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Abstract. In 104 severely growth-retarded fetuses, the mean white blood cell count 
(WBC), as well as neutrophil, lymphocyte and monocyte counts were reduced. Furthermore, 
the severity of the leucopenia was significantly related to the degree of fetal ‘smallness’ and 
anaemia. These findings suggest that leucopenia observed in growth-retarded neonates may 
be a consequence of intra-uterine starvation due to deficiency of haematinics.

Introduction

In postnatal life protein-calorie malnutri­
tion is associated with leucopenia and in­
creased susceptibility to infection [1, 2]. In­
deed, in severe cases there is thymolym- 
phatic atrophy or ‘nutritional’ thymectomy 
[3], In prenatal life, placental insufficiency is 
associated with hypoglycaemia and defi­
ciency in essential amino acids [4, 5].

The aim of the present study was to inves­
tigate the extent to which intra-uterine star­
vation affects fetal leucocyte count.

Patients and Methods

The white blood cell (WBC) and differential 
counts were determined in 104 small-for-gestational 
age (SGA), chromosomally and anatomically normal

fetuses referred to our unit for further assessment dur­
ing 1987-1990. In all cases ultrasound examination 
had demonstrated that the fetal abdominal circumfer­
ence was below the 5th centile for gestation and 
Doppler ultrasound investigation of the uterine and 
umbilical arteries was suggestive of placental insuffi­
ciency. Twenty mothers had pregnancy-induced hy­
pertension and 10 of these were receiving (i-blockers. 
In 32 cases there was oligohydramnios and in an addi­
tional 38 cases the amniotic fluid volume was subjec­
tively assessed by ultrasonography to be reduced. 
Subsequently, 26 fetuses died in utero. and there were 
11 neonatal deaths. Fifty-nine infants survived. In all 
cases the birth weight was below the 5th centile for 
gestation (fig. 1) [6).

Continuous wave Doppler studies (Dopptek Ltd., 
Chichester, UK) of the uterine and umbilical arteries 
were performed immediately before cordocentesis. 
An early diastolic notch in the waveform from at least 
one of the uterine arteries, and/or absent end-dia- 
stolic frequencies in the waveform from the umbilical 
artery, was regarded as evidence suggestive of placen­
tal insufficiency [7, 8] and was observed in all cases.
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Fig. 1. The umbilical venous pO? at cordocentesis and birth weight of 104 SGA fetuses plotted on the 
appropriate reference range (mean, 5th and 95th centiles) for gestation.

Gestation at cordocentesis was 18-39 (mean = 30) 
weeks and this was determined from the menstrual 
history or an ultrasound scan performed in early preg­
nancy. Umbilical cord blood samples were obtained 
by cordocentesis, which was performed without ma­
ternal sedation or fetal paralysis [9]. Fetal blood gases 
were measured in samples (250 pi) collected into hep- 
arinised syringes (Radiometer ABL 330, Copenhagen, 
Denmark). Fetal blood (180 pi) was also collected 
into 20 pi of isotonic edetic acid solution (0.5 mmol/1 
in 0.15 mmol/1 of sodium chloride) and the full blood 
count was determined on a Coulter Stacker counter 
(Coulter Electronics pic, Luton, UK). Blood films 
were stained with Jenners Giemsa on an automatic 
processing machine and the erythroblast count per 
100 white cells determined. The corrected WBC 
count was calculated (WBC count = uncorrected 
WBC count X 100/erythroblast count + 100). To de­
termine the differential WBC count, 100 WBCs were 
examined and classified.

During the same period an additional 55 SGA 
fetuses were investigated by cordocentesis in our unit. 
The reasons for exclusion from this study were: fetal

anatomical or chromosomal abnormalities (n = 25), 
failure to meet Doppler criteria (n = 18), differential 
WBC or erythroblast counts not performed (n = 9), 
maternal disease such as systemic lupus erythemato­
sus treated by steroids (n = 3).

Statistical Analaysis
In normal pregnancy the fetal blood gases, haemo­

globin concentration, platelet count, WBC and differ­
ential counts change with gestation [9-12]. The values 
obtained from the SGA pregnancies were expressed as 
the number of standard deviations by which the indi­
vidual values differed from the appropriate normal 
mean for gestation (delta values, SDs). Two-tailed Stu­
dent’s t test was applied to determine if the mean val­
ues in the SGA fetuses were significantly different 
from the appropriate normal mean for gestation. Re­
gression analysis was used to determine the signifi­
cance of any associations between delta WBC count 
and delta values for the other parameters. Multiple 
regression was applied to examine which of the param­
eters found to be related to leucopenia contributed sig­
nificantly in explaining the degree of leucopenia.
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Fig. 2. The corrected WBC and nucleated red blood cell counts in 104 SGA fetuses plotted on the appro­
priate reference range (mean, 5th and 95th centiles) for gestation.

Fig. 3. The lymphocyte, neutrophil and monocyte counts in 104 SGA fetuses plotted on the appropriate 
reference range (mean, 5th and 95th centiles) for gestation.

Results

In the 104 SGA fetuses the mean abdom­
inal circumference, birth weight, pC>2, pH 
and oxygen content were significantly lower 
than the appropriate normal mean for gesta­
tion (fig. 1). The mean WBC, lymphocyte.

neutrophil, monocyte and platelet counts 
were significantly reduced, but the mean 
erythroblast count was significantly in­
creased (fig. 2, 3; table 1). Although the 
mean haemoglobin concentration was also 
increased, many of the leucopenic fetuses 
were anaemic (fig. 4).
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Fig. 4. Relation of delta white blood cell count with delta haemoglobin concentration (a) and delta abdomi­
nal circumference (b) in 104 SGA fetuses. Delta values are the number of standard deviations by which 
the individual values differed from the appropriate normal mean for gestation. The most leucopenic fetuses 
(<  2 SDs) were also anaemic.

Table 1. Comparison of data from the 104 SGA 
fetuses to the appropriate normal mean for gesta­
tion

MD SEM t

WBC count -1.60 0.17 -8.3**
Lymphocyte count -1.50 0.14 -9.5**
Neutrophil count -0.89 0.19 -4.6**
Monocyte count -0.30 0.13 -2.3*

Abdominal circumference -4.83 0.17 -29.3**
Birth weight -3.06 0.09 -34.3**
Fetal blood pO? -2.51 0.14 -17.7**
Fetal blood pH -2.90 0.26 -11.0**
Fetal blood oxygen content -2.57 0.32 -8.0**
Haemoglobin concentration 0.58 0.26 2.2*
Platelet count -1.68 0.13 -12.8**
Erythroblast count 3.70 0.18 21.0**

(MD = Mean difference in SDs; SEM = standard 
error of the mean; t from Student’s t test).

*p  <  0.05; **p <  0.0001.

Table 2. Relationship between delta for WBC 
count and delta values for the other parameters mea­
sured

Correlation Residual 
coefficient SD

Lymphocyte count 0.81 0.86**
Neutrophil count 0.69 1.40**
Monocyte count 0.60 1.01**

Abdominal circumference 0.38 1.56**
Birth weight 0.39 0.84**
Fetal blood pCL 0.19 1.42
Fetal blood pH 0.02 2.69
Fetal blood oxygen content 0.34 3.09*
Haemoglobin concentration 0.38 2.50**
Platelet count 0.34 1.26*
Erythroblast count -0.05 1.81

*p <  0.05; **p <  0.0001.
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There were significant associations be­
tween delta WBC and delta lymphoyte, delta 
neutrophil and delta monocyte counts, delta 
abdominal circumference, delta birth 
weight, delta haemoglobin concentration, 
delta oxygen content and delta platelet count 
(table 2). Multiple regression demonstrated 
that delta abdominal circumference and 
delta haemoglobin contributed indepen­
dently in explaining variance in delta WBC 
(delta WBC = 0.366 X delta abdominal cir­
cumference + 0.254 X delta haemoglobin, 
F to remove 156.3 and 21.69, respectively). 
In contrast, delta platelet count and delta 
oxygen content did not contribute signifi­
cantly after accounting for delta abdominal 
circumference and delta haemoglobin con­
centration (F to remove 1.61 and 2.58. re­
spectively).

Discussion

This study has demonstrated that severe 
growth retardation, presumed to be due to 
placental insufficiency, is associated with 
neutropenia, lymphopenia and monocytope­
nia. Furthermore, the severity of the leuco- 
penia is significantly related to the degree of 
fetal ‘smallness’ and anaemia. These find­
ings suggest that the previously reported leu- 
copenia in growth-retarded neonates might 
be a consequence of deficiency in haema- 
tinics due to intra-uterine starvation. In­
deed, in growth-retarded neonates iron 
stores are reduced [ 13].

In addition to an impaired supply of nu­
trients causing reduced production of white 
cells, there may be impaired development of 
leucopoietic sites due to decreased periph­
eral perfusion, which is well described in 
hypoxaemic growth retardation [14, 15],

Supportive evidence for this hypothesis is 
provided by a post-mortem study, which 
demonstrated that in the SGA group, the 
thymus was smaller and the mass of haemo- 
poietic tissue in the liver was reduced com­
pared to appropriately grown infants [ 16]. In 
growth-retarded fetuses that survive, im­
paired cell-mediated immunity may persist 
until at least the age of 5 years [17, 18].

An alternative mechanism for leucopenia 
associated with growth retardation is ‘chan­
nelling' haemopoietic stem cells [19]. Stem 
cell differentiation in favour of erythropoie- 
sis may occur in an attempt to fulfil the pri­
mary requirement of tissue oxygenation. 
Such ‘channelling’ could leave the fetus rela­
tively deficient in leucocytes and platelet 
precursors. In neonates of pregnancies com­
plicated by maternal hypertension and/or fe­
tal growth retardation, the numbers of circu­
lating granulocyte-macrophage progenitors 
[20]. However, in the present study leucope­
nia was associated with anaemia while in 
most fetuses with increased haemoglobin 
concentration, the WBC count was normal.

Intra-uterine starvation and associated 
leucopenia may in part account for increased 
susceptibility to infection on the neonatal 
life [21]. Additionally, chronic intra-uterine 
starvation may interfere with normal devel­
opment of leucopoietic sites and therefore, 
predispose to long-term immunological defi­
ciencies [17, 18],

References

1 Rosen EU, Geefhuysen J, Anderson R, Joffe M, 
Rabson AR: Leucocyte function in children with 
kwashiorkor. Arch Dis Child 1975:50:220-224.

2 Chandra RK: Immunocompétence in malnutri­
tion. J Pediatr 1972:81:1 194-1200.

3 Purlilo DT, Connor DH: Fetal infections in pro-

D
ow

nloaded from
 http://karger.com

/fdt/article-pdf/6/3-4/107/2786229/000263633.pdf by King's C
ollege London user on 10 N

ovem
ber 2023



112 Davies/Snijders/Nicolaides

tein-calorie malnourished children with thymo- 
lymphatic atrophy. Arch Dis Child 1975;50:149— 
152.

4 Economides DL. Nicolaides KH: Blood glucose 
and oxygen tension levels in small for gestational 
age fetuses. Am J Obstct Gynecol 1989:160:385— 
389.

5 Economides DL: Nicolaides KH, Gahl WA. Ber­
nardini 1. Evans MI: Plasma amino acids in ap­
propriate and small for gestational age fetuses. 
Am J Obstet Gynecol 1989:161:1219-1227.

6 Yudkin PL. Aboualfa M, Eyre JA. Redman CWG, 
Wilkinson AR: New birth weight and head cir­
cumference centiles for gestational ages 24-42 
weeks. Early Hum Dev 1987;15:45-52.

7 Aristidou A, Van der Hof M, Nicolaides KH, 
Campbell S: Uterine artery Doppler in the inves­
tigation of pregnancies with raised maternal se­
rum alpha-fetoprotein. Br J Obstet Gynaecol 
1990;97:431-435.

8 Nicolaides KH. Bilardo CM, Soothill PW, Camp­
bell S: Absence of end diastolic frequencies in the 
umbilical artery a sign of fetal hypoxia and acido­
sis. Br Med J 1988;ii: 1026-1027.

9 Nicolaides KH, Economides KH. Soothill PW: 
Blood gases. pH and lactate in appropriate and 
small for gestational age fetuses. Am J Obstet 
Gynecol 1989;161:996-1001.

10 Nicolaides KH. Thilaganathan B. Mibashan RS: 
Cordocentesis in the investigation of fetal erythro- 
poiesis. Am J Obstet Gynecol 1989:161:1197— 
1200.

11 Van den Hof MC, Nicolaides KH: Platelet count 
in normal, small and anemic fetuses. Am J Obstct 
Gynecol 1990;162:735-739.

12 Davies NP. Buggins AGS. Sniiders RJM. Layton 
M, Nicolaides KH: The fetal white blood cell in 
normal pregnancies. Submitted.

13 Chockalingham UM, Murphy E. Ophoven JC, 
Weisdorf SA; Georgieff MK: Cord transferrin and 
ferritin levels in newborn infants at risk for prena­
tal uteroplacental insufficiency and chronic hyp­
oxia. J Pediatr 1987;! 11:283-286.

14 Peeters LLH. Sheldon RF, Jones MD, Makowski 
EL. Meschia G: Blood flow to fetal organs as a 
function of arterial oxygen content. Am J Obstet 
Gynecol 1979:135:639-646.

15 Bilardo CM, Nicolaides KH. Campbell S: Doppler 
measurements of the fetal and utero-placcntal cir­
culations: Relationship with umbilical venous 
blood gases measured at cordocentesis. Am J Ob­
stet Gynecol 1990:162:115-120.

16 Naeye RL, DienerMM, Harcke HT Jr. Blanc WA: 
Relation of poverty and race to birth weight and 
organ and cell structure in the newborn. Pediatr 
Res 1971;5:17-22.

17 Chandra RK: Fetal malnutrition and postnatal 
immunocompétence. Am J Dis Child 1975; 129: 
450-454.

18 Ferguson AC: Prolonged impairment of cellular 
immunity in children with intrauterine growth 
retardation. J Pediatr 1978:93:52-56.

19 Peters M. ten Cate JW. Koo LH. Breederveld C: 
Persistent antithrombin III deficiency: Risk factor 
for thromboembolic complications in neonates 
small for gestational age. J Pediatr 1984; 105:310— 
314.

20 Koenig JM, Christensen RD: Incidence, neutro­
phil kinetics, and natural history of neutropenia 
associated with maternal hypertension. N Engl J 
Med 1989;321:557-562.

21 Papacvangclou G. Papadatos C. Alcxiou D: Peri­
natal mortality and morbidity in small-for-date 
newborns. Helv Paediatr Acta 1972;27:415-424.

Received: August 8. 1991 
Accepted: August 16. 1991

K.H. Nicolaides, MD
Harris Birthright Research Centre
for Fetal Medicine
Department of Obstetrics and Gynaecology 
Medical School King's College Hospital 
Denmark Hill 
London SE 8RX (UK)

D
ow

nloaded from
 http://karger.com

/fdt/article-pdf/6/3-4/107/2786229/000263633.pdf by King's C
ollege London user on 10 N

ovem
ber 2023


