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Methods

For the most accurate and reproducible hematological results, whole blood specimens should
be analyzed as soon as possible after collection.3 With multi-center studies, samples may be
drawn off-site and then transported at ambient temperatures to another laboratory.11
Transportation times may vary depending on distance and location of the laboratories.

Automated hematological analysis of specimens, particularly analysis of the differential count
if delayed beyond 4 hours, has in the past yielded doubtful, and often invalid, results. Older
technologies most commonly rely upon cell size or cell size together with scatter properties to
differentiate white blood cell populations. Because the size and scatter properties of white cells
change as a blood sample ages, automated analysis of the differential becomes more unreliable
with time. New technologies for the performance of automated differentials have reduced many
of the problems associated with automated differential counts dependent on scatter properties
only.%:7:9 The properties of red blood cells (RBCs) also change with time in stored samples,
most notably cell size and the red cell indices related to size.

The manufacturer recommends each laboratory establish its own standards of acceptability for
results on samples held beyond the optimal time for analysis.12 This study examines the
complete blood count (CBC) and differential (Diff) parameters as measured by the Sysmex
XT-2000i to determine what changes occur and the validity of the results obtained with aged
samples over time. The results will be used to determine what hematological parameters can
be reported as clinically valid results if a sample cannot be analyzed in a timely manner. The
stability over time of the manual Diff was also evaluated with a small group of samples. The
purpose of the limited, additional study is to demonstrate what use, if any, the preparation of
a smear and the performance of a manual Diff count could have in a sample 24 hours old or
older. In some laboratories, samples may be drawn off site and may be transported to the
laboratories by couriers.

The Sysmex XT-2000i uses the electric resistance detecting method (impedance technology)
with hydro dynamic focusing to measure RBC, PLT, MPV, MCV write out on first reference,
and Hematocrit (HCT). Fluorescence flow cytometry is used to measure WBC, Diff, the optical
PLT count, and the reticulocyte count. The system employs a 633 nm semi-conductor laser for
flow cytometry analysis. For the measurement by flow cytometry of the proportional count,
expressed as percent of the total WBC, of neutrophils (NEUT), lymphocytes (LYMPH),
monocytes (MONOQ), and eosinophils (EOS), white cells are stained with fluorescent dyes that
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bind to both DNA and RNA. Side Scatter (SSC) is employed to determine the internal
complexity of the cell—the size, shape, and density of the nucleus and granules of the cell.
Fluorescence and scatter measurements are combined to characterize white cell populations.
Basophils (BASO) are measured separately using cell size and SSC properties. Hemoglobin
(HGB) is measured photocolorimetrically using SLS-HGB, a cyanide-free method.

The reagents required for the operation of the Sysmex XT-2000i are supplied by Sysmex
America (Mundelein, IL) and are listed as follows:

Reagent Function

Cellpack RBC/PLT and HGB Diluent; rinsing of instrument; hydrodynamic focusing
Stromatolyser-4ADL  Diff lysing reagent

Stromatolyser-4DS  Diff stain

Stromatolyser-FB Diluent for WBC count and lyses all cells except BASO

Sulfolyser Non-cyanide HGB lyse (sodium lauryl sulphate)

Ret-Search (I1) Dilutes sample for reticulocyte analysis

Ret-Search (I1) Dye  Stains reticulocytes and platelets for analysis

Hematocrit and MCV are direct measurements on the Sysmex XT-2000i. The MCV is an
average of all RBC size measurements collected in the impedance counter. The HCT is the
sum of all the RBC size measurements and reported in proportion to the total volume of the
analysis sample. Calculated red cell indices are MCH write out first reference, MCHC write
out first reference, and red cell distribution width (RDW). Red cell distribution width is
reported on the Sysmex XT as both standard deviation from the mean red cell size (RDW-SD)
and as coefficient of variation from the mean (RDW-CV).

The Sysmex XT-2000i provides 2 PLT counts. One is an impedance count that both enumerates
the platelets (I-PLT) and estimates their size (mean platelet volume = MPV). The other is an
optional optical count obtained in 1 of the flow analysis channels (O-PLT). The instrument
also performs an optional reticulocyte count in 1 of the flow analysis channels. Red blood cells
are stained, counted, and measured for size and fluorescence. Counts are expressed as percent
of RBC (RET%).

This laboratory operates under Clinical Laboratory Improvement Act (CLIA) certification.
Calibration of the instrument is confirmed each day using 2 levels of controls (Sysmex e-Check
Hematology Control for Sysmex X-Series Analyzers, Sysmex America), according to the
manufacturer’s recommendations.1? These recommendations are consistent with CLIA
Interpretive Guidelines 493.1256(a)-(c) and 493.1256(d), Standard: Control procedures.
Repeated analysis of a sample obtained from a healthy donor is used daily to confirm instrument
precision, as per CLIA Interpretive Guideline 493.1253(b)(1)(i)(B), Precision
(Reproducibility).

Whole blood from participants is drawn by venipuncture into dipotassium ethylenediamine-
tetraacetate (Ko-EDTA)-containing evacuated Vacutainer tubes (Becton Dickinson, Franklin
Lakes, NJ) after informed consent was obtained. Samples were packaged according to CDC
guidelines and transported by courier in insulated containers to this CLIA-certified laboratory.
Most samples are delivered within 4 hours of collection. Samples held overnight before
delivery are kept at room temperature (65-76°F).
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The participants in the study included 56 healthy donors and 110 HIV-positive individuals.
Healthy donors were age 18 or older and weighed at least 110 pounds. Donors were excluded
from participation in the program if any of the following conditions were found:

» history of chronic illness which might increase the risk associated with phlebotomy
including, but not limited to, heart, lung, or kidney disease

» current acute illness

» history of clotting disorders

» current medications which might increase the risk associated with phlebotomy
» history of syncope or other difficulties with venipuncture

* anemia, as determined by CBC or HCT

»  positive blood test for exposure to HIV-1, HIV-2, HTLV-1, HTLV-2, HIV p24 Ag,
HBV sAg, or HCV sAG.

HIV-positive individuals were participants in a clinical study approved by the National Institute
of Allergy and Infectious Diseases (NIAID) institutional review board.

A CBC and Diff count were performed on each sample within 4 hours of collection in open
mode. Open mode is the reference mode for calibration in the Sysmex XT-2000i system; results
in this mode are accepted as representative of the instrument’s performance in this study. The
CBCincludes WBC, RBC, HGB, HCT, MCV, MCH, MCHC, PLT, RDW-SD, RDW-CV, and
MPV. Analysis of those same whole blood samples was repeated on the same instrument at
24 hours, 48 hours, and 72 hours. Samples remained capped at an ambient temperature
throughout the study. According to CDC guidelines,® an acceptable working temperature for
the facility is 65°F to 76°F. Recorded temperatures during the period of the study were from
66°F to 72.5°F.

A small, additional study was included using a group of 20 samples also held at room
temperature. These samples were analyzed in the same manner as all other samples in the larger
study, but in addition, Wright-Geimsa stained smears were made from each sample at each
time point. Manual Diff were performed according to Clinical and Laboratory Standards
Institute document H20-A2,4 with the exception that, for the purposes of this study, smears
were prepared from samples more than 4 hours old. These results were compared to the
automated Diff at each time point.

In order to establish a baseline for measurement precision, 127 samples were analyzed twice
within the same day as the samples were collected. Of the 127 samples, 54 were healthy donors.
The results of these measurements were used to evaluate the stability of the samples stored at
room temperature.

Statistical Analysis

To evaluate the stability of the CBC and the Diff count measurements from delayed samples
at 24 hours, 48 hours, and 72 hours post collection, we computed the mean absolute difference,
the mean percent difference, and the quotient of the measurements from the delayed samples
relative to the measurements from samples within 4 hours of collection, together with the
respective 95% confidence intervals. In addition, linear regressions were performed for the
measurements from delayed samples versus the measurements from samples within 4 hours
of collection. The intercepts and the slopes, as well as Pearson’s correlation coefficients, were
reported with the respective 95% confidence intervals.
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To compare the I-PLT count with the O-PLT count, we applied Bland and Altman’s difference
plot,! where the paired difference of O-PLT measurement from I-PLT measurement was
plotted against the average of the 2. If O-PLT was consistent with I-PLT, we would observe
the points in the different plots randomly scattered around the horizontal line. Otherwise, the
difference plot would indicate how the difference between O-PLT and I-PLT varies with the
underlying platelet count.

The range of results obtained on all parameters from healthy donors, HIV+ samples, and the
combined results of all samples is shown in Table 1. The same-day precision results for all
parameters of the CBC and Diff count are shown on Table 2, including the average absolute
difference, average percent difference, quotient, intercept, slope, and correlation coefficient.
The manufacturer’s suggested percent limits for reproducibility for all parameters of the CBC
are given in Table 5. Also shown in Table 5 are the limits of variation and correlation
coefficients for the accuracy of white blood cell types in a Diff count as provided by the
manufacturer.12 For all parameters of the CBC in the same-day precision analysis, the average
percent difference fell below the manufacturer’s percent limit for acceptable reproducibility.
The upper limits of the confidence interval of the average percent difference fell below the
manufacturer’s suggested percent limit as well. Similarly, the average percent difference, and
also the correlation coefficient, of the same-day analysis of the RET% results were within the
manufacturer’s suggested limits. This was also true when comparing the same-day analysis of
the Diff counts to the 3 reproducibility criteria provided by the manufacturer for the Diff:
average percent difference, absolute difference, and correlation coefficient. The results were
all within those suggested limits and were also consistent with the results of the evaluation of
the Sysmex-XT-2000i’s performance published in other studies.® Because the results of the
same-day precision analysis were in excellent agreement with the manufacturer’s
recommendations for reproducibility on the Sysmex XT-2000i, these results were used to
evaluate the performance of the instrument on the aged samples.

The mean, average absolute difference, average percent difference, and quotient between 4
hour samples and each time point for all parameters of the CBC are shown in Table 3A. The
intercept, slope, and correlation coefficient between the results for all parameters of the CBC
at each time point are shown in Table 3B. These results are shown for both population groups,
healthy donors and HIV+ patients, and also for the combined population. When the results are
compared to the results from the same-day precision measurements in Table 2, it is possible
to assess the stability of the sample for a given measurement at each time point. The average
percent differences with time for each parameter of the CBC are shown in the graphs of Figure
1.

The WBC, RBC, and HGB remained very stable through 72 hours. There was somewhat more
variability evident in the measurements for HIV+ patients compared to healthy donors at each
time point. For example, the average percent difference of the HIV+ patients for these 3
parameters were higher than those of the healthy donors at each time point, but these results
all compare well to the analysis of the same-day samples shown in Table 2. The results all fell
within the confidence limits of the same-day samples, or the confidence limits of the result at
a given time point overlapped with the confidence limits of the same-day samples.10

An increase in red cell size with time is apparent in both the HCT and MCV. Red cell indices
dependent on cell size, the MCHC, RDW-SD, and RDW-CV, show the changes associated
with increasing red cell volume. The MCH, dependent on the very stable RBC and HGB
measurements, shows no significant change throughout the 72 hours.
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The I-PLT measurement was stable through 72 hours, comparing well to the same-day
precision measurements at each time point. The O-PLT count was less reproducible. It
compared well to the same-day precision measurements at 24 hours, but successive
measurements showed significant differences from the 4 hour measurements and from the
same-day precision results. The slopes at 48 and 72 hours fell below 0.9, and the confidence
limits of the average percent difference did not overlap with the same-day precision results.
The MPV showed a marked increase within 24 hours and was not reproducible at any time
point compared to the 4 hour measurement.

The RET% results are also shown in Table 3A and Table 3B. The mean counts dropped
somewhat at 24 hours and continued to drop with time. Results for the 24-hour measurement
compared well to the 4-hour measurements and to the same-day precision results, but the RET
% was less stable after that time point. This is similar to results obtained on samples held at
room temperature from a study comparing reticulocyte counts using ABX Pentra 120 Retic,
the Sysmex R-2000, flow cytometry, and manual counts. The consistent decline in reticulocyte

counts at room temperature was attributed to the maturation of the reticulocyte cells over time.
8

The trends apparent in Table 3A and Table 3B are consistent with those seen by investigators
with the Sysmex XE-2100,2 which is very similar to the Sysmex XT series instruments in
technology and operation. These results are also consistent with limited unpublished studies
on sample stability with the Sysmex XT-2000i available from Sysmex America.

The Diff count performed with mixed results (Table 4A and Table 4B). The average percent
difference with time for each parameter is shown in the graphs of Figure 2. The LYMPH, EOS,
and BASO counts show almost no change with time, while NEUT counts rise slightly, and
MONO counts decline significantly. After 24 hours, the MONO count is no longer stable
compared to the 4-hour counts or the same-day precision results. NEUT counts, because they
rise with time, show significant variability in average difference and average percent difference
compared to the same-day precision results. However, slope and correlation coefficients at
each time point are consistent with the slope and correlation of the same-day precision results.
This indicates that despite the increase of the NEUT count with time, the increase is not
clinically significant. The LYMPH counts show good stability to 48 hours, and the 72-hour
measurements, though comparing well with the results at 4 hours, show a greater degree of
variability. EOS counts also show good stability through 48 hours, with more variability
apparent at 72 hours. And finally BASO counts show excellent stability through 72 hours.

The results of the comparison of the I-PLT measurement to the O-PLT counts are summarized
in Table 6. The mean of the O-PLT count is lower than the mean of the I-PLT at each time
point, and the difference between the means increases with time. The Bland and Altman’s
difference plots (Figure 3) show the differences between the 2 measurements increase with the
underlying platelet counts. The solid lines in the plots represent the linear regression.

The summary of the comparison of automated and manual Diff counts over time is given in
Table 7. The differences between the automated and manual counts on 4-hour samples are
clinically insignificant. However, with time the automated counts are consistent with the results
seen in the larger study, but the manual counts become increasingly divergent from the
automated counts. The smears prepared at 72 hours are unusable; there are no data shown for
manual counts at 72 hours.

Discussion

Results for WBC, RBC, HGB, I-PLT, and MCH show a high degree of stability when compared
with results on 4-hour samples and with the results of the same-day precision analysis through
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72 hours. While the HCT and MCV show acceptable stability to 48 hours when considering
the slope and correlation coefficient, the average percent differences are significant at every
time point. There is a consistent and significant rise in red cell size with time, indicating these
data should be interpreted with caution. A consideration of nothing more than the mean MCV
at each time point shows a normal MCV becoming an abnormal MCV (MCV > 97) by 48
hours. This pattern is plainly borne out by examination of the raw data as well.

These same considerations apply when considering the results of the MCHC and RDW. The
MCHC is calculated by dividing the HGB by the HCT. As the HCT rises, the MCHC is reduced;
therefore a relatively small rise in the HCT creates a significant drop in MCHC. This accounts
for the failure of the MCHC to make an acceptable comparison to the 4-hour results even at
24 hours, and the negative effect increases with time. The RDW is calculated with the standard
deviation of the mean of the red cell volume (or the coefficient of variation of the mean of the
red cell volume) divided by the MCV. The instability of the red cell size with time necessarily
affects this parameter also, with the RDW-SD showing greater variability than the RDW-CV.
Both parameters rise at each time point, and the results do not compare satisfactorily with those
from 4-hour samples even at 24 hours.

The change in red cell size is also indicated in the Interpretive Program (IP) flags that appear
with increasing frequency as the samples age. On 4-hour samples, a WBC IP flag is given on
12% of the samples, and 17% show an RBC IP flag. Of the flags given for the RBC analysis
component, half (52%) are related to some variation in red cell size. The number for samples
showing RBC IP flags increases with each time point: 27% at 24 hours, 44% at 48 hours, 47%
at 72 hours. The proportion of those flags relating to RBC size also increases with each time
point. By 72 hours, 88% of the RBC IP flags indicate either increased cell size or variation in
cell size.

The WBC IP flags also increase with time, though not in the same high proportion as RBC
flags. By 72 hours, 30% of samples show a WBC flag. The flag appearing with increasing
frequency most predictably in the WBC analysis component is “NRBC?”, reaching 84% of
WABC flags at 72 hours. The increasing incidence of this flag is consistent with the progressive
aging and death of WBC over time. The presence of increasing numbers of pyknotic white
cells would account for the appearance of this flag.

The O-PLT count, while showing acceptable stability at 24 hours, showed a significant drop
in relation to the I-PLT over time. At 72 hours, the average O-PLT count was more than 20 x
103/uL lower than the I-PLT when looking at the combined results. A similar pattern of results
in O-PLT and I-PLT measurement was observed in a stability study of the Abbott Cell-Dyn
Sapphire,® which suggests the differences between the 2 measurements with time are associated
with the methodology, impedance counts, and counts by flow cytometry and not simply the
technology of a given instrument. The Sysmex XT-2000i will select and report the O-PLT in
preference to the I-PLT when an abnormal platelet distribution is detected in the impedance
counter, notably when the platelet count is low. The results of this study suggest the O-PLT
on aged samples should be used with reservation. It is possible the increasing difference
between the optical and impedance platelet counts is related to the increasing number of IP
flags for “PLT Clumps” given by the Sysmex XT-2000i as the samples age. On whole blood
measured at 4 hours, 6% of the samples showed a “PLT Clumps” flag. At 24 hours, 24% of
the samples were flagged for “PLT Clumps.” At 48 hours, the percentage increased to 79%,
and then increased to 97% at 72 hours. This indicates progressive clumping of platelets with
time may interfere with the optical platelet count, while apparently having less effect on the
impedance count. Despite the increasing number of flags for clumped platelets, the average
percent difference, slope, and correlation between and fresh and delayed samples for I-PLT
measurements compares well with 4-hour and same-day measurements at all time points.
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The Diff results in Table 4A and Table 4B show excellent stability out to 48 hours, and good
stability to 72 hours, with the exception of the monocyte count. NEUT raises slightly with time,
the average count of the combined results varying by 4.2 cells/100 from 4 hours to 72 hours.
Average LYMPH dropped slightly overall with a change of 1.1 cells/100 in 72 hours in the
combined results, but MONO changed by 2.9 cells/100 in 72 hours, or 32% compared to 4-
hour samples. The absolute loss seems minimal, but the proportional loss is significant. The
MONO count compares adequately to values on 4-hour samples only through 24 hours. Beyond
24 hours, the monocyte count becomes progressively lower. The reason for the change is
difficult to determine. The cell size, structure, or degree of granulation may change enough
with time to make it no longer recognizable as a monocyte to the system’s population analysis
software.

The greater variability evident in the measurements for HIV+ patients compared to healthy
donors at each time point is a consistent observation. This is strikingly obvious when comparing
the slopes and average percent difference of a given parameter between the 2 populations. In
terms of reproducibility, the effect is insignificant at 24 hours for most parameters but becomes
more evident with time. This suggests the use of CBC or Diff results on samples from HIV+
patients after 24 hours should be limited to only the most stable measurements: WBC, RBC,
HGB, and I-PLT. Because the MONO count is unstable after 24 hours, a Diff count should not
be reported after that time.

The comparison of automated and manual Diffs with time demonstrates the degree to which
Diff results are compromised when manual counts are attempted on aged bloods. No
statistically or clinically usable manual counts were obtained on samples 24 hours or more old.

Conclusions

The receipt of day-old samples is a common occurrence in our laboratory. Because all
hematology samples are also used for immunophenotyping by flow cytometry, they are stored
at room temperature from the time of collection.3:>11 Hematology instruments relying on white
cell scatter properties for Diff analysis have not, in the past, allowed us to perform a reliable
automated analysis of these bloods. This study demonstrates the Sysmex XT-2000i makes it
possible to perform a clinically valid CBC and Diff on K2-EDTA anticoagulated blood 24
hours after collection when the sample is stored at room temperature. On a 24-hour old sample,
the MPV and MCHC should be excluded from the report. Because the HCT, MCV, and both
RDW parameters are consistently elevated due to the sample’s age, even at 24 hours, those
results should also be excluded.

After 24 hours, a limited report could legitimately include WBC, RBC, HGB, and I-PLT for
a sample out to 72 hours for all samples. A similar situation exists regarding the Diff count.
The stability of NEUT, LYMPH, EOS, and BASO counts out to 72 hours is acceptable for all
samples, while the MONO counts are not stable beyond 24 hours. The case could be made that
because the average change in numbers of the monocytes is so small, a report of this result,
with a comment to the effect that MONO may be reduced due to the sample’s age, could be
appropriate. This is especially true considering that once 4 parts of a 5-part Diff are reported,
the fifth part is easily calculated. Because of the greater variability of Diff measurements in
samples from HIV+ patients, however, and because these samples account for the majority of
our work, the best procedure would be to not report any results for an automated Diff count on
a sample more than 24 hours old.

Our data indicate if an O-PLT result is selected by the instrument as the appropriate PLT
measurement for a given sample, that result should not be reported if the sample is more than
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24 hours old. This is apparent both from the comparison of the O-PLT from aged samples to
4-hour samples, and the comparison of the O-PLT to the I-PLT with increasing time.

The RET% counts are stable at 24 hours. After that, the counts are increasingly reduced with
time, and should not be reported.

The failure to obtain useable manual Diff counts on aged bloods means that smears from those
bloods cannot be used for the evaluation of anomalous automated CBC or Diff results or of
flags the instrument may post on samples that are 24 hours old or older. Questionable results
on aged samples that can only be evaluated or confirmed by the examination of a smear should
not be reported.

The most reliable hematological results are obtained from samples analyzed the same day as
they are collected, as soon after collection as possible. When immediate analysis is not possible,
this study allows us to conclude that valid results from samples that are 24 hours old and older
can be reported within the limitations discussed above.
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Table 5

Limits for acceptance of CBC and differential counts as recommended by the manufacturer.

Percent Limits | Absolute Limits | Correlation Coefficient (r)
WBC <3%
RBC <1.5%
HGB <15%
HCT <15%
MCV <15%
MCH <15%
MCHC <2%
I-PLT <4%
O-PLT <6%
RDW-SD <3%
RDW-CV <3%
MPV <4%
RET <15% >0.90
NEUT <8% +3.0 >0.90
LYMPH <8% +3.0 >0.90
MONO <20% +20 >0.75
EOS <25% +1.0 >0.80
BASO <40% +1.0 >0.50

Abbreviations: WBC, white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, Hematocrit; MCV, write out; MCH, write out; MCHC, write
out; I-PLT, write out; O-PLT, write out; RDW-SD, standard deviation from the mean red cell size; RDW-CV, coefficient of variation from the mean;
MPV, write out; RET, write out; NEUT, neutrophils; LYMPH; lymphocytes; MONO, monocytes; EOS, eosinophils, BASO, basophils.
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