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Abstract 
 

Umbilical cord blood (UCB) transplantation is being used as an alternative source of haema-
topoietic stem cells for bone marrow reconstitution. Umbilical cord blood (UCB) transplan-
tation is being used as an alternative source of haematopoietic stem cells for bone marrow 
reconstitution. Separation and processing of UCB samples in large numbers for storage in 
cord blood banks ideally needs to be partially automated. This study examines the loss of 
CD34+cells concentration and viability of mononuclear cells from baseline verses one month, 
baseline verses six month and one month verses six month as well as standardization of pro-
cedure for cryopresevation of cord blood derived haematopoietic stem cells. A total of 500 
umbilical cord blood units were collected. Samples were analyzed for CD34+ cells concentra-
tion and viability of mononuclear cells at baseline, one month and six month. In present 
study we found that the mean CD34+cell loss from base line to one month was found to be 
0.24℅, baseline to six month was 0.78℅ and one month to six month was 0.54℅. The mean 
viability of mononuclear cell loss from base line to one month was found to be 8.26℅, base-
line to six month was 74.20℅ and one month to six month was8.99℅. Our data indicate that 
CD34+   cells and viability of mononuclear cells in UCB were maintained after cryopreserva-
tion of six month period in -800C. This amount of CD34+ cells were within the range used for 
successful engraftment in both related and unrelated cord blood transplantation. 

 
Keywords: Umbilical cord blood, CD34+ cells, mononuclear cells, Viability, Cryopreservation  

Accepted February 22 2012 

 
Introduction 
 
Umbilical cord blood contains hematopoieticstem/ proge-
nitor cells that have proven useful clinically to reconstit-
ute the hematopoietic system in children and some adults 
[1]. 
 
Work that was begun in the early 1980s revealed that cord 
blood (ie, the leftover blood in the umbilical cord and 
placenta after the birth of a child) was comparable to bone 
marrow in terms of its utility in stem cell transplantation 
[2]. Cord blood offers a number of advantages over the 
bone marrow including a lower incidence of Graft verses 
host disease and less strict HLA-matching requirements, 
which could increase its availability to transplant patients 
[3].  During the past 10 years, clinical use of cord blood 
(with more than 8,000 transplants worldwide) has shown 
that it is a suitable alternative to bone marrow [4]. In add- 

 
 
ition to its use as a substitute for bone marrow, cord blood 
has recently been used in a variety of regenerative medi-
cine applications. Work done by Harris and colleagues 
(2007) has shown that cord blood contains a mixture of 
pluripotent stem cells capable of giving rise to cells de-
rived from the endodermal, mesodermal, and ectodermal 
lineages [5]. Thus, cord blood appears to be a practical 
substitute for embryonic stem cells and readily available 
for use in tissue engineering and regenerative medicine. 

 
The cryopreservation process is of importance for all 
types of stem cell collection, but it is perhaps particularly 
critical for umbilical cord blood (UCB). The actual trans-
plant is harvested at the time of birth and used at a later 
point in time for often an indeterminate recipient [6]. 
Cryopreservation of cord blood derived haematopoietic 
stem cells is critical for UCB banking, transplantation as 
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well as for research applications by providing readily 
available specimens. Separation and processing of UCB 
samples in large number of storage in cord blood banks 
ideally needs to be partially automated to allow large 
numbers of samples to be processed efficiently. A closed 
system reduces the risk of bacterial contamination after 
collection. The processing method must allow for the 
adequate recovery of nucleated cells and progenitors to 
enable engraftment. Early attempts at separating cord 
blood by density gradient techniques led to loss of mono-
nuclear cells which suggests that cord blood should be 
stored unseparated. However, volume reduction is essen-
tial for cord blood banks to be economical and efficient. 
Several different methods have been employed to reduce 
the volume prior to cryopreservation without loss of pro-
genitor cells such as density gradient separation 
[7], sedimentation of red cells by gelatin [8], rouleaux 
formation induced by hydroxyethyl starch (HES) and cen-
trifugation [9], and differential centrifugation with ex-
pression of RBC and plasma [10].  
 
The present study was carried out to assess loss of 
CD34+cells concentration and viability of mononuclear 
cells from baseline verses one month, baseline verses six 
month and one month verses six month as well as stan-
dardization of procedure for cryopresevation of cord 
blood derived haematopoietic stem cells. 
 
Materials and Methods 
 

A total of 480 were obtained from both vaginal and cae-
sarian deliveries from the Department of Obstetrics and 
Gynecology. Processing of 480 samples of UCB was 
done in the Department of Transfusion Medicine, Chat-
trapati Shahuji Maharaj Medical University, Lucknow. 
Written informed consent was obtained from mother.  
 
The study has been approved by Institutional Ethical 
Committee of Chattrapati Shahu Ji Maharaj Medical Uni-
versity, Lucknow. 
 
Inclusion Criteria 
All healthy full term females with no history hepatitis, 
infectious disease, diabetes mellitus, severe hypertension, 
abortion or bad obstetrics. Infants delivered at term (31-
41 weeks) were included. 
 

Exclusion Criteria 
 
All females with APH, eclampsia and high risk cases 
were excluded from the study.    
 
Cord blood donor infants 
Birth weight, baby sex, mode of delivery and gestational 
age of the baby were also recorded. After collection, the 
cord blood was sent in the transport boxes to the depart-
ment of Transfusion Medicine, Chattrapati Shahuji Maha-
raj Medical University, Lucknow, India. 

A)  Collection of UCB 
Cord blood was collected from 370 (77.08%) normal va-
ginal and 110 (22.9%) cesarean deliveries after the com-
pletion of delivery before placenta expulsion in CPDA 
triple blood bag containing 69 ml anticoagulant citrate, 
phosphate, dextrose and adenine. 20 ml anticoagulant was 
removed before collection of umbilical cord blood. After 
the delivery of the baby the cord was clamped and wiped 
with alcohol or betadine to ensure sterility of the collec-
tion. A needle was inserted into the umbilical vein above 
the clamp. The blood was drained via gravity into the 
sterile collection bag, containing Citrate Phosphate Dex-
trose Adenine (CPDA) as an anticoagulant. Efforts were 
made to obtain maximal volumes from each collection. 
The umbilical cord blood units were stored at 40C and 
processed within 24 hours. Samples of 3 ml per unit were 
taken at this stage for nucleated cell (NC) count.                 
 
B) Processing of UCB 
Processing was done within 24 hours of cord blood col-
lection. The CD34+ cell concentration, total nucleated 
cells count and viability assay were done on all the sam-
ples. Transmissible disease testing for Human Immunode-
ficiency Virus (HIV-1and 2), Hepatitis B Virus (HBV), 
Hepatitis C Virus (HCV) and syphilis was also per-
formed. In the processing of samples, which included de-
termination of cord blood volumes.  Determination of 
initial level of total nucleated cells (TNC) and mononu-
clear cells (MNC) before centrifugation was done. The 
UCB product was mixed with HES containing solution 
(6% HES in 0.9 NaCl) in a 5: 1 ratio and centrifuged in a 
Cryofuge 6000i (Heraeus-Kendro, Hanau, Germany) at 
1200 x g for 10 min. The WBC-rich plasma was ex-
pressed in a separate bag and again centrifuged at 2500 x 
g for 10 min. The WBC poor plasma was expressed and 
discarded. The remaining suspension of mononuclear 
cells was left whose counts were recorded. The complete 
process was performed in a closed system with the use of 
a sterile connecting device (Terumo TSCD, SC-201 AH, 
Leuven, Belgium). 
 
C) Assessment of Total nucleated count, CD34+ and vi-
ability test     
The samples were analyzed for CD34�

�
+cells concentra-

tion and viability of mononuclear cell on baseline period, 
one month and six month. The total nucleated cells count 
was done before RBC depletion by automated cell 
counter (Sysmex KX-21, Japan).  CD34+ cells concentra-
tion was done by flowcytometery and viability of mono-
nuclear cells were done by trypan blue dye exclusion test. 
 
D) Cryopreservation 
 Dimethyl sulfoxide (DMSO) (Merck Limited, Mumbai) 
was used at a final concentration of 10% (vol/vol). The 
required volume of sterile, chilled DMSO solution was 
added to the blood bag over the course of 15 min by using 
a syringe pump and an orbital mixer to assure smooth but 
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vigorous mixing. In these experiments, UCB processed 
units were mixed with either 20% DMSO in saline or 
50% DMSO in 5% (wt/vol) Dextran 40 (Mr 35,000-
50,000) (USB Corporation Cleveland, OH,USA). Final 
volumes of UCB units with DMSO was a uniform 25 ml. 
Cryoprotectant UCB units were kept cold with wet ice 
throughout the addition. When the concentration of 
DMSO reached 10%, cell suspensions were transferred to 
-200C for 5-10 hours. Subsequently it was transferred to -
400C for 4 hours and then stored at -80 0C for six month. 
 
E) Thawing and Washing 
Umbilical cord blood processing method was done as 
previously described by Rubinstein and colleagues (New 
York Blood Center) [13]. UCB units were thawed and 
washed. Briefly, umbilical cord blood units were taken 
out of the -800C and immersed in a 370C water bath. After 
inspection, 10 % dextran 40 was slowly added followed 
by 5 percent human albumin and the bag was left to equi-
librate for 5 minutes. The product was transferred to a 
first transfer bag and centrifuged at 400 x �g for 15 min-
utes at 40C. Cell pellet were obtained in first transfer bag 
and approximately three-fourths of the wash supernatant 
was expressed and transferred in a second transfer bag. 
The wash supernatant in the second transfer was again 
centrifuged at 800 x� g for 15 minutes at 40C. Three 
fourth of the wash supernatant was expressed. The resid-
ual cell pellets obtained in the second transfer bag were 
combined in first transfer bag through sterile tube welder. 
The combined cell pellets were resuspended in 10 percent 
dextran and 5 percent human albumin. 
 
Statistical Analysis 
Data collected was entered in Microsoft excel and 
checked for any inconsistency. The mean and standard 
deviation were calculated at baseline, one month and six 
months for CD34+ cells concentration and viability of 
mononuclear cells count. The repeated measures of analy-
sis (ANOVA) was used to compare loss from baseline, 
one month and six months and paired t-test was used for 
pairwise comparisons. The mean difference with its 95% 
confidence interval was calculated. The percentage loss 
was also calculated. The p-value < 0.05 was considered 
significant. All the analysis was carried out using spss 
15.0 version.   
 
Results 
 
A total of 480 samples of UCB were analyzed. Consider-
ing newborn sex distribution, out of 268 infants (55.8%) 
were males and 212 (44.6%) were females. The median 
gestational age was 38 wks (mean 37.57 ±1.82 wks, range 
31 – 41).Out of 480 cord blood donors 150 (31.2%) fe-
males  were of small gestational age (SGA) and 330 
(68.7%) were of large gestational age (LGA). The distri-
bution of birth weight was normal (mean 2790 ± 426 

gram, range 1800-3900). 120 (25.0%) baby have weight 
below 2500 and 360 (75.0%) baby have 2500 to 3900 
gram (Table-1). 
 
CD34+ cell concentration (%)  
In the baseline, CD34+ cells concentration was 1.94 ℅ 
(±0.90) which decreased at one month to 1.70 ℅ (±0.89) 
which decreased at six months to 1.16℅ (±0.87) (Table-
2). After thawing and washing the mean CD34+ cell loss 
from base line to one month was found to be 0.24℅ (95% 
CI: 0.23-0.25), which was statistically significant 
(p<0.0001*). This loss was 12.4% which is shown  fig-
ure-1. The mean CD34+ cell loss baseline verses six 
months was found to be 0.78℅ (95% CI: 0.76-0.80) 
which was also statistically significant (p<0.0001*). This 
loss was 40.2% (figure-1). The mean cell loss from one 
month to six months was 0.54℅ (0.52-0.56%) and this 
loss was 31.8% (figure-1)  and it was found to be statisti-
cally significant (p<0.0001*)  

 
Table 1. Characteristics of the study subjects by study 
site (n=480) 
 

Characteristics N(%), or Mean SD, Range 
 

Newborn gender 
    Male 268 (55.8%) 
    Female 212 (44.1%) 
Gestation Duration Weeks) 37.57 ±1.82   (31-41) 
    SGA 
    LGA 

150 (31.2 % ) 
330 (68.7%) 

Birth weight  (gram)                   2790 ±426 (1800-3900) 
<2500 (Low Birth weight) 120 (25.0%) 
  ≥2500(Normal Birth 
Weight) 

360(75.0%) 

Mode of delivery 
Normal vaginal delivery 
Caesarian delivery  

 
370(77.08%) 
110(22.9%) 

Volume collected(ml) 126.72± 27.68  (60-165) 
Total nucleated cells count 
(cells/ µl)   
 

12.38±5.34 (0.77-18.28) 

*Repeated measures (ANOVA): F= 4738.19, p< 0.0001 
(Baseline verses one month: p<0.0001*, t= 43.54; base-
line verses six month: p<0.0001*, t=68.83; one month 
verses six month: p<0.0001*, t =52.65) 
 

Viability of mononuclear cells count (%) 
In the baseline, viability of mononuclear cells count was 
82.50℅ (±3.91) which decreased at one month to 74.24 ℅ 
(±1.89).The viability of mononuclear cells count at six 
month was 65.24℅ (±2.76) (Table 2). 
 
After removal of cryopreservative solution (DMSO + 
human albumin) the mean viability of mononuclear cell 
loss from base line to one month was found to be 8.26℅  
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Table 2.  Follow-up of cells counts at different periodic 
interval 
 
Cells Counts Baseline 

period  
(mean±SD) 

One 
month 
(mean±SD) 

Six month 
(mean±SD 
) 

*CD34+cells 
concentration 
(%) 

1.94± 0.90 1.70±0.89 1.16± 0.87 

**Viability of 
Mononuclear 
cells (% ) 

82.50±3.91 74.24±1.89 65.24± 2.76 

**Repeated measures (ANOVA): F=55505.27, p<0.0001 
(Baseline verses one month: p<0.0001*, t=39.85; base-
line verses six month p<0.0001*, t=74.20, one month 
verses six month: p<0.0001* t = 60.29) 
 

 
 

Figure 1.  Percentage loss of CD34+ cells concentration 
at different periodic interval 

percentage loss of viability of mononuclear cells at 
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Figure 2. Percentage loss of viability of mononuclear 
cells at different periodic interval 
 
(95% CI: 7.85-8.67), which was statistically significant 
(p<0.0001*). This loss was 10% which is shown in figure 
2. The mean viability of mononuclear cell loss from base-
line verses six months was found to be 74.20℅ (95% CI: 
16.80-17.71) which was also statistically significant 
(p<0.0001*). This loss was 20.9%(figure 2).The mean 
cell loss from one month to six months was 8.99℅ (8.70-

9.29) and this loss was 12% and it was found to be statis-
tically significant (p<0.0001*) (figure 2). The mean of the 
total nucleated cells count before RBC depletion was 
12.38±5.34 cells/µl (range0.77-18.28). The mean of the 
total volume of cord blood collection was 126.72± 27.68 
(range60-165) (Table 1). 

 
Discussion 
 
Umbilical cord blood has been recently considered a use-
ful alternative source of hematopoietic progenitor cells for 
clinical application [11]. The principal limitations of al-
logenic HSC transplantation are the lack of suitable HLA 
matched donors and complication of graft versus host 
disease. Although there are currently more than 1.5 mil-
lion HLA - A, B and DR typed marrow donors registered 
in marrow donor registries worldwide, 50% of all patients 
requiring transplant therapy are still unable to find a suit-
ably matched donor [12]. To alleviate a shortage of suit-
able donors and reduce the length of the bone marrow 
donor search process, Rubinstein et al (New York) initi-
ated Placental Blood Banking Programs [13]. UCB is 
abundantly available and easy to collect, and frozen cord 
blood is immediately available for transplantation. When 
establishing large cord blood banks, it seems possible to 
balance common and uncommon HLA types, thus includ-
ing minorities who are poorly represented within regis-
tries of bone marrow donors in adults. Thus, UCB is a 
novel and unique source of transplantable stem cells that 
can be used for treatment of diseases that normally re-
quire bone marrow transplantation. UCB, which is 
normally discarded, can be readily collected without 
danger to the mother or infant and the technical feasibility 
of using umbilical cord blood for transplantation has been 
established. In the unrelated cord blood transplant setting, 
despite the higher HLA permissiveness, a large number of 
stored units are required and, consequently, the develop-
ment of cord blood banks is necessary. The New York 
Blood Center has been a pioneer in this field. In 1994 
Kurtzberg et al reported the first two unrelated cord blood 
transplants, and to date more than 700 related and 
unrelated cord blood transplants have been performed 
[14]. Successfully hematopoietic and immunological 
engraftment can occur when UCB is the source of stem 
cells, even in cases of HLA antigen disparity between 
donor and recipient [15]. As a result of these transplants 
more cord blood banks are being set up in Europe 
(London, Milan, Düsseldorf etc) as part of the European 
Cord Blood Bank Project (Eurocord), with more than 
40000 units currently stored all over the world [16]. A 
number of different procedures have been proposed for 
UCB collections, including open systems in which cord 
blood is collected by gravity in bottles or plastic bottles or 
closed systems in which modified blood collections are 
used.  In our study  we have used a closed system that allows an 
average volume of cord blood collection of 126.72 ± 
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27.68 ml (range 60-165) The mean of the total nucleated 
cells count was 12.38±  5.34 cells/µl, (range 0.77-18.28). 
Another study shows that the closed system allows an 
average collection of 101.33 ml (range, 65-140ml) of cord 
blood [17] and they also found that average nucleated 
cells count/ml of cord blood was 13.97x10 7 with a range 
of 4.8 to 27.2x107. While others authors also used closed 
system and found that the mean of the total volume of 
cord blood collection was 84.6±23.6 ml and the mean of 
the total nucleated cells count was 0.90 ±  0.37x10 9 
cells/ml [18]. 
 
The amount of fetal blood remaining in the placenta and 
the umbilical cord after clamping and dissection depends 
on several factors. The technique of umbilical cord blood 
collection varies between different cord blood banks [19]. 
In our study umbilical cord blood was collected before 
placental delivery. Reboredo et al collected cord blood 
before and after the placenta delivery. The collection from 
the placenta in utero was easy and did not disturb the nat-
ural course of birth or the postpartum period [18]. Several 
centers have used separation methods for umbilical cord 
blood prior to cryopreservation, and good recoveries have 
been obtained following HES sedimentation [20], 3% 
gelatin sedimentation [21] or Ficoll density gradients [7]. 
Apart from the methods described by Sousa et al (1997) 
the manipulations are performed in open systems, incom-
patible with normal blood banking procedures [22]. When 
the method does not involve a closed bag system of sepa-
ration, the risk of microbial contamination is increased. In 
the present study we have used separation methods for 
UCB prior to cryopresevation and RBC depletion was 
done by using HES sedimentation. In comparison with 
other methods of sedimentation, HES 6% in NaCl does 
not require any laboratory preparation since it is commer-
cially available and it can be used in a closed system, thus 
impeding possible microbial contamination during han-
dling. It is frequently used in surgery for volume re-
placement [23] and is licensed in many countries for RBC 
removal from bone marrow to be used for transplantation 
[24]. Cryo preservatives are necessary additives to stem 
cell concentrates, since they inhibit the formation of intra 
and extra cellular crystals and hence cell death. The stan-
dard cryoprotectant is DMSO, which prevents freezing 
damage to living cells [25]. It was initially introduced into 
medical use as an anti-inflammatory reagent and is still 
occasionally used in autoimmune disorders [26]. In pre-
sent study we used DMSO at a concentration of 10% as 
cryoprotectant with normal saline and serum albumin 
which is similar to other studies and this was established 
to be safe and non stem toxic agent [27]. 
 
Some groups elect to add a large molecular weight, non-
permeable CPA as well, such as dextran or hydroxyethyl 
starch (HES). The permeable CPAs such as DMSO pro-
tect not by specific chemical action but by their colliga-

tive properties [28] to reduce the fraction of the cellular 
constituents and extracellular solution frozen at any given 
temperature, suppress the salt concentration in solution, 
and reduce harmful cell shrinkage at any given tempera-
ture. Some authors published a study in which they found 
that CD34+ cell concentration decreased after thawing and 
increased after washing, although the differences we ob-
served were not significant. The recovery of CD34+ cells 
was 97 percent (95% CI, 50.1%-143.1%) post thaw and 
148.9 percent (95% CI, 112.8%-185%) post wash [29]. In  
the present study, we found that the mean CD34+ cell loss 
from base line to one month was found to be 0.24℅ (95% 
CI: 0.23-0.25), baseline verses six month was found to be 
0.78℅ (95% CI: 0.76-0.80%) and one month verses six 
month was 0.54℅ (0.52-0.56 %.). These losses were 
12.4℅, 40.2℅, 31.8℅ from base line to one month, base-
line verses six month and one month to six month respec-
tively. All are statistically significant (p< 0.0001). Great-
est cell loss occur from baseline to six months. 
 
Some authors shows that viability, when assessed by 
AO/PI staining, decreased after thawing, from 97 percent 
(95% CI, 95%-99%) pre freeze to 62 percent (95% CI, 
54%-69%) post thaw (p < 0.001). There was no signifi-
cant impact of washing on viability [30].In our study vi-
ability of mononuclear cell was assessed by Trypan blue 
dye exclusion test and we found that the mean viability of 
mononuclear cell loss from base line to one month was 
found to be 8.26℅ (95% CI: 7.85-8.67), baseline verses 
six months was found to be 74.20℅ (95% CI: 16.80-
17.71) and one month verses six months was 8.99℅ (95% 
CI: 8.70-9.29). These losses were 10℅, 40.2℅, 31.8℅ 
from base line to one month, baseline verses six months 
and one month to six months respectively. All are statisti-
cally significant (all are p<0.0001). In here, we describe a 
simple and effective system for UCB processing in a tri-
ple bag, which removes 80.8 ± 5.8% of RBC and allows 
the storage of UCB units in small volumes, thus reducing 
the cost of large-scale UCB banking. In this study 
we have used separation methods for UCB prior to cryo-
preservation, and good recoveries have been obtained 
following HES sedimentation (6% HES in 0.9 NaCl). 
 
To conclude the total nucleated cells count and 
CD34+cells count was of primary importance in graft se-
lection so that concern for loss of cells due to wash step is 
recommended. We found that there was a significant ef-
fect of UCB processing on the CD34+ cells concentration 
and viability of mononuclear cells count. Our study also 
shows that after six months of cryopreservation, the 
amount of viable CD34+ cells were within an adequate 
range needed for successful engraftment.  
 
We believe that our method revealed the processing of 
UCB units can be done in a closed system that also 
achieved a significant reduction in storage needs and re-
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lated costs, while maintaining quantity and quality of the 
hematopoietic stem cells. 
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