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Background: Numerous studies tried to find new markers that after hematopoietic stem
cell transplantation predict engraftment earlier than the conventional marker, absolute neu-
trophil count (ANC >500/uL). Early engraftment prediction can be achieved by a marker
that reflects the release of neutrophils and monocytes into the leukopenic peripheral blood.

Methods: We analyzed blood cell parameters, including cell population data such as vol-
ume, conductivity, and light scatter in 77 patients who underwent HSCT (allogeneic, n=
63; autologous, n=11) to detect possible markers.

Results: We identified 2 early engraftment markers of neutrophils (NEUTRO) and mono-
cytes (MONO); a pair of mean-volume-neutrophils (MNV) and mean-conductivity-neutro-
phils (MNC) for NEUTRO; and a pair of mean-volume-monocytes (MMV) and mean-con-
ductivity-monocytes (MMC) for MONO. The new markers showed distinct patterns for
early engraftment wherein 1) on the engraftment day, MNV peaked as MNC notched si-
multaneously for every case, and 2) MMV peaked as MMC notched simultaneously in
most cases. Engraftment was predicted 3.8+2.7 days earlier than by ANC in 74 success-
ful engraftment cases by using NEUTRO and/or MONO: 1) 72 cases (97.3%), in which
NEUTRO and/or MONO predicted earlier engraftment than ANC, 2) 1 case, in which the
3 markers predicted engraftment on the same day, and 3) 1 case, in which NEUTRO pre-
dicted engraftment on the same day as ANC and MONO failed to predict engraftment.

Conclusions: By analyzing the data from daily complete blood counts, engraftment can be
predicted approximately 4 days earlier than ANC >500/puL using NEUTRO as a base
marker and MONO as a supplementary marker.
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INTRODUCTION

The most prevalent marker of myeloid engraftment is the time,
from nadir after transplantation, when the absolute neutrophil
count (ANC) crosses 500/uL [1]. This marker is observed, on
average, in the vicinity of 14 days, and is occasionally delayed
by up to 1 month [2]. Extensive supportive care is very impor-
tant during this period to prevent opportunistic infections or
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other complications before engraftment is complete [3, 41. To
facilitate early prediction, studies have shown new valid criteria
for early engraftment confirmation, for example, ANC >100/puL
[5]. Though it has been established that monocytes precede
granulocytes, platelets, and natural killer cells in engraftment
[6], monocytes are not yet used as an engraftment marker, be-
cause the number of monocytes, even under normal conditions,
is much lower than that of neutrophils.
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Some automated hematology analyzers have recently started
to offer new parameters, enabled by data fusion software, that
make accurate complete blood count (CBC) with differentials
(CBC-diff) possible in severe leukopenic samples. Recent stud-
ies [7-10] have used these new parameters to diagnose infec-
tious diseases or various clinical conditions. The objective of this
study was to verify whether these parameters can be used for
early detection of myeloid engraftment and to establish the va-
lidity of monocyte-related parameters as an engraftment marker.
If these parameters allow for the detection of the first release of
neutrophils or monocytes into peripheral blood, confirmation of
engraftment may be established earlier than the current stan-
dard of ANC increase.

METHODS

1. Study population

We collected data from 77 patients at Seoul St. Mary’s Hospital,
Korea, who underwent hematopoietic stem cell transplantation
(HSCT) between December 2011 and April 2012. Every work-
day, data from CBC-diff studies were gathered. Table 1 shows
patient characteristics and transplantation-related factors.

Our study population consisted of 3 patients with engraftment
failure, and 74 with successful engraftments, among whom 63
patients (83.1%; median age, 34 yr) underwent allogeneic
HSCT from sibling, haploidentical family member, unrelated, or
cord blood donors. The remaining 11 patients (median age, 33
yr) received high doses of chemotherapy and autologous stem
cell reinfusion. The median number of CD34* cells infused was
6.02x 10%kg for allogeneic HSCT and 11.01 x 10%kg for autolo-
gous HSCT. There were 2 cases, in which donor granulocytes
were infused. This study was approved by the institutional re-
view board of the Catholic Medical Center.

2. Establishment and analysis of the new markers

We used an automatic hematology analyzer (DxH 800, Beckman
Coulter Inc., Miami, FL, USA) to obtain data, including CBC-diff
and cell population data, using direct current impedance to
measure cell volume (V) for accurate size of all cell types, ratio
frequency opacity to characterize conductivity (C) for internal
composition of each cell, and a laser beam to measure light
scatter (S) for cytoplasmic granularity and nuclear structure. The
Coulter VCS technology provides, for each cell type, mean and
standard deviation values for volume, conductivity, and 5 light
scatter (MALS, UMALS, LMALS, LALS, AL2). We analyzed these
14 parameters each for neutrophils and monocytes. We serially
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Table 1. Patient characteristics and graft data

Characteristics Allogeneic HSCT ~ Autologous HSCT
N of patients 63 11
Median age, years (range) 34 (1-64) 33(1-62)
Sex, male/female 28/35 /4
Diagnosis
ALL 15 1
AML 28 3
MDS (n=8)/CMML (n=1) 9 -
MM 1 3
AA/PRCA (n=1)/FA(n=1) 8 -
Lymphoma 2 2
Others* - 2
Conditioning regimen
Non-myeloablative 27 -
Myeloablative, non-TBI 11 -
Myeloablative, TBI 25 -
High-dose chemotherapy - 11
High-dose melphalan 3
Busulfan+melphalan+thiotepa 2
TBI+Ara-C+melphalan 4
Carboplatin+etoposide+thiotepa 2
Graft source
BM/PB/cord 11/50/2 0/11/0
Donor type
Conventional: MSD/MUD 24/28 -
Alternative: Haplotype/Cord 92 -

Median mononuclear cells < 10%kg ~ 8.82 (0.28-46.38)  5.95 (0.03-15.05)

(range)
Median CD34*cells x 10%/kg (range)  6.02 (0.31-29.87)

*Primary neuroectodermal tumor and neuroblastoma.

Abbreviations: HSCT, hematopoietic stem cell transplantation; MM, multiple
myeloma; AA, aplastic anemia; PRCA, pure red cell aplasia; FA, Fanconi’s
anemia; TBI, total body irradiation; Ara-C, Cytosine arabinoside, Arabinosyl-
cytosine; BM, bone marrow; PB, peripheral blood; MSD, matched-sibling
donor; MUD, matched unrelated donor.

11.01(0.78-42.04)

dotted these 28 parameters from the day of HSCT to identify any
parameters that conspicuously constituted patterns related to
engraftment. The collected data were organized in ascending or-
der of test dates after transplantation. The resulting data helped
in visualizing evolving trends of parameter values over time for
each patient. These patient data were stored in Excel, and we
identified all patients with successful myeloid engraftment using
the conventional marker, ANC >500/uL, and marked the dates
that engraftments were achieved.
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1) Establishing predictive cutoff values for the proposed markers of
neutrophilic and monocytic engraftment

Each parameter cutoff value was established as follows: 1) from
the engraftment cases, a value that predicted engraftment days
earlier than, or at least on the same day as ANC; and 2) the
value was not found in the failure cases. After identifying cutoff
values, we searched for the earliest engraftment day of each
case on which the time from DO was no less than 5 days and the
day’s MNV value higher than MNV cutoff value and its mean-
conductivity-neutrophils (MNC) value lower than MNC cutoff
value for the first time. This process was repeated for all cases.

2) Analysis of the performance of the new engraftment markers in
predicting engraftment

We compared the engraftment dates predicted by the new mark-
ers with those identified by ANC. Using the sustained engraft-
ment cases, we calculated the average difference in post-trans-
plant days required to reach each new marker for predicting en-
graftment. Using the engraftment dates obtained from the ANC
prediction and the new markers, we then attempted to 1) ascer-
tain if engraftment was identified by using the new markers for
all cases, 2) identify the marker that provided the earliest engraft-
ment date for each case, 3) calculate the differences in engraft-
ment prediction dates between markers, and 4) determine
whether transplant-related clinical variables would incur differ-
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ences in engraftment prediction dates.

3. Statistical analysis

We used Student’s t-test or ANOVA to test the effect of trans-
plant-related clinical variables on the engraftment day using our
new engraftment markers. A P value <0.05 was considered
statistically significant. All statistical analysis was performed us-
ing SPSS 20.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

1. Established predictive patterns and cutoff values for

the proposed markers of neutrophilic and monocytic

engraftment
We analyzed the engraftment patterns that showed volume
peaks and conductivity notches. We identified 2 combinations
of parameters as engraftment markers: a pair of mean-volume-
neutrophils (MNV) and MNC as a neutrophilic engraftment
marker (NEUTRO) (the pattern of which reveals that MNV peaks
simultaneously as MNC notches), and a pair of mean-volume-
monocytes (MMV) and mean-conductivity-monocytes (MMC) as
a monocytic engraftment marker (MONO), which shows a simi-
lar, though not as strong as in NEUTRO, pattern in which MMV
peaks as MMC notches (Fig. 1).

With 2 sets of parameters identified as early predictable mark-
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Fig. 1. Means of (A) MNV & MNC (N=74) and (B) MMV & MMC (N =45) after hematopoietic stem cell transplantation (HSCT), with day O
signifying the day when each patient’s engraftment was identified by NEUTRO or MONO.

Abbreviations: CPD, cell population data; MNV, mean-volume-neutrophils; MNC, mean-conductivity-neutrophils; MMV, mean-volume-monocytes; MMC,
mean-conductivity-monocytes; NEUTRO, a neutrophilic engraftment marker; MONO, a monocytic engraftment marker.
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ers and their significant engraftment patterns established, we
then set the cutoff values as follows: NEUTRO at MNV >185
and MNC <150, and MONO at MMV >190 and MMC <130.
Typical cases are shown in Fig. 2.

2. Engraftment days detected by each marker for the study
population
The average number of days before engraftment using ANC was
12.7+2.3. With NEUTRO, engraftment was predicted after
9.8+ 1.2 days, which antedated ANC by 2.7+2.2 days for suc-
cessful engraftment cases (P<0.0001). MNV was 202.4+13.7
and MNC 143.9+4.4 on the days of engraftment for the study
population. With MONO, the average number of days before en-
graftment was 8.1+ 1.7 days, which antedated ANC by 4.5+2.9
days for successful engraftment cases (P<0.0001). MMV was
199.5+7.6, and MMC 126.4+4.0 on the days of engraftment
for the study population. None of the cases with engraftment
failure reached marker values of NEUTRO or MONO (Table 2).
Engraftment was predicted, on average, 3.8+2.7 days earlier
than the conventional ANC prediction in 74 successful engraft-
ment cases by using one or both of the proposed markers: 1)
72 cases (97.3%), in which NEUTRO and/or MONO predicted
engraftment earlier than ANC, 2) 1 case, in which the 3 mark-
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ers predicted engraftment on the same day, and 3) 1 case, in
which NEUTRO predicted the same engraftment day as ANC,
and MONO failed to predict engraftment.

In the analysis of the 74 successful engraftment cases, NEU-
TRO showed earlier predictions than ANC in 63 cases (85.1%),
and MONO demonstrated earlier predictions than ANC in 43
cases (58.1%). Furthermore, MONO showed earlier predictions
than NEUTRO in 27 cases (36.5%); NEUTRO demonstrated
earlier prediction than MONO in only 1 case.

In the analysis of the 47 cases for which we were able to col-
lect complete serial data from 5 days after HSCT to ANC engraft-
ment, NEUTRO showed earlier prediction than ANC in 43 cases
(91.5%); the only exceptions were the 2 cases of donor granulo-
cyte infusion (DGI) and another 2 cases in which both ANC and
NEUTRO coincided. MONO achieved earlier predictions than
ANC in 33 cases (70.2%), and MONO showed earlier predic-
tions than NEUTRO in 24 cases (51.1%). NEUTRO showed ear-
lier prediction than MONO in only 1 case. There were 12 cases
(25.5%) that never reached the MONO values. On average,
NEUTRO provided an earlier prediction by 3.2+2.2 days, and
MONO by 4.6+2.9 days, compared with ANC. Engraftment was
predicted, on average, 4.2+2.7 days earlier than that by con-
ventional ANC in these 47 cases.
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Fig. 2. Engraftment days achieved with NEUTRO and MONO along with ANC after HSCT in 2 cases, which showed successful engraftment.
Asterisk denotes the engraftment day detected by each marker. (A) Case 61 showed successful engraftment using NEUTRO, MNV >185 &
MNC <150, on D9 (3 days earlier than ANC). (B) Case 44 showed successful engraftment using MONO, MMV >190 & MMC <130, on D7
(6 days earlier than ANC). A noticeable pattern emerged; when values for MNV and MMV peaked, those for MNC and MMC notched.

Abbreviations: MNV, mean-volume-neutrophils; MNC, mean-conductivity-neutrophils; ANC, absolute neutrophil count; CPD, cell population data; NEUTRO,
a neutrophilic engraftment marker; MONO, a monocytic engraftment marker; HSCT, hematopoietic stem cell transplantation; MMV, mean-volume-mono-

cytes; MMC, mean-conductivity-monocytes
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3. Transplant-related variables and engraftment days
detected by each marker

The engrafment day predicted by ANC was earlier in autologous
HSCT (Auto; 11.2+2.7 days) than in allogeneic HSCT (Allo)
(12.8+2.2 days; P=0.0485). The same held true in the case of
engraftment prediction by NEUTRO, with engraftment predicted
earlier in Auto (8.4+0.7 days; n=9) than in Allo (10.0+ 1.2 days;
n=60; P=0.0004). There was no significant differences between
the groups with respect to engraftment prediction by MONO. The
values of the marker parameters, MNV, MNC, MMV, and MMC,
were 204.0+£12.9, 143.0+4.9, 195.7+2.7, and 124.7 +6.8, re-
spectively, in Auto; and 202.2+8.0, 144.1+4.3, 200.2+8.0,
and 126.7+3.2, respectively, in Allo. The differences in the val-
ues between the groups were not significant (Table 2).

Between Auto and Allo, the only significant difference in trans-
plant-related variables was the number of CD34* cells infused:
11.01+14.33x10%kg in Auto and 6.02+5.70x 10%kg in Allo
(P=0.0460). There was a weak correlation between the number
of CD34* cells infused and engraftment day predicted using
ANC >500/uL (r=-0.304) or NEUTRO (r=-0.333). There were
no significant correlations between the new markers and primary
diseases, chemotherapy regimen, irradiation intensity, or donor
cell types in the study population (P>0.05). There were 2 cases
wherein the patients received DGI but did not reach nadir after
infusion, steadily maintaining ANC >500/uL levels through the
entire recovery period. Neither NEUTRO nor ANC offered assis-
tance in identifying engraftment, whereas MONO predicted suc-
cessful engraftment in 8 days in both cases.

Table 2. Engraftment days according to ANC, NEUTRO, and MONO
on the basis of graft type

Study population Allogeneic Autologous
(N=74) (N=63) (N=11)

ANC' 12.7+2.3(72) 128+22(62)  11.2+2.7(10)
NEUTRO* 9.8+1.2(69) 10.0£1.2 (60) 8407 (9)
ANC-NEUTRO* 2.7+£2.2(69) 2.8+2.3(60) 2.1+1.8(9)
MONO* 8.1+1.7 (45) 8.1+1.8(38) 8.0+1.3(7)
ANC-MONO* 4.5+2.9 (43)" 4.8+2.8(37) 3.0+£3.5(6)
ANC-EARLIER 3.8+2.7(72) 3.9+2.7(62) 3.0+£2.8(10)
(NEUTRO or MONO)

Units are days in mean+SD (N). Numbers in bold signify significant differ-
ences between allogeneic and autologous HSCT groups (P<0.05).
*Difference in marker detection days for each case; "absolute neutrophil
count (ANC>500/pL); *neutrophil marker (MNV >185 and MNC <150);
*monocyte marker (MMV >190 and MMC <130); "Two cases of donor
granulocyte infusion were excluded.

Abbreviations: ANC, absolute neutrophil count; NEUTRO, a neutrophilic en-
graftment marker; MONO, a monocytic engraftment marker.
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DISCUSSION

Engraftment after HSCT entails successful stem cell homing and
repopulation into the recipient bone marrow, and re-initiation of
the hematopoietic process. The neutrophils used as NEUTRO (a
combination of MNV and MNC) in this study were of low con-
ductivity, and comparatively larger in volume than the neutrophils
observed in normal peripheral blood. MNV may increase owing
to infections such as fungemia, but conductivity rarely fluctuates
[7-10]. The values of MNV and MNC measured on the engraft-
ment days for all the study cases were 202.4+13.7 and 143.9+
4.4, respectively, which show the highest value of MNV and low-
est value of MNC, with a narrow standard deviation.

The neutrophils satisfying the marker values are assumed to
be the first neutrophils released into the peripheral blood, be-
cause they appeared just after the nadir period. Furthermore,
the volume of these cells decreased and conductivity increased
immediately after they released into the blood, and it is a trend
similarly observed in reticulocyte changes in the blood [2, 5].
Similar changes are also observed in monocytes. It is quite in-
teresting that granulocytes also show characteristic morphologic
changes just after being released into the peripheral blood from
bone marrow, although we cannot recognize these changes un-
der the microscope. An increase in MNV and MMV means that
they are larger than mature neutrophils and monocytes. How-
ever, their sizes are not visible to the naked eye. Another param-
eter, conductivity, reflects intracellular components. Therefore,
decreased conductivity of the earliest cells means that their in-
tracellular components are slightly different from mature cells.

On average, NEUTRO and MONO enable an earlier engraft-
ment prediction of 4.2+2.7 days earlier than ANC after HSCT. It
is valuable to confirm engraftment 4 days earlier. Early predic-
tions of engraftment using MONO were also possible for the
cases with DGI. Indeed, as ANC may be continuously high in
such cases, regardless of engraftment, MONO may be a more
accurate engraftment marker.

We presume that the differences in engraftment days between
the Allo and Auto groups stemmed from the fact that there were
more infused CD34* cells (P=0.046) in Auto than in Allo, which
is in agreement with previous studies [2, 11-13]. ANC and NEU-
TRO detected engraftment earlier in Auto than in Allo.

Many different methods for detection of engraftment after
HSCT have been reported [14-17]. One of the advantages of
the markers put forth by this study is that one can simply use
the data from daily CBC without additional work, cost, or time.
Because there is currently no available method to calibrate cell

http://dx.doi.org/10.3343/alm.2014.34.2.92
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population data, it is recommended that each laboratory adjust
the parameter values according to the characteristic pattern af-
ter HSCT.

In conclusion, for an early prediction of engraftment after
HSCT, NEUTRO should be used as a base marker and MONO
as a supplementary marker. When jointly used, these new mark-
ers provide an engraftment prediction of approximately 4 days
earlier than the conventional marker of ANC >500/uL.

Authors’ Disclosures of Potential Conflicts of
Interest

No potential conflicts of interest relevant to this article were re-
ported.

REFERENCES

1. Clift RA, Buckner CD, Thomas ED, Bensinger WI, Bowden R, Bryant E,
et al. Marrow transplantation for chronic myeloid leukemia: a random-
ized study comparing cyclophosphamide and total body irradiation with
busulfan and cyclophosphamide. Blood 1994,;84:2036-43.

2. Noronha JF, De Souza CA, Vigorito AC, Aranha FJ, Zulli R, Miranda EC,
et al. Immature reticulocytes as an early predictor of engraftment in au-
tologous and allogeneic bone marrow transplantation. Clin Lab Haema-
tol 2003;25:47-54.

3. Flowers CR, Seidenfeld J, Bow EJ, Karten C, Gleason C, Hawley DK, et
al. Antimicrobial prophylaxis and outpatient management of fever and
neutropenia in adults treated for malignancy: American Society of Clini-
cal Oncology clinical practice guideline. J Clin Oncol 2013;31:794-810.

4. Phillips R, Hancock B, Graham J, Bromham N, Jin H, Berendse S.
Prevention and management of neutropenic sepsis in patients with
cancer: summary of NICE guidance. B MJ 2012;345:e5368.

5. Grazziutti ML, Dong L, Miceli MH, Cottler-Fox M, Krishna SG, Fassas A,
et al. Recovery from neutropenia can be predicted by the immature re-
ticulocyte fraction several days before neutrophil recovery in autologous
stem cell transplant recipients. Bone Marrow Transplannt 2006;37:403-
9.

6. Storek J, Geddes M, Khan F, Huard B, Helg C, Chalandon Y, et al. Re-

http://dx.doi.org/10.3343/alm.2014.34.2.92

10.

11.

12.

13.

14.

15.

16.

17.

ANNALS OF
LABORATORY
MEDICINE

constitution of the immune system after hematopoietic stem cell trans-
plantation in humans. Semin Immunopathol 2008;30:425-37.

. Lee HK, Kim SI, Chae H, Kim M, Lim J, Oh EJ, et al. Sensitive detection

and accurate monitoring of Plasmodium vivax parasites on routine com-
plete blood count using automatic blood cell analyzer (DxH800(TM)).
Int J Lab Hematol 2012;34:201-7.

. Lee JC, Ahern TP, Chaves FP, Quillen K. Utility of hematologic and vol-

ume, conductivity, and scatter parameters from umbilical cord blood in
predicting chorioamnionitis. Int J Lab Hematol 2010;32:351-9.

. Mardi D, Fwity B, Lobmann R, Ambrosch A. Mean cell volume of neu-

trophils and monocytes compared with C-reactive protein, interleukin-6
and white blood cell count for prediction of sepsis and nonsystemic
bacterial infections. Int J Lab Hematol 2010;32:410-8.

Park DH, Park K, Park J, Park HH, Chae H, Lim J, et al. Screening of
sepsis using leukocyte cell population data from the Coulter automatic
blood cell analyzer DxH800. Int J Lab Hematol 2011;33:391-9.
Thomas ED, Storb R, Clift RA, Fefer A, Johnson L, Neiman PE, et al.
Bone-marrow transplantation (second of two parts). N Engl J Med 1975;
292:895-902.

Begemann PG, Hassan HT, Kroger N, Kriiger W, Kabisch H, Zander
AR. Correlation of time to platelet engraftment with amount of trans-
planted CD34+CD41+ cells after allogeneic bone marrow transplanta-
tion. J Hematother Stem Cell Res 2002;11:321-6.

Chae YS, Jeon SB, Sung WJ, Lim JW, Kim DH, Kim JG, et al. Clinical
outcomes according to transplanted CD34-+cell dose in allogeneic pe-
ripheral blood stem cell transplantation. Korean J Hematol 2003;38:24-
31.

Borzy MS, Magenis E, Tomar D. Bone marrow transplantation for severe
combined immune deficiency in an infant with chimerism due to intra-
uterine-derived maternal lymphocytes: donor engraftment documented
by chromosomal marker studies. Am J Med Genet 1984;18:527-39.
Rothberg PG, Gamis AS, Baker D. Use of DNA polymorphisms to moni-
tor engraftment after allogeneic bone marrow transplantation. Clin Lab
Med 1997;17:109-18.

Dubovsky J, Daxberger H, Fritsch G, Printz D, Peters C, Matthes S, et
al. Kinetics of chimerism during the early post-transplant period in pedi-
atric patients with malignant and non-malignant hematologic disorders:
implications for timely detection of engraftment, graft failure and rejec-
tion. Leukemia 1999;13:2059, 2060-9.

Kim HY, Kim HJ, Ki CS, Kim DW, Yoo KH, Kang ES. Rapid determina-
tion of chimerism status using dihydrorhodamine assay in a patient with
X-linked chronic granulomatous disease following hematopoietic stem
cell transplantation. Ann Lab Med 2013;33:288-92.

www.annlabmed.org 97



