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Diagnostics of the gastrointestinal strongiloidosises in ruminants requires methods that are characterized by high analytical sensitivity
and accuracy, are easy to replicate, and quickly detect parasite eggs. At the first stage of the study, we tested the analytical sensitivity, accura-
cy, and precision of the method of quantitative helminthocoproscopic examination, modified McMaster technique, and Mini-FLOTAC
(combined with Fill-Flotac). The faecal samples were collected from animals in Kirovohrad and Dnipropetrovsk oblasts. The known num-
bers of eggs isolated from bovine or sheep faeces were added to the egg-free bovine and sheep cattle stool samples to obtain the values of 10,
50, 200, and 500 eggs per gram of faeces. The objective of the study was assessment of the performances of the coprological diagnostic
methods for the egg-spiked samples and samples from naturally-infested ruminants. The method of quantitative helminthocoproscopic
examination proved effective in the case of a low concentration of eggs (10-50 EPG), exerting 100% analytical sensitivity. The number of
eggs in 1 g of faeces detected using Mini-FLOTAC was not significantly different from the expected estimates at any level of egg density.
With increase in the number of eggs to over 200 per 1 g of faeces from cows and sheep, we observed a statistical difference (Tukey’s Test)
among the three methods. Using a new method of quantitative helminthocoproscopic examination, we were able to detect the highest num-
ber of naturally infested animals (54.8% of the cattle, 59.2% of the sheep, and 68.7% of the goats). Lin's concordance correlation coefficient
(CCC) was the highest for sheep between the method of Quantitative Helminthocoproscopic Examination and the modified McMasters
technique (CCC = 0.93). The provided data indicate the possibility of using the method we proposed in the case of low intensity of animal
infestation (3-5 EPG). The prospects for future studies lie in testing the efficiency of Quantitative Helminthocoproscopic Examination on

other species of animals and also in cases of their infestations with protozoa, cestodes, and trematodes.
Keywords: method of Quantitative Helminthocoproscopic Examination; modified McMasters technique; Mini-FLOTAC; Strongylida;

cattle; sheep; goats.
Introduction

Monitoring the spread of helminths, along with identifying their spe-
cies composition, age, and seasonal dynamics in a specific natural-climatic
zone, represents important goals. Gastronintestinal nematodes are harmful
parasites in ruminants (Income et al., 2021; Tachack et al., 2022). In the
territory of Ukraine, the infestation of ruminants with gastrointestinal hel-
minths accounted for 56.7% (Kruchynenko et al., 2021). Over the past
five years, on animal farms of the central region of Ukraine, gastrointes-
tinal-nematode infestation has become widespread (Prima & Dmytrenko,
2021; Korchan et al., 2023; Bondarevskyi, 2024). It was found that nema-
todes of the suborder Strongylida (Railliet et Henry, 1913) are some of the
commonest in the central and southeast regions of Ukraine, the infestation
of sheep reaching 44.1% (Melnychuk, 2019). Experimental studies con-
firmed that gastrointestinal helminths lead to changes in live weight of the
animals, thus entailing substantial economic losses (Boyko et al., 2016).

As is known, veterinary practice uses the generally accepted methods
that enumerate eggs (invasive elements) in 1 g of faeces (Cringoli et al.,
2013). Despite a broad array of proposed methods, the “gold standard” is
still the McMaster technique, developed in the laboratory of McMaster at
the Sidney University and whch is extensively used worldwide (Paras
etal,, 2018; Went et al., 2018). It is the most universal technique of count-
ing eggs in veterinary parasitlogy. The World Association for the Advan-
cement of Veterinary Parasitology (WAAVP) recommends it for evalua-
ting the efficacy of antihelminth drugs in animals (Wood et al., 1995), and
also for identification of the resistance of parasites to medical drugs (Coles
et al,, 1992). Unfortunately, many laboratories are not equipped with the

latest equipment, and therefore are often unable to use a centrifuge for
diagnostical studies, for example, for the Cormell-Wisconsin methods
(Ballweber et al., 2014). For this purpose, quantitative coproscopic diag-
nostic methods that utilize a counting chamber continue to be relevant
(Cringoli etal., 2010; Vadlejch et al., 2011; Cringoli et al., 2017).

Later, in Italy, an alternative to the McMaster technique was develop-
ped — FLOTAC, which, according to the data of Cringoli (2006) is more
effective. However, a disadvantage of this method is the necessity of cen-
trifuging faecal samples. Therefore, there was developed a simplified
apparatus that is highly sensitive to eggs (5 EPG) called Mini-FLOTAC
(Barda et al., 2013). In 2021, the Kubic FLOTAC microscope (KFM)
was brought out — a compact, cheap, adapted, and easily transported digi-
tal microscope, developed specifically for analyzing faecal samples using
Mini-FLOTAC or FLOTAC, and suitable for using in field conditions, as
well as in laboratories. The assessment detected a high level of concor-
dance (the concordance correlation coefficient = 0.999) between the regu-
lar and digital microscopes (Cringoli et al., 2021).

As is known, the flotation principle is based on the ascent of hel-
minths eggs up to the superficial layer of liquid while treating the faecal
probes with solutions of salts, the specific weight of which is higher than
the density of eggs. Therefore, researchers constantly search for flotation
solutions. To detect eggs of helminths, scientists have proposed a conside-
rable variety of flotation solutions with different specific weight. The se-
arch for the most optimal ones is ongoing (Rashid et al., 2018; Yevstafieva
et al., 2023). It was confirmed that in order to detect eggs of nematodes
during faecal analysis, the lowest specific weight of flotation solution is
enough. Thus, a quite effective solution for diagnostics of Strongylida
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eggs of the gastrointestinal tract was the flotation solution of table salt with
the specific weight of 1.2 (Bosco et al., 2014). The results of the studies
revealed that the simple McMaster method was the most accurate method
of detecting Strongylida eggs, while Mini-FLOTAC was the most accu-
rate to detect Ascaris eggs (Napravnikova et al., 2019). Vieira et al. (2021)
reported that Mini-FLOTAC demonstrated better results in detecting
helminth eggs in sheep (71.6%; 287/401) and goats (88.4%; 343/388, 2% =
10.4; P<0.0001).

The objective of the study was the assessment of the coprological me-
thods of diagnostics of helminths in spiked samples and samples from na-
turally-infested ruminants. We compared the following methods: the me-
thod of Quantitative Helminthocoproscopic Examination with the mini-
mum detection limit of 2.5 or 5.0 eggs per gram (EPG) of faeces, the
modified McMaster technique (25 or 50 EPG), and Mini-FLOTAC (5 or
10 EPG).

Materials and methods

The research was carried out from March to May 2024 in the scientif-
ic laboratory of the Department of Parasitology and Veterinary-Sanitary
Expertise (the Poltava State Agrarian University). The study was per-
formed in two stages. At the first stage, the faecal samples with detected
and undetected eggs were collected from cattle and sheep kept at private
farms in Kirovohrad and Dnipropetrovsk oblasts (central Ukraine). Each
sample was analyzed 5 times using the Comell-Wisconsin technique (Eg-
wang & Slocombe, 1982) with an analytical sensitivity of 1 egg per gram
of faeces for presence or absence of eggs of gastrointestinal nematodes.
Further, the nematode eggs were isolated from the positive samples using
the method of mass isolation, i.. the method using 4 sieves of various
sizes (1 mm, 250, 212, and 38 um) so as to isolate the eggs from faeces.
Later, we collected ten aliquots, 0.1 mL of each, and counted the eggs
(Godber et al., 2015). Then, we performed a contamination of the negative
faecal samples with eggs of gastrointestinal Strongylida. Suspensions with
eggs were added to negative faeces (20 g) and thoroughly homogenized in
order to obtain four faecal samples (250 g each) for each level of eggs per
gram (10, 50, 200, and 500). Each sample was analyzed using a saturated
table-salt solution (the specific weight of 1.2) by the three methods of
coproscopic diagnostics: Quantitative Helminthocoproscopic Examina-
tion (Kruchynenko et al., 2024), modified McMaster (Zajac & Conboy,
2012), and Mini-FLOTAC combined with FilllFLOTAC (Cringoli et al.,
2017). We analyzed a total of 240 samples of faeces. After thorough ho-
mogenization of each faecal sample for each level of eggs per gram, 40 g
was weighed for each of the the methods, Quantitative Helminthocopros-
copic Examination and modified McMaster, and 50 g for Mini-FLOTAC.

Table 1

In general, we used ten repetitions for each of the methods and for each
level of eggs per gram (10, 50, 200, and 500) using individual samples of
faeces. The mass of faeces used, coefficient of dilution, volume of reading,
and analytical sensitivity of each method are given in Table 1.

The method we propose was performed as follows: a test tube rack
with 20 compartments for 10 mL test tubes was taken (Fig. 1). To each
compartment, a device was placed, made of plastic in the form of a cy-
linder of a capacity of 1.5 mL, an inner diameter of 16 mm, and a depth of
7.5 mm. One test tube rack is intended for studying 10 to 20 samples at the
same time. Two gram (sheep, goats, carnivores, and birds) or four gram
(cattle, swine, horses) stool samples were put into a cup, and flotation solu-
tion was added until a 30 mL volume was achieved. It was thoroughly
mixed and filtered through a metal sieve with 500 cells into another cup.
Then, from one cup into another, the content was poured 5-10 times for
an even distribution of eggs in the liquid. Then, we collected 1.5 mL using
a syringe, and then the device was filled until formation of meniscus.
It was covered by a 18 x 18 mm covering glass (reading area = 324 mn’).
To enhance the efficiency of counting invasive elements (eggs or oocysts),
the procedure was repeated to fill the second device from the same sample
(reading area = 648 mm?). The analytical sensitivity for 4 g of facces
equaled 2.5 eggs per 1 g of faeces and 5.0 for 2 g. Seven to ten minutes
later, the cover slips were taken off and transferred onto pre-prepared
microscope slides. To facilitate the counting of eggs, two parallel lines
were drawn on the microscope slide using blue or green permanent 1 mm-
thick marker, with 1-2 mm interval.

At the second stage of the study, we compared the three said methods
for the ruminants naturally infested with gastrointestinal Strongylida.
In total, we examined 203 individuals of cattle (n = 73), sheep (n = 98),
and goats (n = 32), ranging 4 months to § years-old.

Statistical analyses were performed using MedCalc for Windows,
version 20.2 (MedCalc Software, Ostend, Belgium, 2022). Boxplots (indi-
cating median, percentiles, and outliers) were used to evaluate the accura-
cy and precision of each method. Also, for the each method, we estimated
the arithmetic mean for eggs in 1 g of faeces (X), standard deviation (SD),
and coefficient of variation (CV). The Shapiro-Wilk test was used to
assess the normality of the distribution of indicators. The statistical diffe-
rences among the methods were determined using the Tukey Test.
The differences in the parameters among the groups were considered
significant at P < 0.05. Lin’s correlation concordance coefficient (CCC)
was estimated between the method of Quantitative Helminthocoproscopic
Examination and modified McMaster technique; and the Quantitative
Helminthocoproscopic Examination and Mini-FLOTAC. The interpreta-
tion of CCC was carried out according to the report by McBride (2005).

Schematic features of the method of Quantitative Helminthocoproscopic Examination, modified McMaster technique, and Mini-FLOTAC

Name of the method. Amountof facces Dilution ratio Reading volume, ml. ~ Reading area, mm® Analytical sensitivity,
used, grams €ggs per gram
Quantitative Helminthocoproscopic Examination 4 1:75 30 648 25
Modified McMaster technique 4 1:7.5 03 200 250
Mini-FLOTAC 5 1:10 2.0 648 5.0

Note: the weight of faeces used for each repetition, dilution ratio, reading volume, reading area and analytical sensitivity of the method of Quantitative Helminthocoproscopic

Examination, modified McMaster technique, and Mini-FLOTAC.

Fig. 1. Kit for the method of Quantitative Helminthocoproscopic Examination
Regul. Mech. Biosyst., 2024, 15(4)
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Results

The conducted studies revealed that the method of Quantitative Hel-
minthocoproscopic Examination and Mini-FLOTAC produced 100%
analytical sensitivity for all the concentrations of eggs (for faeces of cattle
and sheep, contaminated with nematode eggs). On the other hand, the mo-
dified McMaster technique exerted 100% analytical sensitivity only for
the concentrations of over 200 eggs per gram (20% to 80%, for the con-
centrations of 10 and 50 EPG). According to Table 2, no statistical diffe-
rence was observed among the three methods of coproscopic diagnostics
for both the 10 and 50 eggs per gram concentrations in cows and sheep.
At the same time, with increase in the number of eggs to 200 or S00in 1 g
of faeces, there was a statistically significant difference among the me-
thods (P < 0.05). It has to be noted that the variation coefficients were

Table 2

lower for all the concentrations of eggs analyzed using the method of
quantitative helminthocoproscopic examination and Mini-FLOTAC, as
compared with the modified McMaster technique.

According to our studies, the method of Quantitative Helminthoco-
proscopic Examination has proved itself effective for detecting low con-
centrations of nematode eggs, ranging 10 to 50 eggs per gram (Fig. 2a), as
indicated by the length of the boxplots. When the level of eggs was lower
(10 EPQG), the CV% was high, exceeding 100% using the modified
McMaster technique (Fig. 2b). Also, this method did not detect all the po-
sitive samples when the concentration of parasite eggs in the faecal sam-
ples was low. As with Mini-FLOTAC, we should note that the length of
the boxplots was very narrow for each level of contamination and for all
the variants, indicating high accuracy and precision, compared with the
other methods (Fig. 2c).

Comparing the three methods of coproscopic diagnostics in cases of adding a known quantity of eggs per 1 g of faeces

of cows and sheep (x = SD, coefficient of variation (CV%), n= 10)

Contamination of negative cattle Method of Quantitative

or sheep faeces, eggs per gram Helminthocoproscopic Examination Modified McMaster technique Mini-FLOTAC

10 70+3.1° 439 75+169° 2249 90+32° 35.1

75+£37 497 100+21.1° 2108 95+3.7 388

50 385+80° 20.8 525+362° 69.0 460+5.7¢ 123

342+95° 277 550+40.5° 736 485+53° 109

200 14324265 185 2250+60.1° 267 1905493 49
1475+£238% 162 2325+52.8¢ 27 1935+8.5° 44

500 311.0+264% 95 530.0+49.7% 104 4925+72% 2.5
303.5+24.8% 92 5200+51.1° 10.8 4955+7.6" 26

Note: different letters indicate values that are reliably different one from another within one line of the table according to the results of comparison using the Tukey Test.
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Fig. 2. The numbers of detected eggs of Strongylida in facces of cows and sheep using the method of Quantitative Helminthocoproscopic Examination
(@), modified McMaster technique (), and Mini-FLOTAC (c): abscissa axis —eggs added to the fecal samples, per gram (EPG); ordinate axis —
the numbers of eggs detected using each method; small square — median, upper and lower rectangle borders —25% and 75% quartiles,
vertical line — minimum and maximum values, circles — outliers; n =10

The second stage was the study of natural nematode infestation of the
ruminants. It was found that Quantitative Helminthocoproscopic Exami-
nation and Mini-FLOTAC performed better in detecting helminth eggs
than the modified McMaster technique. Therefore, using the method of
Quantitative Helminthocoproscopic Examination, we detected animals in-
fested with the gastrointestinal Strongylida (54.8% of cattle, 40/73; 59.2%
of sheep, 58/98; and 68.7% of goats, 22/32). The Mini-FLOTAC tech-
nique detected 52.0%, 58.2%, and 65.6%, respectively. The McMaster
technique diagnosed 47.9% of cows, 55.1 % of sheep, and 62.5% of go-
ats. It has to be noted that the highest infestation intensity was found in the
sheep, while the lowest was found for the cattle. Quantitative Helmintho-
coproscopic Examination demonstrated poor correlation concordance
(CCC = 0.81) with the McMaster technique and Mini-FLOTAC method
(CCC=0.87) when analyzing faeces from cows that were naturally infes-
ted with gastrointestinal Strongylida (Fig. 3a, 3b). For the sheep (Fig. 3c,
3d), the concordance between the method we proposed and the McMaster
technique was poor (CCC = 0.89), while it was moderate with the Mini-
FLOTAC method (CCC = 0.93). For the goats (Fig. 3e, 3f), there was
also the tendency towards poor correlation of our method and the “gold
standard”, McMaster Grid, (CCC = 0.85), and Mini-FLOTAC method
(CCC=0.90).

Discussion

Comparison of the methods of Quantitative Helminthocoproscopic
Examination, Mini-FLOTAC, and McMaster for detecting eggs of gastro-

intestinal Strongylida in cattle and sheep revealed that Quantitative Hel-
minthocoproscopic Examination and Mini-FLOTAC had greater sensiti-
vity, accuracy, and lower CV than the McMaster’s technique. The analy-
sis demonstrated that SD and CV values produced by Mini-Flotac were
much lower than those from McMaster in detecting eggs of gastrointestin-
al nematodes in cattle and horses (Scare et al., 2017). Our data are consis-
tent with the other studies (Bosco et al., 2018) that found that Mini-FLO-
TAC and Comell-Wisconsin displayed 100% analytical sensitivity (when
examining faeces of sheep of horses contaminated with nematode eggs).
On the other hand, the grid and chamber of McMaster demonstrated
100% analytical sensitivity only for the concentrations that exceeded
200 EPG (the analytical sensitivity ranged 8.3% to 75.0% for the lowest
concentration of eggs). When analyzing faeces from cattle, Mini-FLO-
TAC had higher sensitivity (producing 100% efficiency at all the levels of
EPG against 0-66.6% efficiency produced by the McMaster chamber and
grid at the levels of <100 EPG) and higher accuracy (98.1% of the mean
value against 83.2% for McMaster grids and 63.8% for McMaster cham-
bers), and had lower coefficient of variation (10.0% against 47.5% for
McMaster grid and 69.4% for McMaster chamber) than McMaster
(Amadesi et al., 2020). In our studies, the accuracy of Mini-FLOTAC
ranged 90.0-99.1%.

The results of our studies indicate low effectiveness of the McMas-
ter’s technique for 10-50 EPG (20% to 80%), suggesting that it is ade-
quate if EPG is above 50, but it is unsatisfactory for lower quantities.
Those results are similar to those produced by the study of Vadlejch et al.
(2011), who compared the accuracy and precision of different McMaster
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methods of diagnosing Teladorsagia circumcincta in sheep, confirming
that this method detects negative samples at lower concentrations. Interes-
tingly, the McMaster grid produced higher FECs than the method of
Quantitative Helminthocoproscopic Examination and Mini-FLOTAC for
different levels of contamination (50, 100, 200, and 500 EPG). The au-
thors note that when using McMaster (the analytical sensitivity of
50 EPG), the anthelmintic effectiveness was often falsely classified as
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etal., 2016). Therefore, the results of our studies are consistent with other
studies that revealed that the McMaster technique produced satisfactory
results in cases of low levels of EPG, especially when FECRT is used to
assess the efficacy of anthelmintics and detect the resistance to them (Van
den Putte et al., 2016; Paras et al., 2017; Bosco et al., 2018).
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Fig. 3. Lin's concordance correlation coefficient (CCC) plots that compare the estimates of numbers of parasite eggs per 1 g of faeces
using the two methods (axes x and y) in cattle (@, b; n="73), sheep (c, d; n=98), and goats (e, f; n = 32);
red dash line under the angle of 45° indicates line of perfect concordance, and blue line is trend line

As described by Cringoli et al. (2017) and Norris et al. (2019), the
procedure of isolating eggs and contamination of faeces, and also selection
of a flotation solution can affect the rates of replication of the technique in
any experiment with addition of eggs. Therefore, perhaps the solution of
table salt (specific weight of 1.2) for the proposed method of Quantitative
Helminthocoproscopic Examination is not optimum for the contamination
levels of 200-500 EPG and higher. Since in our experiment, Mini-FLO-
TAC and McMaster recovered a lower number of eggs than was present,
further research should be performed using our device with flotation solu-
tions (FS) and the specific weight of SG = 1.27-1.32 so as to augment the
efficiency. This opinion is corroborated by the previous studies, which
show that different flotation fluids with the same specific weight do not
yield the same results for the same parasitic elements (Cringoli et al.,
2004).

Regul. Mech. Biosyst., 2024, 15(4)

This study assessed the three diagnostic methods, finding that the no-
vel method of Quantitative Helminthocoproscopic Examination was the
most productive, as it was able to detect the highest percentage of animals
infested with gastrointestinal Strongylida, particularly, 54.8% of the cattle,
40/73; 59.2% of the sheep, 58/98; and 68.7% of the goats, 22/32). This
was achieved by a lower multiplication coefficient (2.5 or 5.0) used in our
method, compared to the other ones. In general, the results of our study
confirm the opinion that the Mini-FLOTAC technique produces better
results than McMaster (Cringoli et al., 2017). The authors came to the
conclusion that Mini-FLOTAC is the accepted alternative method to
McMaster for quantitative assessment of Strongylida eggs in North Amer-
ican bison (Johnson et al., 2022). At the same time, Mini-FLOTAC is
accurate and simple, does not require scales and reduces the impact of
filtration debris; and moreover, it can be used to analyze faeces in labora-
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tory and field conditions (Noel et al., 2017; Bosco et al., 2018). By con-
trast, the McMaster technique is employed to make simple and fast deci-
sions for treatment, but it is not recommended for using selective therapy
and assessment of anthelmintic effectiveness with a lower standard devia-
tion (Dias de Castro et al., 2017).

Choice of a diagnostic test for reduction of the number of eggs in fae-
ces was included in the latest WAAVP recommendations (Geurden et al.,
2022). The technique of counting eggs in 1 g of faeces with the analytical
sensitivity of <5 EPG is recommended for cattle (Kaplan, 2020). At the
same time, to obtain accurate results of FECRT, it is recommended that
there are minimum 200 eggs prior to applying the multiplication coeffi-
cient (Geurden et al., 2022) with a lower minimum, at least 50 eggs (Kap-
lan, 2020). The studies conducted in recent years indicate a great interest
among scientists in comparing the performances of diagnostic methods
not only for ruminants but also for other mammals and birds (Shifaw
etal., 2021; Boelow etal., 2022; Class et al., 2023).

The method of Quantitative Helminthocoproscopic Examination was
inferior to the other techniques in detecting the numbers of eggs in 1 g of
faeces. Our results are different from those obtained by other scientists
who compared Mini-FLOTAC (MF) and McMaster (McM) for sheep,
goats, and rabbits. Alowanou et al. (2021) reported that they observed a
statistically significant difference (P < 0.001) in the numbers of Strongyli-
da eggs in small ruminants, in particular, sheep (MF: 202.01 against
McM: 174.75) and goats (MF: 147.36 against McM: 143.75). Our data
confirmed that the Mini-FLOTAC technique is different from the
McMaster technique, more accurate. Moreover, Bosco et al. (2014) re-
ported that the highest coefficient of variation (CV) was found for
McMaster, due to the multiplication coefficients that are used to determine
eggs per gram based on egg count. The concordance of our method (Lin’s
concordance coefficient) was the highest when examining sheep (CCC =
0.93).

Conclusion

This study demonstrated that the method of Quantitative Helmintho-
coproscopic Examination with a minimum detection limit of 2.5 or
5.0 eggs per gram of faeces produced 100% analytical sensitivity for the
samples spiked at a low degree of invasion (10-50 EPG). With increase in
the number of eggs to 200 or 500 in 1 g of faeces, the difference among
the three methods was statistically significant (P < 0.05). The method we
propose could be used in laboratory settings at low invasion intensity (3.0—
5.0 EPG), especially considering such characteristics as low cost, simplici-
ty of use, and reliability. It was found that Quantitative Helminthocopro-
scopic Examination in naturally infested ruminants is superior to the Mini-
FLOTAC technique and the modified McMaster method. The highest le-
vel of concordance between Quantitative Helminthocoproscopic Exami-
nation and Mini-FLOTAC was observed when analyzing sheep (CCC =
0.93). The prospect of further research is identification of the efficiency of
the method of Quantitative Helminthocoproscopic Examination for infes-
tation of animals with protozoans, cestodes, and trematodes.

This research was undertaken within the framework of the scientific topic “Ecologi-
cal-faunistic monitoring and improvement of methods of diagnostics, control meas-
ures and prevention of parasitic diseases in animals” (government registration num-
ber 0123U103399).

The authors declare that they have no known competing financial interests or person-
al relationships that could have appeared to influence the work reported in this paper.
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