F283

ORIGINAL ARTICLE

Procalcitonin in preterm infants during the first few
days of life: introducing an age related nomogram
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Obijective: To determine normal concentrations of procalcitonin in preterm infants shortly after birth and to
assess its accuracy in detecting bacterial infection.

Methods: Blood samples of 100 preterm infants were prospectively drawn during the first 4 days of life for
determination of procalcitonin concentration. Infants were classified into four groups according to their
sepsis status.

Results: Mean (SD) gestational age and birth weight were 32 (2.9) weeks and 1682 (500) g respectively.
A total of 283 procalcitonin concentrations from healthy infants were plotted to construct nomograms o
physiologically raised procalcitonin concentration after birth, stratified by two groups to 24-30 and 31-
36 weeks gestation. The peak 95th centile procalcitonin concentration was plotted at 28 hours of age;
values return to normal after 4 days of life. Only 12 infants were infected, and 13 of their 16 procalcitonin
concentrations after birth were higher than the 95th centile, whereas samples taken at birth were lower. In
a multivariable analysis, gestational age, premature rupture of membrane, and sepsis status influenced
procalcitonin concentration independently, but maternal infection status did not.

Conclusions: The suggested neonatal nomograms of preterm infants are different from those of term
infants. Procalcitonin concentrations exceeding the 95th centile may be helpful in defecting congenital

infection, but not at birth.

morbidity and mortality in preterm infants.' As bacterial
infection is one of the causes of preterm labour, many

infants are evaluated to rule out systemic infection at birth
and are treated with antibiotics, often unnecessarily. The
decision whether to start and when to stop antibiotic
treatment is not always clear, as many clinical signs of
infection are seen in non-infectious conditions, such as
respiratory distress syndrome and hypoglycaemia.

Procalcitonin (PCT) has been reported to be an effective
laboratory tool for detecting disseminated bacterial infection
in both adults and children.>” It is a 116 amino acid
prohormone, the serum concentration of which increases
significantly during bacterial and fungal systemic infections.
It is presumably secreted from the liver and circulating
macrophages in response to endotoxins.® PCT concentration
increases in the serum within two to three hours of the
beginning of infection, peaking by 6-12 hours, and returning
to normal concentrations within two days.” The short half life
of PCT (20-24 hours)® enables not only rapid detection of
infection but also titration of response to the treatment.

Various studies in children have found normal PCT
concentrations to be <0.5 ng/ml, with a slight increase
(0.5-2 ng/ml) during viral infections, non-infectious inflam-
mation, stress situations, and focal bacterial infections.! In
systemic bacterial and fungal infection, PCT increases to
above 2 ng/ml or even over 50-100 ng/ml.” These values refer
to infants and children,* * '* but not to newborns during the
first days of life when high physiological PCT concentrations
are also measured in healthy newborns. Chiesa et al’ proposed
an age related 95th centile nomogram for term infants during
the first 48 hours of life. No similar nomogram exists for
preterm infants even though they potentially have different
pharmacokinetics from term infants.

The objective of this study was to create an age related 95th
centile nomogram of PCT concentration based on a sizeable
population of preterm infants during the first 4 days of life.

Bacterial infection is one of the leading causes of

MATERIALS AND METHODS

Population

The study was performed in a 30 bed neonatal intensive care
unit at Shaare Zedek Medical Center, a university affiliated
hospital in Jerusalem, Israel. The hospital deals with about
10 000 births a year; in 7.8% the babies weigh less than
2500 g. Most of the apparently well infants weighing over
2000 g are treated in the well baby nursery.

Inclusion criteria

All preterm infants (36 weeks or less) admitted to the
neonatal intensive care unit between September 2003 and
January 2004 were eligible for enrolment. Parent’s written
informed consent was obtained according to the instructions
of the local research ethics board.

Sample collection and definition of sepsis groups
During the first 4 days of life, three to four blood samples for
PCT determination were obtained from the enrolled infants,
ideally, at birth and one sample on each of the subsequent
three days. However, the exact time of sample collection
varied according to the schedule of the routine tests. Infants
were classified into sepsis groups at each sample time
according to their clinical status (table 1): groupl, proven
sepsis; group 2, suspected sepsis; group 3, uncertain; group 4,
no infection.” "' To minimise measurement bias, the rules for
classification were stringent.

PCT analysis

A 0.5 ml sample of blood was drawn into a tube containing
EDTA. The samples were refrigerated for up to 24 hours,
separated, and the plasma was frozen at —70°C."” The plasma
was analysed for PCT concentration at the end of the study
period, to ensure blinding of the doctors who classified the
groups and managed the infants. The immunoluminometric
assay, LUMItest (BRAHMS Diagnostica, Berlin, Germany),
was used, as described in detail elsewhere.’
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Table 1

Definition criteria of four sepsis groups

Glucose
Sepsis groups
1: Confirmed sepsis
2: Suspected sepsis
3: Uncertain

longer antibiotic therapy
4: No infection

Clinical signs of infection (positive if two or more of the following)

Respiratory Any of: tachypnoea/hypopnoea/apnoea/cyanosis
Cardiovascular Any of: bradycardia/tachycardia

Shock Any of: poor perfusion/low blood pressure

Consciousness Any of: irritability/lethargy/poor feeding/hypotonia/seizures
Others Any of: hepatosplenomegaly/jaundice/fever

Sepsis screen (positive if two or more of the following)

WBC Any of: leucocytosis/leucocytopenia

ANC Any of: neutrophilia/neutropenia

CRP =10 mg/I

Thrombocytes Any of: thrombocytopenia/thrombocytosis

CSF Any of: pleocytosis/positive Gram stain
Any of: 40 mg/100 ml>Glucose>180 mg/100 ml

Positive blood culture/urine culture/pneumonia/cellulitis and clinical signs of infection
Clinical signs of infection and positive sepsis screen

No fulfilment of the above criteria and no change in status after three doys, requiring

No fulfilment of the above criteria and clinical improvement within three days

corpus capillary refill >3 seconds.

Reference values for laboratory results were determined as described elsewhere® '%. Poor perfusion was defined as

WBC, White blood cells; ANC, absolute neutrophil count; CSF, cerebrospinal fluid; CRP, C reactive protein.

Data collection

Basic information and data on pregnancy, delivery, and
maternal infections were collected shortly after birth. The
presence of maternal infection at the time of the delivery
(dichotomous variable) was defined as fever or documented
chorioamnionitis or positive placental culture. Neonatal data
were collected prospectively, including clinical condition,
laboratory results, treatment, and associated illness.

Statistical analysis

A sepsis group was assigned for each infant at the time of
each PCT sampling. Data are presented as mean (SD) or
median (interquartile range) and compared using unpaired
Student’s ¢ test or Wilcoxon rank sum test, as appropriate for
the distribution normality. A multivariable regression analy-
sis for repeated measures was used to determine the relative
contributions of several explanatory variables on the PCT
concentrations at 0-96 hours after birth, while controlling for
time. The following explanatory variables were initially
entered and eliminated using a backward stepwise approach:
percentage of oxygen dependency, sepsis group (four point
ordinal scale), maternal intravenous antibiotic therapy
(dichotomous), maternal infection (dichotomous), hours of
premature rupture of membranes, birth weight, and gesta-
tional age. PCT concentrations were log transformed to meet
the assumptions of the model. Significance was defined as
p<<0.05. To construct the age related 95th centile nomogram
for PCT concentration, samples were stratified to nine time
intervals (at birth and every 12 hours thereafter). For each
interval, the 95th and 50th centiles of the serum PCT
concentrations taken during that time interval were calcu-
lated, and smoothed centile curves were drawn.''* This
method was used to ensure that infants are not represented
more than once in each time window, thereby contributing
only once to each of the nine centile values. We believe that
this time frame is sensitive enough to detect PCT changes
over time. Statistical analysis was performed using SAS for
Windows version 9.

RESULTS

A total of 332 blood samples were drawn during the first 4
days of life from 100 preterm infants, and PCT concentrations
determined. These infants represent 90% of the total
admissions of preterm infants to the neonatal intensive care
unit during that time. Mean (SD) gestational age and birth
weight was 32 (2.9) weeks (range 24-36) and 1682 (500) g
(479-2615) respectively. There were 30 and 70 infants of
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24-30 and 31-36 weeks of gestation respectively. The mean
number of samples taken from each infant in the 24-30 and
31-36 weeks of gestation was 3.5 and 3.7 respectively
(Student’s ¢ test, p>0.05). No deaths were recorded during
the first week of life in any of the sepsis groups.

Five (2%) of the 332 samples were obtained from infants
classified as septic group 1, 15 (4%) as group 2, 29 (9%) as
group 3, and 283 (85%) as group 4. The 283 PCT values for
group 4 were plotted to construct an age related nomogram
from birth to 96 hours of age, stratified by gestational age
(fig 1). The peak 95th centile of PCT concentration was
plotted at 28 hours of age. Three of the 283 samples were
excluded from the plot because they were exceedingly high
and diverted the curve: PCT concentration of 36, 27, and
28 ng/ml at 28, 32, and 51 hours of life respectively. The
infant with the PCT concentration of 36 ng/ml developed
Klebsiella pneumonia sepsis two days later and was treated
successfully. The other two infants with the outlying values
were otherwise healthy.
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---- <30 weeks  © Group 2
-------- Median + Group 4 < 30 weeks
o Group 4 > 30 weeks
> 20 coe O Oe o o

o
15
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Figure 1  Age related nomogram for procalcitonin (PCT) concentrations
during the first 4 days of life in preterm infants. PCT concentrations of
283 samples drawn K’om healthy preterm infants (group 4), four samples
from infants with confirmed sepsis (group 1), and 12 from infants with
suspected sepsis (group 2) were plotted from birth to 96 hours of life. The
continuous and dashed lines represent the 95th centile of infants 24-30
and 31-36 weeks gestation respectively. The dotted line represents the
median of all group 4 samples. For simp|ici3/, eight values E)r groups 1
and 2 that exceeded 20 ng/ml were plotted as >20 ng/ml (26 and
34 ng/mlingroup 1 and 24, 36,110, 58, 202, and 56 ng/ml in group 2).



Procalcitonin in preterm infants

In this cohort, only three infants (3%) were confirmed with
sepsis (group 1), contributing to five samples of PCT, and a
further nine (9%) with suspected sepsis (group 2), contribut-
ing to 15 samples. Four of the 20 samples (groups 1 and 2)
were drawn at birth, all of which had normal PCT
concentration (<1 ng/ml). The other 16 samples are plotted
on the curve (fig 1). Only three of the 29 samples of group 3
were higher than the 95th centile (median 1.02 ng/ml
(interquartile range 4.56)). Although this group represents
cases of uncertainty, their PCT concentrations are similar to
the non-infected group.

Median (interquartile range) PCT concentrations of the
septic groups on the first and second day of life were
significantly higher (Wilcoxon rank sum test) than those of
the non-septic groups (42 ng/ml (24-110) v 1.2 ng/ml (0.3—
4.1) for day 1, p<0.01; and 22 ng/ml (9-45) v 2.5 ng/ml (1.2—
5.3) for day 2, p<0.01). However, the small number of
samples drawn from infected infants prevented systematic
comparisons between the septic and the non-septic infants
and stratification by gestational age.

In the multivariable regression for repeated measures, the
total PCT concentrations during the first 96 hours of life were
independently affected by the sepsis group (p<<0.0001 for the
adjusted coefficient), hours of premature rupture of mem-
branes (p = 0.038), and gestational age (p = 0.013). PCT
concentrations were not affected by maternal infection (n =
6), maternal antibiotic treatment (n = 30), birth weight, or
percentage of oxygen consumption (all p>0.05).

DISCUSSION

In this study we constructed an age related nomogram for
PCT concentration in a large cohort of non-infected preterm
infants. As gestational age, and not birth weight, indepen-
dently affected PCT concentration in the multivariable
analysis, we stratified the nomogram according to gestational
age. Other studies failed to show similar differences in PCT
concentration according to gestational age,”'' ' possibly
because the study populations were composed of predomi-
nantly larger infants with only small numbers of very low
birthweight infants.

Studies in term infants” "' '"*° reported a physiological rise
in PCT concentration during the first 48 hours of life, with a
peak of 20 ng/ml at 24 hours. A preliminary report on a small
number of preterm infants (<1500 g) suggested that the
physiological rise in PCT concentration of preterm infants
may be longer than in term infants.* In our cohort, the peak
value was measured at 28 hours after birth but was lower
than in term infants. The results from our stratified cohort
and the data from term infants suggest that PCT concentra-
tions decrease with prematurity possibly because of the
immature immune system. The values in our study returned
to normal only after 72-96 hours of life rather than 48-
72 hours in term infants as described by Chiesa ef al.” This is
understandable, as the excretion mechanisms in preterm
infants are less mature than in term infants, resulting in
different kinetics.

As reported by others,” maternal infectious status
(reflected by fever, chorioamnionitis, positive placental
culture, and intravenous antibiotic therapy) had no effect
on PCT concentration, suggesting that PCT does not cross the
placenta. This is in contradiction with a report that showed
increased PCT in response to maternal PCT concentrations.'®
Hours of premature rupture of membranes, however, did
influence PCT concentration in our cohort, independently of
the sepsis group.

Most studies that looked at the kinetics of PCT during the
first few days of life (predominantly term infants) failed to
show high PCT concentration at birth in septic newborns.” '"*° >
Similarly, all six samples that were drawn at birth from our
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What is already known on this topic

® Procalcitonin is an effective laboratory tool for detect-
ing disseminated bacterial infection in both adults and
children; normal concentrations in children are
<0.5 ng/ml, but these values are not valid after birth,
when procalcitonin is physiologically increased

® An age related nomogram is available for term infants
during the first 3 days of life but not for preterm infants

What this study adds

o This study introduces an age related nomogram for
procalcitonin concentrations during the first 4 days of
life of preterm infants, stratified by gestational age

® Preliminary results for several infected newborns from
our cohort suggest that the nomogram is effective, but
not at birth

septic infants (groups 1 and 2) were normal (PCT<1 ng/ml),
suggesting that PCT may be useful in diagnosing sepsis only
after a few hours of life, allowing the production of PCT. The
clinical decision as to when to discontinue antibiotic therapy in
a neonate with negative cultures who has become asympto-
matic is often a difficult one. Therefore, although our results
preclude the use of PCT concentration in the decision of
whether to start antibiotic therapy at birth, it may prove useful
in the decision as to when to discontinue antibiotics in
questionable cases. However, the small number of infected
infants limits our discussion to descriptive analysis only.

Conlflicting results on the sensitivity and specificity of PCT
as a useful marker of sepsis in preterm infants have been
reported.” *' #* Janota ef al’’ found the specificity and
sensitivity of PCT concentration in detecting early sepsis in
37 preterm infants (<1500 g) to be only 75%. Similar reports
of low sensitivity were found in 162 infants after birth (term
and preterm together).” PCT concentrations higher than
2.5 ng/ml have been found to have a negative predictive value
of 93% in detecting sepsis in 120 preterm and term infants
during the first 3 days of life."” The low specificity could be
attributed to several factors. As we have shown, PCT
concentrations are raised during the first 4 days of life even
in normal premature neonates. To eliminate this bias, it is
important to adhere to the nomogram proposed in this study
for preterm infants. From the small number of infected
infants in our study, all samples of group 1 and nine of 12
samples of group 2, taken after birth, were higher than the
proposed nomograms. In contrast with other studies,* ** **
oxygen dependency was not found to influence PCT
concentrations independently. However, as only six infants
in our cohort had severe hypoxia (F1o, >0.5), our results may
be flawed, and therefore high concentrations of PCT in
severely hypoxic preterm infants should be analysed with
caution because of the probable influence of hypoxia
previously found.

A major limitation of this study is the small number of
infants who were diagnosed with congenital sepsis. This
prevented systematic measurement of the sensitivity and
specificity of the nomogram. However, the description of the
several samples obtained from the infected groups after birth
shows promising results for further studies. On the other
hand, the strengths of the study lie in its prospective nature,
in the large sample size of preterm infants, and in the
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stringent criteria used to differentiate septic from non-septic
infants.

In conclusion, we developed a nomogram for PCT
concentrations for preterm newborns during the first 4 days
of life. It would seem to be important to use the suggested
preterm nomogram, as values differ from the published
reference curve for term infants. Preliminary data on PCT
concentrations in our infected infants are encouraging with
respect to their ability to detect sepsis. Further studies are
needed to confirm the accuracy of the nomogram.
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