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It is well known that Giardia lamblia and Cryptosporidium parvum can cause severe symptoms in humans,
particularly those who are immunologically compromised. Immunoassay procedures offer both increased
sensitivity and specificity compared to conventional staining methods. These reagents are also helpful when
screening large numbers of patients, particularly in an outbreak situation or when screening patients with
minimal symptoms. The data obtained by using 9 diagnostic kits were compared: direct fluorescent-antibody assay
(DFA) kits (TechLab Giardia/Crypto IF kit, TechLab Crypto IF kit, and Meridian Merifluor Cryptospori-
dium/Giardia) and enzyme immunoassay (EIA) kits (Alexon ProSpecT Giardia EZ Microplate Assay,
Alexon ProSpecT Cryptosporidium Microplate Assay, Cambridge Giardia lamblia Antigen Microwell
ELISA, Meridian Premier Giardia lamblia, Meridian Premier Cryptosporidium, TechLab Giardia CELISA,
Trend Giardia lamblia EIA). The test with the Meridian Merifluor Cryptosporidium/Giardia kit was used as the
reference method. In various combinations, 60 specimens positive for Giardia, 60 specimens positive for
Cryptosporidium, 40 specimens positive for a Giardia-Cryptosporidium mix, and 50 negative fecal specimens were
tested. Different species (nine protozoa, three coccidia, one microsporidium, five nematodes, three cestodes, and
one trematode) were included in the negative specimens. The sensitivity of EIA for Giardia ranged from 94%
(Alexon) to 99% (Trend and Cambridge); the specificity was 100% with all EIA kits tested. The sensitivity of
EIA for Cryptosporidium ranged from 98% (Alexon) to 99% (Meridian Premier); specificities were 100%. All
DFA results were in agreement, with 100% sensitivity and specificity; however, the TechLab reagents resulted
in fluorescence intensity that was generally one level below that seen with the reagents used in the reference
method. In addition to sensitivity and specificity, factors such as cost, simplicity, ease of interpretation of
results (color, intensity of fluorescence), equipment, available personnel, and number of tests ordered are also
important considerations prior to kit selection.

With the increasing interest in potential waterborne out-
break situations and confirmation that both Giardia lamblia
and Cryptosporidium parvum can cause severe symptoms in
humans, laboratories are reviewing their options with regard to
diagnostic kits that can be incorporated into their routine test-
ing protocols (1–7, 9–16, 18, 19, 22, 24, 27–33, 35, 37–41). Not
only must these methods be acceptable in terms of sensitivity
and specificity but they must also be clinically relevant and
cost-effective and they must provide rapid results, particularly
in a potential waterborne outbreak situation.

It is well known that Giardia cysts are shed sporadically and
that their numbers may vary from day to day. Routine exam-
inations of stool specimens collected on consecutive days or
even within the recommended 10-day time frame may not
confirm infection with this organism (11, 23). In patients with
either giardiasis or cryptosporidiosis, the use of routine diag-
nostic methods such as concentration and trichrome or modi-
fied acid-fast staining may be insufficient to demonstrate the
presence of these organisms (11, 23, 41). Renewed awareness
of potential waterborne transmission of both organisms is
based on the number of well-documented outbreaks during the
past few years and the publicity surrounding water regulations
and testing.

Among patients with cryptosporidiosis, the majority of im-

munocompetent patients have initially been symptomatic, with
large numbers of oocysts present in their stools. In this situa-
tion, a number of procedures would be acceptable for use in
order to confirm the diagnosis (7, 10, 26). However, as the
acute infection resolves and the patient becomes asymptom-
atic, the number of oocysts dramatically decreases. The num-
ber of oocysts passed by patients, including those with AIDS,
varies from day to day and week to week. It has also been
established that the infective dose of Cryptosporidium oocysts
in humans can be relatively low (8).

As laboratories continue to review their testing approach
and their options with regard to diagnostic reagents, more
interest is being shown in the new immunoassay reagent kits.
Certainly, these reagents offer alternative methods to the rou-
tine ‘‘ova and parasite examination’’ (O&P) method and pro-
vide the added sensitivity required to confirm infections in
patients with low parasite numbers. The data obtained by these
more sensitive methods will also provide for a more accurate
assessment of the prevalence of these organisms not only in
humans but also in environmental sources. In the current en-
vironment of managed care and cost-containment, with cross-
trained individuals, fewer well-trained microbiologists, and in-
creased concern about potential waterborne outbreak
situations, these reagents may support diagnostic testing that is
more accurate, rapid, and cost-effective.

MATERIALS AND METHODS

Specimens. Human fecal specimens (n 5 210) were collected in 10% formalin
and submitted to the laboratory. By the Merifluor Cryptosporidium/Giardia direct
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fluorescent-antibody assay (DFA) (the reference method), 60 specimens were
positive for Giardia, 60 specimens were positive for Cryptosporidium, 40 speci-
mens contained both Giardia and Cryptosporidium, and 50 specimens were neg-
ative for both organisms. Different parasites (nine protozoa, three coccidia, one
microsporidium, five nematodes, three cestodes, and one trematode) were in-
cluded in the negative specimens.

EIA diagnostic kits. The following enzyme immunoassay (EIA) diagnostic kits
were used according to the manufacturer’s directions: (i) Alexon ProSpecT Giar-
dia EZ Microplate Assay (Alexon, Inc., Sunnyvale, Calif.), (ii) Alexon ProSpecT
Cryptosporidium Microplate Assay, (iii) Cambridge Giardia lamblia Antigen Mi-
crowell ELISA (Cambridge Biotech Corporation, Worcester, Mass.), (iv) Me-
ridian Premier Giardia lamblia (Meridian Diagnostics, Inc., Cincinnati, Ohio),
(v) Meridian Premier Cryptosporidium, (vi) TechLab Giardia CELISA (TechLab,
Blacksburg, Va.), and (vii) Trend Giardia lamblia EIA (Trend Scientific, Inc., St.
Paul, Minn.).

Specimen preparation for EIA methods. All EIA kits required unconcen-
trated, formalinized stool specimens.

Test performance. Unless indicated otherwise, EIA diagnostic kit procedures
were followed and the results were examined and interpreted according to the
manufacturers’ directions.

DFA diagnostic kits. The following DFA diagnostic kits were used according
to the manufacturer’s directions, unless indicated below: (i) TechLab Giardia/
Crypto IF Kit, (ii) TechLab Crypto IF Kit, and (iii) Meridian Merifluor Crypto-
sporidium/Giardia (reference method).

Specimen preparation for DFA methods. Stool sediment was obtained by using
the routine formalin-ethyl acetate sedimentation concentration method with
centrifugation at 500 3 g for 10 min (11, 23). One drop (10 ml) of the sediment
was spread thinly onto the wells, air dried, and methanol fixed before staining
(11).

Preparation of eight-well, Teflon-coated slides for DFA methods. The eight-
well, Teflon-coated slides were coated with a 1% white glue adhesive as reported
previously (12). For purposes of batch testing, we used a 7-mm-well slide rather
than the 12.5-mm-well slide included in the kits.

Slide examination method. Each well on the fluorescence slide was scanned at
a magnification of 3100, and organism confirmation was made at a magnification
of 3250. The Giardia cysts were oval, measuring approximately 11 to 15 mm, and
the Cryptosporidium oocysts were round, measuring approximately 4 to 6 mm.
Both organisms showed apple green fluorescence against a dark background free
of nonspecific fluorescence. All slides were stored in the dark before being read
and were read blinded within 1 h of test completion with a Zeiss (Carl Zeiss, Inc.,
New York, N.Y.) fluorescence microscope with a 465- to 505-nm exciter filter, a
515-nm dichromatic beam splitter, and a 520- to 560-nm barrier filter. A positive
smear was determined on the basis of the presence of one or more Giardia cysts
(fluorescence, 21 to 41) or Cryptosporidium oocysts (fluorescence, 21 to 41).

RESULTS

EIA for Giardia. Specimens positive for G. lamblia (n 5 100)
and negative samples (n 5 50) were tested by using four dif-
ferent kits. A total of 92 specimens were positive in tests with
all test kits. Data for the eight specimens with discrepant re-
sults are presented in Table 1. The terms “rare,” “few,” and
“many” are used in Table 1 to provide the reader with addi-
tional information regarding those specimens containing par-
asites that were missed by one or more of the kits; no specific
quantitation is used or reported with the results. All systems

performed in accordance with the expected values regarding
sensitivity and specificity, as stated by the manufacturers and
presented in Table 2.

DFA for Giardia. Specimens positive for G. lamblia (n 5
100) and negative samples (n 5 50) were tested by using the
TechLab Giardia/Crypto IF kit. A total of 100 specimens were
positive compared with the results of the reference method.
This kit performed well, with 100% sensitivity and 100% spec-
ificity, although sensitivity and specificity values for this test
have not yet been established by the manufacturer. The
TechLab reagents resulted in fluorescence intensity that was
generally one level below that seen by the reference method.

EIA for Cryptosporidium. Specimens positive for Cryptospo-
ridium (n 5 100) and negative samples (n 5 50) were tested by
using the Meridian Premier Cryptosporidium kit and the
Alexon ProSpecT Cryptosporidium Microplate Assay kit. A
total of 98 specimens were positive in tests with both test kits.
The two positive specimens that were missed contained rare
oocysts; one positive specimen was missed by both kits, and a
second positive specimen was missed by the Alexon kit. Both
systems performed in accordance with expected values regard-
ing sensitivity and specificity, as stated by the manufacturers
(Meridian, 91 and 99%, respectively; Alexon, 97 and 100%,
respectively).

DFA for Cryptosporidium. Specimens positive for Crypto-
sporidium (n 5 100) and negative samples (n 5 50) were tested
by using two diagnostic kits. There was 100% agreement among
the results obtained by the TechLab Giardia/Crypto IF kit, the
TechLab Crypto IF kit, and the reference method, although
sensitivity and specificity values for this test have not yet been
established by the manufacturer. The TechLab fluorescence
intensity results were generally one level of fluorescence below
that seen by the reference method.

DISCUSSION

All kits used in the evaluation performed well, with sensi-
tivities and specificities of 94% or greater. Tests with any one
of these kits would provide an acceptable method for any
laboratory. The selection of a particular kit and approach for
incorporation into the work flow should be the responsibility of
each laboratory. These decisions are based on a number of
factors, including cost-containment, anticipated workload, ease
of kit performance, number of trained staff, single-sample ver-
sus batched-sample testing, physician clients, physician order-
ing patterns, size and configuration of client base, laboratory
size, availability of equipment, ease with which a new proce-

TABLE 1. Discrepancies among the results of the tests with
the five diagnostic kits (EIAs for G. lamblia) compared

with the results of the reference methoda

Result with the
reference kit

Result with the following diagnostic kit:

TechLab Cambridge Premier
Meridian Alexon Trend

Many Gl 1 1 [2] [2] 1
Few Gl 1 1 1 [2] 1
Rare Gl [2] 1 1 [2] 1
Few Gl 1 1 1 [2] 1
Few Gl 1 1 1 [2] 1
Rare Gl (one organism/

slide)
[2] [2] [2] [2] [2]

Few Gl [2] 1 1 1 1
Rare Gl [2] 1 1 1 1

a Gl, G. lamblia isolates; 1, positive; [2], negative.

TABLE 2. Sensitivity and specificity data for five diagnostic kits
(EIAs for G. lamblia) compared with those for

the reference methoda

Diagnostic kit Sensitivity
(%)

Expected
sensitivity

(%)b

Specificity
(%)

Expected
specificity

(%)b

Merifluor Cryptosporidium/
Giardia

100 100 100 100

TechLab 96 NEc 100 NE
Cambridge 99 100 100 99
Premier Meridian 98 97 100 99
Alexon 94 97 100 98
Trend 99 96 100 97

a A total of 100 positive specimens and 50 negative specimens were tested.
b Expected performance as stated in kit documentation (from the manufac-

turer).
c NE, not yet established.
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dure fits into the routine laboratory work flow, turnaround
time for achieving a result, reporting limitations (computer
system), and the necessity for staff training and client in-service
information distribution. Depending on the priorities and re-
quirements of the individual laboratory, one or more of these
considerations may take precedent.

These diagnostic kits do not take the place of routine O&Ps
but they are very useful when trying to confirm Giardia and
Cryptosporidium infections. A screening approach may be help-
ful when handling a potential outbreak situation, particularly if
a waterborne outbreak is suspected. Clinically relevant ap-
proaches with non-outbreak-related clinical specimens in
which fewer routine O&Ps are coupled with an immunoassay
screening test also depend on whether the patient continues to
be symptomatic after the first stool examinations and screen-
ings are reported as negative. If the patient continues to be
symptomatic and additional routine O&Ps are performed, the
yield of protozoa can be increased considerably (Entamoeba
histolytica, 22.7%; Dientamoeba fragilis, 31.1%) (14).

With renewed interest in the cross-training of personnel and
continued reductions in staffing, diagnostic procedures that do
not require extensive examinations at the microscope are also
advantageous. Training in diagnostic parasitology requires ex-
tended periods of time, and the expertise required is based on
experience in examining organism morphology with a light
microscope. With approximately 60% of the laboratory’s ex-
pense budget being allocated to personnel, it would be appro-
priate to review for possible implementation an approach that
could decrease this percentage.

Renewed awareness of potential waterborne transmission of
both organisms is based on the number of well-documented
outbreaks during the past few years and the publicity surround-
ing water regulations and testing. The importance of an early
diagnosis and appropriate therapy cannot be overemphasized,
particularly for immunocompromised patients (17, 20, 21, 25,
34, 36).
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