November 29, 2021 5 / 12

https://doi.org/10.1371/journal.pone.0260127


Table 1. Baseline characteristics of study participants hospitalized with clinical severe infection at Kanti Chil-

dren’s Hospital.

Demographic characteristics Neonates

(N = 138)

Young infants

(N = 68)

N Value N Value

Male (%) 138 87 (63) 68 43 (63)

Mean weight at presentation in grams (SD) 138 3215 (722) 68 3956 (920)

Moderately malnourished (Weight for age Z score�-2) (%)a 138 38 (27) 68 21 (31)

Severely malnourished (Weight for age Z score�-3) (%)a 138 15 (11) 68 15 (22)

Place of delivery 138 68

Health facility (%)b 116 (84) 56 (82)

Home (%) 22 (16) 12 (18)

Mean age of mother (SD) 136 24 (4) 66 24 (6)

Mean age of father (SD) 136 28 (1) 66 27 (5)

Education of parents c 136 67

Mothers with no formal education (%) 20 (15) 8 (12)

Mothers with primary education (%) 26 (19) 11 (16)

Mothers with education above primary (%) 90 (66) 48 (72)

Fathers with no formal education (%) 10 (7) 5 (7)

Fathers with primary education (%) 31 (23) 20 (30)

Fathers with education above primary (%) 95 (70) 42 (63)

Unemployed mothers (%)d 138 124 (90) 68 56 (82)

Unemployed fathers (%) 137 14 (10) 67 3 (4)

Clinical characteristics

Symptoms

Fever (%) 138 72 (52) 68 22 (32)

Stopped feeding well (%) 138 44 (32) 68 10 (15)

Lethargy (%) 138 39 (28) 68 7 (10)

Diarrhoea (%) 138 15 (11) 68 5 (7)

Signs

Severe chest indrawing (%) 138 74 (54) 68 59 (87)

Febrile (%)e 137 47 (34) 68 12 (18)

Movement only when stimulated (%) 138 35 (25) 68 6 (9)

Nasal flaring (%) 138 16 (12) 68 15 (22)

Grunting (%) 138 4 (3) 68 4 (6)

Convulsions (%) - - 68 1 (1)

No movement at all (%) - - 68 1 (1)

Any sign of critical illness (%) f 138 19 (14) 68 19 (28)

Median length of hospital stay (IQR) 138 7 (5–11) 68 7 (5–9)

Blood culture positive (%) 138 29 (21) 68 14 (21)

Treatment failure (%) g 138 31 (22) 68 8 (12)

Requiring initiation of life support h (%) 31 2 (6) 8 1 (12)

Requiring change in antibiotics (%) 31 29 (93) 8 7 (87)

(Continued)
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hospitalized children. Neonates at KCH are admitted to the NIMCU and shifted to NICU if

they require advanced support. The bed charges in both units are higher than that of other

wards. Amongst the 22% of neonates with treatment failure, 93% required a change in antibi-

otics, and 6% were transferred to NICU; factors likely to be associated with a longer duration

of hospital stay. Moreover, the study protocol required that participants be kept in hospital for

an additional period of 48 hours following disappearance of clinical signs of illness to fulfil

Table 1. (Continued)

Demographic characteristics Neonates

(N = 138)

Young infants

(N = 68)

N Value N Value

Death during hospitalization (%) 31 1 (3) 8 1 (12)

a Calculated using WHO growth standards.
b Includes delivery at hospital and other health facilities.
c Primary education is up to grade 6 and higher is > 6 grade.
d Unemployed or housewives.
e Axillary temperature� 38˚C.
f Having nasal flaring OR grunting OR convulsions OR no movement at all.
g Initiation of life support or change of antibiotics due to persistence/appearance/reappearance of signs of CSI or

death.
h On mechanical ventilation or vasoactive drugs.

https://doi.org/10.1371/journal.pone.0260127.t001

Fig 3. Distribution of components of direct costs for treatment of clinical severe infection in study participants

admitted to Kanti Children’s Hospital.

https://doi.org/10.1371/journal.pone.0260127.g003
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criteria for defining recovery. This in addition to treatment failure resulting in prolonged stay

might have contributed to the increased costs.

In a study done in Nepal by Sunny et al [25] exploring the Out Of Pocket Expenditure for

treatment of sick newborns (0–28 days), costs ranged from USD 13 to 226 with a mean cost of

USD 31.3. The median costs for newborns admitted with culture proven sepsis in the study

was USD 25.8 (13.6–139.8) [25]. This finding is very different from our finding of median

direct costs of USD 111.7 (69.8–155.5) in neonates for treatment of CSI. There could be several

reasons for this disparity between the findings of the two studies. Our study was based in a ter-

tiary level, referral hospital that provides inpatient service to only out born babies, whereas the

study by Sunny et al was done in secondary level hospitals with facilities for care of inborn neo-

nates. A study in India on costs of treatment for severe pneumonia in 2 to 36 month infants

[34] also reports that the cost of hospitalization was higher in tertiary compared to secondary

level hospitals. The median length of hospital stay of 3 days in the study done by Sunny et al

was shorter in comparison to 7 days of the present study [25]. It is likely that infants with more

severe illness were referred from the secondary level hospitals for higher level of care explain-

ing the shorter duration of hospital stay and lower cost in study by Sunny et al when compared

to the present study.

Table 2. Median costs for treatment of clinical severe infection in study participants at Kanti Children’s Hospital.

Cost of treatment for CSI Median (IQRa)

Neonates (N = 138) Young infants (N = 68)

NPR USD� NPR USD�

Total cost 17075 (9817–22233) 156.8 (90.1–204.2) 11569 (7292–15006) 106.2 (67.0–137.8)

Indirect cost 3619 (2585–5687) 33.2 (23.7–52.2) 3619 (2585–4653) 33.2 (23.7–42.7)

Direct cost 12162 (7602–16931) 111.7 (69.8–155.5) 7097 (4724–10730) 65.2 (43.4–98.5)

Bed charge 7400 (3950–9200) 67.9 (36.3–84.5) 3200 (200–6557) 29.4 (0.01–60.2)

Investigation 2567 (1820–3880) 23.6 (16.7–35.6) 1920 (1450–2710) 17.6 (13.3–24.9)

Medicine 2202 (1392–4472) 20.2 (12.8–41.1) 1792(1085–2888) 16.5 (10.0–26.5)

�1 USD = 108.9 NPR (Average in 2018) [29].
a IQR = Interquartile range.

https://doi.org/10.1371/journal.pone.0260127.t002

Table 3. Determinants of direct cost of treatment for clinical severe infection in Nepali infants aged 3–59 days (N = 206).

Covariates Crude Estimates Adjusted Estimates

Exp# 95%CI p Model 1 Model 2

Exp# 95%CI p Exp# 95%CI p

Neonate 1.68 1.4,2.0 <0.001 1.76 1.5,2.1 <0.001 1.61 1.4,1.9 <0.001

Moderately malnourished 1.32 1.1,1.6 0.008 1.35 1.1,1,6 0.002 1.33 1.1,1.6 0.001

Any sign of critical illness 1.18 0.9,1.5 0.180 1.34 1.1,1.7 0.010 1.26 1.0, 1.5 0.023

Treatment failure 2.35 1.9,2.9 <0.001 2.14 1.8, 2.6 <0.001

# Exponentiated coefficient of log transformed direct cost with 95% CI.

Model 1 (Demographic and clinical variables): Adjusted for gender, place of birth, mother’s age, mother’s education, father’s education, fever, lethargy, stopped feeing

well, severe chest indrawing and being febrile. Only significant associations shown. R2 = 0.18.

Model 2 (Demographic and clinical variables and treatment failure): Adjusted for gender, place of birth, mother’s age, mother’s education, father’s education, fever,

lethargy, stopped feeing well, severe chest indrawing, being febrile and treatment failure Only significant associations shown. R2 = 0.35.

https://doi.org/10.1371/journal.pone.0260127.t003
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The results from our study show that approximately one-third of the total cost is contrib-

uted by indirect cost which is similar to findings from studies done in India and Bangladesh

[32,33]. The indirect cost does not include travel and living expenses and therefore the out-of-

pocket expenditures of parents/guardians in the present study is likely to be higher. High out

of pocket expenditure is likely to drive poorer households towards catastrophic health spend-

ing with adverse consequences on the household economy in low-income countries like Nepal

[35].

Age <29 days (neonates), nutritional status of infants, presence of sign of severe illness

and treatment failure were independent determinants of direct and total costs. All these

determinants are closely linked to disease severity and duration of hospital stay that may

explain their association with increased costs. Scrimshaw et al. were among the first to

describe the vicious cycle between malnutrition and infection [36]. A more recent review

reconfirms this association whereby malnourished children in addition to having increased

frequency of infectious disease are also at significantly higher risk of more severe disease

[37]. The association between younger age of infants with severe outcomes and prolonged

time to recovery has also been identified in other studies [38,39]. A study done in Vietnam

also demonstrated an association of younger age with increased cost for treatment of ill-

nesses [22].

In this study, we estimated expenditures for treatment of CSI in infants using timely collec-

tion of receipts with entry of data at the earliest, which indicates that our results of direct costs

are highly reliable. This study is nested in a randomized clinical trial that necessitated strict

adherence to protocol for the inclusion, enrolment, management, and discharge of study par-

ticipants with close monitoring of enrolled infants by the study physicians and senior paedia-

tricians that were part of the team.

This study also has few limitations. We were able to derive accurate estimates of direct

medical costs and not indirect costs. We did not collect information on family income, sala-

ries of working parents, time parents spent away from work, expenses for travel and living

costs of caregivers which limited our ability to estimate out of pocket expenditure and cata-

strophic health expenditure (CHE), both of which have long term economic implications

for poorer households that are more likely to seek care in public hospitals in Nepal. The

study protocol we followed restricted the participation of infants with severe illness that

could not be fed orally or required transfer for advanced care such as mechanical ventila-

tion and parenteral vasoactive drug support. The infants we excluded are most likely those

with even higher costs for treatment that we could not account for. The study findings are

limited to settings providing tertiary care in public health facilities, in Nepal. We provide

data on costs that are limited to reimbursed expenses for treatment of CSI during hospital

stay. We have not included information on costs for human resource wages, capital items

and administration/support services etc. which would have been a better assessment of the

economic burden to parent of an infant with CSI [40]. Despite this limitation the average

direct cost for treatment of CSI is still higher than the maximum amount offered in the

FNC service.

In this secondary analysis of data collected during a clinical trial, treatment costs for CSI in

a public tertiary hospital exceeded the maximum limit of NPR 8000 in two thirds of neonates.

This finding highlights the need of health policy makers in Nepal to consider increasing the

limit for allocation of costs for provision of free newborn services in public hospitals. Mean-

while in order to contribute more towards evidence for out-of-pocket expenditure and CHE,

prospective studies are recommended at different levels of health care delivery to accurately

estimate both direct and indirect costs and inform policy.
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