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A CD4 monoclonal antibody which reacts with CD4� lymphocytes but does not react significantly with
monocytes was generated and used to develop a simple method for CD4 count. In a comparison with standard
flow cytometry, high correlation was obtained. The developed method can be an alternative to flow cytometry
for resource-limited countries.

The incidence of human immunodeficiency virus (HIV) in-
fection and clinical disease continues to increase rapidly in
underdeveloped and developing countries (13). As antiretro-
viral therapy is becoming more affordable and accessible, the
provision of affordable CD4 testing for initiating and monitor-
ing antiretroviral therapy has emerged as a vital issue. Flow
cytometry, the existing benchmark method for CD4� lympho-
cyte enumeration, is expensive and is not affordable for most
developing countries. These factors necessitate the need for
simple and inexpensive alternative methods for CD4 count.

Recently a CD4 monoclonal antibody (MAb), named MT4,
was generated in our laboratory (8). When white blood cells
(WBC) (n � 4) were stained with MAb MT4, for all tested
subjects, CD4� lymphocytes showed strongly positive reactivity
(Fig. 1B, donors 1 and 2). Monocytes from two out of four
tested subjects were negative (Fig. 1B, donor 1), whereas the
rest of the tested subjects showed very weak reactivity (Fig. 1B,
donor 2). Granulocyte population in all tested subjects was
negative (Fig. 1B, donors 1 and 2). In contrast, CD4 MAb
clone Leu3a (Becton Dickinson) reacted to both CD4� lym-
phocytes and monocytes but not to granulocytes in all tested
subjects (Fig. 1C, donors 1 and 2). These results indicated that
MT4 MAb is a unique CD4 MAb that recognizes CD4 protein
on CD4� lymphocytes but reacts weakly or not at all to CD4 on
monocytes. We have no experimental results that bear on the
question of why MAb MT4 fails to bind to monocytes. It is
possible to speculate that MAb MT4 may be binding to a
particular epitope of CD4 molecule which is exposed on lym-
phocytes but is sterically or conformationally obstructed on
monocytes. It also can be that MT4 MAb has low affinity, so it
fails to identify the low CD4 expression on monocytes.

Since MAb MT4 strongly reacts with CD4� lymphocytes but
does not react significantly with monocytes, this MAb is ad-
vantageous for the development of any method for enumera-

tion of CD4� lymphocytes. In this study, purified MT4 MAb
was coated on latex beads (bead size, 1.1 �m; Sigma). The
MT4-coated latex beads were then incubated with whole
blood, and a drop of blood/bead mixture was smeared on a
glass slide and stained with Wright’s stain. Observation of cell
morphology under a light microscope revealed that a popula-
tion of lymphocytes formed rosettes with the MT4-coated
beads. As predicted, no rosette-forming monocytes or granu-
locytes were observed. This is also consistent with results
shown in Fig. 1, in which no definite fluorescence labeling of
monocytes was observed with MT4.

Using the MT4-coated latex beads, a simple non-flow-cyto-
metric method called the MT4 rosetting method was devel-
oped for enumeration of CD4� lymphocytes in whole blood.
The MT4 rosetting reagent consists of inert latex particles
coated with MAb MT4. The reagent is used to manually enu-
merate the absolute CD4 count by visible light microscopy. To
accomplish this, 15 �l of MT4 rosetting reagent was added to
50 �l of K3EDTA blood in a test tube and mixed gently for 5
min. Then, 15 �l of a blood–latex particle mixture was pipetted
into another tube containing 50 �l of Turk’s solution (glacial
acetic acid, 3%; gentian violet, 0.012%) and mixed gently for
10 to 15 s. The sample was loaded into a hemacytometer
chamber and then observed under a light microscope using
a �40 objective. Cells having three or more latex particle
attached to them (rosettes) were counted as CD4� lympho-
cytes. A total of 300 WBC were counted, and the percentage of
bead-rosetted CD4� lymphocytes in WBC was calculated. The
percentage of bead-rosetted CD4� lymphocytes in WBC was
used to calculate the absolute CD4� cell count by multiplying
the percentage of CD4� lymphocytes by the total WBC count
(cells/�l) and dividing by 100. To validate the rosetting
method, numbers of CD4� lymphocytes from 60 healthy and
140 HIV-infected individuals were determined by this method
and compared with results obtained with standard flow cytom-
etry. As shown in Fig. 2, a high correlation between the two
methods was obtained (r � 0.941). The mean absolute CD4
counts � standard deviations by the MT4 rosetting method
and flow cytometry were 454 � 336 and 492 � 348 cells/�l,
respectively. The accuracy of the MT4 rosetting method in
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identifying those individuals with fewer than 200 CD4� lym-
phocytes/�l was evaluated, because this count has been incor-
porated as part of the Centers for Disease Control and Pre-
vention case definition for AIDS to determine clinical levels of
HIV disease. The MT4 rosetting method had a sensitivity of
90%, a specificity of 90%, and an accuracy of 90%. The posi-
tive and negative predictive values were 75% and 97%, respec-

tively, using flow cytometry as the reference method. By Bland-
Altman analysis (2) of all tested samples, the MT4 rosetting
method yielded lower CD4� lymphocyte counts than flow cy-
tometry by a mean of 86 cells/�l, and the limits of agreement
at 95% confidence interval were 323 to �151 cells/�l (Fig. 3A).
Bland-Altman analysis of samples having CD4� lymphocyte
levels lower than 250 cells/�l indicated a mean difference of 45
cells/�l and limits of agreement at 95% confidence interval of 187
to �97 cells/�l (Fig. 3B).

The standard flow cytometric method is often too expensive
and too sophisticated to be used in resource-limited countries
(5, 10). Alternative low-cost and reliable technologies for enu-
meration of CD4� T lymphocytes are therefore needed to
replace flow cytometry. In recent years, several such technol-
ogies have been developed (4–7, 9–12, 14). Of these alternative
methods available, the cytosphere assay (Beckman Coulter) is
widely regarded as a method of choice (1, 3, 5). In the cyto-
sphere method, inert particles coated with a CD4 MAb are
used to identify and manually enumerate the absolute CD4�

lymphocytes by visible light microscopy. Because monocytes
also express CD4 molecules, they must be identified and ex-
cluded from the CD4� lymphocytes. A blocking reagent with
CD14 MAb-labeled beads was therefore added to the cyto-
sphere assay kit. To do the assay, before the incubation with
CD4-coated beads (2.0-�m beads), the blood is incubated with
0.6-�m beads coated with CD14 MAb (blocking reagent),
which binds to monocytes. A cell is considered to be a CD4�

FIG. 1. Immunofluorescence analysis of the reactivities of CD4 MAbs MT4 and Leu3a with peripheral blood leukocytes. Whole-blood samples
were stained with either irrelevant negative control MAb (A), CD4 MAb MT4 (B), or CD4 MAb Leu3a (C) purchased from Becton Dickinson
and analyzed by lysed whole blood indirect immunofluorescence. Granularity (SSC) and PE fluorescence (FL2) were plotted to show the binding
of the MAb to each leukocyte population. The fluorescence intensities of negative control MAb for all cell populations are marked by rectangles.
Two subjects (donor #1 and donor #2) are shown as representative of four studied subjects.

FIG. 2. Comparison of absolute numbers of CD4� lymphocytes by
flow cytometry and the MT4 rosetting method (n � 200).
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lymphocyte if it has three or more of the 2.0-�m beads at-
tached to its surface. Cells with 0.6-�m beads attached are
considered to be monocytes and have to be carefully differen-
tiated from the CD4� lymphocytes. In this study, we developed
a reagent for enumeration of CD4� lymphocytes using the
same principle as the cytosphere reagent but in which no
blocking of monocytes is necessary. The unique binding prop-
erty of MAb MT4 makes CD4� lymphocyte enumeration tech-
nically simpler and thereby eliminates a potential source of
error.

The developed method is inexpensive, easy to perform, and
reliable in identifying those individuals with CD4� lymphocyte
counts fewer than 200 cells/�l and has good correlation to flow
cytometry. Therefore, the same CD4� lymphocyte cutoff num-
ber suggested for the flow cytometric method by the Centers
for Disease Control and Prevention can also be applied for the
developed method. By this method, the only instruments
needed to perform the assay are a hemacytometer and a light

microscope, making this test especially useful in laboratories
with minimal equipment and cost feasible in areas where bud-
gets are very limited.
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