
a WBC ≥ 5.0 x 109/L is a sensible threshold to initiate CD34+
cell counts, and subsequently has been adopted in Taunton.

The PB CD34+ cell count is used to confirm that the
harvest will yield sufficient CD34+ cells. If achievement of
the target dose is predicted to be unlikely, the linear nature
of the PB CD34+ cell count can be used to provide an
indication of the number of collections needed. 

For example, if 32.5 x 106/L predicts a PBSC yield of 2.0 
x 106/kg, a PB CD34+ cell count of approximately 16.0 x 106/L
suggests a PBSC yield of half the target dose (i.e.,1.0 x
106/kg), suggesting that at least two collections would be
required. Similarly, a PB CD34+ cell count of 100 x 106/L
would indicate a final yield of approximately three times the
target yield (i.e., 6.0 x 106/kg).

Of course, this assumes that the PB CD34+ cell count will
remain stable for the duration of the ‘harvest window’. Any
decrease in circulating CD34+ cells would extend the
number of collections required. Similarly, an increase would
reduce the the number of collections needed to achieve 
the target dose.

Owing to the dynamic nature of PB CD34+ cell
mobilisation, the PB CD34+ cell count preceding each
harvest was measured if more than one was needed.
Updating the predicted yield permits optimum patient
management by avoiding harvesting unnecessarily, 
or allows additional harvests to be performed if the 
PB CD34+ cell count is seen to be diminishing.

Importantly, we use PB CD34+ cell counts not only 
to predict the harvest yield on a particular day but also to
ensure that stem cell mobilisation has occurred.

With a CD34 count usually available within an hour 
of receipt of a sample, delays in harvesting are minimal. 
The cost of routinely performing two or more leucapheresis
procedures when one would have been sufficient (or should
not have been commenced at all) far outweighs the cost of 
a CD34 count.

The present study aimed to assess the utility of the 
PB CD34+ cell count as a robust method to optimise the
timing of apheresis in order to achieve the target dose in a
single collection, or to provide accurate information about
the number of procedures that would be required if one
were insufficient (or if CD34+ cell mobilisation had occurred
at all). The results showed that PB CD34+ cell counts can
predict harvest yield, irrespective of treatment regime or
patient weight. 

In summary, PB CD34+ cell counts provide a realistic and
cost-effective opportunity for improved utilisation of clinical
and laboratory resources. A more effective service can be
offered to the patient by minimising inconvenience and 
the need for unnecessary procedures (by avoiding
harvesting too early or too late), and by identifying those
patients unlikely to yield sufficient CD34+ cells to be of
therapeutic value. �

We thank Dr Paul Ewings for statistical analysis of the data and Dr
Steve Johnson for reading the text and suggesting improvements.
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Placental transfer of measles antibodies 
in Nigerian mothers
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Measles is a major health problem of childhood in
developing countries, despite the immunisation of children
against the disease.1 Factors such as ignorance, malnutrition,
non-immunisation, delay in seeking medical attention and
intra-uterine fetal infection from the exposed mother have
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Table 2. PB CD34+ cell count and achievement of target dose in 
a single collection (n=80). 

PB CD34+ cell count (x 106/L) 2.0 x 106 CD34+ cells/kg

≤ 20.9 0%

> 20.9 < 32.5 50%

≥ 32.5 100%



contributed to the high morbidity and mortality rate of
measles infection.2-4 Vaccine failure is another factor in the
high morbidity rate of measles.5,6 The failure of children to
seroconvert the live measles vaccine, as observed in
kwashiorkor children, also helps to propagate the disease.7

Normally, babies will acquire measles antibody across the
placenta during gestation, and this provides protection until
they are immunised at nine months.3 However, a study of 20
babies (aged between one month and nine months) revealed
that 88% had no protective antibody at six months and 
all were susceptible to measles at nine months.8,9 This could
result from either the transfer of low levels of measles
antibody across the placenta or the possibility that intra-
uterine infection overwhelms the measles antibody and
renders it ineffective.10

In a community study,3 women exposed to measles
infection during pregnancy had a prenatal mortality rate 
of 15%, compared with 4% for women not exposed to
measles. This type of prenatal infection was suggested as the
cause of measles in babies aged one to two months.11

The present study aims to establish the pattern of measles
immunity in babies of women exposed to an environment in
which measles is endemic.

Forty-two pregnant women gave informed consent and
were enrolled in the study. Inclusion criteria were that they
must be in the first trimester of pregnancy and that 
a complete antenatal record be kept to delivery. The study
group was monitored through case notes and assessment 
of clinical condition at each clinic visit. Babies were
examined for underweight or infection at delivery.

Blood was collected by venepuncture during antenatal
consultation. Cord blood was collected at delivery and sera
were separated and stored at –20˚C until used.

A haemagglutination inhibition (HI) technique was used to
carry out the measles antibody assay. Briefly, an initial
measles antigen titration was performed in phosphate-
buffered saline (PBS) to find the haemagglutinating titre 
of the antigen. Serum samples were adsorbed with 50%
Rhesus monkey erythrocytes overnight to remove non-
specific agglutinins, prior to measles antibody titration. Serial
two-fold dilutions (1 in 4 to 1 in 2048) of treated samples were
prepared in PBS (pH 7.2) in a multi-welled plate. Equal
volumes (25 µL) of each serum dilution and 4HAI units of
measles antigen were mixed. This was incubated for 1 h at
room temperature, following which 0.5% washed monkey
erythrocytes were added as an indicator. This was followed
by further incubation at 37˚C for 1 h.

The plate was then examined. Even haemagglutination
was recorded as a positive reaction, while a button of
erythrocytes at the base of the well indicated a negative
reaction. The titre at which positive and negative reactions
occurred was noted.

Both the maternal and cord sera showed HI measles
antibodies. However, three immune status groups emerged
from the result. This classification was based on the
fetal:maternal ratio of the pair of sera tested.

The first group comprised 14 mother/cord pairs that
showed a ratio <1. Measles antibody in the sera of mothers
in this group was significantly higher than that found in the
cord sera (P< 0.05; Table 1).

The second group comprised nine mother/cord pairs that
showed a ratio >1. In this group, maternal measles antibody
was found to be lower than the level in the cord sera,
although the difference was not significant (P> 0.05; Table 2).

The third group comprised 19 mother/cord pairs that
showed a ratio of 1, indicating that an efficient transfer 
of HI measles antibody from mother to fetus had taken 
place (Table 3).

Babies acquire measles antibody from their mothers across
the placenta. This provides protection until the baby is
immunised against the disease at nine months.12 The study
reported here was conducted to assess the levels of measles
antibody acquired by babies during gestation.

Results revealed three groups of immune status based on
fetal:maternal ratio. Group 1 (ratio <1) had a lower level of
measles antibody in cord sera than in the mothers’ sera,
indicating inefficient transfer as a result of either placental
insufficiency or pathology.13 Among the factors reported to
cause placental defect is malaria, which has been shown to
affect the transfer of tetanus antibody to the fetus during
malaria infection in pregnancy.14,15

Although 22 (52%) of the mothers studied had malaria
infection during pregnancy, there was no relationship 
with the transfer of measles antibody because only nine 
of the mothers in group 1 had malaria. Thus, it is difficult 
to attribute the low level of measles antibody in the cord sera
to malaria alone. The consequence of lowered measles
antibody transfer to babies is the risk of measles infection
prior to immunisation at nine months. Such early infection
has been reported in babies between four and six 
months old.9,10

Group 2 (ratio >1) had a higher level of measles antibody
in cord sera than that in the mothers’ sera. Intra-uterine
measles infection could be the cause of such high measles
antibody levels in these babies, perhaps due to the exposure
to measles of mothers with depressed or compromised
immunity, leading to high viraemia. The consequence of this
intrauterine infection can be prenatal fetal death, as shown
in one study3 to account for a 15% death rate. 
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Table 1. Group 1 patients with fetal:maternal antibody ratio <1.

Mother’s Cord blood Fetal: Malaria
antibody titre antibody titre maternal during 
(reciprocal titre) (reciprocal titre) ratio pregnancy

256 64 0.25 No

512 64 0.13 Yes

512 128 0.25 Yes

128 8 0.06 Yes

256 16 0.06 Yes

256 64 0.25 No 

256 64 0.25 No

512 128 0.25 No

1024 128 0.13 Yes

1024 128 0.13 Yes

256 16 0.06 Yes

256 8 0.03 Yes

256 64 0.25 Yes

2048 256 0.13 No
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Babies with high measles antibody need to be monitored
for antibody titre at nine months before immunisation 
as derived measles antibody may prevent the babies 
from developing active immunity, thereby leading to
vaccine failure.16

Group 3 (ratio = 1) showed evidence of adequate transfer
of measles antibody to the babies from their mothers.
However, those with high measles antibody should still be
monitored for the reasons given above.

Malaria was recorded among the pregnant women
studied, but there was no evidence of its effect on the
transfer of measles antibodies. Hence, malaria cannot be
totally implicated in the poor antibody transfer in group 1.
Also, no relationship was shown between antibody level and
other parameters investigated (e.g., birth weight, parity). �
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Table 3. Group 3 patients with fetal:maternal ratio equal to 1.

Mother’s Cord blood Malaria
antibody titre antibody titre during 
(reciprocal titre) (reciprocal titre) pregnancy

128 128 Yes

128 128 Yes

64 64 No

256 256 No

256 256 Yes

128 128 Yes

128 128 No

128 128 Yes

512 512 Yes

256 256 No

128 128 No

256 256 Yes

256 256 No

256 256 Yes

256 256 Yes

256 256 No

256 256 Yes

128 128 No

256 256 No

Table 2. Group 2 patients with fetal:maternal ratio >1.

Mother’s Cord blood Fetal: Malaria
antibody titre antibody titre maternal during 
(reciprocal titre) (reciprocal titre) ratio pregnancy

256 512 2 No

64 256 4 No 

128 1024 8 Yes 

128 256 2 Yes 

256 512 2 No 

128 256 2 Yes 

128 256 2 No 

128 256 2 No 

256 512 2 No 


