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Background: Preterm infants are highly vulnerable to infectious disease. While many
factors are likely to contribute to this enhanced susceptibility, the immature nature of the
preterm immune system is postulated as one key factor.

Methods: In our study, we used high-dimensional flow cytometry and cytokine assays to
characterise the immune profiles in 25 preterm (range: 30.4-34.1 weeks gestational age)
and 25 term infant (range: 37-40 weeks gestational age) cord blood samples.

Results: We found that preterm infants exhibit reduced frequencies of monocytes,
CD56°"9" NK cells, CD8+ T-cells, y& T-cells and an increased frequency of
intermediate monocytes, CD4+ T-cells, central memory CD4+ and CD8+ T-cells, Tregs
and transitional B-cells compared to term infants. Pro-inflammatory cytokines IL-1p, IL-6
and IL-17A were lower in preterm infants in addition to chemokines IL-8, eotaxin, MIP-1o.
and MIP-1B. However, IL-15 and MCP-1 were higher in preterm infants.

Conclusion: Overall, we identify key differences in pro-inflammatory immune profiles
between preterm and term infants. These findings may help to explain why preterm infants
are more susceptible to infectious disease during early life and facilitate the development
of targeted interventions to protect this highly vulnerable group.
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INTRODUCTION

Preterm infants born <37 weeks gestational age (WGA) are highly
susceptible to severe infectious disease (1). Moderate preterm
infants born between 30-34 wGA are more likely to be
hospitalised for infectious disease when compared to term
infants (1, 2). One of the major factors implicated in the
susceptibility of preterm infants to infectious disease is their
immune system status (3). This highlights the need to
understand the immune profile of preterm infants, particularly
those who are moderate preterm as these infants represent a large
proportion of preterm birth, with only limited immunological
data currently available (4).

The preterm infant immune response is considered immature
compared to term infants (3), as indicated by studies demonstrating
reduced immune cell frequencies, total numbers and functionality
in preterms (5, 6). For example, lower frequencies of natural killer
(NK) cells in very preterm infants were associated with increased
late onset sepsis with Pseudomonas aeruginosa, Klebsiella
pneumoniae, Staphylococcus haemolyticus and Escherichia coli at
10.5 days post-birth (7). Similarly, reduced frequencies of T-cells
and NK cells have been associated with severe respiratory syncytial
virus (RSV) disease (8).

Identifying differences in immune profiles between preterm
and term infants could be crucial to understanding susceptibility
to infectious disease. However, literature regarding an in-depth
comparison between the immune cell profiles in preterm and
term infants is limited. In our study, we compared the immune
profiles in cord blood between preterm and term infants, using a
combination of high-dimensional flow cytometry and multiplex
cytokine analysis.

METHODS
Sample Collection and Study Cohort

Cord blood samples were obtained from a cohort of 25 healthy
moderate preterm (30.4-34.1 wGA) and 25 healthy term (37-40
wGA) infants from Tu Du Hospital, Ho Chi Minh City, Vietnam.

All infants in this study were born by normal vaginal delivery
and were free of early onset neonatal infection. Cord blood was
not collected from infants who had:

* Major or suspected major malformations, including
congenital heart disease, genetic syndromes,

e Clinical evidence of chorioamnionitis,

e Rupture of membranes for more than 24 hours,

* Suspected or confirmed early onset sepsis.

Or if their mothers had:

* Autoimmune disease or immunodeficiency syndrome, or
immunosuppressant or immunomodifying treatment for
more than 3 months.

e Infection: human immunodeficiency virus, hepatitis B,
hepatitis C, primary herpes simplex virus infection during
current pregnancy.

* Physical, psychiatric, or complex social situation where the
mother and baby may not be able to fully participate such as
maternal alcohol or substance dependency, issues about child
protection.

The cord blood samples were transported to the Pasteur
Institute of Ho Chi Minh City, Vietnam for cord blood
mononuclear cells (CBMCs) isolation by density grade ficoll
separation, and serum separation within 4 hours of collection.
CBMCs and sera were stored in liquid nitrogen and -80°C
respectively, until shipment to the Murdoch Children’s
Research Institute, Melbourne, Australia.

This study was approved by the Pasteur Institute Ho Chi
Minh City Ethics Committee (Ethics approval: 213/QD-PAS)
and RCH Human Research Ethics Committee (HREC; 56904).

Study Reagents

RPMI-160, fetal bovine serum (FBS), L-glutamine and penicillin-
streptomycin were purchased from Sigma-Aldrich, St. Louis, USA.
Anti-mouse compensation beads were purchased from BD
Bioscience, San Diego, CA, USA. All flow cytometry antibodies
used, and their suppliers are indicated in Supplementary Table 1.

Flow Cytometry

Cryopreserved CBMCs were thawed at 37°C then washed with
10ml Ry media (RPMI-1640 medium supplemented with 10%
FBS, 2mM L-glutamine, 1000IU penicillin-streptomycin) and
centrifuged at 400 x g for 5 minutes. CBMCs were washed with
5ml PBS and centrifuged at 400 x g for 5 minutes then blocked
(50ul of 1% human FC-block and 10% normal rat serum in PBS)
for 20 minutes on ice. CBMCs were then washed with 1ml FACS
buffer (PBS supplemented with 2% FBS and 2mM EDTA) and
stained with 50pl of antibody cocktail 1 or 2 (Supplementary
Table 1) for 20 minutes on ice. CBMCs were then washed and
resuspended in 100pul FACS buffer for acquisition using the
Cytek Aurora. Compensation was performed at the time of
acquisition using compensation beads. Data was analysed using
Flowjo v10.7.1 software. Gating strategies are shown in
Supplementary Figures 1, 2.

Multiplex Cytokine/Chemokine Assay

A commercial multiplex bead array kit (27-plex human cytokine
assay; Bio-rad, New South Wales, Australia) was used to measure
IL-1B, IL-1ra, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12
(p70), IL-13, IL-15, IL-17A, eotaxin, FGF-basic, G-CSF, GM-
CSF, MCP-1, IFN-vy, TNF-a, IP-10, RANTES, MIP-1ca, MIP-1j3,
PDGF and VEGF from serum according to manufacturer’s
instructions. Results were analysed on a Luminex 200
instrument (Luminex, Texas, USA) fitted with the Bio-Plex
Manager Version 6 software and results were reported in pg/ml.

Statistical Analysis

Flow cytometry data was presented as a boxplot (min-max
whiskers) and cytokine data was presented as a median +/-
interquartile range (IQR). An unpaired non-parametric Mann-
Whitney U-test was used to compare cellular and cytokine data
between preterm and term groups. A Spearman’s correlation was
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used to correlate gestational age and immune cell subsets. The
data was graphically represented and statistically analysed using
Graphpad prism v8 software (Graphpad Software Inc, California,
USA). All tests performed were two-tailed and a p-value <0.05
was considered significant.

RESULTS

Characteristics of Sample Cohort

Overall, 50 infants were recruited for this study with an even
distribution of preterm and terms. The median gestation age for
preterm infants was 32.6 (range: 30.4-34.1) weeks and 39.1 (range:
37-40) weeks for term infants. In the preterm group, 48% were
male, whilst 68% were male in the term group. Additionally, all
infants were born via normal vaginal delivery and no infants had
presence of clinical chorioamnionitis (Table 1).

Characterisation of Innate Immune Cells in
Preterm and Term Infants

We examined innate immune profiles as diminished innate
immunity may often result in skewed adaptive responses that lead
to severe disease in preterm infants. Preterm infants exhibited a
decreased frequency of CD14+CD16- classical monocytes (p=0.002)
and an increased frequency of CD14+CDI16+ intermediate
monocytes (p=0.020) compared to term infants (Figure 1A). The
frequency of CD14-CD16+ non-classical monocytes were similar
between the groups. Preterm infants had a reduced myeloid dendritic
cell (mDCs) frequency (p=0.010). Total dendritic cell (DC) and
plasmacytoid dendritic cell (pDCs) frequencies were lower in
preterm infants but this was not significant (Figure 1B). This trend
is supported as we found a positive correlation between gestational
age and pDC frequency in preterm infants (r=0.48, p=0.01;
Supplementary Figure 3B). Additionally, the mDC to pDC ratio
was no different between preterm and term infants (Figure 1B).
Preterm infants had a reduced frequency of CD56™"™ NK cells
(p=0.010) and an increased frequency of inhibitory NKG2A+ NK
cells (p=0.004), while other NK cell subsets, total CD56%™, activated
(CD16+CD56+) and mature (CD16+CD56+CD57+) were similar
between preterm and term infants (Figure 1C). Analyses of innate
immune populations by gender revealed similar trends to these
observations (Supplementary Figure 4).

Characterisation of Adaptive Immune Cells
in Preterm and Term Infants

Preterm infants had an increased proportion of CD4+ of3 T-cells
(p=0.020), while CD8+ o T-cells were reduced (p=0.030).
Interestingly, while total y& T-cell proportions were reduced in
preterm infants (p=0.030), 0 T-cells expressing V&2 were higher
than in term infants (p<0.0001; Figure 2A). Memory populations
within CD4+ and CD8+ T-cells were mostly similar except central
memory (CM) CD4+ (p=0.001) and CD8+ T-cells (p=0.002) which
were higher in preterm infants and naive CD4+ T-cells (p=0.004)
which were lower (Figure 2B). Treg frequencies were higher in
preterm infants (p=0.020) while no differences were observed for
Thl (CD4+CXCR3+CCR4-), Th2 (CD4+CXCR3-CCR4+CCR6-)
and Th17 (CD4+CXCR3-CCR4+CCR6+CD161+) cells

(Figure 2C). Similarly, there were no differences in the frequency
of B-cells and memory B-cells, although there was an increased
frequency of transitional B-cells in preterm infants (p<0.0001;
Figure 2D). Only CD4+ effector T cells (r=0.45, p=0.02) and
Tregs (r=0.39, p=0.0.05) positively correlated with gestational age
(Supplementary Figures 5B, C) in preterm infants. Comparisons of
adaptive immune cell populations by gender also revealed similar
trends to these data (Supplementary Figure 6).

Cytokine, Chemokine, and Growth Factor
Levels in Preterm and Term Infants
Cytokines, chemokines, and growth factors are crucial in
influencing activation and proliferation of innate and adaptive
immune cells to control and clear infection. Pro-inflammatory
cytokines IL-1B (p=0.040), IL-6 (p=0.050) and IL-17A
(p<0.0001) were lower in the serum from preterm infants
whilst IL-15 (p=0.010) was higher compared to term infants.
However, no differences in IL-2, IL-12, IFN-y and TNF-o were
observed. All anti-inflammatory cytokines (IL-1RA, IL-4, IL-5,
IL-7, IL-9, IL-10, IL-13) were similar between preterm and term
infant serum. Chemokines IL-8 (p=0.001), eotaxin (p=0.001),
MIP-1a (p=0.0003) and MIP-1f (p=0.002) were all decreased in
preterm infants whilst MCP-1 (p=0.0002) was elevated. RANTES
and IP-10 were similar between the two groups. Lastly, growth
factors were similar between preterm and term infants except for
PDGF, which was elevated in term infants (p=0.001; Table 2).
Comparisons for cytokines, chemokines and growth factors by
gender revealed similar trends (Supplementary Figure 7).

DISCUSSION

Comparative studies of immune profiles often involve adults,
and to a lesser degree children. While many studies have
compared aspects of preterm and term immune profiles,
studies that have performed in-depth comparisons of both
innate and adaptive immune profiles are limited. Our study
provides a comprehensive insight into the immune landscape of
infants born preterm versus those born full term. We identify
significant differences in adaptive and innate immune cell
composition between preterm and term infants, which may
explain why preterm infants are more susceptible to severe
infectious disease. Our data also reveals significant differences
in serum cytokines and chemokines, particularly those that
involved in pro-inflammatory immune responses.

We characterised the immune landscape of moderate preterm
infants compared to term infants. Moderate preterm infants have
an increased risk of severe infectious disease (9) and are therefore
important groups for investigation. A recent paper by Olin et al.
also compared preterm versus term infants but focused on
infants <30wGA (10). While this is important, preterm infants
born <30 wGA represent a smaller proportion of preterm infants
than those born >30 wGA. The data presented in this paper
provides insights into the immunological basis of susceptibility
to disease in moderate preterm infants and possible therapeutic
interventions (10).
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TABLE 1 | Characteristics of preterm and term infants.

Preterm N = 25 Term N =25
Gestational Age (wk)' 32.6 (30.4-34.1) 39.1 (37-40)
Sex? 13F, 12 M 8F, 17M
Vaginal birth® 25/25 (100) 25/25 (100)
Clinical chorioamnionitis® 0/25 (0) 0/25 (0)
"Data presented as median (range).
2F, female; M, Male.
SData presented as n (%).
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FIGURE 1 | Differences in innate cell populations in preterm and term infants. Flow cytometry was performed on cord blood mononuclear cells from 25 preterm and
25 term infants. (A) Classical monocytes, intermediate monocytes and non-classical monocytes were expressed as % of mononuclear cells. All data was presented
as a median +/- interquartile range (IQR) with min-max whiskers. (B) Dendritic cells were expressed as % of mononuclear cells, while myeloid and plasmacytoid
dendritic cells were expressed as % of dendritic cells. (C) CD56%™ and CD56"9™ NK cells were expressed as % of mononuclear cells whilst CD16+, CD16+CD57+
and NKG2A+ NK cells were expressed as % of total NK cells. A Mann-Whitney U-test was performed for all analysis and a p<0.05 was considered significant.

Frontiers in Immunology | www.frontiersin.org

4 November 2021 | Volume 12 | Article 777927



https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Anderson et al.

Immune Profiles in Infants

CD8+

p=0.03

A CD4+

100 p=0.02 50

ySTCR+ V52+

P00 p<0.0001

o

%CD3+
IS
%y8TCR+

Pm‘um 'le‘rm Prel’erm Tn;m

B Naive CD4+ Effector CD4+

100 8
p=0.004

%CD4+

70

T T T T
Preterm  Term Preterm  Term

Naive CD8+ Effector CD8+

%CD8+

T T T ¥
Preterm  Term Preterm  Term

Effector Memory CD4+ Central Memory CD4+

10 204
p=0.001

Preterm  Term Preterm  Term

Effector Memory CD8+ Central Memory CD8+

10 15+
p=0.002

c

%CD8+

T T T T
Preterm  Term Preterm  Term

Cc Th1 Th2

%CD4+

04 4
0.2 2
0.0 T T o T v
Preterm  Term Preterm  Term
D B-cells Memory B-cells

©

~N
S
@

a -
S o
%B-celle

[N

Y%Mononuclear cells
@

°

Preterm  Term Preterm  Term

considered significant.

Preterm  Term

Treg

%@

Preterm  Term

Preterm  Term

Transitional B-cells

@1 oo

30

%B-calls
»
S

S

Preterm  Term

FIGURE 2 | Differences in adaptive immune cell populations in preterm and term infants. Flow cytometry was performed on cord blood mononuclear cells from
25 preterm and 25 term infants. All data was presented as a median +/- IQR with min-max whiskers. (A) General T-cell subsets CD4+ CD8+ and 8 T-cells were
expressed as % of CD3+ cells, whilst V62+ was expressed as % of y3 T-cells. (B) Memory CD4+ and CD8+ T-cells were categorised into naive, effector, central
memory or effector memory and expressed as % of CD4+ or CD8+ T-cells. (C) CD4+ subsets were categorised as Th1, Th2, Th17 and Treg and expressed as
% of CD4+ T-cells. (D) Total and memory B-cell subsets were expressed as % of mononuclear cells whilst IgD+ memory B-cells was expressed as % of
memory B-cells and transitional B-cells were expressed as % of total B-cells. A Mann-Whitney U-test was performed for all analysis and a p<0.05 was

Studies often report contradictory findings when comparing
classical monocyte frequencies in preterm and term infants (5, 11).
Classical monocytes in our study were reduced in preterm infants. A
balanced pro-inflammatory response is crucial to controlling
infectious pathogens (12). Therefore, given the importance of
classical monocytes in phagocytosis, producing early pro-
inflammatory cytokines (IL-1f3, IL-6, and TNF-c) and chemokines

(IL-8, eotaxin, macrophage inflammatory proteins) and T-cell
activation, their reduction in preterm infants is likely detrimental
during infection (13). We found that intermediate monocytes were
increased in preterm infants. One study has related this to the
immaturity of the innate immune system in preterm infants
showing a much lower frequency of intermediate monocytes in
term infants, which was further decreased in adults (14).
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TABLE 2 | Plasma cytokine, chemokine, and growth factor levels in preterm and term infants*.

Pro-inflammatory cytokines

Preterm N = 25

IL-1B 0.24 (0.17-0.35)
IL-2 0.45 (0.45-3.63)
IL-6 2.27 (1.59-3.07)
IL-12 13.89 (9.94021.42)
IL-15 24.97 (5.35-49.47)
IL-17A 7.82 (5.36-10.54)
IFN-y 19.72 (15.94-26.17)
TNF-o 17.08 (12.32-22.58)

Anti-inflammatory cytokines

IL-1RA 175.10 (120.2-250.5)
IL-4 1.30 (1.05-1.69)
IL-5 1.25 (1.25-4.96)
IL-7 7.73 (4.04-9.72)
IL-9 8.26 (6.59-10.78)
IL-10 1.66 (1.03-3.10)
IL-13 0.85 (0.52-1.23)
Chemokines

IL-8 20.90 (11.61-41.05)
Eotaxin 2.69 (1.96-2.95)
MIP-1o 0.38 (0.17-0.90)
MIP-1B 8.40 (4.63-11.89)
MCP-1 22.26 (15.93-28.71)
RANTES 147.5 (124.1-186.7)
IP-10 72.25 (44.96-102.8)
Growth Factors

G-CSF 64.84 (38.88-73.96)
FGF Basic 23.03 (5.80-37.72)
PDGF 789 (596-1391)
VEGF 226.4 (60.56-359.20)

Term N = 25 p
0.40 (0.22-0.84) 0.04
0.45 (0.45-3.30) 0.83
3.46 (2.12-10.60) 0.05

18.62 (11.11-25.34) 0.16
4 (4-28.15) 0.02
13.98 (11.11-22.86) <0.0001
21.29 (15.69-28.75) 0.88
15.96 (11.32-22.38) 0.75
167.50 (119.3-214.2) 0.72
1.26 (1.04-1.57) 0.79
1.25 (1.25-3.06) 0.30
5.96 (4.73-9.42) 0.72
8.60 (7.61-12.11) 0.27
1.86 (0.95-2.57) 0.85
0.97 (0.563-1.22) 0.92
57.41 (34.68-214.4) 0.001
3.51 (2.73-4.74) 0.001
1.64 (0.84-3.69) 0.0003
13.65 (10.00-26.64) 0.003
12.3 (10.37-19.20) 0.0002
164.0 (144.3-208.0) 0.20
73.96 (58.35-104.20) 0.37
52.65 (35.84-71.64) 0.16
32.65 (16.74-44.19) 0.12
1437 (1064-2202) 0.001
233.6 (167.0-397.9) 0.41

*All data are presented as median (IQR).
Bold values represent significantly diifferent cytokines, chemokines and growth factors.

DCs are crucial in antigen presentation and type-1 interferon
production and data comparing DCs subsets in preterm and
term infants is limited. Our data suggests a reduced frequency of
pDCs in preterm infants. This is skewed to non-significance by
two outliers in the preterm group. A lower pDC frequency in
preterm infants may explain their increased susceptibility to
severe viral disease as pDCs are crucial for protection through
the production of IFN-o (15). In our study, we observed a
reduced frequency of mDCs in preterm infants compared to
term infants. This is contrary to another study that had found an
increased mDC frequency in preterms (11). Differences in cohort
ethnicity, gating strategy or antibody cocktails be responsible for
this. A reduced mDC population may not be surprising in the
context of increased susceptibility to infectious disease as these
cells produce cytokines IL-1f, IL-6, IL-12, and IL-23 following
toll-like receptor stimulation of which IL-1B and IL-6 were
reduced in preterm compared to term infants in our study (16,
17). This may also impact cross-talk between DCs and NK cells
as secretion of IL-12 by mDCs activates NK cells to promote
efficient viral immunity and clear differences were observed in
NK cell populations (18).

NK cells are vital to anti-viral immunity through the
production of IFN-y and cytotoxic proteins. Lower frequencies
of NK cells have been previously reported in preterms, however,
this study did not compare differences in NK cell subsets (19).
We found CD56"8" NK cells to be decreased in preterm infants

whilst inhibitory NKG2A+ NK cells were increased. CD56™8"
NK cells are efficient IFN-y producers and NKG2A+ is an
inhibitory marker to suppress cytokine secretion and cytotoxic
function (20, 21). Accordingly, our data suggests that the anti-
viral function of NK cells in preterm infants may be diminished
compared to term infants, providing an explanation for their
increased susceptibility to viral infection.

We found that preterm infants exhibited an increased CD4+
T-cell frequency and a reduction in CD8+T-cells compared with
term infants. CD8+ T-cells are essential to viral clearance during
infection and neonatal CD8+ T-cells are reported to have
diminished functionality compared to adults (22, 23).
Therefore, it is possible that the reduced numbers of CD8+ T
cells we observed in preterm infants compared with term infants
might contribute to their increased susceptibility as a result of
reduced cytotoxicity (22). Memory subsets were mostly similar
except CM CD4+ and CD8+ T-cells which were increased in
preterm infants. This in part may be due to the increased
memory T-cell activation that is associated with preterm birth
(24). An overall reduction of Y0 T-cells was seen in preterm
infants, although, the frequency of yd T-cell expressing the
variable region 2 (V&2), which have potent anti-microbial
activities, was increased. A similar result was found by Dimova
et al. y0+Vd2+ T-cells, however this study did not find
differences in total Y0 T-cells between preterm and term
infants, unlike our study (25). While y3 T-cells can be
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protective in bacterial and viral infection through their cytolytic
proteins and pro-inflammatory cytokine production (26), their
effectiveness in preterm infants is unclear. One study found that
vd T-cells in preterm infants have a reduced ability to produce
pro-inflammatory cytokines (27). However, another study
showed preterm infants as early as 20 wGA can mount
effective 0 T-cell responses to cytomegalovirus in utero (28).
Another major function of yd T-cells is to induce the maturation
of DCs. This in turn leads to differentiation of CD4+ T-cells into
Thl phenotypes to promote pro-inflammatory responses,
especially during viral infection. Therefore, reduced yd T-cell
function coupled with their overall lower frequency may
contribute to increased susceptibility to viral infection in
preterm infants through reduced DC maturation (29).

No differences were observed in Thl, Th2 and Thl7
frequencies. This was unexpected as preterm infants are thought
to have increased Th2 skewing during infection leading to more
severe disease (30). Evidence of this stems from innate immaturity
influencing downstream adaptive immune responses and more
definitive studies are required to compare Th1 responses between
preterm and term infants. Our data revealing increased Treg cells
in preterm infants compared to term infants supports data from a
previous study (5) and although Treg cells control
pro-inflammatory immune responses, it is unclear whether their
higher abundance is detrimental in RSV infection. Some evidence
suggests that an impaired capacity of Tregs to suppress
inflammation is associated with severe RSV disease and is more
common in preterm infants (31). In contrast, an abundance of
Tregs leads to prolonged carriage of Streptococcus pneumoniae and
disrupts pneumococcal clearance (32). B-cell phenotypes in
preterm and term infants were relatively similar except for the
frequencies of transitional B-cells. These cells tend to decrease with
age as they are precursors to mature B-cells, therefore, a higher
frequency in preterm infants is not unexpected (33). They also
have the capacity to produce IL-10 and are associated with
suppressing Thl or Th17 differentiation, thereby, reducing
pro-inflammatory responses (34). This is in line with the
reduced pro-inflammatory responses associated with
susceptibility to severe viral disease (35).

Serum cytokines and chemokines were mostly reduced in
preterm infants. Levels of IL-1PB, IL-6, IL-8, IL-17A, eotaxin,
MIP-10and MIP-1f3 were reduced whilst IL-15 and MCP-1 were
increased. This suggests an overall reduced pro-inflammatory
phenotype in preterm infants. The increased levels of MCP-1 in
preterm infants could be related to intrauterine inflammation
which is associated with preterm birth (36). While elevated levels
of cytokines and chemokines can be associated with disease (37),
these are also necessary for immune cell activation. For example,
increased IL-8 production in infant T-cells leads to greater
activation of neutrophils and y3 T-cells during infection (38).
However, whether these baseline serum levels influence the
cellular profile, capacity of cellular activation and their
contribution to infectious susceptibility in preterm infants
is unclear.

A major limitation is the lack of histological investigation of
chorioamnionitis in this cohort, which is known to influence the

immune response (39). This is not routinely done in Vietnam
and so this data was not available. Another limitation to this
study is the relatively small sample size. This is evident in our
comparison of pDCs where the data trends towards a significant
reduction in preterm infants but is skewed due to outliers.
However, we have undertaken detailed immune profiling in
this cohort to provide an overall immunological landscape
between preterm and term infants. Additionally, our cohort
data was not influenced by mode of delivery or the
development of early onset of infection, which are factors
known to influence immune profiles (40, 41). Intracellular
staining to better categorise T-cell profiles may be more
informative than surface staining of chemokine receptors to
identify different T helper subsets.

CONCLUSION

Characterisation of immune landscape in preterm and term
infants has identified several important differences, suggesting
a reduced capacity for pro-inflammatory immune responses in
premature infants. This work represents a major advance in our
understanding of immune cell composition of infants born
moderate preterm and helps to explain why they are more
susceptible to severe infectious disease. Studies of this nature
could lead to identifying methods to attenuate the burden of
disease in this highly vulnerable group.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

This study was approved by the Pasteur Institute Ho Chi Minh
City Ethics Committee (Ethics approval: 213/QD-PAS) and RCH
Human Research Ethics Committee (HREC; 56904). The
patients/participants provided their written informed consent
to participate in this study.

AUTHOR CONTRIBUTIONS

JA collected the data, performed the analyses and wrote the
original draft. CT and LT coordinated the clinical aspects of this
study of samples, contributed to study design and revised the
manuscript. VD and PThanh coordinated samples and isolation
of CBMCs and revised the manuscript. BN, DT, and PTrinh
performed patient enrolment, sample collection and revised the
manuscript. TN and NT contributed to the study design and
revised the manuscript. CH, KM, and DP critically revised the
manuscript and contributed to the interpretation of data. LD and
PL conceived the study, provided major input into the

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 777927


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Anderson et al.

Immune Profiles in Infants

manuscript revision and analysis. All authors approved the final
manuscript as submitted and agree to be accountable for all
aspects of the work.

FUNDING

This work was funded by the Murdoch Children’s Research
Institute Theme Research Grant. JA is supported by an
Australian Postgraduate Award Scholarship. DP is supported
by CSL Centenary Fellowship. PL is a recipient of an Australian
National Health and Medical Research Council Career
Development Fellowship (GNT1146198).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2021.
777927/full#supplementary-material

Supplementary Table 1 | Flow cytometry antibody cocktails for cord blood
mononuclear cell phenotyping and the suppliers of each antibody.

Supplementary Figure 1 | Gating strategy for innate cells and B-cells from cord
blood mononuclear cells. Innate cells were identified by CD3-CD19- expression on live
single mononuclear cells. Innate cells were further categorised into NK cells (CD56
+CD14-HLA-DR-) and HLA-DR+CD14+ cells. NK cells were further categorised into
CD56%™ and CD56"™™, From CD56“™ NK cells CD16+ and CD16+CD57+ cells
were gated. NKG2A+ expression was gated from total NK cells. From the HLA-
DR+CD14+ fraction, cells were divided into classical monocytes (CD14+CD16-),
intermediate monocytes (CD14+CD16+), non-classical monocytes (CD14-CD16+)
and dendritic cells (HLA-DR+CD14-CD16-). Dendritic cells were further categorised
into myeloid dendritic cells (CD11c+) and plasmacytoid dendritic cells (CD123+). B-
cells were identified by CD3-CD19+ expression on live single leukocytes. B-cells that

REFERENCES

1. Miller JE, Hammond GC, Strunk T, Moore HC, Leonard H, Carter KW, et al.
Association of Gestational Age and Growth Measures at Birth With Infection-
Related Admissions to Hospital Throughout Childhood: A Population-Based,
Data-Linkage Study From Western Australia. Lancet Infect Dis (2016) 16
(8):952-61. doi: 10.1016/51473-3099(16)00150-X

2. Altman M, Vanpee M, Cnattingius S, Norman M. Moderately Preterm
Infants and Determinants of Length of Hospital Stay. Arch Dis Child Fetal
Neonatal Ed (2009) 94(6):F414-8. doi: 10.1136/adc.2008.153668

3. Anderson J, Do LAH, Wurzel D, Quan Toh Z, Mulholland K, Pellicci DG,
et al. Severe Respiratory Syncytial Virus Disease in Preterm Infants: A Case of
Innate Immaturity. Thorax (2021) 76(9):942-50. doi: 10.1136/thoraxjnl-
2020-216291

4. Liu B, Xu G, Sun Y, Du Y, Gao R, Snetselaar LG, et al. Association Between
Maternal Pre-Pregnancy Obesity and Preterm Birth According to Maternal
Age and Race or Ethnicity: A Population-Based Study. Lancet Diabetes
Endocrinol (2019) 7(9):707-14. doi: 10.1016/52213-8587(19)30193-7

5. Correa-Rocha R, Perez A, Lorente R, Ferrando-Martinez S, Leal M, Gurbindo
D, et al. Preterm Neonates Show Marked Leukopenia and Lymphopenia That
are Associated With Increased Regulatory T-Cell Values and Diminished IL-
7. Pediatr Res (2012) 71(5):590-7. doi: 10.1038/pr.2012.6

6. Marchant EA, Kan B, Sharma AA, van Zanten A, Kollmann TR, Brant R, et al.
Attenuated Innate Immune Defenses in Very Premature Neonates During the
Neonatal Period. Pediatr Res (2015) 78(5):492. doi: 10.1038/pr.2015.132

expressed CD27 were considered memory B-cells and B-cells expressing
CD24"CD38" phenotypes were transitional B-cells.

Supplementary Figure 2 | Gating strategy for T-cell subsets from cord blood
mononuclear cells. T-cells were identified as CD3+ from live single lymphocytes. T-
cells were further categorised into CD4+, CD8+, ydTCR+ and ydTCR+V&2+ T-cells.
CD4+ and CD8+ T-cells were classified as naive, effector, effector memory (EM) or
central memory (CM) based on CCR7 and CD45RA expression. From the CD4+ T-
cells we further identified their subsets. CXCR3+ cells were considered Th1, CXCR3-
CCR4+CCRe6- cells were considered Th2, CXCR3-CCR4+CCR6+CD161+ cells were
considered Th17 and CD25"CD127" cells were considered Tregs.

Supplementary Figure 3 | Correlation between gestational age and innate cell
subsets. (A) Monocyte subsets. (B) Dendritic cells and dendritic cell subsets.

(C) NK cells and NK cell subsets. A spearman’s correlation was used to correlate
gestational age and immune cell frequencies. A p<0.05 was considered significant.

Supplementary Figure 4 | Comparison of innate immune cell populations by
gender in preterm and term infants. (A) comparison between male preterm and
term infants. (B) comparison between female preterm and term infants. A Mann
Whitney U-test was used to compared cell frequencies and a p<0.05 was
considered significant.

Supplementary Figure 5 | Correlation between gestational age and T-cell and B-
cell subsets. (A) General T-cell populations (B) Memory CD4+ and CD8+ T-cells.

(C) CD4+ T-cell subsets. (D) B-cells and B-cell subsets. A spearman’s correlation
was used to correlate gestational age and immune cell frequencies. A p<0.05 was
considered significant.

Supplementary Figure 6 | Comparison of adaptive immune cell populations by
gender in preterm and term infants. (A) comparison between male preterm and
term infants. (B) comparison between female preterm and term infants. A Mann
Whitney U-test was used to compared cell frequencies and a p<0.05 was
considered significant.

Supplementary Figure 7 | Comparison of cytokines, chemokines and growth
factors by gender in preterm and term infants. (A) comparison between male
preterm and term infants. (B) comparison between female preterm and term infants.
A Mann Whitney U-test was used to compared concentrations and a p<0.05 was
considered significant.

7. MaL, ChenR, LiuF, Li Y, Wu Z, Zhong W, et al. Reduced NK Cell Percentage
at Birth Is Associated With Late Onset Infection in Very Preterm Neonates.
Scand ] Immunol (2014) 80(1):50-6. doi: 10.1111/sji.12181
. Brand HK, Ferwerda G, Preijers F, de Groot R, Neeleman C, Staal FJ, et al.
CD4+ T-Cell Counts and Interleukin-8 and CCL-5 Plasma Concentrations
Discriminate Disease Severity in Children With RSV Infection. Pediatr Res
(2013) 73(2):187-93. doi: 10.1038/pr.2012.163
9. Muhe LM, McClure EM, Nigussie AK, Mekasha A, Worku B, Worku A, et al.
Major Causes of Death in Preterm Infants in Selected Hospitals in Ethiopia
(SIP): A Prospective, Cross-Sectional, Observational Study. Lancet Glob
Health (2019) 7(8):e1130-8. doi: 10.1016/52214-109X(19)30220-7
10. Olin A, Henckel E, Chen Y, Lakshmikanth T, Pou C, Mikes J, et al. Stereotypic
Immune System Development in Newborn Children. Cell (2018) 174
(5):1277-92.e14. doi: 10.1016/j.cell.2018.06.045

11. Quinello C, Silveira-Lessa AL, Ceccon ME, Cianciarullo MA, Carneiro-
Sampaio M, Palmeira P. Phenotypic Differences in Leucocyte Populations
Among Healthy Preterm and Full-Term Newborns. Scand ] Immunol (2014)
80(1):57-70. doi: 10.1111/sji.12183
12. Cicchese JM, Evans S, Hult C, Joslyn LR, Wessler T, Millar JA, et al. Dynamic
Balance of Pro- and Anti-Inflammatory Signals Controls Disease and Limits
Pathology. Immunol Rev (2018) 285(1):147-67. doi: 10.1111/imr.12671

13. Jong E, Strunk T, Burgner D, Lavoie PM, Currie A. The Phenotype and
Function of Preterm Infant Monocytes: Implications for Susceptibility to
Infection. J Leukocyte Biol (2017) 102(3):645-56. doi: 10.1189/jlb.4RU0317-
111R

ol

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 777927


https://www.frontiersin.org/articles/10.3389/fimmu.2021.777927/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2021.777927/full#supplementary-material
https://doi.org/10.1016/S1473-3099(16)00150-X
https://doi.org/10.1136/adc.2008.153668
https://doi.org/10.1136/thoraxjnl-2020-216291
https://doi.org/10.1136/thoraxjnl-2020-216291
https://doi.org/10.1016/S2213-8587(19)30193-7
https://doi.org/10.1038/pr.2012.6
https://doi.org/10.1038/pr.2015.132
https://doi.org/10.1111/sji.12181
https://doi.org/10.1038/pr.2012.163
https://doi.org/10.1016/S2214-109X(19)30220-7
https://doi.org/10.1016/j.cell.2018.06.045
https://doi.org/10.1111/sji.12183
https://doi.org/10.1111/imr.12671
https://doi.org/10.1189/jlb.4RU0317-111R
https://doi.org/10.1189/jlb.4RU0317-111R
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Anderson et al.

Immune Profiles in Infants

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Frankenberger M, Kafiner G, Oak P, Férster K, Ehrhardt H, Hiibener C, et al.
Intermediate CD14++ CD16+ Blood Monocytes Are Elevated in Preterm
Neonates. Eur Respir J (2014) 44(Suppl 58):P3307.

Marr N, Wang TI, Kam SH, Hu YS, Sharma AA, Lam A, et al. Attenuation of
Respiratory Syncytial Virus-Induced and RIG-I-Dependent Type I IFN
Responses in Human Neonates and Very Young Children. J Immunol
(2014) 192(3):948-57. doi: 10.4049/jimmunol.1302007

Leal Rojas IM, Mok WH, Pearson FE, Minoda Y, Kenna TJ, Barnard RT, et al.
Human Blood CD1c(+) Dendritic Cells Promote Thl and Th17 Effector
Function in Memory CD4(+) T Cells. Front Immunol (2017) 8:971. doi:
10.3389/fimmu.2017.00971

Napolitani G, Rinaldi A, Bertoni F, Sallusto F, Lanzavecchia A. Selected Toll-
Like Receptor Agonist Combinations Synergistically Trigger a T Helper Type
1-Polarizing Program in Dendritic Cells. Nat Immunol (2005) 6(8):769-76.
doi: 10.1038/ni1223

Ferlazzo G, Morandi B. Cross-Talks Between Natural Killer Cells and Distinct
Subsets of Dendritic Cells. Front Immunol (2014) 5:159. doi: 10.3389/
fimmu.2014.00159

Pérez A, Gurbindo MD, Resino S, Aguaron A, Mufioz-Fernandez MA. NK
Cell Increase in Neonates From the Preterm to the Full-Term Period of
Gestation. Neonatology (2007) 92(3):158-63. doi: 10.1159/000101567

Poli A, Michel T, Théréesine M, Andrés E, Hentges F, Zimmer J. CD56bright
Natural Killer (NK) Cells: An Important NK Cell Subset. Immunology (2009)
126(4):458-65. doi: 10.1111/§.1365-2567.2008.03027.x

Kamiya T, Seow SV, Wong D, Robinson M, Campana D. Blocking Expression
of Inhibitory Receptor NKG2A Overcomes Tumor Resistance to NK Cells.
J Clin Invest (2019) 129(5):2094-106. doi: 10.1172/JCI123955

Fike AJ, Kumova OK, Carey AJ. Dissecting the Defects in the Neonatal CD8
(+) T-Cell Response. J Leukoc Biol (2019) 106(5):1051-61. doi: 10.1002/
JLB.5RU0319-105R

Sliitter B, Pewe LL, Kaech SM, Harty JT. Lung Airway-Surveilling CXCR3(hi)
Memory CD8(+) T Cells are Critical for Protection Against Influenza A Virus.
Immunity (2013) 39(5):939-48. doi: 10.1016/j.immuni.2013.09.013
Gomez-Lopez N, Romero R, Xu Y, Miller D, Arenas-Hernandez M, Garcia-
Flores V, et al. Fetal T Cell Activation in the Amniotic Cavity During Preterm
Labor: A Potential Mechanism for a Subset of Idiopathic Preterm Birth.
J Immunol (2019) 203(7):1793-807. doi: 10.4049/jimmunol.1900621

Dimova T, Brouwer M, Gosselin F, Tassignon J, Leo O, Donner C, et al. Effector
VY9V32 T Cells Dominate the Human Fetal ¥ T-Cell Repertoire. Proc Natl Acad
Sci USA (2015) 112(6):E556-65. doi: 10.1073/pnas.1412058112

Dong P, Ju X, Yan Y, Zhang S, Cai M, Wang H, et al. Y0 T Cells Provide
Protective Function in Highly Pathogenic Avian H5N1 Influenza A Virus
Infection. Front Immunol (2018) 9:2812. doi: 10.3389/fimmu.2018.02812
Gibbons DL, Haque SF, Silberzahn T, Hamilton K, Langford C, Ellis P, et al.
Neonates Harbour Highly Active Gammadelta T Cells With Selective
Impairments in Preterm Infants. Eur ] Immunol (2009) 39(7):1794-806.
doi: 10.1002/€ji.200939222

Vermijlen D, Brouwer M, Donner C, Liesnard C, Tackoen M, Van Rysselberge
M, et al. Human Cytomegalovirus Elicits Fetal Gammadelta T Cell Responses
In Utero. ] Exp Med (2010) 207(4):807-21. doi: 10.1084/jem.20090348
Petrasca A, Doherty DG. Human Vdelta2(+) Gammadelta T Cells
Differentially Induce Maturation, Cytokine Production, and Alloreactive T
Cell Stimulation by Dendritic Cells and B Cells. Front Immunol (2014) 5:650.
doi: 10.3389/fimmu.2014.00650

Qazi KR, Bach Jensen G, van der Heiden M, Bjorkander S, Holmlund U,
Haileselassie Y, et al. Extremely Preterm Infants Have Significant Alterations
in Their Conventional T Cell Compartment During the First Weeks of Life.
J Immunol (2020) 204(1):68-77. doi: 10.4049/jimmunol.1900941

31. Christiaansen AF, Syed MA, Ten Eyck PP, Hartwig SM, Durairaj L, Kamath
SS, et al. Altered Treg and Cytokine Responses in RSV-Infected Infants.
Pediatr Res (2016) 80(5):702-9. doi: 10.1038/pr.2016.130

32. Neill DR, Coward WR, Gritzfeld JF, Richards L, Garcia-Garcia FJ, Dotor J,
et al. Density and Duration of Pneumococcal Carriage Is Maintained by
Transforming Growth Factor B1 and T Regulatory Cells. Am J Respir Crit Care
Med (2014) 189(10):1250-9. doi: 10.1164/rccm.201401-01280C

33. Marie-Cardine A, Divay F, Dutot I, Green A, Perdrix A, Boyer O, et al.
Transitional B Cells in Humans: Characterization and Insight From B
Lymphocyte Reconstitution After Hematopoietic Stem Cell Transplantation.
Clin Immunol (2008) 127(1):14-25. doi: 10.1016/j.clim.2007.11.013

34. Hasan MM, Thompson-Snipes L, Klintmalm G, Demetris AJ, O’Leary J, Oh S,
et al. CD24(hi)CD38(hi) and CD24(hi)CD27(+) Human Regulatory B Cells
Display Common and Distinct Functional Characteristics. | Immunol (2019)
203(8):2110-20. doi: 10.4049/jimmunol.1900488

35. Yuan XH, Li YM, Shen YY, Yang J, Jin Y. Clinical and Th1/Th2 Immune
Response Features of Hospitalized Children With Human Rhinovirus
Infection. ] Med Virol (2020) 92(1):26-33. doi: 10.1002/jmv.25587

36. Otsubo Y, Hashimoto K, Kanbe T, Sumi M, Moriuchi H. Association of Cord
Blood Chemokines and Other Biomarkers With Neonatal Complications
Following Intrauterine Inflammation. PloS One (2017) 12(5):e0175082. doi:
10.1371/journal.pone.0175082

37. Chi Y, Ge Y, Wu B, Zhang W, Wu T, Wen T, et al. Serum Cytokine and
Chemokine Profile in Relation to the Severity of Coronavirus Disease 2019 in
China. J Infect Dis (2020) 222(5):746-54. doi: 10.1093/infdis/jiaa363

38. Gibbons D, Fleming P, Virasami A, Michel ML, Sebire NJ, Costeloe K, et al.
Interleukin-8 (CXCL8) Production is a Signatory T Cell Effector Function of
Human Newborn Infants. Nat Med (2014) 20(10):1206-10. doi: 10.1038/
nm.3670

39. Sabic D, Koenig JM. A Perfect Storm: Fetal Inflammation and the Developing
Immune System. Pediatr Res (2020) 87(2):319-26. doi: 10.1038/s41390-019-
0582-6

40. Nandanan B, Chua MC, Chiang WC, Goh A, Kumar D, Knippels L, et al.
Influence of Mode of Delivery on Cytokine Expression in Cord Blood. Hum
Immunol (2019) 80(7):533-6. doi: 10.1016/j.humimm.2019.03.018

41. Santana C, Guindeo MC, Gonzalez G, Garcia-Mufioz F, Saavedra P,
Domeénech E. Cord Blood Levels of Cytokines as Predictors of Early
Neonatal Sepsis. Acta Paediatr (2001) 90(10):1176-81. doi: 10.1111/j.1651-
2227.2001.tb03250.x

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Anderson, Thang, Thanh, Dai, Phan, Nhu, Trang, Trinh, Nguyen,
Toan, Harpur, Mulholland, Pellicci, Do and Licciardi. This is an open-access article
distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.

Frontiers in Immunology | www.frontiersin.org

November 2021 | Volume 12 | Article 777927


https://doi.org/10.4049/jimmunol.1302007
https://doi.org/10.3389/fimmu.2017.00971
https://doi.org/10.1038/ni1223
https://doi.org/10.3389/fimmu.2014.00159
https://doi.org/10.3389/fimmu.2014.00159
https://doi.org/10.1159/000101567
https://doi.org/10.1111/j.1365-2567.2008.03027.x
https://doi.org/10.1172/JCI123955
https://doi.org/10.1002/JLB.5RU0319-105R
https://doi.org/10.1002/JLB.5RU0319-105R
https://doi.org/10.1016/j.immuni.2013.09.013
https://doi.org/10.4049/jimmunol.1900621
https://doi.org/10.1073/pnas.1412058112
https://doi.org/10.3389/fimmu.2018.02812
https://doi.org/10.1002/eji.200939222
https://doi.org/10.1084/jem.20090348
https://doi.org/10.3389/fimmu.2014.00650
https://doi.org/10.4049/jimmunol.1900941
https://doi.org/10.1038/pr.2016.130
https://doi.org/10.1164/rccm.201401-0128OC
https://doi.org/10.1016/j.clim.2007.11.013
https://doi.org/10.4049/jimmunol.1900488
https://doi.org/10.1002/jmv.25587
https://doi.org/10.1371/journal.pone.0175082
https://doi.org/10.1093/infdis/jiaa363
https://doi.org/10.1038/nm.3670
https://doi.org/10.1038/nm.3670
https://doi.org/10.1038/s41390-019-0582-6
https://doi.org/10.1038/s41390-019-0582-6
https://doi.org/10.1016/j.humimm.2019.03.018
https://doi.org/10.1111/j.1651-2227.2001.tb03250.x
https://doi.org/10.1111/j.1651-2227.2001.tb03250.x
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Immune Profiling of Cord Blood From Preterm and Term Infants Reveals Distinct Differences in Pro-Inflammatory Responses
	Introduction
	Methods
	Sample Collection and Study Cohort
	Study Reagents
	Flow Cytometry
	Multiplex Cytokine/Chemokine Assay
	Statistical Analysis

	Results
	Characteristics of Sample Cohort
	Characterisation of Innate Immune Cells in Preterm and Term Infants
	Characterisation of Adaptive Immune Cells in Preterm and Term Infants
	Cytokine, Chemokine, and Growth Factor Levels in Preterm and Term Infants

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


