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Abstract

score had a sensitivity of 88.5% and specificity of 90.4%.

settings.

Background: Early diagnosis of neonatal sepsis is essential to prevent severe complications and avoid unnecessary
use of antibiotics. The mortality of neonatal sepsis is over 18%in many countries. This study aimed to develop a
predictive model for the diagnosis of bacterial late-onset neonatal sepsis.

Methods: A case-control study was conducted at Queen Sirikit National Institute of Child Health, Bangkok, Thailand.
Data were derived from the medical records of 52 sepsis cases and 156 non-sepsis controls. Only proven bacterial
neonatal sepsis cases were included in the sepsis group. The non-sepsis group consisted of neonates without any
infection. Potential predictors consisted of risk factors, clinical conditions, laboratory data, and treatment modalities.
The model was developed based on multiple logistic regression analysis.

Results: The incidence of late proven neonatal sepsis was 1.46%. The model had 6 significant variables: poor
feeding, abnormal heart rate (outside the range 100-180 x/min), abnormal temperature (outside the range 36°-
37.9°C), abnormal oxygen saturation, abnormal leucocytes (according to Manroe's criteria by age), and abnormal
pH (outside the range 7.27-7.45). The area below the Receiver Operating Characteristics (ROC) curve was 95.5%. The

Conclusion: A predictive model and a scoring system were developed for proven bacterial late-onset neonatal
sepsis. This simpler tool is expected to somewhat replace microbiological culture, especially in resource-limited
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Background

Neonatal sepsis is a global challenge causing high mor-
bidity and mortality among newborns [1-4]. The global
infant mortality rate in 2014 was 29 per 1000 live
births—the common cause being infection [5]. Neonatal
sepsis accounted for 1.4 million neonatal deaths or
around 40% of total lives lost, annually [6] About 99% of
neonatal deaths occur in low and middle-income coun-
tries (LMIC) and approximately 62% occurred during
the first 3 days of life [7].
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The exact data of neonatal sepsis in the LMIC is
limited [8-11]. Two studies from Nigeria showed a
prevalence rate of 47.2 and 21.8% [12, 13]. A study from
Indonesia found 46.6% prevalence [14]. In Thailand, two
decades ago, the prevalence of late-onset neonatal sepsis
at Siriraj Hospital, the largest hospital in the country,
was 0.05/1000 live births [15]. Ramathibodhi Hospital in
Bangkokalso recorded almost similar prevalence [16].
Another study from 2012, involving 4 countries, in-
cluding Thailand, found a prevalence of 21.22 per
1000 admissions [17].

Neonatal sepsis is defined as a clinical syndrome of
bacteremia with systemic signs and symptoms of infec-
tion in the first 4 weeks of life [18]. Although various
organisms can cause neonatal sepsis, the focus of this
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study was bacterial sepsis. Bacteria are the most com-
mon cause of neonatal sepsis in the world [2, 4, 5].

There are two types of neonatal sepsis, early- and late-
onset. There is little consensus about applicable age limits
in literature [19]. Usually, the age limit defined for early-
onset sepsis varies from 3 to 7 days [1, 20]. Some clinicians
and researchers use 7 days as the limit [17, 19, 21, 22].
Late-onset sepsis is usually caused by organisms acquired
after delivery and considered as nosocomial community-
acquired infection [17, 22].

Many factors contribute to newborns’ susceptibility to
sepsis. The common risk factors are maternal, neonatal,
and other conditions that predispose infants to infec-
tions, such as invasive procedures [19, 22—25]. Neonates
born early or with very low birth weight are highly likely
to contract sepsis [2, 26, 27].

Early diagnosis of sepsis improves survival and func-
tional outcome [28, 29]. The other benefit of an early
and correct diagnosis is related to antibiotic consump-
tion. A five-year study in Poland revealed the reduction
of antibiotic usage [30]. Overuse of antibiotics causes re-
sistance problems worldwide [31].

The detection of neonatal sepsis is difficult due to the
non-specific clinical signs and symptoms and the relative
diagnostic inaccuracy of the available parameters or bio-
markers [32]. Many of non-infectious syndromes have
initial clinical presentations similar to severe infections
[33] The gold standard for diagnosis of systemic bacter-
ial infection is the isolation of pathogens, usually from
peripheral blood. Unfortunately, the sensitivity of this
method is low. Thus, the diagnosis of sepsis cannot be
excluded even when the results are negative [34, 35].
When the cultures are negative, but the infant manifests
signs consistent with an infection, it may be assumed
that they have clinical sepsis [3].

The clinical prediction rule (or predictive model,
probability assessment, decision rule, risk score) [36]
is a decision-making tool for clinicians with three or
more variables obtained from the history, physical
examination, and simple diagnostic tests. They are de-
rived from the data collected directly from patients
[36-38]. They provide powerful tools to improve clin-
ical decision making [39].

Predictive models quantify the relative importance of
individual clinical indicators for evaluating the risk of an
adverse outcome for an individual patient [40]. These
models attempt to formally test, simplify, and increase
the accuracy of a clinician’s diagnostic and prognostic
assessment and are most likely to be useful in situations
where decision making is complex, the clinical stakes are
high, or there are opportunities to achieve cost savings
without compromising patient care [36, 41, 42]. This study
aimed to develop a predictive model for the diagnosis of
late-onset neonatal sepsis. The model, expectedly, helps
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clinicians determine the infection status of the neonates
without waiting for the microbiology facility.

Methods

Study design and site

This case-control study was performed at Queen Sirikit
National Institute of Child Health (QSNICH), Bangkok,
Thailand. It has 3 neonatal sick wards, including 1 neo-
natal intensive care unit (NICU). The initial dataset was
compiled from three year periods of the medical record in
2005-2007 and then recalculated in 2014. The need in
specific areas was considered, especially in many parts of
low- and middle-income countries, including South East
Asia. Many areas are immensely burdened by neonatal
sepsis patients and require simple tools to overcome the
difficulty with the microbiology culture facilities.

Samples

Neonates diagnosed with sepsis were included in the
case group. Late-onset neonatal sepsis was defined as
sepsis at 7 days or more. The inclusion criteria were:
age < 28 days on admission, sepsis as the final diagnosis
(either main diagnosis or additional), and at least one
positive laboratory test for a bacterial pathogen (It could
bepositive bacterial culture result/polymerase chain reac-
tion (PCR)/gram-staining/latex agglutination tests/antigen-
antibody detection for bacteria). The hospital used BacTec
(Becton Dickinson Microbiological System, Maryland) for
bacterial culture. All the patients with severe congenital
malformation that underwent surgery before the diagnosis
of sepsis or were admitted for less than 6 h in the hospital
were excluded. Inclusion criteria for the control group
were: age < 28days on admission, a final diagnosis
other than sepsis, admitted in range of 20 days before
or after the comparing sepsis patient, except for the
NICU where the time range was expanded to the same
year, hospitalized in the same ward with the comparing
case, and at least 7 days old on the day of data taken.
Thus, each case had 3 controls.

Definitions

Neonates: an infant who is less than four weeks old.
Late-onset neonatal sepsis: sepsis diagnosed among

neonates at the age of 7 days or more [24, 26, 28].
Clinical sepsis: sepsis in which blood cultures are not

performed, not detected, or for which the physician in-

stitutes treatment for sepsis. Clinical sepsis patients were

not used in this study.

Data collection and management

The dependent variable in this study was proven sepsis.
The independent variables had 4 categories: risk factors
(basic/demographic data, maternal history: antepartum,
intrapartum, and postpartum), clinical manifestations,
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laboratory findings, and treatment modalities. Initially,
144 variables were considered.

Data collection began by obtaining the list of neonatal
patients from the medical record office. The three-year
data were compiled and divided into three groups: (a)
sepsis with positive bacterial culture result/PCR/gram-
staining/latex agglutination tests/antigen-antibody detec-
tion for bacteria, (b) clinical sepsis, but without definite
specific results as mentioned in the group (a), and (c)
non-sepsis. Patients in the group (b) were not included
in this study. Group (a) was identified using the Inter-
national Classification of Diseases (ICD)-10 code of
P360 to P368; meanwhile, the ICD-10 code for group (b)
was P369.

While selecting the “sepsis group,” the data from cul-
ture result records in the neonatal ward was also
searched to increase the number of subjects. All medical
records of the sepsis group were checked to ensure the
fulfillment of inclusion criteria. Subsequently, data from
medical records were transferred to case record forms.
For clinical and laboratory examinations, the data used
were the worst result (could be highest or lowest) in the
range of 24 h before or after the diagnosis of sepsis. If
such data were not available, the most recent previous
data were chosen. The name, address, and hospital num-
ber of the patients were not recorded as case records.
The hospital numbers were only written in the master
log record.

After obtaining all data for the sepsis group, the pa-
tients were divided according to the date of admission
and the ward/site in the hospital. The control group was
selected based on this division and the master medical
record list. Controls were matched to the sepsis group
based on: (a) date of admission (in the range of 20 days
before or after the cases) and (b) hospitalized in the
same ward (9, 10, or NICU) with the comparing sepsis
patient, and (c) at least 7 days of age. The amount of
control: sepsis patients were 3:1. The medical records of
patients in the control group were checked to ensure the
fulfillment of inclusion criteria. Data from medical re-
cords were then transferred to the case record forms.
For the control group, the data used were the worst after
7 days of age. Therefore, the records of clinical condi-
tions and laboratory results were observed daily. All the
patients in the control group were not diagnosed with
sepsis before the data were taken. All data from case
record form were transferred to Statistical Package for
the Social Sciences (SPSS) database, and data accuracy
was rechecked after completing every single record form.

Data analysis

Once the data were available, descriptive, univariate
(with t-test, Mann Whitney U, or Chi-Square tests)—as
appropriate, and multivariable analysis with multiple
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logistic regression and calculation of diagnostic test aspects
(sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV), likelihood ratio (LR), and
receiver operating characteristics (ROC) Curve) were
performed. All univariate analysis used two-tailed p-
value <0.05. Multivariable analysis used p-value <0.1.
The software used for data analysis was SPSS Version
11.5 (SPSS Inc., Chicago, IL).

The first step of the analytical process was evaluating
missing data. Variables with too many incomplete data
were not used. For the remaining variables, the missing
data were replaced by the imputation method. For the
control group, the mean of normal value (based on the
literature) were considered. The second step was de-
scriptive analysis. This was done by finding the fre-
quency distributions, mean + standard deviation (SD),
and median (and range).

The third step was the univariate tests, which were
done to compare 2 groups: sepsis and non-sepsis. The
tests used for comparison were t-test, Mann Whitney U,
and chi-square test, depending on the type of data. Vari-
ables with p>0.1 were excluded. The variables with
p < 0.1 proceeded to the next step. The fourth step was
the selection of remaining variables based on clinical
consideration, collinearities, and similarities. The fifth
step was the multivariate analysis by multiple logistic re-
gression using the “enter” method. The considerations
for the final decision were: number of variables, ease of
usage, clinical judgment, performances, and results from
several other studies as the comparison. This process re-
sulted in the final equation. The sixth step calculated the
sensitivity, specificity, PPV, NPV, LR, and the ROC curve
on certain cutoff values of the final equation (or model).
In the final, seventh step, the equation was transformed
into a scoring system for practical purposes. This scoring
system was developed based on the coefficients of each
variable in the equation. Some proposed score sys-
tems (varying in the process of rounding coefficients)
were tried and the best results were selected based on
the ROC curve.

Ethical approval

Ethical approval for this study was obtained from two
Ethical Committees—The Faculty of Tropical Medicine,
Mahidol University, and Queen Sirikit National Institute
of Child Health, Bangkok.

Results

Searching for medical records

The study explored 550 medical records from the Med-
ical Record Unit Queen Sirikit National Institute of
Child Health (QSNICH), Bangkok. Finally, there were 52
neonates with late-onset sepsis and 156 controls. Forty-
five neonates with early-onset sepsis and the other 297
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participants were not included because they did not fulfil
the inclusion criteria or because of the exclusion criteria.
Figure 1 illustrates the results of medical records searching.

Patient characteristics

For 3 years, there were 3557 neonatal patients admitted in
QSNICH. This study used 11% of the total neonatal pa-
tients. Table 1 lists some baseline characteristics of the
studied neonates. Most of the neonatal patients in
QSNICH were male, weighted between 2500 and 4000 g,
and were admitted in the first 24 h of their life. The overall
incidence of proven neonatal sepsis at Queen Sirikit Insti-
tute of Child (QSNICH) Bangkok was 2.7% (denominator:
all neonatal patients in QSNICH). The incidence of
proven late-onset neonatal sepsis (LOS) was 1.46%.

The most common diagnosis among the control group
was hyperbilirubinemia (79%). The other diagnosis was
asphyxia, apnea of prematurity, and respiratory disease
syndrome.

Microbiology and antibiotic

There were 52 neonatal patients who showed positive
culture results from the blood. Three patients also had
positive gram stain from cerebrospinal fluid (CSF), and 1
had a positive latex agglutination test from CSF. All
those gram stain and latex agglutination test results were
comparable with the hemoculture. Among the control
group, 2 patients had positive hemoculture for Coagu-
lase-negative Staphylococcus (CONS) and 1 had a posi-
tive enzyme-linked immunosorbent assay (ELISA) test
for dengue infection. However, the data from these 2
patients with CONS were taken before the culture

Page 4 of 11

procedure. The most common bacteria were Klebsiella
pneumoniae, CONS, and Enterobacter spp. Ampicillin
was used as a single or combination drug for 78% of the
septic neonates in this study.

Comparison of outcome

Most of the patients (53.3%) developed sepsis during the
age of 15-28 days. These differ from the control group (p <
0.001). The patients who had sepsis had a significantly
higher mortality rate and a longer hospitalization compared
to the control group. Table 2 lists the comparison between
the outcome, age, sex, and the duration of hospitalization.

Comparison of risk factors

The odds ratio (OR) regarding the risk factors for sepsis are
listed in Table 3. Over 50% of neonatal sepsis patients were
born from high-risk pregnancies, compared to only 35% in
the control group. Most of their mothers were aged be-
tween 15 and 30 years, and were employed as laborers or
were unemployed and lived in the slum area. Most of them
were educated until elementary or high school. 51.9%
mothers were given a steroid injection before birth which
protected the neonates. Premature rupture of the mem-
branes was not significantly different from the control
group in the sepsis group. Only 6 mothers from this study
had chorioamnionitis. Preeclampsia was the most common
complication in the pregnancies, (9 cases). The majority of
all neonates had good Apgar score either at the first or fifty
minutes. The highest odds ratio for risk factors was found
for the duration of the hospitalization (4.284), intracranial
hemorrhage (3.419), high-risk pregnancies (2.727), and
resuscitation of the neonates (2.060).

550 medical
records

45 early-onset sepsis

44 with exclusion

342 records
were not used

criteria: underwent
surgery, and major

congenital
malformation

253 without any test

52 late-onset

156 controls

for bacterial pathogen,
evidence of fungal

sepsis

Fig. 1 The Medical Records Searching Results

infection, diagnosis
were made before 7
days or after 28 days
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Table 1 Baseline Characteristics of Neonatal Patients in the Study

Case Control p VALUE

- Median age at sepsis/date of data 15 (8-28)* 10 (8-28)* < 0.001°
taken for control (days)

- Median length of hospital stay 11 (0-27)* 7 (0-25)* <0.001°
before sepsis/date of data taken
for control (days)

+ Median gestational age (weeks) 32 26-41)* 35 (26-42)* 0.041°

« Mean (SEM") of mother 2577 (0.98) 26.99 (0.46) 0.085
age (years)

+ Maximum space from previous 20 10 <0.001°
child (years)

« Maximum length of hospital %4 114 <0.001°

stay (days)

Note: *in the brackets are the minimum-maximum values
5significant
#Standard Error of the Mean

Comparison of cclinical condition, laboratory data, and
treatment modalities

The odds ratio (OR) of clinical conditions and laboratory
data for sepsis are listed in Table 4. The highest OR for
clinical condition, laboratory data, and treatment modal-
ities were abnormal heart rate (40.765), abnormal CSF
glucose (24.771), and central or umbilical catheter
(6.622), respectively. All data of vascular catheter and
total parenteral nutrition (TPN) were taken before the
sepsis diagnosis.

The equation and probability of proven sepsis
Multiple logistic regression produced the following final
result: Y =(2.398 * poor feeding) +(3.087 * abnormal
heart rate) + (3.995 * abnormal temperature) + (1.387 *
abnormal oxygen saturation) + (1.786 * abnormal leuco-
cytes) + (2.479 * abnormal pH) — 4.328. The formula for
the probability (P) was P = {EXP (Y)} / {1 + EXP (Y)}.
The coding for this equation is listed in the Supple-
mentary Material (Additional file 1). There were 6 vari-
ables in the final regression equation—4 from the
clinical condition and 2 from laboratory data. The result
of the regression equation was placed in the exponential
equation to calculate the probability. Probability implies
the probability to have proven sepsis in this equation
and is expressed as a percentage. Table 5 lists the odds
ratio and adjusted odds for all variables in the equations.

The score

To make the final equation easily applicable, a scoring
system was derived. The score was calculated based on
the coefficients of the variables in the final equation.
Some possibilities (of rounding the coefficients) were
tried for the score and the best choice was selected
based on the area under the ROC curve. Table 6 lists
the scoring system. The score also included 6 variables.
The performance (sensitivity, specificity, PPV, NPV,
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Table 2 Comparison of Outcome, Age, Length of Hospital Stay,
Sex, and Referral Source between Sepsis and Non Sepsis Patients

Variables Case (n (%)) Control (n (%)) p value
Outcome 0.001°
- Alive 44 (84.6) 153 (98.1)
+ Death 8 (154) 3(1.9
Age on sepsis (/date of data <0.001*
taken for control)
- 8-14days 22 (42.3) 120 (76.9)
- 15-28 days 30 (57.7) 36 (23.1)
Length of hospital stay before <0.001*
sepsis (/date of data taken for
control)
- 0-24h 13 (25) 62 (39.7)
- 2-3days 12 6 (3.9)
- 4-7 days 5(9.6) 43 (27.6)
- 8-14days 14 (26.9) 39 (24.9)
- > 14 days 19 (36.5) 6 (39
Total length of hospital stay <0.001*
- 0-24h 1) 3(19
- 2-3days 0 23 (14.7)
- 4-7 days 0 20 (12.8)
+>7days - -
- 8-14days 5(96) 31 (199
-+ 15-30 days 14 (26.9) 41 (26.3)
- >30days 32 (61.5) 38 (24.4)
Sex 0470°
- Male 26 (50) 87 (55.8)
- Female 26 (50) 69 (44.2)
Referred from 0.606°
« Rajvithi hospital 25 (48.1) 75 (48.1)
- Other hospital 15 (28.8) 36 (23.1)
- Others 12 (23.1) 45 (28.8)

Notes: * = Chi-square test; * = Mann-Whitney U Test

LR+, and LR (-)) of the equation and the scoring system
are presented in two tables in the Supplementary Mater-
ial (Additional file 1: 2 and 3). The areas under the ROC
Curve for the equation and their score were 95.6 and
95.5%, respectively. The proposed cut off for the equa-
tion and the score was 20—40% and 2-3, respectively.

Discussion

Ninety-seven sepsis patients were identified in this study
from 3557 neonatal patients during the 3-year study
period. Comparing the incidence of neonatal sepsis in
countries was not easy since many reports used different
criteria for early- and late-onset neonatal sepsis [42]. In
Pakistan, Bosnia, and Malaysia, the incidences of LOS
were 29, 71.3, and 90.2%, respectively [1, 23, 43]. Data
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Table 3 Odds Ratio for Risk Factors between Sepsis and Non-
Sepsis Patients

Variables OR 95% Cl p value
Demographic
- Sex (male: female) 13 0672-2364 047°
- Length of hospital stay before 4.3 2209-8308 <0.001*
sepsis (< 7:> 7 days)
Antepartum history
+ Race (Thai: non-Thai) 15 0270-8550 0327°
- Smoking (Yes: No) 30 0.187-49472 0438°
- Chronic disease of mother (Yes: No) 10 0374-2671 0218°
« High risk pregnancy (Yes: No) 27 1434-5188  0.002°
- Long term drug user (Yes: No) 10 0196-5.114 1.00°
Intrapartum history
- Mode of delivery | (Caesarian section: 1.0 0.53-1.888 0.561°
non-operative)
- Mode of delivery Il (Non-spontaneous; 1.0 0.547-1926  0662°
spontaneous)
« Premature rupture of membrane 22 0857-5815  0.105°
(Yes: No)
- Chorioamnionitis (Yes: No) 1.1 0110-10680 1.00°
+ Smelly amniotic fluid (Yes: No) 16 0.145-18742 0555°
« Fever of mother (Yes: No) 21 0345-13.093 0597°
- Steroid injection before birth (Yes: No) 0.4 0.203-0.737 0.003°
- Antibiotics before birth (Yes: No) 08 039-1467  0279°
- Prematurity (20-36 weeks: 37<) 0.7 0374-1330 0.542*
- Intracranial hemorrhage (Yes: No) 3.4 1277-9149 0019°
+ Resuscitation (Yes: No) 2.1 1084-3916 0026°
Postpartum history
- Icterus after birth (Yes: No) 13 0428-3812 0770°
- Seizure (Yes: No) 15 0134-17000 1.00°
- Breastfed (Yes: No) 16 0781-3.128 0205°

Notes: * = Chi-square test; *= Mann-Whitney U test

from four other countries, including Thailand, found
an incidence of 5 per 1000 live births [17]. The
prevalence was 21.8 or more in Nigeria [12, 13]. A
report from the largest hospital in Indonesia found an
incidence of 35% [44].

Among all the cases of neonatal sepsis, the per-
centage of neonates weighing less than 2500g was
64.1%. Based on the gestational age, the percentage
of preterm neonates was 48.9, 69.2, and 59.8% for
early-onset sepsis (EOS), LOS, and total sepsis, re-
spectively. These results were similar to other body
weight-based reports. Another study reported that
the incidence of LOS among very low birth weight
(VLBW) neonates was 25-30% and 6-10% in late
preterm neonates, with the mortality rate of 36-51%
[22]. Data from Kenya and Gambia showed a CFR of
26 and 31% [45, 46].
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The percentage of gram-negative organisms in this
study was 67.3% (35/52). Klebsiella pneumoniae and
CONS were the most common microorganisms. These
data were comparable with other developing countries
[42, 47]. A 10-year prospective surveillance in Brazil re-
vealed 51.6% episodes of neonatal infection caused by
gram-negative rods (mainly Klebsiella spp. and E. coli)
[48].

Antibiotics are one of the most important treatments
for neonatal sepsis, although some people may not re-
ceive this treatment because of the facility limitation in
some rural areas [8]. The first line of antibiotics for neo-
natal sepsis in many countries, like in the studied hos-
pital, are a combination of penicillin group and
gentamicin. At least 78% of the LOS patients in this
study were administered ampicillin. However, broad-
spectrum antibiotics can create problems of resistance.
Multi-resistant organisms, such as A. baumanii and K
pneumoniae, are consistently increasing in many coun-
tries, especially in LMIC [8, 44]. Our study focused on
bacterial sepsis. All neonatal sepsis patients used antibi-
otics. This was not used as a decisive variable in our
study.

All possible proven neonatal sepsis patients during the
3-year period were included in this study. Nevertheless,
this study had a larger sample size than previous studies.
The NOSEP Score by Mahieu et al. (2000) used 43
proven episodes and 104 suspected sepsis episodes but
did not use non-suspected sepsis patients [49].
Okascharoen et al. (2005) used 1870 neonates, with only
17 proven sepsis patients [16]; Singh et al. (2003) used
30 episodes of definite, 17 most probable, and 58 non-
sepsis patients in their study [50]. Recently, the system
by Singh was modified using 497 infants in Bangladesh
[51]. In 1982, Tollner created the first neonatal sepsis
score using basic clinical and laboratory data. He used
667 neonates in Ulm hospital [52].

The dependent variable for this study was proven neo-
natal sepsis. The proof was mostly based on the culture
results, particularly hemoculture. All unproven sepsis
patients were excluded. The clearly defined outcome
variable is an essential requirement [53]. Confirmed sep-
sis guaranteed consistency and validity of the outcome
[51]. The unproven neonatal sepsis patients were ex-
cluded from this study to avoid incorporation bias. This
bias would appear if the possible predictive factors be-
came part of the diagnostic criteria [3, 34].

Independent variables in the study originated from
previous studies about the predictive model for neonatal
sepsis and some scores for neonatal morbidity and mor-
tality. In other clinical prediction rules, predictor vari-
ables were identified by the process of selecting,
exploring, and modeling large amounts of data to dis-
cover unknown patterns or relations [36]. In this study,
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Table 4 Odds Ratio for Clinical Conditions, Laboratory Data, and
Treatment Modalities between Sepsis and Non-Sepsis Patients

Variables OR  95% Cl p value®
Clinical Condition
- Lethargy (Yes: No) 15.9 7.385-33.737 <0.001
« Poor feeding (Yes: No) 18.4 8477-39927 <0001
- Cyanosis (Yes: No) 14 0463-4.243 0.554
- Icterus in hospital (Yes: No) 0.2 0.087-0.620 0.002
+ Abnormal heart rate (Yes: No) 40.8 9.029-184.041 <0.001
« Abnormal temperature (Yes: No) 24.8 6.880-89.195 < 0.001
- Apnea episode (Yes: No) 17.0 4616-62608 <0.001
+ Respiratory insufficiency (Yes: No) 11.0 5090-23931 <0.001
« Hypoxemia (Yes: No) 14.2 6273-32309 < 0.001
Laboratory Data
+ Anemia (Yes: No) 5.1  2593-10067 <0.001
« Abnormal leucocytes (Manroe's) 174 6056-49921 < 0.001
(Yes: No)
+ Thrombocytopenia (Yes:No) 9.5 4260-21.264 <0.001
« Abnormal pH (Yes: No) 18.3 8437-39577 < 0.001
- Abnormal base excess (Yes: No) 10.5 4597-23.778 <0001
« Abnormal potassium (Yes:No) 41  2.108-7.869 <0.001
- Abnormal sodium (Yes: No) 44 1.764-10872 0.001
- Abnormal BUN* (Yes: No) 10.1 3.681-27095 <0.001
- Abnormal CSF* WBC® (YN) 14.7 5068-42456  <0.001
+ Abnormal CSF glucose (Y:N) 24.8 6.880-89.195 < 0.001
+ Abnormal CSF protein (Y:N) 11.1 3774-32806 <0.001
Treatment Modalities
« Central/Umbilical catheter (Yes: No) 6.6  3332-13.161 < 0.001
- Total parenteral nutrition (Yes: No) 5.8  2.810-11.927 < 0.001

Notes: *Chi-Square test
*Blood urea nitrogen
#Cerebrospinal fluid
&White blood cell
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the independent variables were added by some changes
of continuous variables into qualitative forms. Others
were made from the unification of some variables.

Initially, the original variables were classified as risk
factors / history, clinical conditions, laboratory data, and
treatment modalities, as suggested in some previous re-
ports [54]. Some newer laboratory examinations such as
procalcitonin [55], various interleukins [56, 57], and
PCR methods [58] were not included in this study due
to availability and financial reason.

The risk factors included demographic data and maternal
history. In this study, the maternal history considered the
mother’s habits (smoking, drug use), and the mother’s dis-
eases (fever, amnionitis, history of antibiotics). Maternal
diseases significantly contribute to neonatal sepsis—mostly
for the early-onset sepsis. Puerperal infection was associated
with 2:1 adjusted Risk Ratio for early neonatal mortality.
Around 5% of all deaths in the first week of life were attrib-
utable to signs suggestive of puerperal infections [59].

To reduce the number of predictor variables and to
make the statistical selection, some univariate tests were
used as appropriate. In these tests p <0.1 was used, al-
though some other models used p < 0.2 [53]. Singh et al.
did not use the univariate test for the study [50]. The se-
lection of variables was based on the positive likelihood
ratio. The results of the univariate tests were 68 (21 risk
factors, 11 clinical condition, 34 laboratories, and 2
treatment modalities) variables.

Multivariate analysis used multiple logistic regression be-
cause the outcome variable was dichotomous, and this test
was easy [53]. The reselection process was done based on
clinical judgment, collinearities (more than 1 variables mea-
sured the same thing), similarities, and performances. If
continuous and qualitative data were present, the qualita-
tive would be chosen due to practicability. The use of di-
chotomized data was also accurate and more useful in
clinical practice. The original continuous data in NOSEP
score derivation did not improve the accuracy of the global
scoring system [49].

Table 5 Odds Ratio and Adjusted Odds of Variables Used in The Final Equation

Variables ODDS 95% Cl Adjustodds 95% Cl
RATIO Lower Upper Lower Upper value®
Clinical
Poor feeding 18397 8477 39.927 10.996 3201 37.776 <0.001
Abnormal heart rate 40.765 9.029 184.041 21.920 2.235 215.020 0.008
Abnormal temperature 24.771 6.880 89.195 54.334 6.997 421915 <0.001
Abnormal oxygen saturation 14.236 6.273 32.309 4.004 1.019 15.729 0.047
Laboratory
Abnormal leucocytes 17.388 6.056 49.921 5.967 1.162 30.645 0.032
Abnormal pH 18273 8437 39.577 11.924 3583 39.690 < 0.001

:Notes: ® = multiple logistic regression analysis
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Table 6 The Score

Variables Score
Poorfeeding «Yes=2
+No=0
Abnormal heart rate (Normal range 100-180 x/minute) «Yes=3
+No=0
Abnormal temperature (Normal range 36-37.9 °C) «Yes=4
+No=0
Abnormal oxygen saturation (< 92%) - Yes=1
+No=0
Abnormal leucocytes =» Normal range: +Yes=2
< 7days of age: 9000-30,000 /crmm “No=0
7-14days of age: 5000-21,000 /crmm
> 14 days of age: 5000-20,000 /crnm
Abnormal pH (Normal range: 7.27-7.45) «Yes=2
+No=0

Notes

The maximum score was14

The score equal with the probability in the range:
- Low : 0-2=0-20%

- Medium:3-4 =21-75%

- High :5-6 = 76-95%

- Very High:7-14 = 96-100%

All the variables were tried one by one several times if
more than one choice were available. Gestational age did
not pass the univariate test but this variable was tried to
enter the multivariate analysis because of its clinical sig-
nificance [16]. However, this variable still could not be
included in the multiple logistic regression results. Some
other significant risk factors could not enter the multi-
variate analysis probably because of the selection of the
control group. The choice of non-sepsis neonates would
influence the univariate and multivariate results. The
final model was selected based on the variable compos-
ition, clinical judgment, and performance of the area
under the ROC curve [16, 60].

The final equation used 6 variables (4 clinical conditions
and 2 laboratory data). Abnormal heart rate had the
second-highest adjusted OR after abnormal temperature.
Abnormal heart rate characteristics (reduced variability
and transient decelerations) occurred early in neonatal
sepsis. These abnormalities were present 12—24 h before
the clinical diagnosis of sepsis. This method was studied
extensively by Griffin et al. in 2001 and 2003 (external val-
idation) [61]. In this study, the normal value was simpler
and not calculated using a sophisticated method. Reduced
variability and transient decelerations in heart rate may be
an early indicator of clinical instability [62, 63].

Abnormal temperature had the highest adjusted OR in
the model. This was the most frequent clinical feature in
some studies [16, 49]. For term infants, hyperthermia
was a high predictive parameter. Some studies showed
that more than 50% of the sepsis patients had a fever,
while hypothermia was only found among 15% of the
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infants [64]. In this study, no infant with hypothermia
developed late-onset sepsis. This is like the results by
Okascharoen et al. (2005). The mortality rate was high
among mild and moderate hypothermia in another study
and the proportion of hyperthermia and hypothermia
was 13 and 13.5%, respectively [65].

Abnormal leucocytes were determined according to
Manroe’s criteria [66]. Leucocytes (total white blood cell
(WBC) count) are one of the most common tests for
evaluating bacterial infections. The criteria by Manroe
were still used by some reference books despite its weak-
nesses, such as depending on the infant’s age, gestational
age, and the blood vessels [66, 67]. Abnormal pH—
mostly acidosis—would accompany hypoxemia. Meta-
bolic acidosis is, most commonly, a consequence of lac-
tic acid accumulation from anaerobic metabolism in
hypoxic infants.

The NOSEP score had 5 final variables (1 risk factor, 1
clinical condition, and 3 laboratory data). The model
from Okascharoen et al. had 6 variables (1 risk factor, 3
clinical conditions, and 2 laboratory data), and Singh
et al. used 7 final variables (all clinical conditions) [16,
49, 50]. Later, the Hematology Scoring System was reva-
lidated in India using 110 neonates with a good result
[68]. Tollner in 1982 used seven clinical parameters, skin
color, capillary refill, muscular hypotonia, apnea, respira-
tory distress, hepatomegaly, and gastrointestinal symp-
toms [52]. NEO-KISS was a score based on the German
national surveillance scoring system. It includes clinical,
biochemical, and hematological criteria [69].

Changing the equation into the scoring system will
make the usage of the model easier. In comparison with
the probability of the equation, the scoring system had a
good result. The regression coefficients were used to de-
termine the score [70]. At least 4 possibilities of round-
ing the coefficients were tried for each group. A
different score would produce a different performance of
the result. The best system was chosen based on the area
under the curve (AUC) of the ROC curve and other per-
formance indicators. The final scoring system for late-
onset neonatal sepsis had AUC of 96.6%. The maximum
score for this model was 23.

In this study, the AUC was 95.6% for the equation and
95.5% for the score. The sensitivity and specificity of the
equation were above 80% for the probability cutoff of
20-40% (equation), or 2—-3 (score) However, the choice
of cutoff (including the PPV, NPV, LR+, and LR(-)) de-
pends on the purpose of usage. For the balanced sensi-
tivity and specificity, the choice would have to be above
70% of the value.

In the real clinical setting, the score proposes the use
of antibiotics for “high” and “very high” groups. In con-
trast, no antibiotic is required for the “low” group of ne-
onates. For the medium group, the antibiotic decision
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should be made individually by the attending physician.
The clinical prediction rule is not a replacement for clin-
ical judgment and should complement rather than sup-
plant clinical opinion and intuition. Accurate clinical
decision making is a central component of patient care
[36, 37]. This clinical prediction rule can help the clin-
ician diagnose late-onset neonatal sepsis.

Although some steps in the development were com-
parable, proper comparison with some other models
could not be made easily since each model differs from
each other in terms of age criteria, type of variables, val-
idation process, and the purpose of the score. The
NOSEP score and Okascharoen’s score use the age cri-
teria of 3 days to determine early- or late-onset sepsis.
Rodwell et al. only used the hematology parameter,
while Singh et al. (2003) used just clinical conditions
[16, 49, 50, 71].

The primary limitation of this study was its retrospect-
ive design. Information bias cannot be avoided using
that design and data from medical records. The sample
size of the study was limited since the total sample had
to be divided into 2 groups. The missing data (as an un-
avoidable part of retrospective design study) was another
limitation since any method, however perfect, can lead
to biased estimates of the odds ratio and the model per-
formance in predictive models [72]. Regarding the
“worst” laboratory results, notably, several biochemistry
results might be normal in a septic condition. The
choice of patients in the control group (non-sepsis) may
also affect the result of the study. For example, in this
study, most of the non-sepsis cases had hyperbilirubi-
nemia. The result for the icterus variable might be
different if the predominant diagnoses were other dis-
eases. This study also did not use a new data set. How-
ever, when our results were compared to the more
recent literature, we considered our study to still be ap-
propriate for some settings, especially underdeveloped
and developing countries.

The chosen outcome was only proven sepsis. This
could result in an underestimation of the true inci-
dence. However, including unproven sepsis would
cause incorporation bias. Lastly, validation of a new
sample set was needed, either in the same setting or
others. It is recommended to prospectively perform
the validation process.

Conclusion

In conclusion, our study developed two predictive models
for late-onset neonatal sepsis. One as an equation and an-
other as a scoring system. The predictive models enable
clinicians, especially in the resource-limited setting, to
have an alternative for microbiological culture. External
validation should be done soon to assess the real perform-
ance of the other institutions.
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