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ABSTRACT 

Giardia intestinalis is the most common parasite found in dogs and cats.  It is traditionally 

diagnosed using a microscope. These methods include direct immunofluorescence, DIF, and zinc 

sulphate centrifugal flotation, ZnSO4 C-flotation. However, there are commercially available 

SNAP tests such as the FASTest® GIARDIA strip that is often used by dogs and cats owner to 

detect Giardia. 

    The aim of this study was to compare the sensitivity, cost and labor intensity of these three 

methods for detection of Giardia. To investigate this, 150 samples from dogs and cats were 

examined at the National Veterinary Institute in Sweden. The samples were a mixture of diarrheic 

and non-diarrheic stool. Of the 150 stool samples 100 samples were examined with FASTest® 

GIARDIA strip while 150 samples were examined with DIF and ZnSO4 C-flotation. 

    The results indicated that FASTest® GIARDIA strip had a sensitivity of 66.18 %, a cost of 100 

Swedish crowns (SEK) per sample and was the easiest test to use. ZnSO4 C-flotation had a 

sensitivity of 89.90 %, cost 418.75 SEK and took about 15 minutes to perform. DIF had 100 % 

sensitivity and specificity and due to that it was used as a standard reference method. The cost for 

DIF was 300 SEK and took more than an hour to perform per sample. 

    The conclusion from this study is that, FASTest® GIARDIA strip is not a recommended test 

for detection of Giardia despite their low cost and easiness to use. DIF and ZnSO4 C-flotation 

remain a better diagnostic option for detection of Giardia. 
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INTRODUCTION 

Intestinal parasites are common causes of disease in dogs and cats. These parasites are either 

protozoa or helminths. They are usually transmitted through contact with contaminated feces or 

contact with soil or water where other infected animals have defecated. Some parasites are 

transmitted through contaminated food. Most dog and cat parasites of clinical significance are 

host-specific. However, some of these parasites are potentially zoonotic (Zanzani et al., 2014) and 

can cause life-threatening infections in children, adults and immunocompromised individuals. 

Therefore, it is very important to diagnose these parasites and increase awareness of their risks 

(Zanzani et al., 2014).  

  

Giardia intestinalis, G. intestinalis, also known as G. lamblia and G. duodenalis, is a protozoan 

parasite and is the most common intestinal parasite found in dogs and cats, with a slightly higher 

prevalence in dogs than in cats, 1.3 % to 24.78 % and 0 % to 20.31 %, respectively (Olson et al., 

2010; Zanzani et al., 2014). Giardia uses the small intestine as its predilection site. It causes the 

gastrointestinal disease, giardiasis, with symptomatic or asymptomatic infection. Giardia is an 

opportunistic parasite. It may cause severe symptoms in individuals with impaired immune system 

but often occurs as a secondary infection. Symptoms of giardiasis include acute or chronic 

diarrhea, vomiting, loss of appetite and weight lost (Olson et al., 2010)1. Pets younger than one 

year are at higher risk of developing these symptoms than adult animals. Previously infected 

animals will be at less risk of developing Giardia symptoms when they are re-infected (Solaymani-

Mohammadi et al., 2010). 

  

                                                
1 Alm H. et al. Rekommendationer-Parasitorsakade diarréer i kattbesättningar. SVA. 05-04-2018 
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G. intestinalis has two diagnostic stages that can be seen microscopically, cysts and trophozoites. 

The cyst is the inactive stage of Giardia, and it is often seen in stool samples of infected animals. 

It is 8 to 12 by 7 to 10 µm in size and has four nuclei. The trophozoite on the other hand is the 

reproductive and mobile stage; it is less common and usually seen in watery stool and unformed 

stool (Carlin et al., 2006). Trophozoites replicate asexually through binary fission, and they have 

two anterior nuclei, eight flagella in four pairs and are 12 to 15 by 5 to 9 µm in size. Trophozoites 

undergoes encystation, transform themselves into cysts under unfavorable conditions such as the 

alkaline environment of the distal intestine (Barash et al., 2017). These cysts are then shed in feces 

intermittently by the host and they are highly infectious. They have an infectious dose of ten cysts 

(Einarsson et al., 2016). They tolerate environmental changes, wet and cold conditions, as well as 

low concentrations of chlorine-based disinfectants2 and are able to live outside the host for several 

months (Tangtrongsup et al., 2010; Einarsson et al., 2016).  

    Shortly after cysts are ingested and exposed to the acidic environment of the stomach, 

excystation occurs releasing two trophozoites per cyst in the intestine, causing giardiasis symptom. 

Giardia trophozoites do not attack the epithelial cells nor invade the tissues (Barash et al., 2017). 

They have an adhesive disc, the ventral disc, that allows the trophozoites to attach to the host's 

intestinal epithelium and to interdigitate between the microvilli of the epithelial cells, generating 

a strong flow of fluid to the intestines lumen. While Giardia is attached to the intestinal epithelial 

cells it also divides and reproduces. However, the attachment is not permanent, since Giardia has 

flagella and are capable of movement. When Giardia comes in to contact with the epithelial cells 

Giardia produces a couple of proteins that impair the host's immune system and contributing to its 

                                                
2 Water treatment and pathogen control.  Inactivation (disinfection) processes pdf. World health organization. 28-04-

2018 
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pathology (Solaymani-Mohammadi et al., 2010). Giardia feeds by pinocytosis of the intestinal 

fluid. 

 

G. intestinalis is a species-complex that uses mammals as a host and it has eight major assemblages 

(A-H) that differ at their genetic levels. Assemblage A and B are usually found in humans while 

the other assemblages are to some extent host-specific (Monis et al., 2003). G. intestinalis, 

assemblage A, found in dogs and cats could be potentially zoonotic for humans, (Monis et al., 

2003; Sotiriadou et al., 2013), whereas assemblage C and D are known to be canine-specific and 

often called Giardia canis. Assemblage F is feline-specific and called Giardia cati or Giardia felis 

(Monis et al., 2003; Joffe et al., 2011). The other assemblages are, E found in cattle and sheep, G 

found in mice and rats, and H found in seals and gull (Heyworth, 2016).  

  

Diagnosis of G. intestinalis is one of the challenges that faces veterinarians. That is because 

Giardia are shed intermittently, and have asymptomatic signs of infection and are usually 

underdiagnosed. Fecal examination of stool samples is the easiest way to diagnose Giardia (Khan, 

2001). The diagnosis is traditionally based on microscopic examination of fecal samples of patients 

and is usually based on the morphological characteristic of this parasite. Other than that, 

commercial methods are also available to specifically detect G. intestinalis. Some of these methods 

are based on detecting Giardia antigens in the samples. 

    One of the most commonly used methods in diagnosis of G. intestinalis among other parasites 

is zinc sulphate centrifugal flotation, ZnSO4 C-flotation. This technique allows parasites, specially 

cysts and helminths eggs to float to the top of the ZnSO4 solution due to its high density (1.18 

specific gravity). The top most layer of the solution is then examined using the light microscope. 
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ZnSO4 C-flotation is known to be more sensitive than the simple ZnSO4 flotation which excludes 

the centrifugation step (Joffe et al., 2011). ZnSO4 C-flotation is also more sensitive than other 

flotation techniques such as sugar flotation and sodium chloride flotation, which have a higher 

specific gravity than ZnSO4 (Zajac et al. 2002; Coelho et al., 2015). Higher specific gravity may 

lead to destruction of Giardia cysts making it hard to identify. 

    Direct immunofluorescence, DIF, is another method that is often used to diagnose G. 

intestinalis. It is based on antigen detection using Giardia specific fluorescent-labeled monoclonal 

antibodies. The monoclonal antibodies are genus-specific and will bind to all Giardia 

assemblages’ cysts. Most of the DIF kits that are available are designed to detect both G. 

intestinalis cysts and Cryptosporidium parvum oocysts. When these parasites are present, a green 

light will appear. The parasites can be easily distinguished since Cryptosporidium oocysts (3 to 5 

µm in diameter) are much smaller than Giardia cysts. DIF was used as a reference standard method 

because it is known to have a high sensitivity and it is used as a standard method by many studies 

(El-Nahas et al., 2013; Uehlinger et al., 2017). 

    FASTest® GIARDIA strip is one of the commonly used SNAP tests among dog and cat owners 

as well as at some veterinary clinics in Sweden. The test is a rapid immunochromatographic 

technique that detects both trophozoite and cyst stages of Giardia in dogs, cats and a range of other 

wild animals. According to the manufacturer, the sensitivity is 97.2 % and specificity 99.9 %3. 

  

Since Giardia is reported to be the most common intestinal parasite found in dogs and cats, it is 

important to use methods with high sensitivity that are also inexpensive and easy to use. A question 

that is often raised by dogs and cats owners is how reliable the SNAP tests are compared to the 

                                                
3 FASTest® GIARDIA Strip ad us. Vet. In vitro diagnosticum. Diagnostic Megacor. 
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routinely used laboratory methods. To answer that, a study was conducted with the aim to compare 

Fastest® GIARDIA Strip sensitivity to DIF and ZnSO4 C-flotation which are two of the regularly 

used methods in the diagnosis of Giardia. In addition to that, a comparison of the labor intensity 

and the cost was done.  

 

MATERIALS AND METHODS 

Study materials 

Fresh stool samples (n = 150) were collected from dogs (n = 132) and cats (n = 18) in Sweden 

during February-April 2018. The samples were submitted to the National Veterinary Institute 

(SVA) by dog and cat owners and veterinary clinics for routine diagnostics. Some samples 

included stool collected over one day (single samples) and some over 2-3 days (pooled samples). 

The samples were a mixture of diarrheic and non-diarrheic stool. With FASTest® GIARDIA strip, 

100 samples were tested, and with DIF and ZnSO4 C-flotation, 150 samples were tested. The 

samples were stored at 2-8°C for 1-4 days before they were examined. 

 

Ethics 

No ethical permission was needed to perform this study. General laboratory regulations and 

confidentiality were followed and patients’ samples were decoded. 
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Methods                                                                        

DIF 

A thin layer of stool was spread on a slide (diagnostic microscope slides, 4 rings), and was left to 

dry for 15-30 minutes. Pooled samples were all spread on the same ring on the slide. The slide was 

fixed in methanol (0.79 kg/l, VWR Chemicals) for 5 minutes and was then left to dry for 10 

minutes. The slide was placed in a humid chamber and 25-30 µl monoclonal Aqua-Glo™ antibody 

reagent (A100 FLR:Aqua-G/C, diluted 1:20 with dilution buffer), a Waterborne™Inc. product, 

was dropped onto it. The chamber was incubated at 37°C for 25-30 minutes. Then the slide was 

rinsed with PBS (0.01 M, pH 7.2) and placed in PBS for 2 minutes in the dark, because a fixed 

slide is sensitive to light. After that, the slide was left to dry in the dark for about 10 minutes. Then 

the slide was mounted with a drop of mounting medium and covered with a coverslip. The slide 

was examined using a fluorescent microscope with filter for 495 nm. Giardia was read with 

objective 25x and positive results were verified with a higher magnification. 

 

ZnSO4 C-flotation 

About 3-5 g of stool and 10-15 ml ZnSO4 solution (specific gravity 1.18) were added to a test tube. 

The mixture was thoroughly mixed to a homogenous solution and was then filtered through a sieve, 

150 µm mesh, to another tube to discard the large particles. The solution was transferred to a 

centrifugation tube and filled with ZnSO4 solution until a positive meniscus was formed. The tube 

was then covered with a coverslip (18 x 18 mm) and centrifuged at 214 x g for 5 minutes. A drop 

of iodine (Dobell, diluted 1:4) was dropped on a slide to stain the cysts and then the coverslip was 
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placed on top of it. The slide was examined under light microscope using objective 10x and 

positive results were verified with a higher magnification. 

 

FASTest® GIARDIA strip 

The test was performed according to the manufacturer’s instructions. Here is a brief description of 

how the test was done. The samples were left to reach room temperature before they were 

examined. Depending on the consistency of the stool 1-3 spoons were added to the included buffer 

tube. The waterier the stool was, the more material was taken. The mixture was thoroughly mixed 

till a homogenous solution was reached. This was left to sediment for 1-5 minutes. Then a dipstick 

was dipped in the solution for at least 1 minute (or till a horizontal blue line appeared) to allow a 

lateral flow of solution. The result was read 1-5 minutes after the dipstick had been taken out of 

the solution. The result was negative if only a blue line appeared and positive if a blue and a red 

line appeared on the dipstick. Note, in pooled samples only one sample (randomly selected) was 

tested. 

 

Statistical analysis 

The data was processed using Microsoft Office Excel 2013, where labor intensity, costs, sensitivity 

and specificity were calculated. Labor intensity was calculated as time taken to perform each 

method when one or more samples were analyzed. The analysis cost was also calculated and it 

included laboratory staff salary, laboratory rent, instruments and materials used for DIF and ZnSO4 

C-flotation. The cost was calculated as cost per sample. The cost for fastest was calculated as price 

of the kits divided by 100 tests. 
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The sensitivity and specificity were calculated by using the following formulas respectively.  

 

Sensitivity =  
number of true positive samples

number of true positive samples + number of false negative samples
 

 

Specificity =
number of true negative samples

number of true negative samples + number of false positive samples
 

 

RESULTS 

In this study 150 stool samples from dogs and cats were examined using DIF, ZnSO4 C-flotation 

and FASTest® GIARDIA strip. The comparison included sensitivity, cost and labor intensity. DIF 

was used as a reference method and based on this method the number of Giardia positive samples 

in both dogs and cats was 98 (65.33 %). Giardia positive samples were reported when Giardia 

cysts were observed under immunofluorescence microscope when DIF was used (Figure 1) and 

under light microscope when ZnSO4 C-flotation was used (Figure 2).  

 

  

Figure 1: Giardia cysts shown under immunofluorescence microscope. A: Giardia cyst 40x. B: 

Giardia cysts 25x.  
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Figure 2: Giardia cysts with iodine staining shown under light microscope 20x. 

  

Using FASTest® GIARDIA strip where 100 samples were examined the sensitivity was 66.18 %. 

In single samples (n = 26), the test detected Giardia in 10 samples (52.63 %).  

    Using ZnSO4 C-flotation the sensitivity was 89.90 % and no difference in sensitivity was 

observed between single and pooled samples. The specificity of FASTest® GIARDIA strip and 

ZnSO4 C-flotation was 96.88 % and 100 % respectively. 

 

Comparing the labor intensity of the three methods per sample, DIF took about one hour to prepare 

and ZnSO4 C-flotation took about 10 minutes to prepare. The reading of these two methods using 

microscopes also differed where it took less time to read DIF than ZnSO4 C-flotation. FASTest® 

GIARDIA strip preparation and reading for one sample took less than 10 minutes. However, 

analyzing more than one sample, such as four samples, takes a few more minutes to prepare for 

DIF, ZnSO4 C-flotation and FASTest® GIARDIA strip. The cost for the three methods was also 

calculated per sample (See table 1).  
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Table 1: The table below shows the cost of the three methods per sample in SEK. It also shows the 

approximate time taken to perform and read the results of each of the methods when one or more 

samples were analyzed. 

 

1 sample 4 samples  8 samples 

Cost/SEK 

minutes/ 

sample 

minutes/ 

4 samples 

minutes/

sample 

minutes/ 

8 samples 

minutes/

sample 

DIF* 300 75 85 21.25 100 12.5 

ZnSO4 C-flotation 418.75 15 35 8.75 70 8.75 

FASTest® 

GIARDIA strip 

100 8 25 6.25 40 5 

* The time included 30 minutes of incubation. 

 

Other parasites than Giardia were detected using ZnSO4 C-flotation and DIF. The parasites 

detected with ZnSO4 C-flotation were Isospora spp, Toxocara spp, Toxascaris leonia, and 

Aelurostrongylus abstrusus. With the DIF, Cryptosporidium spp were detected in addition to 

Giardia. 

 

DISCUSSION  

G. intestinalis, the species complex with eight assemblages, is the most common intestinal parasite 

found in dogs and cats, causing giardiasis which could be life-threatening for pets younger than 

one year old. Giardia has also zoonotic potential, causing the same disease in humans. Therefore, 

correct diagnosis of Giardia is very important. The aim of this study was to compare DIF and 
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ZnSO4 C-flotation, two of the most frequently used diagnostic methods to FASTest® GIARDIA 

strip, concerning sensitivity, cost and labor intensity.  

    In accordance with many other studies, DIF was used as golden standard due to its high 

sensitivity and specificity. Some studies based on human samples have reported both the 

sensitivity and specificity to be 100 % (Garcia et al., 1992; Rishniw et al., 2010) whereas Baig et 

al (2012) found lower figures, sensitivity of 90.2 % and specificity of 92.7 %. Based on Baigs et 

al. (2012), DIF might not be a suitable method to use as standard reference method, because 

FASTest® GIARDIA strip has a higher sensitivity and specificity (97.2 % and 99.9 %) according 

to the manufacturer. If that is true, this study should have shown some false positive results using 

FASTest® GIARDIA strip when DIF was used as a standard reference method.  

 

The results indicated that FASTest® GIARDIA strip is the least sensitive method, 66.18 %, of the 

three methods that were tested. This sensitivity is also much less than claimed by the manufacturer 

(97.2 %). One reason for the low sensitivity observed in this study could be that Giardia is shed 

intermittently, meaning that there is a risk of misdiagnosing Giardia using a single stool sample 

per patient, which is what is usually used when testing with FASTest® GIARDIA strip. However, 

among the single samples (n = 26), there were 10 samples (52.63 %) that were also false negative. 

This indicates that the sensitivity is still low, even when one sample was used. It was observed that 

the false negative samples using FASTest® GIARDIA strip were often reported as weak positive, 

very few Giardia cysts were present when they were tested with the other two methods, especially 

in ZnSO4 C-flotation. This indicates that FASTest® GIARDIA strip is not able to detect low 

numbers of Giardia cysts. In a study that compared FASTest® GIARDIA strip and ZnSO4 

flotation methods, it was established that FASTest® GIARDIA strip was able to detect more 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rishniw%2C+M
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Giardia (53.5 %) than simple ZnSO4 flotation (6.5 %) (Gundłach et al., 2005). So, despite the fact 

that FASTest® GIARDIA strip was the least sensitive method in our study, it could still be better 

than some flotation techniques. 

 

ZnSO4 C-flotation had a sensitivity of 89.90 % which was much higher than FASTest® GIARDIA 

strip; all false negative samples were false negative with FASTest® GIARDIA strip. Other studies 

have found a similar sensitivity, 89.6 % was reported by Uchoa et al. (2018) and 85.3 % was 

reported by Mekaru et al. (2007). No difference in sensitivity or specificity was found between 

single or pooled stool samples. However, in another study where the sensitivity of ZnSO4 C-

flotation was studied, a difference in single and pooled samples sensitivity was reported, where 

pooled samples had a higher sensitivity (78 %) than single samples (49 %) (Rishniw et al., 2010). 

    The specificity of FASTest® GIARDIA strip and ZnSO4 C-flotation was much better than the 

sensitivity, 96.88 % and 100 % respectively. 

 

When it comes to the cost and labor intensity of the three methods, FASTest® GIARDIA strip was 

the least expensive (100 SEK) and the easiest test to use. Following FASTest® GIARDIA strip in 

cost was DIF (300 SEK) and ZnSO4 C-flotation (418.75 SEK). FASTest® GIARDIA strip cost 

was for customers who uses the test themselves to test their pets for Giardia. However, if the same 

test was used by lab-technicians at a laboratory environment the cost will increase, as the labor 

intensity and other laboratory cost will be included in the price. The cost for more than one sample 

was not calculated in this study, but a hypothesis of how it would cost is the methods would cost 

less per sample as the labor intensity decrease.   
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    Looking at the labor intensity, the ZnSO4 C-flotation was easier to use and faster by a few 

minutes than DIF, when one sample was analyzed. However when more than one sample was 

analyzed, DIF took less time to perform, and that is because all of the samples are incubated at the 

same time instead of one sample at the time  which normally takes about 30 minutes.  

 

A few limitations of ZnSO4 C-flotation were observed during the study. Firstly, it was difficult to 

diagnose Giardia because of the small size of the cysts, and its morphological similarity to a yeast 

cell. The small size could lead to false negative results by an inexperienced lab-technician, and 

therefore samples should be examined and assessed by an experienced technician (Olson et al., 

2010). Secondly, ZnSO4 is also considered as a not environmentally friendly chemical and often 

demands labor intensive handling of the substance. For DIF and FASTest® GIARDIA strip, no 

noticeable difficulties were encountered. 

    An important thing that should be taken into account when diagnosing Giardia is that more than 

one sample should be tested to give a more accurate diagnosis and to increase the chance of 

detecting Giardia. So, a suggestion for a future research project, would be to test pooled samples 

with one FASTest® GIARDIA strip to see if it would increase the tests sensitivity. Also, to test 

other SNAP tests sensitivity, to see which test could be recommended to dog and cat owners as a 

fast and a quick diagnostic option for the detection of Giardia. 

 

From this current study we can conclude that FASTest® GIARDIA strip is not a good diagnostic 

test for the detection of Giardia due to its low sensitivity. A recommendation to dog and cat owners 

could be that it is better to test their pets stool samples, pooled samples, preferably a minimum of 

three stool sample, using the laboratory methods DIF or ZnSO4 C-flotation. Testing their pets’ 
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stool over three days using the FASTest® GIARDIA strip could minimize the risk of missing 

Giardia as it is intermittently shed. That will, however, increase the cost to from 100 SEK to 300 

SEK. As for the veterinary clinics, it is recommended to test FASTest® GIARDIA strip negative 

samples preferably with DIF for confirmation. 
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