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ABSTRACT: In the general population, it is unknown whether
stress-related perinatal factors influence lymphocyte subset counts in
neonates. The aim of this study was to assess the associations of
perinatal factors related to stress and hypoxia (mode of delivery,
Apgar scores, and umbilical cord blood pH) with absolute lympho-
cyte subset counts (T, B, NK, helper T, cytotoxic T, naı̈ve, memory
T) in cord blood of 571 neonates. This study was embedded in a
population-based prospective cohort study from fetal life onwards.
All models were adjusted for gestational age, birth weight, gender,
maternal fever, and each of the other perinatal stress-relating factors.
Our results showed that increasing stress-related mode of delivery
was positively associated with NK and memory T-lymphocyte subset
counts (all p � 0.01). Effects of Apgar scores on lymphocyte subsets
were explained by umbilical cord blood pH. Lower umbilical cord
blood pH was associated with higher B, NK, and memory T-
lymphocyte counts (all p � 0.05). Effects of mode of delivery and
umbilical cord blood pH on other lymphocyte subsets were not
observed. We conclude that, in the general population, lymphocyte
subset counts in neonates increase with increasing stress- and hy-
poxia-related perinatal factors. (Pediatr Res 63: 292–298, 2008)

The immunologic status of the neonate is frequently estab-
lished by assessing absolute numbers of various lympho-

cyte subsets in cord blood (1–4). However, such data at birth
must be interpreted with care since the lymphocyte subset
counts might be influenced by growth, stress, and hypoxia
related events that occur in late prenatal and early postnatal
life. It has been suggested that the distribution of lymphocyte
subsets is related to gestational age at birth and birth weight
(5–8). It is not well known whether other perinatal factors
associated with fetal well-being, stress and hypoxia, including
mode of delivery, Apgar scores, or umbilical cord blood pH,
influence the various lymphocyte subset counts at birth.

So far, studies on mode of delivery and lymphocyte subsets
remain inconclusive. This might be due to small study popu-
lations, the variability of lymphocyte subsets studied, or not

taking other possible influencing factors into account (5,6,9–
16). Results of the majority of these studies suggested a
tendency toward increased lymphocyte subset counts in neo-
nates born by vaginal delivery compared with neonates born
by caesarean delivery (9–11,13–16). The endocrine-metabolic
variations during a stressful delivery, particularly hypoxia and
the increase of catecholamines and cortisol, were considered
as the main cause of these effects (17–19). Additionally to this
stress concept, adverse Apgar scores and umbilical cord blood
pH, both results of perinatal hypoxia, are thought to influence
lymphocyte subset counts at birth (9,20–22).

We examined in 571 neonates participating in a population-
based prospective cohort study, the associations of perinatal
factors related to stress and hypoxia, including mode of
delivery, Apgar scores, and umbilical cord blood pH with
absolute numbers of lymphocytes (T, B, and NK) and T-
lymphocyte subsets (helper, cytotoxic, naı̈ve, and memory T)
in cord blood of neonates.

METHODS

Design. This study was embedded in the Generation R Study, a popula-
tion-based prospective cohort study from fetal life until young adulthood. The
Generation R Study was designed to identify early environmental and genetic
determinants of growth, development, and health and has been described
previously in detail (23,24). More detailed assessments of fetal and postnatal
growth and development were conducted in a subgroup of 1232 Dutch
pregnant women and their children, referred to as the Generation R Focus
Study (23,24). Of all approached pregnant women and their partners, 79%
participated in the Generation R Focus Study. Their children were born
between February 2003 and August 2005. The Medical Ethics Committee of
the Erasmus Medical Center, Rotterdam, has approved the study. Written
informed consent was obtained from all participants.

Mode of delivery, Apgar scores, and umbilical cord blood pH. Informa-
tion about mode of delivery, 1- and 5-min Apgar scores (assigning a score of
0–2 to heart rate, respiratory effort, muscle tone, reflex irritability, and color),
and umbilical cord blood pH were obtained from standardized delivery
registrations of midwives and obstetricians (23–26). Heparinized cord blood
samples were taken from an immediate clamped, isolated piece of the
umbilical cord. Cord blood gases were analyzed on routine automatic gas
check machines for pH, PO2, and PCO2, whereas base excess was computed.
The delay between cord blood sampling and determination was less than 60
min. The blood gas analyzers were calibrated and standardized with reference
gases and pH solutions.

Immunophenotyping of lymphocyte subsets. Venous cord blood was
sampled in heparinized tubes by midwives and obstetricians immediately after
delivery and transported at room temperature to the Immunology laboratory
of the Erasmus Medical Center within 24 h. Umbilical cord blood samples not
received within 24 h (weekend days) were excluded, since flow cytometric
analyses of those samples showed no reliable results in the pilot phase of the
study. Flow-cytometric immunophenotyping was performed to determine
absolute numbers of lymphocytes (T, B, and NK) and T-lymphocyte subsets
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(helper, cytotoxic, naı̈ve, and memory T). For this, the MAb CD3, CD19,
CD16.CD56, CD4, CD8, CD45RA, and CD45RO were conjugated with the
labels FITC (FITC, Becton Dickinson, Erebodegem, Belgium), peridin
chlorophyll protein (PerCP, Becton Dickinson, Erebodegem, Belgium),
peridin chlorophyll protein-cychrome 5.5 (PerCP-Cy5.5, Becton Dickin-
son, Erebodegem, Belgium), allophycocyanin (APC, Becton Dickinson,
Erebodegem, Belgium), phycoerythrin (PE, Becton Dickinson, Erebodegem,
Belgium; Dako, Glosstrup, Denmark), phycoerythrin-cyanin dye (PE-cy7,
Becton Dickinson, Erebodegem, Belgium), allophycocyanin-cyanin dye (APC-
cy7, Becton Dickinson, Erebodegem, Belgium), and rhodamine (RD1, Beckman
Coulter, Mijdrecht, The Netherlands) (Table 1). Absolute numbers of T, B, and
NK lymphocytes were determined with the lysed whole blood technique (50 �L
of whole blood per sample) using the routine standardized single platform method
with BD TruCOUNT Tubes of Becton Dickinson (BD). With this, lymphocytes
were gated on the basis of CD45 and FSC to prevent contamination of unlysed
erythrocytes (27–29). The samples were measured on a Beckman Coulter flow
cytometer (BD) and analyzed with BD CellQuest software as indicated by the
manufacturer. Subsets of the T lymphocytes were determined using 6-color
staining and detected on a BD LSR II flow cytometer (Becton Dickinson, San
Jose, CA). This flow cytometer is routinely used in the diagnostic laboratory and
every day reference calibration beads are used. The subsets of T lymphocytes
were analyzed with BD FacsDIVA. Therefore, erythrocytes of 1 mL whole blood
were lysed using 50 mL ammonium chloride. After centrifugation, leukocytes
were washed twice and suspended in 900 �L PBS/1% BSA/0.1% NaAz. Of this
cell suspension (5–10 � 106/mL), 50 �L was incubated for 10 min at room
temperature with combinations of the optimally titrated labeled MAb. After
incubation, the cells were washed and subsequently identified by flow cytometry.
Using a BD LSR II flow cytometer that had been calibrated with rainbow beads,
10,000 lymphocytes were measured. The relative count of helper T lymphocytes,
cytotoxic T lymphocytes, naı̈ve T lymphocytes, and memory T lymphocytes was
expressed as the percentage within the total T lymphocyte population and
calculated by the average of 2–4 independent incubations for each subset. The
absolute counts of the T lymphocyte subsets were subsequently calculated from
the absolute T lymphocyte counts as obtained by the lysed whole blood tech-
nique. The absolute counts of the total T lymphocytes determined with the single
platform method were compared with the recalculated counts of the total T
lymphocytes (% of lymphocytes within the leukocyte count, determined by a cell
counter). There was no significant difference between the two methods (30).

Covariates. Information about date of birth, birth weight, and gender was
obtained from midwives and hospital registries. Gestational age was estab-
lished by the first fetal ultrasound examination after enrolment (31). Infor-
mation about maternal fever (�38°C), indicating a possible systemic under-
lying infection, was asked for in the questionnaire send to mothers �30 wk of
gestation (“did you had a fever (�38°C) in the last two months?”) (24).

Statistical analysis. Differences of maternal and neonatal characteristics
between neonates with and without umbilical cord blood samples were
assessed by the independent sample t test for continuous normal distributed
variables, nonparametric Mann-Whitney test for continuous non-normal dis-
tributed variables and the �2 test for categorical variables. Data on all
lymphocyte subsets were log-transformed to obtain normally distributed
variables. Associations of mode of delivery, continuously measured Apgar
scores, and umbilical cord blood pH with absolute numbers of lymphocyte
subsets were analyzed using multiple linear regression models. Additionally,
regression models were adjusted for the potential confounder’s gestational
age, birth weight, gender, and maternal fever. Finally, regression models were
additionally adjusted for each of the stress-related perinatal factors to deter-
mine the independent effect of mode of delivery, Apgar scores, and umbilical

cord blood pH. Measures of associations are presented as log-transformed
mean differences and regression coefficients, which can be interpreted as
percentages after multiplying by 100 (32), or as geometric mean differences
with their 95% confidence interval. The statistical analyses were performed
using the Statistical Package of Social Sciences version 11.0 for Windows
(SPSS Inc., Chicago, IL).

RESULTS

In total, 1232 women were enrolled in the Generation R
Focus Study. Mothers with weekend deliveries (n � 202),
twin pregnancies (n � 24), and pregnancies leading to peri-
natal death (n � 2) were excluded from the present analysis.
Of the remaining 1004 singleton live births, cord blood was
collected in 889 (88.5%) infants. Immunophenotyping of lym-
phocytes in cord blood was not possible in 318 infants, mainly
due to nonheparinized cord blood samples. Of the remaining
571 infants, 10.0% (n � 57) were siblings since mothers were
allowed to participate with second or more pregnancies in the
Generation R Focus study. These infants were included in the
present study, since there were no differences in results after
excluding them from the analyses.

Analyses of missing immunophenotyped cord blood sam-
ples (n � 433) showed that neonates without immunopheno-
typed cord blood samples more often were born by caesarean

Table 1. Flow cytometric reagents

Lymphocyte subsets

Cluster of
differentiation

(CD)
Monoclonal antibodies

labels

T lymphocyte CD3 FITC (Sk7)/PerCP (Sk7)
Helper T lymphocyte CD4 PE-Cy7 (Sk3)
Cytotoxic T lymphocyte CD8 APC (Sk1)/APC-Cy7 (Sk1)
Naïve T lymphocyte CD45RA RD1 (2H4)
Memory T lymphocyte CD45RO APC (UCHL-1)
B lymphocyte CD19 PerCPCy5.5 (SJ25C1)/

APC (SJ25C1)
NK lymphocyte CD16, CD56 PE (B73.1), PE (C5.9)

FITC indicates fluorescein isothiocyanate; PerCP, peridin chlorophyll pro-
tein; PE-cy7, phycoerythrin-cyanin dye; APC, allophycocyanin; APC-cy7,
allophycocyanin-cyanin dye; RD1, rhodamine; PE, phycoerythrin.

Table 2. Maternal and neonatal characteristics of the study
population (n � 571)

Single live births

Mothers
Age (y) 31.7 (4.0)
Fever (%) 5.9 (31)
Mode of delivery (%)

Vaginal 72.6 (393)
Forceps or vacuum assisted 15.2 (82)
Caesarean 12.2 (66)

Neonates
Boy (%) 52.7 (301)
Girl (%) 47.3 (270)

Gestational age (wk)* 40.4 (34.1–43.4)
Birth weight (g) 3563 (487)
Apgar scores*

1-min 9 (2–10)
5-min 10 (5–10)

pHcord blood 7.26 (0.09)
Lymphocytes (109/L)*

Total lymphocytes 4.49 (0.96–12.40)
CD3� T lymphocytes 2.80 (0.69–7.15)
CD19� B lymphocytes 0.70 (0–3.91)
CD16�/CD56� NK lymphocytes 0.87 (0.03–3.36)
CD3�/CD4� helper T lymphocytes 1.97 (0.41–6.10)
CD3�/CD8� cytotoxic T

lymphocytes
0.70 (0.10–2.16)

CD3�/CD45RA� naïve T
lymphocytes

2.21 (0.03–6.01)

CD3�/CD45RO� memory T
lymphocytes

0.20 (0–2.36)

Values are means (standard deviation) or percentages (absolute numbers).
Data were missing on maternal fever (n � 44), mode of delivery (n � 30),

1-min Apgar score (n � 15), 5-min Apgar score (n � 11), pHcord blood (n �
290), total lymphocytes (n � 2), T lymphocytes (n � 1), B lymphocytes (n � 2),
CD4� helper T lymphocytes (n � 3), CD8� cytotoxic T lymphocytes (n � 3),
CD45RA� naïve T lymphocytes (n � 3) and CD45RO� memory T lymphocytes
(n � 5).

* Median (range).
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delivery (20.3% and 12.2%, p � 0.05), had a lower median
gestational age (40.1 and 40.4 wk, p � 0.01), and lower mean
birth weight (3454 and 3562 g, p � 0.01) than neonates with
immunophenotyped cord blood samples.

Characteristics of the mothers and their neonates are pre-
sented in Table 2. Of the mothers, 72.6% had a vaginal, 15.2%
a vacuum or forceps assisted, and 12.2% a cesarean delivery.
Median Apgar scores of 1 and 5 min after birth of the neonates
were 9 (range, 2–10) and 10 (range, 5–10), respectively. Mean
umbilical cord blood pH was 7.26. The medians of the lym-
phocyte subset counts are demonstrated in Table 2.

Neonates born by a forceps- or vacuum-assisted delivery
had 45% higher NK lymphocyte counts (p � 0.001) than
neonates born by a vaginal delivery (Table 3). No differences
were found for T and B lymphocyte counts. Within the
T-lymphocyte population, cytotoxic and memory T-
lymphocyte counts were increased. Neonates born by a cae-
sarean delivery had 9% lower T (p � 0.04) and 40% lower NK
lymphocyte counts (p � 0.001) than neonates born by a
vaginal delivery. B lymphocyte counts did not differ. Within
the T-lymphocyte population, helper and naı̈ve T lymphocyte
counts were decreased in neonates born by a caesarean delivery.

Per point increase in 1-min Apgar score, neonates had 8%
lower B lymphocyte (p � 0.001) and 12% lower NK lympho-
cyte counts (p � 0.001). No significant changes in T lympho-
cytes and T lymphocyte subset counts were found for 1-min
Apgar score. Apgar scores at 5 min after birth revealed 5%,
11%, and 15% lower T, B, and NK lymphocyte counts,
respectively, per point increase (all p � 0.01). Cytotoxic
T-lymphocyte counts were decreased with 7% (p � 0.006).

No effect of the 5-min Apgar score was seen on the other T
lymphocyte subset counts.

Per 0.1-point increase in umbilical cord blood pH, 5%, 22%
and 30% lower T, B, and NK lymphocytes were found,

Figure 1. Absolute numbers of lymphocyte and T-lymphocyte subsets in
neonates born by various modes of deliveries. All models were adjusted for
gestational age, birth weight, gender, and maternal fever. � � forceps or
vacuum assisted delivery, f � vaginal delivery, and o � caesarean section
delivery. Values are geometric means (95% confidence intervals); reference
category is vaginal delivered neonates. *p � 0.05, **p � 0.01.

Table 3. Associations of stress-related perinatal factors with absolute numbers of lymphocyte subsets in neonates

Lymphocyte subsets

T B NK

Mode of delivery
Vaginal Reference Reference Reference
Forceps or vacuum
assisted

8 (0, 16) 13 (�1, 27) 45 (30, 61)*

Caesarean �9 (�18, �0)† �13 (�28, 3) �40 (�57, �23)*
Apgar scores

1-min �2 (�5, 0) �8 (�12, �3)* �12 (�17, �6)*
5-min �5 (�9, �1)* �11 (�18, �5)* �15 (�23, �7)*

pHcord blood �5 (�10, �0.7)† �22 (�29, �15)* �30 (�38, �21)*

T lymphocyte subsets

Helper Cytotoxic Naïve Memory

Mode of delivery
Vaginal Reference Reference Reference Reference
Forceps or vacuum
assisted

7 (�2, 16) 11 (0, 22)† 1 (�10, 12) 28 (2, 54)†

Caesarean �12 (�22, �3)† �2 (�14, 10) �12 (�24, �0)† �4 (�33, 25)
Apgar scores

1-min �2 (�5, 1) �3 (�7, 1) �2 (�6, 2) 2 (�6, 11)
5-min �4 (�8, 1) �7 (�13, �2)* �4 (�9, 2) �4 (�17, 8)

pHcord blood �4 (�9, 10) �6 (�12, 0.5) �3 (�10, 4) �14 (�29, 0.5)

Values are regression coefficients (95% confidence interval) and reflect the difference in lymphocyte subsets (%) of infants born by a forceps- or
vacuum-assisted and caesarean deliveries with vaginal delivered infants and the increase of lymphocyte subsets (%) per point increase in Apgar scores and
umbilical cord blood pH.

* p � 0.01, † p � 0.05.
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respectively (all p � 0.05). Umbilical cord blood pH was not
associated with the absolute numbers of T-lymphocyte sub-
sets.

The adjusted effect estimates of the various modes of
delivery on T and B lymphocyte counts improved (p � 0.05),
but on cytotoxic and naı̈ve T, lymphocyte counts declined
(p � 0.05) (Fig. 1 ). The associations of modes of delivery
with the other absolute numbers of lymphocyte subsets did not
materially change, nor did the associations of 1- and 5-min
Apgar scores and umbilical cord blood pH with absolute
numbers of T, B, and NK lymphocytes and T-lymphocyte
subsets (Figs. 2 and 3).

An independent effect for mode of delivery on NK lympho-
cyte and memory T-lymphocyte counts (p � 0.01) was found,
but not for the other lymphocyte subset counts (Table 4). The
effect of Apgar scores on all lymphocyte subset counts de-
clined (p � 0.05). Umbilical cord blood pH showed an
independent association with B, NK, and memory T-
lymphocyte counts (p � 0.05), but not with the other T
lymphocyte subset counts.

DISCUSSION

This study showed that independent of the other perinatal
stress-relating factors, increasing mode of delivery associated
stress showed increasing NK and memory T-lymphocyte
counts and lower umbilical cord blood pH showed higher NK,
B, and memory T lymphocytes. We did not observe indepen-
dent effects of 1- and 5-min Apgar scores on lymphocyte
subsets.

Previous studies on mode of delivery did not assess the
effects on all lymphocyte and T-lymphocyte subset counts
(5,9–13,15,16,33). These studies showed inconclusive results,
probably due to the small study populations (12–126 subjects).
One large study of umbilical cord blood samples (more than
8000 cord blood units), banked for future umbilical cord blood
transplantation, showed decreased percentages of helper T,
cytotoxic T and B lymphocytes, and increased percentages of
NK lymphocytes in cord blood of neonates born by a caesar-

ean delivery compared with vaginally delivered neonates (6).
Differences between vaginal and forceps or vacuum deliver-
ies, the exact amount of change in absolute numbers of
lymphocyte subsets, and the specific maternal and neonatal
characteristics were not presented. Our study showed effects
of mode of delivery mainly on NK lymphocytes. The precise
functional role of these lymphocytes during labor remains to
be studied. Forceps- and vacuum-assisted delivered neonates

Figure 2. (A) Absolute numbers of lym-
phocyte subsets in neonates with 1-min
Apgar scores at birth. All models were
adjusted for gestational age, birth weight,
gender, and maternal fever. The estimated
back-transformed regression lines reflect
the number of lymphocyte subsets per
point increase in 1-min Apgar score. (B)
Absolute numbers of lymphocyte subsets
in neonates with 5-min Apgar scores at
birth. All models were adjusted for gesta-
tional age, birth weight, gender, and ma-
ternal fever. The estimated back-trans-
formed regression lines reflect the number
of lymphocyte subsets per point increase in
5-min Apgar score. Both panels (line, no
symbol) T lymphocytes; F B lympho-
cytes; E NK lymphocytes; f Helper T
lymphocytes; �, cytotoxic T lymphocytes;
Œ, naı̈ve T lymphocytes; ‚, memory T
lymphocytes. *p � 0.05, **p � 0.01.

Figure 3. Absolute numbers of lymphocyte subsets in neonates with various
umbilical cord blood pHs at birth. All models were adjusted for gestational
age, birth weight, gender, and maternal fever. The estimated back-
transformed regression lines reflect the number of lymphocyte subsets per 0.1
point increase in umbilical cord blood pH. (Line, no symbol), T lymphocytes;
F, B lymphocytes; E, NK lymphocytes; f, Helper T lymphocytes; �,
cytotoxic T lymphocytes; Œ, naı̈ve T lymphocytes; ‚, memory T lympho-
cytes. *p � 0.05, **p � 0.01.
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showed the highest lymphocyte subset counts and caesarean-
delivered neonates the lowest lymphocyte subset counts. This
phenomenon suggests a continuous trend of increasing recruit-
ment of lymphocyte subsets into neonatal blood with increas-
ing mode of delivery-associated stress. Underlying biologic
mechanisms might be that neonates born by vaginal deliveries
have higher levels of catecholamines and cortisol compared
with neonates born by caesarean deliveries (16–19,33–35).
Vaginal delivered neonates with higher umbilical cord blood
cortisol levels have higher lymphocyte counts (16,19). It is has
been suggested that infants born by a caesarean delivery have
less recruitment of lymphocyte subsets due to maternal anes-
thetics, which crosses the placenta and inhibit release of
catecholamines and cortisol (33,36,37). A limitation in our
study is that we could not make a distinction between a
primary caesarean delivery, usually planned due to previously
known maternal indication, and a secondary caesarean deliv-
ery because of acute fetal or maternal distress.

Both low Apgar scores and low umbilical cord blood pH
can be seen as measures of hypoxia and stress of the neonate,
implying that the labor-associated stress hypothesis could also
be applied to these parameters. The effects of Apgar scores
and umbilical cord blood pH were mainly found on the major
lymphocyte subset counts, and to a lesser extent on T-
lymphocyte subset counts. The latter might be explained
because all T lymphocyte subsets contributed to an increase of
the total T lymphocytes. Studies on Apgar scores and effects
on lymphocyte subset counts are very limited and showed that
low 1-min and 5-min Apgar scores increase immunoglobulin
secreting cell counts and proliferative responses of mononu-
clear cells in vitro (21,22). We found larger effect estimates of

5-min Apgar scores on lymphocyte subset counts than 1-min
Apgar scores. Apgar scores 5 min after birth probably better
reflect the condition of neonates. This is in line with a previous
study, which observed associations of 5-min Apgar scores and
mortality rates (38). Apgar scores at 1 and 5 min after birth are
subjective scoring systems for the condition of the neonate.
Our fully adjusted regression models confirms this subjectiv-
ity of the Apgar scores since the independent effect of these
scores declined severely and the effects of umbilical cord
blood pH, an objective method for hypoxia, remained on most
of the major lymphocyte subsets. A previous study found an
inverse association between the number of leukocytes and
umbilical cord blood pH (9). In this study, the effects of cord
blood pH on the various leukocyte subtypes were not ex-
plored. One study assessed the relation between umbilical
cord blood pH and distribution of major lymphocyte subsets
and found decreasing percentages of T lymphocytes and in-
creasing percentages of NK lymphocytes with decreasing
umbilical cord blood pH (20). Differences with our study
might be explained due to their different study population of
only vaginal delivered infants with mothers frequently receiv-
ing labor-inducing medication, spasmolytics, neuroplegic, and
epidural analgesia (7 of 70 mothers received no medication).
Unfortunately, data on perinatal medication were not available
in our study. Another difference with our study might be that
they used percentages of lymphocytes (T � B � NK � 100%)
instead of absolute values of lymphocyte subsets. A low
percentage of T lymphocytes automatically provides a high
percentage of B or NK lymphocytes. Umbilical cord blood pH
therefore might lead to an opposite effect on those lympho-
cytes. The use of percentages instead of absolute counts of the

Table 4. Associations of independent stress-related perinatal factors with absolute numbers of lymphocyte subsets in neonates

Lymphocyte subsets

T B NK

Mode of delivery
Vaginal Reference Reference Reference
Forceps or vacuum assisted 7 (�4, 18) 12 (�4, 27) 41 (23, 59)*
Caesarean �5 (�16, 8) �14 (�32, 3) �36 (�56, �16)*

Apgar scores
1-min 0 (�5, 5) �0 (�8, 8) �4 (�15, 6)
5-min �7 (�15, 1) �9 (�21, 4) 4 (�12, 19)

pHcord blood �1 (�7, 4) �18 (�27, �10)* �28 (�38, �17)*

T lymphocyte subsets

Helper Cytotoxic Naïve Memory

Mode of delivery
Vaginal Reference Reference Reference Reference
Forceps or vacuum assisted 6 (�5, 18) 9 (�5, 22) �2 (�17, 14) 45 (13, 77)*
Caesarean �8 (�21, 5) 4 (�11, 20) �5 (�22, 13) 1 (�4, 4)

Apgar scores
1-min 1 (�5, 7) 0 (�8, 7) �2 (�10, 7) 16 (�2, 34)
5-min �8 (�17, 1) �7 (�18, 4) �4 (�16, 8) �13 (�38, 13)

pHcord blood 0 (�6, 6) 1 (�9, 6) 1 (�7, 10) �19 (�36, �1)†

Values are regression coefficients (95% confidence interval) and reflect the difference in lymphocyte subsets (%) of infants born by a forceps- or
vacuum-assisted and caesarean deliveries with vaginal delivered infants and the increase of lymphocyte subsets (%) per point increase in Apgar scores and
umbilical cord blood pH. All models were adjusted for gestational age, birth weight, gender, maternal fever, and for each of the other stress-related perinatal
factors.

* p � 0.01, † p � 0.05.
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major lymphocyte subsets in our cohort confirms this hypoth-
esis. An increase of 0.1-point in umbilical cord blood pH
showed an increase of percentual T lymphocytes [regression
coefficient (95% confidence interval): 5 (3–6)], a decrease of
percentual B lymphocytes [�1 (�2, �0.6)] and a decrease of
NK lymphocytes]�3 (�4, �2)]. For absolute counts of lympho-
cyte subsets, an increase of umbilical cord blood pH led to a
decrease of all the major lymphocyte subsets (Table 3). There-
fore, it is preferable to use absolute counts, instead of percentages
of lymphocyte subsets, to reflect actual changes of lymphocyte
subsets due to various factors.

Some methodologic issues should be considered. In our
study, excluding participants with missing data would lead to
selection biased results if the associations of stress-related
perinatal factors with absolute numbers of lymphocyte subsets
differ between participants with and without complete data. Of
all participating singleton live births, information about mode
of delivery was missing in only 5.3%. Of neonates with
information of mode of delivery, neonates with missing data
on lymphocyte subsets more often had a caesarean delivery
than neonates with data on lymphocyte subsets. Therefore, it
is likely that because of this selective group of missing
outcomes the observed effects of mode of delivery with ab-
solute numbers of lymphocyte subsets may be underestimated.
However, caesarean delivery may be performed primary or
secondary. Since the associations of primary and secondary
caesarean deliveries with lymphocyte subsets counts are ex-
pected to be in the opposite direction, our effect estimates may
be somewhat biased toward null. Our results are probably
demonstrating the difference between primary caesarean de-
livery and vaginal delivery. We expect to have relatively more
missing lymphocyte subset counts among neonates born after
a secondary caesarean delivery due to logistical constraints in
the acute setting.

Information about 1-min Apgar scores, 5-min Apgar scores,
and umbilical cord blood pH was missing in 2.6%, 1.9%, and
50.8% of the neonates, respectively. Measurements of umbil-
ical cord blood pH in the Netherlands is not routinely per-
formed, since approximately one-third of the deliveries in the
Netherlands is performed at home and are at low risk for
obstetric complications (39). In line with this, we found that
neonates without umbilical cord blood pH values more often
were vaginally delivered and had higher 1- and 5-min Apgar
scores. Neonates without umbilical cord blood pH are more
frequently from uncomplicated pregnancies with fetal distress.
Thus, we expect that missing values in umbilical cord blood
pH did not materially change the effect estimated but de-
creased the power of the study.

In our cohort study, information about maternal fever,
indicating an underlying infection, was only available around
the third trimester of gestation. It did not materially change the
effect estimates in the associations of stress-related perinatal
factors with lymphocyte subsets. However, because of the
time of maternal fever in pregnancy its confounding effect is
probably underestimated since an acute ongoing maternal
infection during delivery might show more increasing effects
on the neonatal lymphocyte subsets.

In conclusion, this population-based cohort study showed
that with increasing mode of delivery-associated stress lym-
phocyte subset counts (NK, memory T) increase. Furthermore,
lower umbilical cord blood pH is associated with an increase
of lymphocyte subset counts (B, NK, memory T). Therefore,
the clinical interpretation of absolute numbers of lymphocyte
subsets at birth should take the effects of stress- and hypoxia-
related perinatal factors into account.
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Erratum
In Figure 1B of the article, “Effects of a Nebulized NONOate, DPTA/NO, on Group B Streptococcus-Induced

Pulmonary Hypertension in Newborn Piglets” by Katarzyna Dabrowska et al., appearing in Pediatric Research 2005;
57:378–383, the Y-axis of this graph should have been labeled “PVR”.
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