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Modified Dynabeads Method for Enumerating
CD4" T-Lymphocyte Count for Widespread Use in
Resource-Limited Situations

Xiugiong Bi,*{ Hiroyuki Gatanaga,* Mari Tanaka,* Miwako Honda,* Setsuko Ida,*
Satoshi Kimura,* and Shinichi Oka*

Summary: The Dynabeads method showed the potential for
enumerating CD4" T lymphocytes (CD4 count) in HIV-1-infected
individuals. The large volume of Dynabeads required for 1 sample
and complex procedure made the method expensive and not easy for
use, however. To decrease the cost and simplify the procedure, we
reduced the volume of the Dynabeads, added wash times, and skipped
over the staining step so as to count the CD4 cells directly under an
optical microscope. The CD4 count of 246 blood samples using our
modified Dynabeads method (DynabeadsCD4) showed a significant
correlation with that obtained by flow cytometry (FloweytoCD4) (r =
" 0.91 {P < 0.0001]; slope = 1.03, intercept = —16). The sensitivity
and specificity for a CD4 count less than 200 cells/wL were 79%
and 94%, and for a CD4 count less than 350 cells/pL, the sensitivity
and specificity were 95% and 88%, respectively. The positive and
negative predictive values for a CD4 count less than 350 cells/uL
. were 97% and 83%, respectively. The systematic error was 8 cells/pL
{95% confidence interval [CI]: 0.4-16). The cost of Dynabeads for
1 sample was less than $1.00; thus, the estimated cost per
DynabeadsCD4 test is less than $3.00, including the cost of other
disposable materials. Our modified method is simple, economic, and
accurate enough to monitor antiretroviral therapy in resource-limited
situations.

Key Words: CD4, monitoring, Dynabeads, resource-limited sit-
uations

(J Acquir Immune Defic Syndr 2005;38:1-4})

he CD4* T-lymphocyte count (CD4 count) is an important
surrogate marker for the clinical course of HIV infection,
such as initiation of prophylactic treatment of cpportunistic
infections, initiation of antiretroviral therapy (ART), and
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monitoring the response to ART.' In developed countries, the
CD4 count is usually measured by flow cytometry, which is
considered to be the standard reference method.>* In resource-
limited areas, however, flow cytometry is available only in
limited settings such as tertiary medical centers because it
requires expensive reagents and well-trained technicians.
Furthermore, equipment maintenance is another difficult
issue, because a technical support system is needed in areas
afflicted with frequent electrical power failures, which could
potentially cause machine-related problems.

In recent years, lower cost and less technically
demanding methods for enumerating CD4 cells have been
tried but have not been used widely even in resource-limited
settings for various reasons.*® In the World Health Organi-
zation (WHOQ) guidelines for treatment of HIV-infected
individuals in resource-limited environments, a total lympho-
cyte count (TLC) of 1200 cells/pL is recommended to
represent a CD4 count threshold of 200 cells/pL. in making
a decision regarding therapy when the CD4 count is unavail-
able.! In addition, various research groups have recommended
the use of a TLC,® absolute lymphocyte count or TLC,® and
TLC combined with hemoglobin measurement’ as surrogate
markers for monitoring ART, These studies suggested that
the lymphocyte count might have some value in monitoring
ART. The lymphocyte count is readily available and inexpen-
sive, but it is not sufficiently adequate to predict the absolute
CD4 count in many seftings.*

Among several low-cost and less technically demand-
ing methods,®!* the Dynabeads assay, which uses magnetic
particles coated with a monoclonal antibody to CD4 to capture
CD4" cells, seems to be a good candidate as an alternative to
flow cytometry based on its good correlation with the results of
flow cytometry.®!®!"'"* According to the protocol recom-
mended by the manufacturer, however, CD4 and CD8 celis
are enumerated at the same time using a large volume of
Dynabeads. The large volume of Dynabeads used in each
assay is also relatively expensive (approximately 35), par-
ticularly for poor settings. In addition, division of the samples
into 2 aliquots during the procedure might jeopardize the
accuracy of the results. Moreover, in this assay, the cells are
lysed and nuclei are stained to count them, which makes the
operation complex.

For monitoring ART in HIV infections, only the CD4
component is necessary and only the CD4 count (not CD8
count) is mentioned in ART guidelines.'? For this reason,
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further modifications are needed for the expanded use of the
CD4 count in resource-limited areas. In the present study, we
modified the protocol to make it simple and inexpensive so
that it could be applied widely in resource-limited facilities.

MATERIALS AND METHODS

Study Population and CD4 Enumeration

This study included 242 adult patients infected with
HIV-1 who regularly consulted the AIDS Clinical Center of
the International Medical Center of Japan between June and
October 2003. The inclusion criteria were a CD4 count less
than 1000 cells/pl. and consent granted to participate in the
study. Patient age ranged from 20 to 78 years (mean = SD:
40 = 11.5). A total of 315 blood samples were collected using
EDTA-containing tubes and tested for CD4 count within 4
hours by flow cytometry (FlowcytoCD4; Coulter-EPICS XL.-
MCL, Beckman-Coulter, Fullerton, CA) with CD45-fluores-
cein isothiocyanate (FITC)/CD4-phycoerythrin (RD1)/CDS-
pheycoerythrin-Texas Red (ECD)/CD3-pheycoerythrin-cyanin
5.1 (PC5) (Beckman-Coulter). The CD4 cell count in the rest
of the blood sample was enumerated using Dynabeads
(Dynabeads CD4; Dynal Biotech ASA, Oslo, Norway) within
24 hours. When different protocols such as 25-uL and 5-pL
volumes of CD4 Dynabeads or 10 and 30 minutes of
incubation time were compared, the same sample was used in

. each experiment.

Modified Protocol (Original Protocol) of the
Dynabeads Method

A well-mixed whole-blood sample (125 L) was placed
into a 1.5-mL microtube containing 375 pL (350 nL) of buffer
(0.1% bovine serum albumin in phosphate-buffered saline
[PBS]). CD14 Dynabeads were suspended with buffer (1:1
diluted buffer); 5 wL (25 pL) of CD14 Dynabeads was then
added to the microtube containing the blood sample and the
tube was inverted several times and then incubated in Dynal
MX-1 for 10 minutes. The tube was spun down in a micro-
centrifitge and then placed in magnetic particle concentration
for microcentrifuge tubes (Dynal MPC-S) (6 tubes per batch)
for 2 minutes, followed by transfer of the entire volume
(division into 2 200-pL aliquots) of monocyte-depleted blood
into a new microtube. In the next step, 5 wL (25 L) of CD4
Dynabeads was added to the tube and incubated in Dynal MX-
1 for 30 minutes (10 minutes). The cells were washed with 500
wL of buffer, vortexed gently, and spun down; the tube was
then placed in Dynal MPC-S for 2 minutes, the wash buffer
was discarded, and the tube was removed from the Dynal
MPC-S. The cells were washed 3 more times (once),
resuspended by adding 125 pL of buffer, and kept at 4°C
until counting (50 pL of lysing solution was added, followed
by thorough vortexing for resuspension, and the cells were
allowed to stand for 5 minutes, after which 50 wL of acridine
orange staining solution was added and the sample was kept in
darkness until counting). Finally, the sample was vortexed
well, 10 pL of cells was applied to a hemocytometer, and the
mononuclear cells with attached Dynabeads were counted as

2

CD4" cells under a light microscope (the number of nuclei was
determined under a fluorescence microscope). After reducing
the volume of CD4 Dynabeads, it was not difficult to count the
CD#4 cells under an optical microscope, even without staining.
All procedures were performed at room temperature at
approximately 23°C. All Dynabeads-related equipments and
reagents were products of Dynal Biotech ASA.

Statistical Analysis

All data are expressed as mean * SD. StatView v5.0
software was used to analyze the correlation and single linear
regression  between DynabeadsCD4 and FlowcytoCD4.
P values were calculated by 2-sided test and considered as
significant if at a level less than 5%. All confidence intervals
were 2-sided, with a significant level of 5%.

RESULTS

First, we examined the influence of a reduced volume of
CDI14 (from 12.5 pL to 5 uL) Dynabeads on monocyte
depletion. The percentage of monocytes in 5 blood samples
was analyzed by flow cytometry before and after treatment
with 5 uL of CD14 Dynabeads. The result showed that 5 pL of
CD14 Dynabeads deleted 92.4% to 97.5% (average = 95.6%)
of monocytes from 125 pL of whole blood. The remaining
experiments were performed using 5 pL of CD14 Dynabeads.
Next, we examined the influence of a reduced volume of CD4
Dynabeads on the CD4 count in 23 samples. The volume of
CD4 Dynabeads was reduced from 25 pL to 5 pL, but the
incubation time was still 10 minutes (like that of original
protocol), which we called modified protocol 1. CD4 counts
by the original protocol and modified protocol 1 correlated
significantly with those determined by flow cytometry: Dyna-
beadsCD4 by the original protocol (» = 0.90 [P < 0.0001];
slope = 1.05, intercept = —32) and DynabeadsCD4 by
modified protocol 1 (r = 0.92 [P << 0.0001]; slope = 1.05,
intercept = 26). These results indicated that DynabeadsCD4
obtained by using the reduced volume of CD4 Dynabeads with
a 10-minute CD4 separation correlated well with Flowcy-
toCD4. When the number of samples was increased to 56,
however, the mean DynabeadsCD4 of 56 samples by modified
protocol 1 was 269 * 140 cells/pL compared with a mean
FlowcytoCD4 of 336 = 178 cells/pL (Table 1). The difference
was —67 cells/uL (P < 0.0001). This result suggested that the
10-minute CD4 separation time was too short. We then
examined the effect using a reduced volume of Dynabeads and
a different incubation time.

Next, with 5 uL of CD4 Dynabeads, we lengthened the
CD4 separation time from 10 minutes to 30 minutes in 34
samples. The correlations between DynabeadsCD4 and Flow-
cytoCD4 were r = 0.91 (P < 0.0001) and r = 0.94 (P <
0.0001), with slopes of 1.05 and 1.0 and intercepts of 22 and
&, for 10 and 30 minutes of incubation time, respectively. The
mean difference with flowcytoCD4 was —32 cells/pL (P =
0.008) and —8 cells/pL (P = 0.42), respectively. According to
these data, the 30-minute incubation time for CD4 separation
yielded a better result than that of the 10-minute incubation
time. We then fixed the protocol as 5 wL of CD14 Dynabeads
with 10 minutes of incubation time and 5 wL of CD4

© 2004 Lippincont Williams & Wilkins



] Acquir Immune Defic Syndr » Volume 38, Number 1, January 1 2005

Dynabeads Method for Enumerating CD4* T-Cell Count

TABLE 1. DynabeadsCD4 Determined by Different Protocols Compared with FlowcytoCD4

Mean = SD (Cells/pL)

Mean Difference Regression Line

Protocol DynabeadsCD4 FlowcytoCD4 Cells/pL (95% CI} P Intercept Slope 7
Onginal (n = 59) 364 * 166 372 = 193 -8(-32t0 16) (.521 -2 1.026 0.775
Modified | (n = 56)* 269 * 140 336 * 178 67 (=93 to —4l) <0.0001 50 [.06) 0.698
Modified 2 (n = 246)+ 262 = 136 254 * 154 8 (0.4 1o 16} (.0396 =16 1.031 0.829

tModified 2 (the final one): modified protocel with 30 minutes of CD4 separation.
*Modified 1: modified protocol with 10 minutes of CD4 separation,
P > 0.05 for all intercepts, £ < 0.0001 for all stopes and /.

Dynabeads with 30 minutes incubation time (which we called
modified protocol 2) and tested 246 samples. DynabeadsCD4
showed a significant correlation with FlowcytoCD4 (r = 0.91
[P < 0.0001]; stope = 1.03, intercept = —16; Fig. 1). At less
than 200 cells/pL, the sensitivity and specificity of Dyna-
beadsCD4 compared with FlowcytoCD4 were 79% and 94%,
respectively, and at less than 350 cells/pL, the sensitivity and
specificity were 95% and 88%, respectively. The mean
DynabeadsCD4 was 262 * 135 cells/ul and that of
FlowcytoCD4 was 254 * 154 cells/pL (see Table 1). The
difference in the mean values was 8 cells/pL (95% confidence
interval [CI]: 0.4-16; P = 0.04), with a random error of 64
cells/fuL. The positive and negative predictive values of
DynabeadsCD4 and FlowcytoCD4 for less than 200 cells/pL
and less than 350 cells/pL were 90% and 87% and 97% and
83%, respectively. Other factors (eg, on therapy vs. off therapy,
male vs. female) had no influence on DynabeadsCD4 (data not
shown).

Table 2 shows the results of a comparison between the
original protocol and our modified protocol. In our modified
protocol, volumes of CD14 and CD4 Dynabeads were reduced
from 12.5 pL and 25 pl, respectively, to 5 pL each against
125 pL of whole blood. Accordingly, the cost of the
Dynabeads test decreased from $2.84 to $0.89. The incubation
time for CD4 separation was prolonged to 30 minutes to obtain
a better yield. In our protocol, after monocyte depletion, we
transferred all treated blood to a new microtube for CD4 cell

FlowcytoCD4
(cells/pL)

0 100 200 300 400 500 600 700 BOQ 900
DynabeadsCD4 {cells/pl)
FlowcytoCD4 = -16.484 + 1.031 X DynabcadsCD4; r? = 0,829

FIGURE 1. Correlation analysis of CD4* T-lymphocyte count
(CD4 count) using Dynabeads method and CD4 count using
flow cytometry.
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separation because we did not consider the CD8 count. We
also skipped over lysis and nuclear staining steps so as to
simplify the procedure.

DISCUSSION

To attain the “3 by 5” goal of effective ART promoted
by the WHO, precise monitoring of ART is indispensable. Low
cost, in addition to good accuracy, is thus an important issue.
In this regard, maintenance of a “high-tech” machine for long-
term monitoring may be impossible. The Dynabeads method is
currently used as an alternative method to flow cytometry for
CD4 count in a number of countries. In this study, we
successfully modified the protocol of the Dynabeads method
to make it more suitable in resource-limited areas with 2 goals
in mind: reasonable cost and sufficient accuracy.

TABLE 2. Comnparison Between the Original Protocol and
Modified Protocol 2 for Enumeration of CD4 Count

_ Original Modified
Step Protocol Protocol 2
Buffer {(uL) 350 375
Blood (L) 125 125
CD14 Dynabeads (pL) 25 (1:1 dilution) 5
Incubation temperature {°C) RT RT
Incubation duration {min} 10 10
Monocyte-depleted
supematant (L) 200 505¢
CD4 Dynabeads (L) 25 5
Incubation temperature (°C) RT RT
Incubation duration {min) 10 30
Repeat of washing (total min) 2 {10 min) 4 (20 min)
Staining time (min) 5 min —
Resuspension volume (pl) — 125
Time of total experiment per .
sample {min) 50 75
Samples comfortably analyzed
per operator 12-18 12-18
Cost of CD14 Dynabeads ($) 1.63 0.65
Cost of CD4 Dynabeads ($) .21 0.24
Total cost of Dynabeads ($) 284 0.8%9
*Transferving 200 pL to a new tube.
tTransferring the entire volume to a new tube,
Values are for 1 test.
RT indicates room temperature (approximately 23°C).
3



