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Abstract
Background: Serological evaluation performed by double agar gel immunodiffusion test 
(DID) is used for diagnosis, evaluation of severity, management of paracoccidioidomycosis 
patients, and development of new clinical studies. For these reasons, the Botucatu 
Medical School of UNESP maintains a serum bank at the Experimental Research Unit 
with patient clinical data. This study aimed to evaluate the influence of the freeze-thaw 
cycle and different blood matrices on the titration of circulating antibodies.
Methods: The study included 207 patients with confirmed (etiology-demonstrated) or 
probable (serology-demonstrated) paracoccidioidomycosis, and DID was performed with 
culture filtrate from Paracoccidioides brasiliensis B339 as antigen. First experiment: the 
antibody levels were determined in serum samples from 160 patients with the chronic form 
and 20 with the acute/subacute form, stored at –80oC for more than six months. Second 
experiment: titers of 81 samples of serum and plasma with ethylenediaminetetraacetic 
acid (EDTA) or heparin, from 27 patients, were compared according to matrix and 
effect of storage at –20oC for up to six months. Differences of titers higher than one 
dilution were considered discordant. 
Results: First experiment: test and retest presented concordant results in serum stored 
for up to three years, and discordant titers in low incidence in storage for four to six 
years but high incidence when stored for more than six years, including conversion 
from reagent test to non-reagent retest. Second experiment: serum, plasma-EDTA and 
plasma-heparin samples showed concordant titers, presenting direct correlation, with 
no interference of storage for up to six months. 
Conclusions: Storage at –80oC for up to six years has no or little influence on the serum 
titers determined by DID, permitting its safe use in studies depending on this parameter. 
The concordant titrations in different blood matrices demonstrated that the plasma 
can be used for immunodiffusion test in paracoccidioidomycosis, with stability for at 
least six months after storage at –20oC.
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Background
Paracoccidioidomycosis (PCM) is a systemic mycosis caused 
by thermodimorphic fungi of the genus Paracoccidioides [1]. 

Confined to Latin America, it is endemic in an area that extends 
from Mexico to Argentina [2], with a higher incidence in Brazil, 
where it is diagnosed with great frequency in São Paulo state 
[3]. PCM is observed in patients such as rural workers who 
have been or are in direct and prolonged contact with the soil 
[3,4,5]. It predominates in males, with a masculinity ratio of 
1.7:1.0 in the acute/subacute form and 22.0:1.0 in the chronic 
form, being more prevalent in the age group between 30 and 
59 years old [6]. Its diagnosis is made by identifying the typical 
forms of the yeast phase of P. brasiliensis in clinical materials 
such as sputum, bronchoalveolar lavage, lymph node, skin and 
mucosal lesion scraping and tissue fragments, exceptionally in 
cerebrospinal fluid (CSF) and rarely in blood [7]. 

The double agar gel immunodiffusion test (DID) is used 
in PCM for diagnosis due to its adequate sensitivity (90%) 
and high specificity(100%) [6]; evaluation of severity because 
of the direct correlation between its serological titer and the 
degree of the patient severity [8]; and control of cure due to the 
correlation between the decreasing serological titer, improvement 
of the clinical conditions [9], decreasing IL-10 production and 
increasing IFN-ϒ and IL-2 production [10] after appropriate 
treatment [8]. In areas with predominance of fungi from the 
Paracoccidioides brasiliensis complex, the antigen used for 
detection of the specific antibodies is the culture filtrate of 
the strain B339, which is rich in gp43 [6]. In addition, the 
evaluation of the shelf life of biological samples serologically 
reactive for Paracoccidioides spp. is also important for studies 
in standardization, validation, and optimization of serological 
assay, as well as for the evaluation of new antigens. 

A biobank with serum samples was organized aiming at 
the reevaluation of the antibody levels when a result showed 
no compatibility with the clinical evaluation and/or with 
other laboratory findings. As the follow-up was performed 
at progressive intervals – initially monthly, then every three 
and finally every six months – this is the longest time of the 
freeze-thaw cycle between two consecutive appointments. In 
this case, the question was a possible influence of this cycle on 
the reproducibility of the titration. In addition, this storage of 
serum could be used in several studies, since careful clinical and 
other laboratory evaluations were simultaneously registered. 
The serum bank is particularly useful in studies on PCM 
because the number of new cases from Botucatu region (São 
Paulo state, Brazil) is about 15 per year [6] and the follow-up 
is carried out until the apparent cure, which is reached in 
about two years for patients with the acute/subacute form 
(AF) and four years in those with the chronic form (CF). Thus, 
the knowledge of the reproducibility of the titration after a 
freeze-thaw cycle is essential, however, it was performed in two 
studies in patients with candidiasis and in one research carried 
out in patients with allergic bronchopulmonary aspergillosis 
[11,12,13].

Moreover, there are no studies evaluating other blood matrices 
to be used in the determination of circulating antibodies by DID 
in PCM-patients, nor its reproducibility after the freeze-thaw 
cycle. The serum is obtained putting the blood in tubes with 
activators of the coagulation – as silica (dioxide of silicon), and 
the plasma placing in tubes with etylenodiaminotetracetic acid 
(EDTA), heparin or sodium citrate [14,15]. As a consequence of 
such preparations, the serum presents a higher fragmentation 
of the proteins, forming aminoacids, which leads to a lower 
molecular weight and a higher concentration of metabolites, 
while the plasma maintains the coagulation factors, preserved 
proteins, hormones and electrolytes [16, 17]. 

The present study was carried out to evaluate the reproducibility 
of the antibody levels in serum from PCM-patients stored at 
–80oC from six months to 30 years, the comparison of the 
titers determined in different blood matrices, and finally the 
reproducibility of the titration in serum and plasma samples 
stored at –20oC for up to six months. 

Methods 

Patients
This study was carried out in 207 patients with active PCM 
seen at the University Hospital of the São Paulo State University 
(UNESP), in the Botucatu Medical School, a tertiary hospital 
with 490 beds distributed among all the specialities, which 
receives patients from 68 municipalities of the Regional Health 
Board VI (São Paulo state, Brazil). These patients were seen at 
the Clinical Mycology Outpatient service.

Confirmed cases, characterized by identification of the etiologic 
agent in clinical materials, and probable cases, defined only by 
demonstration of the specific serum antibodies determined by 
the double agar gel immunodiffusion test (DID) were included in 
the study. Patients with comorbidity of infectious, inflammatory 
non-infectious or neoplastic origin, except smoking habit and 
alcohol intake were excluded. 

The clinical form of these patients was classified according 
to Mendes et al. [18] specifications, updated by Mendes et al. 
[8]. Only one blood sample was evaluated from each patient. 

Study design
This study comprised two experiments – the first, to analyse 
the effect of storage at –80oC on the titers of the specific serum 
antibodies, and the second to evaluate the influence of the blood 
matrix and of the storage at –20oC on these determinations 
(Figure 1).

Sample size
The sample size calculation for the experiments I and II was 
performed considering the use of paired t test, before and after 
storage, the type I error of 0.05 and a difference of at least two 
dilutions between titrations, according to the specifications by 
Zar [19]. As a result, the sample size should be of at least nine. 
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Experiment I
A total of 180 patients with active PCM, 20 of whom with the 
acute/subacute form (AF) and 160 with the chronic form (CF), 
were evaluated.

The blood samples from these patients were drawn at admission 
and the specific serum levels were determined by the double agar 
gel immunodiffusion test (DID). Then, the serum samples were 

frozen and maintained at –80oC for variable periods between 
six months and 30 years, in the biobank of the Experimental 
Research Unit (Unipex), Botucatu Medical School of UNESP. 
The storage was performed in small serum aliquots that were 
discarded after use. The choice of patients was based on the 
volume of serum available in the biobank, independently of 
the storage time.

Figure 1. Study design to evaluate the anti-Paracoccidioides brasiliensis circulating antibodies determined by the double agar gel immunodiffusion test in serum 
and plasma obtained with ethylenodiaminetetracetic acid (EDTA) or heparin. Influence of freezing on different blood matrices, stored in aliquots to be thawed 
only once, on the titration of the antibodies. *The retest was performed in the same sample used in the test. 
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Experiment I consisted in the comparison of the specific 
antibody serum levels determined at admission, identified as 
test, with those obtained after a freeze-thaw cycle, identified 
as retest.

Experiment II
A prospective study of 27 patients with active PCM – 22.2% 
with AF and 71.8% with CF was carried out; 10 patients were 
evaluated at admission and 17 during the follow-up of the 
treatment. This study consisted of the comparison of the serum 
and plasma levels of the specific antibodies determined by DID 
test and the effect of the storage at –20oC for two (stage 1), four 
(stage 2), and six months (stage 3). The circulating specific 
antibody levels determined at the inclusion in the study were 
identified as stage 0.

Clinical samples
Serum and plasma obtained with ethylenediaminetetraacetic 
acid (EDTA) or with heparin were used in the present study. The 
serum samples were collected in tubes with coagulum activator, 
silica and separator gel (5-mL vacuplast), and the plasma samples 
in tubes with EDTA (4-mL vacuplast) or with heparin (4-mL 
vacuplast). All the samples were divided into aliquots, and then 
stored at –20oC. After usage, they were discarded, in order to 
perform only one titration after thawing.

Determination of the specific circulating antibodies
The serum and plasma levels of the anti-P. brasiliensis antibodies 
were determined by the double agar gel immunodiffusion test 
(DID), according to Restrepo [20], in the Laboratory of Tropical 
Diseases, Unipex (UNESP, Botucatu).

The culture filtrate of the leveduriform phase of P. brasiliensis 
strain B339 was the antigen used. Briefly, P. brasiliensis strain 
B339 was cultivated in Fava Netto medium at 35oC for five 
days; then it was inoculated in Negroni medium modified by 
Siqueira and incubated in a shaking at 35oC for 15 days. Next, 
thimerosal was added to the final concentration of 0.2g/mL, 
maintaining the incubation in the same conditions for another 
four days. The antigen was filtrated, concentrated 10 times 
with polyethylene glycol (Sigma P-2263), and dialyzed against 
phosphate-buffered saline (PBS) in a dialysis membrane (Sigma 

D-9377). The concentrate extract was evaluated according to 
its protein content, analyzed by SDS-PAGE, aliquoted, and 
frozen at –70oC.

In the experiment I the antigen used in the test was prepared in 
the Department of Clinical Analyses, School of Pharmaceutical 
Sciences of Araraquara, Prof. Maria José Soares Mendes Giannini 
service, and the antigen used in the retest was isolated from the 
same strain and produced according to the same specifications, 
but in the Laboratory of Tropical Diseases, Unipex (UNESP, 
Botucatu). Therefore, in experiment I the antigen batch and the 
technician were not the same while in experiment II they were 
the same. In each titration, a reagent and a non-reagent serum 
were used as controls. 

The serum and plasma samples were initially tested undiluted 
and, then, diluted from ½, with a ratio of 2.0. Discordance of titers 
between test and retest, as well as between blood matrices were 
considered when higher than one dilution. Thus, the titers were 
classified into concordant, when exactly the same or different 
in only one dilution and discordant, when different in at least 
two dilutions. The titers were also classified according to its 
intensity – mild from 1 to 8, moderate when equal to 16 or 32, 
and intense when ≥ 64. 

Statistical analysis
Data were analyzed in order to evaluate the effect of the storage 
and the blood matrices on the titration of circulating anti-P. 
brasiliensis antibodies. To perform the statistical analysis, the 
titers, characterized as the denominator of the dilution, were 
converted in scores (Table 1). The reproducibility of the titers was 
evaluated in both a quantitative manner – comparing medians, 
and in a qualitative one, i.e., reagent versus non-reagent.

The results were presented as median, 1st and 3rd quartiles. The 
comparison of paired continuous variables was performed by 
Wilcoxon match-pairs signed-rank test or by Friedman test, and 
of the independent ones by Kruskal-Wallis test. The categorical 
variables were compared by chi-square test or Fisher’s exact test or 
by binomial test, by Goodman test or by Marascuilo procedure. 
The correlation between variables was evaluated according to 
Spearman. Significance was set up at p ≤ 0.05. The statistical 
analyses were performed using the Statistical Analyses System 
(SAS), version 9.2.

Table 1. Determination of the circulating anti-Paracoccidioides brasiliensis antibodies by the double agar gel immunodiffusion test. Conversion in scores of  
non-reagents and reagents as to dilution.

Titer* Score Titer Score Titer Score

Non-reagent 0 8 4 128 8

1 (reagent undiluted) 1 16 5 256 9

2 2 32 6 512 10

4 3 64 7 1.024 11

*Titer expressed as the denominator of the dilution.
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Ethics research committee
This study was approved by the Ethics Research Committee 
of the São Paulo State University (UNESP), Botucatu Medical 
School, protocol number 51849721.7.0000.5411.

Results
The results of experiments I and II will be presented separately.

Experiment I
The intensity of the antibody serum levels determined at 
admission (test) did not vary in patients with the acute form 
(AF), and it was practically constant in those with the chronic 
form (CF). Similar findings were observed in determinations 
after storage at –80oC (Additional file 1).

The comparison between titers of the test and retest differed in 
only one dilution, with decrease after storage in patients with the 
AF, and increase in those with the CF. The evaluation of all the 
samples showed no difference between test and retest (Table 2).

The distribution of the serum as to the titration of the specific 
antibodies showed higher prevalence of intense levels in the AF; 
in the CF the prevalence of the mild titers were higher than the 
intense ones, with the moderate occupying an intermediate 
position. This distribution was altered in the titration after 
storage at –80oC, with prevalence presenting only a tendency 
to be different, in the AF as well as in the CF (Table 3). 

The comparison between clinical forms demonstrated that 
there is no difference regarding the higher titer – test or retest 
and prevalence of discordant values, based on the difference of at 
least two dilutions (Table 4). In addition, the analysis of discordant 
values based on the difference of at least three dilutions showed 
a tendency to be higher in the AF than in the CF (p = 0.07). 

Comparison between clinical forms

a. as a function of the highest titer (T or Rt): chi-square test  
p > 0.05 AF = CF 

b. depending on the prevalence of disagreements (≥ 2 dilutions) 
AF = 45%; CF = 37%; p = 0.48; AF = CF

c. depending on the prevalence of disagreements (≥ 3dilutions) 
AF = 25.0%; CF = 15.6%; p = 0.07; AF = CF 

Moreover, the prevalence of concordant titers regarding the 
length of the storage showed a decrease in serum samples stored 
for more than six years (Figure 2). 

The analysis of 45 serum samples stored for three to six years 
showed that 14 (31.1%) presented the same titration, 18 (40%) 
differed in one dilution, 12 (26.7%) in two dilutions, and only 1 
(2.2%) in three dilutions. Therefore, in this sample, concordant 
titers were observed in 32 (71.1%) and discordant in 13 (28.9%) 
sera. In addition, the distribution of the storage time, in years, 
running between test and retest, presented as median, first, 
and third quartiles was not different (p = 0.85) among groups 

Table 2. Titers of specific serum antibodies determined by double agar gel immunodiffusion test, in samples from 20 patients with the acute/subacute form and 
160 with the chronic form of paracoccidioidomycosis. Comparison of the titers determined at the moment of blood draw (test) and after at least six months of 
storage at –80oC (retest), presented as median, 1st, and 3rd interquartile, Wilcoxon rank test. 

Clinical form Patients (number) Test 
(titer)

Retest 
(titer) p value

Acute/subacute 20 128 (32; 512) 64 (4; 512) 0.01

Chronic 160 16 (4; 64) 32 (2; 128) < 0.001

Total 180 16 (4; 64) 8 (2; 64) 0.14

Table 3. Distribution of 20 patients with the acute/subacute form and 160 with the chronic form of paracoccidioidomycosis as to the intensity of the specific 
antibody serum levels, determined by the double agar gel immunodiffusion test, clinical form and moment of the serological evaluation – at admission (test) and 
after at least six months of storage at –80oC (retest).

Evaluation Clinical form Mild 79  
(100)

Moderate 45 
(100)

Intense 56 
(100) Value of p Interpretation

Test Acute/subacute
n = 20 03 (15.0) 03

(15.0)
14

(70.0)
< 0 .001

I > (M = Mo)

Chronic
n = 160

76
(47.5)

42
(26.25)

42
(26.25)

M > I; Mo
Intermediary

Retest Acute/subacute
(n = 20)

8
(40.0)

1
(5.0)

11
(55.0) 0.05 < p < 0.10 ...

Chronic 56 (35.0) 37
(23.1)

67
(41.9 ) (tendency) ...

M: mild – titers up to 8; Mo: moderate – titers equal to 16 and 32; I: intense – titers ≥ 64; number in parentheses ( ): percentage; ...: absence of data. 
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in which the titers were the same [4.4 (3.5; 5.8)], different in 
one dilution [4.0 (3.7; 5.5)], or in two dilutions [4.5 (3.4; 5.5)].

Finally, the conversion from reagent in the test to non-reagent 
in the retest of sera stored for more than six years at –80oC was 
observed in 20.0% of those from patients with the AF (MacNemar 
test, p = 0.03), and in 16.3% with the CF (MacNemar test, p < 
0.001). These rates of conversion as to clinical form were not 
different (chi-square test; AF = CF; p = 0.14).

Experiment II 
There was no difference between the serum and plasma antibody 
anti-P. brasiliensis titers determined by the double agar gel 
immunodiffusion test, in the evaluations at admission (before 
the introduction of the therapy) as well as in patients under 
treatment. In addition, the storage of these blood matrices 
at –20oC for two to six months did not influence the titers 
determined previously (Table 5).

Table 4. Distribution of 20 patients with the acute/subacute form and 160 with the chronic form of paracoccidioidomycosis as to the intensity of the specific 
antibody serum levels, determined by the double agar gel immunodiffusion test, at the moment of blood draw (test – T) and after at least six months of storage 
at –80oC (retest – Rt). Comparisons performed by chi-square test or by Fisher’s exact test.

AF (n = 20) CF (n = 160)

T = Rt T > Rt Rt > T T = Rt T > Rt Rt > T

Equal titers 2 – – 30 – –

Different titers

One dilution 5 4 21 50

Two dilutions – 4 15 19

Three dilutions 1 – 4 –

Four dilutions 1 – 8 1

Five dilutions 1 – 5 –

Six dilutions 1 – – –

Seven dilutions – – 3 –

Eight dilutions 1 – 4 –

Total 2 (10.0) 10 (50.0) 8 (40.0) 30 (18.75) 60 (37.50) 70 (43.75)

AF: acute/subacute form; CF: chronic form.

Figure 2. Evaluation of 180 paracoccidioidomycosis patients according to the percentual of concordant titers of anti-P. brasiliensis serum levels determined by 
the double agar gel immunodiffusion test and time of storage at –80oC. Goodman test (p = 0.003). Titers are considered concordant if the difference between 
test and retest is of only one dilution. Frequencies followed by the same letter do not differ among them (p > 0.05), while those followed by different letters 
present statistically significant differences (p ≤ 0 .05).



Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

Tomazini et al.   J Venom Anim Toxins incl Trop Dis, 2023, 29:e20220045 Page 7 of 11

 

The titers did not alter regarding the time of storage at –20oC, 
in samples from patients evaluated at admission as well as those 
from patients under antifungal treatment, in the different blood 
matrices used (Table 6). 

The titers determined in the three matrices showed direct 
correlation in all the stages – at the moment the blood was 
drawn (S0) and after two (S1), four (S2), and six months (S3) of 
storage at –20oC (Figure 3).

Figure 3. Correlations between serum and plasma levels of anti-Paracoccidioides brasiliensis antibodies determined by double agar gel immunodiffusion test in 27 
patients with paracoccidioidomycosis. Correlations observed in (A, B, C) 10 patients before treatment and in (D, E, F) 17 patients under treatment follow-up. 
Plasma-EDTA: plasma obtained with ethylenediaminetetraacetic acid; plasma-heparin: plasma obtained with heparin. Spearman correlation test.
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Discussion
Serum storage from PCM patients under treatment has as 
its basic objective the repetition of the determination of the 
antibody titers when its results are not compatible with the 
clinical evaluation and/or other complementary evaluations – 
biochemical, hematological, or radiological. As these patients’ 
reevaluations are initially performed every month, then 
every three months and, finally, every six months [8,18], the 
reproducibility of the titrations must be maintained for up to 
six months. Our results demonstrated concordant titrations in 
all the cases for up to three years and in almost all of them for 
six years, allowing the safe use of these procedures. 

The other indication of the use of stored serum samples in 
biobanks is the study of new aspects of PCM, such as criteria 
of cure or biomarkers for recidivation or relapse, the latter one 
observed in 5% of the cases, after appropriate treatment [21]. 
These studies usually demand a number of patients higher 
than that admitted every year, which is 15 in our service [22]. 
Thus, an organized bank of clinical data, from admission to 
discharge, associated to serum samples stored at -80oC should 
permit the evaluation of new parameters in a shorter period of 

time and consequently with a lower cost. As the progress of the 
serological evaluation is one of the main criteria of cure of PCM, 
its results are frequently used in studies of any variable along 
the treatment [8,18,23]. Therefore, it is of great importance the 
evaluation of the effect of storage at –80oC on the serum levels 
of specific anti-P. brasiliensis antibodies, which is the aim of 
the present study. 

The studies focusing the effect of the storage of serum samples 
on the reproducibility of the titration of antibodies or antigens 
are scarce.

The detection of galactomannan in the serum of patients 
with risk to develop invasive aspergillosis (IA) was evaluated 
using the enzyme immune assay Aspergillus imunoenzimático 
galactomanano (GM EIA) [24,25]. This study evaluated serum 
and plasma-EDTA samples stored at 4oC until titration, in 
about 72 hours, and after storage for about one year at the same 
temperature. In addition, the effect of the freeze-thaw cycle on 
the reproducibility of the titers was evaluated in plasma samples 
stored at –80oC for one week. The retest demonstrated a decrease 
in the positivity in 17% of the serum samples, predominantly 
from patients with probable or possible IA, whose previous results 

Table 5. Serum and plasma titers of anti-Paracoccidioides brasiliensis antibodies determined by the double agar gel immunodiffusion test in blood samples drawn 
from 27 paracoccidioidomycosis patients, in specific tubes. Comparison of the titers observed in different blood matrices, in 10 patients at admission, before 
treatment (BT), and in 17 patients under antifungal treatment (T), at the moment of blood draw and after two to six months of storage at –20oC

5A BT (n = 10) T (n = 17) 5B BT (n = 10) T (n = 17)

Silica-serum 4 (NR; 64) 2 (NR; 4) 4 (2; 128) 2 (1; 4)

EDTA-plasma 8 (ND; 128) 2 (ND; 4) 16 (2; 128) 2 (1; 4)

Heparin-plasma 8 (4; 128) 2 (ND; 2) 16 (2; 256) 2 (1; 4)

p 0.75 0.97 0.93 0.98

5C BT (n = 10) T (n = 17) 5D BT (n = 10) T (n = 17)

Silica-serum 16 (4; 128) 4 (1; 8) 16 (2; 128) 2 (1; 4)

EDTA-plasma 8 (0; 32) 2 (1; 8) 32 (2; 128) 2 (1; 4)

Heparin-plasma 16 (0; 64) 2 (1; 8) 32 (1; 128) 2 (1; 4)

p 0.88 0.77 0.95 0.98

5A: At the moment of blood draw, a fresh sample (stage S0); 5B: after two months of storage (stage S1); 5C: after four months of storage (stage S2); 5D: after six 
months of storage (stage S3). Data presented as median, 1st and 3rd quartiles, Kruskal-Wallis test. NR: non reagent; ND: non diluted.

Table 6. Titers of anti-Paracoccidioides brasiliensis antibodies determined by the double agar gel immunodiffusion test in serum (S-S), plasma obtained with EDTA 
(P-E) and plasma obtained with heparin (P-H). Samples from 27 paracoccidioidmycosis patients, namely 10 untreated (BT) and 17 under antifungal therapy (T). 
Analysis of the variation of the titers as to the time of storage at –20oC. Data presented as median, 1st and 3rd quartiles, Friedman test.

S-S BT
n = 10

T
n = 17 P-E BT

n = 10
T

n = 17 P-H BT
n = 10

T
n = 17

E0 4 (0; 64) 2 (0; 4) 8 (1; 128) 2 (1; 4) 8 (4; 128) 2 (1; 2)

E1 4 (2; 128) 2 (1; 4) 16 (2; 128) 2 (1; 4) 16 (2; 256) 2 (1; 4)

E2 16 (4; 128) 4 (1; 8) 8 (0; 32) 2 (1; 8) 16 (0; 64) 2 (1; 8)

E3 16 (2; 128) 2 (1; 4) 32 (2; 128) 2 (1; 4) 32 (1; 128) 2 (1; 4)

p 0.94 0.51 0.59 0.92 0.48 0.32

Pre-storage: E0; after-storage: E1 – 2 months; E2 – 4 months; E3 – 6 months.
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were considered false-positive. Only two samples tested negative 
at test and positive at retest. The inverse correlation between 
albumin concentration and enzyme immune assay could explain 
these results. The study of plasma samples showed no influence 
of the storage at 4oC, nor after frozen at -80ºC [25]. The authors 
draw attention to the stability of the plasma samples, probably 
due to the inhibition of blood enzymes, caused by EDTA. 

In a recent study, the titers of antigens from Cryptococcus 
species determined by the semi-quantitative method lateral 
flow assay – LFA in stored serum were compared with those 
determined at the moment the blood was drawn, by the 
traditional qualitative LFA method using multiple repetitions in 
serum samples with progressive dilutions [26]. In the discussion 
of the results, the authors register the use of stored serum as a 
limitation of the study because the freeze-thaw cycle could have 
caused some discrepancy in the titer or in the reading of traces 
of positivity. There was not any study that had evaluated the 
influence of the storage on the results of cryptococcal antigens 
determination.

Both studies presented above were related to the titration of 
antigens and not to antibodies, which is the aim of the present 
evaluation. In our study, the antibody serum levels were higher 
in patients with AF than those with CF, confirming previous 
findings [6]. The comparison of the distribution of titers between 
test and retest showed that the storage can lead to some alterations 
of titers. However, the persistence of the titration for up to 
six years in serum samples stored at -80°C allows its use in 
evaluations to be carried out in this period.

This study also shows that in serum from patients with AF 
as well as those with CF, the difference between test and retest 
were of one dilution, which in the clinical practice is considered 
a concordant titration. This level of difference can be observed 
in evaluations of the same serum sample, performed by skilled 
researchers from two laboratories, using the same antigen [27]. 
However, differences higher than one dilution were observed 
in some samples, being clinically relevant. In addition, the 
comparison of the titers determined in the test with those in 
the retest showed no predominance of any one, which renders 
impossible the association of these findings with the freeze-
thaw cycle. 

The conversion of serum samples from reagent in the test 
to non-reagent in the retest, which was observed in storage 
for more than six years, is an outstanding finding because 
it changes completely the clinical interpretation. These data 
reinforce the suggestion to use serum samples stored for no 
more than six years. 

Studies with proteomic methodology, such as those carried out 
by Sylvestre et al. [20], could elucidate the influence of the storage 
by comparing test and retest findings. However, this research 
design requires further investigation. In addition, it is of great 
importance to select the most appropriate conditions for the 
storage of clinical specimens, aiming to preserve its quality and 
to permit its use in future studies. For this reason, the antibody 

levels evaluated by the double agar gel immunodiffusion test 
were determined in different blood matrices. 

Our prospective study showed that the levels of anti-P. 
brasiliensis antibodies were not different as to the blood matrix 
used – serum, plasma obtained with EDTA or with heparin, in 
any of the stages analysed, i.e., at the moment the blood was 
drawn and after two, four and six months of storage at –20oC. 
These titrations also showed direct correlation when the blood 
matrices were evaluated 2X2, in all the stages studied. The 
reproducibility of the antibody titers observed in this experiment, 
carried out with the same antigen and by the same technician, 
permitted an accurate evaluation of the storage effect. 

The biochemical composition of plasma and serum present 
differences: the plasma contains albumin, immunoglobulin G 
(IgG), acid α1-glycoprotein, IgA, IgM, transferrin, haptoglobin, α1-
antitripsin, α2-macroglobulin, apolipoprotein A-I, apolipoprotein 
A-II and fibrinogen while in the serum the albumin constitutes 
55% of the protein content, in addition to IgG, IgA, haptoglobin, 
transferrin and α1-antitripsin, which constitute about 85% of 
the total proteome [20]. In spite of these differences, serum and 
plasma are preserved in a similar way for at least six months 
[28,29,30]. This was the time of storage evaluated in the present 
study, for different blood matrices. Future studies should evaluate 
the influence of longer periods of storage.

Another aspect that needs to be investigated is the possible 
influence of different antifungal compounds in the blood 
matrices. Amphotericin B was identified in blood samples from 
patients with systemic mycoses, stored at –10oC for up to nine 
months. The possible action of this antifungal compound could 
be speculated, introducing another parameter in the evaluation 
of the circulating antibody stability [31]. 

The choice of the blood matrix is related to the type of molecule 
that should be identified. Wang et al. [32] evaluated serum and 
plasma for the identification of microRNAs as biomarkers and 
observed a higher amount of miRNA in the first one. However, 
at evaluating the formation of serum and plasma, they observed 
that the coagulation process provided a stressful environment 
that would lead to the stimulation of the miRNA identification, 
altering the quantification of the biomarker of interest. Thus, the 
plasma was considered the best clinical material to study miRNA.

Our findings suggest that the serum should be the blood matrix 
of choice, because of its long availability and the maintenance of 
the present matrix. In addition, it was demonstrated that plasma 
samples are good matrices for storage at –20oC. 

Conclusion
In conclusion, serum samples stored at –80oC up to six years 
show few discordant results, and plasma samples are good 
matrices for storage at –20oC. The 6-month period of storage at 
–20oC for plasma samples is the limitation of the study. As the 
study time should be longer than six years, it will be performed 
in another project.
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