
Effects of labour and medication on
major lymphocyte subsets in cord
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It is envisaged that flow cytometric analysis of lymphocyte
subsets in cord blood may be used as a biomarker for effects
on the immune system of exposure to environmental factors.
In order to investigate the possible application of this
parameter, we first studied the effects of other factors that
may influence the outcome of subset analysis in cord blood.
FACS analysis was performed in 112 pairs of umbilical cord
blood and of peripheral maternal blood sampled at labour.
Whereas in maternal blood no statistically significant effects
of medication during labour on T lymphocyte numbers and NK
cells were found, in oxytocin- and in oxytocin and
prostaglandin-treated mothers B cell numbers showed a
statistically significant increase. In cord blood, the course of
labour and/or medication during labour were identified as the
most important factors determining distribution of major
lymphocyte subsets. In cord blood after deliveries without
medication or after neuroplegic analgesia (NPA), the mean
percentage of cord blood T lymphocytes (CD3+) was highest
(59%) and that of NK lymphocytes (CD3± /CD16 +  56+) lowest
(20%). The mean percentage of T lymphocytes was
significantly lower (52%) and that of NK lymphocytes higher
(28%) in cord blood where deliveries were done under NPA in
combination with infusion of oxytocin. The combination of NPA
with oxytocin and induction of labour by prostaglandin E2 led
to a further reduction of T lymphocytes and an increase of NK
cells (39% and 38% respectively). The changes in ratio of T
and NK lymphocytes were due both to decreasing absolute
counts of T lymphocytes and increasing counts of NK
lymphocytes. Thus, the effects of labour and/or medication
during labour must be taken into account when this
parameter is applied as a potential biomarker of effects of
environmental factors on the immune system.

Keywords: cord blood, flow cytometry, lymphocyte subsets,
medication, labour.

Introduction
Cord  blood is an easi ly  obtained  and , f rom  an ethical point  of

v i e w, an  acceptable  source of  im m un oglobu lins an d

leuco cy tes. Th e detect ion of  m em brane m arker molecules by

flow cytom etry  ( im m uno ph enoty pin g)  is  u sed  to  s tudy

p renatal  d iffe ren tiat ion as  well  as  f unctional  cap ac ity  and

maturity  of  cord  blood ly mpho cy tes. I t  has also been pro p o s e d

to use cord  b lood lym phocy tes p henoty ping for  the d iagnosis

of  pren atal ly  originating im mu nodeficiencies (Rainaut  et  al .

1987, L ucivero  et  al.  1 99 5) and  as a  deve lopm en tal  im m une

m ar ker in  epidem iolog ical stud ies in  wh ich  the effects of

en v i ronm ental  factor s on the im m une sy stem  are  in vest igated

(Vogt  and S chulte  1993, Dost ’ l et  al.  1995).

F or such purposes, the im pact  of  f ac tor s other  th an  those

that  are  the subject  of  s tudy o n these  p ar ameters  sh ould be

known. I t  has been  shown that some factors,  e.g .  matern a l

diabetes (Giord a n o  et  al. 1992, Rol l et  al. 1994), matern a l

t rea tm e n t w i th im m u n os u pp ressants (Taka h ash i  et al. 1994) ,

leng th of  gesta tion  (Wilso n et  al.  1985), in fect ions in  utero

(Pass  et al . 1983),  influence lym phocyte subsets in  cord  blo od

or ear ly  childho od. T herefore ,  no rm al referen ce values are

being estab lished b y exam ination of  healthy neon ates

de liv ered at  term  b y heal thy  m o the rs  w ith an un com p licat ed

course  of  pre gn an c y. E ven in  su ch neo nates th e percen tages of

m ajo r lym ph ocyte subsets  are  inf luenced by  sex  and r ace

(Mot ley et al . 1996).  I t  was  also  found tha t  the distr ibution  of

co rd  bloo d ly mp hocyte su bset s d iffers  between neonates born

vaginally  and by elect ive caesarean sect ion (P ittard  et al . 1989 ,

Ga sp aro n i  et  al.  1 992, Sam elson et al.  1992).

We have studied wh ether  the course of  v ag inal del ivery

and /or  m edicat ion du rin g lab ou r are  asso ciated  w ith

dist r ibution of  m ajo r lym phocyte subsets  in  cord  blo od.  T h e

p resent  p aper is b ased on results  of  phenotyping 127 pairs of

m a te rna l  and  c ord  blood sam pled at  d el iv er ies in  a  m atern i t y

hosp ital  during  Ju ly±A ugust  19 95.

MATERIAL AND METHODS

Immunology
Maternal peripheral venous blood sampled at the time of labour and mixed arterial

and venous cord blood sampled immediately after labour were collected into

heparinized vacutainers (10 ml, VacuetteR, Greiner). The samples were stored in a

refrigerator (at + 4 °C) in polystyrene boxes and analysed within 24 h.

Lymphocytes were phenotyped in lysed whole blood using a FACSort flow

cytometer, Simulset software, and Simultest IMK lymphocyte kit of monoclonal

antibodies (all from Becton Dickinson Immunocytometry Systems). The following

lymphocyte subsets were determined: CD3+ T lymphocytes, CD3+/CD4+ T-helper

lymphocytes (CD4), CD3+/CD8+ T-cytotoxic/suppressor lymphocytes (CD8),

CD3± /CD19+ B lymphocytes, CD3± /CD16 + 56+ natural killer (NK) lymphocytes.

Problems with contamination of cord blood lymphocytes with nucleated red blood

cells (Harris et al. 1994) are most easily solved by a lysed whole blood method.

The Simulset software (Becton Dickinson Immunocytometry Systems) provides

the three part differential of leucocytes in the gate, based on the CD45/CD14

staining. Correspondence of the percentage of identified lymphocytes (T + B +

NK) to the percentage of lymphocytes in the gate was used to control the quality

of staining. The values were converted to percentages of the total counts of

lymphocytes, i.e. of the sum of T, B and NK lymphocytes.
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Material
The lymphocytes of maternal and cord blood of 112 Caucasian women and their

neonates born vaginally without anaesthesia at the same maternity hospital in

July± August 1995 were phenotyped. There were 100 neonates delivered at

gestational age 38± 41 weeks, three neonates at week 37 and nine neonates at

week 42. In 92 samples of cord blood, total counts of leucocytes, erythrocytes

and platelets, and haemoglobin content were determined immediately after

delivery at the Laboratory of Hematology, IInd Department of Obstetrics and

Gynaecology. Total lymphocyte counts were deducted from the white blood cell

counts and the differential determined by SIMULSET software.

The following data were available from the medical records: 

Medication during labour: NPA ±  neuroplegic analgesia (the mixture of dolsin 

(100 mg), protazin (50 mg) plegomazin (25 mg) and dihydroergotoxin (0.6 mg)

administered i.m. in a dose adjusted to the body weight), OG ±  i.v. infusion of 2 IU

oxytocin in 5% glucose, PGE ±  induction of labour by prostaglandin E2 (Prostin E2,

Upjohn).

Newborn: gestational age in weeks determined by menstrual data, time of birth,

interval between the rupture of membranes and delivery, presence of stained

amniotic fluid, gender, birth weight, diagnosed infection, major congenital

defects.

Mother: age, body weight, body height, number of previous births and of

spontaneous or induced abortions, gestational diabetes, hypertension in

pregnancy, incompetence of the cervix, diagnosed or reported bleeding during

pregnancy, infectious diseases, administration of antibiotics during pregnancy,

diseases before pregnancy, previous usage of contraceptives, smoking, history of

allergy.

To analyse the effects of labour on lymphocyte subsets in cord blood, neonates

delivered vaginally without anaesthesia were divided into five groups differing in

medication used during labour:

1. vaginal delivery without any medication (group NONE, 22 pairs of blood

samples)

2. vaginal delivery in neuroplegic analgesia (group NPA, 47 pairs)

3. vaginal delivery in NPA, infusion of oxytocin (group NPA/OG, 29 pairs)

4. vaginal delivery with induction of labour with prostaglandin E2 and NPA (group

PGE/NPA, 8 pairs)

5. vaginal delivery in NPA, induction of labour with prostaglandin E2, oxytocin

(group PGE/NPA/OG, 6 pairs)

Statistics
The test of goodness of fit, regression analysis and multifactorial analysis of

variance (Statgraphics 5.0) were used to identify association of maternal and

labour-associated variables with percentages of the lymphocyte subsets. The

significance of differences between the mean values of lymphocyte subsets in

groups differing by medication at labour was tested using the non-parametric

analysis of variance Kruskal± Wallis (Theodorsson-Norheim 1986). Differences at

the level 0.05 and less are considered statistically significant.

Results
Cord blood
T he num ber s of  T  lym ph ocytes show ed a norm al dis tr ibu tion ,

w h e reas  dist r ibutions of  N K and B lym phocytes w ere  n o t

n o rmal (p < 0.05) . The vary ing pro p o rt ions  of  T  and NK

ly m pho cytes w as th e m ost  conspi cuou s feature of  our data.

P h a rm acological  indu ct ion /st im ulat ion of  labour in  vaginal

deli veries  w ere  identif ied  as the m ost  imp ortan t  factor

inf luencing  re la t ive counts of  T  lym phocytes  in  co rd  blo od .

T h e m ean percen tage of  T  lymphocytes (Table 1) was highest

(61.4%) in newborns delivered  without  any m ed ication.  T he

m ea n p ercentages of  T  lymphocytes in  newborns of  m others

delivering un der neuropleg ic ana lgesi a in  com bination w ith

oxytoc in  (52% ) or  administe red  com bination P GE/NPA/O G

(38 .5%) were signi f icant ly  lower than  in  group NONE. A lower

p e rcen tage of  T  lymphocytes was assoc ia ted with  a higher

p e rcen tage of  NK lymphocytes and in  the group PGE /NPA/OG

also by  a non-sign if ican t increase  in  the percen tage of  B

lymphocytes.  Changes  in  percenta ges of  CD4 and CD8

lym phocytes ref lec t the  chan ges of  tota l T lym phocytes. Wi th

the treatment P GE/NPA/OG, the perce ntage  of  CD8 lym phocytes

d e creased  to a lesser  ext ent than  that of  CD4, thus the  CD4 : CD8

index was  lower than in  the  other  groups (Figure 1).

T he m ean absolute  counts  of  cord  b loo d l euco cytes an d

lym ph ocytes in  th e group  PG E/N PA w ere  signif icantly  lower

than the m ean coun ts in  th e other  gro ups (Table 2)  and w ere

ref lected by low  mean counts  of  a l l  lym phocyte subsets . The

m ean  counts  of  lym phocy te sub se ts in  gro up s w ith s im il ar

to tal  counts of  lymphocytes ( i .e.  af ter  exclusion of  PGE/NPA

gro up)  show  asso ciat ion  w ith m ed ication dur ing  labo ur.  T h e

m ean count o f  T  lym phocytes  is h ig hes t  and the count of  NK

lym p hocy tes low est  in  del iver ies wi thou t  m ed ication  and  th ey

d e c rease an d inc rea se ,  resp ectiv ely,  w ith  inc re asing

m edic ation  d ur ing  lab our.  Also , the m ean  count  of  B

lym ph ocytes is  high est  in  neo nates del ivere d  w i th o u t

m edication.  T h e differences b etw een the mean cou nts of  CD3

and CD 4 lym ph ocytes are  stat is tica l ly  signif ican t .

T h e re  w ere  no  differences b etw een h aem og lob in c onte nt

and counts  of  ery th rocytes an d platele ts  (data  not  show n).

Maternal blood
T h e m ea n p ercentages of  T  lym phocytes in  gro ups o f  mo ther s

d iffering in  m edicat ion d uring labour are  in  the range  68.9  (no

medica tion) to  53.7 (group P GE /NPA/O G). T he mean

p e rcen tages  of  NK lymphocytes are in  the range  from 24.4 (no

medica tion) to  33.0 (group P GE /NPA/OG). These differe n c e s

a re  sta t ist ica lly  insignif icant (Table 3) .  T hus, only the

p e rcentage of  B lym phocy tes changes with m edication du ring

la bo u r,  being signif icantly  higher in  mother s tre at ed  w ith

oxytoc in  (gro u p s N PA/OG an d PE /N PA/OG).

M. Dostál et al.362

Figure 1. The CD4/CD8 index (mean, SD) of cord blood T lymphocytes.
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Lymphocyte subsets in cord blood 363

1 2 3 4 5
Group: None NPA NPA/OG PGE/NPA PGE/NPA/OG LS
Medication: N = 22 N = 47 N = 29 N = 8 N = 6

T lymphocytes Mean 61.4 56.8 52.01 57.1 38.51± 4 p < 0.01
CD3+ SD 9.6 13.3 12.1
B lymphocytes Mean 21.1 20.6 19.6 18.5 24.0 NS
CD3± /CD19+ SD 10.7 9.5 7.1
NK lymphocytes Mean 17.4 22.71 28.21,2 24.1 37.51,2 p < 0.01
CD3± /CD16 + 56+ SD 6.8 9.7 11.8
CD4 lymphocytes Mean 44.8 41.9 39.41 43.6 25.21± 4 p < 0.01
CD3+/CD4+ SD 9.6 9.8 10.0
CD8 lymphocytes Mean 18.0 17.0 15.1 16.5 13.3 NS
CD3+/CD8+ SD 6.2 8.2 5.1

Table 1. Relative values of major lymphocyte subsets in cord blood.
Key: LS, Level of significance tested by non-parametric analysis of variance Kruskal± Wallis; NS, non-significant difference.
1± 4 Statistically significant difference against all groups.
1 Statistically significant difference against group NONE.
2 Statistically significant difference against group NPA.

1 2 3 4 5
Group: None NPA NPA/OG PGE/NPA PGE/NPA/OG LS
Medication: N = 19 N = 38 N = 24 N = 6 N =5

Leucocytes Mean 17.3 15.8 17.3 12.31,3 17.30 p < 0.01
SD 4.39 4.80 4.66

Lymphocytes Mean 5.41 4.36 4.77 3.241,3 4.25 p < 0.01
SD 1.77 1.40 1.73

T lymphocytes Mean 3.30 2.511 2.441 1.621,2 1.551,2 p < 0.01
CD3+ SD 1.18 9.02 1.05
B lymphocytes Mean 1.13 0.80 0.91 0.621,3 0.82 NS
CD3± /CD19+ SD 0.56 0.26 0.31
NK lymphocytes Mean 0.94 1.05 1.42 0.99 1.87 NS
CD3± /CD16 + 56+ SD 0.53 0.68 0.88
CD4 lymphocytes Mean 2.46 1.811 1.821 1.211 0.971,2,3 p < 0.01
CD3+/CD4+ SD 1.07 0.67 0.83
CD8 lymphocytes Mean 0.94 0.75 0.72 0.47 0.53 NS
CD3+/CD8+ SD 0.38 0.37 0.34

Table 2. The absolute counts of lymphocytes in cord blood ( ´  109 ´  l± 1).
Key: LS, Level of significance tested by non-parametric analysis of variance Kruskal± Wallis; NS, non-significant difference.
1 Statistically significant difference against group NONE.
2 Statistically significant difference against group NPA.
3 Statistically significant difference against group NPA/OG.

1 2 3 4 5
Group: None NPA NPA/OG PGE/NPA PGE/NPA/OG LS
Medication: N = 22 N = 47 N = 29 N = 8 N = 6

T lymphocytes Mean 68.9 63.9 65.1 58.0 53.7 NS
CD3+ SD 9.4 8.5 10.9 14.9 9.8
B lymphocytes Mean 6.5 8.5 10.11 9.8 13.01 p < 0.05
CD3± /CD19+ SD 3.2 4.9 4.2 5.2 7.5
NK lymphocytes Mean 24.4 27.5 24.6 32.5 33.0 NS
CD3± /CD16 + 56+ SD 9.1 9.7 11.6 15.0 12.7
CD4 lymphocytes Mean 35.3 31.9 36.8 34.0 33.0 NS
CD3+/CD4+ SD 10.3 8.5 8.2 11.2 5.9
CD8 lymphocytes Mean 33.1 31.6 29.7 23.0 23.2 NS
CD3+/CD8+ SD 8.4 10.4 7.6 7.0 7.5

Table 3. Percentages of lymphocyte subsets in peripheral maternal blood.
Key: LS, Level of significance tested by non-parametric analysis of variance Kruskal± Wallis; NS, non-significant difference.
1 Statistically significant difference against group NONE.
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T h e p ercentage of  B lym phocytes  is a lso correlated (data  not

show n) with  a  nu m ber o f  m aternal  fac tors: age , body weight ,

body height ,  length of  preg n an cy,  t ime interv al  b etw een

ru p t u re  of  m emb ranes and d elivery.  The highest  correl at i on

coeff icie nt is that for  maternal age, its valu e reaches ±0.243 only.

Differences in  lym ph ocyte su bsets betw een p rim ig ravid a

and  m ult ig rav ida m others  are  sh ow n in F igu re  2. Mother s

deliver ing for  the f irst  time have signif icant ly  lower

p ro p o rt ions of  CD8 lym phocytes  an d higher pro p o rt ions of  NK

lym pho cy tes  than m oth er s d el iver ing for  the second o r  m ore

tim e (Figure 2) .

Discussion
T he sam ples  of  cord  an d  m aternal blood from  112 vaginal

del iver ies wi thou t  an aesth esia  w ere divided  into  f ive gro u p s

acc ord ing to  m ed ication during labo ur ( cases w ith  aty pical

m e dicat io n w ere  no t  inclu ded).  T he percen tage  of  

T  lym phocytes in  our  sam ples w as  sig nif ican tly  corre la t ed

w ith  m edicatio n d ur ing  l abou r.  In ductio n/st im ulat io n of

lab our  w ith oxy tocin  and /or  p rostaglandin E2 is  associated

w ith  a  d ecre ased  pe rcentage of  T ly mph ocy tes  and incre a se d

p e rcentage of  N K lym phocytes (when com pared  w i th  n eo n at es

b o rn  without  m edicat ion) . T he contr ibu tio n of  f ac tors  such as

length of  ges ta t ion,  neonata l  sepsis , congenita l  defects,  or

m aternal  disease  to  the total variance  of  pro p o rtion  of T

lym ph ocytes was less  th an  that  o f  m edication  dur ing lab our. It

m ust  how ever  b e m ent ioned  th at  th is  m ay in  part  be due to  a

lo w incid ence of  such  new bo rns i n  o ur  co hort .

Ou r d ata  show  that  ch anges in  pro p o rt ions of  T and N K

lym p hocytes in  gro up s di ffer ing in  m edication at  labour  are

du e to  b oth  decreasing cou nts of  T  lymp hocytes and

in c reas ing counts of  N K lymph ocytes.  T he mean counts  of  

B ly mp hocytes are  also so mewh at  high er  in  the grou p N ON E

tha n  in  p h arm acological ly- assisted  del iver ies.

Interlaboratory  comp ar isons of  data  on cord  blo od

ly m pho cyte su bsets  are  co nfo und ed by  differen ces in  sta ining

p ro ce d u res (ful l  blood  ́  i sol ated lym phocy tes) , select ion of

antib odies to  surface marker s (CD marker s versus sIg for  B

lym phocytes , CD3±/CD56+ versus CD3±/CD16 + 56+ sta ining for

NK  lym phocytes)  an d correct ion for  the puri ty  of  lym phocyte

gate  wh en conv erting values to  a percen tage of  tota l

lym phocytes (see d iscuss ion b y Motley et  al.  (1996 )). Also, the

cr i te r ia for  selec tion of  the norm a l n ew b orn s m ay d iffer. For

instan ce K ontny et  al.  (1994) excluded 168 newb orn s  w h ic h

did not fulf i l  their  cr iter ia for  hea lthy newborns fro m  a

pop ulat ion  of  221  new born s d eliv ered at  term  w ith n o rm a l

weigh t for age.  Neverthe less,  th e p ub lished  p ercentages of  T

ly m ph ocy tes a re s im ilar  to  our values  for  newborns del ive re d

wi thou t  m edication or  in  NPA (Pitta rd  et  al.  1989, Erke lle r-

Yuksel  et al. 1992, Raes et  al.  1993, Kontny et al. 1994, Motley

et  al. 1996).

A t  p resen t ,  we have no d ata  to  explain  w hy the neo nates

b orn  after  induction/st im ulat ion of  labo ur by P GE  and

oxy tocin hav e low num bers of  T  ly mp hocytes and h igh

num bers of  NK  lym phocytes.  T heore t ical ly,  this  may b e

explained b y the fol lowing reasons:  1 . the differenc es ex isted

before labour  started; 2 . they  ref lect  red ist r ibu tion of

lym pho cytes d urin g labou r d ue to  tr ansplacental  effects of

d rugs; 3 . they re flect  redist r ibutio n of  lym ph ocytes due to

m a terna l  s tress and/or  to  foetal  hypoxia.  If  so ,  medica tion

during labour  is  in  fact  a  surroga te  for  the course  of  labour.

P it tard  et al.  (1989) explained  the labour-associated decrea se

in counts of  CD 3 lymphocytes (com pared with n eon ates b orn

by elec tive Caesa rean sect ion) by  the eff ec ts of inc re a s e d

neonatal  levels of  c ircu lat ing  catecho lam ines and  cort isone, o r

by p hysiolog ical  a l terat ions due to  m ild ischaem ia or  hy poxia

of del ivery.

With  m aternal  l ym pho cytes,  on ly th e percen tages of  

B lym pho cy tes differ  signi f ican tly  in  re lat ion to  m edication.

T hey  are  inc rea sed in  gro u p s N PA/P GE /OG and NPA/O G. In

fact ,  a lso the m ean values  of  T  and N K lymphocytes  have a

t rend sim ilar  to  chan ges seen in  cord  blo od ± the percentag es

of NK  lymphocytes increa se and th ese of  T  lym phocy tes

d e c rease w hen  in duction/st im u lat ion  o f  labou r is used.

In total , the dist r ibution  of  the m ain lym phocyte su bse ts in

co rd  bloo d of  neonates born  v ag inally  is inf lu enced by a

number  of  factors. We h ave found that  in  addit ion to  the facto rs

re p o rted in  the l i terature  (gesta tional age,  maternal  ph ysi olog y

an d patho log y,  neonatal  patho logy, race  and sex) ,  the course  of

labo ur and/or  m edicati on d uring l ab our  are  re lated to  chan ges

in  b oth  p ercen tages and absolute  counts  of  T  and NK

lym p ho cytes i n  c ord  b lood.  Indu ction/st im ulat ion of  l ab our

w i th  p rostaglandin  E 2 and/or  oxy to cin  is asso ciated w ith

d e c reasing  pro p o rt io ns of  T  ly mp hocytes an d increasin g

p ro p o rt ions of  NK lym phocytes.

I t is  en visag ed  that  dist r ibution of  m ajor lym phocyte subse ts

in  co rd blood may be used as  a biomarker  for  effects o n the

im m un e sy ste m  of  e xpo sure  to  environmental factors.  For

instance,  th e resu lts o f  ph en otyping  cord  b lood lym phocy tes o f

65 Gyp sy  newbo rns sug ges t  an  associa t ion of  changes in  the

rat io  of  T  and NK lym phocytes  with m aternal smoking before

or  du rin g p regnancy  (Dost ’ l  et al . 1997).  Our prese nt  res u lt s

clearly  show that  the effects  of  labo ur and/or  medication

durin g vaginal  del ivery  mu st  a lso  be taken into  accoun t w hen

M. Dostál et al.364

Figure 2. Major lymphocyte subsets (mean, SD, N) in maternal peripheral blood

at labour of primigravida, secundigravida and multigravida mothers. The

statistical significance was tested by non-parametric analysis of variance

Kruskal± Wallis.
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th is parameter  is applied as a  potential  biomarker of  effects in

epidem iological  stud ies on d evelopm ental  toxici ty.
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