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Abstract Umbilical cord blood is an established source 

of stem cells useful for hematopoetic reconstitution. The 

fi rst clinical transplantation in France by Eliane Gluckman 

in 1988 using HLA matched umbilical cord blood from a 

sibling on a 6-year-old boy with Fanconi’s anemia is an 

example of a successful transplantation. So far, more than 

8,000 patients worldwide have been treated for malignant 

and inherent blood disorders [1, 2]. Our cord blood reposi-

tory (CBR) was established as the part of the Life Sciences 

initiative, almost 7 years ago. The cord blood program con-

sisted of developing a good network of obstetricians and 

social workers, develop manpower in various aspects of the 

banking activity, develop methods of process and analysis 

and above all, increase the level of awareness among the 

medical, paramedical fraternity and the general public on 

the cord blood program. The present paper gives a detailed 

account of our experience as we set up the repository.

Keywords Cord blood unit · Human leukocyte antigen · 

Total nucleated cell count · Cryopreservation · Repository

Introduction

India is a country unifi ed by its differences. As the second 

most populous nation on the globe, India has 28 states, 7 

union territories, 22 national languages with more than 

2,000 total ethnic groups where 6 of them are major as 

shown in Table 1 [3].

The present requirements of hematopoietic stem cells for 

our subcontinent are not met by the banks in the rest of the 

world as these banks cater to different population and eth-

nicities. The implementation and operation of an unrelated 

umbilical cord blood bank is analogous to the establishment 

of a new blood banking program. 

Worldwide, the growth of autologous and related

hematopoietic stem cell transplantation (HSCT) appears 

exponential; however, growth in the allogenic setting 

is relatively lesser due to lack of availability of suitable

human leukocyte antigen (HLA) compatible grafts for

patients [4]. The hardship faced by Asian patients in

general, and Indians in particular, while awaiting a suitable 

bone marrow match turned them towards ‘cord blood’ as a 

ray of hope.

The healthcare provision for minority ethnic groups of 

India and Asia spread across the globe and the large, young 

population of ethnically and genetically diverse individuals 

in our country, is a very important consideration in the set 

up of this initiative.

Our public cord blood banking facility, licensed by the 

Indian FDA, is now operational for a little over 7 years. We 

have about 3,500 voluntary samples stored with us in the 

public cord blood banking facility, available for clinical use. 

We have gradually extended this banking service to families 
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as well, to store cells for their own future use. We narrate 

our experience on this initiative. 

Aims and objectives

Our objective was to establish various components of the 

cord blood program in order to produce cord blood derived 

stem cell products of requisite quality that would address 

clinical needs. 

The establishment of this program consisted of laying 

down a quality management system that includes quality 

assurance, a robust donor education and recruitment, cord 

blood collection, transport, processing, cryopreservation, 

donor data management and HLA search request process-

ing. It was not in our scope to set up our own transplant 

center as part of this program. This paper also includes chal-

lenges, opportunities and the progress made by us so far.

Observations

General awareness

Though the clinical applications on the use of cord blood 

was gaining momentum in the other countries, the level of 

awareness among the masses, the medical and paramedical 

professionals on the potential uses of cord blood was rela-

tively low in this country, at the start of the program. 

The collection of umbilical cord blood is a multi-step 

procedure that begins with donor recruitment. We required 

an informed consent from donor mothers well before de-

livery. There were several levels of resistance to accept the 

fact that cord blood, which is normally a bio waste, can be 

put to fruitful use. To bring about a paradigm shift in the un-

derstanding of this new subject, we had to learn it ourselves 

initially and generate interest among the medics and para-

medics. This had to be done on a continuous basis. Sadly, it 

was not easy to convince the clinicians and paramedics as 

there were no success stories on the use of cord blood in this 

country then. Most clinicians of the earlier generation were 

happy practicing traditional medicine, rather than wanting 

to move to newer tools that are less tried and tested. In the 

Indian context, the senior physicians were extremely skepti-

cal on the use of cord blood. In sharp contrast, the younger 

generation of physicians, were more open, receptive, and 

willing to learn by being participative. Interestingly, the in-

ternet access to information and overseas training programs 

taken up some of the doctors, added value to the program. 

Establishment of collection centers

India has a high birth rate; childbirths are conducted by 

large corporate hospitals, public hospitals, private nursing 

homes, not for profi t foundations, etc. It may be interesting 

to note that even today, some mothers deliver at home in 

rural India. With such complex healthcare delivery systems, 

we were looking out for birthing centers that will meet our 

quality requirements so as to enroll them as our collection 

facility. We found extreme resistance to enrollment, al-

though many of them appeared cooperative and interested. 

We were keen on signing up with birthing centers catering 

to certain specifi c communities to ensure adequate ethnic 

representation. Antenatal practices at the hospitals and the 

track record of the clinicians and their capability to handle 

high-risk pregnancies and above all, their level of interest in 

the cord blood program were our important parameters. We 

signed up only with those collection centers that were keen 

on this program and rejected those that perceived it as an 

additional burden on the existing manpower and fi nancial 

resources. It has taken us tremendous efforts to reach out to 

them on a continuous basis, keep them motivated, and send 

our counselors to talk to the mothers including putting up 

information to the doctors through our information book-

lets. Finally, we have been able to develop and maintain 

smooth working relationships with obstetricians, nurses, 

delivery suite personnel and hospital administrators at each 

of our participating collection centers. Further, these centers 

had to consent for being audited by the regulatory agencies 

at short notice. 

These activities even now require immense efforts in 

terms of organizing numerous meetings and adequate 

communication and ongoing supportive efforts to maintain 

proper collection of cord blood in an area, which is not rou-

tinely designed or designated for such work.

Consenting

The cord blood consenting process was an experience worth 

mentioning. Trained staff or the physician himself adminis-

tered consenting. The issues faced varied depending upon 

the birthing centers and the socio fi nancial status of the cus-

tomer base they catered to. We came across mothers with 

varying levels of literacy, education, and motivation. With 

a little orientation talk from our trained staff, most moth-

ers were willing to see the importance of the program and 

participated and consented instantly. Apart from the mother, 

in certain communities in India, there were other decision-

making members who mattered. Provisional consenting 

Table 1 Ethnic representation of the grafts at the CBR

Ethnicity Percentage population

Hindu 80.5

Muslim 13.4

Sikh 1.2

Buddhist 0.8

Jain 0.6

Others 0.4

Religion not stated 3.1
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was administered to all expectant mothers in a language 

they understood best, before a fi nal formal consent was 

obtained. Our aim was to make sure that no woman would 

be pestered for consent by any of our trained staff without 

giving adequate decision making time to the donor and her 

family. 

While this challenge is reasonably overcome today, we 

have started depending more on the obstetrician and his 

trained team because, in the Indian context, the patients 

have more faith on her family obstetricians rather than a 

counselor who is an outsider. Often, unremunerated dona-

tion of cord blood to a public cord blood program especially 

run by a private limited company invited several questions, 

which had to be addressed appropriately from our end. The 

medical history form was developed and approved by the 

institutional ethics committee, and is based largely on the 

format laid down by the Foundation for Accreditation of 

Cellular Therapy (FACT) and the Indian Council of Medi-

cal Research (ICMR) guidelines [5, 6].

Personal and medical history

Needless to say, that the fi nal product processed from the 

cord blood needs to be very safe for human use. It is expect-

ed to provide long-term sustained hematopoietic recovery 

after transplantation. The medical history of the mother and 

laboratory testing for mandatory infectious disease markers 

form important inclusion criteria. These are similar to those 

applied to blood and marrow donation. History of potential 

risk of genetically inherited diseases from the donor to the 

recipient can be avoided if a detailed parents’ family history 

is taken. Though the documentation process of the medical 

history of the donor and the family was very lengthy, ex-

haustive and cumbersome, it is a regulatory requirement [5, 

6]. Eliciting history of promiscuous behavioral tendencies 

when a woman comes to an obstetrician for a physiological 

process like birthing was not socially acceptable; hence we 

depended on the obstetrician alone to fi ll in these details. 

Today, this task appears less cumbersome, but the chal-

lenge of following up on the baby’s progress for a period of

6 months is still quite daunting. Migration of families and 

change in contact numbers adds to this problem, and is yet 

unresolved. 

Training needs 

Our role in organizing educational and motivational ses-

sions over the last 7 years has been very signifi cant. Today, 

this is evident by greater willingness of doctors and para-

medics to participate in this program. Training them for 

aseptic cord blood collection, documentation, etc. was quite 

diffi cult due to the fact that a new practice had to be intro-

duced additionally into an already existing system. It called 

for extra planning, protocol development and training of all 

those involved in the program. We had to invest time and 

efforts to keep monitoring the effectiveness of our training, 

which we continue to do even today. Above all, an elabo-

rate documentation is the part that they disliked most. Busy 

practitioners normally would like to leave it to their trained 

assistants. Consistent efforts and persuasion from our side 

to get the documents right and get the samples transported 

on time has rewarded us with much better compliance.

As a part of learning and competency development for 

all the employees, training needs are identifi ed and relevant 

training programs are provided on specifi c areas like cell 

culture techniques, good manufacturing practices and 

validation practices, etc. Understanding and implement-

ing quality policies, new test methodologies, profi ciency 

testing, and participation in external quality programs, etc. 

have become a regular activity.

Collection

There are several methods to collect the placental cord 

blood. It could be either while the placenta is in utero or 

after it is expelled out or a combination of both in order to 

get started with good volumes and good cell counts. For an 

experienced obstetrician or a nurse, cord blood collection 

as described by Rubeinstein et al. is easy. Every cord blood 

must be accompanied by a maternal sample. Compliance in 

this regard is very satisfactory now as compared to earlier. 

In the fi rst year of our operations, volume of blood col-

lected was as low as 30 ml in about 40% of our collections, 

perhaps due to external or negative pressure in the umbilical 

vein. With better training, we have been able to improve 

collection volumes, which meet our inclusion criteria

(a minimum of 60 ml). Our continuous efforts are to edu-

cate the collection staff to minimize the variability in the 

quality of the cord blood collected. Thus our rejection rates 

on account of volume have come down relatively from a 

40% then, to about a 10% today. The other important inclu-

sion criterion is cell counts. 

Of all the units stored, more than 80% were from Hindus, 

constituted by Maharashtrians, Bengalis, Marwaris, Gujara-

tis and Sindhis, about 13% from Muslims and the remain-

ing from other communities (Table 1), which is refl ective of 

India’s ethnic population distribution (Table 2) [3].

Logistics and transportation

Costeffective biological couriers, with capabilities to trans-

port samples under stringent transit conditions were not 

easily available. India is a tropical country and not all cities 

are well connected by air. Hence, we continue to depend on 

more than one mode of transport to get samples from rural 

and remote areas. Therefore, the public program had to 

make do with nearby birthing centers where logistics could 

be better managed. 

Airport authorities especially due to the recent secu-

rity threat issues do not generally permit movement of
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biological samples without the mandatory security screen-

ing. While we spent time in the early years to convince the 

authorities not to screen the live cells, recent literature on 

this subject, points out that the dose emitted is very neg-

ligible for causing any harm to the cord blood or the fi nal 

product, whatsoever [7]. A well-defi ned and validated logis-

tics process planning has been developed that brings cord 

blood to the facility at temperatures between 4°C and 22°C 

within 36 hours of collection. 

Processing infrastructure

In India, regulatory requirements in cord blood are yet un-

clear. Yet, we applied the traditional cGMP and GLP knowl-

edge available in the area of biologicals. We applied our 

learnings of sterile biological processing to our processes 

and often referred to the international guidelines to evolve 

our own processes and policies [8].

But as a pioneer in establishing this project on a produc-

tion scale in this country, developing and validating the pro-

cess protocols was indeed a new challenge. The technical 

expertise to support our specifi c process had to be obtained 

through a well structured training process for all those 

involved in the program right from technical staff, qual-

ity control, the engineering and instrumentation, the data 

management staff, the molecular medicine, health to safety 

staff. We set up in – process checks and balances including 

cell based assays for monitoring the quality of the product. 

Standards and controls were not easily available, and so, 

in-house standards and protocols were developed. Seven 

years now in this business, we have an excellent quality 

management system and are participating regularly in ex-

ternal quality control programs. Such quality requirements 

are absolutely essential, if one plans to send the products to 

other geographies.

Process

Units that meet our stiff inclusion criteria are considered 

for processing. Setting the requisite acceptance criteria on 

the cord blood had to be made by a process of learning. 

Today, we have set very stringent acceptability standards in 

order to arrive at a qualitatively superior product that will

match transplantation needs. We follow the Rubinstein’s 

process of volume reduction, erythrocyte removal,

followed by enrichment of nucleated cells [9]. After addi-

tion of hydroxy ethyl starch, the sample undergoes 1 hour of

sedimentation. Sedimented red blood cells are removed and 

the remaining leukocyte rich plasma is then centrifuged. 

After centrifugation, plasma is expressed and the leukocyte 

rich fraction is transferred to the freezing bag. It undergoes 

controlled rate freezing and is then stored at –196°C in 

liquid nitrogen in the Bioarchive system (Figs. 1–6). Cell 

based products are not handled like traditional pharma prod-

ucts, in terms of batch size, retention, sampling and storage. 

The challenge of bringing about consistency in production, 

QA approvals of raw materials prior to production, “stabil-

ity data” generation especially for non-traditional products 

was a challenge to our quality group. Great emphasis is laid 

on adhering to the Standard Operating Procedures (SOPs), 

which cover all necessary details of the process, testing, 

rejection, storage, retrieval, etc. A greater challenge was to 

achieve highest recovery without customizing the process 

protocol. 

Table 2 Showing population distribution religion wise in India as per 2001 Census

Composition Hindus Muslims Christians Sikhs Buddhist Jains Others Religion not stated

% total of population 2001  80.5  13.4  2.3  1.9  0.8  0.4  0.6  0.1

Fig. 1 Receipt and accessioning of the cord blood units

Fig. 2 Processing of cord blood units in a clean room
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Storage

While fi nalizing the freezing protocol, we were confronted 

with issues such as the ideal fi nal product volume. There 

were as many presentation volumes as the number of cord 

blood banks. As there was no regulation on them too, differ-

ent bankers had the choice and liberty to follow their own 

practices and storage conditions. We fi nalized our protocols 

after understanding the impact of improper freezing arising 

out of different storage bag designs, and thus have a fi xed 

fi nal product volume, with fi xed levels of cryoprotectant, 

namely 25 ml fi nal product that includes 5 ml of Di Methyl 

Sulphoxide (DMSO).

Stem cell products cannot be compared with traditional 

pharma and biopharma products in the matter of determin-

ing shelf lives. Stem cell enriched cord blood is a very sta-

ble product for extended periods of time in special subzero 

temperature conditions for durations as long as 21 years, as 

per literature reports. Stability experiments continue to be 

performed by cryobiologists, to understand this further. Yet, 

it was a tough challenge to convince doctors and patients 

that the cells were viable for that long in liquid nitrogen. 

Our own real time studies of product stability at –196°C 

for 7 years are comparable to the observations by others in 

the fi eld. 

Requests for transplantation

We received several requests for HLA matched grafts not 

only from within the country, but also from outside. We 

have been able to offer cord blood grafts with 5/6 matches 

to most of the patients and even 6/6 matches to 5 of them, 

although not all of them were transplanted. This is quite 

contrary to our earlier understanding that the chances of 

HLA match are proportional to the number of cord blood 

units banked. We had received 123 requests from January 

2008 to May 2009 for the cord blood grafts stored at our 

repository. Table 3 shows the number of 6/6, 5/6 and 4/6 

matches made available to these patients. Table 4 shows 

the age-wise and disease-wise distribution of these patients, 

most requests coming from patients <10-year-old as the 

cord blood cell dosage is suffi cient mostly for pediatric age-

group. Thalassemia is more common in certain communi-

ties. As these communities are well represented in our bank, 

we could provide matches to patients with thalassemia.

As shown in Table 5, the viable nucleated cell count 

ranged from 320.6–2004.1 million cells with a mean of 

Fig. 3 Processing bag set

Fig. 4 Processed cord blood unit in SS canister

Fig. 5 Freezing and storage of cord blood units

Fig. 6 Cryoshipper for transportation of the fi nal product
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829.7 million cells per graft, which is an adequate dose for 

patient weighing up to 40 kg. The mean viability of the cells 

was 94.71%.

So far, we have issued 9 cord blood samples for trans-

plant from our cord blood repository (CBR). In India, the 

Tata Memorial Hospital performed the fi rst UCBT in 1996 

[4]. There is no published data available on the total number 

of cord blood transplants performed in India. Lay press re-

ports indicate that about 15–20 cord blood transplants have 

been conducted [10].

Other challenges, from the organizational viewpoints 

include high investments for the establishment and run-

ning of this program. Equipment needed for storage and 

retrieval, high end tests performed on all the processed cord 

blood units and maternal units with no assurance of when 

it would be taken up for medical use, setting up of quality 

systems, processes and procedures, and yet aiming to make 

them available to the needy at an affordable price is indeed 

a greater challenge. 

Yet, the opportunity to serve the medical community in 

general and to address the unmet needs of the patient in par-

ticular was more compelling than the uncertainty associated 

with the probability of usage of the fi nal product. 

Discussion 

The implementation and operation of an unrelated umbili-

cal cord blood bank is analogous to the establishment of a 

new blood banking program. The objectives and goals were 

based on the target number of units to be banked. As there 

was no perfect method to arrive at an optimum size of the 

cord blood bank, we decided to continue banking activity 

by setting high quality standards at all levels of the program 

with a periodic review.

The CBR has been operational for 7 years now, and 

looking back we feel, that we have made signifi cant im-

provements, which have a direct impact on the fi nal product 

as well as patient care. While we started with 50 cord blood 

units banked in the fi rst year of our operations, we now have 

almost 3,500 ‘ready to use’ cord blood units in our public 

CBR. We are happy to state that the Indian ethnic groups are 

well represented as planned (Tables 1 and 2).

All employees continue to undergo relevant training 

programs, which is an inherent part of career development. 

Training evaluation is done objectively, with a scoring

system.

Regulatory requirements for cell therapy products de-

mand a validated production process under GMP environ-

ment. Each cord blood unit is a batch and each unit has a 

good traceability right from the donor to the recipient of 

the graft. The (ISBT 128) unique bar code labeling system 

philosophy ensures total traceability.

While at the beginning of the process, we had rela-

tively less stringent inclusion criteria; we realized the need

to elevate the bar on this in order to improve the fi nal

product standards. This was with a view to meet the 

demands of the transplantation physicians, the interna-

tional trends and cell dosage. At the start of the program,

we had kept 60 ml as the inclusion to start process. We

have now stepped up the requirements to ensure at least 

800 million total nucleated cells (TNC) in the collected 

cord blood in addition to the volume criteria. Although 

the rejection rates are very high due to this self-imposed 

stringency, we feel that it will add immense value to the 

available grafts. 

Each and every cord blood unit has its own freezing 

profi le with documentation followed by continuous tem-

perature recording throughout the storage period and ship-

ment that ensures good viability. Each cord blood stem cell 

enriched graft’s donor mother sample is tested for transfu-

sion transmissible disease markers and viruses by high-end 

tests. We specify total cell counts, CD34+ counts, viability, 

colony forming ability, HLA type, sterility status, ABO 

blood type, etc. on each and every graft. 

We have the experience of working with both auto-

mated and semi-automated storage systems. All personnel 

involved in the program are profi cient in the science and art 

of cryopreservation and the associated regulatory require-

ments. A continuous QA oversight helps maintenance of 

quality in all aspects of production, infrastructure, docu-

mentation, training, equipments and safety. Over the years, 

we have been steadily improving our standards for both raw 

material and fi nal cord blood products to be able to comply, 

Table 3 HLA matches offered from the CBR for 123 

requests. Further lower matches have not been considered

for discussion

Degree of match 6/6 5/6 4/6

No. of matches available 7 82 571

No. of cases to whom this was offered 5 36 122

Table 4 Breakup of requests age-wise and disease-wise 

Age Disease conditions

<10 yrs (80) 65% Thalassemia (57) 46.40%

10–20 yrs (30) 25% Leukemia (16) 12.9% (ALL)

(23) 18.5% (AML)

>20 yrs (13) 10% Lymphoma and 

myeloma

(27) 22%

An analysis of all the requests received.

Table 5 Graft characteristics including viability and cell 

counts

Viable nucleated 

cells (million)

Viability (%)

Minimum 320.6 72.35

Maximum 2004.1 98.98

Mean 829.7 94.71
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excel and exceed the regulatory and accreditation require-

ments. Stem cell products from our facility are shipped 

under a closely monitored, controlled condition, as per the 

transport validation guidelines to ensure product integrity 

at the bedside [8]. 

Our prior knowledge in the area of blood products 

and aseptic processing helped us to form our early qual-

ity systems. There have been continuous improvements in 

all areas of activity guided by the other standards available 

from the American Association of Blood Banks (AABB) 

and FACT. 

The AABB Accreditation certifi cation is an additional 

step towards improvement and maintenance of quality in 

all aspects of our cord banking program. We believe that 

receiving such accolades truly puts our product in the in-

ternational market, which is the larger objective of this pro-

gram. Moving forward, the repository will aim at process 

improvements, innovation, and cost optimization. 

We have graduated from collection of cord blood samples 

from our own neighborhood to our country’s neighborhood, 

breaking the geographical borders for the family-bank-

ing program. This program has been gaining momentum. 

Now, there are about 7–8 cord blood banks operating in 

our country, which provide only family banking services. 

Families with medical problems should be encouraged to 

avail these banking services [10]. The rich experience and 

learning, over the last few years, has been very rewarding. 

This has given us an immense confi dence that the objectives 

of setting up this repository to address many unmet medical 

needs will be a reality in the immediate future. 

Conclusion

We faced several challenges as we set up the fi rst public 

cord blood bank in India. The journey continues to be an 

experience, and we still have a long way ahead. The usage 

of cord blood stem cells for hematopoietic reconstitution 

is slowly increasing as is evident from abundant literature 

reports. In the Indian context, as more cord blood banks are 

getting established, we hope to see more cord blood trans-

plants taking place in the future. 

The signifi cance of other cells in the cord blood is also 

of increasing importance. Therefore there is no doubt that 

we are on the edge of a major stem cell breakthrough where 

these cells are predicted to provide costeffective treatment 

for diabetes, some form of blindness, heart attack, stroke, 

spinal cord damage and many other degenerative disorders. 

Thus, increasing inventory of grafts and improving the 

chances of available matches from our CBR, for Asians 

and Indians anywhere in the globe, for both haematopoietic 

and regenerative medicine applications, are our immediate 

imperatives. 
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