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Comparison of an Enzyme Immunoassay and Latex 
Agglutination Test for Detection of Galactomannan 
in the Diagnosis of Invasive Aspergillosis 
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Aspergillus antigenemia was followed up in 215 consecutively observed bone marrow 
transplant (BMT) patients over a period of two years, using both a latex agglutination 
test and a sandwich immunocapture enzyme immunoassay (EIA) with a rat anti- 
galactomannan monoclonal antibody as capture and detector antibody. For each pa- 
tient, sequential sera (3 to 20) were obtained before and after BMT. No positivity was 
observed before BMT. After BMT, the EIA and latex agglutination test were positive in 
19 and 4 patients respectively of 25 patients with confirmed aspergillosis and 14 and 7 
of 15 patients with probable aspergillosis. In 19 of 25 patients with confirmed aspergil- 
Iosis and 9 of 15 patients with probable aspergillosis, the EIA was more sensitive and 
detected infection earlier than the latex test. In all positive cases, antigenemia rapidly 
increased in sequential samples and remained strongly positive. In 31 of 169 (19%) BMT 
patients without clinical signs of aspergillosis, the EIA was occasionally positive in sam- 
ples taken within the first month after BMT, giving a specificity of 81% in these patients. 
In non-BMT patients suffering from other diseases (n = 77), the specificity was 98.7%. 
The overall positive and negative predictive values for the EIA were 54% and 95% re- 
spectively. These results favour the use of EIA for early diagnosis and monitoring of as- 
pergillosis in BMT patients, although the predictive value of transient positivity remains 
to be ascertained. 

Invasive aspergillosis is a major problem in pa- 
tients undergoing bone marrow transplantation 
(BMT). This mycosis is usually severe, rapidly pro- 
gressive, and difficult to diagnose (1, 2), with a fa- 
tality rate approaching 100% despit e treatment 
(3). 

The mortality rate can be substantially reduced if 
an early diagnosis is made and the proper thera- 
py given. Antibody detection is unsatisfactory in 
invasive aspergillosis of the immunocomprom- 
ised host probably due to profound immunodefi- 
ciency (2, 4). The most promising diagnostic ap- 
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proach is the detection of Aspergillus antigens in 
the serum or urine of patients, and more specifi- 
cally galactomannan, a cell wall component of As- 
pergillus that appears to be a specific indicator of 
invasive disease (5, 6). Since the pioneering study 
of Reiss and Lehmann (7), various techniques 
have been used to detect Aspergillus galactoman- 
nan, such as enzyme immunoassays (EIAs) 
(8-11), radioimmunoassays (12, 13), and latex 
agglutination tests (14-16). However, serious 
controversy exists regarding the use and utility of 
these immunological tests, mainly because the 
number of patients and sera tested has been too 
limited. 

In this study the detection of Aspergillus galacto- 
mannan in sequential sera of 215 BMT patients by 
a new sandwich immunocapture EIA was evalu- 
ated, and the sensitivity and specificity of the EIA 
compared to that of the only commercially 
available latex agglutination kit. Both tests use the 
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Table 1: Comparison of the EIA and latex agglutination test for detection of galactomannan in sera from pa- 
tients with confirmed or probable aspergillosis, or with an indeterminate diagnosis. 

EIA Latex agglutination 

Positive Negative Positive* Negative 

Group I 
Confirmed aspergillosis 19 6 4 21 
< 30 days before aspergillosis 7 1 
> 30 days before aspergillosis 8 3 
After onset of symptoms 4 - 

Group II 
Probable aspergillosis 14 1 7 8 
< 30 days before aspergillosis 4 6 
> 30 days before aspergillosis 5 1 
After onset of symptoms 5 - 

Group III 
Indeterminate 8 0 0 8 
< 30 days before aspergillosis 2 
> 30 days before aspergillosis 4 
After onset of symptoms 2 

* No positive latex test was observed in EIA-negative sera. 

same monoclonal anti-galactomannan anti- 
body (MAB) EB-A2 which recognizes the 
(1- > 5)b-D-galactofuranoside side chains of the 
Aspergillus galactomannan (17). 

Material and Methods  

Patients. From August 1992 to October 1994, 211 consecutive- 
ly observed patients (128 males and 83 females) with various 
hematological malignancies were followed up before and aft- 
er allogeneic BMT. The BMT procedure and conditioning 
therapy have been described previously (18). The standard 
procedure for prophylaxis of infection was as follows: after 
BMT patients were maintained in a laminar airflow room for 
at least 30 days and received nonabsorbable antibiotics for gut 
decontamination, fluconazole (100 mg/day) and ketoconazole 
(400 rag/day) for prevention of fungal infections, and acyclo- 
vir for prevention of herpes virus infection. Patients were di- 
vided into four groups according to the criteria presently ad- 
vocated for diagnosis of aspergillosis. Group I consisted of 25 
patients with confirmed aspergillosis. The diagnosis was based 
on the isolation of Aspergillus from clinical specimens, and/or 
histological detection of mycelial filaments in biopsy or autop- 
sy specimens, and presence of characteristic lesions on CT 
scans; the species isolated were Aspergillus fumigatus (n = 25), 
Aspergdlus flavus (n = 2), and Aspergillus nidulans (n = 1). 
Group II consisted of 15 patients with probable aspergillosis; 
this diagnosis was based on the presence of characteristic lea- 
tares on CT scans, pulmonary symptoms, persistent fever _> 
38~ unresponsive to broad-spectrum antimicrobial therapy, 
but no mycological evidence of aspergillosis. Group 1If con- 
sisted of eight patients in whom the diagnosis of aspergillosis 
was considered indeterminate on the basis of pulmonary 
symptoms (cough, chest pain), persistent fever not responding 
to antlmicrobial therapy, and nonspecific radiographic find- 
ings. Group IV (control group) consisted of 163 patients with 
no evidence of aspergillosis or any other fungal infection. 

Sera and Other Samples. A total of 2,161 serial serum samples 
(3 to 20 sera per patient, mean 10 sera) were obtained 15 or 7 

days before BMT (n = 426), weekly the first month after BMT, 
and then monthly (n = 1,735). Two hundred ninety-five sam- 
ples were tested in the first group, 165 in the second group, 69 
in the third group, and 1,632 in the control group. The mean 
follow-up period was 90 days, with a range of 1 to 150 days. 
Whenever aspergillosis was suspected clinically or radiologi- 
cally, sera were obtained daily and tested. Sera were kept at 
4~ until testing (within 48 hours), then stored at -20~ 

The specificity of the EIA was evaluated by testing 77 sera 
from patients with candidiasis (n = 18), cryptococcosis (n = 
19), protozoal infections (n = 10), bacterial infections (n = 
13), or dysproteinemia (n = 17). Other samples tested to as- 
sess the specificity of the EIA comprised rabbit and horse 
anti-lymphocytic sera (n = 6), alone or with cyclosporin A 
added, and 12 samples of blood transfusion products which 
had been filtered on cellulose. 

Antigen Detection Techniques. Circulating Aspergillus galac- 
tomannan was detected using both a latex agglutination test 
(Pastorex Aspergillus, Sanofi Diagnostics Pasteur, France) 
and a sandwich immunocapture EIA (Sanofi Diagnostics 
Pasteur, France) with a rat-galactomannan MAB Eb-A2 as 
the capture and detector antibody (10). For both techniques, 
immune complexes were disrupted by adding 100 ~1 4% w/v 
EDTA to 300 ixl of undiluted serum in a tightly closed Eppen- 
doff tube which was heated to 100~ for 3 min, then centri- 
fuged at 14,000 x g for 10 min. The supernatant was used for 
both tests. 

For the latex test, 40 Ixl of the supernatant were transferred 
onto disposable plastic cards. Ten ixl of the latex reagent was 
added and mixed with the supernatant using mixing sticks. 
The results were recorded after 5 min of rotation at 170 rpm. 
A galactomannan control of 16.5 ng/ml was included with the 
kit and tested with each batch of serum. Whenever positive 
results were obtained, twofold dilutions were used. The limit 
of sensitivity of the latex agglutination test, as determined by 
the manufacturer, was 15 ng/ml of purified galactomannan. 

For the EIA technique, all reagents were provided by the 
manufacturer. The sensitized microtiter plates were washed 
once with a wash solution, and then each well was filled with 
50 txl of horseradish peroxidase MAB Eb-A2 in conjugate 
buffer followed by 50 VI of the superuatant to be tested. 
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Plates were incubated for 90 min at 37~ After thorough 
washings (5 times), the reaction was obtained by 30 min incu- 
bation in darkness with 100 txl of buffer containing o-pheny- 
lenediamine. The optical density (OD) was read at X = 
492/620 nm. In each set of experiments a negative control and 

two positive controls containing 1 and 10 ng respectively of 
galactomannan were included. The threshold of positivity 
was estimated to be 0.8 from the mean OD values of 100 con- 
trol sera plus 5 standard deviations; it corresponded to ap- 
proximately 1 ng/ml of galactomannan. All sera were tested 

Table 2" Results of the EIA and latex agglutination test (LA) in 25 BMT patients with proven aspergillosis. 

Patient Underlying Site of Onset of 
no. disease a infection symptoms First day of positivity 

after after transplant b 
transplant 
(days) Culture c EIA LA 

1 ALL disseminated 26 post-mortem 12 34 
(death day 40) (10) (10) 

lungs, heart 

2 ALL lungs 22 80 - 
nose (27) (27) 

3 CML lungs 75 79 76 
BAL (13) (13) 

4 AML lungs, brain 63 66 63 
BAL (8) (8) 

5 myeloid lungs 137 150 7 
splenomegaly BAL (9) (9) 

6 AML disseminated 276 276 276 
BAL (5) (5) 

7 ALL lungs 127 131 
BAL (19) (19) 

8 ALL disseminated 150 post-mortem 61 - 
(death day 179) (20) (20) 

BAL 

9 PNH disseminated 3 12 12 12 
BAL (20) (20) 

10 congenital disseminated 192 204 5 - 
dyskeratosis sputum (8) (8) 

11 AML disseminated 97 post-mortem 97 - 
(death day 104) (8) (8) 

liver 

12 AML lungs 100 116 - 
BAL (18) (18) 

13 myeloproliferative lungs 92 138 6 - 
syndrome sputum (8) (8) 

14 AA lungs, brain 36 8, 95 6 - 
nose, pleura (17) (17) 

15 CML lungs 70 70 19 - 
BAL (9) (9) 

16 AML lungs 227 290 - - 
BAL (12) (12) 

17 CML lungs 237 238 41 - 
lung (15) (15) 

18 RAEB lungs, brain 40 40 39 39 
BAL (8) (8) 

19 CML lungs 40 102, 110 34 - 
lung (14) (14) 

20 ALL disseminated 48 52 53 - 
BAL (5) (5) 

21 AML sinus 228 270 - - 
sinus (8) (8) 

22 AML lungs 37 37 - - 
BAL (9) {9) 

23 CML lungs 54 55 6 - 
BAL (17) (17) 

24 CML brain, lungs 85 85 90 91 
sputum (15) (15) 

25 CML brain 21 24 6 - 
BAL (10) (10) 

aALL = acute lymphoblastic leukemia; AML = acute myeloid or nonlymphoblastic leukemia; CML = chronic 
AA = aplastic anemia; RAEB = refractory anemia with excess blasts; PNH = paroxystic nocturnal hemoglobinuria. 

bNumber of tests performed is given in brackets. 
~Aspergillus fumigatus was cultured in all cases except patients no. 2 and 13 (A. flavus) and no, 17 (A. nidulans). 

myeloblastic leukemia; 
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Table 3: Results of the EIA and latex agglutination test (LA) in 15 BMT patients with probable aspergillosis who 
were culture negative. 

Patient Underlying Site of Onset of First day of positivity 
no. disease a infection symptoms after transplant b 

after transplant 
(days) EIA LA 

1 CML disseminated 120 82 125 
(17) (17) 

2 myeloid lungs 78 - - 
splenomegaly (9) (9) 

3 lymphoma lungs 240 11 - 
(14) (14) 

4 lymphoma lungs 1 25 - 
(10) (10) 

5 CML lungs, brain 56 56 56 
(13) (13) 

6 CML disseminated 75 143 148 
(17) (17) 

7 Fanconi's lungs 74 6 - 
syndrome (5) (5) 

8 AML lungs, brain 117 6 - 
(11) (11) 

9 ALL lungs, brain 112 114 114 
(1) (1) 

10 CML brain 62 60 64 
(12) (12) 

11 myeloproliferative lungs, brain 105 6 113 
syndrome (13) (13) 

12 RAEB disseminated 64 74 - 
(10) (10) 

13 AA brain 111 112 
(10) (10) 

14 ALL brain 81 81 89 
(14) (14) 

15 AL brain, lungs 19 11 
(9) (9) 

aALL = acute lymphoblastic leukemia; AML = acute myeloid or nonlymphoblastic leukemia; CML = chronic myeloblastic leukemia; AA = apla- 
stic anemia; RAEB = refractory anemia with excess blasts. 

bNumber of tests performed is given in brackets. 

in duplicate using two different coated plates. Results of the 
EIA were kept confidential until the end of the study and 
thus did not interfere with any decisions concerning treat- 
ment or prophylaxis. 

Results 

Internal controls for the EIA and latex agglutina- 
tion test yielded no false-positive or false-negative 
results. The reproducibility of the EIA estimated 
from 50 determinations was satisfactory, with a 
mean OD value (with standard deviation) of 0.70 
_+ 0.19 (coefficient of variation 28%) for the 1 ng 
galactomannan/ml positive control and 2.53 + 0.34 
(coefficient of variation 13%) for the 10 ng galac- 
tomannan/ml positive control. The specificity of the 
EIA was 98.7% since only one positive reaction was 
observed among the 77 sera from patients with var- 
ious diseases other than aspergillosis; this reaction 
occurred in a case of candidemia (OD 1.03). 

Cumulative results for all patient groups are 
summarized in Table 1, and individual results for 
each group are shown in Tables 2 and 3. 

In the group of patients with confirmed aspergil- 
losis (Group I, Table 2), the EIA was positive in 
19 of 25 patients (Table 1). The EIA was positive 
less than 30 days before the onset of symptoms in 
7 patients and more than 30 days before the onset 
of symptoms in 8 patients; in 2 patients the test was 
constantly positive until aspergillosis (Figure 1A); 
6 showed transient positivity before aspergillosis 
(i.e. alternately positive and negative samples) 
(Figure 1B). Four of 21 patients were EIA positive 
after onset of symptoms. In six patients, the EIA 
was constantly negative during follow-up. In the la- 
tex agglutination test, 4 of 25 patients were posi- 
tive (Table 1). One patient was positive less than 
30 days before the onset of symptoms and three 
after the onset of symptoms. No positivity was ob- 
served in either the EIA or latex test before BMT. 
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Figure 1- Follow-up of antigenemia by EIA (Dnn) and latex agglutination test (l~kl,) in patients with confirmed aspergillosis. 
A: constantly positive EIA until occurrence of aspergillosis (clinical symptoms on day 40) with constantly negative latex test 
(Table 2, patient no. 19). B: transiently positive EIA with no clinical symptoms, then strongly positive EIA at the time of dis- 
seminated aspergillosis (confirmed by isolation of Aspergillus fumigatus at autopsy on day 179). Constantly negative latex 
test (Table 2, patient no. 8). Horizontal line indicates threshold of positivity of EIA (OD 0.8). 

In the group of patients with probable aspergillo- 
sis (Group II, Table 3), 14 of 15 patients were pos- 
itive in the EIA and 7 of 15 in the latex test (Ta- 
ble 1). The EIA was positive less than 30 days be- 
fore the onset of symptoms in 4 patients and 
more than 30 days before the onset of symptoms 
in 5 patients. In two patients the test was constant- 
ly positive until occurrence of aspergillosis, and 
three showed transient positivity before aspergil- 
losis. In the latex agglutination test, six patients 
were positive less than 30 days before the onset 
of symptoms and one patient was positive after the 
onset of symptoms. No positivity was observed in 
either test before BMT. 

In both groups I and II, antigenemia was detect- 
ed earlier with the EIA compared to the latex test; 
both tests were positive in 11 and 7 cases respec- 
tively, but the EIA gave positive results earlier 
than the latex test by an average of 27 days (range 
1-107 days). The galactomannan concentration 

rapidly increased in sequential samples and re- 
mained high (Figure 2A and B). The latex test did 
not detect any serum that was EIA negative, and 
overall in groups I and II the sensitivity was 
82.5% for the EIA and 27.5% for the latex test. 

In the group III patients with an indeterminate di- 
agnosis, 2 were positive in the EIA less than 30 
days before onset of symptoms and 4 were posi- 
tive more than 30 days before; 1 was constantly 
positive and 3 showed transient positivity before 
the onset of symptoms; 2 patients became positive 
after the onset of symptoms. No patient was pos- 
itive in the latex test. 

In the control group IV, 138 of 169 patients (1,449 
sera) were negative during follow-up. Thirty-one 
patients (19%) had at least one positive EIA re- 
sult (82 of 183 sera), mainly before day 30 (mean 
day of first positive serum, day 10; range, 5-27 
days). In most cases, the OD value exceeded 1.2 
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Figure 2: Follow-up of antigenemia by EIA (D[][]) and latex agglutination test (~A)  in patients with confirmed or probable 
aspergillosis. A: Probable disseminated aspergillosis on day 120. EIA positive 30 days earlier than latex test (Table 3, patient 
no. 1). B: Disseminated aspergillosis confirmed at autopsy (post-mortem isolation of Aspergillus fumigatus on day 40). EIA 
positive 22 days earlier than latex test (-Fable 2, patient no. 1). Horizontal line indicates threshold of positivity of EIA (OD 0.8). 
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and in 12 patients this positivity persisted in at 
least 3 sequential samples. Review of the clinical 
records and the results of laboratory tests did not 
yield any information which would explain this 
positivity; no patient had received antifungal 
therapy. Control tests of immune sera (horse and 
rabbit antilymphocytic sera) alone or with added 
cyclosporin, as well as of the supernatant of fil- 
tered blood products, were all negative. No false- 
positive results were observed in the latex test. 

The predictive values for each test were deter- 
mined in each group by comparison with the con- 
trol group without fungal infection. In the groups 
with confirmed or probable aspergillosis, the 
positive predictive value was 54% in the EIA and 
100% in the latex test, and the negative predictive 
value was 95% in the EIA and 84.9% in the latex 
test. 

Discussion 

In this study two techniques for detection of ga- 
lactomannan were compared, allowing an evalu- 
ation of the potential uses and limitations of 
these tests in the clinical and laboratory follow-up 
of BMT patients. Although the tests use the same 
monoclonal antibody, the results differed marked- 
ly in terms of sensitivity and specificity. 

For the latex agglutination test, the specificity was 
100%, but the sensitivity was 16% in the patients 
with confirmed aspergillosis, 47% in the patients 
with probable infection, and 27.5% in both 
groups considered together. These results agree 
with those obtained by Manso et al. (19) who re- 
ported a sensitivity of 38.8% and a specificity of 
95% in 436 sequential serum samples from 79 neu- 
tropenic patients using the same test. However, 
these results differed from those reported by 
Haynes and Rogers (20) who did a retrospective 
study on the detection of circulating Aspergillus 
galactomannan in sera from 121 immunocom- 
promised patients, including 19 with proven inva- 
sive aspergillosis; the sensitivity (95%), specifici- 
ty (90%), and negative predictive values (99%) of 
the latex test were similar to previously pub- 
lished results obtained with an inhibition EIA (9). 
However, the positive predictive value of the la- 
tex test was only 67% compared to -> 95% ob- 
tained with the inhibition EIA, and the latex test 
thus had less value in predicting the onset of in- 
vasive pulmonary aspergillosis (9, 20). In two 
other studies (15, 16), the latex test was found to 
have low sensitivity and specificity in bone mar- 

row and liver transplant patients. These discrep- 
ancies in results obtained with the latex test may 
be due to differences in the selection of patients 
and/or the test conditions. 

EIA antigen detection techniques have previous- 
ly been shown to have a high sensitivity and spec- 
ificity (9-11). The presence of multiple epitopes 
recognized by an MAB on one galactomannan 
molecule made possible the development of a dou- 
ble-direct sandwich EIA with MAB Eb-A2 as the 
capture and detector (after conjugation with per- 
oxidase) antibody (21). Using this technique, we 
obtained a sensitivity of 82.5% in patients with 
confirmed or probable aspergillosis. In contrast to 
the generally accepted postulate, antigenemia 
was found not to be transient in character as the 
concentration of galactomannan usually in- 
creased with progression of the disease. 

However, as observed by Verweij et al. (11) using 
the same EIA, the increase in sensitivity of galac- 
tomannan detection was associated with the occur- 
rence of false-positive reactions early after BMT, 
reducing the specificity to 81% in our patients. 
These results contrasted with the absence of such 
false-positive reactions in the 431 sera drawn be- 
fore BMT and with the high specificity obtained 
in sera from patients with other infections 
(98.7%). The false-positive reactions were not as- 
sociated with any particular disease or with differ- 
ent treatment of samples; most of the false- 
positive reactions occurred less than 30 days after 
BMT, a period during which patients receive 
strong immunosuppressive therapy and frequent 
transfusions with blood products. Two hypotheses 
can be advanced to account for these false- 
positive reactions: the antigenemia may have 
been transient and induced by the immunosup- 
pressive therapy, or there was cross-reactivity 
with unidentified serum components. The ab- 
sence of false-positive reactions with anti-globu- 
lin serum or transfused blood products rules out 
interference of these factors. 

Despite these drawbacks, the development of 
this EIA represents a marked improvement in the 
serological diagnosis and follow-up of patients at 
risk for aspergillosis. The EIA detects galactoman- 
nan at concentrations less than 1 ng/ml whereas 
the latex test using the same monoclonal antibody 
does not detect concentrations less than 15 ng/ml 
(10). The detection threshold of the EIA is low 
enough to allow invasive aspergillosis to be sus- 
pected prior or concomitant to the onset of early 
clinical signs. In patients with confirmed or prob- 
able aspergillosis, the sensitivity of the EIA was 
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markedly superior to that of the latex test which 
was never positive in sera that were negative in the 
EIA.  Our follow-up study indicated that the E IA  
detected galactomannan earlier than the latex 
test when the latter was positive. In almost all cas- 
es of invasive aspergillosis with detectable antige- 
nemia, the EIA OD values rapidly increased in 
sequential sera samples and remained strongly 
positive. In patients undergoing treatment, no 
sufficiently reliable information could be obtained 
on the effect of treatment on antigenemia because 
of the great variety of therapeutic schedules that 
were administered. However, we can conclude 
that the EIA is useful for the diagnosis of aspergil- 
losis in BMT patients although the predictive val- 
ue of transient positivity remains to be ascer- 
tained. Additional studies are needed to define the 
potential value of this test for monitoring therapy. 
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