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SUMMARY Previous work has shown that leucocyte adhesiveness/aggregation (LAA), as
measured by the leukergy test, correlates well with disease severity in rheumatic patients. As
LAA is probably a manifestation of the acute phase reaction various components of the acute
phase reaction were measured in order to identify the best marker of disease activity. In addition
to LAA, the following variables were measured in 79 patients with various rheumatic diseases
and in 10 controls: white blood cell and platelet counts, erythrocyte sedimentation rate,

haptoglobin, fibrinogen, C reactive protein, albumin, globulin, caeruloplasmin, a,,

a2,

P, and y

globulin, and haemoglobin concentrations. Patients were graded according to the state of their
disease as mild, moderate, or severe. The extent of leucocyte adhesiveness/aggregation in
peripheral blood proved to be the best laboratory variable for the grading of disease activity.
Correct grading was obtained in 63% of the patients by means of the LAA, compared with 48%
with C reactive protein, 41% with caeruloplasmin, 40% with haptoglobin, and 32% with
haemoglobin. It is suggested that LAA of the peripheral blood during inflammation may be used
as a reliable marker of disease severity.
The present investigation is an extension of a
previous attempt to develop a laboratory tool for the
assessment of disease activity in rheumatic patients. 1
Total white blood cell count and erythrocyte sedimentation rate (ESR) were compared by the
leukergy test, which determines the extent of
leucocyte adhesiveness and aggregation (LAA). It
was found that LAA measurements yielded the
most reliable results and pointed to the usefulness of
the test in clinical work.
As LAA is only one of many variables in the acute
phase reaction which may change during inflammation (for a concise description of the latter see
reference 2) it was decided to examine a large
number of these variables and correlate them with
the state of disease activity in various types of
rheumatic disorders. Although LAA again gave the
best results, some other markers, such as C reactive
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protein, caeruloplasmin, etc, also showed significant
correlation with the state of disease activity.
Patients and methods
PATIENTS

Seventy nine patients with various rheumatic diseases, all being followed up by the unit of rheumatology at the Beilinson Medical Center and at the
Department of Rheumatology of the Tel Aviv
Medical Center, gave their written consent to
participate. Blood samples from the antecubital vein
were drawn during the morning when the patients
were evaluated by senior physicians who were not
aware of the results of laboratory tests and who
classified them into three categories according to the
following criteria: group A-Mild disease; patients
with various rheumatic diseases presenting minimal
complaints and physical findings. These patients
maintained normal daily activities and took a small
quantity of anti-inflammatory drugs. Group BModerate disease; presenting clear cut symptoms
and signs of active disease. These patients suffered
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moderate impairment of their daily activities and
given full doses of conventional antiinflammatory drugs. Group C-Severe disease;
patients in hospital for intensive treatment owing to
florid disease, with significant complaints, physical
findings, and inability to continue normal daily
activities. At times, significant involvement of an
internal organ, such as lupus nephritis, was sufficient to classify the patient in this category.

were

CONTROLS

Ten healthy paramedical personnel volunteered to
serve as controls.
METHODS

The LAA was determined by a previously described
method.' 3-6 In brief, a citrated sample of blood (1:4
dilution of a 3*8% sodium citrate solution, i.e., one
volume of citrate and three volumes of blood) was
drawn into a plastic syringe. Several large drops of
blood were placed on a slide, which was slanted for a
few seconds to allow the blood to run down by
gravity. The slides were dried in an incubator or at
room temperature, then cooled to -10°C for 10
minutes, and, finally, thawed by blowing several
times on the slide. This haemolysed the erythrocytes
without affecting the leucocytes. After fixation with
methanol the smears were stained in haematoxylin
for five minutes. The percentage of aggregated
leucocytes on the slide was determined by counting
300 cells. Cells were considered aggregated when
three or more nuclei were located less than one cell
diameter apart. Two slides were prepared from each
patient, the final percentage of aggregated leucocytes being a simple mean of the two. This test has
intra-assay and interassay coefficients of variation of
0-2 and 0-3 respectively. Estimates of white blood
cells, platelets, and haemoglobin were obtained by a
Coulter S+ counter.
The erythrocyte sedimentation rate was determined by the method of Westergren.7
The concentration of haptoglobin in the serum
was determined by radial immunodiffusion (according to the method of Mancini et at8) using a
commercial antibody to human haptoglobin.
The plasma concentration of fibrinogen was
determined according to the method of Clauss.9
The concentration of C reactive protein (CRP)
was determined by electroimmunoassayl° using
specific antiserum and a standard reference serum.
The serum concentration of albumin and globulin
was determined in the sequential multiple analyser
SMA 12.
The concentration of caeruloplasmin in the serum
was determined by an enzymatic assay as described
elsewhere.
"

The various globulins were determined by electrophoresis using a Beckman model R-101 electrophoresis cell.
STATISTICAL ANALYSIS

Statistical analysis was performed using the BMDP
(Biomedical computer programs, P series, 1979,
University of California). One way analysis of
variance was done for each laboratory variable to
verify whether at least one significant difference
existed between test groups and the control. A
multiple regression analysis was performed12 using
the group (0=control, 1=mild, 2=moderate, and
3=severe) as the outcome variable to ascertain the
variable that best discriminated between groups of
disease activity. The percentage of correct classification into the appropriate group of severity was
calculated by means of discriminant analysis13 for
the variables that showed the best ability to classify
the patients.
Results

We examined 79 patients and 10 controls. Table 1
shows the classification of the patients into groups of
disease activity and the age and sex of patients and
controls. Of the 27 patients in the group with mild
disease, 20 had rhematoid arthritis (RA), three had
psoriatic arthritis, two had monarthritis of undefined aetiology, one had gouty arthritis, and the
remaining one mixed connective tissue disease. In
the group with moderate disease there were 28
patients, of whom 21 had RA, two had systemic
lupus erythematosus, two had psoriatic arthritis, one
had monarthritis of undefined aetiology, and one
juvenile arthritis. In the group with severe disease
23 patients had RA and one psoriatic arthritis.
Table 2 shows the results of the laboratory
variables examined and the level of significance for
the analysis of variance. It can be seen that 10
variables attained significance (p<005) in this
analysis-namely, LAA, total white blood cell
count, platelet count, erythrocyte sedimentation
Table 1 Classification ofpatients into disease categories,
age, and sex
Controls

Disease status
Mild

Age (years)
Range
Number of

subjects
Men/women

70 (5)*

Moderate Severe

63-80

51-9 (13) 57 (16)
25-78
17-75

66-5 (12)
38-79

10
5/5

27
6/21

24

*Values are mean (SD).

28
13/15

4/20
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Table 2 Distribution oflaboratory variables among patient groups*
Variable

Control
(1 =10J)

LAAt(% )
WBCt (x 109A1)
Platelets (x 109A)
ESR It (mm/lst h)
ESR 2 (mm/2nd h)
Haptoglobin (g/l)

Fibrinogen (g/l)
CRPt (mg/l)
Albumin (g/l)

Globulin (g/l)
Caeruloplasmin (units)
a, Globulin
cc, Globulin

l Globulin

(%)
(%)

(%)

y Globulin (%)

Haemoglobin (g/l)

Disease status

3 (1-4)
1-6
6 74 (1.63)
4-7-9.2
202 (34)
125-240
20 (14)
8-45
34 (15)
15-50
1 9 (0-57)
1 1-28
3 53 (0.63)
2X81-4-6
9 (10)
4-26
41 (4)
37-51
27 (3)
22-3 1
577 (85)
490-760
3.3 (13)
2-6
10-5 (3-2)
7-16
12 (3X8)
7-17
16 (5 2)
10-4-24
144 (9)
132-161
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ANOVA t
(p value)

Mild
(n= 27)

Moderate
(n =28)

Severe
(n =24)

5.3

(2-2)
1-9
6 49 (1-63)
3-6-11 0
220 (83)
105-384
18 (16)
2-64
37 (25)
4-95
1-57 (0.67)

139 (6.8)
7-43
7 82 (1-39)

218 (10-6)
11-52

0(5-3-4
3-32 (1.05)
1 8-*66

7.99 (2.84)
3.2-14-0

<0 05

5-7-11-0
251 (84)
90-500
29 (17)
4-80
53 (24)
8-95
2 27 (0( 77)

287 (96)
141-480
62 (30)
5-131
90 (33)
1(-137
25 (083)

<0-05

0-95-36

1-1-4-)

3 75 (1.17)
1 9-6-8
17 (18)
(-81
37 (4)

66 (11)

0-53
40 (3)
32-47
29 (4)
16-36
653 (141)
254-940
3.5 (15)

28-45
27 (7)
14-38
697 (167)
380-1032
4-4 (1.7)
3-8
12 (3-7)
7 522
122 (3)
9-16

2-7
115 (3.7)
7.5-17
12 7 (4)
7.5-18
16 4 (5 5)
10.8-26
134 (14)
100-170

<0-0001

1817 (6.4)

4 05 (1 29)
1 8-7 1
36 (29)
(W-1 09

38 (3)
30-44
28 (6)
12-38
872 (161)
663-1330
4.3 (1-3)
3-8
138 (2.3)

10-20
142 (2.7)

<0-0001

<0 0001

=0-0001

=0- 1344

<0-0001

<0*05

=0 6267

<0-00001
=0-05

=0- 1223

=0- 1464

9-22

108-31
130 (15)

19 8 (3-8)
12-26
124 (13)

100-160

96-153

=0 1395

<0-(0)5

*For each variable the upper line presents the mean (SD) and the lower line the range.
tANOVA=one way analysis of variance; LAA=leucocyte adhesiveness aggregation; WBC=whitc blood cell count; ESR=erythrocyte
sedimentation rate; CRP=C reactive protein.

rates at the first (ESR 1) and second (ESR 2) hour,
haptoglobin, C reactive protein, albumin, caeruloplasmin, and haemoglobin. Table 3 shows the
correlation (Pearson) between the laboratory variTable 3 Correlation (Pearsoni) betweeni laboratory
variables and disease severity
Variable
LAA
WBC
Platelets
ESR (1st hour)
ESR (2nd hour)
Haptoglobin
Fibrinogen
CRP
Globulin

Caeruloplasmin
Haemoglobin
Albumin

Correlation coefficient
0 71
0 28

0)34
0 486

ables and disease severity. It can be seen that LAA,
caeruloplasmin, and ESR 1 gave the best results.
(As there was no difference between ESR 1 and 2
we relate only to the former.) Stepwise regression
analysis showed the following R2 values: LAA alone
0-50, LAA with ESR 0*58, LAA+ESR+caeruloplasmin 0-60.
Table 4 shows the regression coefficients. The
degree of severity would therefore be 0-063+0-0056
xLAA values+00074x ESR1 + 0*001 xcaeruloplasmin.
Table 4 Stepwise regression analysis

0(486
0-39

Variable

Regression

coefficient (i)

0-22

0-43

Significance
(p value)

-0-15
0-53

LAA
ESR 1

0-0565
0-00737

0-001

-0(4
-0.23

Caeruloplasmin

0-00101

0-29

Constant

0-06265

0*011

By means of discriminant analysis (Tables 5-7) we Table 8 Classification ofpatients into the correct category
calculated the correct classification by the most of disease by means of LAA plus ESR (Ist hour)
promising variables: LAA alone and LAA+CRP. It
Number of patients classified into
Percentage
can be seen, for example, that by means of LAA Category of
the following categories:
correct
and CRP, 17 of the 27 patients in the mild disease
classification
category were classified in that particular group,
Control Mild Moderate Severe
nine were classified as controls, and one as having
0
0
5
50
5
moderate disease. Of 28 patients in the moderate Control
0
1
19
7
70
disease group, four were classified as mild, 19 as Mild
2
18
6
2
Moderate 64
moderate, five as severe, and none as controls. The Severe
19
5
0
0
79
total percentage of correct classification by means of
LAA and CRP was 69%, that by LAA alone was Total percentage of correct classification 69%.
63%, and that by CRP alone was 48%. Table 8 gives
the results of classification by LAA+ESR 1, and
although the overall result is as good as that of
LAA+CRP, there is a considerable worsening in
Table 5 Classification ofpatients into the correct category the control group in comparison with LAA alone, as
of disease by means of LAA plus CRP
ESR 1 did not distinguish well between controls and
with mild disease. For purposes of comparipatients
Number of patients classified into
Percentage
Category
son we also calculated the percentage of correct
the following categories:
of correct
classification by means of the other variables which
classification
Conitrol Mild Moderate Severe
showed significance in the discriminant analysis. We
obtained 41% for caeruloplasmin, 40% for hapto0
1
0
9
90
Control
globin, and 32% for haemoglobin. Therefore, LAA
0
1
17
9
Mild
63
5
4
19
seems to be the best laboratory variable for classify0
Moderate 68
15
0
9
0
Severe
63
ing patients into categories of disease severity.
Total percentage of correct classification 67%.

Discussion

Table 6 Classification of patients into the correct category
of disease by means of LAA alone
Category

Percentage

of correct
classification
Control
Mild
Moderate
Severe

90
59
61
58

Number of patients classified into
the following categories:
Control Mild

Moderate Severe

9
11
0
0

0
0
17
10

1
16
6
0

0
0
5
14

Total percentage of correct classification 63%.

Table 7 Classification ofpatients into the correct category
of disease by means of CRP alone
Category

Control
Mild
Moderate
Severe

Percentage
of correct
classification
30
70
29
54

Number of patients classified into
the following categories:
Control Mild

Moderate Severe

3
3
4
4

2
4
8
3

5
19
9
4

Total percentage of correct classification 48%.

0
1
7
13

The state of leucocyte adhesiveness/aggregation
proved to be a reliable laboratory test for classifying
patients into categories of disease activity. It was
clearly superior to the variables of the acute phase
reaction, including those which are commonly used
clinically (e.g., C reactive protein, erythrocyte
sedimentation rate, etc).
There is no need to emphasise the importance
of estimating the disease severity in rheumatic
patients. Although most physicians rely for this
purpose on symptoms and signs, it is useful to have
laboratory confirmation of the clinical assessment,
and such a 'marker' laboratory test could also serve
for monitoring the response to treatment as well as
for comparing the disease severity in patients from
different centres who are given common treatment
protocols. To be suitable for this purpose a laboratory test should conform to the following criteria: be
performable in every clinic (even if small and far
from medical centres), be economical, be rapid,
and, of course, be accurate. We believe that the
leukergy test fits these criteria in that it can be done
in any clinic after brief training, does not require
special equipment, costs less than £O-35 a test, and
the results are ready within one hour. As for
accuracy, we have already shown previously' 3 and
also presently that leukergy is a reliable marker of
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the disease state and in this respect it appears to be
better than other commonly used variables of the
acute phase reaction. Further, incorrect classifications are no more than one category wrong (mild
and severe patients are not confused).
Although the combination of LAA and CRP gives
the best results, the simplicity of the ESR test
favours its usage. As the ESR does not distinguish
well between controls and mild disease activity we
suggest using LAA alone to distinguish between
non-inflammatory and inflammatory states and the
combination of leukergy and ESR to differentiate
between the various degrees of the latter.
Apart from its clinical value, the LAA is also
of biological interest, for it has been reported
previously that various inflammatory conditions are
associated with increased leucocyte adhesiveness. 14
It is believed that some of the factors that mediate
leucocyte-leucocyte interactions, may mediate also
their interaction with the endothelium.'5 Increased
leucocyte adhesiveness to endothelium is recognised
as one of the earliest events in inflammation and
probably signals the onset of tissue invasiveness.
Increased adherence to the endothelium might be
harmful to these cells'6 and this may play a part in
the development of inflammation in various
rheumatic diseases. 17- 21
In summary, the state of leucocyte adhesiveness/
aggregation is a simple, convenient, and reliable test
for assessing the severity of disease in patients with
various rheumatic diseases. In addition to its potential clinical usefulness, this variable also contributes
to our understanding of the role of leucocytes in
inflammation.
We are indebted to Mrs I Gclerntcr. MSc. from the statistical
advice unit of Tel Asiv Universitv for performing the statistical
analysis. We thank Professor M B Pepvs. Rovyal P3ostgraduatc
Medical School. London for providing the standard reference
scrum used in the determination of CRP.
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