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Obijective: A prospective study to investigate the pattern of proinflammatory and anti-inflammatory
cyfokine responses in preterm infants with systemic infection.

Methods: Very low birthweight infants in whom infection was suspected when they were > 72 hours
of age were eligible. A full sepsis screen was performed in each episode. Key cytokines of both proin-
flammatory and anti-inflammatory pathways, including interleukin (IL) 2, IL4, IL5, 1L, IL10, interferon
(IFN) v, and tumour necrosis factor (TNF) a, were measured at O (at the time of sepsis evaluation), 24,
and 48 hours by flow cytometric analysis or immunoassay.

Results: Thirty seven of the 127 episodes of suspected clinical sepsis were proven infection or necro-
tising enterocolitis. Both proinflammatory (IL2, IL6, IFNy, TNFa) and anti-inflammatory (IL4, IL10) cyto-
kines were significantly increased in infected infants compared with non-infected infants. Significant
correlations were observed between IL6 and TNFa or IL10 as well as IL10 and IFNy in infected infants.
In the subgroup analysis, plasma IL6, IL10, and TNFa concentrations, and IL1O/TNFa and 1L6/IL10
ratios were significantly elevated in patients with disseminated intravascular coagulation compared
with infected infants without. The ILTO/TNFa ratios had decreased significantly 48 hours after the
onset, whereas the IL6/IL10 ratio showed only a non-significant decreasing trend. Further, the IL6/IL10
ratio in the deceased infant was disproportionally increased at presentation and continued to increase
despite treatment.

Conclusion: The results indicate that the counter-regulatory mechanism between the proinflammatory
and anti-inflammatory cytokine pathways is probably operational in preterm infants of early gestation.
High plasma IL6, IL10, and TNFa concentrations, and IL10/TNFa and IL6/IL10 ratios signify severe
infection, but transiently elevated plasma IL10 concentration or IL10/TNFa ratio does not necessarily

indicate a poor prognosis.

play an important role in orchestrating the inflamma-

tory cascade of the human body." The production of
proinflammatory and anti-inflammatory cytokines is strictly
controlled by complex feedback mechanisms.”* Proinflamma-
tory cytokines are primarily responsible for initiating an
effective defence against exogenous pathogens. However,
overproduction of these mediators can be harmful and may
ultimately lead to shock, multiple organ failure, and death.”®
In contrast, anti-inflammatory cytokines are crucial for
downregulating the exacerbated inflammatory process and
maintaining homoeostasis for proper functioning of vital
organs,” ' but excessive anti-inflammatory response may also
result in the suppression of body immune function." ** The
pattern of circulating cytokines and the pathogen characteris-
tics and load may determine the differentiation of precursor T
helper (ThO) lymphocytes into Th1 and Th2 cells.” Th1 cells,
which produce interferon (IFN) vy, interleukin (IL) 2, and
tumour necrosis factor (TNF) (3, are known to promote cell
mediated immunity and phagocytic activity, especially during
intracellular infections,'* whereas Th2 cells, which produce
114, IL5, IL6, IL9, IL10 and IL13, support humoral immunity
and antibody production,'? and play a dominant role in
allergic” and stress responses.” Although the cytokine
patterns of lymphocyte subsets have been extensively studied
in adult patients with infection and septic shock,’ * ® the exact
mechanism of regulation and their effects on clinical
outcomes remain to be elucidated. Furthermore, little is
known about the profile of proinflammatory and anti-
inflammatory cytokines in septic preterm, very low birth-
weight (VLBW) infants, in whom the immune system has
been considered to be suboptimal and immature." Recent

Cytokines are endogenous chemical mediators which

advances in flow cytometry have permitted quantitative
measurement of key cytokines, including 1L2, 114, IL5, IL10,
IFNy, and TNFa, with a minimal volume of plasma (0.05 ml),
and this new technology would be most suited for assessing
the inflammatory cascade in preterm infants. This prospective
study was thus designed to investigate the relation between
proinflammatory and anti-inflammatory cytokines in VLBW
infants with bacterial septicaemia, systemic fungal infection,
and necrotising enterocolitis (NEC) using flow cytometry. The
impact of the severity of disease and the type of infection on
the cytokine cascade was also studied.

PATIENTS AND METHODS

Patients

Preterm infants with (a) birth weight < 1500 g, () postnatal
age > 72 hours, (c) sign and symptoms suggestive of systemic
infection and requiring full sepsis evaluation and antibiotic
treatment, and (c) parental consent, in the neonatal unit at
Prince of Wales Hospital, Hong Kong were eligible for enroll-
ment into the study. Patients who were already on parenteral
antibiotic treatment at the time of sepsis evaluation, or had
severe congenital or chromosomal abnormalities, were ex-
cluded. Recruitment of suspected infection episode was
carried out prospectively over a 22 month period.

Abbreviations: IFN, interferon; IL, interleukin; TNF, tumour necrosis
factor; VLBW, very low birthweight; NEC, necrotising enterocolitis; CRP,
C reactive protein; DIC, disseminated intravascular coagulation
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Methods

Signs and symptoms suggestive of clinical sepsis have been
described in detail in our previous study.” All infants were
recruited at the time of evaluation for suspected clinical sepsis.
In each episode, a full sepsis screen was performed, which
included: cerebrospinal fluid, blood, urine, stool, and endotra-
cheal aspirate (infants on ventilator) cultures for bacteria and
fungi; removal and culture of indwelling central lines or cath-
eters; and cultures of specific sites and surgical specimens
such as peritoneal fluid, abscess, and biopsy specimen. Chest
radiograph was routinely performed during the initial screen-
ing procedure, and an abdominal radiograph was requested
when patients presented with signs suggestive of intra-
abdominal pathology. Haematological and biochemical labo-
ratory investigations, including a complete blood count,
differential white cell and platelet counts, arterial blood gas,
and serum glucose concentration, were also performed. In
addition to our routine serial C reactive protein (CRP)
measurements, blood specimens were also obtained for evalu-
ation of IL2, 114, IL5, IL6, IL10, IFNY, and TNFa. The first sam-
ple was taken at the time of the initial sepsis evaluation (0
hour), and two further samples were obtained at 24 and 48
hours after the onset for monitoring the clinical progress. This
schedule of blood sampling coincided with our unit policy for
serial blood count and CRP measurements after a suspected
episode of infection had been identified. Intravenous broad
spectrum antibiotics were started immediately after the sepsis
screening. Three categories of “infective” episodes were
prospectively defined."” Briefly, they were as follows.

Group 1, the “infected group” which consisted of episodes that
had been confirmed as septicaemia, meningitis, pneumonia,
peritonitis, systemic fungal infection, or NEC (stage II or
above in Bell’s classification). A subgroup of severely infected
infants who developed disseminated intravascular coagula-
tion (DIC) and clinically presented with elevated serum
p-dimer concentration > 1.0 pg/ml (normal range 0.5-1.0
pg/ml), thrombocytopenia < 50 x 10’1 (normal range > 150 x
10°’/1), and deranged coagulation with prolonged activated
partial thromboplastin time > 120 seconds (normal range
26.2-40.1 seconds) was also identified.

Group 2 was defined as the “non-infected group” and
consisted of episodes that met the screening criteria for
suspected clinical sepsis but were subsequently proven not to
be infected."”

Group 3 was the “comparison group” and consisted of blood
samples taken once from 20 well, VLBW infants between week
1 and 5 of postnatal age for CRP and cytokine measurements.
The collection of the latter blood samples coincided with the
weekly monitoring of haemoglobin, liver function, and bone
profile of preterm infants.

Measurement of cytokines and CRP
Blood samples collected from indwelling arterial lines or
venepunctures were immersed in ice and immediately
transported to the laboratory for processing. Plasma was
separated by centrifugation (1900 g for five minutes) at 4°C
and stored in 200 pl aliquots at —=80°C until analysis. CRP was
measured by a turbidity assay against control standards, as
specified by the manufacturer (Behring Diagnostics Inc, West-
wood, Massachusetts, USA). IL6 was measured by the enzyme
linked immunoassay technique using a commercially avail-
able kit (R&D System Inc, Minneapolis, Minnesota, USA). The
sensitivity of the IL6 assay, as defined by the corresponding
concentration at two standard deviations above the mean
measurement of the negative control (0 pg/ml) is 0.70 pg/ml.
A panel of Thl and Th2 cytokines including IL2, 114, IL5,
IL10, INFy, and TNFa were simultaneously quantified by the
Human Th1/Th2 Cytokine Cytometric Bead Array Kit (BD
Pharmingen, San Diego, California, USA) using flow cyto-
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metry. This assay kit provided a mixture of six micro-bead
populations with distinct fluorescent intensities (FL-3) and
were precoated with capture antibodies specific for the
Th1/Th2 proteins. When the beads were incubated with the
corresponding phycoerythrin conjugated detection antibodies
and the test sample, sandwich complexes were formed. The
assay sensitivities for 1L2, 1L4, IL5, IL10, TNFa, and I[FNy were
2.6,2.6,2.4,2.8,2.8,and 7.1 pg/ml respectively. For our analy-
sis, 50 pl plasma or the provided standard cytokines were
added to the pre-mix micro-beads in 12 mm % 75 mm Falcon
tubes. After the addition of 50 pl detecting reagent, the
mixture was incubated for three hours in the dark at room
temperature. This mixture was washed and centrifuged at 200
g for five minutes and the pellet was resuspended in 300 pl
washing buffer. The FACS Calibur flow cytometer (BD
Pharmingen) was calibrated with the Setup Beads, and 3000
events were acquired for each sample. The quantities of indi-
vidual cytokines as indicated by their fluorescent intensities
(FL-2) were computed using the standard reference curve of
the CellQuest and CBA Software (BD Pharmingen).

Statistical analysis

The basic data and the plasma concentration of different cyto-
kines in the infected (group 1: 0 hour), non-infected (group 2:
0 hour), and comparison (group 3) group were compared
using the Kruskal-Wallis test and x* test. The Mann-Whitney
U test was also used to compare the corresponding plasma
cytokine concentrations between the infected and non-
infected infants at 24 and 48 hours, and in the subgroup
analysis of infected patients. In addition, the relation between
different cytokines was assessed by the Spearman’s correla-
tion. The statistical analysis was performed on raw or
logarithmically transformed data where appropriate. All
statistical tests were performed by SPSS for Windows (Release
10; SPSS Inc, Chicago, Illinois, USA). The level of significance
was set at 5% in all comparisons.

Ethical approval

The study was approved by the research ethics committee of
the Chinese University of Hong Kong. Informed consent was
obtained from the parents or guardians for all patients.

RESULTS

There were no significant differences in gestational age
(median (interquartile range) 29.2 (27.8-31.2) v 28.6 (27.1-
30.1) v 29.1 (27.5-31.2) weeks), birth weight (median (inter-
quartile range) 1183 (864-1048) v 1131 (903-1292) v 1180
(845-1361) g), Apgar scores at one and five minutes, and male
to female ratio between the infected, non-infected, and
comparison groups respectively. A total of 127 episodes of sus-
pected clinical sepsis were investigated in 80 VLBW infants.
One, one, seven, and 26 patients had a sepsis screen performed
five, four, three, and two times respectively. The remaining 45
infants received only one sepsis screen. Hence, the results are
based on the number of suspected infection episodes rather
than the number of infants recruited into the study. Thirty
seven of the 127 episodes of suspected clinical sepsis were
confirmed infection or NEC. Table 1 gives details of the clini-
cal pathologies of infected infants and causative organisms.
No micro-organisms could be isolated from the blood and
cerebrospinal fluid in four infected cases. These patients
presented with unstable temperature, hypotension, recurrent
apnoea, and severe desaturation. All were judged to be genu-
inely septic based on their strong and persistent signs of
infection, and they were subsequently found to have raised
CRP and at least two other markers of infection. These infants
received a full course of antibiotic treatment, and their clinical
improvement bore close temporal relation to the normalisa-
tion of infection markers. Thus we believe that these cases
have not been misclassified.
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Table 1 Details of clinical pathologies and
organisms of the infected episodes

Pathology/organism No of episodes (n=37)

Gram positive septicaemia (n=15 (40.5%))
Coagulase negative staphylococci 13 (1 case of pneumonia)
Staphylococcus aureus 1

Enterococcus 1
Gram negative septicaemia (n=6 (16%))
Serratia marcescens 2
Klebsiella sp. 3 (1 case of pneumonial)

Escherichia coli 1
Fungal septicaemia (n=4 (11%))
Candida albicans 3 (1 case of meningitis)

Malassazia furfur 1
Necrotising enterocolitis (n=8 (21.5%)) 8 (2 cases of bowel perforation)
Unidentified organisms (n=4 (11%)) 4

Overall analysis

Plasma concentrations of IL2, 114, IL6, IL10, IFNY, and TNFa
at the time of sepsis evaluation (0 hour) were significantly
higher in the infected group than in the non-infected (0 hour;
p < 0.002) and comparison (p < 0.05) groups. Similarly, these
cytokines (except TNFa at 48 hours) were also significantly
raised at 24 and 48 hours in infected compared with
non-infected infants (p < 0.04, table 2). As expected, no
significant difference in plasma cytokine concentrations was
observed between non-infected infants at 0 hour and infants
in the comparison group. In addition, plasma IL5 concentra-
tions did not differ significantly at any time points between
the three groups.

There was significant correlation between different cyto-
kines in infected infants. In particular, IL6 consistently corre-
lated significantly with TNFa (r > 0.36, p < 0.03) and IL10
(r > 0.49, p < 0.002) throughout the study period, whereas
IL10 also significantly correlated with IFNy (r > 0.43,
p < 0.015) at 0 and 24 hours.

Subgroup analysis

The infected infants (group 1) were further divided into clini-
cal subgroups for analysis. They were (a) infants with NEC v
those without, () infants with DIC v those without, and (c)
infants with Gram positive organism infection v those with
Gram negative organism or systemic fungal infection. Table 3
summarises the cytokine results of these clinical subgroups.
There was no significant difference in the peak plasma
cytokine concentrations between infants who had NEC and
infected infants without the disease. In contrast, the peak
plasma IL6 concentrations were significantly higher in
patients with Gram negative or fungal infections than in
infants with Gram positive sepsis (p = 0.035). The peak
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plasma IL6, IL10, and TNFa concentrations were significantly
elevated in septic infants with DIC compared with those
without (p < 0.0001). Similarly, the ILI0/TNFa and IL6/IL10
ratios—that is, the ratios used to evaluate the balance between
proinflammatory and anti-inflammatory cytokines—were
significantly higher in patients with DIC (p < 0.01 at 0 and 24
hours for IL10/TNFa, and p < 0.05 at 0, 24, and 48 hours for
1IL6/IL10, with or without the death case). The IL10/TNFa
ratios, however, had fallen significantly at the subsequent time
points (24 and 48 hours) compared with the corresponding
levels at 0 hour (p < 0.005 at 48 hours for infants with DIC,
and p < 0.001 at 24 and 48 hours for infected infants without
DIC; fig 1), whereas the IL6/IL10 ratios did not decrease
significantly during the study period (fig 2).

The deceased case

Of 37 infected infants, one patient died from fungal septicae-
mia and DIC. This patient had very elevated plasma IL6 (1875
pg/ml) and IL10 (122.7 pg/ml) concentrations at presentation,
and these levels remained high throughout the study period
(plasma IL10 (80.8 and 48.8 pg/ml) and IL6 (1855 and 5608
pg/ml) at 24 and 48 h, respectively). In contrast with the
patients with DIC who survived, the IL6/IL10 ratios of this
infant continued to increase despite treatment. The log
IL6/IL10 ratios were 2.7, 3.1, and 4.7, and the log IL10/TNFa
ratios were 3.5, 3.2, and 2.8 at 0, 24, and 48 hours respectively.

DISCUSSION

Our data show activation of specific proinflammatory (IL2,
IL6, IFNy, TNFa) and anti-inflammatory (IL4, IL10) cytokines
in response to sepsis and successful treatment in preterm,
VLBW infants. Whereas the panel of proinflammatory and
anti-inflammatory cytokines were regulated in response to the
nature and severity of the diseases, IL5, a cytokine principally
related to allergy and hypersensitivity stress, remained largely
unaffected. The reactions to sepsis were particularly promi-
nent in the activation of IL6 and IL10, which were elevated
35-fold and 22-fold respectively at 0 hour compared with the
levels in those infants who were subsequently shown to be
non-infected (table 3). Further, the cytokine levels were
decreased by 83% and 87% 48 hours after treatment. To date,
the interaction between proinflammatory and anti-
inflammatory cytokines in response to sepsis remains a
controversial subject. Most evidence, including our present
findings, points to the operation of a feedback or counter-
regulatory mechanism. IL6 and TNFa are potent proinflam-
matory cytokines and are responsible for eliciting a strong
inflammatory reaction, which, if left uncontrolled, may lead to
severe hypotension, multiple organ dysfunction, and
death.” " This proinflammatory state of acute phase response
to sepsis will ultimately trigger a compensatory anti-
inflammatory reaction involving antagonist mediators such as

Table 2 Plasma cytokine concentrations (pg/ml) in the infected (group 1, n=37), non-infected (group 2, n=90) and
comparison (group 3, n=20) groups at 0, 24, and 48 hours of sepsis evaluation
2 IL4 IL5 IL6 IL10 IFNy TNFa
0 hour
Infected group 2.8(0.0-52) 3.0(0.0-57) 47 (2.1-17.1) 140 (34-1251) 109 (20-245) 67 (27-787) 3.0 (1.4-5.7)
Nor-infected group 0.0(0.0-0.8) 0.0(0.0-2.2) 4.1 (2.6-7.6) 4 (2-11) 5 (4-9) 8 (0-17) 2.0 (0.0-2.8)
Comparison group 0.0 (0.0-1.6) 1.6(0.0-2.4) 3.1(1.8-5.7) 2 (1-6) 7 (5-8) 9 (0-14) 2.1 (0.6-2.9)
24 hours
Infected group 20(0.0-3.6) 3.0(0.0-6.6] 37 (2.2-6.1) 25 (9-95) 29 (9-68) 42(18-83)  2.5(0.0-3.9)
Non-infected group 0.0(0.0-0.0) 0.0(0.0-2.4) 49 (2.8-9.8) 4 (2-8) 5 (3-8) 7 (0-16) 1.8 (0.0-2.8)
48 hours
Iftzgizd] grans 0.0(0.0-2.9) 3.9(0.0-6.3) 3.7 (1.8-6.4) 24 (3-61) 14 (8-21) 14 (0-49) 2.1 (0.0-3.5)
Nonvinfected group 00(0.0-00) 06(0.0-2.5) 42(2.7-82) 4 (2-13) 5 (3-8 8 (0-15) 2.0 (0.0-2.8)
Results are median (interquartile range).
IFN, interferon; IL, interleukin; TNF, tumour necrosis factor.
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Subgroup B

10.5 (4.7-18.9)
3.3(1.9-4.7)

176 (57-6242)
87 (43-760)

305 (123-1986)
44 (11-150)

2864 (258-17435)
55 (23-109)

6.2 (2.9-38.9)
5.7 (4.1-8.9)

7.4 (2.6-18.3)
5.0 (3.9-7.8)

4.3 (2.4-13.3)

-15)

DIC (n

3.5 (2.4-5.1)

-22)

Non-DIC (n

Subgroup C

10.5 (3.3-26.4)

57 (49-2175)
47 (1.9-11.1)

150 (60-5441)
174 (51-305)

2864 (212-28969)
109 (34-1007)

11.9 (2.7-43.5)

4.2 (3.1-6.2)

7.6 (4.6-15.3)
5.0 (2.7-7.8)

4.1 (3.2-8.2)
3.6 (1.8-5.6)

=9)

Infection due to Gram negative organisms or fungi (n

431 (71-2307)

=15)

Infection due to Gram positive organisms (n

Results are median (interquartile range).

IFN, interferon; IL, interleukin; TNF, tumour necrosis factor.
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Figure 1 Comparison of interleukin (IL)10/tumour necrosis factor
(TNF) o ratios between septic infants with and without disseminated
intravascular coagulation (DIC). The IL10/TNFa ratios at O and 24
hours were significantly higher in infected infants with DIC (excluding
the death case) than in those without. Double asterisks indicate a
significant difference in the corresponding IL10/TNFa ratio between
the two groups with p < 0.01. Results are mean (SEM).
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Figure 2 Comparison of interleukin(IL) 6/IL10 ratios between
septic infants with and without disseminated intravascular
coagulation (DIC). The IL&/IL10 ratios at O, 24, and 48 hours were
significantly higher in infected infants with DIC (excluding the death
case) than in those without. One asterisk indicates a significant
difference in the corresponding IL6/IL10 ratio between the two
groups with p < 0.05. Results are mean (SEM).

114 or IL10. In humans, the release of IL10 by Th2 cells, B cells,
and macrophages has been shown to be upregulated by circu-
lating TNFa.” IL10 has the ability to suppress the synthesis of
proinflammatory cytokines from T cells, leucocytes, and
macrophages,” * and effectively downregulates the proin-
flammatory response. In older children and adult patients
with severe sepsis, high circulating levels of IL10 have been
associated with septicaemic shock, exaggerated proinflamma-
tory cytokine response, and the disease severity index.** *
Similarly, our data showed a significant correlation between
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IL6 and ILI0 or TNFa in infected preterm infants and
suggested that this counter-regulatory mechanism was prob-
ably operational very early in gestation.

The results of subgroup analysis indicate that patients with
Gram negative or fungal septicaemia and those with DIC were
more sick, and these patients elicited a more prominent
proinflammatory as well as anti-inflammatory response than
infants with Gram positive septicaemia and no DIC respec-
tively. In contrast, the magnitude of cytokine response did not
differ significantly in patients with NEC and in infected
infants without NEC, suggesting that the severity of
inflammatory response may be similar in these two groups of
patients. A recent study reported that persistently high levels
of IL10 or a high IL10/TNFa ratio were associated with poor
prognosis and increased mortality in adult febrile patients.’
However, this association of high IL10 level with increased
mortality was not confirmed in laboratory models of sepsis. In
fact, exogenous administration of IL10 conferred protection
against excessive proinflammatory cytokine production and
mortality,” ' * and neutralisation of endogenous IL10 with
specific monoclonal antibodies resulted in increased proin-
flammatory cytokine levels and fatality rate.** In accordance
with the findings of van Dissel and co-workers,’ our data show
a significant increase in IL10/TNFa ratio in more severely
affected infants, but the ratio fell precipitously and began to
normalise 48 hours after onset (fig 1). Thus, transiently
elevated plasma IL10 levels or IL10/TNFa ratios did not neces-
sarily indicate a poor outcome, as all except one of our patients
with DIC survived. Although the IL10/TNFa ratios of the
deceased patient declined after the start of treatment, this
ratio remained relatively high at 48 hours (log IL10/TNFa ratio
2.8). Further, Taniguchi et al’ reported the correlation of high
IL6/IL10 ratios and poor outcomes in adult patients with sys-
temic inflammatory response syndrome. Our data also show a
significantly higher IL6/IL10 ratio in patients with DIC. This
ratio was disproportionally elevated in the deceased infant at
presentation and continued to increase despite treatment. The
change in the cytokine ratio in this case was mainly attributed
to the continuous and substantial increase in IL6 (5608 pg/ml
at 48 hours), and also to a lesser extent the decrease in IL10
(48.8 pg/ml at 48 hours). Thus our results point towards an
exaggeration of proinflammatory activity coupled with an
inadequate anti-inflammatory compensation in an infant
whose clinical condition had been overwhelmed by severe
sepsis. We speculate that both IL6 and IL10 play a crucial role
in balancing the beneficial and adverse effects of the cytokine
cascade during systemic infection.

In summary, our data suggest that the interaction between
proinflammatory and anti-inflammatory cytokines plays an
important role in the clinical manifestations and outcomes of
systemic infection in preterm, VLBW patients. Our study also
indicates that the counter-regulatory mechanisms between
proinflammatory and anti-inflammatory pathways are prob-
ably operational early in gestation. High IL10/TNFa and
IL6/IL10 ratios signify severe infection, but transiently
elevated plasma IL10 concentrations or ILI0/TNFa ratios at
presentation do not necessarily imply poor prognosis, as most
of our patients with DIC survived. We speculate that an exag-
gerated proinflammatory response in association with inad-
equate anti-inflammatory compensation may result in an
adverse clinical outcome. Flow cytometric analysis, which
requires only a small volume of blood (0.05 ml plasma), is
most suited for quantitative measurement of key cytokines in
this population. The mechanism and role of cytokines in neo-
natal sepsis warrants further investigation, and immune
modulation therapy such as monoclonal antibody to IL10 or
individual cytokines should for the time being remain experi-
mental.
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