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Abstract Late-onset neonatal sepsis (LOS) in preterm
infants is an important cause of morbidity and mortality in
preterm infants. Since presenting symptoms may be non-
specific and subtle, early and correct diagnosis is challeng-
ing. We aimed to develop a nomogram based on clinical
signs, to assess the likelihood of LOS in preterms with
suspected infection without the use of laboratory investiga-
tions. We performed a prospective cohort study in 142
preterm infants <34 weeks admitted to the neonatal inten-
sive care unit with suspected infection. During 187 epi-
sodes, 21 clinical signs were assessed. LOS was defined as
blood culture-proven and/or clinical sepsis, occurring after
3 days of age. Logistic regression was used to develop a
nomogram to estimate the probability of LOS being present
in individual patients. LOS was found in 48 % of 187
suspected episodes. Clinical signs associated with LOS
were: increased respiratory support (odds ratio (OR) 3.6;
95 % confidence interval (CI) 1.9-7.1), capillary refill (OR
2.2; 95 %CI 1.1-4.5), grey skin (OR 2.7; 95 %CI 1.4-5.5)
and central venous catheter (OR 4.6; 95 %CI 2.2—-10.0) (area
under the curve of the receiver operating characteristic curve
0.828; 95 %CI 0.764-0.892). Conclusion: Increased respi-
ratory support, capillary refill, grey skin and central venous
catheter are the most important clinical signs suggestive of
LOS in preterms. Clinical signs that are too non-specific to
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be useful in excluding or diagnosing LOS were temperature
instability, apnoea, tachycardia, dyspnoea, hyper- and hypo-
thermia, feeding difficulties and irritability.
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Introduction

Late-onset neonatal sepsis (LOS), defined as neonatal
sepsis occurring after 3 days of age, is an important cause
of morbidity and mortality in preterm infants [2, 3, 19].
Early and correct diagnosis of LOS is a challenging task.
Particularly in preterm infants, the presenting signs are
often very subtle and non-specific. Furthermore, as micro-
biological culture results are not available within 48 h,
early identification of a genuine sepsis is a major problem.
Considering the possibly devastating consequences of
missing LOS, providers often have a low threshold for
starting antibiotic therapy. However, unnecessary use of
empirically started broad-spectrum antibiotics should be
minimised for reasons of growing resistance against anti-
biotics and possible harmful effects on gastrointestinal
immunity and allergy [4, 12].

Although many authors state that clinical signs are unre-
liable in the diagnosis of LOS in neonates [8, 14], good
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quality studies addressing the value of clinical signs are
sparse, especially in preterm neonates [5, 9, 11, 14, 18].
Furthermore, most studies relied on blood culture-proven
sepsis as a definite outcome measure. However, sepsis-like
episodes with false-negative blood cultures (i.e. clinical
sepsis) are frequently encountered in preterm infants be-
cause of the limitation in number of blood cultures taken
and quantity of blood drawn [6, 13].

In the era of sophisticated laboratory techniques, much
emphasis has gone to the value of haematological and
biochemical markers in the diagnosis of LOS [10, 15, 16].
Hence, clinical judgement might unjustly be undervalued.
Still, it remains of great importance to investigate the diag-
nostic value of clinical judgement.

The aim of this study was to evaluate the value of
various clinical signs in identifying both blood culture-
proven as well as clinical LOS in preterm neonates in a
neonatal intensive care unit (NICU) setting, without the
use of laboratory investigations. In addition, we wished to
develop a nomogram, consisting of clinical signs, to assist
in decision-making for treatment in preterm neonates suspected
of LOS.

Methods
Patients and data collection

A prospective cohort study was undertaken at our level 111
NICU in Zwolle, The Netherlands, from July 2005 until
November 2007. Eligible patients included all patients with
a postconceptional age <34 weeks and more than 72 h
postnatal age and not on antibiotic therapy for the last
24 h. Patients were followed until a corrected gestational
age of 35 weeks or until discharge to other hospitals before
35 weeks.

An episode of suspected infection was defined as a clin-
ical suspicion of infection by the attending neonatologist.
The clinical suspicion of infection ranged from very mild to
very severe. Each patient with mild to severe suspicion of
infection was included irrespective of the prescription of
antibiotics. In this way, inclusion of a wide spectrum of
disease severity was aimed for in order to minimise the
chance of overestimating the diagnostic accuracy of the
clinical signs. In case of a very mild suspicion of infection,
where no antibiotics were started nor blood cultures were
taken, the episode was evaluated for the occurrence of LOS
over the following 3 days. We reasoned that in case of
withholding antibiotics, without further aggravation of clin-
ical symptoms, no clinically relevant bloodstream infections
would be missed.

At the onset of each episode, data on clinical signs were
assessed in a standardised way. Before the start of antibiotic
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treatment, blood for blood cultures (1-3 ml), C-reactive
protein (CRP), and full blood count were drawn.

Clinical signs and symptoms

Based on the literature [5, 7, 8, 10] and clinical experience, a
total of 14 clinical signs were assessed: pallor or grey skin
colour, capillary refill time >2 s [20], dyspnoea (grunting,
nasal flaring and/or chest retractions), tachypnoea (respira-
tory rate >60/min during >1 h), need for increased respira-
tory support (intensifying the modus, i.e. low flow, CPAP or
endotracheal ventilation and/or degree of respiratory sup-
port), increasing need for supplemental oxygen, tachycardia
(pulse >180/min during >1 h), temperature instability (dif-
ference in body temperature >0.5 °C within 24 h), hyper-
thermia (rectal temperature >38.0 °C), hypothermia (rectal
temperature <36.0 °C), feeding difficulties (vomiting or
gastric aspirates >50 % of feed volume), increasing frequen-
cy of apnoea, bradycardia and/or cyanotic spells, lethargy
and irritability. The clinicians and research nurses prospec-
tively assessed these signs at the onset of each episode using
a standardised form. Furthermore, the following seven risk
factors were noted: gestational age at birth, birth weight,
sex, central venous catheter (CVC) or removal of a CVC in
the preceding 24 h, mechanical ventilation, actual weight
and postnatal age.

Laboratory investigations

Blood samples for C-reactive protein, leucocytes with differ-
ential count and blood culture were taken at onset of clinical
symptoms signalling suspected infection. C-reactive protein
was measured by immunoturbidimetry on a Roche modular P
instrument using the C-reactive protein latex Tina-quant®
assay (Roche Diagnostics). CRP >10 mg/l was judged to be
indicative for sepsis. Leukocytes and differential count were
measured by flow cytometry on a Cell Dynn 4000 machine
(Abbott). Leucocytosis was defined as leucocyte count >25 x
10—E9/1 and leucopenia <5x 10—E9/1.

Blood cultures were drawn before the start of antibiotic
therapy (1-3 ml in 40 ml culture vials: Bactec' ). A positive
blood culture with organisms regarded as commensals (pre-
dominantly coagulase-negative Staphylococcus) was de-
fined as contamination. However, a positive blood culture
with skin commensals was defined as proven sepsis when
the same organism was found in at least two blood cultures
and/or signs of catheter-related sepsis were present (i.e.
inflammation of the skin at the site of line insertion).

Final diagnosis of LOS

The outcome of each episode was classified in three mutu-
ally exclusive categories: blood culture-proven sepsis,
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clinical sepsis and rejected sepsis. The classification was
made by the researchers based on the course of the episode
after the start of antibiotics and laboratory values (CRP, full
blood count). Blood culture-proven sepsis was defined as
an episode with positive non-contaminated blood culture.
Infants were classified as having clinical sepsis in case of
a strong clinical suspicion for infection despite negative
blood cultures as defined by the attending neonatologist or
in case of raised CRP (>10 mg/l), leucocytosis or leuco-
penia or haematological markers. Rejected sepsis was
defined as an episode with negative blood culture and/or
an episode with a favourable course where no blood
culture was done and no antibiotics were started in case
of low CRP and normal haematological markers. In all our
analyses and results, LOS was defined as blood culture-proven
andjor clinical sepsis.

Statistical analysis

We used logistic regression to examine the association be-
tween clinical signs and the presence or absence of LOS.
Some patients (n=38) experienced more than one episode of
suspected infection. To avoid inaccurately extra weighing of
risk factors in these patients, we evaluated patient-specific
risk factors (gestational age, birth weight and sex) only for
the first episode. Odds ratios (OR) and 95 % confidence
intervals (95 %CI) were used to quantify the strength of
these associations.

Our variable selection and modelling approach were
based on the following steps. Simultaneously fitting all
14 clinical signs and 7 risk factors in a single model
would lead to overfitting (ratio of variables to number of
events=1:4) and unpredictable results [17]. Therefore, we
classified all signs into four clinically coherent groups,
so that the signs within each group shared common
features related to pathophysiology. These four groups
were: respiratory, circulatory, general symptoms and risk
factors.

Within each group, we applied backward logistic regres-
sion to select only those signs that were significantly asso-
ciated with LOS using a p value<0.1 as a criterion to stay.
We then built a multivariable model with the selected signs
from each group. Model evaluation consisted of receiver
operating characteristics analysis (AUC) and Hosmer—
Lemeshow goodness-of-fit-test.

Bootstrapping was used to correct for possible overopti-
mistic results of the final model. Bootstrapping is an internal
validation technique, where many repeated samples are
drawn with replacement from the data set at hand. Boot-
strapping generates an estimate of how well the model might
fit in a new study population. In other words, bootstrapping
estimates the expected optimism in model performance or
shrinkage of the model [17].

Finally, a nomogram was developed to visualise the
predictive strength of the different clinical signs and risk
factors in a single diagram. This nomogram allows readers
to calculate an expected risk of LOS based on the specific
profile of a patient. The number of points for each predictor
was based on the regression coefficients of the reduced
multiple regression model. The total numbers of points
derived by the presence or absence of all predictors were
used to calculate the expected probability of LOS. Analyses
were performed using the statistical package SPSS (PASW)
version 18.0.

Consent and ethical approval

The study was approved by the local medical ethical commit-
tee of our hospital. Written informed consent was obtained
from the parents.

Results

During the 2-year study period, a total of 319 eligible
patients were admitted to our NICU of whom 142 experi-
enced one or more episodes of suspected infection. A total
of 187 episodes of suspected infection occurring in 142
patients were evaluated. Basic characteristics of included
patients are presented in Table 1; inclusion and classification
of episodes are presented in Fig. 1.

Final diagnosis

A final diagnosis of LOS was made in 89 (48 %) out of the
187 episodes of suspected infection. Twenty-six percent (n=
50) of the episodes were classified as proven sepsis and in
21 % (n=39) clinical sepsis was judged to be present (Fig. 1
and Table 2). Of the 39 episodes of clinical sepsis, in 46 %
(n=17), laboratory values were normal (low CRP and

Table 1 Characteristics of the study population: patients with sus-
pected infection. Data from patients who experienced more than one
episodes of suspected infection are from their first episode

Patients with suspected infection
n=142

Gestational age in weeks+days,
mean (£SD)

Birth weight in gram, mean (£SD)

Male sex, n (%)

Died during admission, n (%)

2946 (£2+1)

1,207 (£351)

79 (56 %)

2 (1.4 %)

Age at onset of suspected infection, 10 (7-15)
median (IQR)

Follow-up in days, median (IQR) 24 (14-35)

SD standard deviation, /QR inter-quartile range
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Fig. 1 Inclusion and
classification of episodes
of suspected late-onset sepsis

| 319 patients eligible |

142 patients included

(evaluated for suspected late-onset sepsis)

187 episodes of suspected late-
onset sepsis included

| laboratory values abnormal (65) |

Broad spectrum antibiotics

started?

Yes (60)

| laboratory values normal (122) |

Broad spectrum antibiotics

started?

Yes (59)

Bloodculture
positive
(32)

Bloodculture
negative (26)
or missing (2)

Bloodculture
missing (5)

Bloodculture
positive
(18)

Bloodculture
negative (36)
or missing (5)

Bloodculture
negative (5) or
missing (58)

Severe clinical

symptoms?

Severe clinical
symptoms?

|
Yes 1) | [ No(7) [ ves(18) | [ No (23)

Final diagnosis:

»  Proven sepsis (50) |<—

haematological markers) and the diagnosis of clinical sepsis
was made on the basis of the severity and the course of
clinical signs alone. Median CRP in the clinical sepsis group
was 11 mg/l (range 0-86).

A positive blood culture was found in 56 episodes, of
which six were considered contaminated. Among the 50 epi-
sodes of proven sepsis, Staphylococcus epidermidis was the
most common isolate (50 %), followed by Bacillus cereus
(28 %), Staphylococcus aureus (12 %), gram negatives (6 %),
Streptococcus (2 %) and Candida (2 %).

Clinical signs and risk factors for late-onset sepsis

Table 2 shows data on clinical signs and risk factors for the
different outcome groups. Clinical signs and risk factors
associated with LOS at the p=0.05 level were: weight at
the episode, CVC, respiratory insufficiency, lethargy, capil-
lary refill, pallor/grey skin and increased oxygen require-
ments. Clinical signs that showed no significant association
with LOS were: temperature instability, apnoea, tachypnoea,
tachycardia, dyspnoea, hyper- and hypothermia, feeding
difficulties and irritability.
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Results of multiple regression analysis

Selection of variables

After backward elimination within each of the four clinical-
ly coherent categories separately, the following variables
remained significantly associated with LOS within the four
categories: respiratory signs: increased respiratory support;
circulatory signs: capillary refill time and pallor/grey skin;
general signs: lethargy; and risk factors: weight at episode
and a central venous catheter.

Multiple regression model

The remaining variables were entered in a multiple regres-
sion analysis and the corresponding results are presented in
Table 3. Performance of this “full” model for predicting
LOS was good, with AUC 0.80 (95 %CI 0.74-0.87; p<
0.001) and Hosmer-Lemeshow goodness-of-fit-test p=
0.438. The expected optimism in model performance eval-
uated by bootstrapping was small (e.g. a decrease in AUC
from 0.80 to 0.71, a shrinkage factor of 0.89).
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Table 2 Clinical signs and risk factors in episodes of suspected infection and associated definite outcome

Frequency of signs

Univariate analysis

Rejected Clinical Proven All episodes, Proven sepsis Clinical and proven sepsis
sepsis, n=98 sepsis, n=39 sepsis, n=50 n=187
OR* 95 %CI P OR* 95%CI p
Respiratory symptoms
Apnoea, bradycardia and/or 52 23 33 108 1.61 0.82-3.18 0.17 1.50 0.84-2.70 0.17
cyanotic spells (53.1 %) (59.0 %) (66.0 %) (57.8 %)

Tachypnoea 46 15 29 90 1.61 0.83-3.11 0.16 1.11  0.62-1.96 0.73
(46.9 %) (38.5 %) (58.0 %) (48.1 %)

Increased respiratory support 27 23 32 82 325 1.64-641 0.001 4.25 2.30-7.87 <0.001
(27.6 %) (59.0 %) (64.0 %) (43.9 %)

Increased O, requirement 16 14 17 47 1.72 0.84-3.50 0.14 2.74 1.37-5.47 0.004
(16.3 %) (35.9 %) (34.0 %) (25.1 %)

Dyspnoea 16 8 8 32 094 0.39-2.26 0.88 1.12  0.53-2.41 0.77
(16.3 %) (20.5 %) (16.0 %) (17.1 %)

Circulatory symptoms

Pallor/grey skin 37 27 30 94 1.81 0.93-3.50 0.08 294 1.62-5.33 <0.001
(37.8) (69.2 %) (60.0 %) (50.3 %)

Capillary refill time >2 s 25 17 28 70 2.86 1.46-5.60 0.01 299 1.61-5.53 <0.001
(25.5 %) (43.6 %) (56.0 %) (37.4 %)

Tachycardia 27 10 21 58 1.89 0.96-3.73 0.07 141 0.76-2.62 0.28
(27.6 %) (25.6 %) (42.0 %) (31.0 %)

General symptoms

Temperature instability 66 24 41 131 2.17 0.97-4.89 0.06 1.31 0.70-2.47 0.40
(67.3 %) (61.5 %) (82.0 %) (70.1 %)

Lethargy 28 13 32 73 430 2.16-8.58 <0.001 2.56 1.40-4.68 0.002
(28.6 %) (33.3 %) (64.0 %) (39.0 %)

Hyperthermia 13 7 8 28 1.11 0.45-2.74 0.82 1.33  0.59-2.97 049
(13.3 %) (17.9 %) (16.0 %) (15.0 %)

Feeding intolerance 13 5 9 27 1.46 0.60-3.53 0.40 122 0.54-2.76 0.63
(13.3 %) (12.8 %) (18.0 %) (14.4 %)

Irritability 13 3 6 22 097 036-2.64 096 074 0.30-1.82 0.51
(13.3 %) (7.7 %) (12.0 %) (11.8 %)

Hypothermia 0 1 1 2 2.63 0.16-42.92 050 - -° 0.99
(0 %) (2.6 %) (2.6 %) (1.1 %)

Risk factors

Gestational age 29+4 28+3 29+5 1.02 0.92-1.12 0.76 094 0.86-1.04 0.24

(in weeks+days) 2+1) 2+5) 2+1)

Birth weight 1,207 1,091 1,220 1.09° 0.92-1.30 0.31 0.93° 0.79-1.08 0.33
351) (354) (341)

Male sex 41 16 22 0.73 0.36-1.49 038 090 0.46-1.74 0.75
(57 %) (62 %) (50 %)

CVCin last 24 h 17 9 31 57 6.92 3.37-14.19 <0.001 3.89 1.99-7.60 <0.001
17 %) (23 %) 61 %) 31 %)

Weight at episode in gram 1,339 1,223 1,188 1,274 0.89 0.80-0.99 0.04 0.87 0.79-0.96 0.004
(315) (334) (289) (318)

Age at episode in days 17 20 10 16 0.90 0.85-1.00 <0.001 0.98 0.95-1.00 0.08
(12) 13) (6) an

Ventilation 5 7 4 16 0.86 0.27-2.81 0.81 2.62 0.87-7.87 0.09
(5 %) (18 %) (8 %) 9 %)

Mean for continuous data with standard deviation in parentheses; number for categorical data with percentages in parentheses. Clinical signs and
risk factors included in final multiple regression analysis model in italic. Patient characteristics: gestational age, birth weight and sex are from the
first episode (rejected sepsis n=72, clinical sepsis n=26, proven sepsis n=44)

CVC central venous catheter

#Univariate analysis

® Regression analysis not performed because of too low number

¢ Birth weight per 100 g
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Table 3 Results from multivar-
iable logistic regression analysis

Clinical and proven sepsis Proven sepsis

Full model
CVCin last 24 h
Increased respiratory support
Pallor/grey skin
Capillary refill time >2 s
Weight at episode <1,200 g
Lethargy

Reduced model
CVC in last 24 h
Increased respiratory support
Pallor/grey skin
Capillary refill >2 s

Lethargy
CVC central venous catheter

OR 95 %CI P OR 95 %CI p

4.39 2.02-9.52 <0.001 7.13 3.15-16.16 <0.001
333 1.67-6.63 <0.001 2.16 0.97-4.84 0.06
2.66 1.29-5.48 0.008 1.25 0.52-2.97 0.62
2.13 1.03-4.42 0.04 2.32 1.00-5.37 0.05
1.72 0.87-3.40 0.12 1.75 0.80-3.85 0.16
1.14 0.55-2.36 0.73 2.61 1.14-6.01 0.02
OR 95 %CI P OR 95 %CI p

4.63 2.16-9.95 <0.001 7.10 3.19-5.78 <0.001
3.63 1.85-7.11 <0.001 2.33 1.05-5.15 0.04
2.73 1.35-5.52 0.005 Not in this model

2.20 1.09-4.48 0.029 2.46 1.11-5.48 0.03
Not in this model 2.78 1.25-6.21 0.01

In the next step, we applied backward elimination (p<0.1
as criterion to stay) to see whether variables could be excluded
without a relevant loss in performance. Four variables
remained significantly associated with LOS: increased respi-
ratory support, capillary refill time, pallor/grey skin and a
central venous catheter (Table 3). Labelling infants as low risk
for sepsis when all four factors are absent, which was the case
in 36 infants, would miss three infants (8.3 %) with clinical
and proven sepsis and one infant (2.8 %) with proven sepsis.
Sensitivity of the presence of one or more of these four factors
for LOS was 97 % and specificity 37 %.

A nomogram was constructed based on the reduced model
and is shown in Fig. 2. The value of each predictor corresponds
to a score. The scores for all predictors are summed to a total
score, which is then translated into a probability for LOS.

Difference between clinical sepsis and proven sepsis

When the analysis approach was repeated but now for the
associations with solely proven sepsis, instead of clinical and
proven sepsis, the same clinical signs stayed in the final model,
except for pallor and/or grey skin (Table 3). Performance of
these models for predicting proven sepsis was also good with
AUC 0.84 (95%CI 0.78-0.90; p<0.001) and Hosmer—Leme-
show goodness-of-fit-test p=0.319 for the full model and AUC
0.83 (95 %CI 0.76-0.89; p<0.001) and Hosmer-Lemeshow
goodness-of-fit-test p=0.174 for the reduced model.

Discussion
Principal findings

This study shows that most clinical symptoms in isolation
have only moderate predictive value for identifying LOS in

@ Springer

preterm infants suspected for infection. The strongest predic-
tive signs were: increased respiratory support, capillary refill
time >2 s, pallor or grey skin colour and a central venous
catheter in 24 h preceding the onset of suspected infection.

Combining several clinical signs in a nomogram aug-
ments the predictive value for identifying LOS. This nomo-
gram allows users to calculate an expected risk of LOS in an
individual patient with suspected infection, based on the
specific profile of the patient.

Clinical signs that are too aspecific to be useful in exclud-
ing or diagnosing LOS were temperature instability, apnoea,
tachypnoea, tachycardia, dyspnoea, hyper- and hypothermia,
feeding difficulties and irritability. Even when two or more of
these aspecific signs occur simultaneously, the risk of neither
clinical nor proven sepsis is hardly changed (data not shown).

Lack of clinical relevance of body temperature in diag-
nosing LOS in preterms might be attributable to the use of
incubators in this specific patient population. When changes
in body temperature are observed, the environmental tem-
perature in the incubator will be manipulated before serious
hypo- or hyperthermia can occur. Probably, the need and
magnitude of temperature adjustment of the incubator are
more valuable items to measure.

The marginal diagnostic value of general respiratory
signs (apnoea, dyspnoea and tachypnoea) might be
explained by the high prevalence in preterms of non-
infectious respiratory problems due to lung immaturity or
bronchopulmonary dysplasia. The same might hold true for
the minor clinical relevance of other general symptoms such
as feeding intolerance and irritability.

Another interesting finding of this study is the difference
in observed frequency of clinical signs between clinical and
proven sepsis. In this study, especially pallor and/or grey
skin colour was strongly associated with clinical sepsis
compared to blood culture-proven sepsis. A grey skin colour
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Fig. 2 Nomogram for
prediction of LOS in preterms
suspected of infection with use
of clinical signs and risk
factors. LOS is defined as
clinical and/or blood culture-
proven sepsis. Instructions:
Determine how many points the
patient receives for each feature
using the upper part of the
nomogram. Sum the points for
all features. Locate this sum
score on the “total points” axis.
Draw a straight line to the lower
axis “probability sepsis” to
find the estimated probability of
that patient having LOS
(clinical and/or proven LOS)

Points

Grey skin:

Points

Points

Capillary refill:

Points

Total points

Probability

sepsis (%)

is obviously considered a serious sign of sepsis by the
medical team. The extent to which this assumption of med-
ical workers is correct, however, cannot be answered by this
study. Future studies looking at, for example, viral cultures
might possibly further elucidate the issue of blood culture-
negative sepsis in preterm infants.

Strengths and weaknesses

The strength of our study is that the data were prospectively
collected in a population of solely preterm infants. The latter
is important because clinical symptoms in preterm infants
may have different clinical relevance compared to term
infants [8]. Several presumed signs of LOS can also be
caused by prematurity itself, such as temperature instability,
apnoea and feeding intolerance. Temperature problems, for
example, will be more indicative for infectious disease in
term infants than in preterms.

Another strength of our study is that we did not only
evaluate the predictive aspects of blood culture-proven sepsis,

Resp. insufficiency: No

Central venous line: No

Yes

B L
0 12

No Yes

o

10

Yes

B i
0 15

<=2 sec >2 sec
i i
0 7

13 19 28 39 62 64 74 83 89 93 96

but also clinical blood culture-negative sepsis. Certainly, in
clinical practice, clinical sepsis is frequently encountered and
cannot be simply ignored.

There are certain limitations of our study. One of the
major problems is the definition of clinical sepsis. The
clinical signs we have evaluated were to a certain extent
all contributing to the final diagnosis of clinical sepsis. This
situation results in what is named incorporation bias. Since
the symptoms and the diagnosis of clinical sepsis will be
positively correlated in our study, misclassification may
have resulted in overestimation of accuracy [1].

A serious threat when using multiple regression models,
as we did in this study, is overfitting. Overfitting results in
overly optimistic models. When the model is used in new
patients, the performance is often worse than expected. To
minimise the problem of overfitting, an adequate sample
size, with enough events (i.e. LOS) compared to the poten-
tial predictors is very important. Taken to the extreme, if the
number of predictors equals the number of events, the model
will fit perfectly, even if all predictors are entirely unrelated
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to the outcome variable [10]. In general, it is assumed that a
minimum of 10 to 15 events per predictor variable will
allow good estimates. Finally, six predictors were used for
multiple logistic regression, which seems fairly adequate,
considering the 89 observed events of LOS (ratio 1:14).

Clinical and research implications

Most important predictive signs for identifying LOS in
preterm infants are: increased respiratory support, capillary
refill, pallor/grey skin and a central venous catheter in the
24 h preceding the episode of suspected infection. Our
nomogram based on a combination of these clinical signs
may predict LOS in preterms suspected of infection, even
before ordering additional laboratory investigations. Clearly,
we would like to emphasise that this model needs external
validation in new patient groups. Still, the nomogram might
be helpful in deciding on duration of antibiotic therapy; for
example, in situations were no blood culture is available.
Moreover, the start of antibiotics could be postponed in case
of low risk, under close monitoring of clinical symptoms.
Furthermore, further research evaluating the reliability and
inter- and intra-observer variation for the more subjective
symptoms is warranted.
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