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In this study, it was shown that the diagnostic accuracy of antibody detection by a counterimmunoelectro-
phoresis technique could be improved by using cytoplasmic antigens depleted of mannan residues. The
specificity of the counterimmunoelectrophoresis increased from 28.6 to 78.6% when cytoplasmic antigens
depleted of mannan were used, while the sensitivity slightly decreased from 80 to 70%.

The frequency of invasive candidiasis as a major cause of
morbidity and mortality among hospitalized patients has
increased. An antemortem diagnosis of invasive candidiasis
is very difficult because there is no specific clinical picture.
Although isolation of Candida spp. from clinical specimens
and serodiagnostic tests for antigen and antibody detection
may help in the diagnosis, the following problems are
inherent. Tests for the detection of circulating Candida
antigens lack sensitivity and have been controversial (3, 4,
13, 14, 19, 21), while antibody detection systems mainly
detect antibodies against Candida cell wall antigens, which
are ubiquitous in the sera of patients with systemic or
superficial candidiasis (12, 16). To obtain a more specific
test, investigators have evaluated the usefulness of measur-
ing antibodies to cytoplasmic antigens (8, 10, 24, 26, 27). The
hypothesis behind these studies was that cytoplasmic anti-
gens are exposed only during invasive infection and are
therefore predictive and specific for invasive candidiasis (6,
23, 25). In the present study, we evaluated the antibody
response against cytoplasmic antigens in the presence and
absence of mannan residues in the sera of surgical patients
with either invasive or superficial candidiasis. On the basis
of clinical findings and culture results, these surgical patients
were subdivided into two groups according to earlier-defined
criteria (22). Group I consisted of 30 patients with proven
invasive candidiasis. Group II consisted of 14 patients with
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superficial C. albicans infection. From October 1982 until
January 1991, patients who fulfilled the defined criteria (22)
were included in this study. Serum samples from the patients
were collected at weekly intervals. The majority of the
patients underwent major abdominal surgery. Three serum
samples per patient, when available, were included for
serological evaluation. Besides antibody detection, the same
set of sera was used for the detection of Candida antigens
with the Cand-Tec test (Ramco Laboratories Inc., Houston,
Tex.) (2, 5). The first sample was defined as the serum
obtained at the time of the first microbiological evidence of
invasive candidiasis. Correlations between antibody titers of
the three serum samples obtained from each patient were
assessed by using the Intraclass correlation coefficient (ri).
The capacity to discriminate between invasive and superfi-
cial candidiasis was evaluated by the Mann-Whitney test.
Logistic regression was used to evaluate the serological
assays simultaneously, with regard to their discriminating
capacities. The preparation of the cytoplasmic antigen of C.
albicans for counterimmunoelectrophoresis (CIE) (17) has
been described elsewhere (11) and will be referred to as the
M(+) antigen. Precipitating antibodies were scored before
and after the gels were stained with Coomassie brilliant blue
R-250 (Sigma Chemical Co., St. Louis, Mo.). The cytoplas-
mic antigen depleted of mannan was prepared from the
lyophilized M(+) antigen by removing mannan determinants
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FIG. 1. CIE demonstrating antibodies against the M(+) (A) and M(-) (B) antigens. Antibodies against mannan are indicated by arrows.
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TABLE 1. Percentage of positive titers by M(+) CIE for patients
with invasive (group I, n = 13) or superficial (group II, n = 6)
candidiasis from whom three serum samples were available

% of positive titers by M(+) CIE'
Serum
sample Without staining With staining
no.

I II I II

1 77.0 60.0 46.2 80.0
2 92.4 60.0 61.6 60.0
3 92.3 60.0 84.7 20.0

a Cutoff values for positive titers were .2 without staining and 24 with
staining.

by affinity chromatography on concanavalin A-Sepharose 4B
(Pharmacia LKB, Uppsala, Sweden) (7) and will be referred
to hereafter as the M(-) antigen. Before CIE, the M(-)
antigen was examined for remaining mannan by crossed
immunoelectrophoresis (XIE) (1). When the M(+) antigen
was electrophoresed against a patient's serum by XIE,
different precipitins were observed (Fig. 1A). As indicated
by the arrow, very strong but indistinct precipitins could be
observed, but very sharp but less-intense precipitins could
also be observed. By tandem XIE, the large precipitin
appeared to be identical to a purified immunodominant
antigen, which had enolase activity (data not shown). When
the M(-) antigen was used in the XIE, the strong but
indistinct precipitins due to mannan residues disappeared
(Fig. 1B) (25). Also, with the commercial mannan kit (Pas-
teur Diagnostica, Marnes-la-Coquette, France), the M(-)
antigen did not react. However, in order to correlate the
antibody titers obtained by the CIE by using the M(-)
antigen [M(-) CIE] with those by the CIE by using M(+)
antigen [M(+) CIE], the concentrations of antigens other
than mannan were equalized by titration in such a way that
the areas under the curves for six of the same precipitins of
both antigens were the same when electrophoresed against a
rabbit hyperimmune serum (5 pI1/cm2; DAKO, Glostrup,
Denmark) by XIE. This titration actually resulted in equal
protein concentrations of 100 ,g/ml for both the M(+) and
M(-) antigens, as used in the particular CIE. For M(+) CIE,
antibody titers of 1:2 and 1:4 or higher were regarded as
positive without and with staining, respectively. For M(-)
CIE, antibody titers of 1:1 and 1:2 or higher were regarded as
positive without and with staining, respectively. A serum
dilution of 1:4 or higher was regarded as a positive antigen
titer in the Cand-Tec assay.
The M(+) CIE results showed that for patients with

invasive candidiasis, there was an increase in the percentage
of positive antibody titers in the three serum samples exam-
ined (Table 1). For patients with a superficial candida
infection, the titers were either stable (without staining) or
decreased (with staining) with time. Antigen titers measured
by the Cand-Tec, however, decreased from 50 to 36% in the
same sera from patients with invasive candidiasis or re-
mained stable in the sera from patients with superficial
candidiasis.

Despite these increases in titers as determined by M(+)
CIE (for patients from whom three serum samples were
available, n = 13), statistical analysis of the sera from all
patients (n = 30) showed no significant differences with time.
The titers for serum samples 1, 2, and 3 of each patient
appeared strongly correlated without (ri = 0.76), and with (r,
= 0.78) staining. Therefore, to evaluate the capability of the
CIE to discriminate between invasive and superficial candi-
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FIG. 2. Distribution of the mean log(titer + 1) obtained for each
patient with invasive (group I) or superficial (group II) candidiasis.
0, M(+) CIE without staining; *, M(+) CIE with staining; A,
Cand-Tec.

diasis, the mean titers for serum samples 1, 2, and 3 were
used after logarithmical transformation. Figure 2 shows the
distribution of the mean logarithm(titer + 1) obtained for
each patient.
On the basis of statistical analysis, it was observed that the

M(+) CIE test without staining could not discriminate be-
tween groups I and II (Mann-Whitney, P = 0.09). However,
significant differences were found between groups I and II (P
= 0.04) when the gels were stained before scoring. Gener-
ally, higher values were obtained for group I. At a cutoff
value of 1:4, M(+) CIE with staining had a sensitivity of
66.7% and a specificity of 57.2%. The Cand-Tec assay, on
the other hand, did not discriminate between the two groups
(P = 0.12).
By M(-) CIE, titers were lower (or absent) than those by

M(+) CIE for all serum samples from patients with either
invasive or superficial candidiasis (Table 2). These results
confirm the findings of Matthews and Bumie (18), who found
that a negative response in an antibody test may be due to
the small number of antigens applied and therefore not
always due to the inability of some patients to produce
antibodies (20). For the patients from whom three serum
samples were available (n = 12), an increase in positive titers
between the first and the second serum samples was ob-
served by M(-) CIE with and without staining (Table 3).
However, the mean values of titers for serum samples 1, 2,
and 3 for all patients did not significantly differ. Again, the
serum titers were transformed as mentioned before and are

TABLE 2. Percentage of patients with invasive (group I, n = 30)
or superficial (group II, n = 14) candidiasis with the indicated

mean titer value for each test

% of patients with indicated titer in group:

Test I II

0-1 2 >4 0-1 2 .4

M(+) CIE
Without staining 6.7 30.0 63.3 0.0 50.0 50.0
With staining 3.3 26.6 70.0 0.0 42.9 57.1

M(-) CIE
Without staining 56.7 20.0 23.3 85.7 14.3 0.0
With staining 30.0 40.0 30.0 35.7 57.1 7.1
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TABLE 3. Percentage of positive titers by M(-) CIE for patients
with invasive (group I, n = 12) or superficial (group II, n = 6)
candidiasis from whom three serum samples were available

% of positive titers by M(-) CIE'
Serum
sample Without staining With staining
no.

I II I II

1 50.0 20.0 50.0 20.0
2 66.7 20.0 83.4 20.0
3 66.7 20.0 66.6 20.0

a Cutoff values for positive titers were 21 without staining and >2 with
staining.

depicted in Fig. 3. By statistical analysis, the mean levels of
titers obtained by M(-) CIE without staining were signifi-
cantly higher for invasive candidiasis than for superficial
candidiasis, irrespective of a chosen cutoff value (P =
0.005). At a cutoff value of 1:1 for a positive titer, the test
had a sensitivity of 70% and a specificity of 78.6%. M(-)
CIE with staining, on the other hand, could not discriminate
between groups I and II (P = 0.06). From the results given in
Table 4, there is an actual increase in the specificity of the
test, by removing mannan, from 28.6 to 78.6% and from 57.2
to 85.7% by CIE without and with staining, respectively.
These results are in accordance with those of Jones, who
also found that the use of more antigens, including mannan
antigens, led to low specificities in antibody detection as-
says.

It was further shown that during the first two weeks after
the first clinical signs of invasive candidiasis, titers in-
creased, leading to higher sensitivities of the test, confirming
the findings of Kostiala et al. (15). Increasing titers over time
in our data, however, were not significant because of the
large number of patients for whom only one or two succes-
sive serum samples were available.

Despite the fact that the M(-) CIE had a diagnostic value,
the test has only moderate sensitivity. This is because nine
patients (30%) with invasive candidiasis did not have an
antibody response against the M(-) antigen. From six of
these nine patients, only one or two serum samples were
available, because of early death, within 6 to 16 days after
the clinical onset of disease. From the 21 patients who did
produce antibodies against the M(-) antigen, 8 died despite
antibody production. However, 13 of the 14 patients who
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FIG. 3. Distribution of the mean log(titer + 1) obtained for each
patient with invasive (group I) or superficial (group II) candidiasis.
A, M(-) CIE without staining; *, M(-) CIE with staining.

TABLE 4. Sensitivity and specificity of the different tests
determined at a chosen cutoff value by using the
mean log(titer + 1) value for groups I and II

Test Cutoff Sensitivity Specificity P value'value N M
Cand-Tec .4 26.7 85.7 0.46

M(+) CIE
Without staining .2 80.0 28.6 0.43
With staining >4 66.7 57.2 0.19

M(-) CIE
Without staining .1 70.0 78.6 0.0037
With staining .2 50.0 85.7 0.0013

a The P value was determined by the Fisher exact test by comparing the
percentages of patients with a titer above cutoff levels for groups I and II.

died produced antibodies against the M(+) antigen. Perhaps
these patients produced antibodies against mannan initially
but were not able or did not have the time to develop an
antibody response to the M(-) antigen, including the 46/47-
kDa antigen. Matthews and Bumie have suggested that
antibodies against the 46/47-kDa antigen might be protective
(18).

Staining of the precipitated complexes led to a general
increase in the sensitivity of the test for both groups I and II.
In order to maintain the discriminative capacity of the test,
higher cutoff values were needed. Eventually, because of
this procedure, the sensitivity of the test with staining
decreased in comparison with the sensitivity of the test
without staining. The data obtained with the Cand-Tec test
were not as favorable as claimed in other studies (5, 9).
Discrepancies may be due to the different selection criteria
used for determining invasive candidiasis, since our criteria
were more restrictive. Logistic regression analysis of our
data did not show any improvement when the antigen and
antibody results were combined.

In conclusion, we believe that for patients with surgical
problems without hematological malignancies, the M(-)
CIE can assist the clinician in the diagnosis of invasive
candidiasis at an early stage of infection. Further study is
obviously needed to assess the use of the M(-) CIE for
immunocompromised patients.

REFERENCES
1. Axelsen, N. H., C. H. Kirckpatrick, and R. H. Buckley. 1974.

Precipitins to Candida albicans in chronic mucocutaneous can-
didiasis studied by crossed immunoelectrophoresis with inter-
mediate gel correlation with clinical and immunological findings.
Clin. Exp. Immunol. 17:385-394.

2. Bailey, J. W., E. Sada, E. Brass, and J. E. Bennett. 1985.
Diagnosis of systemic candidiasis by latex agglutination for
serum antigen. J. Clin. Microbiol. 21:749-752.

3. Bisbe, J., J. M. Miro, J. M. Torres, X. Latorre, C. Alia, M.
Amaral, D. Estivill, J. Mallolas, A. Trilla, and E. Soriano. 1989.
Diagnostic value of serum antibody and antigen detection in
heroin addicts with systemic candidiasis. Rev. Infect. Dis.
11:310-315.

4. Burges, G. E., H. P. Holley, Jr., N. M. Burdash, and G. Virella.
1983. Immunological diagnosis of systemic candidiasis by coun-
terimmunoelectrophoresis and quantitative immunofluores-
cence using purified antigens. Diagn. Immunol. 1:295-302.

5. Burnie, J. P., and J. D. Williams. 1985. Evaluation of the Ramco
latex agglutination test in the early diagnosis of systemic candi-
diasis. Eur. J. Clin. Microbiol. 4:98-101.

6. de Repentigny, L. 1989. Serological techniques for diagnosis of
fungal infection. Eur. J. Clin. Microbiol. Infect. Dis. 8:362-375.

*

AA

LA

A&& A& AA ..... *

A&& 0----^--^^^ ........*

#.A . ... ......le . . .

996 NOTES



NOTES 997

7. Ellsworth, J. H., E. Reiss, R. L. Bradley, H. Chmel, and D.
Armstrong. 1977. Comparative serological and cutaneous reac-
tivity of candidal cytoplasmic proteins and mannan separated by
affinity for concanavalin A. J. Clin. Microbiol. 5:91-99.

8. Fisher, J. F., R. C. Trincher, J. F. Agel, T. B. Buxton, C. A.
Walker, D. H. Johnson, R. E. Cormier, W. H. Chew, and J. P.
Rissing. 1985. Disseminated candidiasis: a comparison of two
immunologic techniques in the diagnosis. Am. J. Med. Sci.
290:135-142.

9. Fung, J. C., S. T. Donta, and R. C. Tilton. 1986. Candida
detection system (CAND-TEC) to differentiate between Can-
dida albicans colonization and disease. J. Clin. Microbiol.
24:542-547.

10. Greenfield, R. A., L. T. Troutt, R. C. Rickard, and D. H.
Altmiller. 1988. Comparison of antibody, antigen, and metabo-
lite assays in rat models of systemic and gastrointestinal candi-
diasis. J. Clin. Microbiol. 26:409-417.

11. Jones, G. R., and W. Warnock. 1977. Observations on the use of
double diffusion test in the diagnosis of vaginal candidiasis. J.
Clin. Pathol. 30:262-265.

12. Jones, J. M. 1980. Quantitation of antibody against cell wall
mannan and a major cytoplasmic antigen of Candida in rabbits,
mice, and humans. Infect. Immun. 30:78-89.

13. Jones, J. M. 1990. Laboratory diagnosis of invasive candidiasis.
Clin. Microbiol. Rev. 3:32-45.

14. Kahn, F. W., and J. M. Jones. 1986. Latex agglutination tests
for detection of Candida antigens in sera of patients with
invasive candidiasis. J. Infect. Dis. 153:579-585.

15. Kostiala, I., A. A. I. Kostiala, U. Larinkari, V. V. Valtonen, and
A. Miettinen. 1981. Antibodies against antigens of Candida
albicans in patients with fungemia and bacteraemia, studied by
ELISA, precipitation, passive haemagglutination and immunof-
luoresence techniques. J. Med. Microbiol. 14:483-492.

16. Lew, M. A., G. R. Siber, D. M. Donahue, and F. Maiorca. 1982.
Enhanced detection with an enzyme-linked immunosorbent
assay of Candida mannan in antibody containing serum after
heat extraction. J. Infect. Dis. 145:45-56.

17. Marier, R., and V. T. Andriole. 1978. Comparison of continuous
and discontinuous counterimmunoelectrophoresis with immu-
nodiffusion in identification of candida antibody using HS anti-
gen. J. Clin. Microbiol. 8:12-14.

18. Matthews, R. C., and J. P. Burnie. 1984. Immunoblot analysis of
the serologic response in systemic candidosis. Lancet ii:1415-
1418.

19. Matthews, R. C., and J. P. Burnie. 1988. Diagnosis of systemic
candidiasis by an enzyme-linked dot immunobinding assay for a
circulating 47-kilodalton antigen. J. Clin. Microbiol. 26:459-463.

20. Meckstroth, K. L., E. Reiss, J. W. Keller, and L. Kaufman.
1981. Detection of antibodies and antigenemia in leukemic
patients with candidiasis by enzyme-linked immunosorbent as-
say. J. Infect. Dis. 144:24-32.

21. Phillips, P., A. Dowd, P. Jewesson, G. Radigan, M. G. Tweed-
dale, A. Clarke, I. Geere, and M. Kelly. 1990. Nonvalue of
antigen detection immunoassays for diagnosis of candidemia. J.
Clin. Microbiol. 28:2320-2326.

22. Platenkamp, G. J., A. M. van Duin, J. C. Porsius, H. J. A.
Schouten, P. E. Zondervan, and M. F. Michel. 1987. Diagnosis of
invasive candidiasis in patients with and without signs of
immune deficiency: a comparison of six detection methods in
human serum. J. Clin. Pathol. 40:1162-1167.

23. Porsius, J. C., H. J. A. van Vliet, J. H. van Zeil, W. H. F.
Goessens, and M. F. Michel. 1990. Detection of antibody re-
sponse in immunocompetent patients with systemic candidiasis
or Candida albicans colonisation. Eur. J. Clin. Microbiol.
Infect. Dis. 9:352-355.

24. Syverson, R. E., H. R. Buckley, and J. R. Gibian. 1978.
Increasing the predictive value positive of the precipitin test for
the diagnosis of deep-seated candidiasis. Am. J. Clin. Pathol.
70:826-831.

25. Taschdjian, C. L., P. J. Kozinn, H. Fink, M. B. Cuesta, L.
Caroline, and A. B. Kantrowitz. 1969. Postmortem studies of
systemic candidisis. I. Diagnostic validity of precipitin reaction
and probable origin of sensitization to cytoplasmic candidal
antigens. Sabouraudia 7:110-117.

26. Vanmali, A. N., A. L. Lentnek, J. Franco, and B. Z. Ngwenya.
1983. Comparison of immunodiffusion and crossed-immuno-
electrophoresis in the diagnosis of invasive candidiasis. Eur. J.
Clin. Microbiol. Infect. Dis. 2:206-212.

27. Zoller, L., I. Kramer, R. Kappe, and H. G. Sonntag. 1991.
Enzyme immunoassays for invasive Candida infections: reac-
tivity of somatic antigens of Candida albicans. J. Clin. Micro-
biol. 29:1860-1867.

VOL. 31, 1993


