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Abstract

The aim of this study was to produce a conjugate containing anti-Cryprosporidium parvum polyclonal antibodies
and standardize a Direct Immunofluorescence Assay (DIF) for detecting C. parvum oocysts in fecal samples from
calves. In order to obtain anti-C. parvum polyclonal antibodies, two New Zealand rabbits were immunized with a
purified solution of C. parvum oocysts and Freund’s adjuvant. Purification of the immunoglobulin G (IgG) fraction
was performed by means of precipitation in ammonium sulfate and chromatography using a DEAE-cellulose column.
The anti-C. parvum polyclonal antibody titer was determined by means of the enzyme-linked immunosorbent assay
(ELISA). The rabbit anti-C. parvum IgG fraction was conjugated with fluorescein isothiocyanate and standardization of
the DIF was performed using various dilutions of conjugate on slides positive for C. parvum oocysts. The cross-reactivity
of the anti-C. parvum conjugate was tested using oocysts of Cryprosporidium serpentis, Cryptosporidium andersoni,
Escherichia coli, Eimeria sp., and Candida sp. An anti-C. parvum conjugate was successfully produced, thus allowing
standardization of DIF for detection of Cryptosporidium oocysts in fecal samples. Cross-reactivity of anti-C. parvum
polyclonal antibodies with C. andersoni and C. serpentis was also observed.
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Resumo

O objetivo deste estudo foi produzir um conjugado contendo anticorpos policlonais anti-Cryptosporidium parvum
e padronizar a Reacdao de Imunofluorescéncia Direta (RID), para detecgio de oocistos de C. parvum em amostras
fecais de bezerros. Para produgio de anticorpos policlonais anti-C. parvum, dois coclhos da raga Nova Zelandia
foram imunizados com uma solugio purificada de oocistos de C. parvum e adjuvante de Freund. A purificacdo da
fragio de imunoglobulina G (IgG) foi realizada por meio de precipitagio em sulfato de aménio e cromatografia em
coluna de DEAE celulose. A titulagio dos anticorpos policlonais anti-C. parvum foi determinada por meio de ensaio
imunoenzimdtico (ELISA). A fragio IgG de coelho anti-C. parvum foi conjugada com isotiocianato de fluoresceina,
e a padronizagio da RID foi feita utilizando-se vdrias dilui¢bes do conjugado, em ldminas positivas para C. parvum.
Foi pesquisada também a presenca de reatividade cruzada do conjugado anti-C. parvum com C. serpentis, C. andersoni,
Escherichia coli, Eimeria sp. e Candida sp.. A produgio do conjugado anti-C. parvum foi bem sucedida, sendo possivel
a padronizacdo da RID para detecgio de oocistos em fezes. Foi também observada reatividade cruzada dos anticorpos
policlonais anti-C. parvum, com C. andersoni e C. serpentis.
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Introduction

Cryptosporidiosis in neonate calves is generally caused by
Cryptosporidium parvum, with reports of infections in which up
to 6x10" oocysts per animal are eliminated during the first month
of life (UGA et al., 2000). This represents a risk of transmission to
other animals and also to humans, given that C. parvum presents
high zoonotic potential (XIAO; FAYER, 2008).

The importance of C. parvum as an etiological agent for
diarrhea, enteritis and mortality among calves, during their first
weeks of life, has already been confirmed by several researchers
(SANFORD; JOSEPHSON, 1982; HEINE et al., 1984; GARCIA;
LIMA, 1994; SOUZA; LOPES, 1995; FEITOSA et al., 2008).

Among the techniques used to detect Cryprosporidium
oocysts in fecal samples, the direct immunofluorescence assay
(DIF) is prominent (FAYER et al., 2000; BIALEK et al., 2002;
JEX etal., 2008). It has been recognized as presenting better sensitivity
and specificity than shown by traditional staining techniques
(ARROWOOD; STERLING, 1989; JOHNSTON et al., 2003).

Imported DIF kits using anti-C. parvum monoclonal
antibodies labeled with fluorescein thiocyanate exist on the market
(GRACZYK et al., 1996). However, the acquisition cost of these
products makes it practically impossible to use them in routine
laboratory analyses (ALLES et al., 1995; CARVALHO, 2009).

The aim of the present study was to produce a conjugate with
anti-C. parvum polyclonal antibodies and standardize DIF for
detecting C. parvum oocysts in fecal samples from calves.

Material and Methods

This study was approved by the Ethics Committee for Animal
Use of the Dentistry School of UNESD, Aragatuba Campus, on
October 10, 2008, under protocol number 2008-006645.

1. Production of anti-C. parvum polyclonal antibodies

Anti-C. parvum polyclonal antibodies were produced in
two adult New Zealand rabbits (A and B), by means of an
initial intradermal inoculation of a solution containing 3 x 10°
intact C. parvum oocysts and Freund’s complete adjuvant, in
proportions of 1:1. This was followed by intramuscular inoculation
with 2 x 10° oocysts and Freund’s incomplete adjuvant, in
proportions of 1:1, which was done three, six and eight weeks
after the first inoculation (STIBBS; ONGERTH, 1986). The
C. parvum oocysts used for the inoculations came from a feces
sample from a calf on a dairy farm in the municipality of Aracatuba,
state of S3o Paulo. The oocysts were subjected to the technique
of centrifugation-sedimentation in water and ether (MELONI;
THOMPSON, 1996), purification in a cesium chloride solution
(ARROWOOD; DONALDSON, 1996) and quantification in a
Neubauer chamber. The sediment was then stored at 4 °C in 1%
formalin at pH 7.6 (STIBBS; ONGERTH, 1986).

The Cryptosporidium species present in the inoculum was
determined by means of microscopic analysis (morphology and
morphometry) and by means of molecular classification using the
nested polymerase chain reaction (PCR) to amplify 18S rRNA
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gene fragments (XIAO et al., 2000), with subsequent sequencing
of the amplified fragments.

Five days after the last inoculation, the rabbits were anesthetized
using acepromazine and sodium thiopental, and blood samples were
collected by means of cardiac puncture. The serum was obtained
by means of centrifugation of the blood samples at 1,500 rpm,
for 5 minutes at 4 °C, and was then stored at —20 °C (STIBBS;
ONGERTH, 1986).

To ascertain the anti-C. parvum antibody titers before and after
oocyst inoculation, the indirect enzyme-linked immunosorbent
assay (ELISA) was used. Two aliquots of 1 mL of serum from each
rabbit were stored: one from the day of the first inoculation and
the other five days after the last inoculation.

2. Indirect ELISA for rabbit anti-C. parvum antibody
titers

The antigen used in ELISA was produced from 23 x 10°
C. parvum oocysts that were purified in cesium chloride, diluted
in PBS (pH 7.4) and sonicated in an ice bath for 10 cycles of ten
seconds, with 20-second resting intervals between one cycle and the
next. After protein assaying using the BCA® kit (Sigma, St Louis,
USA), the antigen was used at a concentration of 10 pg.mL™.

The serum samples from the rabbits that were collected before
and after oocyst inoculation were tested at proportions of 1:1,000
(serum/5% skimmed milk).

A conjugate composed of anti-rabbit IgG (whole molecule)-
peroxidase antibody produced in goat (A6154°; Sigma, St Louis,
USA) was used in proportion of 1:5,000 (conjugate/5%
skimmed milk). After 20 minutes of addition of the substrate
tetramethylbenzidine (00-2023°; Invitrogen, Carlsbad, USA),
the enzymatic reaction was stopped with 1N HCI. The reactions
were read using a microplate reader (Labsystems Multiskan EX),
with a 450 nm filter.

The reactions were read using a microplate reader (Labsystems
Multiskan EX), with a 450 nm filter.

3. Conjugate production

To produce the conjugate, serum from rabbit A was used. The
gamma-globulin fraction was purified by means of precipitation
using 35% ammonium sulfate (70% ammonium sulfate solution
diluted in proportions of 1:1 with rabbit serum) and centrifugation
at 7,000 g, for 30 minutes. The resultant sediment was diluted
in 3 mL of 0.01M PBS (pH 7.2), placed on a dialysis membrane and
immersed in 0.025M Tris-HCl buffer (pH 8.8) for 18 hours, in order
to remove the excess ammonium sulfate (HERBERT et al., 1973).

The IgG fraction was obtained by means of ion-exchange
chromatography in a column using DEAE-cellulose gel
(CORTHIER et al., 1984), and protein assaying of the gamma-
globulin fraction and IgG fraction was carried out using the BCA®
kit (Sigma, St Louis, USA).

The reactivity of the anti-C. parvum IgG fraction was tested by
means of indirect ELISA, in proportions of 1:400 (IgG/5% skimmed
milk). After the reactivity of the IgG fraction against antigens of
C. parvum had been proven, this fraction was conjugated with
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fluorescein isothiocyanate (Sigma, St Louis, USA), by means of
diluting 15 mL of the IgG fraction from rabbit A in 3 mL of 0.5M
carbonate-bicarbonate buffer (pH 9.5). To this solution, 1.46 mg
of fluorescein isothiocyanate was added (0.02 mg for each mg of
protein contained in the rabbit IgG sample), with incubation
at 4 °C, overnight.

Purification of the conjugated antibody was done in a Sephadex
G25 gel column (Sigma, St Louis, USA), in the proportions
of 1 cm of gel in the column for each 1 mL of conjugate sample.

The solution containing the conjugate was divided into aliquots
of 2 mL in amber tubes and was frozen at —20 °C.

4. Direct immunoﬂuorexcmce assay

The slides used for DIF were firstly treated with polylysine
(Sigma, St Louis, USA), diluted in the proportions of 1:20, in
deionized water (ARROWOOD et al., 1991). To this, 25 pL
of purified feces sample that was positive for C. parvum oocysts
(conserved in 10% buffered formalin in the proportion of 1:3) was
added. The sample drop was left to dry out completely at room
temperature. Subsequently, 25 pL of anti-C. parvum conjugate
was added at several dilutions (1:40, 1:80 and 1:100), in 0.01M
PBS (pH 7.2) and 4’.6’-diamidine-2-phenylindole (DAPI) (50 pl
of DAPT at 2 mg.mL™" to 50 mL of 0.01M PBS, pH 7.2), and the
slide was incubated at 37 °C for 30 minutes, in a damp chamber.
At the end of the incubation, the sample was washed using 0.01M
PBS (pH 7.2), and the slide mounting was completed using a
cover slip over 25 pL of mounting buffer (90% glycerol in 0.01M
PBS, pH 7.2; 0.1 mg.mL" of p-phenylenediamine) (PLAT'T;
MICHAEL, 1983).

The reaction was read under an Olympus BX-50 microscope
with a 100 W mercury light bulb and the U-MWU?2 filter (DAPI)
and U-MWU2-B filter (fluorescein), at a magnification of 400x.

5. Determination of DIF specificity

Confirmation of the diagnosis obtained by means of DIF was
achieved by means of microscopic examination using differential
interference contrast (DIC) and staining with 4°,6’-diamidine-2-
phenylindole (DAPI) (SMITH et al., 2002).

Using the same DIF methodology as for C. parvum oocysts,
the presence of cross-reactivity of anti-C. parvum IgG with
Escherichia coli, Eimeria sp., Candida sp. and other species of
Cryptosporidium (C. andersoni and C. serpentis) was investigated.
The C. andersoni and C. serpentis oocysts were isolated, respectively,
from fecal samples from a calf on a dairy farm in the municipality
of Muritinga do Sul, state of Sao Paulo, and from a royal python
(Python regius) from the city of Sao Paulo, state of Sao Paulo. These
samples were subjected to the same purification and classification
methods as used for the inoculum that was destined for production
of anti-C. parvum polyclonal antibodies.

Results

The volumes of serum samples obtained from rabbits A and B
were respectively 36 and 39 mL. The protein concentration and
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Table 1. Concentration of gamaglobulins and immunoglobulin G
(IgG) in serum of rabbits inoculated with oocysts of C. parvum.

Gamaglobulins IgG
Rabbits Serum  Concentration Serum  Concentration
volume (mg.mL™") volume (mg.mL™")
(mL) (mL)
A 4.5 43.91 30 4.87
B 5.5 22.62 15 4.42

Table 2. Results of the enzyme-linked immunosorbent assay (ELISA)
in serum samples of rabbits, before and after inoculation with oocysts
of C. parvum, and in the fractions of immunoglobulin G (IgG)
obtained from the two rabbits.

Rabbits Absorbance
Serum IgG fraction
Before After
inoculation inoculation
A 0.270 2.444 0.877
B 0.262 1.655 0.730

ELISA results from the gamma-globulin fraction and purified IgG
fraction in a DEAE-cellulose column showed that rabbit A yielded
greater production of antibodies than did rabbit B (Table 1).

Table 2 describes the results from ELISA performed on the
rabbit serum collected before and after inoculation of C. parvum
oocysts and on the purified IgG fraction in the DEAE-cellulose
column.

The total volume of conjugate produced was 12 mL, and the
proportions of 1:80 were used for the dilution. This dilution enabled
the best results with regard to viewing the C. parvum oocysts.

The fluorescence observed in the C. parvum oocysts emanated
mainly from their walls (Figure 1). In the DIF specificity test,
the conjugate did not present any cross-reactivity with E. coll,
Eimeria sp. or Candida sp. On the other hand, cross-reactivity
was found with C. andersoni and C. serpentis.

Discussion

The volume of the IgG fraction from rabbit A was greater than
that of rabbit B. This was because the peak elimination of IgG in
the purification process for the gamma-globulin fraction of rabbit
A was greater than that of rabbit B, thereby increasing the length
of the procedure and resulting in greater dilution of the sample
in 0.025M Tris-HCI buffer (pH 8.8), consequent to the greater
protein concentration of the gamma-globulin fraction in rabbit A.

The inoculums through intradermal and intramuscular routes,
with solution of intact C. parvum oocysts were performed with
the aim of promoting production of antibodies against antigens
that are present in the walls of the oocysts. This binding could be
proven through DIFE, in which it was observed that the fluorescence
of the oocysts emanated from their walls. However, in the present
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Figure 1. Oocysts of C. parvum. a) direct immunofluorescence (Bar = 20 pm); b) same microscopic field from A, staining with DAPI
(Bar = 20 pm); ¢, d and e) same microscopic field, respectively, direct immunofluorescence, staining with DAPI and differential interference

contrast (Bar = 10 pm).

study, the affinity of anti-C. parvum antibodies for the internal
structures of the oocysts was not tested.

The conjugate was used at a dilution of 1:80, in PBS (pH 7.4),
with good levels of fluorescence of oocysts, such that the fluorescence
only diminished at the dilution of 1:100. Stibbs and Ongerth (1986)
standardized the indirect immunofluorescence assay for detecting
Cryptosporidium sp. oocysts in fecal samples from monkeys and
humans, and they achieved the best results in relation to oocyst
fluorescence at conjugate dilutions of 1:20, 1:40 and 1:60 in PBS
(pH 7.6), with a considerable decrease at the dilution of 1:80.

The conjugate at the dilution of 1:80 made it possible to
carry out DIF in duplicate, on 1.6 feces samples from calves,
with a volume of only 1 pL. In other words, with 12 mL of
anti-C. parvum conjugate produced from 15 mL of sample from
the IgG fraction of rabbit A, it would be possible to carry out
analyses in duplicate on 19, 200 samples. This would considerably
decrease the cost of this procedure in comparison with the cost
of using commerecial kits.

The absence of cross-reactivity of the polyclonal antibodies
used in this study, with other etiological agents, corroborates
the results obtained by Graczyk et al. (1996). These authors
investigated the specificity of the monoclonal antibody used
in the Merifluor Cryptosporidium/Giardia® DIF kit (Meridian
Diagnostics, Cincinnati, USA), for detecting Cryptosporidium, and

did not observe any cross-reactivity with samples containing eggs
from eight helminth species, three species of Eimeria, sporocysts
of Sarcocystis cruzi and two isolates of Candida sp. These authors
also tested for the presence of cross-reactivity with other species
of Cryptosporidium (C. serpentis, C. meleagridis, C. wrairi, C. muris
and C. muris-like) and observed cross-reactivity with all the species
tested. These findings are similar to those of the present study, in
which the conjugate presented cross-reactivity with C. serpentis
and C. andersoni.

Stibbs and Ongerth (1986) did not observe any nonspecific
binding of anti- Cryptosporidium sp. polyclonal antibodies, when tested
against Candida albicans, Giardia lamblia, Entamoeba bistolytica,
Giardia sp., Entamoeba sp. and Blastocystis hominis. However,
nonspecific binding of anti-Cryptosporidium antibodies occurred
with oocysts of Eimeria sp. and Caryospora, which did not occur
with any of the etiological agents tested in the present study.

Conclusions

An anti-C. parvum conjugate containing antibodies originating
in a rabbit was successfully produced, thus making it possible to
standardize DIF for detecting C. parvum oocysts in fecal samples.

No cross-reactivity was observed between the conjugate produced
and Escherichia coli, Eimeria sp. and Candida sp.
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The anti-C. parvum conjugate presented cross-reactivity with
C. andersoni and C. serpentis, which enables its use for detecting
oocysts from other Cryptosporidium species in fecal samples.
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