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Correlation of umbilical cord blood volume withCD34+ cells concentration
Tulika Chandra, Sheeba Afreen, Ashutosh Kumar, Uma Singh

ABSTRACT
Aims: Umbilical cord blood (UCB) has beenrecently considered as an alternative source ofhematopoitic progenitor cells for clinicalapplication. The parameters commonly used toevaluate a UCB unit and predict transplantoutcomes have been total nucleated cell count(TNCs), CD34+ cells concentration and totalvolume of cord blood collected. The volume ofcord blood collection is also important for thehigh yield of CD34+ cells concentration andTNCs. The aim of the study was to find thecorrelation of umbilical cord blood volume withcord blood derived CD34+ cells concentration.Methods: Umbilical cord blood was collectedfrom normal vaginal and cesarean deliveries.Total volume of cord blood collection was noted.It was immediately processed and assessed for

total nucleated cells count and CD34+ cellsconcentration. Assessment of maternal andneonatal parameters such as mode of delivery,baby’s birth weight and sex, cord blood volumeand CD34+ cells concentration was made.Results: Total volume of cord blood and CD34+cells concentration positively correlated withcesarean delivery and higher birth weight of thebaby (p<0.01). We also found that, CD34+ cellsconcentration was higher in greater volume ofcollected cord blood. Conclusions: Our studyconcludes that higher volume of cord bloodshould be preferred for processing and stem cellinfusion.
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INTRODUCTION
Umbilical cord blood (UCB) contains hematopoiticstem/progenitor cells that have proven useful clinicallyto reconstitute the hematopoitic system in children andadults. This source of stem cells has been successfullyused to replace bone marrow transplantation. Cordblood has several advantages over adult hematopoiticstem cell sources. These include ease and safety of
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procurement, rapid availability, no donor attrition,decreased viral transmission, unlimited supply,increased ethnic representation, abundance ofhematopoitic progenitor cells, enhanced in vitroproliferative and self renewal capacity, immaturity of T­cell­mediated immunity, reduced graft versus hostdisease (GVHD) and diminished need of HLA matching[1­3]. Hence, for the first time in 1988, cord blood (CB)was used as an alternative source of HSCT in a childwith Fanconi anemia [4] which had several benefitssuch as ability to tolerate HLA mismatched transplants[5, 6], a lower risk of acute and chronic GVHD [7, 8]and lower risk of blood­transmitted infectious diseases.It has been shown that cord blood contains sufficientprogenitor cells to provide durable engraftment. As aresponse to the initial encouraging clinical results ofcord blood transplants, several cord blood banks havebeen established worldwide [9]. Cord blood processingand cryopreservation is a very costly procedure. Cordblood units (CBU) require expensive storage in nitrogentanks, but only a small percentage of them are used fortransplantation. The parameters commonly used toevaluate a UCB unit and predict transplant outcomeshave been total nucleated cell count (TNCs), CD34+cells concentration and total volume of cord bloodcollected. The volume of cord blood collection is crucialfor the yield of high number of TNC and CD34+ cellswhen the collection is performed for banking andtransplantation reasons.High cord blood nucleated and CD34+ cell counts aswell as the number of haematopoitic progenitor cells(Colony forming cells) in the transplant are associatedwith good transplantation results [10]. In clinicalapplication, the number of mononuclear cells andCD34+ cells infused have proved to be the majorprognostic factor for faster engraftment and prolongedsurvival.The aim of the present study is to find thecorrelation between umbilical cord blood volume andcord blood derived CD34+ cells concentration. Thiswould help in reducing the cost for collection, transfer,storage and analysis of cord blood units (CBUs).

MATERIALS AND METHODS
Five hundred umbilical cord blood samples wereobtained from both vaginal and cesarean deliveriesfrom the Department of Obstetrics and Gynecology,CSMMU, Lucknow, India.Informed consent was taken prior to the collection ofcord blood. Women with known history of hepatitis,infectious disease, diabetes mellitus, severehypertension, abortions or bad obstetrics history wereexcluded from the study. Only healthy pregnant adultwoman without any complications were included. Cordblood was collected from 380 (76%) normal vaginal and120 (24%) cesarean deliveries after the completion ofdelivery before placenta expulsion. After the delivery ofthe baby the cord was clamped and a needle wasinserted into the umbilical vein above the clamp. The

blood was drained via gravity into the sterile collectionbag, containing Citrate Phosphate Dextrose Adenine(CPDA) as an anticoagulant.Cord blood donor infants: Birth weight, sex ofthe baby, mode of delivery and gestational age of thebaby were recorded. Infants delivered at term (31­41wks) were included in our study. After collection, thecord blood was sent in the transport boxes to theDepartment of Transfusion Medicine, C.S.M.M.U,Lucknow.Cord Blood Processing: Processing was donewithin 24 hours of cord blood collection. Aliquots ofblood were used for routine testing, including cellcounts, CD34+ cell concentration, and viability assay.Transmissible disease testing for HumanImmunodeficiency Virus (HIV­2), Hepatitis B SurfaceAntigen (HBsAg), Hepatitis B virus (HBV) and hepatitisC Virus (HCV) and syphilis were also performed. Theprocessing of samples, which included thedetermination of cord blood volumes, the determinationof initial level of total nucleated cells (TNC) andmononuclear cells (MNC) before centrifugation wasdone. The UCB product was then mixed withhydroxyethyl starch in a 5:1 ratio and centrifuged at1200 rpm for 10 min. The WBC­rich plasma wasexpressed in a separate bag and again centrifuged at2500 rpm for 10 min. The WBC poor plasma wasexpressed and discarded. The remaining suspension ofmononuclear cells was left whose counts were recorded.The UCB mononuclear cells were cryopreserved usingthe cryoprotectant solution containing 50% DMSO in5% (wt/vol) Dextran 40 at a final concentration of 10%.Laboratory Assays: The Total nucleated cell countwas performed by automated cell counter (Sysmex KX­21, Japan). The viability was tested with Trypan Blue;dye exclusion method. The CD34+ cells were performedby using flow cytometry analysis.Statistics: Data were reported as means ± standarddeviation. Descriptive statistics were presented for eachmaternal and neonatal factor. The Pearson correlationtest was used for analysis. The level of statisticalsignificance was set at 0.01 two sided for Pearsoncorrelation (p < 0.01).

RESULTS
Total 500 UCB samples were analyzed. Amongstthem according to their newborn sex distribution, 282infants (56.4%) were males and 218 (43.6%) werefemales. The median gestational age was 38 wks (mean37.57±1.82 wks, range 31­41). The distribution of birthweight was normal (mean 2790±426 gram, range 1800­3900, table 1). The median of mother’s age was 28 yrs(mean 28.47±4.26, range 19­44 years). The mean of thetotal volume collection and total CD34+ cellsconcentrations were 79.47 13.04 ml (median 80, range70­120 ml) and 0.41±0.42 % (median 0.20, range 0.02­1.98 %) respectively in vaginal delivery. The mean of thetotal volume collection and CD34+ cells concentrationwere 137.22±17.80 ml (range 100­160 ml) and 2.42 ±
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1.02 % (median: 2.60, range: 0.17­4.05 %) respectivelyin cesarean delivery (table 2, 3). The mean of the CBvolume and CD34+ cells concentration weresignificantly higher in cesarean delivery than in normalvaginal delivery (p < 0.01).The mean of the CB volume and CD34+ cellsconcentration were significantly higher in heavier birthweight of the baby than in normal birth weight of thebaby (p < 0.01). Baby sex has no effect on total volumeof cord blood collection and CD34+ cells concentration.The mean of the total CD34+ cells concentration was0.42±0.44% (median ­ 0.22, range ­ 0.02­2.16%) for thegroup of 50­100 ml of total volume of cord bloodcollection. The mean of the total CD34+ cellsconcentration was 2.41±0.99% (median ­ 2.17, range0.16­4.02 %) for the group of 101­160 ml of total volumeof cord blood collection (table 2). The CD34+ cellsconcentration was higher in higher volume of cordblood collection. The CD34+ cells concentration waspositively correlated with higher volume of cord bloodcollection (p<0.01).

DISCUSSION
Umbilical cord blood has been recently considered asan alternative source of hematopoietic progenitor cellsfor clinical application [11]. The main differencebetween cord blood and bone marrow is the smallernumber of cells obtained in the cord blood product. As aresult, until now, cord blood has been used primarily forchildren. Some ways to resolve this problem consist ofscreening and selection of proper cord blood donorsbefore collection, choosing the best methods forcollection, increasing the recovery rate of cord bloodprocessing and ex vivo expansion of cord blood [12].

Table 1: Characteristics of the study subjects by study site(n=500).
Characteristics Mean ± SD or N (%)
Newborn gender

Male 282 (56.4%)
Female 218(43.6%)

Gestation Duration (weeks) 37.57± 1.82
Birth weight

1800­2500 gram 168 (33.6%)
2600­3900 gram 332 (66.4%)

Total UCB volume collection
50­100 180
101­160 320

Normal Vaginal Delivery 173
Caesarian Delivery 327

The expansion of cord blood cells is being studiedas a method of increasing the number of progenitorcells, but no conclusive data is available, thus only theimprovement of collection and selection of proper cordblood unit represent an effective strategy for improvingthe efficacy and reducing the costs of this therapy. Thesuccess of UCB cells transplantation is largely related tothe number of TNC and CD34+ cells. The quality ofCord blood unit depends on its content in totalnucleated cells (TNC), colony forming cells (CFC) andCD34+ cells [13].Furthermore, a number of factors have beendescribed that may influence the total volume collected,quantification of UCB CD34+ cells, and TNC and thatmay account for the variations in the reported results.Some studies shows that caesarian deliveriesprovides collection of a higher volume of cord bloodthan vaginal deliveries. They also stated that higher cordblood volume is correlated with high concentration of

Table 2: Descriptive Statistics of the cord blood derived CD34+cells concentration in different group (n=500).
Characteristics CD34+ cell concentration (%)

Mean ± SD Median Range
Mode of delivery

Normal vaginal 0.412 ± 0.42 0.200 0.02­1.98
delivery
Caesarian 2.42 ± 1.02 2.60 0.17­4.05
delivery

Birth weight (gram)
1800­2500 0.40 ± 0.44 0.195 0.02­ 2.41
2600­3900 2.35± 0.95 2.15 0.17­4.05

Total volume collection(ml)
50­100 0.42 ± 0.44 0.22 0.02­2.16
101­160 2.41± 0.99 2.17 0.16­ 4.02

Table 3: Descriptive Statistics of the total volume of cordblood collection in different group (n=500).
Characteristics Total volume collection (ml)

Mean ± SD Median Range
Mode of delivery
Normal vaginal delivery 79.47 ± 13.04 80 70­120
Caesarian delivery 137.22 ± 17.80 140 100­140
Birth weight (gram)

1800­2500 92.50 ± 12.36 95 60­125
2600­3900 144.05± 13.36 145 100­160
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CD34+ cells [14]. Previous studies reported that themode of delivery has no impact on CB yield [15]. It hasbeen reported that volume, as expected, is clearlyassociated with higher cell counts, CFU­GM and CD34+cell counts [16]. In our study, Cord Blood volume wassignificantly higher in CDs than in VDs (p < 0.01).Similarly, CD34+cell count was also higher in CDs thanin VDs (p < 0.01).Other studies reported that there was a positivecorrelation between volume of collected umbilical cordblood and newborn weight as well as a positivecorrelation was found between newborn weight withCD34+ cells and total nucleated cell count [17].In our study, there was a positive correlationbetween volume of collected UCB and higher birthweight of the baby, (p < 0.01) which can thus result inan increase in the absolute number of CD34+ cells.Other studies showed that no association was detectedbetween baby sex with total volume of cord bloodcollected. It has been also shows that factor like sex canaffect the concentration of CD34+ cells [18]. In ouranalysis no connection was detected between baby sexwith total volume of cord blood collected, CD34+ cellcount and Total nucleated count.Some studies shows that, as the volume of collectedUCB directly affects the quantity of CD34+ cells permicro liter of blood and possibly the quantity of totalnucleated cells. A significant positive correlation wasfound between the relative number of CD34+/CD117­cells and the volume of UCB, the CD34+ cells. Inanother study volume, as expected, is clearly associatedwith higher CD34+ cells counts. Many cord blood bankshave set a lower limit of acceptable volume, such as 40­60 cc without anticoagulant [19]. Cord blood can becollected either before or after the delivery of theplacenta; in their programmed cord blood is collectedbefore delivery of the placenta [20]. Early cord bloodclamping may increase the volume of collection, butraises ethical concerns, and is generally practiced [21,22]. In a study, where 1,200 donors were evaluated, itwas observed that high volume samples were correlatedwith high doses of TNCs, CD34+ cells and colonyforming units of granulocytes and macrophages (CFU­GM) [23]. In our analysis we also find that there was asignificant positive correlation between the total volumeof cord blood collection with cord blood derived CD34+cells concentration.

CONCLUSION
In conclusion, total volume of cord blood andCD34+ cells concentration were positively correlatedwith cesarean delivery and higher birth weight of thebaby. Baby sex have no effect on cord blood volume andCD34+ cells concentration. The volume of collectedumbilical cord blood showed positively correlation withCD34+ cells concentration.
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