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6CHUG, Service de Réanimation Médicale, Grenoble, France and 7CHUG, Service d’Hématologie,
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Abstract

We conducted a retrospective study to evaluate the usefulness of immunoglobulin G
(IgG) subclasses against Candida cell wall fragments (CW) and phosphopeptidomannan
(PPM) for the diagnosis of invasive candidiasis (IC). We analyzed 54 patients with IC (n =
19), Candida heavy colonization (HC; n = 16), and controls (no IC or HC, n = 19).
In nonneutropenic patients (n = 47), the sensitivity and specificity values of IgG1 anti-CW
and IgG2 anti-PPM in IC were 88%, 59%, and 88%, 94%, respectively. The areas under
the receiver operating characteristic curves were 0.69 (0.51–0.88) and 0.901 (0.78–1.02),
respectively. IgG1 mean values (arbitrary units) and 95% confidence interval were 46
(20–71), 42 (−0.38 to 84) and 20 (8.3–32) in IC, HC, and in controls, respectively, and
discriminated IC but not HC from controls (P = .032, and P = .77, respectively). IgG2
mean values were 26 (9.2–42), 19 (4.4–33), and 3.2 (0.28–6.6) in IC, HC, and in controls,
respectively, and discriminated both IC and HC from controls (P < .0001 and P = .035,
respectively) but did not separate IC from HC (P = .2). IgG2 showed positivity as early
as one day after the IC diagnosis. Antibodies were detected in only two out of a total of
seven neutropenic patients.
For both IC and HC patients, the diagnostic performance of IgG2 anti-PPM was better than
the one of IgG1 anti-CW. In nonneutropenic patients, IgG2 anti-PPM accurately identified
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not only IC patients but also HC patients at high risk for IC. This marker may help clinicians
in the initiation of early preemptive therapy.

Key words: invasive candidiasis, IgG subclass antibodies, Candida albicans, fungal infection.

Introduction

Invasive candidiasis (IC) is still one of the most com-
mon fungal diseases and is considered to be a healthcare-
associated infection in developed countries. The annual
global incidence of Candida bloodstream infections is es-
timated to be over 400,000 cases. Despite substantial
progress in both prophylactic and curative treatments,
crude and attributable mortality rates remain as high as
42% and 27%, respectively [1]. Delayed and missed di-
agnoses explain in part these poor outcomes; thus early
initiation of adequate antifungal therapy is crucial to im-
prove the prognosis [2–4]. However, early diagnosis of IC
is still challenging. Definite diagnosis relies mainly on blood
and sterile-site cultures considered as the current gold stan-
dards. Due to the slow growth of yeasts, commercial blood
culture systems often become positive at a late stage of the
infection. In addition, it is estimated that up to 50% of
the IC cases will not result in positive blood cultures [5–7].
Sterile-site cultures are rarely available, as they require inva-
sive procedures. Clinical features or predictive algorithms
based on the assessment of the Candida colonization are
useful to establish presumptive diagnosis since colonization
is the likely initial step in the pathogenesis of the infection
[8–11]. However, these tools have mainly been validated in
surgical intensive care unit (ICU) patients and may not be
reliable for all populations of at-risk patients. Also, a sim-
plification of these multifactorial scores is needed to provide
an easy-to-use rule.

Several nonculture diagnostic tests have been developed
for the detection of Candida antigens, anti-Candida anti-
bodies, and nonantigenic panfungal cell wall products such
as ß-D-glucan, Candida metabolites (D-arabinitol), or DNA
[12–21]. Regarding ß-D-glucan, a meta-analysis showed a
pooled sensitivity of 75% in proven and probable IC [22].
In a study focusing on patients with hematological ma-
lignancies, the ß-D-glucan sensitivity and specificity were
50% and 99%, respectively [23]. The combined use of ß-
D-glucan plus mannan antigen (the novel Platelia Candida
antigen Plus assay) was the best biomarker among ß-D-
glucan alone, mannan antigen with or without anti-mannan
antibody, and Cand-Tec Candida antigen [24]. The diag-
nostic accuracy of polymerase chain reaction (PCR)-based
methods showed a high sensitivity and specificity for can-
didemia diagnosis (95% and 92%, respectively) [5,25,26].
Recently, Hong Nguyen et al. found that PCR was supe-

rior to ß-D-glucan, which in turn was superior to blood
cultures, especially for deep seated candidiasis diagnosis
[26]. However, PCR drawbacks include a lack of techni-
cal standardization and validation by clinical prospective
multicenter studies [5].

We developed another serological biomarker based on
the detection of antibodies against the cell wall of C. al-
bicans, which includes highly immunogenic branched and
complexed phosphopeptidomannans [27]. In a previous
study, native cell wall fragments of C. albicans and an ex-
tracted phosphopeptidomannan fraction were used for the
analysis of the immmunoglobulin G (IgG) subclass anti-
body pattern in patients with IC. IgG1 antibodies against
cell wall fragments (CW) and IgG2 antibodies against phos-
phopeptidomannan (PPM) discriminated between patients
with IC and healthy controls, or women with superficial
candidiasis [28]. In the present study, we went further in
the evaluation of these surrogate markers, analyzing sera
from patients with IC, from patients with heavy coloniza-
tion (HC) at high risk for IC, and from a control group com-
prising non-heavily colonized, noninfected, patients. We in-
vestigated the serum levels of IgG1 against CW and IgG2
against PPM, and determined their value as early markers
for the diagnosis of IC and heavy Candida colonization.

Patients and methods

Study design and definitions

We conducted a retrospective study at the University Hos-
pital of Grenoble, France, which is a 2,000-bed tertiary hos-
pital. We included a wide range of adult patients (older than
18 years of age) at risk for IC from the intensive care (ICU),
hematological, cardiac surgery, gastrointestinal surgery, in-
fectious diseases, and nephrology units.

Patients were selected on the basis of a definite diagnosis
of IC, or because they presented at least one risk factor for
IC from the following: ICU stay ≥ 7 days, heavy coloniza-
tion, gastrointestinal or cardiac surgery procedure, solid or-
gan or stem cell transplantation, hematological malignancy,
AIDS, or intravenous drug use.

IC was defined as at least one positive culture with
Candida spp. from blood or from a normally sterile site
(i.e., peritoneal, pleural fluid or aqueous humor, urine ex-
cluded). Heavy colonization (HC) was defined as the recov-
ery of Candida spp. from ≥ 2 nonsterile and noncontiguous
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sites, including stool sample, mouth, throat, bronchoalve-
olar lavage (BAL), sputum, bronchial aspirates, skin, intra-
abdominal drainage, and urine. Light colonization was de-
fined as ≤ 1 nonsterile body sites that yielded Candida spp.

Patients were categorized into groups of IC (candidemia
or deep seated candidiasis), Candida heavy colonization
(HC), and a control group, which included patients at risk
for IC as defined above, who did not meet the criteria for
IC or HC. Patients in this control group were not colonized
or only lightly colonized as defined above.

To encompass the influence of immunodeficiency, pa-
tients were analyzed according to their neutrophil count at
the time of serum sampling and other causes of immuno-
suppression such as hepatic cirrhosis, immunosuppressive
therapy for transplantation or inflammatory disease, or di-
abetes. Neutropenia was defined as neutrophil count < 0.5
G/l during at least 10 days within the 30 previous days.

Serum samples were obtained through the usual pre-
scription of Candida serodiagnostic from the physician in
charge of the patient. In order to analyze the value of the
Candida cell wall antibodies, we selected serum samples
in the range of one week before to one month after the
diagnosis of IC and HC, and from the date of the sam-
pling for colonization assessment in the control group. A
subgroup of patients with serum samples (one per patient)
collected within a week from the culturing date was also
assessed.

This serum collection is declared to the French legal au-
thorities (Ministry of Health) under the # DC 2008–592.

Mycological analyses and screening
for colonization

In the ICU and hematological units, routine surveillance
of patients for mycological culture was performed twice a
week using stool, urine, mouth, throat, skin swabs, tracheal
aspirates, BAL, or abdominal drainage when required. Al-
though not systematically screened, patients in other units
were selected on the basis of at least one colonization as-
sessment (≥3 sites) within the targeted period flanking the
serum sampling.

Blood specimens were incubated in either selective
medium for yeast and fungi (BACTECTM Mycosis-IC/F
Culture Vials, BD diagnostics, Le Pont-de-Claix, France)
or standard medium for bacteria (BACTECTM Standard
Anaerobic/F and BACTECTM BD BACTECTM 9120 Blood
Culture System (BD diagnostics). Other samples were
plated on Agar Candida ID2 (CAN2) (bioMérieux, Marcy
l’Étoile, France), and further identification was achieved by
standard mycological methods, including carbohydrate as-
similation using the API32C kit (bioMérieux).

IgG1 anti-CW and IgG2 anti-PPM antibody analysis
by ELISA

Antigen preparation
Blastoconidium cells of C. albicans serotype A strain
(ATCC 64549) were produced as described earlier [27,28].

Candida CW was prepared by the method described by
Kondori et al. [27] In short, C. albicans cells were shaken
with glass beads. The supernatant fluids were pooled, and
the cell wall fragments washed ten times. The CW suspen-
sion was freeze-dried. PPM preparation was also performed
as described earlier [27]. Briefly, freeze-dried C. albicans
yeast cells in phosphate buffer (pH 7.0) were heat treated
at 100◦C for 2 h, followed by fractionation, using cetavlon
at pH 8.8 and boric acid. The precipitate was washed with
sodium borate (pH 8.8) and dissolved in acetic acid with
sodium acetate. After two rounds of ethanol precipitation,
the antigen was lyophilized.

ELISA
Microplate wells were coated with CW suspension (50
μg/ml) or PPM (5 μg/ml) diluted in 50 mM Na2CO3 buffer,
pH 9.3 overnight at 4◦C [28]. Washes were performed after
each incubation step. After the antigen incubation the wells
were washed with phosphate-buffered saline (PBS), and all
following washes with PBS containing 0.05% Tween 20.
The wells were treated with blocking buffer containing 1%
bovine serum albumin for an hour, before 100 μl of di-
luted serum samples (diluted in 10-fold serial steps, start-
ing at 1/100 to 1/100,000) were added to the wells and
incubated for 2 h. In the next step, murine monoclonal an-
tibodies specific to human IgG1 (4E3) or to human IgG2
(HP6002) (Cell lab, Beckman Coulter) were added to the
wells and incubated at room temperature for 2 h. Biotiny-
lated goat anti-mouse IgG (Jackson Immunoresearch Lab-
oratories, Inc., West Grove, PA) was used for further de-
tection with phosphatase conjugated extravidin (Sigma, St.
Louis, MO). Para-nitrophenylphosphate in diethanolamine
buffer (pH 9.8) was added as a substrate. The optical den-
sity (OD) was read at an absorbance of 405 nm, at 10
and 30 min of incubation. Three control samples, including
one highly positive and two negative sera, were included as
standards in each assay. All standards consisted of pooled
human serum samples.

The serum IgG2 anti-PPM antibody activity at a dilution
of 1/10,000 and IgG1 anti-CW at dilution 1/1,000 were
defined as:

ODserum sample − ODbackground

ODpositive control − ODbackground
× 100

= X arbitraryunits, AU
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An AU >9.3 and >5.8 were considered as positive antibody
levels for IgG1 and IgG2, respectively (see statistics below).

Statistics

The value of one serum sample from each patient was used
for all statistical calculations. When serial positive sera were
collected from the same patient, the results of the serum that
showed the highest level of IgG1 or IgG2 antibodies within
a week with respect to the culturing day was selected for
statistical analysis.

For comparison between patient groups, Fisher´s ex-
act test was used for dichotomous variables and Mann–
Whitney U test for the continuous variables. A value of P
≤ .05 was regarded as significant.

To evaluate the IgG1 and IgG2 diagnostic performance,
the Fisher´s exact test was used for calculation of the sen-
sitivity (percentage of correctly identified patients with IC),
specificity (percentage of correctly identified patients with-
out IC, i.e., control group), positive predictive value (PPV,
the likelihood that the patient had IC when the test was
positive), and negative predictive value (NPV, the likeli-
hood that the patient had no IC when the test was negative)
using the GraphPad Prism statistical software package. Sim-
ilar calculations were also performed on HC patients and
the control group. Sensitivity and specificity approaching
or exceeding 90% were regarded as good diagnostic per-
formance of the test in this setting.

The area under (AUC) the receiver operating character-
istic (ROC) curve, representing the overall accuracy of the
test for diagnosis of IC, was calculated for IgG1 anti-CW-
and IgG2 anti-PPM antibodies (GraphPad Prism statistical
software program). An area value approaching 1.0 indi-
cated a high sensitivity and specificity. By using the values
of the ROC curves, the optimal cut-off values were chosen
for IgG1 anti-CW and IgG2 anti-PPM antibodies (Fig. 1).

Results

Study population

Out of the total 54 patients, 19 patients were diagnosed
with IC, 16 were HC, and the remaining 19 patients com-
posed the control group. Demographic characteristics and
underlying diseases of the patients are presented in Table 1.
The proportions of patients with hematological malig-
nancies and immunosuppressed patients were significantly
lower in the IC than in the control group (P = .005 and P =
.04, respectively) (Table 1). Patients were hospitalized in the
hematological (n = 27), intensive care (n = 12), gastroen-
terology/surgery (n = 5), oncology (n = 4), infectious dis-

Figure 1. Receiver operating characteristic (ROC) curves of IgG1 anti-CW
and IgG2 anti-PPM antibody levels. The antibody level of one serum
from each patient of the IC and control group was included. The graphs
and the area under the ROC curve (AUC), representing the overall accu-
racy of the test, were obtained by the GraphPad Prism software program.
The AUCs of IgG1 anti-CW and IgG2 anti-PPM were calculated to 0.69 (CI
0.51–0.88) and 0.90 (CI 0.78–1.0), respectively. An area value approach-
ing 1.0 indicated a high sensitivity and specificity. Thus, IgG2 anti-PPM
antibodies presented a good diagnostic performance. By using the val-
ues of the ROC curves, the optimal cut-off values were chosen for IgG1
anti-CW and IgG2 anti-PPM antibodies (indicated in the figure). The anti-
body levels were determined by ELISA, and the calculations were based
on IgG1 anti-CW values obtained at a serum dilution of 1/1000 and for
IgG2 anti-PPM at a dilution of 1/10 000.

eases (n = 2), and pneumology/nephrology/ophthalmology
(n = 4) units.

Diagnostic performance of IgG1 anti-CW and IgG2
anti-PPM

Non-neutropenic patients
IgG1 anti-CW was detected significantly more frequently in
IC (88%) than in HC (50%) and the control group (41%)
(P = .046 and P = .010 for IC as compared to HC and
control patients, respectively). IgG2 anti-PPM was detected
significantly more frequently in both IC (88%) and HC
(57%) than in the control group (5.9%) (P < .0001 and
P = .004 for IC and HC as compared to control patients,
respectively).

To evaluate the diagnostic performance of IgG1 anti-
CW, IgG2 anti-PPM, and the combined antibodies (pres-
ence of positive levels for both antibodies in the same serum
sample, and for either of them), the sensitivity, specificity,
PPV, and NPV were calculated for nonneutropenic patients
(Table 2). For IC, the overall diagnostic performance of
IgG2 anti-PPM was better than that of IgG1 anti-CW, since

D
ow

nloaded from
 https://academ

ic.oup.com
/m

m
y/article/53/7/725/959347 by guest on 25 M

ay 2023



Mattsby-Baltzer et al. 729

Table 1. Patient’s demographics and underlying diseases.

Invasive candidiasis Heavy colonization Control
n = 19 n = 16 n = 19

Characteristic
Age (median years) 58 52 48
Female, n (%) 12 (63) 6 (38) 8 (44)
Serum analyzed, n 48 38 56
Patients with single serum, n (%) 13 (68) 6 (38) 6 (32)

Underlying diseasea

Neutropenia 3 (16) 2 (13) 2 (11)
Immunosuppressionb 9 (47) 12 (75) 16 (84)
Hematological malignancy 6 (32) 9 (53) 13 (68)
Organ transplantation 3 (16) 3 (19) 4 (21)
Solid cancer 4 (21) 1 (6.3) 0
Liver or biliary disease 1 (5.3) 2 (13) 0
Gastrointestinal disease 1 (5.3) 0 1 (5.3)
AIDS 1 (5.3) 1 (6.3) 0
Cardiac disease 2 (11) 0 0
IV drug abuse 1 (5.3) 0 0
Pulmonary embolism 0 0 1 (5.3)

aPatients may have more than one underlying disease.
bImmunosuppression such as hepatic cirrhosis, immunosuppressive therapy for transplantation or inflammatory disease, or diabetes.

all parameters were close to 90% or higher. The combined
IgG1 anti-CW and IgG2 anti-PPM (positive values for ei-
ther of the antibodies) somewhat improved the sensitivity of
IC as compared to IgG2 anti-PPM alone, but at the expense
of specificity and PPV, which were low (Table 2).

Regarding HC, the sensitivity was low for both IgG1
anti-CW and IgG2 anti-PPM, while the specificity and PPV
were high for the latter (Table 2). Furthermore, only the
sensitivity in HC increased for the combined antibodies
compared to IgG2 anti-PPM.

The ROC curves of the two IgG subclasses are shown
in Figure 1. The AUC values were 0.69 (95% confidence
interval [CI] of 0.51–0.88) and 0.901 (95% CI of 0.78–
1.02) for IgG1 anti-CW and IgG2 anti-PPM respectively.
Thus, the AUC values showed that IgG2 anti-PPM antibody
determination was the most discriminative test for IC.

Distribution and mean values of the two IgG subclasses
are shown in Figure 2. Means and 95% CI of IgG1 anti-
CW levels (AU) were 46 (20–71), 42 (−0.38 to 84), and 20
(8.3–32) in IC, HC, and in controls, respectively. The IgG1
anti-CW antibody levels differed between IC and controls
(P = .032) (Fig. 2A). However, no statistical difference was
observed between HC and controls (P = .77). Means and
95% CI of IgG2 anti-PPM levels (AU) were 26 (9.2–42);
19 (4.4–33), and 3.2 (0.28–6.6) in IC, HC, and in controls,
respectively. The IgG2 anti-PPM levels were significantly
higher in the IC and HC groups as compared to the control
group (P < .0001 and P = .035, respectively), and were not
significantly different between IC and HC (P = .2) (Fig. 2B).

The two negative sera in the IC group were collected from a
patient with esophagus carcinoma and a patient with acute
myeloid leukemia (patient # 139 and 107 in supplementary
Table S1). These two patients were sampled only once, 2
and 4 days after positive blood culture with C. kefyr and
C. glabrata, respectively. The two patients of the HC group
with the highest IgG2 anti-PPM antibody levels were colo-
nized with either C. krusei or C. glabrata, in addition to C.
albicans (Fig. 2B; patient # 56 and 101 in supplementary
Table S1). The positive patient in the control group was a
lung-transplant recipient with C. albicans in the throat, re-
covered one week after the serum sampling (Fig. 2B; patient
# 157 in supplementary Table S1).

In the IC patients the median delay between the diagnosis
(day of culture) and serum sampling was 3 days (25/75
percentiles 1–8 days). In the subgroup of IC patients, 11
had a serum sample (single serum samples 64%) collected
within a week (median of 2 days) in relation to the day of
diagnosis. The IgG2 anti-PPM remained significantly more
frequently positive in the IC (64%) and the HC (67%, n
= 9) groups than in the control group (0%, n = 14) (P =
.0007 and P = .0008, respectively). Thus, the sensitivity,
specificity, PPV and NPV for IC and HC were 64% (95%
CI 31–89), 100% (77–100), 100% (59–100) 78% (52–94),
and 67% (30–93), 100% (77–100), 100% (54–100), 82%
(57–96), respectively.

Out of the four IC patients with negative IgG2 anti-PPM
within the first week, two had their serum samples collected
on day 0, of which one turned positive on the following
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Figure 2. IgG1 anti-CW (A) and IgG2 anti-PPM (B) antibody levels (AU) at
a serum dilution of 1/1,000 and 1/10,000, respectively in invasive candidi-
asis (IC), heavily colonized (HC) and noncolonized patients (controls).
None of the patients were neutropenic. Each patient is represented by
one serum sample (statistics by Mann–Whitney). The shadowed area
below the broken line shows all patients with a negative value accord-
ing to the cut-off values.

serum sampling occasion (Fig. 3D), while the other did not
become positive until 2 weeks later (Fig. 3C). The other
two patients with negative IgG2 antibody levels had serum
samples collected only once and have been described in
relation to Figure 2.

D
ow

nloaded from
 https://academ

ic.oup.com
/m

m
y/article/53/7/725/959347 by guest on 25 M

ay 2023



Mattsby-Baltzer et al. 731

Figure 3. IgG2 anti-PPM antibody levels (AU) in five nonneutropenic patients (A–D) with a positive blood culture of Candida (IC), and in two
nonneutropenic patients (E, F) of the heavily colonized group (HC). The date of diagnosis, indicated by arrows, is actually the date of sampling for
blood culture or colonization assessment and not the date of growth detection. The patients in C, D, and F were immunosuppressed. AU values ≤
5.8 were negative (cut-off value indicated by horizontal broken line). Graphs A, B, C, D, E, and F, correspond to patient # 112, 156, 124, 145, 050, and
101, respectively, of the Table S1 in supplementary data.

Also, when comparing the levels of IgG2 anti-PPM in
sera collected within a week from culturing day, both
IC (mean 21 AU, 95% CI (−1.7 to 43) and HC (mean
19 AU, 1.6 – 37) were significantly higher than in the control
group (mean 1.2 AU, 0.18–2.3) (P = .014 and P = .039,
respectively).

For IgG1 anti-CW, the results of the subgroups of IC
and HC were not better than for the whole population,
except for that the antibody levels of the HC subgroup
were significantly higher compared to the control group (P
= .039).

Neutropenic patients
Only two HC patients out of five culture-positive neu-
tropenic patients (three IC and two HC) showed anti-
CW antibodies. One presented both IgG2 anti-PPM and
IgG1anti-CW, and the other showed only IgG1 anti-CW
antibodies. These two patients were colonized with C. albi-
cans.

Taken together the results in nonneutropenic patients
showed that the diagnostic performance of IgG1 anti-CW
was less satisfactory than that of IgG2 anti-PPM regarding
specificity and PPV. Accordingly, the following results will
be restricted to IgG2 anti-PPM in nonneutropenic patients.

Time for diagnosis of IC and HC

Examples of the antibody kinetics are shown in Figure 3
for four IC (Fig. 3A–D) and two HC patients (Fig. 3E–F).
These patients were selected on the basis of the availabil-
ity of serial samples. Three IC patients had C. albicans
candidemia (Fig. 3A–C), while the remaining IC patient
was infected by C. tropicalis and C. glabrata (Fig. 3D). In
the patient with serial serum samples collected just prior
to and after the blood culture, a positive IgG2 antibody
level was observed already one day after the onset of in-
fection, increasing over the time of 15 days (Fig. 3A). In
another IC patient (Fig. 3B) the first serum sample collected
two days after the onset of infection was positive for IgG2
antibodies. In Figure 3D the first serum sample of the IC
patient collected at the very same day as the onset of can-
didemia was negative, while the second one collected not
until day 19 was positive for IgG2 antibodies. The patient in
Figure 3C was deeply immunosuppressed possibly explain-
ing the late antibody response. Regarding the two HC pa-
tients, no IgG2 antibody response was observed upon C.
parapsilosis (urine) and C. albicans (mouth and stool) col-
onization (Fig. 3E), while IgG2 was detected in the other
patient colonized with C. albicans (sputum, stool) and C.
glabrata (stool) (Fig. 3F).
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IgG2 anti-PPM antibody response in relation
to Candida species in nonneutropenic patients

C. albicans was the most common encountered species in
both IC and HC patients (Table 3). C. tropicalis was the
second most frequent species found in IC patients, whereas
it was not yielded from HC patients. In IC patients, the fre-
quency and the intensity of the IgG2 anti-PPM response did
not differ with regard to the Candida species. All the pa-
tients infected by C. albicans, and 8/9 with C. tropicalis or
C. glabrata, were detected positive. In the patient infected
with C. kefyr (only one serum sampled 2 days after the
onset of IC), the IgG2 anti-PPM was negative. Regarding
HC, 8 out of 10 patients colonized by C. albicans showed
IgG2 anti-PPM levels, while none of the four patients col-
onized by a non-albicans species (two C. glabrata and two
C. parapsilosis) (P = .015) showed this.

Discussion

In the present study, serum IgG2 anti-PPM antibodies were
shown to be an accurate and early marker of IC in nonneu-
tropenic patients. The sensitivity and specificity of the assay
was 88% (95% CI; 62–99) and 94% (95% CI; 71–100),
respectively (cutoff value 5.8 AU), and the AUC was 0.901.
Our results also suggested that IgG2 anti-PPM antibodies
could discriminate HC from control patients who were nei-
ther infected nor colonized (or only lightly colonized).

Several serological nonculture tests based on antibody
detection alone or in combination with antigen detection
have been evaluated [22–24,29–32]. A systematic review
of 14 studies, analyzing the usefulness of Candida anti-
mannan antibody and Candida mannan using a commer-
cial ELISA (Platelia, BioRad), showed a sensitivity of 59%
and 58%, and a specificity of 83% and 93%, respectively.
The sensitivity and specificity of the combined test were
83 and 86%, respectively. A modified novel combined test,
Platelia Candida Antigen Plus and Candida Antibody assay
(BioRad) showed a sensitivity of 89% and a specificity of
63%, respectively [24,33]. Our better results may be ex-
plained by the fact that the PPM antigen used in our ELISA
assay contained 4-fold more cell wall associated proteins
and 400-fold more phosphate than mannan antigen [27].

Recently, antibodies against C. albicans germ tubes
(CAGTA) have been found to be a helpful marker (sensitiv-
ity 71% and specificity 57%) [15,19]. CAGTA showed a
better sensitivity than ß-D-glucan but a poorer specificity
[19]. Among noninfected patients, CAGTA did not dis-
criminate noncolonized from colonized patients, contrast-
ing with our IgG2 anti-PPM [15].

Detection of HC patients is clinically relevant as multifo-
cal colonization has been associated with Candida infection

and is considered to be a reliable independent risk factor
for candidiasis [8–10]. The usefulness of colonization as-
sessment to predict infection and to support the initiation
of preemptive therapy has been shown through multicenter
prospective studies [9–11,34]. In these studies, only two of
the algorithms that were evaluated included anti-Candida
antibody detection. In the first one, the antibodies (Syscan3)
were not discriminant and in the second, the CAGTA anti-
bodies were helpful when considered in association with the
β-D-glucan levels [9,21]. In our study, a number of HC pa-
tients were positive for IgG2 anti-PPM antibodies (Fig. 2B).
It cannot be excluded that the positive IgG2 anti-PPM anti-
body levels in these HC patients indicated a transition from
heavy colonization to an infection with tissue engagement,
or a blood culture negative deep-seated IC. Thus, we suggest
that this marker may be evaluated as part of a predictive
algorithm.

Delays in the initiation of appropriate treatment have
been associated with high mortality in patients with can-
didemia [2]. This well-known weakness results in an in-
creasing number of at-risk patients without documented
IC, including those with heavy colonization, who receive
preemptive antifungal therapy [34–37]. This strategy may
lead to unnecessary treatments and high selective pressure
that contributes to the emergence of Candida species with
inherent low antifungal susceptibility, as well as to the el-
evation of the MICs of former sensitive Candida species
[38,39]. It is not only the IgG2 anti-PPM, as a marker of
HC, which may help clinicians to initiate early therapy,
but also its high negative predictive value that may support
the noninitiation or the discontinuation of the preemptive
therapy.

Analysis of the kinetics showed that IgG2 anti-PPM
might be detected as early as one day following the blood
culture (Fig. 3A). As the date of the blood culture is ac-
tually the date of the blood collection and not the date of
the growth detection, the positivity of IgG2 anti-PPM is
concurrent with the one of the blood culture. The quick
IgG2 anti-PPM response is consistent with our previous
study in IC patients, where 88% of the patients were
positive on the day of the culture [28]. Unfortunately,
no general conclusions can be drawn whether positive
IgG2 anti-PPM can be present a few days prior to or
at the very same day as a positive blood culture, since
only one out of the 16 IC patients had serum samples
sequentially collected around the day of the blood culturing
(Fig. 3A).

The detection and levels of IgG2 anti-PPM were similar
in nonneutropenic IC patients infected by C. albicans, C.
glabrata, or C. tropicalis. This is also in agreement with our
previous study and with others [14,28,30]. Using a set of 15
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Table 3. IgG2 anti-PPM detection according to Candida spp. in nonneutropenic patients (n positive/n patients).

Candida species Invasive candidiasis (n = 16) Heavy colonization (n = 14) Total

C. albicans (n = 17) 7/7 8/10 15/17
C. glabrata (n = 8) 3/4 11/4 4/8
C. tropicalis (n = 5) 52/5 0 5/5
C. parapsilosis (n = 2) 0 0/2 0/2
C. kefyr (n = 1) 0/1 0 0/1
C. krusei (n = 17) 0 13/1 1/1

1Two patients colonized with both C. glabrata and C. albicans.
2One patient colonized with both C. tropicalis and C. glabrata.
3One patient colonized with both C. albicans and C. krusei.

recombinant C. albicans antigens, some of which being cell
wall proteins, Clancy et al. did not find any differences in
the antibody responses between albicans and non-albicans
infected patients [32]. Some studies have suggested that cell
wall antigens in non-albicans spp. such as C. parapsilosis,
C. kefyr, and C. krusei may lead to poor reactivity [14,30].
In our study, no IgG2 anti-PPM response was detected in
the nonneutropenic IC patient infected with C. kefyr, or in
the two HC patients colonized with C. parapsilosis. Our
series is not large enough to confirm a weaker cell wall
antibody response triggered by these three species.

In our study, the control group composed a higher pro-
portion of immunosuppressed and hematological patients
than the IC group, even after exclusion of the neutropenic
patients. This could have led to an overestimation of the
specificity as antibody detection in immunocompromised
patients is considered questionable due to low level of an-
tibody production in these patients [31]. However, in our
series, 100% (6/6) of all immunocompromised (but non-
neutropenic) IC patients developed a significant antibody
response. This is consistent with the previous study using
15 recombinant antigens in which no difference in IgG titers
between immunocompromised (solid and stem cell trans-
plant recipients) and immunocompetent hosts was found
among patients with systemic candidiasis [32].

Another limitation of our study is that our patient popu-
lation is not representative of all the IC patients as almost all
patients presented candidemia with or without deep seated
candidiasis. Only the patient with chorioretinitis candidi-
asis (# 163 in supplementary data) was not candidemic.
Further investigations are needed to evaluate the usefulness
of our test in IC patients without candidemia.

The retrospective design and the selection of the patients
with IC or at least one risk factor for IC may have partly
overestimated the performances of the anti-cell wall anti-
bodies. Since PPV and NPV depend on both test perfor-
mance (sensitivity and specificity) and prevalence of IC in
the setting in which testing is performed, a lower preva-
lence would have resulted in a somewhat reduced PPV, but
a higher NPV value. Our results need further confirmation

through a prospective study in a cohort of patients at risk
for IC.

IgG2 anti-PPM antibodies have the potential to identify
nonneutropenic patients with IC with high sensitivity and
specificity. Furthermore, IgG2 anti-PPM may detect HC pa-
tients at high risk for IC, and discriminate them from non-
infected and non-heavily colonized patients. As a marker of
both IC and HC, IgG2 anti-PPM may help clinicians in the
initiation of early preemptive therapy.
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