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Background: Sterility and safety assurance of hematopoietic stem cell (HSC) products is 
critical in transplantation. Microbial contamination can lead to product disposal and in-
creases the risk of unsuccessful clinical outcomes. Therefore, it is important to implement 
and maintain good practice guidelines and regulations for the HSC collection and process-
ing unit in each hospital. We aimed to share our experiences and suggest strategies to im-
prove the quality assurance of HSC processing.

Methods: We retrospectively analyzed microbial culture results of 11,743 HSC products 
processed over a 25-year period (January 1996 to May 2021). Because of reorganization 
of the HSC management system in 2008, the 25-year period was divided into periods 1 
(January 1996 to December 2007) and 2 (January 2008 to May 2021). We reviewed all 
culture results of the HSC products and stored aliquot samples and collected culture re-
sults for peripheral blood and catheter samples.

Results: Of the 11,743 products in total, 35 (0.3%) were contaminated by microorgan-
isms, including 19 (0.5%) of 3,861 products during period 1 and 16 (0.2%) of 7,882 prod-
ucts during period 2. Penicillium was the most commonly identified microorganism (15.8%) 
during period 1 and coagulase-negative Staphylococcus was the most commonly identi-
fied (31.3%) during period 2. HSC product contamination occurred most often during 
HSC collection and processing.

Conclusions: The contamination rate decreased significantly during period 2, when the 
HSC management system was reorganized. Our results imply that handling HSC products 
by trained personnel and adopting established protocols, including quality assurance pro-
grams, aid in decreasing the contamination risk.
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INTRODUCTION

Hematopoietic stem cells (HSCs) are widely used as hematopoi-

etic progenitors for autologous transplantation in patients with 

malignant diseases [1]. Over the last five decades, more than 

one million HSC transplantations (HSCTs) using HSCs from vari-

ous sources (bone marrow [BM], mobilized peripheral blood, 

and umbilical cord blood) have been performed [2].

http://crossmark.crossref.org/dialog/?doi=10.3343/alm.2021.41.1.#&domain=pdf&date_stamp=2020-08-##


Ko YK, et al.
Hematopoietic stem cell quality improvement strategy

478    www.annlabmed.org https://doi.org/10.3343/alm.2023.43.5.477

  The preparation of HSCs for transplantation involves multiple 

steps, including the collection, processing, testing, preservation, 

storage, and distribution of products [3, 4]. These steps are en-

trusted to cell therapy laboratories and stem cell banks. The qual-

ity, traceability, and safety of HSC products must be ensured [5]. 

At each step during HSC collection and processing, there is a 

risk of product contamination. Contaminated HSC products can 

cause infections when used in stem cell transplantation thera-

pies [6].

  Keeping HSC products sterile is crucial for successful and 

safe transplantation. Controlling microbial contamination in HSC 

products is one of the most important issues in terms of QC [7, 

8]. Although culture-positive HSC products do not necessarily 

cause serious infection in recipients, microbial contamination of 

HSC products often leads to arrest of or delay in the treatment 

plan [9-11].

  However, a positive blood culture result does not necessarily 

indicate contamination of the product itself. There are various 

culture contamination sources, including the product itself, phle-

botomy preparation, laboratory tools or apparatuses, including 

storage bags and pipettes, the medium, culture bottle, people, 

and the air [12]. Therefore, it is important to determine the source 

of microbial contamination not only for quality assurance but 

also for processes ranging from decision-making to infusion, be-

cause discarding the product results in a shortage of transplan-

tation material, which is detrimental to clinical outcomes.

  The Samsung Medical Center is one of the largest tertiary care 

hospitals in Seoul, Korea, where various transplantation programs, 

including HSCTs, are performed. The center implemented HSCT 

in 1996. In 2008, the Cellular Therapeutics Laboratory (CTL), 

which was responsible for various tasks, ranging from HSC prod-

uct processing to distribution, was reorganized within the De-

partment of Laboratory Medicine and Genetics. Through this re-

organization, collaboration among collection, processing, stor-

age, and clinical laboratories for quality measurement became 

possible. Moreover, standardized operating procedures and com-

puterized laboratory information systems (LIS), ranging from 

HSC collection to distribution, and a product safety monitoring 

strategy were established. We retrospectively reviewed the con-

tamination rate of peripheral blood stem cell (PBSC) products 

collected in a single center over a 25-year period (January 1996 

to May 2021) and determined the causes of contamination to 

develop strategies for improving the quality assurance of HSC 

processing.

MATERIALS AND METHODS

Donors and patients
Between January 1996 and May 2021, 11,743 HSC products 

were collected from 3,179 patients (donors) and cryopreserved 

at the Samsung Medical Center. The major product type was 

peripheral blood (99.8%), the other product type was BM. Cord 

blood was not included in this study because cord blood prod-

ucts were not collected or processed at our center. This study 

was approved by the Institutional Review Board of the Samsung 

Medical Center (IRB approval number: 2022-12-126).

Facilities and operation systems
In 2008, the HSC processing and storage units, which previ-

ously belonged to the Hemato-Oncology Clinical Department, 

were reorganized into a single, separate unit, termed CTL, within 

the Department of Laboratory Medicine and Genetics. An entire 

process management system, including a computerized LIS fa-

cility, was developed and implemented. Details are presented in 

Table 1. Therefore, the 25-year period was divided into two peri-

ods: January 1996 to December 2007 (period 1) and January 

2008 to May 2021 (period 2).

Collection method
All products were collected in the apheresis unit, using a sterile 

technique. Peripheral blood products were collected from autol-

ogous or allogeneic donors via a subclavian catheter or from the 

peripheral vein by apheresis using COBE Spectra and Spectra 

Optia (Terumo Blood and Cell Technologies, Lakewood, CO, USA). 

They were then transferred to the CTL. BM was harvested from 

the posterior iliac crest by a physician in the operation room. CTL 

staff assisted in sample collection by adding the anticoagulant 

ACD-A (BM:ACD-A=24:1) to the collection bags and then trans-

ferred the samples to the CTL for further processing. All autolo-

gous products were cryopreserved after collection, whereas most 

allogeneic products were infused into recipients without further 

Table 1. Changes in the reorganized CTL

Clinical laboratory-based operation and management 

Independent facility for the CTL

Product transfer and preparation performed in a closed system

Storage of three aliquot samples

Microbial identification using a blood culture system

Establishment of a standard procedure for the entire laboratory operation 

Abbreviation: CTL, Cellular Therapeutics Laboratory.
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manipulation or cryopreservation. Allogeneic products were cryo-

preserved only in certain circumstances, e.g., when the recipi-

ent’s condition deteriorated or an unexpected fever developed.

Processing and cryopreservation
For cryopreservation, the products were centrifuged (4,000×g 

for 5 minutes) and the number of cells was adjusted to 4-6× 

108/mL after plasma extraction. The concentrated products were 

mixed with a freezing solution (60% Medium 199, 20% autolo-

gous plasma or albumin, 20% dimethyl sulfoxide, heparin 10 

units/mL) at a 1:1 ratio for cryopreservation. The final cell con-

centration for cryopreservation was 2-3×108/mL. Samples were 

collected for complete blood count, CD34+ count (using flow cy-

tometry), and subset analysis (using flow cytometry) [13].

  From 2008 onwards, for each collected product, three aliquots 

were prepared in the preparation step to evaluate HSC product 

quality. Each aliquot contained approximately 500 µL of HSC 

product mixed with freezing solution. They were cryopreserved 

in the same manner as the product bags. The aliquots were used 

for viability tests, estimation of cellular components, clonogenic 

assays, or microbial culture if product contamination was sus-

pected.

Sterility tests
To evaluate the sterility of a product, samples for microbial cul-

ture were collected from the product immediately before cryo-

preservation. Different culture methods were used in periods 1 

and 2. In period 1, samples for microbial tests were collected 

from HSC products using sterile smear loops (10 µL) and inocu-

lated onto blood agar plates that were incubated at 37°C in a 

5% CO2 incubator overnight. In period 2, plasma samples (4 

mL) containing residual cellular components were collected by 

rinsing the emptied bag of admixed HSC product and freezing 

solution with 5-10 mL of autologous plasma. The samples in-

cluded several potential sources of contamination, including the 

autologous plasma supernatant of the HSC product, a remnant 

of the cellular component inside the bag, and the freezing solu-

tion. Each plasma sample was inoculated into a BacT/Alert PF 

pediatric blood culture bottle (bioMérieux, Marcy l’Étoile, France) 

and incubated in a BacT/ALERT 3D or BacT/Alert Virtuo (bio-

Mérieux) incubator for five days.

Data analysis
Microbial culture results for all HSC products in periods 1 and 2 

were analyzed. We reviewed the medical histories of the patients 

and donors whose HSC products showed positive culture results 

in the sterility tests. We compared the microbial species identi-

fied with the culture results of blood drawn via a central intrave-

nous catheter or from a peripheral vein, other clinical samples, 

and aliquots if available. Based on the results, we defined po-

tential source(s) or step(s) of contamination as collection/pro-

cessing, culture, bacteremia, catheter, or undefined. In addition, 

we evaluated the clinical course of recipient patients who had 

undergone transplantation with contaminated products under 

the discretion of a physician.

Fig. 1. Annual numbers of hematopoietic stem cell products collected and the proportion of culture-positive products between January 
1996 and May 2021.
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Table 2. Microbial culture results for HSC products and other samples and potential sources/steps of contamination

Bacteria identified in peripheral blood  
   collection

Additional culture site Aliquot  
culture

Source/step of 
contaminationCatheter Peripheral blood Other

Period 1 (1996-2007)

Acinetobacter calcoaceticus–baumannii complex - - - - Undefined

Aspergillus niger - - - - Undefined

Cladosporium spp. - - - - Undefined

CoNS No growth - - - Collection/processing

Escherichia coli - - - - Undefined

Enterococcus faecium (Group D) - No growth - - Collection/processing

Fonsecaea spp. No growth - - - Collection/processing

Lactobacillus jensenii/Peptostreptococcus  
   anaerobius 

No growth - - - Collection/processing

Leuconostoc pseudomesenteroides - - - - Undefined

Micrococcus spp. CoNS No growth - - Collection/processing

Penicillium spp. No growth No growth Sputum - Penicillium spp. - Collection/processing

Penicillium spp. Bacillus subtilis - - - Collection/processing

Penicillium spp. No growth No growth Sputum - Aspergillus fumigatus - Collection/processing

Peptostreptococcus spp. - - - - Undefined

Propionibacterium acnes No growth No growth - - Collection/processing

Pseudomonas aeruginosa - No growth - - Collection/processing

Staphylococcus aureus - - - - Undefined

Sphingomonas paucimobilis - - - - Undefined

Unidentified mold-type fungi S. aureus - - - Collection/processing

Period 2 (2008-2021)

Bacillus cereus group B. cereus group B. cereus group - - Bacteremia

CoNS - - - N/A Undefined

CoNS CoNS - - No growth Culture preparation

CoNS CoNS - - - Catheter

CoNS CoNS - - - Catheter

Corynebacterium jeikeium - - - No growth Culture preparation

E. coli No growth No growth Urine: E. coli >100,000 CFU/mL E. coli Suspicious of Bacteremia

Enterobacter cloacae E. cloacae E. cloacae - - Bacteremia

E. cloacae E. cloacae E. cloacae - - Bacteremia

Leuconostoc pseudomesenteroides - - - No growth Culture preparation

Leuconostoc mesenteroides subsp. dextranicum No growth No growth - - Collection/processing

Rothia dentocariosa - - - No growth Culture preparation

S. aureus S. aureus S. aureus - - Bacteremia

S. aureus S. aureus S. aureus - S. aureus Bacteremia

Staphylococcus warneri (CoNS) - - - No growth Culture preparation

Streptococcus salivarius - - - No growth Culture preparation

N/A, not applicable; -, not determined.
Abbreviations: HSC, hematopoietic stem cell; CoNS, coagulase-negative Staphylococcus; spp., species; subsp., subspecies.



Ko YK, et al.
Hematopoietic stem cell quality improvement strategy

https://doi.org/10.3343/alm.2023.43.5.477 www.annlabmed.org    481

RESULTS

Contamination rate and microorganisms identified
Among 11,743 products collected from 3,179 patients and do-

nors during the 25-year period, 35 (0.3%) yielded positive mi-

crobial culture results. The numbers of annually collected HSCs 

and proportion of culture-positive products are shown in Fig. 1. 

The highest contamination rate of 1.7% was observed in 2001. 

The number of HSCs was increased in period 2 compared to 

that in period 1. However, the proportion of contaminated prod-

ucts decreased from 0.5% (19 out of 3,861 products in period 

1) to 0.2% (16 out of 7,882 products in period 2). The contami-

nated products included 32 products from autologous PBSC 

collection from patients and three products from allogeneic PBSC 

collection from donors. The microbial species identified and type 

of contamination according to the time period are presented in 

Table 2. Among the 19 contaminated products in period 1, three 

products (15.8%) were contaminated with Penicillium, which 

was the most frequently identified contaminant in this period. In 

the other nine products, the microorganisms identified all differed. 

Among the 16 contaminated products in period 2, coagulase-

negative Staphylococcus (CoNS) was identified in four (25.0%) 

products and was the most frequently identified contaminant in 

this period.

Sources of contamination
The source of contamination was determined by identifying the 

culture results of patient blood collected from a peripheral vein 

or via a catheter, other samples, such as body fluids, and HSC 

aliquots (Table 2). In period 1, nine products were contaminated 

during the collection/processing procedure because simultane-

ously performed peripheral and/or catheter-drawn blood cultures 

were negative. The contamination sources in the other 10 cases 

were undefined because of the lack of other culture results.

  During period 2, eight aliquot samples were additionally cul-

tured to identify the source of contamination; in period 1, stored 

aliquot samples were not available to identify the microbial con-

tamination source. Among the 16 contaminated products, eight 

(50.0%) yielded positive microbial culture results from other 

specimens (six bacteremia- and two catheter-associated positive 

culture results). For one culture-positive product, peripheral and 

catheter blood microbial culture results on the same day were 

negative; however, Escherichia coli, the same microorganism 

identified in the HSC product, was isolated from urine and ali-

quots. Six products were classified as having been contaminated 

during the culture procedure because repeated culture results 

of stored aliquots were negative. One product was suspected of 

having been contaminated during collection. For one product, 

the source of contamination could not be determined.

Patient outcomes after infusion of contaminated products
Four microbial culture-positive HSC products were infused into 

patients based on the physician’s decision (Table 3). The stored 

products were considered not to be contaminated. If a product 

was culture-positive, the contamination was considered to have 

occurred during the culture procedure. In period 1, one autolo-

gous PBSC product in which Pseudomonas aeruginosa was iden-

tified was infused. The contamination was suspected to have oc-

curred during the collection process. The patient infused with 

this product was diagnosed as having neuroblastoma and initially 

treated with the prophylactic antibiotic teicoplanin, followed by ti-

carcillin/clavulanic acid and gentamicin one day after transplan-

tation. In period 2, three contaminated products (one allogeneic 

BM product and two allogeneic PBSC products) were infused 

(Table 3). In the contaminated BM product, Corynebacterium 
jeikeium was identified, and the contamination was suspected to 

Table 3. Transplanted culture-positive HSC products and patient outcomes

Case  
   number

Diagnosis Sample type Microbial culture
Source/step of 
contamination

Prophylactic antibiotics
Evidence of 
infection*

Outcome

1 Neuroblastoma, stage IV Auto-PBSC Pseudomonas aeruginosa Collection/
processing

Teicoplanin, ticarcillin/clavulanic 
acid, gentamicin

Not apparent Engrafted

2 Severe aplastic anemia Allo-BM Corynebacterium jeikeium Culture preparation Acyclovir, cefepime, teicoplanin, 
micafungin

Not apparent Engrafted

3 Acute myeloid leukemia Allo-PBSC Leuconostoc 
pseudomesenteroides

Culture preparation Acyclovir, cefepime, micafungin Not apparent Engrafted

4 Acute myeloid leukemia Allo-PBSC Streptococcus salivarius Culture preparation Acyclovir, voriconazole Not apparent Engrafted

*Evidence of infection was assessed based on body temperature, blood pressure, respiratory rate, pulse rate, and the serum C-reactive protein concentra-
tion within 24 hours after infusion.
Abbreviations: HSC, hematopoietic stem cell; PBSC, peripheral blood stem cell; BM, bone marrow.



Ko YK, et al.
Hematopoietic stem cell quality improvement strategy

482    www.annlabmed.org https://doi.org/10.3343/alm.2023.43.5.477

have occurred during the culture process. The patient was diag-

nosed as having severe aplastic anemia, and the prophylactic 

antibiotics acyclovir, cefepime, teicoplanin, and micafungin were 

administered. In the allogeneic PBSC products, Leuconostoc 
pseudomesenteroides and Streptococcus salivarius were identi-

fied. Both patients were diagnosed as having AML, and prophy-

lactic antibiotics were administered. One patient was treated with 

acyclovir, cefepime, and micafungin; the other received acyclovir 

and voriconazole. None of the contaminated HSC product recipi-

ents experienced any symptoms or showed signs of bacteremia 

or sepsis within 24 hours after infusion (Table 3).

DISCUSSION

We analyzed microbial contamination rates of HSC products over 

a 25-year period divided into two periods and examined factors 

that may affect the performance of the CTL. The microbial con-

tamination rate of HSC products in our hospital was 0.5% in pe-

riod 1 (1997-2007). In period 2 (2008-2021), the contamina-

tion rate decreased to 0.2%, despite the increase in blood cul-

ture procedures. Tracing the sources of microbial contamination 

by adopting aliquot examination revealed that patient-derived 

contamination was frequent.

  According to previous studies, microbial contamination rates 

vary from 0.2% to 4.5% [9, 14-16]. We observed a contamina-

tion rate of 0.3% in the 25 years from 1997 to 2021, which is 

low compared to the previously reported rates. Furthermore, the 

contamination rate was lower in period 2 (0.2%) than in period 

1 (0.5%). Considering that inoculating a 4-mL plasma sample 

into a blood culture bottle with a five-day incubation period (pe-

riod 2) likely is a more sensitive sterility test than inoculating 10 

µL of HSC product onto a blood agar plate with overnight incu-

bation (period 1), the lower contamination rate in period 2 is even 

more substantial.

  Standards and accreditation issued by the Foundation for the 

Accreditation of Cellular Therapy (FACT) (https://factglobal.org/) 

are currently widely accepted and implemented in cellular ther-

apies. The FACT has released several standards, including the 

“JACIE” international standards for hematopoietic cellular ther-

apy regarding the collection, processing, and administration of 

HSC products as well as hematopoietic cellular components. 

They have greatly aided in transplantation organization in many 

institutes [17]. Because of the paucity of national guidelines or 

regulations for HSC processing and quality assurance systems, 

the Korean Society of Apheresis conducted a voluntary surveil-

lance of HSC collection and processing status through the es-

tablishment of an HSC registry (www.ksfa-registry.org) between 

2015 and 2018. According to the surveillance results for 19 out 

of the 30 institutes that perform HSC processing in Korea, HSC 

processing units were operating in variable conditions in terms 

of personnel, operating systems, and facilities [18]. In our hos-

pital, the HSC processing and storage units were reorganized 

into a single, separate unit, the CTL, within the Department of 

Laboratory Medicine and Genetics. Several substantial changes 

were observed between periods 1 and 2. These changes have 

contributed to the improvement in the overall performance of 

HSC processing from collection to distribution, eventually lower-

ing the contamination rate. All changes have contributed to the 

improvement in the quality of operation. Most importantly, the 

cell processing and storage units were integrated into an inde-

pendent clinical laboratory-based unit. The CTL not only han-

dles HSC products but also integrates laboratory tests to qualify 

products from collection to infusion. An independent processing 

and cryopreservation facility was established. Standard opera-

tion procedures for the entire laboratory operation, including ad-

hering to aseptic rules, good laboratory practice, and continuous 

laboratory staff education, were implemented. For quality assur-

ance, we stored aliquot samples from each product and started 

using an automated liquid blood culture system with a pediatric 

enriched blood culture bottle for contaminant identification. We 

believe the reduction in the contamination rate in period 2 to be 

owing to this improved operation system.

  CoNS was the most commonly (4/35; 11.4%) isolated micro-

organism among culture-positive HSC products, in line with pre-

vious findings [9, 19, 20]. Penicillium spp. were detected three 

times and were the second most commonly isolated microor-

ganism in the present study. Enterobacter cloacae and Staphy-
lococcus aureus were each detected twice. The most frequently 

isolated microorganisms in aseptic conditions were those of the 

normal human skin flora (e.g., Staphylococcus spp., Micrococ-
cus spp., and Corynebacterium spp.). Occasionally, airborne 

fungal spores (e.g., Aspergillus niger and Penicillium spp.) were 

found. Gram-negative bacteria (e.g., Enterobacter cloacae) were 

detected most infrequently [21]. The possibility of microbial con-

tamination by anaerobic bacteria could not be excluded as we 

did not perform anaerobic cultures during period 1 or period 2; 

however, anaerobic bacteria were not isolated from blood or cath-

eter cultures during periods 1 and 2. Most of the microorganisms 

identified in this study are inhabitants of the normal human skin 

or microbiota and the environment. Under normal conditions, 

they generally do not cause serious diseases. However, in im-

munocompromised hosts, they can occasionally cause bactere-



Ko YK, et al.
Hematopoietic stem cell quality improvement strategy

https://doi.org/10.3343/alm.2023.43.5.477 www.annlabmed.org    483

mia or septicemia [22, 23].

  As for the sources of HSC contamination, we were able to de-

termine the process step in which microbial contamination oc-

curred the most frequently during the entire HSC process. The 

distribution of contaminations that occurred in the different steps 

differed between periods 1 and 2. In period 1, the main sources 

of contamination were sample collection or undefined. In period 

2, the main sources of contamination were bacteremia and cul-

ture procedures, including sample inoculation, followed by cath-

eter-associated contamination. This type of contamination has 

been reported previously, although the technicians were well-

trained [6, 24]. This indicates that following a sterile strategy 

based on a written protocol is crucial in each step.

  Two cases of HSC contamination were identified as catheter-

associated contaminations. Microbial colonization of a catheter 

insertion site increases the risk of bloodstream infection and has 

been associated with thrombosis [25]. Therefore, maintaining 

an aseptic state of the catheter is important not only for reduc-

ing HSC contamination but also for the patient’s health [26]. Chlor

hexidine disinfection reportedly is effective in reducing the risk 

of catheter-associated infections [27].

  The use of stored aliquots is important for tracking microbial 

contamination sources by comparing culture results for HSC 

products, blood, or body fluid samples of patients. Our results 

showed that the number of undefined sources (or steps) of HSC 

product contamination dramatically decreased from period 1 to 

period 2. This suggests that a cross-check strategy should be 

used when the initial blood culture is positive to help identify prob-

lems and save products for transplantation.

  Most of the contaminated HSC products were discarded be-

cause of concerns regarding infection-related morbidity or mor-

tality. Only four HSC products that were culture-positive but con-

sidered not to have been contaminated themselves were infused. 

None of the patients, including the one who was transfused with 

a bacteremia-associated contaminated HSC product, experi-

enced sepsis or death due to infusion of the culture-positive 

HSC product. Patients experiencing fever or other side effects 

due to sepsis after contaminated HSC transplantation are rare 

[9, 28-30]. A case of febrile neutropenic attack after transplan-

tation of contaminated HSCs has been reported [31]. Therefore, 

the decision to infuse a culture-positive HSC product must be 

made in the context of the risk associated with transplantation 

[32, 33]. Nevertheless, a verification process to ensure the ster-

ile status of HSC products through routine culture is recommended 

for quality management in the laboratory.

  This study revealed a remarkable decrease in the contamina-

tion rate after the reorganization of the CTL. We demonstrated 

the advantages of sterility tests using blood culture bottles and 

storing aliquot samples for tracking the sources of HSC contam-

ination. Based on our findings, we conclude that the entire pro-

cess of HSC product handling, ranging from collection to distri-

bution, should be managed with established protocols, includ-

ing quality assurance programs, in appropriate facilities and by 

trained personnel.
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