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Abstract: Sepsis caused by infection remains a major cause of mortality and morbidity among children. Several inflam-
matory markers have failed to meet the requirements for early diagnosis of sepsis. We saw the potential value of measur-
ing the total leukocyte count and the inflammatory markers C reactive protein (CRP), procalcitonin (PCT) and interleukin
(IL) 6 in patients with SIRS for early identifying of sepsis. Children with SIRS (n = 52) were included in a prospective
study. Changes in the total leukocyte count and levels of inflammatory markers and their inter-correlations were evaluated
in SIRS and sepsis patients at different time points. Sepsis was recognized in 21% of the SIRS patients. There was a statis-
tically significant difference between PCT and CRP levels in the SIRS and sepsis patient groups. In patients with sepsis,
the IL6 level at the outset of the study had a mean value of 476.68 + 955.137 pg/ml, which differed significantly from the
mean IL6 level in SIRS patients (51.3 + 137.5 pg/ml). The IL6 level in sepsis patients decreased significantly after 24
hours. We conclude that SIRS and sepsis patients differed significantly in respect of changes in CRP, PCT and IL6 levels.
In view of the relatively small number of subjects in the sepsis group we can only suggest that special attention should be
paid to SIRS patients with elevated levels of those indicators. A continuing search for specific and sensitive inflammatory

markers and their combinations in SIRS patients is required so that sepsis can be diagnosed early enough.

INTRODUCTION

Sepsis caused by infection remains a major cause of mor-
tality and morbidity among children in Latvia and through-
out the world [1, 2]. There are more than 42,000 cases of
severe sepsis per annum among children in the USA with a
mortality rate of 10.3% [3]. Between 1995 and 2000, 82
children with sepsis were treated in the only tertiary level
hospital in Latvia, and 24.4% of these cases were fatal [4].
Clinical experience and various studies have shown that the
most important measure in reducing mortality from sepsis is
early identification of the condition and prompt initiation of
therapy [5-8]. Diagnosis of sepsis in children is difficult in
everyday practice for many reasons: the clinical signs in
children are very variable at the start of the infection; micro-
biological culture results are expected only after 48-72
hours; and false negatives are common. The turning-point in
clinical recognition of sepsis is considered to have been the
International Sepsis Consensus Conference in the USA in
2002, in which specific clinical definitions of systemic in-
flammatory response syndrome (SIRS) and sepsis in children
were adopted. The major difference in the definition of SIRS
between the adults and children was incorporate that the di-
agnosis of pediatric SIRS requires that temperature or leuko-
cyte abnormalities be present [5].

Laboratory tests are as important as physiological pa-
rameters for the early diagnosis of sepsis. We may be close
to finding biological markers that will make diagnosis more
objective and more reliable than various clinical signs and
symptoms. During the last decade, measurement of C
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reactive protein (CRP), a good inflammatory marker, has
been added to the set of hematological tests (total leukocyte
count, neutrophils, band form counts) that have long been
used in clinical practice. However, it does not have the speci-
ficity required to distinguish viral from bacterial infections.
The calcitonin prohormone procalcitonin (PCT) has seldom
been used clinically; its level is low in healthy individuals
(< 0.5 ng/ml). Levels of procalcitonin rise during bacterial
infections but are unchanged during viral infections [9-11].

Since the end of 1990s the role of inflammatory cytokines
in modulating the macro-organism’s response to infection has
been studied, along with the significance of cytokines in early
diagnosis and monitoring of sepsis. Interleukin 6 (IL6) has
attracted attention as an early inflammatory marker; its levels
correlate with the severity and prognosis of sepsis [12, 13]. IL6
is a proinflammatory cytokine that stimulates both B- and T-
lymphocytes and is involved in the induction of fever and in
the synthesis of hepatic acute phase protein [14, 15].

According to available evidence, several inflammatory
markers have failed to meet the requirements for early and
reliable diagnosis of sepsis. Study results and trends show
that measurements of combinations of biochemical markers
offer the best prospects for research on early diagnosis of
sepsis. Taking into account the new definition of sepsis in
children [5] - systemic inflammatory response syndrome with
apparent or confirmed infection - and evaluating the need for
effective and rapid laboratory (quantitative) indicators, we
saw an approach to studying the early clinical and laboratory
diagnosis of sepsis in children.

The aim of this study was investigate the value of meas-
uring changes in total leukocyte count, CRP, PCT and IL6
for the early diagnosis of sepsis in SIRS patients.
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MATERIALS AND METHODOLOGY

Children with SIRS (n = 52) treated in the Children’s
Clinical University Hospital between January and May 2008
were enrolled in this prospective study. The group of patients
enrolled was determined by previous screening of all chil-
dren with body temperature changes (fever or hypothermia).
A screening questionnaire was filled out for each child, and
SIRS criteria were evaluated taking account of the values for
vital signs and rates appropriate to the child's age group:
body temperature, heart rate, respiratory rate and leukocyte
count [16]. The study design is given in Fig. (1).

Inclusion Criteria [16]

1. Presence of at least two of the following four criteria,
of which one must be temperature or leukocyte count
changes:

«  Temperature > 38.5 or < 36°C;

. Tachycardia (at least 2 SD above normal age group
value) or bradycardia in children < 1 year old (at
least 2 SD below normal age group value);

. Respiratory rate > 2SD above normal age group
value;

. Elevated or reduced leukocyte count according to
normal age group values, or >10% immature neu-

trophils.
2. Child’s age between 7 days and 18 years.
3. Consent of parents for child’s participation in the
study.

The children were divided into six age groups according
to the definitions of the International Sepsis Consensus Con-
ference: newborns (children from the 1% postnatal day to 1
week old), neonates (1 week to 1 month old), infants
(1 month to 1 year old), toddler and preschool (2-5 years
old), school age (6 -12 years old) and adolescent and young
adult (13-18 years old).

Study design.

Children SIRS

Screening of (n=52)

children with
abnormal
temperature

Children without
SIRS
(n=58)

Fig. (1). Study design.
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Exclusion Criteria
. Antibacterial therapy within the last 48 hours
. Immunodeficiency
. Chronic/terminal liver or kidney illness

. Vaccination within 5 days before the start of the ill-
ness

. Any chronic illness that alters CRP levels
. Congenital metabolic defects

. Chromosomal anomalies

. Consent of parents not obtained.

For the patients identified with SIRS a special SIRS
study questionnaire was completed. At time 0 and at the 24th
and 48th hours of the study, a venous blood sample was
drawn from each patient under local anesthesia induced by
an EMLA patch. Total leukocyte count and levels of CRP,
PCT and IL6 were determined in each sample. CRP level
measurement was studied by the latex method (COBAS IN-
TEGRA; Roche professional Diagnostics), the lowest assay
sensitivity was 0.085mg/L. CRP levels < 20mg/L in our
study were accepted as normal. The BRAHMS PCT-Q im-
munochromatografic test (Brahms - Diagnostica, Germany)
for the semi - quantitative detection of PCT was used. PCT
concentrations ranges < 0.5 ng/ml, > 0.5 ng/ml, > 2 ng/ml
and > 10 ng/ml were detected with the help of a reference
card The Interleukin 6 (IL6) was determined with the a
chemiluminescent immunometric assay Immulite 2000
(Siemens Medical, Germany). The analytical sensivity was 2
pg/ml. White blood cells and neutrophils were counted on
Advia 2120 (Siemens Medical, Germany). All investigations
were made immediately. All of the laboratory analyses in
this study were carried out in the laboratory of Children
Clinical University hospital (Latvia). The following were
also determined: the prevalence of sepsis within the SIRS
patient population; clinical and demographic data of the
SIRS patients; criteria confirming SIRS. Also, the changes in

SIRS patients with sepsis
(n=11)

E—
SIRS patients
without sepsis
(n=41)
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total leukocyte count and inflammatory marker levels and
their inter-correlations were evaluated in the SIRS and sepsis
patients at different times during the study. The participation
of patients was voluntary. Before the study, each child’s par-
ents signed a consent form approved by the Central Medical
Ethics Committee. The study data were processed using EPI
INFO 2000 and SPSS. For the analysis of patient, data de-
scriptive statistics were used. For continuous variables, nor-
mality was checked. An appropriate non - parametric test
was chosen, since the data were not distributed normally.
Comparisons of continuous variables between groups were
applied using the Mann - Whitney and Wilcoxon tests. The
chi - square test was used in analysis of categorical variables
between groups. Results were presented as numbers (n), per-
cent (%), means + standard deviation and minimum - maxi-
mum (min-max). A p value < 0.05 was considered statisti-
cally significant.

RESULTS

Fifty-two SIRS patients were enrolled in the prospective
study; sepsis was recognized in 21% (n = 11) of them. In
none of the sepsis cases was the diagnosis defined in their
case history. According to the International Sepsis Consen-
sus Conference definition, SIRS is most often recognized,
when patients with changes in body temperature are
screened, as fever with respiratory rate increased by more
than 2SD above normal age values; this was found in 58% (n
= 30) of our cases. Fever with tachycardia at least 2 SD
above normal age values was noted in 54% (n = 28), while
only 40% of the SIRS patients (n = 20) had fever and ab-
normal count of leukocytes. Hypothermia was not detected.
The mean age of the SIRS patients was 6.46 years (minimum
10 months, maximum 17 years 9 months). The median age
of the sepsis patients was 8.22 years (minimum 2 years 6
months, maximum 16 years 9 months). The overall analysis
of the SIRS and sepsis patients showed that in 94% (n = 49)
some infectious disease was diagnosed. Compared to the
therapeutic and surgery diagnosis group, SIRS and sepsis
were significantly associated with infectious diseases
(p < 0.01). In our study infection was proven by two separate
positive blood cultures in 50% of sepsis patients, others had
positive findings on clinical examination, imaging and labo-
ratory tests. In our study the source of sepsis was pneumonia,
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bacterial meningitis, urinary tract infection, soft tissue infec-
tion, primary bloodstream infection. Thirty-one percent
(n = 13) of the children with SIRS and 18% (n = 2) of those
with sepsis had concomitant illnesses. The mean day of hos-
pitalization of SIRS patients was the third day of illness (min
day 1, max day 14). Sepsis patients were hospitalized earlier
- the mean was the second day of illness (min day 1, max
day 6). The mean inclusion times were the 4™ day of illness
for the SIRS patients (min day 1, max day 17) and also for
the sepsis patients (min day 2, max day 17). The mean hospi-
tal treatment time for SIRS patients was 7 days (min 3, max
30 days); the corresponding time for the sepsis patients was
12 days (min 7, max 30 days). Neither the SIRS nor the sep-
sis patient groups showed statistically significant sex differ-
ences, and the two groups did not differ significantly in the
day of hospitalization, duration of hospitalization and inclu-
sion in the study (p > 0.05) (Table 1).

Abnormal count of leukocytes (leukocytosis or leuco-
penia, according to each age group) were noted in 37%
(n = 15) of the SIRS patients at the outset of the study. CRP
over 20pg/ml was found in 71% (n = 29), elevated PCT in
39% (n = 16) and IL6 over 5 pg/ml in 90% (n = 37) of the
SIRS patients. Results are listed in Table 2. All three in-
flammatory markers at the outset of the study were elevated
in 72.7% (n = 8) sepsis patients and in 35.7% (n = 42) SIRS
patients. At the outset At the 0" hour of the study there were
statistically significant correlations between abnormal count
of leukocytes and elevated levels of CRP (p < 0.01), abnor-
mal count of leukocytes and IL6 (p < 0.05), and CRP and
PCT levels (p < 0.01) in SIRS patients.

At time 0,46% of the SIRS patients with sepsis (n = 5)
had abnormal count of leukocytes; elevated CRP was seen in
100% (n = 11) of these patients, PCT was elevated in 73%
(n=8)and IL6 in 91% (n = 10) (Table 2). However, the sep-
sis patients showed no significant correlations between ab-
normal count of leukocytes and inflammatory marker levels,
or among the inflammatory markers.

The PCT concentration was higher in the sepsis patients -
18% (n=2) had PCT concentrations above 10 ng/ml, 18%
(n = 2) in the 2-10 ng/ml range - than in the SIRS group,
where no patient had a PCT concentration above 10 and only
13% (n = 5) had PCT concentrations in the 2-10 ng/ml range

Table 1. Clinical and Demographical Data of SIRS and Sepsis Patients

Clinical and Demographical Data SIRS Patients (n = 41) Sepsis Patients (n=11) Statistics
Age 6.46 £5.9 8.22+582 p>0.05
(mean, minimal -maximal) (10 months - 17 year 9 months) (2 year 6 months - 16 year 9 months)
Gender girls/boys (number) 19/22 5/6 p>0.05
Day of hospitalization 3+£26(1-14) 2+18(1-6) p>0.05
(mean, minimal -maximal)
Inclusion time in the study 4+3.0(1-17) 4+2.6 (2 -11) p>0.05
(day of ilness mean, mean -maximal)
Treatment time in the hospital 7+5.4 (3-30) 12+ 7.5 (7- 30) p <0.05
(mean, minimal -maximal)
Concomitant ilnesses 31% (n=13) 18% (n=2) p>0.05
(number/ % from all patients)

Data are presented as the absolute number (%) or the mean + standard deviation.
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Table2. Abnormal Count of Leukocytes and Inflammatory Markers at the Outset of the Study
Elevated or Reduced Leukocyte Count C Reactive Protein Procalcitonin Interleukin
Patients Group According to Determined Age Group Values > 20 pg/ml > 0.5 ng/ml 6> 5 pg/ml
0 Hour 0 Hour 0 Hour 0 Hour
SIRS patients 37% 71% 39% 90%
(n=41) (n=15) (n=29) (n=16) (n=137)
Sepsis patients 46% 100% 73% 91%
(n=11) (n=5) (n=11) (n=28) (n=10)

(Fig. 2). The difference in PCT levels between the sepsis and
SIRS patients was statistically significant (p < 0.05).

IL6 was significantly high in the sepsis patients at time 0
of the study - mean 476.68 + 955.137 pg/ml, but there was a
significant decrease (p = 0.004, < 0.01) at 24 hours -mean
42.85 + 61.614 pg/ml (Fig. 3).

In SIRS patients at time 0 the mean IL6 level was mean
51.3 £ 137.2 pg/ml (Fig. 4), which was significantly less
than the value (mean 476.68 + 955.1 pg/ml) for the sepsis
patients.

The mean level of CRP at time 0 was 136.7 + 89.7 ug/ml
in the sepsis patients, significantly different (p < 0.05) from
the mean level in the SIRS patients - mean 58.8 + 56.8 ug/ml
(Fig. 5).

DISCUSSION

To review publications dedicated to issues surrounding
SIRS and sepsis, we used the NIH (National Institutes of
Health) database. Only a narrow range of research papers
have been dedicated to SIRS and sepsis in children. This
may be connected to the definitions of SIRS and sepsis in

70
M sirRs
601 patients
50
40 [ ] Sepsis
patients
307 18% 18%
204 13%
10
0
PCT PCT PCT PCT
<0.5 ng/ml 0.5 -2 ng/ml 2-10ng/ml >10ng/ml

Fig. (2). Changes in procalcitonin (PCT) concentration in SIRS and sepsis patients.
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Data are presented as the mean + standard deviation.

Fig. (3). Mean levels of interleukin (IL) 6 at the outset in sepsis patients and at 24 hours.
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Fig. (4). Mean levels of interleukin (IL) 6 in SIRS and sepsis patients at the outset of the study.
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Fig. (5). Mean levels of C reactive protein (CRP) in SIRS and sepsis patients at the outset of the study.

children, which have only relatively recently been adopted.
Our data are consistent with those in the literature about the
age at which children are most prone to developing SIRS and
sepsis. In our study the mean age of SIRS patients was 6.46
years, but that of sepsis patients was 8.22 years; the age most
frequently mentioned in the literature is 24 months [17]. In
accordance with the International Sepsis Consensus Confer-
ence definition, both our study and the literature data show
that SIRS and sepsis are most frequently found in children
between 2 and 8 years old. Twenty-one percent (n = 11) of
the children with SIRS developed sepsis in our study, which
broadly corresponds to other studies: 26% of adults with
SIRS developed sepsis in a study by Rangel-Fausto [18], and
23% of children developed sepsis in the Proulx study [19]. In
our patients, SIRS was confirmed according to the Interna-
tional Sepsis Consensus Conference's definition by fever,
with changes in breathing rate of more than 2 SD above the
age-normal value in 58% (n = 30) of cases; in the literature

this combination has been noted in 48% of cases [20]. Fifty-
four percent (n=28) of the children in our study had fever
with tachycardia more than 2 SD above the age-normal val-
ues, and this was also observed in 85% of the children in the
Carvalho study [20]. Forty percent of the patients (n = 20) in
the Children’s Clinical University Hospital had SIRS com-
prising fever and abnormal count of leukocytes. This was
noted in 78% in the literature data; the percentage difference
could be explained by the relatively small number of patients
in our study. Thirty-one percent (n = 13) of the children with
SIRS had some concomitant illness (p < 0.010), which again
corresponds to published numbers: 36% of the children with
SIRS had some concomitant illness in [20]. In our study,
SIRS patients showed no significant sex differences, which
also agrees with literature data [20].

The aim of our study - to identify diagnostic markers that
would allow sepsis patients to be distinguished and recog-
nized early in a population of SIRS patients - has only partly
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been achieved. Our sepsis patients showed no statistically sig-
nificant differences in CRP, PCT or IL6 levels at the outset of
the study. Nor was there a statistically significant correlation
between the inflammatory markers and changes in total leuko-
cyte count in the sepsis patients. This is entirely consistent
with data from other studies, and the search for more consis-
tent inflammatory markers or combinations of markers for the
early diagnosis of sepsis continues [14, 15, 21, 22].

PCT levels are below the limits of detection in healthy
individuals, and they are elevated when a bacterial infection is
present. In our study, 39% (n=16) of the SIRS patients and
73% (n=8) in the sepsis group had elevated PCT levels. How-
ever, several studies suggest that PCT provides less diagnostic
accuracy than previously supposed [22-25].

The results of our study match literature data in respect of
the correlation between PCT level and intensity of inflamma-
tion [20]. The extent to which the PCT concentration is ele-
vated may possibly be a useful laboratory tool for recognizing
sepsis patients, because even at the beginning of the illness
18% (n = 2) of the sepsis patients had PCT concentrations
above 10 ng/ml and 18% (n = 2) had PCT in the 2-10 ng/ml
range. These results correspond with those found by Hatherill
and Rey [11, 26] (patients with localized bacterial infections
and sepsis had PCT > 2 ng/ml) and with the data mentioned by
Guven [27] (significantly elevated changes in PCT in the early
stages of disease indicate a greater probability that sepsis will
develop).

The levels of the inflammatory cytokine IL6 at the outset
of the study showed statistically significant differences be-
tween SIRS and sepsis patients: IL6 was markedly higher in
sepsis patients - its median level was 53.10 pg/ml (mean
476.68 pg/ml) - than in SIRS patients, where the median level
was 21.10 pg/ml (mean 31.70 pg/ml). These results match
those of other studies analyzing data from intensive care unit,
facial-maxillary surgery, general surgery and neonatal age
patients with SIRS and sepsis [22, 28-33]. The IL6 levels in
sepsis patients decreased sharply and significantly at 24 hours
(p = 0.004 < 0.01) from the median value of 53.10 pg/ml to
25.30 pg/ml. Similar results have also been obtained in other
studies [32], confirming the assumption that IL6 is an early
inflammatory marker, the level of which decreases sharply if
appropriate therapy is initiated.

The statistically significant (p < 0.05) differences in CRP
that we observed between SIRS and sepsis patients have also
been found in other studies [21, 22]. However, the aforemen-
tioned failure of CRP to distinguish between viral and bacte-
rial infections must be considered; moreover, CRP may be
elevated in various neonatal pathological states (asphyxia,
interventricular hemorrhaghia etc.), and in rheumatological
and malignant processes.

We suggest running a specific medical personnel training
on clinical recognition of the first "gold" hours of sepsis by
systematically and daily search of SIRS criteria in patients.
Such activity would improve detecting of sepsis in SIRS pa-
tients and possibly could be cost effective by decreasing labo-
ratory costs.

CONCLUSIONS

Patients with systemic inflammatory response syndrome
(SIRS) and sepsis differed significantly in changes in levels
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of C reactive protein (CRP), procalcitonin (PCT) and inter-
leukin (IL) 6, so those inflammatory indicators could be used
to identify sepsis patients. In view of the relatively small
number of subjects in the sepsis group, current evidence only
enables us to suggest that particular attention should be paid
to SIRS patients with elevated levels of above-mentioned
inflammatory indicators, and that those patients should be
treated as a high risk population for developing sepsis.

There is a need for a continuing search for new, specific
and sensitive inflammatory markers and combinations of
markers in SIRS patients that will enable sepsis to be diag-
nosed early.
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