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Detection of Giardia duodenalis Antigen in Human Fecal Eluates
by Enzyme-linked Immunosorbent Assay Using Polyclonal
Antibodies

Sofia Duque-Beltran*, Rubén Santiago Nicholls-Orejuela/*/*, Adriana Arévalo-Jamaica,
Rafael Guerrero-Lozano**/***, Sonia Montenegro****/***** Mark A James*****

Laboratorio de Parasitologia, Instituto Nacional de Salud, Avenida Calle 26 No.51-60 CAN, Bogota, D.C., Colombia *Facultad de
Medicina, Universidad Nacional de Colombia, Bogota, D.C., Colombia **Gastroenterologia Pediatrica, Universidad El Bosque,
Bogota, D.C., Colombia ***Hospital Infantil Universitario “Lorencita Villegas de Santos”, Servicio de Gastroenterologia, Bogota
D.C., Colombia ****Qchsner Medical Foundation, New Orleans, LA, USA *****Department of Tropical Medicine, Tulane
University Health Sciences Center, New Orleans, LA, USA

The present study developed and standardized an enzime-linked immunosorbent assay (ELISA(ptarditect
antigen in feces using rabbit polyclonal antibodi@gardiacysts were purified from human fecal samples by sucrose
and percoll gradients. Gerbil@Meriones unguiculatusyere infected to obtain trophozoites. Rabbits were inocu-
lated with either cyst or trophozoite antigens of 14 Colomit#ardiaisolates to develop antibodies against the
respective stages. The IgG a@tiardiawere purified by sequential caprylic acid and ammonium sulfate precipita-
tion. A portion of these polyclonal antibodies was linked to alkaline phosphatase (conjugate). One hundred and
ninety six samples of human feces, from different patients, were tested by parasitologic diagnosis: 69 were positive
for Giardiacysts, 56 had nGiardiaparasites, and 71 revealed parasites other t@éardia The optimal concentra-
tion of polyclonal antibodies for antigen capture was 40 pg/ml and the optimal conjugate dilution was 1:100. The
absorbance cut-off value was 0.24. The parameters of the ELISA t&afdraantigen detection were: sensitivity,

100% (95% CI: 93.4-100%); specificity, 95% (95% CI: 88.6-97.6%); positive predictive value, 91% (95% CI: 81.4-
95.9%); and negative predictive value, 100% (95% CI: 96.1-100%). This ELISA will improve the diagnosis of
Giardiainfections in Colombia and will be useful in following patients after treatment.
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Giardia duodenalishas a worldwide distribution and invasive and rather costly procedures, fecal samples can
the prevalence of infection varies widely depending obe readily obtained, thus being the best sample available
the sensitivity of the diagnostic method (Flanagan 1994r parasite identification. However, for biological reasons
the geographical area (Flanagan 1992), and the poputaich as the intermittent pattern of cyst or trophozoite
tion studied (Miotti et al. 1986). In Colombia, the prevaexcretion, sensitivities greater than 90% are rarely obtained.
lence of giardiasis, according to two national studies on This problem can potentially be overcom&iardia
intestinal parasitism, was reported to be 11.9% in 19@&fhtigen detection assays are developed. Previous immu-
(Galan etal. 1969) and 13.8% in 1980 (Corredor et al. 2008passays for detection Giardia antigen in fecal sample
More recently, the prevalence has increased to 28% etuates have included counterimmunoelectrophoresis
children aged 1 to 4 years (Botero & Restrepo 1998) af@IE) (Craft & Nelson 1982), enzyme-linked immunosor-
to 21.2% in a nationwide study carried out in 1996 ohent assay (ELISA) (Ungar et al. 1984, Green et al. 1985,
children aged 12 to 59 months (Castro de Navarro Blash et al. 1987, Knisley et al. 1989, Dutt et al. 1991,
Nicholls 1998). McLaughlin et al. 1993, Torres et al. 1997, Fedorko et al.

Diagnosis ofGiardiainfections has traditionally been 2000) and dot-ELISA (Vinayak et al. 1991). The sensitivity
carried out using microscopic identification of cysts oof these methods has varied from 88 to 98% with CIE, and
trophozoites in either single or multiple fecal specimen&om 68 to 100% for the ELISA; their specificity has ranged
duodenal aspirates, duodenal smears or small intestinem 90 to 97% for CIE, 81-100% for ELISA, and 100% for
biopsies (Wolfe et al. 1990). The sensitivity of parasitdot-ELISA. SeveraBiardia antigen detection kits are now
identification has been reported to increase up to 85866mmercially available (Rosoff et al. 1989, Addiss et al.
when multiple fecal samples obtained on three differett®91, Garcia & Shimizu 1997, Aldeen et al. 1998, Rocha et
days were examined (Goka et al. 1990). As opposeddb 1999, Fedorko et al. 2000), their sensitivity varying from
duodenal aspirates and biopsy samples, which requBB to 98% and their specificity ranging between 90 and

100%. However, it is well known that the sensitivity and
specificity of diagnostic methods based ugsiardia
antigen detection can be affected by the genetic variabil-
+Corresponding author. Fax: +571-220.0901 or 2221.094Y Of Giardiaisolates present in a given geographic area
E-mail: rﬁichols?@ins.gov.co Faubert & Belosevic 1990).
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detection in eluates of human fecal samples, using sp#rated in a checkerboard format using an ELISA proce-
cific polyclonal antibodies raised against endemic paraure described by McLaren et al. (1981).
site isolates of Colombia. The optimal concentration of polyclonal a@iardia
MATERIALS AND METHODS fintibody necessary to captt@iardia antiggn_contained
in human fecal eluates, defined as the minimum concen-
Parasitological diagnosis Fecal specimens, col- tration which distinguished between positive and nega-
lected from 196 different patients, were submitted to dtve reference samples, was 40 pg/ml (Fig. 1) and the opti-
rect wet mount and formol-ether concentration methogfial dilution of the antisiardia enzyme conjugate, de-
in order to identifyGiardia trophozoites or cysts (Truant fined as that which allowed the best differentiation be-

etal. 1981). tween positive and negative samples, was 1:400 (Fig. 2).
Production of polyclonal anti-Giardiacyst and trophozo- The following procedural steps were considered opti-
ite antibodies mal upon test standardization: Dynatech Immufoml-

Preparation of Giardia cyst and/or trophozoite in-Cro-ELISA polystyrene plates were coated with polyclonal
ocula - Giardia cysts were purified from human fecal@nti-Giardia antibody (100 pl/well) diluted to a concen-
samples. Trophozoites were obtained from experimentaff@tion of 40 ug/mlin 0.05 M carbonate-bicarbonate buffer,
infected gerbils with 14 differer®iardiahuman isolates PH 9-6. The plates were incubated in a humidified cham-
following the procedure described by Belosevic et aRer atroom temperature (18°C) for 3 h. After incubation,
(1983). Their concentration was independently adjustdtptes were then washed three times with PBS-T, 5 min
to 1x16 per 1 ml saline (Green et al. 1985). Freeze fape €ach. Fecal eluates were each added in triplicate, 100 pl
and thaw (4°C) cycles were carried out. These solutioR§" Well: eluates were diluted to a final concentration of

were submitted to ultrasound sonication (Harlow & Lané:10 in gelatin which had been previously dissolved in a
1988). 1:1 proportion with PBS-T. The fecal antigen samples were

Immunization schemeRabbits were used to producea”owed to incubate for 2 h as described above. The plates
polyclonal antibodies again6tiardia parasites. All pro- Were then washed for three times with PBS-T, 5 min each.

cedures were carried out according to international guidébe alkaline phosphatase-linked aBtardia antibody

lines (CIOMS 1985). Rabbits were inoculated via intradefOnjugate was diluted in PBS-T at a final concentration of
mal injection withGiardia cyst and trophozoite antigen, 1:400, and 100 pl placed in each well. The plates were
independently (Harlow & Lane 1988) on days 1, 15, 30, @Iowed to |r_10ubate_|n a humidified chamber at 4°C over-
and 120. Rabbits which were inoculated intradermally witRight. After incubation, all plates were washed as above
cyst antigen were also immunized intravenously on dd) PBS-T. The reactions were developed by adding 100 pl

30 (Harlow & Lane 1988). p-nitrophenyl phosphate (1 mg/ml) in 0.1 M diethano-
Purification of polyclonal anti-Giardia cyst and tro-

phozoite antibodiesRabbit polyclonal antisiardia cyst z 0.8 7 [ [

and trophozoite antibodies were purified from c 0,77

hyperimmune rabbit sera by sequential caprylic acid and g 067 Negative

ammonium sulfate precipitation (Arévalo 1999). 2 g'i |

Detection ofGiardia antigen in human fecal samples g 0,3

using an antigen-capture ELISA g 0,21
Test standardizationPurified rabbit polyclonal anti- g 01+

Giardia antibodies were mixed in a 1:2 proportion of anti- 0 -

cyst to anti-trophozoite antibodies, and the mixture then 01 1 5 10 40 160

Micrograms per mililiter

diluted in 0.05 M carbonate-bicarbonate coating buffer, o _ - _
pH 9.6, to final concentrations of 0.1, 0.5, 1, 2.5, 5, 10, 2t6('59- 110 f_'ardl'a 'T‘”“Igenldetf_‘f)“%” 'g_lfet‘?es by ELISA. Standardiza-
40, 80, 160 and 320 pg/ml. Coproantigen samples werg" Ppimal polycional antibody diition

prepared by dissolving 1 g of each sample in 10 ml of PBS, .

pH 7.4 (Green et al. 1985). A positive human coproantigen 0,6 7 Positive

fecal sample (eluate of a fecal sample which was diag- Negative

nosed as positive f@iardia upon microscopical exami-
nation) and a negative coproantigen sample (sample nega-
tive for Giardia upon microscopical examination) were
selected. An enzyme-linked ar@iardia conjugate was
diluted to 1:300, 1:400, 1:500, 1:600, 1:800 and 1:1000 in
PBS containing 0.05% Tween 20 (PBS-T). The conjugate
had been prepared previously with anti-cyst and anti-tro-
phozoite antibodies, each adjusted to 2.4 mg/ml and mixed
ina 1:2 proportion, respectively. Four milligrams of alka- 300 400 500 600 800 1000

line phosphatase were added in the presence of 1% glut-

araldehyde (EM grade) and 1 M glycine. The enzyme con- Conjugate dilution (1:X)

jugate was stored at -20 until used (Arévalo 1999). Fi- Fig. 2: Giardia antigen detection in feces by ELISA. Standardiza-
nally, capture and detecting antibody concentrations wetfen. Optimal conjugate dilution

0,5
0,4 1

0,37

Optical density (405 nm)
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lamine buffer, pH 9.8, to each well. After 30 min, colodeveloped previously. Enzyme immunoassays use either
development was stopped by adding a 25 pl volume of 3Ne direct (Green et al. 1985, Knisley et al. 1989, Dutt et al.
NaOH to each well. The absorbance value was determinE@91, Torres et al. 1997) or indirect methods. The test de-
by reading the optical density at a 405 nm wavelengttribed herein is based on the direct method with the ad-
using a MultiSkan M colorimeter. vantage of using polyclonal ar@iardia antibodies as
capture reagent, and the same antibodies linked to an
enzyme as conjugate for detecting the reaction. These

ELISA for Giardia antigen detection was carried out b)jeatures allow greater specificity in the antigen-antibody

establishing the cut-off value (Kurstak 1985) and the te%efaﬁti.on and_sllsothsiinpli{y t_he :_est p][otﬁedure. h
parameters (Griner et al. 1981). The cut-off value, defined IS possible that optimization of In€ assay changes

: : h each lot of antibody production. However, the stan-
as the absorbance value from which a negative sam d iy o
can be clearly distinguished from a positive sample, w : rr(:irc]ondltlﬁnns ]:,Sr thle 'TL:]S'IA tr?tsilg an Ib? r\?vﬁlin:]alnendbby
determined by adding twice the standard deviation to t ating each new polyclonal antibody lot, ch can be

mean absorbance value of the negative samples. This pt?shieved by determining the optimal antibody concentra-

vides 95% reliability (Kurstak 1985). Sensitvity, specific-1or. "rich allows the corredt discrimination between a
ity, positive and negative predictive values (PPV and NP995+;1ve SITI SZ ?egeai Ivr(e;isanr:l?i e n detection i ¢
respectively) and their 95% confidence intervals (95% Cg‘? € ortsiardia antigen detection 1s easy 1o

were determined using a 2 x 2 contingency table (Griner rform, inexpensive, and allows simultaneous process-
al. 1981). ing of multiple samples. The cost of giardiasis parasito-

logical diagnosis by means of examination of multiple fe-
RESULTS cal samples is similar to that of the ELISA antigen detec-

The results of the parasitological examination werdion assay. However, the ELISA assay developed in the
69 samples were positive fGiardia cysts or trophozoi- current study will improve the diagnosis®iardia infec-
tes and 127 were negative. In 71 samples parasites otf@ps because the sensitivity increases from 85% to 100%.
thanGiardia were found upon microscopic examination!n addition, it should improv&iardia diagnosis by elimi-

The ELISA test showed 76 samples positiveGardia Nating false negative results caused by lack of training
antigen and 120 negative (Table). and experience of the laboratory personnel responsible

for microscopic examination, untimely processing of
samples, and intermittent excretion@iirdia cysts and

Evaluation of the ELISA test for antigen detection
Validation: statistical analysis Validation of the

o TABLE ) o _ trophozoites in feces.
Validation of the ELISA for detection @iardia duodenalis This is the firstGiardia antigen ELISA test devel-
antigen in fecal eluates using rabbit polyclonal antibodies oped in Colombia using polyclonal antibodies raised
Parasitological diagnosis against endemic, homologous isolate§sotluodenalis
Positive Negative Btal isolated from Colombian patients with parasitologically
confirmed giardiasisG. duodenalisisolates from other
ELISA test geographic regions do not necessarily share the same
Positive antigenic determinants. Because of antigenic variations
(OD = 0.25) 69 7 76  or polymorphisms, antibodies raised against a particular
Negative isol_ate ofGiardia may not ne_ce_ssarily cross-react with
(OD < 0.24) 0 120 120 antigens of heterologouGiardia isolates from different
geographic origin (Nash 1992).
Total 69 127 196

The analytical sensitivity of the assay was not estab-
lished; however, a previous study showed little correla-
» ) tion between the numbers of cysts or trophozoites ob-
_The cut-off value for positive reactions was estabseryed in fecal samples and the optical density values
lished at 0.240, and the parameters of the ELISASar  gptained by the ELISA test for detecti@jardia anti-
rdia antigen detection were: sensitivity, 100% (95% Clgens in fecal eluates, possibly because the assay detects
93.4-100%); specificity, 95% (95% ClI: 88.6-97.6%); posifree antigen in feces rather than whole organisms (Green
tive predictive value, 91% (95% CI: 81.4-95.9%); and nega /. 1985).
tive predictive value, 100% (95% CI: 96.1-100%) (Table). The ELISA for antigen detection in human fecal elu-

_ The production of anti-cyst and anti trophozoite antiates will improve diagnosis @iardia infection. When
Giardia polyclonal antibodies in independent fashioypplied under field conditions the test will be useful in
increased the reactivity of antibodies after each SUCC&fstermining the prevalence Giardia infection and in
sive immunization as evidenced by an increasing intefyaking a timely diagnosis of infected individuals, par-
sity of the antigen-antibody precipitin bands as immunticyarly children who suffer from recurrent diarrhea,
zations progressed. chronic abdominal pain, malabsorption and stunting as a

DISCUSSION consequence of infection. Currently, studies concerning

the relationship between ELISA results, severity of dis-

The immunodiagnostic test developed and describeégijl ; : ;
X : LI g se and gastrointestinal symptoms as well as the appli-
herein for detection of Colombidaiardia isolates anti- cation of the test in clinical follow-up, are being planned.

gen in fecal eluates shows differences with similar assayyy e studies should target the extent and degree of het-
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