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A panel of eight tests in the serodiag-
nosis and immunological evaluation
of acute brucellosis

W.A. Dabdoob ' and Z.A. Abdulla ’
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ABSTRACT A panel of eight tests was used to study 200 cases of acute brucellosis, 200 patients
negative for brucella as a control group and 200 apparently healthy individuals as a second
control group. The best diagnostic tast was the rose Bengal test using an imporied reagent
(BioMérieux, France) and 2 local reagents. This test was improved from being a screening test to
be a titrable one. The best two tests used together were the tube aggiutination test with Coomb-
like test. The indirect fluorescent antibody test had no advantages over the use of other tests. The
2-mercaptosthanol test and C-reactive protein test were useful in checking the brucellosis activ-
ity. Normal numbers of E-rosette forming cells and inefficient neutrophils in phagocytosis were
found in peripheral blood during acute brucellosis.

Ensemble de huit épreuves pour le sérodiagnostic et I'évaluation immunologique de la
bruceilose aigué

RESUME Un ensemble de huit épreuves a été utilisé pour étudier 200 cas de brucsllose aigus,
200 patients négatifs pour Brucella comme groupse témoin et 200 personnes en bonne santé
apparente comme second groupe témoin. La meilleure épreuve diagnostique était I'épreuve au
rose Bengal utilisant un réactif importé (BioMérieux, France) et 2 réactifs locaux. Cette épreuve a
ete amelioree, pour transformer une épreuve de dépistage en une épreuve titrable. Les deux
meilleures épreuves utilisées ensemble étaient I'épreuve d'agglutination en tube avec I'épreuve
de type Coombs. L'immunofiuorescence indirecte ne compontait aucun avantage par rapport 4
l'utilisation d'autres épreuves. Les tests du mercapio-2-éthanol e! de la protéine c-réactive
étaient utiles pour controler l'activité de la brucellose. Des nombres normaux de lymphocytes T
formant des rosettes E avec les hématies de mouton et de neutrophiles inefficaces dans la
phagocytose ont été trouvés dans le sang périphériqua pendant ia brucellose aigus.
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introduction

Brucellosis has a worldwide distribution

with a high prevalence in the Mediterrancan

countries [/,2]. In Iraq, the disease is a sig-

nificant health and economic problem [2].

The commonest species isolated from Iragi

patients in Ninevah Province have been re-

ported as Brucella abortus (77.4%) and

B. melitensis (19.4%) [3].

The diagnosis of brucellosis is based on
the clinical features and the results of labo-
ratory tests [4). The isolation of Brucella
species by culture is disappointing since it
requires special media and several weeks of
incubation, and is positive in only about
half of acute cases [4—6]. Therefore, the
laboratory diagnosis of brucellosis is usunal-
ly based on serological tests. These tests
are easy to perform and the results can be
obtained within a short time [7].

Several laboratory tests are used for the
study of brucellosis. Some tests are used
for the serodiagnosis of brucellosis, and
others are used for the study of its activity
and the immune response of patients
against the organism [5].

Our study had three aims:

* To evaluate the sensitivity and specifici-
ty of the rose Bengal agglutination test
(RBAT), tube agglutination test {TAT)
(Wright test), indirect immunofluores-
cent antibody test (IFAT) and Coomb-
like test (CLT) in the laboratory
diagnosis of acute brucellosis;

* To evaluate the activity of the Rrucella
species using the 2-mercaptoethanol
test (2MET) and C-reactive protein
{CRP) measurements;

* To study the cellular immunity of pa-
tients with acute brucellosis by count-
ing pcriphcral T-cells using E-rosctte
formation (ERF) and by finding the ph-
agocytic efficiency of neutrophils by
the nitroblue tetrazolium test.

Materials and methods

Patients

A total of 200 patients with clinical and se-
rological evidence of acute brucellosis
{positive for rosc Bengal scroening test)
were recruited from teaching hospitals,
consultation clinics and health centres in
Mosul, Iraq. The age of these patients
ranged from 15 years to 75 years (mean =
33 years).

Two types of control group were used.
The first was composed of 200 patients
with clinical suspicion of brucellosis, se-
lected on the basis of negative for brucello-
sis by the tube agglutination test, which is
the standard method of serological diagno-
sis of brucellosis [9]. The age of these pa-
tients ranged from 15 years to 70 years
(mean = 34 years). These patients were re-
cruited trom the same places mentioned
above. The second control group com-
prised 200 apparently healthy individuals
randomly selected from textile and soft-
drink factories. The age of these individuals
ranged from 17 years to 60 years (mean =
31 years).

Laboratory tests

Rose Bengal agglutination test

We used two types of reagent: brucella
slide-test kit reagent for B. abortus (Bio-
Mérieux Company, France) and two local
reagents for B. abortus and B. melitensis
(Iraqi Institute of Sera and Vaccines, Bagh-
dad).

RBAT was performed by two methods:
first, by a rapid slide screening method as
described by Diaz et al. [70]; second, by a
rapid slide titration method in which equal
volumes of the brucella reagents and se-
rum, serially diluted in normal saline, were
mixed. The minimum antibody titres which
could give positive results by this method
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have been suggested to be 1/80 [11].
Therefore, serum dilutions of one-half,
one-quarter and one-eighth would give ti-
tres of 1/160, 1/320 and 1/640 respectively
£10,11]. These titres were also confirmed
by the tube agglutination test (see following
scction).

Tube agglutination test (Wright test)
In TAT, a formalin- and heat-killed B. abor-
tus suspension (Diagnostics Pasteur,
France) was used. The test was carried out
according to the manufacturer's instruc-
tions and as described by Cox [11).

Indirect fluorescent antibody test

The fluorescent-conjugated anti-human se-
rum and slides coated with fixed brucella
antigens were prepared and kindly provided
by the Central Laboratory, Baghdad. The
test was carried out as described by Ed-
wards et al, [/2]. Positive scores were
from 1* to 4*.

Coomb-like test

CLT was performed on the sera which
showed no agglutination by TAT. The pro-
cedures as described by Diaz et al. [ /0] and
Edwards et al. [12] were used.

2-mercapioethanol test

The method used was that described by
Diaz et al. [/0]. It was similar to TAT, but
the sera were treated with 2-mercaptoetha-
nol (0.05 m/L, i.e. 14 mL 2-mercaptoetha-
nol in ! L of phosphate buffer saline) for
30-60 minutes at 37 °C prior to use | /3].

C-reactive protein test

The latex reagent used to detect the serum
concentration of CRP was purchased from
Omega Diagnostics, United Kingdom. The
method used was that described by the
manufacturers. It was performed by mix-
ing equal volumes of latex reagents with

undiluted sera of patients. This test can de-
tect CRP in a concentration of 6 mg/L. or
more.

E-rosette formation

ERF was carried out for 86 patients with
brucellosis and for 100 individuals from the
other two control groups. The lympho-
cytes were separated from the blood using
Ficol-Hypaque (Pharmacia Fine Chemical,
Uppsala, Sweden). The method of separa-
tion used was that described by Boyun
[74], and the ERF technique applied was
that described by Jondol et al. [75]. We
counted 200 lymphocytes and the per-
centages of E-rosette-forming cells were
found.

Nitroblue tetrazolium test

Nitroblue tetrazolium dye was obtained
from BDH Biochemical Company, United
Kingdom. The method described by Park
was applied {/6]. We counted 200 neutro-
phils and the percentages of neutrophils
with dark blue formazine deposits were de-
termined,

Results

Rose Bengal screening test

All patients positive with the rose Bengal
reagent from BioMérieux Company were
also positive with the Iraqi reagent of
B. abortus, but only 91% were positive
with the Iraqi reagent for B, melitensis (Ta-
ble 1).

Among the healthy control group, 6%,
7.5% and 2.5% were positive with the
BioMérieux recagent, the Iragi reagent for
B. abortus and the Iraqi reagent for
B. melitensis respectively. However, the
patient control group showed positive re-
sults in 13.5%, 19.0% and 4.0% for the
same reagents respectively.
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The results obtained by the titration  summarized in Table 2. 'The titres of pa-
method in all the participants studied are  tients varied between 1/80 and 1/2560,
summarized in Table 1, and their titres ob-  while that of the controls varied between
tained by the three rose Bengal reagents are  1/10 and 1/320,

Table 1 Results of laboratory investigations in patients with brucellosis and two control
groups

Test Bruceliosis patients Control patients Healthy controls
Total No. Totai No. Total No.
positive (%) positive (%) positive (%)

Rose Bengal screening test

BioMérieux 200 200(100) 200 27{13.5) 200 12(6.0)

Brucella abortus 200 200 (100) 200 38 (19.0) 200 16 (7.5)

B. melitensis 200 182(91.0) 200 8(4.0) 200 5(2.5)
Rose Bengal titration test®

BioMérieux 200  183(86€.5) 200 6 (3.0) 200 4 {2.0}

B. abortus 200 200 (100) 200 12 (6.0) 200 10{5.0)

B. melitensis 200 182(91.0) 200 1{0.5) 200 1 (0.5}
Tube agglutination test 200 200 (100) 200 0 200 2(1.0)
Coomb-like test ND ND 200 9 (4.5) 200 2(1.0)
Indirect fluorescent test 48 44 (N.7) 47 5(10.6) 47 3(6.4)
2-mercaptoethanol test 200 159(79.5) ND ND ND ND
C-reactive protein test 200 167 (B3.5) ND ND 200 17 (8.5)

*Titres of = 1/160 were considered significant
ND = not done

Table 2 Anti-brucella antibody titres detected by different tests in patients and controls

Teet Patients Controls
Titre Log Geometric Titre Log Geometric
range mean $ mean range meanz$§ mean
Rose Bengal titration test
BioMérieux 1/80-1/2560 2.7810.37 6033 1/10-1/320 1.14:031 138
Brucelia abortus 1160-1/2560 2.93+031 851.0 1A0-1/320 120038 158
B. melitansis 1/80-1/2560 262+039 4158 1/10-1/320 1062021 117
Tube agglutinationtest 1/160-1/2560 2.85:0.36 7175 1/10-1/320 1102025 11.7
Coomb-like test ND ND ND 1/10-1/640 123+037 174
2-mercaptoethanol test 1/40-1/2560 2.44+0.41 2754 ND ND ND

§ = slandard deviation
ND = not done
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The distribution by groups of titres esti-
mated by the Biomerieux reagent were not
statistically significantly different from

Table 3 McNemar test between tube
agglutination test and BioMérieux rose
Bengal titration test

BioMérieux rose Bengal Tube
titration teat agglutination test
Positive Negative
Positive 195 10
Negative 7 388

12 =0.235 ¢ > 0.05 (not statistically significant)
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those obtained by TAT ()? — 5.1, P> 0.05).
Also, the McNemar test did not show any
significant differences between the results
ublained by these two tests, taking into
consideration that titres = 1/160 were
considered to be positive (x? = 0.235,
P> 0.05) (Table 3). Furthermore, the titres
obtained using the Iraqi reagents for
B. abortus and B. melitensis were signifi-
cantly different from those obtained by
TAT (x* = 9.9, P < 0.025; y* = 30.23,
P <0.001 respectively). They were even
different from those obtained by the Bio-
Meérieux reagent (y* = 25.43, P <0.001).

Table 4 Evaluation of the different tests in comparison with the standard tube agglutination

test
Test Sensitivity Specificity Accuracy False False PPV NPV
positive negative
(%) (%) (%) (%) (%) (%) (%)

Brucella abortus 100 87.0 N5 20.0 - 798 100
Rose Bengal scresning test

BioMérieux 100 910 g4.0 155 - 845 100

Brucella aborius 100 87.0 915 20.0 - 798 100

B. melitensis 910 970 95.0 56 4.40 94.3 955
Rose Bengal titration test

BioMérieux 96.5 97.5 972 49 177 9541 98.2

B. abortus 100 93.97 96.0 10.6 - 894 100

B. melitensis 91.0 99.7 96.6 08 450 997 95.4
indirect fluorescent test 920 935 93.0 115 444 885 95.5
C-reactive protein (CRP) test  82.67 70.0 74.3 416 1114 584 88.8
Rose Bengal screening test

B. abortus + B. melitensis 100 87.0 213 205 - 795 100
BicMérieux + CRP 98,0 68.0 78.0 390 145 609 g98.5
Rose Bengal titration test

BioMérieux + IFAT 100 91,0 94,0 133 - 866 100

BioMérieux + {FAT + CLT 93.0 94.2 95.8 10.4 053 898 895
Tube aggiutinationtest + CLT 100 87.2 98.0 5.2 - 948 100

These results were obtained from the subjects tested in Table 1. The missing values in Table 1 were not

requirad according to the statistical formula of the tests

IFAT = indirect fluorescent antibody test
CLT = Coomb-like test

PPV = positive predictive value

NPV = nagative predictive value
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Tube agglutination test

The titres of patients and controls are sum-
marized in Table 2. The titres of the patients
varied between 1/160 and 1/2560, while
those of the controls varied between 1/10
and 1/320,

Indirect fluorescent antibody test
IFAT was carried out for 48 patients with
acute brucellosis and 94 individuals of the
control group. Positive results were seen in
91.7% of the patients and 8/94 (8.5%) of
the control {patients and healthy controls)
(62.5% of them were also TAT- and/or
CLT-positive) (Table 1). Furthermore,
12/17 (70.6%) patients with 17 or 2* IFAT-
positive scores had TAT titres of 1/60 to
1/320, and 22/31 {70.9%) of patients with
3* or 4" IFAT-positive scores had TAT titres
of 1/640 to 1/2560.

Coomb-like test
The titres estimated by CLT in both of the
control groups varied between 1/10 and
1/640 (Table 2). Only 4.5% of the patient
controls and 1.0% of the healthy controls
were CLT-positive,

2-mercaptoethanol test

The titres estimated by 2MET varied bet-
ween 1/40 and 1/2560 (Table 2). The titres
obtained by 2MET compared with those
obtained by TAT were lower in 76.5% of
the patients, equal in 23.0% and higher in
0.5%. There was a significant difference
between the titres recorded by these two
tests (x° = 73.9, P < 0.001). The correla-
tion between the titres obtained by 2MET
and the duration of brucellosis was not sig-
nificant (r = 0.112, P > 0.05).

Latex agglutination test for CRP

The CRP test was carried out on 200 pa-
tients with acute brucellosis and 200
healthy control individuals. A positive level

(2 6 mg/L) was detected in 83.5% of the
patients and in only 8.5% of the controls,
which was significantly different (P <
0.001) (Table 1). Significant correlation be-
tween the results of the CRP test and the
duration of the disease was seen (r = 0.149,
P < 0.025).

E-rosetie formation

E-rosette cells in the peripheral blood of the
patients with brucellosis varied between
40% and 84% (mean = 60.4 + 11.7%) and
in healthy controls it varied between 48%
and 82% (mean = 59.9 + 7.2%). There was
no statistical difference between these two
groups (¢ = 0.33, P > 0.05).

Nitroblue tetrazoifium test

Positive cells varied between 2% and 31%
(mean = 8.5 £ 5.2%) in 145 patients, and
between 2% and 14% (mean = 5.6 = 3.1%)
in 75 controls, a significant difference (¢ =
3.8, P < 0.05).

Sensitivity and specificity of tests
The sensitivity, specificity, accuracy, posi-
tive and negative predictive values, and the
percentages of faise positive and false neg-
ative results of all the tests used in our
study for the diagnosis of brucellosis are
summarized in Table 4. The comparison
was made with standard TAT. The rose
Bengal test (screening and titration), partic-
ularly with the BioMérieux reagent, offered
the best diagnostic results.

Multiple tests in the diagnosis of
brucellosis

A combination of two or more tests for the
diagnosis of brucellosis was evaluated (Ta-
ble 4). The use of TAT with CLT was
found to offer the best sensitivity (100%)
and a specificity of 97.2%, followed by
RBT with IFAT, which had a sensitivity of
100% and specificity of 91.0%.
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Discussion

We found that the B. abortus reagents used
in the screening RBT had a better sensitivi-
ty and specificity than the B. melitensis re-
agents (Table 4). These results suggest that
the use of both B. abortus and B. meliten-
sis reagents does not provide advantages
over the use of the B. abortus reagents
alonc. Comparable sensitivity and speci-
ficity were previously reported with
B. abortus reagents [6,9]. Also, we found
that the Iraqi reagents were reliable, partic-
ularly the B. abortus reagent, which could
be used alone.

Furthermore, RBT was seen 1o be more
than just a screening test but a titratable one
also. We found that the titres obtained by
RBT were comparable to those obtained by
the standard TAT. Moreover, titration im-
proved the specificity of all the three re-
agents used in the RBT (Table 4).
Therefore, titratable RBT offers an easy,
fast and reproducible test for the laboratory
diag-nosis of brucellosis.

The overall titre obtained in 400 control
individuals was 1/20. In order to estimate, as
a cut-off value, the highest possible titre
found in brucella-negative individuals, the
significant titre for the diagnosis of brucello-
sis in lraq is suggested to be more than the
double this value (= 1/160). Similar sugges-
tions for a significant titre have been report-
ed from other countries [/,17,18].

It was found that IFAT did not provide
significant advantages over the use of RBT
in regard to sensitivity (92% versus 100%)
and specificity (93.5% versus 91.0%).
However, it has been reported that IFAT
has a higher sensitivity and specificity than
RBT [2,19]. This difference could be at-
tributed to the nature of the antigens em-
ployed in these studies. However, our
results are in agreement with those report-
ed by Edwards et al. [/2].

Only 11/400 (2.7%) of the cases nega-
tive for brucellosis by TAT in the two con-
trol groups were found positive by CLT
(Table 1). Therefore, we concluded that
the prozone phenomena could be overcome
by CLT, and the sensitivity and specificity
of TAT could be improved by the concom-
itant use of CLT.

It is known that 2-mercaptoethanol de-
stroys the disulfide bonds linking the pen-
tamer structure of IgM, rendering it
inactive, while it has no effect on IgG
[13,20]. This distinguishes active brucello-
sis from inactive brucellosis [2]. We found
that 79.5% of our patients with brucellosis
had positive 2MET. The 2MET-negative
cases (20.5%) had antibody titres by TAT
ranging from 1/160 to 1/320 and a duration
of illness of less than 4 weeks. This could
indicate the presence of insufficient quanti-
ties of IgG due to the short duration of the
disease, or the inappropriate use of chemo-
therapy, which is known to decrease the
IgG level [/3].

CRP, although not specific for brucello-
sis, can be regarded as a valuable index of
its activity and response to therapy [22,23].
Among 159 2MET-positive patients, 137
(86%) had positive CRP levels of = 6 mg/L.
The CRP level also correlated with the du-
ration of brucellosis, similar to 2MET (r =
0.149, P < 0.025). It was found that the
CRP level reached its peak in the early days
of disease and then decreased with the du-
ration of the illness, after which it remained
at low levels. Because CRP is technically
easier to conduct than 2MET, it is recom-
mended for the follow-up of a patient.

Normal numbers of E-rosetted cells
(mainly T-cells) [24] were found in most
(83.7%) of the cases of acute brucellosis.
The lower numbers found in the remaining
16.3% of the patients might be due to sup-
pression of bone marrow by Brucella spp.
or their products [25].
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To our knowledge, there are no data on
the use of nitroblue tetrazolium in the study
of neutrophil function in acute brucellosis.
Negative results (< 11%) were found in the
majority (78.6%) of our cases with acute
brucellosis. This may indicate a failure to
produce superoxide anion from the respira-
tory burst occurring during phagocytosis.
Thus, neutrophils do not appear to be ef-
fective in the defence against brucellosis.

In conclusion, the best single test tor
the diagnosis of acute brucellosis is titra-
tion RBT, and the best combined tests are
TAT and CL1. 'lo assess the activity of bru-
cellosis, the 2MET and CRP test appear to
be quite useful. Normal numbers of T-cells
and ineffective neutrophils in phagocytosis
were found in our patients with acute bru-
cellosis.

References

1. lLulu AR et al. Brucellosis in Kuwait: a
prospective study of 400 cases. Quarter-
ly journal of medicine, 1988, 66(249):
39-54.

2. WHO. Brucellosis surveillance report
1988. In: Proceedings of the First Interna-
tional Conference on Brucellosis. Mosul,
Irag, University of Mosul, 1990:48.

3. Mohammed Ali RY, Baghdasarian ZS.
Brucellosis in Ninevah Province. In: Pro-
ceedings of the First International Con-
ference on Brucellosis. Mosul, Iraq,
University of Mosul, 1990:21.

4. Joint FAO/WHQ Expert Committee on
Brucellosis: [meeting held in Genava
from 12 to 19 Novemnber 1985] sixth re-
port. Geneva, World Health Organiza-
tion, 1986. (WHO Technical Report
Series No. 740).

5. Christie AB. Brucellosis. in: Infectious
diseases, 4th ed. Edinburgh, Churchill
Livingstone, 1987.

6. Araj GF et al. The use of ELISA in detect-
ing brucella specific immunoglobulin
isotypes in the diagnosis of patients with
brucellosis. In: Proceedings of the First
International Conference on Brucellosis,
Masul,
1990:25.

lrag. University of Mosul, -

7. Gazapo E et al. Changes in IgM and lgG
antibody concentrations in brucellosis
over time: importance for diagnosis and
follow-up. Journal of infectious diseases.
1989, 159(2):219-25.

8. Madkour M. Bruceliosis. London, Butter-
warth—Heinemann, 1989,

9. Moyer PN et al. Comparison of serologic
screening tests for brucellosis. Journal of
cfinical microbiology, 1987, 25(10).169—
72.

10. Diaz R, Maravi-Poma &, Rivera A. Com-
parisen of counter-immunoelectrophor-
esis with other serological tests in the
diagnosis of human brucellosis. Bulletin
of the World Heaith Organization, 1976,
53:417-24,

11. Cox PSV, A comparison of the rapid slide
and standard tube agglutination tests for
brueltosis. Transactions of the Royal So-
cisty of Tropical Medicine and Hygiene,
1968, 62(4):517-21.

12. Edwards JMB, Tannahill JA, Patricia MC.
Comparison of the indirect flucrescent
antibody test with agglutination, compie-
ment fixation and Coomb's test for bru-
cellosis antibody. Journal of clinical
pathoiogy, 1970, 23(2):161-5.

13. Bachanan TM, Faber LC. 2-mercapto-
ethanol brucella agglutination test: use-

Yoo @ YO Oladall ¢ oot b di ¢ 300000 Gl i ¢ Jar g2li (5 80 2pnenall o



2

14.

15.

16.

17.

18.

19.

20,

La Revue de Santé de la Méditerranée orientale, Vol. 6, N° 2/3, 2000

fulness for predicting recovery from bru-
cellosis. Journal of clinical microbiology,
1980, 11(6):691-6.

Boyum A. Separation of leucocytes from
blood and bone marrow. Scandinavian
journal of clinical and laboratory investi-
gation, 1968, 21(97 suppl.):1-4.

Jondal M, Holm G, Wigzell H. Surface
markers on human T and B lympho-
cytes. Journal of experimental medicine,
1972, 136(2):207-11.

Park BH, Fikrigsm, Smithwick EM. Infec-
tion and nitroblue tetrazolium reduction
by neutrophils. Lancet, 1968, 2(7567):
5324,

Madkour MM et al. Brucellosis in Saudi
Arabia. Saudi medical journal, 1985,
8(4):324-32.

El-Shikh Mohammed A et al. Alimentary
tract presentation of brucellosis. Annals
of Saudi medicine, 1986, 6(1):27-35.

Dhar R, Lastimoza LJ, Hiva RP. A modi-
fied indirect fluorescent antibody test for
the diagnosis of brucellosis. Diagnostic
microbiology and infectious diseass,
1968, 11(4):189-94.

Pool PM., A &-year survey of human bru-
cellosis in & rural area of north-westarn

21,

22,

23.

24,

25,

26.

England and north Wales. Postgraduate
medical journal, 1975, 51(597):433-40.

McMahon KJ et al. An agar gel imrun-
odiffusion test for detection of brucella
antibodies in human serum. Canadian
journal of microbiology, 1979, 25(8):
8504,

Pepys BM. C-reactive protein fifty years
on. Lancet, 1981, 1(8221):653-7.

Navarro JM et al. C-reactive protein as a
prognostic indicator in acute brucellosis.
Diagnostic microbiology and infectious
disease, 1990, 13(6):269-70.

Stites DP. Clinical laboratory methods for
detection of cellular immunity. In; Stites
DP, Terr Al, Parslow TG, eds. Basic and
clinical immunology. Connecticut,
Appleton and Lange, 19094:195-215,

Lynch CE, Mckechnie CJ, Alfrey PC. Bru-
cellosis with pancytopenia. Annals of in-
temal medicine, 1968, 69(2):319-21.

Riley L, Roberston DC. Brucellocidal ac-
tivity of human and bovine polymorpho-
nuclear leukocyte granule extracts
against smooth and rough strains of Bru-
cella abortus. Infection and immunity,
1984, 46(1):231-6.

Yorn o Fo¥ Sl ¢ ol tadl ¢ QU Tt Tukin ¢ dan bt o340 Sgrarall 2an



