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The direct agglutination test for diagnosis of visceral leishmaniasis under field 
conditions in Sudan: comparison of aqueous and freeze-dried antigens 

E. E. Zijlstra’*, 0. F. Osman2, H. W. Chr. Hofland2, L. Oskam’, H. W. Ghalib2t, A. M. El-Hassan2, 
l? A. Kager’ and S. E. 0. Meredith3 lDepartment of Infectious Diseases, Tropical Medicine andAIDS, Academic Med- 
ical Centre, Amsterdam, The Netherlands; 21nstitute of Endemic Diseases, University of Khartoum, Sudan; 3Department of 
Biomedical Research, Royal Tropical Institute, Amsterdam, The Netherlands 

Abstract 
The performance of the direct agglutination test (DAT) was evaluated under field conditions in an en- 
demic area of visceral leishmaniasis in eastern Sudan, using aqueous (Aq) antigen which has to be kept 
refrigerated and a newly developed freeze-dried (FD) antigen which is stable at ambient temperature. 
Both antigens compared well, with 92-98% of readings being identical or only with one dilution difference 
in titre. FD antigen gave titres that were identical with Aq antigen in 73% of samples, higher in 19%, and 
lower in 8%. Owing to high ambient temperatures and low humidity, microtitre plate wells dried out dur- 
ing the standard procedures for elution and incubation. However, shortening the elution time from 12 to 
4 h proved possible for both antigens; incubation could be reduced from 24 to 10 h for Aq antigen, after 
which the plates could still be read. Incubation with FD antigen required 18 h and the plates needed to 
be kept cool because of evaporation. Despite the longer procedure with the FD antigen, the DAT can be 
completed in 24 h and the use of this stable antigen, that does not require refrigeration, is a major im- 
provement in performing the DAT under unfavourable field conditions. 

Keywords: leishmaniasis, visceral leishmaniasis, Leishnzaniu donovani, diagnosis, direct agglutination test, freeze-dried 
antigen, Sudan 

Introduction 
The diagnosis of visceral leishmaniasis (VL; kala- 

azar) classically rests on demonstration of Leishmania 
amastigotes in tissue aspirates. In addition, several sero- 
logical tests have been developed, of which the direct ag- 
glutination test (DAT) appears to be a simple and 
economical test with high sensitivity and specificity (EL- 
HARITH et al., 1988). In Sudan, the DAT proved useful 
for screening, with good sensitivity and negative predic- 
tive value (ZIJLSTRA et aZ., 1991). Any diagnostic test 
should be evaluated in the area where it is to be used 
and, as VL is a rural disease, ideally it should be possible 
to perform the test under the most unfavourable condi- 
tions. An important problem with DAT is the limited 
stability of the currently used aqueous (As> antigen, for 
which a ‘cold chain’ is required. Recently, a freeze-dried 
(FD) antigen was developed that remains stable at am- 
bient temperature and compared well with standard Aq 
antigen in the laboratory (MEREDITH et al., 1995). In 
this study, we compared the performance of Aq and FD 
antigens in an endemic focus of VL in eastern Sudan. 

Patients and Methods 
Patients 

The patients were taking Dart in a field studv on the 
incidence of VL and post k&-azar dermal leishmaniasis 
in the village of Urn-Salala in Rahad Province, Gedaref 
State. eastern Sudan (ZIILSTFU et al.. 1994). There is no 
laboratory facility in‘t& area and ‘no el&tricity. The 
study was carried out in December 1993 (average out- 
door temperature during the day 30-35X; at night 
20-25”C)-and in April 1994 (aveiage day temperature 
40-45°C: at night 25-30°C). The humiditv varied be- 
tween l$? andu20%. A field laboratory was set up and 
the Aq antigen was stored in a solar powered field refrig- 
erator: Du&g the study period, the temperature inside 
the laboratorv did not fall below 35°C. even at night. 
Finger-prick blood was collected on &er paper, air- 
dried and processed the same day. A random sample 
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was taken from the following patient groups. (i) Parasi- 
tologically confirmed active VL, (ii) treated VL, (iii) 
subclinical VL as shown by positive DAT and/or leish- 
manin skin results, in the absence of clinical symptoms, 
(iv) post kala-azar dermal leishmaniasis patients, (v) pa- 
tients with leishmaniomas (the ulcer that may develop at 
the site of the sandfly bite), and (vi) endemic uninfected 
control subjects. In a previous study, 3 strains ofleish- 
mania were identified in the area; 2 strains of L. donova- 
ni (zymodemes MON-18 and MON-82) and one of L 
infanturn (zymodeme MON-30) (typed by isoenzymes); 
using the Southern blotting technique, the L. infanturn 
strain was indistinguishable from the L. donovani strains 
(L. Oskam, personal communication). 

Methods 
The antigens were prepared as described previously 

using L. donovani strain MHOMISDI68IlS (EL- 
tide et al., 1988; MEREDITH et al., 1995) and. the 
DAT was oerformed essentiallv as described bv EL- 
HARITH et il. (1988). In brief, d&ks corresponding to 5 
& of blood were punched out of the filter papers, placed 
in a micro&e plate with V-shaped wells, and normal sa- 
line was added for elution (steD 1). The nlates were left 
at ambient temperature iveriight (12-h). The next 
morning a fresh solution of normal saline containing 
0.2% gelatine was prepared by heating in hot water on a 
charcoal fire to 56°C; after cooling, 2-mercaptoethanol 
(0.1~) was added. The solution (75 & aliquots) was pi- 
petted into the microtitre plate and 50 @L of eluate were 
added to each well, followed by 50 w of antigen (step 
2: incubation). The FD antigen was reconstituted in 5 
mL of normal saline, and thoroughly shaken before use. 
Initially, for screening purposes, serial dilutions were 
made from 1:200 tol:1600. Negative control wells (an- 
tigen only; on each plate) and known negative and pos- 
itive controls were tested daily. The titre was defined as 
the highest dilution at which agglutination was still visi- 
ble, as a blue mat, enlarged dot with frayed edges, or en- 
larged blue dot, compared with negative control wells 
which had clear blue dots. We used known European 
control serum samples on filter paper (negative control 
<1:200, positive control 1:8 19200) and freeze-dried se- 
rum of Sudanese endemic controls (negative $1:200, 
positive 1:3200, 1:12800, and 1:819200). Incubation 
&as for 18 h, after which samples with titres 11:3200 
were diluted further to nive end-noint titres 21: 102400. 
The tests were read indipendenily by 2 individuals. 
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Table. Comparison of the use of aqueous and freeze-dried antigens in the direct agglutination test for 
visceral leishmaniasis under field conditions in eastern Sudan 

Patients and date None 

December 1993 
Visceral leishmaniasis 

Active 
Treated 
Subclinical 

l?KDLa 
Leishmanioma 
Endemic controls 
Total 

13 1: 1 - 
15 1 - 
2 10 - - 

11 4 - - 

183 2 i 
- 
- 

224 (78%) 52: (20%) 6 (2%) - 

Difference in titre 
+l dilution f 2 dilutions + 3 dilutions 

April 1994 
Visceral leishmaniasis 

Active 
Treated 
Subclinical 

PKDLa 
Leishmanioma 
Endemic controls 
Total 

2 1 - - 
17 - - 
10 z - - 
- I - - 
- 1 - - 

1:; (65%) i&27%) i&7%) : (1%) 

Test kala-azar dermal leishmaniasis. 

Results 
Totals of 287 and 158 samples were collected and 

tested, using both antigens, in December 1993 and in 
April 1994, respectively (Table). In 98% of the Decem- 
ber samples, and 92% of the April samples, there was no 
difference in tin-e, or only one dilution difference, be- 
tween readings obtained using the 2 antigens on the 
same serum samples; none and only l%, respectively, 
differed by more than 2 dilutions. 

Among the total 445 samples, readings obtained us- 
ing FD antigen were identical in 327 (73%), higher in 
83 (19%), and lower in 35 (So%) samples compared to 
the Aq antigen. The results obtained with all 445 sam- 
ples are shown in the Figure. 

The dots produced with the FD antigen were some- 
what smaller than those obtained with Aq antigen, but 
this did not interfere with reading. It was necessary to 

Freeze-dried antigen 

1024OC 

51200 

25600 

3200 

1600 

200 400 8M) 1600 3200 6400 12600 2560051200 10240 

Aqueous antigen 

Figure. Comparison of aqueous and freeze-dried antigens (re- 
ciprocal titres) in the direct agglutination test for visceral leish- 
maniasis. The numbers between the solid lines indicate the 
number of observations in which the freeze-dried antigen gave 
titres which were identical with, or only one dilution higher or 
lower than, those obtained with the aqueous antigen. 

shake the FD antigen thoroughly after resuspension, af- 
ter which it was left for 20 min and then shaken again. 

In April 1994, the ambient temperature inside the 
field laboratory did not fall below 35”C, even at night, 
causing evaporation and thus concentration of the elu- 
ate (during step 1). After the standard incubation period 
(step 2), most wells were dry and reading was impossi- 
ble. To overcome this problem we used a cool box kept 
in a shaded place outside the laboratory; temperatures 
inside the box ranged from 28°C to 35°C. To address 
further the problem of evaporation, we attempted to 
shorten the procedures. Elution (stepl) could be short- 
ened to 4 h with samples kept at high ambient tempera- 
tures; aliquots of 50 samples eluted for 10 h in the cool 
box, gave identical results. Samples incubated (step 2) 
at ambient temperature for 10 h (after which the wells 
could still be read) were compared with aliquots left for 
the standard 18 h in the cool box. Identical results were 
obtained with Aq antigen after both procedures; with 
the FD antigen, the dots were still weak after 10 h at am- 
bient temperature, but clear after 18 h when kept in the 
cool box. 

Thus, the DAT using Aq antigen can be completed in 
one day during daytime, even at high ambient tempera- 
tures; using the FD antigen it takes somewhat longer, 
but still can be done in 24 h, and the samples need to be 
stored in a cool box or otherwise kept cool. 

The European control sera (on filter paper) gave un- 
changed titres in December 1993, but showed gradually 
decreasing titres in April 1994. This could have been 
due to higher temperatures and/or accumulation of 
moisture in the cool box, resulting in bacterial or fungal 
contamination of the samples. The Sudanese freeze- 
dried control sera remained stable at all times. 

Discussion 
Both antigens performed equally well, giving identical 

titres with most samples and a difference of only plus or 
minus one dilution in 92-98% of the samples, which, 
for practical purposes in a test that is read by eye, is en- 
tirely acceptable. This is in agreement with earlier find- 
ings under field conditions (iV&REDITH et al., 1995). 

The high ambient temperature had a major impact on 
the performance of the DAT. When temperatures are 
likely to be above 30°C we advise shortening the elu- 
tion step to 4 h. The incubation step may be shortened 
to 10 h when using Aq antigen, but FD antigen requires 
18 h and samples should be kept cool. The advantage of 
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the FD antigen is that it does not require refrigerating 
and remains stable, which outweighs these drawbacks. 
As had already been demonstrated in a well-equipped 
laboratory setting (EL-HARITH et al., 1988), gelatine 
can also be used under field conditions with good re- 
sults, obviating the need for fetal calf serum, which is 
expensive and requires refrigerating. The use of freeze- 
dried control sera, which are stable under adverse cli- 
matological conditions, is a major improvement. 

In conclusion, use of the FD antigen and freeze-dried 
control sera contributes considerably to the perform- 
ance and dependability of the DAT under basic field 
conditions. 
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