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Giardia lamblia is an intestinal protozoan parasite; hence, to diagnose the
cyst, it is necessary to find a reliable, simpler and less expensive diagnostic method in the
laboratory. Therefore, in order to choose a more sensitive, cheaper and applicable
diagnostic method in the laboratory ;  three methods, namely, sucrose gradient, wet
mount and formalin-ether in fecal samples from BALB/c mice infected with the protozoan
Giardia, were studied. In this diagnostic laboratory study, 200 stool samples from infected
mice (BALB/c) with Giardia were studied. Stool specimens from three direct smear method,
formalin-ether and sucrose were prepared.  A total of 200 specimens for each method
were prepared and examined by microscope.   Furthermore, it enhanced the accuracy
check at each stage; the feces of healthy mice were used as negative controls for comparison.
Stool examination revealed G.  lamblia cysts in mice infected BALB/c from 200 samples
for each method. In the direct method, formalin - ether and sucrose gradient, 101 (55.00%),
166 (83.00%) and 180 (94.00%) cases were positive respectively. Therefore, the sucrose
method has demonstrated the highest sensitivity (94.00%), compared to other methods.
According to the results of this study, sucrose is a sensitive method for high-throughput
and cost-effective diagnostic method, than previous methods. Therefore, sucrose method
is suggested suitable and can be used in place of formalin-ether. Given their potency, the
sucrose gradient may be recommended to undergo futher studies.
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Giardiasis is a parasitic infection
associated with diarrhea, stomach cramps, upset
stomach, and excessive gas. Prompt and accurate
diagnosis of intestine protozoa, particularly in
excrement samples is important in parasitology.

Giardia lambelia is one of the important human
intestine protozoa. There are two forms of
trophozoite  and cyst in the life cycle of this
parasite, and they are transmitted through fecal-
oral method1,2. Protozoa can be transmitted to the
next host via resources such as polluted water and
food, directly and indirectly. Disease diagnosis is
as a result of parasite,  by virtue of clinical
symptoms in persons who had symptoms, as well
as tests of excrement samples of the persons who
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had clinical symptoms and no symptom3,4. Test
methods such as wet mount, condense methods
with ether formation, saturated saltwater, tin
sulphate and sucrose gradient, small intestine
biopsy, various serology, and molecule methods
are usually employed for the diagnosis of G.
lamblia,. Normally, microscopic tests of excrement
samples in giardiasis involved preparing wet mount,
condense methods of samples and constant
coloring methods. The common method of
diagnosing Giardia in the laboratories in Iran is
wet mount. However, in rare cases, sedimentation
with formalin-ether used for diagnosis is required
for an experienced person, since it is not easily
observed under  lamp, particularly when the rate
of the parasites is low in the excrement samples5.

Since the diagnosis methods used for
excrement samples in the diagnosis laboratories
and in the studies are so sensitive; in the diagnosis
studies of determining the parasitology methods
used, negative and positive report value should
be considered in addition to sensitivity and
specificity. Therefore, it is necessary to find a
confident, simple and low cost method for the
diagnosis of  Giardia. Therefore, in responding to
the choice of a more sensitive, low cost and
performable method in the diagnosis laboratory,
three methods, namely sucrose gradient, wet
mount and formalin-ether in excrement samples of
BALB/c mice contaminated with Giardia were
investigated.  These methods are applicable in the
diagnosis laboratories and require less time, along
with complex and developed equipments6,7.

MATERIALS AND METHODS

In this laboratory diagnosis study, for the
diagnosis of samples contaminated with Giardia,
200 excrement samples of male BALB/c mice were
chosen, with 20 g of human samples contaminated
with Giardia at the ratio of 2:10. The contaminated
rats were examined prior to the study, and their
contaminations were confirmed 11 days after
receiving Giardia. Subsequently, excrement
samples were studied by means of these three
methods, wet-mount, condense method of formalin
– ether and sucrose. The excrement samples of the
mice contaminated with the Giardia lamblia  after
preparation were delivered to the research group
of parasitology section of Medical Faculty of

Medical Sciences University of Mazandaran, and
investigated with light microscope. For the test,
any excrement samples of BALB/c mice prepared
with wet-mount, formalin ether and sucrose
methods (in total 600 samples, 200 specimens of
any method) and in any stage with the sample
related to the excrement of the healthy rat were
used as negative control. A few sampling had
specificity labels, these labels were used not to
mistake the mice with other mice , and for the
researcher to identify the required type of mice
(healthy or polluted) and prepared with the 3
methods during test. In this study, following the
preparation of samples with the three mentioned
methods, the infection of the parasite in the
samples was investigated with light microscope.
Microscopic test of excrement samples prepared
by wet mount

Normally, microscopic test of excrement
samples is carried out using wet mount. In this
method, about 2 mg of excrement was mixed with a
drop of physiology serum on a lamp,  and a neat
G.lamblia was put over it. In this stage and
subsequent stages, after the preparation of
developed G.lamblia, the infection of the parasite
in samples was investigated with light microscope.
Condense method of  Formalin ether

This method was carried out by means of
test parasite kits. 3.5ml of the test parasite solution
was added to the above kit, and then the sample
was placed in the kit and centrifuged at a speed of
100 g. Finally, the liquid obtained was measured in
the conic section of the kit, and sediment of
G.lamblia was used for microscopic test8,9.
Purification method with sucrose gradient

In this method, the excrement samples
were diluted with 1 to 12 L of distilled water and 20
cc of the distilled excrement was poured in a plate
containing glass peril and shaken for 5 min to form
a soupy solution.  Thereafter, the suspension
glossed. Subsequently, 5 ml of water was added to
the obtained sediment, and 3.85 ml of sucrose was
slowly added to the mentioned solution. The
obtained solution was centrifuged at 600g for 10
min, and transformed by pasture pipe with the
liquid that gathered in the middle layer, and
G.lamblia sediment prepared for microscopic test.
After examining the parasites, the data obtained
were analyzed using SPSS software version 17 .
The sensitivity and specificity was calculated with
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report value in any method based on related
formulas2.

RESULTS

Investigating the excrement of healthy
mice by wet mount, formalin-ether and sucrose
methods showed that, no method reported false
positive, therefore, the specificity and positive
report value of the three methods calculated was
100%. In addition, investigating the excrement
samples of  BALB/c mice contaminated with G.
lamblia showed that, of the 200 prepared
specimens for any method, wet mount, formalin–
ether and sucrose methods, reported positive cases
of 101 (55.00%), 166 (83.00%) and 180 (94.00%)
respectively. Therefore, the sucrose method has
demonstrated the highest sensitivity (94.00%),
compared to other methods. Furthermore, to
determine the abilities of diagnosis used in
parasitology, Positive and Negative
Predictive Value were calculated, the results
showed the higher value of sucrose method when
compared with other methods. In addition, the
results of this study showed that, the use of
purification method increased the possibility of
Giardia cyst although not a routine diagnostic
method (Table and Figure 1).

DISCUSSION

Parasite diseases are one of the important
health-economic problems of most countries of the
world. Diagnosis parasite pollutions (protozoa and
helminth) with suitable, inexpensive, safe and good
diagnosis power were considered by experts of
this field. Therefore, various studies were carried
out globally, for the introduction and evaluation
of exact methods of parasite pollutions diagnosis10-

12. Determining the amount of parasite infection in
the best condition is relative, and caution in
diagnosing this infection depends on the method
of test, skill and care in preparation stage, readiness
and microscopic study of the samples and repeated
number of times  the test is performed. As a result,
owing to the different use of diagnosis methods or
method of performing them, the rate of outbreak in
the studies were different from each other, and
were constantly  lower from the real amount of
infection in the society.

Since it is important to employ diagnosis
methods in treatment and diagnosis centers in
various parts of the world, various studies were
carried out to access the suitable diagnosis method
of intestine parasite infections. Concerning the
studies carried out in India in the year 2003, 17
studies of 80 common studies for parasite infection
were positive for method of wet mount, 35 studies
for  formalin–ether, and 45 studies for the method
of formalin-estone13. Furthermore, formalin–eston
showed the highest amount of sensitivity in
diagnosis of intestine protozoa. In this study, of
the 200 prepared samples for any method, formalin-
ether and sucrose methods were reported to be
positive with values of 166 and 180 respectively. A
cross sectional study was conducted from May to
June 2013 in  Ethiopia . Single stool sample was
processed for direct, Formol ether concentration
(FEC) and Kato Katz methods. The sensitivity and
negative predictive value (NPV) of diagnostic tests
were calculated in terms of the “Gold” standard
method (the combined result of the three methods
altogether) . In the study, the Kato Katz technique
outperformed the other two methods but the true
values for sensitivity, specificity and diagnostic
values are not known. Moreover, it is labor
intensive and not easily accessible. Hence, it is
preferable to use FEC technique to complement
the Wet mount test. In an attempt to achieve the
easier and more sensitive faecal examination, in
other study the ability of formol- detergent (FD)
technique for detection of intestinal parasites was
compared with the direct examination and the
formalin – ether (FE) sedimentation technique. In
this cross – sectional (descriptive-analitic) study
faecal specimens were collected from 501 people
of the Bilaghan and Sarvadar Villages in the vicinity
of karaj city and examined by direct, FE and FD
technique. This study privides evidence that FD
technique is an important tool for the diagnosis of
Giardia lamblia and is suitable and cheap  for
performing under field condition and should be
considered in situations where resources are scarce.
FD technique is available that is preferred to FE
method  . Ether is relatively expensive and
explosive. The direct method is suggested for
immediate answer and the motion of G. lamblia
trophozoite14,15. In this study, evaluation of sucrose
method for diagnosis of G. lamblia proved to be
more effective, when compared with the other
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Table 1. Diagnosis specificity, positive cases number, sensitivity, specificity,
three methods of wet mount, formalin-ether and sucrose of 200 excrement samples
contaminated with the cyst of G. lamblia in excrement samples of  BALB/c mice

Positive Sensitivity with Cases number
Predictive Confidence Total Negative Positive
Value interval(CI):95%

52.63% 55.00%(47.82% to 62.02%) 200 99 101 wet mount
62.64% 83.00%(77.06% to 87.93%) 200 34 166 formalin-ether
65.51% 94.00%(89.75% to 96.86%) 200 20 180 sucrose

Fig. 1. Comparing the amount of specificity, sensitivity,
three methods of wet mount, formalin-ether and sucrose
in the diagnosis of Giardia in the excrement samples of
BALB/c mice

methods of wet mount and  formalin–ether. In the
study 600 samples was examined with three
methods of wet mount, formalin –ether,  formalin–
ethyl acetate. The sensitivity of the three methods
was reported as 32, 73.3 and 64./7 respectively,
and their Negative Predictive Value were 32.9, 55.6
and 48.5 respectively while
Positive Predictive Value in three methods
calculated as 100%.  Acetone is preferred to ether
due to more stability, less flammability and safer
and cheaper. In our study, Positive Predictive Value
of three direct methods of wet mount, formalin ether,
and sucrose were 52.63%, 52.63% and 65.51%
respectively (CI:95%). Therefore, the results of
formalin-ether method in two studies were similar,
with difference in the direct quantity method. It
may be due to the method of preparing  sample  ,
and the experience of the researcher. Various
studies from 1979 to 1996, pointed to the relative
superiority of formalin-ethyl acetate method over

formalin-ether in the diagnosis of intestine parasites
. In other study detection of intestinal protozoa by
using different methods was done .This study
showed concentration techniques were
significantly higher (P < 0.05) detection rates of
parasites compared with direct smear
microscopy16-18. This study was carried out for the
evaluation and completion of previous studies, and
for finding suitable and applicable method in the
diagnosis laboratories. In the diagnosis of the
infected and non-infected samples with G.lamblia,
the sensitivity of the direct methods, formalin-ether
and sucrose method was 55.00%, 83.00% and
94.00%respectively. The results showed that
sucrose method had the highest sensitivity in the
diagnosis of G. lamblia. However, in studies
conducted in and out of the country, the methods
of formalin-ether and formalin-acetate were
reported to be more sensitive19,20. The method
employed for the diagnosis of intestine parasite
diseases should have the ability to be used for the
diagnosis of nucleolus, larvae worm, trophozoite,
unicellular cyst, not be time consuming,  and should
have minimum infection in the workplace. Formalin-
ether is a difficult and expensive method, and also
in the case of not observing safety issues, may
lead to risks for health of employees21,22. In this
study, sucrose method is a new method that is
more sensitive than previous sediment method due
to higher amount of its positive report value. In
addition, this method is less expensive than
formalin method and it is economical. Therefore, in
supplementary studies, employing this method in
cyst diagnosis,  intestine unicellular trophozoite,
and different forms of eggs and larvae worm
parasites is necessary.
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