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ABSTRACT

The dimorphic fungus Paracoccidioides brasiliensis is the etiological agent of paracoccidioidomycosis, a
human granulomatous disease. Recently thefirst case of natural diseasein dogswas reported. The complement
systemisanimportant effector component of humoral immunity against infectious agents. Therefore, theaim
of this study was to evaluate the activation of the dog alternative complement pathway by P. brasiliensis.
Initially, the ability of erythrocytes of guinea pig, rabbit, sheep, chicken and swine to activate the dog
dternative pathway was evaluated. The guinea pig erythrocytes showed the greatest capacity to activate
dog dternative pathway. The alternative (AH50) hemolytic activity was evaluated in 27 serum samplesfrom
healthy dogs and the mean valueswere 87.2 AH50/ml. No significant differenceswere observedinrelationto
sex and age. The alternative pathway activation by P. brasiliensis was higher in serum samples from adult
dogswhen compared to puppiesand aged dogs (p < 0.05). Thisisthefirst report of dog alternative complement
pathway activation by P. brasiliensis and suggests that it may play a protective role in canine
paracoccidioidomycosis.
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INTRODUCTION

Paracoccidioides brasiliensis is the etiologic agent of
paracoccidioidomycosis, asystemic mycosis prevalentin Latin
America. Thefungusgrowsasmyceliawhen cultured at 25°C or
as yeast when cultured at 37°C or at the host. Male agricultural
workers are most affected by the disease and the infection
probably occurs by inhalation of fungus propagules (3,5).

Epidemiologica studies have demonstrated that infection
by P. brasiliensisoccursindomesticandinwild animals(6,7,8,11,
15,18,22,24,25). A high frequency of infection wasobserved in
dogsfrom areas endemic for paracoccidioidomycosisin Brazil
(18,24), athough to date, only two cases of natural disease
have been reported (4,12).

The dog habit of sniffing and digging the soil, the probable
P. brasiliensis habitat, may increase the risk of infection. The
low frequency of natural diseasein dogs may be dueto failure
in diagnosis or to natural resistance.

The complement system is an important immune effector
mechanism against infectious agents (14) and the activation
of the complement has been reported in human
paracoccidioidomycosis and other mycosis (16,17,21,23,27).
Therefore, the aim of this study wasto evaluate the activation
of the canine alternative complement pathway by P.
brasiliensis.

MATERIALSAND METHODS

Serum samples

A total of 27 serum sampleswere obtained from apparently
healthy dogs with ages ranging from 1 to 15 years. The blood
was collected by venous puncture in sterile glass tube and
centrifuged within 1 hour of collection. The serum sampleswere
stored at -80°C until use. All the sampleswere negativeto IgM
and 1gG against P. brasiliensis gp43 by the ELISA test,
performed as previously described (9).
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P. brasiliensis

TheP. brasiliensisisolate B-339 was cultivated on Sabouraud
Dextrose Agar for seven days at 35°C. The yeast cells were
collectedin PBSand killed by autoclave (121°C for 15 min.).

Activation of the dog alter native complement pathway by
erythrocytesfrom different animal species

Blood samples were collected from chicken, guinea pig,
rabbit, sheep and swine and maintained in Alsever’s solution at
4°C until use. Erythrocyte suspensions (2.8%) in borate buffer
saline containing 0.5 mM Mg? and 0.03 M EGTA (BBS-Mg-
EGTA) wereincubated with dog serum (diluted 1:5) for 30 min.
at 37°C. After centrifugation (2.000xg) the supernatants were
analyzed in aMicroplate Reader at 492 nm. The percentage of
lysis was calculated in relation to the 100% lysis control
(erythrocyte suspension and distilled water).

Evaluation of alter nativecomplement pathway activity in dog
serum samplesand alter nativecomplement pathway activation
by P. brasiliensis

The aternative complement pathway activity (AH50) was
evaluated by amicromethod (20) using guineapig erythrocytes.
Theserum samplesdiluted 1:10inBBS-Mg-EGTA wereadded to
1.5mL microcentrifugetubesat volumes of 40, 60, 80 and 100
and the final volume was completed with BBS-Mg-EGTA. The
2.8% suspension of guineapig erythrocytes was added (100 pl)
and after incubation for 30 min. at 37°C, the tubes were
centrifuged (2.000xg) and the supernatants were analyzed in a
Microplate reader at 492 nm. The percentage of lysis was
calculated in relation to 100% lysis control (erythrocyte
suspension and distilled water) and plotted in agraph for AH50
determination.

The evaluation of alternative complement pathway
activation by P. brasiliensis yeast cells was performed by
determination of AH50, as described above, in serum samples
preincubated with inactivated P. brasiliensisyeast cells (2 x 10°
cellsinBBS-Mg-EGTA), for 30 min. at 37°C in an orbital shaker
(100 rpm). Ascontrol, the serum sampleswere preincubated for
the same time with BBS-Mg-EGTA only. The alternative
complement activation was determined asfollows: AH50/ml in
serum sample - AH50/ml in serum sample preincubated with P.
brasiliensis.

Satigtical analysis

The datawere analyzed by ANOVA and the Tukey-Kramer
test (STATISTIC 6.0). Thedifferencewas considered significant
when P<0.05.

RESULTSAND DISCUSSION

As a preliminary study, the most adequate erythrocyte for
canine alternative pathway activation was evaluated.

Activation of complement pathway by P. brasiliensis

Erythrocytesfrom sheep, chicken, rabbit, swineand guineapigs
were assayed. Guinea pig erythrocytes showed the highest
efficiency for alternative pathway activation and hence they
wereused for AH50 determination (Fig. 1).

Tanakaet al. (26) evaluated the activation of dog aternative
complement pathway by erythrocytes from different animal
species and the swine erythrocytes showed higher activation
efficiency than guinea pig and rabbit erythrocytes (26). The
disagreement observed was probably due to differences
between the methodologies used in both studies. Taking into
account that the guineapig erythrocyteismore easily available
than swine erythrocytes, this result makes the alternative
complement evaluation in dog serum more suitable.

The alternative complement activity evaluated in serum
samples showed an average of 87.2 + 51.9 AH50/ml and no
significant difference was observed in relation to gender or age
(Tablel).
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Figurel. Activation of thedog alternative complement pathway
by erythrocytes from different animal species.
Barswith different |ettersindicate statistically difference (P < 0.05).

Table 1. Alternative complement activity indogs serum samples
according to sex and age.

AHS50/mI
Sex
Male(n=16) 80.9+536
Femae(n=11) 96.3+50.6
Age(years)

<1(n=8) 67.9+528
1-8(n=10) 838.8+54.9
9-15(n=9) 101.1+520
Total (n=27) 87.2+519
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Taking into account that the complement is an important
effector mechanism against fungal infection (12) in this study
the activation of the dog alternative complement pathway by P.
brasiliensis was evaluated. The alternative pathway activation
in dogs aged between 1 to 8 yearswas significantly higher than
animalsupto 1 year and animalsover 9yearsold (Fig. 2).
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Figure2. Activation of the alternative complement pathway by
P. brasiliensisin serum samples from dogs with different ages.
Different letters indicate statistically difference (P < 0.05).

The immune response in the very young and very old dogs
isimpaired aswell asin other animal species(1,2,10,13).

Other studies have described the activation of the alternative
complement pathway by fungus such as Sporothrix schenckii,
Histoplasma capsulatum and Blastomyces der matitidis
(21,23,27). The complement activation also has been reported
in human patients with paracoccidioidomycosis (14,16) and
another study showed that P. brasiliensis yeast cells could
activate the complement in human normal serum (17).

The high frequency of infection by P. brasiliensis observed
in dogs living in paracoccidioidomycosis endemic aress, the
low incidence of natural disease reported in this species and
experimental data with adult animals suggest that adult dogs
are resistant to the development of paracoccidioidomycosis
(18,24).

Our group has observed, in studies on experimental
paracoccidioidomycosisin dogs aged three months (19) and adult
(9), that probably puppiesare susceptible and adults areresi stant
to disease development. The results of this study are in
agreement with these data, taking into account that the activation
of the aternative complement pathway by P. brasiliensis was
higher in adult dogs than those under one year old.
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This is the first report that P. brasiliensis activates canine
alternative complement pathway and suggests that it can play
aprotectiverole.

ACKNOWLEDGEMENTS

The authors thank CAPES and Araucaria Foundation for
financial support and CNPq for the productivity fellowship
granted to M.A. Ono.

RESUMO

Ativacdo daviaalter nativa do complemento em soro de
cdo normal por Paracoccidioides brasiliensis

O fungo dimorfico Paracoccidioides brasiliensis € o agente
€tiol 6gi co daparacoccidioi domi cose, umadoencagranulomatosa
humana. Recentemente, foi relatado o primeiro caso da doenca
natural em cdes. O sistema complemento € um importante
componente efetor da imunidade humoral contra agentes
infecciosos. Portanto, o objetivo deste trabalho foi avaliar a
ativacdo da via alternativa do complemento canina pelo P.
brasiliensis. Inicia mente, foi avaliadaacapacidade de eritrocitos
de cobaia, coelho, carneiro, galinha e suino ativarem a via
aternativa do complemento canino. Os eritrdcitos de cobaia
apresentaram maior capacidade de ativar a via dternative do
complemento canino. A atividade hemoalitica da via aternativa
(AH50) foi avaliadaem 27 amostras de soro de cées saldaveise
0s valores médios observados foram de 87,2 AH50/ml. N&o foi
observada diferenca significativaao sexo eidade. A ativacéo da
viadternativapelo P. brasiliensisfoi maior nasamostras de soro
de cées adultos quando comparada aos caes filhotes e idosos (p
<0.05). Este éo primeiro relato daativacdo daviaaternative do
complemento canino pelo fungo P. brasiliensis e sugere que
pode ter um papel protetor na paracoccidioidomicose canina.
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