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Background: Lymphocyte subset analysis is essential to evaluate the engraftment status in hematopoietic stem cell transplantation (HSCT). Automated gating tools are widely used for flow cytometry analysis. Unlike healthy individuals, different cell populations and aberrant expressions
may occur in HSCT samples. In the present study, we evaluated the applicability of automated gating in HSCT recipients by comparing it to expertbased manual gating.
Methods: Lymphocyte subset was performed using Beckman Coulter Navios (Beckman Coulter, USA) flow cytometry. Data files from 22 patients
with hematologic malignancies were analyzed in parallel by manual gating and automated gating using Navios Tetra software. Quality control results and reproducibility were evaluated using IMMUNO-TROL controls.
Results: Spearman rank correlation coefficients between the two gating methods were > 0.970 in all cell populations except CD8+ T cells.
CD8+ T cell counts via automated gating were higher than those of manual gating in all cases due to the T cell populations with reduced CD8 expression. Automated gating program failed to identify CD4+CD8+ double-positive T cell population. Moreover, it excluded certain lymphocytes
with low forward scatter (FSC) and high side scatter (SSC). Furthermore, two HSCT recipients revealed a high percentage of CD56−CD16+ NK
cells, we found the need to add CD16 reagent to the Navios system. All coefficients of variation were < 10% except for CD56+ NK cells via automated gating.
Conclusions: Manual gating confirmation via flow cytometry histogram is necessary to identify the aberrant phenotypes and unexpected cell
populations in HSCT recipients.
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Peripheral blood lymphocyte subsets have been routinely assessed via flow cytometry to define immune reconstitution in the
post-hematopoietic stem cell transplantation (HSCT) period [1, 2].
Assessment of immune recovery is important to ensure successful
engraftment, monitor the risk of infection or rejection, and appropriately guide interventions [3, 4]. Unlike healthy individuals, lymphocytes in HSCT recipients are presumed to exhibit aberrant
phenotype expression or rare cell populations because recovery
of the functional immune system is slow and often incomplete [5].
Gating in flow cytometry analysis refers to generation of reportable data such as cell counts, percentages, and mean fluorescence
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intensity (MFI), which is essential for maintaining the data consis-

2. Flow cytometer

tency and improving reproducibility of flow cytometry data [6].

Peripheral blood was collected in tubes containing K2EDTA

Traditional manual gating was performed via sequential manual

(Becton/Dickinson, San Jose, CA). For each sample, cells were

process by experts; therefore, it is time-consuming and highly sub-

stained using two ready-to-use mixtures of antibodies: CD45-FITC/

jective [7]. Manual gating is performed based on a visual compari-

CD4-RD1/CD8-ECD/CD3-PC5 (tube 1) and CD45-FITC/CD56-RD1/

son of plots; moreover, determination of gating area boundaries is

CD19-ECD/CD3-PC5 (tube 2) (Beckman Coulter, USA). Thereaf-

subjective as it is not guided by rules. Furthermore, as gating ma-

ter, the samples were evaluated via Navios flow cytometer (Beck-

jorly works on two-dimensional plots, the information present in

man Coulter, USA) by analyzing at least 5,000 events within the

the multidimensional space can be missing [8, 9]. Major techno-

lymphocyte gate. The following lymphocyte populations were

logical advances in flow cytometry have resulted in an increased

enumerated by manual and automated gating: CD3+ T cells, CD3+

number of parameters and cells to be analyzed, thereby leading

CD4+ T cells (CD4+ T cells), CD3+CD8+ T cells (CD8+ T cells),

to the development of automated gating algorithms and tools [10-

CD3−CD19+ B cells (CD19+ B cells), and CD3−CD56+ NK cells

12]. Automated gating overcomes the limitation of sequential gat-

(CD56+ NK cells). In some specific cases, CD8 low-expressing T

ing and automatically deduces cell populations directly from the

cells, CD4+CD8+ double-positive T cells, and CD56−CD16+ NK

multidimensional datasets [7, 8]. Recently, several programs are

cells were enumerated via manual gating. IMMUNO-TROL cells

widely applied in the clinical field [11-13]; however, each new al-

and IMMUNO-TROL low cells were assessed daily for internal qual-

gorithm has been evaluated using separate data sets and meth-

ity control. Staining and data acquisition were processed within

ods. Additionally, the methodology to compare the results among

24 hours after blood collection.

these approaches and to traditional manual gating, remains un-

3. Data analysis

clear [14].
To control the quality of lymphocyte subsets, appropriate gat-

All data files were analyzed automatically using Navios Tetra

ing technique must be used in order to select only the desired

software (Beckman Coulter) and manually using the KALUZA

cells and the analysis needs to be appropriately calibrated based

program (Beckman Coulter) that focused on the lymphocyte pop-

on the gate purity. The present study aimed to confirm the appli-

ulation. All automated gating results were visually inspected, but

cability of automated gating by comparing it to manual gating in

no active intervention was allowed. When the flags and run noti-

HSCT recipients.

fications were presented on the result screen, we reviewed the results. Manual gating was performed by an experienced lab techni-

MATERIALS AND METHODS

cian and further verified by a medical supervisor. To ensure tubeto-tube consistency, we limited the difference in CD3+ T cell counts

1. Samples

between tube 1 and tube 2 to ≤ 2% as recommended in the pre-

Peripheral blood samples from 22 patients with hematologic

vious guideline for performing single-platform absolute CD4+ T

malignancies were included. Of these, 20 patients received HSCT.

cell determinations [15]. The gating purity was adjusted to the cri-

All samples were retrieved from the blood samples routinely re-

terion stating that the sum of CD3+ T cells, CD19+ B cells, and

quested for lymphocyte subset analysis at the laboratory of Seoul

CD56+ NK cells exceeded 95%.

St. Mary’s Hospital. For the precision study, between-run variability was measured using IMMUNO-TROL cells and IMMUNO-

4. Statistical analysis

TROL low cells (Beckman Coulter, Miami, FL, USA) on 10 differ-

The absolute percentage difference for each cell population ob-

ent days. Both cell controls were analyzed in a similar manner as

tained from automated and manual gating strategies was com-

the patient samples. Informed consent was waived by the Institu-

pared. Spearman rank correlation was used to compare the re-

tional Review Board of Seoul St. Mary’s Hospital (KC18SESI0870)

sults. The interlaboratory variability was calculated by the coeffi-

because the present study used leftover samples.

cient of variation (CV) for each cell population using both gating
strategies. Statistical analyses were performed using MedCalc Sta-
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tistical Software version 19.6 (MedCalc Software Ltd, Ostend, Bel-

and manual gating was < 1% in CD3+ T cells, CD4+ T cells, CD19+

gium).

B cells, and CD56+ NK cells. Spearman rank correlation coefficients (Spearman r) between automated and manual gating was

RESULTS

> 0.970 (P < 0.001) for all cell populations, except for CD8+ T cells

(Spearman r = 0.800, P < 0.001; Table 2). Moreover, the number of

1. Comparison of automated and manual gating on

CD8+ T cells analyzed via automated gating was higher than that

patient samples

obtained by manual gating in all cases (Y [automated gating re-

In total, 22 blood samples were compared via gating (Table 1).

sult] = 9.504+0.925 X [manual gating result]), r = 0.862, P < 0.001;

The median difference of cell percentages between automated

Fig. 1A). Of these, four cases (18.2%) revealed questionable CD8+

Table 1. Raw data from study population (N=22)
CD3 T cell (%) tube 1 CD3 T cell (%) tube 2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

CD4 T cell (%)

CD8 T cell (%)

CD19 B cell (%)

CD56 NK cell (%)

Clinical information

Manual

Auto

Manual

Auto

Manual

Auto

Manual

Auto

Manual

Auto

Manual

Auto

Diagnosis

52
81.1
61.4
62.8
55.6
53.1
49.1
77.6
75.7
56.6
77.9
39.2
96.3
81.1
75.6
49.8
39.6
65.8
64.3
61.6
58.4
45.5

50.2
80.6
62
63.4
55.7
57.6
50.3
78.8
76.3
57
78.3
39.3
97.3
82.2
74.4
55.1
43
66.1
61.8
58.9
62.1
43.9

51.1
80.4
60.7
62.6
55.4
53
50.4
78.4
76.1
56.6
76.7
38.9
96.3
82.6
73.9
49.5
38.8
65.7
63.1
60.5
58.4
45.5

48.9
81.2
61.6
63.8
56.5
53.8
50.3
79.8
75.9
57.4
79.3
39.7
97.1
82.1
75.6
55.5
44.3
66.4
61.5
60
61.8
45.1

8.4
9
25.4
35.8
13.3
20.5
18.1
14.6
33
22
26.8
12.6
15.1
58
24.3
21.6
11.9
25.4
22.5
28.3
21
6.1

7.1
8.9
25.8
36.9
11.9
20.9
19.5
14.2
34.3
21.9
29.2
12.7
20.8
57.3
25.2
23.6
12.5
25.1
21.9
28.6
22.3
5.3

38.6
65.4
29.9
20.6
38.4
27.4
26.9
56.1
34.2
25.5
48.8
23.2
79.5
15.9
51
23.1
24.6
28.3
34
27.2
33.9
34.9

42.2
67.9
34.2
27.4
41.8
56.1
29.4
60.1
37.5
30.3
52.3
24.7
82.6
21.2
73.4
53.5
28.9
Error
35.5
27.7
39.2
36.1

2.2
7.3
7.6
17.4
17.4
30.3
16.3
14.4
15.5
33.6
5
39
0.4
9.9
4.8
35.2
42
23
0.7
9
25.1
7.4

2.4
6.4
7.3
16.9
17.4
30
17.4
14
16.2
33.6
4.7
38.5
0.2
10.7
5
29.3
34.5
22.3
1.1
9.8
21.3
6.6

44.1
9.4
28.2
18.1
22.4
12
31.6
5.1
6.4
8.5
14.1
20.2
2.8
5.7
19.2
11.5
14.7
10.2
32.1
28.6
7.2
36.2

47.1
9.9
27.7
17.5
22.1
11.7
31.3
5
6.6
8.5
14.2
20.2
2.7
5.8
18.5
11.1
15.3
10.2
33.6
27.6
8
37.9

ALL
ALL
SLL
MDS
AML
MDS
MDS
AML
AA
MDS
AML
AML
ALL
MDS
MDS
MDS
AML
MDS
ALL
AA
ALL
MDS

Treatment
Post-alloPBSCT 3 m
Post-alloPBSCT 3 m
Chemotherapy
Post-alloPBSCT 3 yr
Post-alloPBSCT 5 m
Post-alloPBSCT 2 yr
Post-alloPBSCT 4 yr
Post-alloPBSCT 1 yr
Post-alloPBSCT 9 m
Post-alloPBSCT 3 yr
Post-alloPBSCT 7 m
Post-alloPBSCT 1 yr
Post-alloPBSCT 6 m
Chemotherapy
Post-alloPBSCT 2 yr
Post-alloPBSCT 2 yr
Post-alloPBSCT 2 yr
Post-alloPBSCT 2.5 yr
Post-alloPBSCT 1 m
Post-alloPBSCT 1 yr
Post-CBT 1 yr
Post-alloPBSCT 6 m

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; AA, aplastic anemia; SLL, small lymphocytic lymphoma; alloPBSCT, allogeneic hematopoietic stem cell transplantation; CBT, cord blood transplantation; m, month; yr, year.

Table 2. Difference between automated and manual gating in patient samples (N=22)
Absolute percentage difference (%) (automated % - manual %)
CD3+ T cell (tube 1)
CD3+ T cell (tube 2)
CD4+ T cell
CD8+ T cell (N = 21)*
CD19+ B cell
CD56+ NK cell

Median

95% CI

0.50
0.80
0.35
-3.60
-0.30
0.00

0.07–1.10
-0.10–1.91
-0.30–1.11
-4.82– (-3.07)
-0.51–0.20
-0.30– (-1.10)

Spearman rank correlation

Min

Max

Spearman rho

95% CI

P value

-2.70
-2.20
-1.40
-30.40
-7.50
-1.10

4.50
6.00
5.70
-0.50
1.10
3.00

0.978
0.980
0.983
0.800
0.991
0.999

0.947–0.991
0.951–0.992
0.959–0.993
0.563–0.916
0.977–0.996
0.997–1.000

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

*1 case presented error in automated gating.
Abbreviations: min, minimum; max, maximum; CI, confidence interval.
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n=21
r=0.86, P<0.001
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0
0

10

20

30

40
50
60
Manual gating

70

80

90

A

CD8
CD8
CD8
CD8

CD8
CD8
CD8

CD8

Fig. 1. The difference in CD8+ T cells between automated and manual gating. (A) Correlation of CD8+ T cells between automated and manual gating. CD8+ T cells analyzed via automated gating were higher than those evaluated by manual gating (Y (automated gating)=9.504+0.925 X (manual gating)), r=0.862, P<0.001). The automated gating program (B) included CD8 dim population in CD8+ T cell, but we excluded them in manual
gating (C) (data from Case 4).

A

CD3
CD3

C

CD3
CD3
CD3
CD3

B

CD3
CD3

D

CD8
CD8

CD8
CD8

CD8
CD8
CD8
CD8

CD3
CD3
CD3
CD3

CD3
CD3

CD3
CD3

Fig. 2. CD8 T cell errors in automated gating. Automated gating (A and B) failed to identify CD8+ T cells. In manual gating (C and D), we could
identify the exact number of CD8+ T cells after compensation. (A) and (C) represent Case 16; (B) and (D) represent Case 18.
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CD45

FSC

A

B

Fig. 3. Gating of total lymphocytes via automated gating by excluding some lymphocytes. Certain proportions of total lymphocytes were excluded
in gating (A) and (B) (data from Case 16).
Abbreviations: GADJ, gate adjust; LADJ, lymphocyte adjust; FSC, forward scatter; SSC, side scatter.

T cell results in automated gating analysis. One case (case no. 18)

The CD56+ NK cells did not differ significantly between auto-

failed to identify the CD8+ T cell population in an automated pro-

mated and manual gating; however, two cases (case nos. 21 and

gram, and three cases (case nos. 6, 15, and 16) exhibited a differ-

22) revealed gating purity < 95% regardless of the gating method.

ence of 20% or more in the CD8+ T cell counts. After reviewing

To analyze the cause, these samples were retested with CD16/56

the plots, we found that the CD8+ T cells with reduced CD8 ex-

reagent and reanalyzed using BD FACSCanto II (BD Bioscience,

pression (CD8 low-expressing T cell) were included as CD8+ T

USA); we observed 9% and 10.3% of CD56-CD16+ NK cells in

cells in the automated gating program (Fig. 1B). In manual gating

case nos. 21 and 22, respectively. Notably, the low gating purity

analysis, cells expressing high levels of CD8 intensity were con-

was due to CD56-CD16 + NK cells, which are currently not mea-

sidered as CD8+ (Fig. 1C). Four cases with abnormal CD8+ T cell

sured in the Navios system.

results failed the compensation process in automated gating due
to dim fractions of CD8 (Fig. 2); however, manual gating approach
could confirm the exact CD8+ T cell counts in these cases.

2. Tube-to-tube variability
In all 22 cases, the tube-to-tube consistency was analyzed by

We detected a sample (case no. 13) exhibiting the difference in

comparing the CD3+ T cell percentage in the first and second tubes.

CD4+ T cell results between the two gating strategies. This sam-

Our laboratory allowed the difference in CD3+ T cell percentage

ple comprises 5% of CD4+CD8+ double-positive cells. Further-

to be < 2% while performing manual gating. All 22 cases exhib-

more, the automated gating program did not allocate CD4+ CD8+

ited a difference < 2% without errors by manual gating; however,

double-positive T cells as a separate population. Using manual

automated gating revealed a 3.8% difference in one case (case no.

gating, we identified CD4+CD8+ double-positive T cells in this

6). After review, the cut-off line for measuring CD3+ T cell posi-

case.

tivity in histogram was fixed in an automated gating program. Thus,

Two cases (case nos. 16, 17) revealed relatively higher differences in both CD3+ T cell and CD19+ B cell counts; both these

as illustrated in Fig. 4, the CD3+ T cell was overestimated in tube
1 and the cut-off line should be adjusted.

cases presented increased CD3+ T cells (6%, 5.5% respectively)
and decreased CD19+ B cells (5.9%, 7.5%, respectively) in auto-

3. Precision

mated gating compared to that in manual gating. In these cases

Using IMMUNO-TROL cells, CVs of the percentages of both to-

(Fig. 3), all lymphocytes were not located in the lymphocyte ad-

tal lymphocytes and absolute counts for CD3+ T cell, CD3+CD4+

just (LADJ) region in the automated gating plot. After reanalysis

T cell, CD3+CD8+ T cells, and CD19+ B cells were < 5% in man-

with manual gating, the escape area was included and the LADJ

ual and automated gating. Moreover, the CVs for CD56+ NK cells

region was increased to recover the lost cells.

were < 10% (8.9% for percentages of total lymphocytes, 8.7% for

https://doi.org/10.47429/lmo.2022.12.1.11
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ence between automated and manual gating. To the best of our
knowledge, no reference or guideline is available for appropriate
Count

gating of CD8 low-expressing T cells in the lymphocyte subset.
The CD8 low-expressing T cells can be detected in approximately
Tube 1: 57.6%

0.3%–7.0% of all CD8+ T cells in healthy individuals [17, 18]; moreover, they can be increased in acute immune response after pathogen exposure or during chronic diseases [17-22]. These CD8 low-

A
CD3

expressing T cells were associated with disease severity in chronic
persistent infection; furthermore, they majorly produced interferon
(IFN)-γ during inflammatory regulation [18, 19]. Therefore, we

Count

considered CD8 low-expressing T cells as a separate population,
Tube 2: 53.8%

and did not include them in CD8 T cells while reporting the results.
In automated gating analysis, CD4+CD8+ double-positive T cells
were not specified as a separate cell population. CD4+CD8+ dou-

CD3

B

Fig. 4. CD3+ T cell difference in a case with tube-to-tube variability.
In automated gating, CD3+ T cell fraction from tube 1 (A) was overestimated compared to that in tube 2 (B), as certain CD3− cell fraction was included in the analysis of tube 1 (data from Case 6).

ble-positive T cells in peripheral blood have been described in
multiple conditions such as viral infection, malignancies, and autoimmune diseases [23, 24]. This population exhibits potent immune suppressor function or highly cytotoxic potencies [23]; however, their exact function remains unclear. Laboratories should
consider the likelihood of appearance of CD4+CD8+ double-pos-

the absolute count, respectively) in automated analysis. The CVs

itive T cells while analyzing post-HSCT samples with an automated

for CD56+ NK cells were 5.2% for total lymphocytes and 3.9% for

gating approach.

the absolute count in automated analysis. Considering IMMUNO-

In healthy individuals, CD56bright+ NK cells account for ap-

TROL low cells, all CVs for the percentage of total lymphocytes

proximately 10% of peripheral NK cells, and these cells produce

and absolute counts were < 10% except for CD56+ NK cells (11.6%

high levels of cytokines and exhibit low cytotoxicity; whereas,

for absolute count) via automated gating.

CD56dim+ NK cells, which account for approximately 90% of NK
cells, produce less cytokines and exhibit high cytotoxicity [25].

DISCUSSION

CD56− NK cells were discovered 25 years ago [26] and have been
reported as a dysfunctional subset compared to CD56+ NK cells,

It is difficult to define an appropriate gating method due to the

due to the low levels of cytotoxic receptor expression and cyto-

limited reference standard and analyzed sample numbers [16]. In

kine production [25]. Moreover, CD56− NK cells were reported to

the present study, certain inconsistent results were observed from

increase in the cord blood of healthy neonates [27], as well as in

post-HSCT patients, presumably because post-HSCT patients are

patients with viral infection (HIV, hepatitis C virus, cytomegalovi-

more likely to develop aberrant cell expression or unexpected

rus, hantavirus), autoimmune disease, and post-HSCT, particularly

phenotyping cells during the engraftment that are not observed

in T cell-depleted haploidentical HSCT and cord blood transplan-

in healthy individuals. Aberrant marker expressions pose chal-

tation [28-31]. More recently, Forconi et al. [25] have described that

lenges during data analysis, even for an experienced and expert

CD56-CD16+ NK cells share similar morphologic features and

technician.

transcriptional profiles with CD56dim CD16-NK cells. They re-

In particular, a significant difference was observed in the num-

ported that CD56-CD16+ NK cells could adapt to CD56dim

ber of CD8+ T cells between the two gating methods. Notably,

CD16+ NK cells under chronic disease conditions. As presented

CD8 low-expressing T cells were the major cause of this differ-

in our data, the presence of CD56−CD16+ NK cells should be
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considered when the purity of the lymphocyte subset is < 95%.

ated depending on the disease status or intended use of the test.

Since CD56-CD16+ NK cells are likely to increase in post-HSCT

Large discrepancies could be expected in small cell populations,

conditions [28, 31], it is necessary to add CD16 reagents for NK cell

as the effects of small shifts in gate placement might be magni-

markers in these cases. Furthermore, the Clinical and Laboratory

fied. In these cases, it is recommended to use more replicates and

Standards Institute guideline states that excluding CD16 marker

samples for accurate evaluation.

prevents other normal CD16 monocytes/dendritic cell subsets that

The present study compared automated and manual gating in

may be within the lymphocyte gate from leading to incorrect quan-

patients who revealed various cell populations in the engraftment

tification of NK cells [32]. Nevertheless, while gating lymphocytes

process after HSCT. Collectively, the results of the two analyses

on CD45 and side scatter (SSC) plots, it is unlikely that monocytes/

were consistent; however, manual intervention was needed in

dendritic cells will be included in the lymphocyte gate; hence, ad-

some specific cases, in particular, CD8 low-expressing T cells, CD4+

dition of CD16 reagent has more advantages in accurate NK cell

CD8+ double-positive T cells, and CD56-CD16+ NK cells. It is rec-

analysis.

ommended to visually assess the histogram and gating results while

The loss of lymphocytes via automated light scatter gating in
automated gating software was previously mentioned [33]. The

using automated gating in post-HSCT recipients to monitor the
lymphocyte subset.

automated program is optimized for sample analysis considering

요 약

specific conditions set by the manufacturer. These systems exhibit
low tolerance, specifically when the light scatter parameters rely
on gating, where sample integrity is compromised. Furthermore,

배경: 림프구 아형 검사는 조혈모세포 이식 환자에서 생착을 평가

automated software excludes lymphocytes in certain circumstances,

하는데 필수적인 검사이다. 자동 게이팅은 현재 유세포분석에서 널

such as processing delays or environmental factors. This issue was

리 사용되고 있다. 건강인과 달리 조혈모세포 이식 환자는 예상치

resolved using a modified protocol that repaired all lost lympho-

못한 세포군이나 세포의 비특이적인 발현이 예상될 수 있다. 따라

cytes by increasing the LADJ area [33]; similar protocol was ap-

서 본 연구에서는 조혈모세포 이식 환자의 림프구 아형 검사에서

plied in the present study as well. Additionally, the percentage of

자동 게이팅의 적용 가능성을 수동 게이팅과 비교해서 평가했다.

total lymphocytes in the light scatter LADJ gate needs to be evalu-

방법: 림프구 아형 검사는 Beckman Coulter Navios (Beckman

ated via automated gating program. In patients presenting certain

Coulter, USA) 유세포분석기로 시행하였다. 22명의 혈액 종양 환자

diseases, the operator needs to check the gating purity manually

의 데이터 파일을 Navios Tetra 소프트웨어를 사용하여 수동 게이

or optimize the setting.

팅과 자동 게이팅으로 각각 분석했다. 정도관리와 재현성 평가는

As demonstrated in the present study, automated gating has a

IMMUNO-TROL control을 사용했다.

fixed baseline for determining cell positivity on a histogram. We

결과: 두 게이팅 방법 사이의 Spearman 상관계수는 CD8+ T 세포

observed that the fraction of CD3+ T cells in tube 1 and tube 2

를 제외한 모든 세포 집단에서 0.970 이상이었다. 자동 게이팅에서

may markedly differ than the laboratory acceptable levels. If the

CD8+ T 세포 수는 수동 게이팅보다 더 높았는데, 이는 CD8 low-

number of CD3+ T cells significantly differs between the two tubes,

expressing T 세포가 자동 게이팅에서만 CD8+ T 세포에 포함되었

it is necessary to check the histogram manually.

기 때문이었다. 자동 게이팅 프로그램은 CD4+CD8+ double-posi-

In the present study, the CVs from automated gating and man-

tive T 세포를 식별하지 못했다. 자동 게이팅은 림프구 중 FSC가 낮

ual gating revealed no differences with < 10% except for NK cells.

고 SSC가 높은 일부 부분을 제외시키고 식별했다. 두 명의 조혈모

According to the practice guideline from the International Council

세포 이식 환자는 CD56-CD16+ NK 세포의 비율이 높았고 이를 위

for Standardization of Haematology (ICSH) and International Clin-

해서 Navios 시스템에 CD16 시약을 추가해야 했다. 림프구 아형 검

ical Cytometry Society (ICCS) a desirable assay imprecision indi-

사의 변이계수는 자동 게이팅에 의한 CD56+ NK 세포를 제외하

cated a CV < 10% [34]; however, a CV < 20% may be acceptable in

고, 모두 10% 미만이었다.

cases with less abundant cell population, such as detection of fe-

결론: 조혈모세포 이식 환자의 림프구 아형 검사에서는 비특이적

tal-maternal bleeding or minimal residual disease monitoring [34].

인 표현형 및 예상치 못한 세포군이 출현할 수 있기 때문에 수동

For samples with rare cell populations, higher CV may be toler-

게이팅을 통해 히스토그램을 확인하는 것이 필요하다.
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