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Abstract: The aim of this study was to determine the accuracy and precision of McMaster method with Raynaud’s modification in
the detection of the eggs of the nematodes Toxocara canis (Werner, 1782) and Trichuris ovis (Abildgaard, 1795) in faeces of dogs.
Four variants of McMaster method were used for counting: in one grid, two grids, the whole McMaster chamber and flotation in
the tube. One hundred sixty samples were prepared from dog faeces (20 repetitions for each egg quantity) containing 15, 25, 50,
100, 150, 200, 250 and 300 eggs of 7. canis and T. ovis in 1 g of faeces. To compare the influence of kind of faeces on the results,
samples of dog faeces were enriched at the same levels with the eggs of another nematode, Ascaris suum Goeze, 1782. In addition,
160 samples of pig faeces were prepared and enriched only with 4. suum eggs in the same way. The highest limit of detection (the
lowest level of eggs that were detected in at least 50% of repetitions) in all McMaster chamber variants were obtained for 7. canis
eggs (25-250 eggs/g faeces). In the variant with flotation in the tube, the highest limit of detection was obtained for 7. ovis eggs
(100 eggs/g). The best results of the limit of detection, sensitivity and the lowest coefficients of variation were obtained with the
use of the whole McMaster chamber variant. There was no significant impact of properties of faeces on the obtained results. Multi-
plication factors for the whole chamber were calculated on the basis of the transformed equation of the regression line, illustrating
the relationship between the number of detected eggs and that of the eggs added to the sample. Multiplication factors calculated for

T. canis and T. ovis eggs were higher than those expected using McMaster method with Raynaud modification.
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Carnivores (especially dogs, cats and foxes) may serve
as hosts of important zoonotic intestinal parasites, includ-
ing nematodes. Therefore, faeces of carnivores containing
eggs of these parasites represent a potential source of hu-
man infection. As a result, faecal samples from carnivores
are frequently examined for the presence of nematode
eggs using different modifications of a quantitative Mc-
Master method (Gordon and Whitlock 1939).

In the senior author’s laboratory, McMaster method
with Raynaud’s modification (Raynaud 1970) has been
used for long time and various reactions of different types
of parasite eggs during flotation in the McMaster chamber
and in the tube have been observed. Moreover, specific
properties of faecal samples of different animal species,
including carnivores, appeared to influence significantly
obtained results.

Currently, multiplication factors are used, representing
the proportion of the sample dilution ratio and the volume
of individual part of the McMaster chamber, but these
multiplication factors do not allow for the correct estima-
tion of the number of parasites in sample (Kochanowski
et al. 2012). Therefore, quantitative estimation of the

number of eggs in gram of faeces in McMaster method
with Raynaud’s modification by using universal multipli-
cation factors for different types of parasite eggs needs
verification.

It is worth mentioning that most papers on McMaster
method and its modifications were based on examinations
carried out with faeces of animals naturally or experimen-
tally infected, in which real numbers of parasite eggs in
samples were not known (Ward et al. 1997, Ojeda-Rob-
ertos et al. 2007, Pereckiene et al. 2007, Das et al. 2011).
Most authors confined their analysis only to comparison
of different methods without estimation of the real accu-
racy and precision of detection of parasitic developmental
stages (Rossangio and Gruner 1991, Turkson and Ahafia
1994, Levecke et al. 2009).

The aim of this study was to determine the accuracy
and precision of McMaster method with Raynaud’s modi-
fication (Raynaud 1970) in the detection of eggs of para-
sitic nematodes of the genera Toxocara Stiles, 1905 and
Trichuris Roederer, 1761 in faeces of carnivores with the
use of samples enriched with known numbers of eggs.
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MATERIALS AND METHODS

Parasite eggs and faeces

Experiment was carried out with faeces of dogs and
pigs characterized by solid consistence. Faeces were free
of parasite eggs, which was confirmed by double exami-
nation by flotation according to Fiilleborn (1921), and fae-
cal samples weighting 2 g were used. The samples were
enriched by eggs of the nematodes Toxocara canis (Wer-
ner, 1782), Trichuris ovis (Abildgaard, 1795) and 4scaris
suum Goeze, 1782. The eggs of T. canis were isolated
from females defecated by naturally-infected dogs, those
of T ovis were obtained from females isolated from the
caecum of experimentally infected mice, and the eggs of
A. suum were obtained from females found in the intes-
tines of slaughtered pigs.

After isolation the eggs were suspended in physiologi-
cal solution (saline; 0.9% NaCl) and stored in 4 °C until
their use. Then, the eggs placed in a small drop (about
0.1 ml volume) of saline on a slide. Doses of parasite
eggs to enrich samples were prepared by counting eggs
individually for each sample. Thereafter, the eggs were
rinsed from slides to faecal samples with flotation solu-
tion. The volume of flotation solution used to rinse para-
site eggs was subtracted from the total volume, i.e. 28 ml
of flotation solution, which was used for examination of
samples (see below). Then, the slide was again examined
to ensure that all eggs were removed. One hundred and
sixty doses of eggs of 7. canis, T. ovis and A. suum were
added to the samples of dog facces and 160 doses of the
eggs of A. suum were added to the samples of pig faeces.
McMaster method with Raynaud’s modification

The experiments were carried out according to Mc-
Master method with Raynaud’s modification. McMas-
ter chambers produced by the Research Institute of Or-
ganic Agriculture (FiBL, Frick, Switzerland) were used.
The volume of the whole chamber was 1.5 ml, the size of
one grid 10 mm x 10 mm and that of half of the chamber
24 mm x 21 mm (Fig. 1). The volume of a tube, used addi-
tionally according to this modification, was 14 ml. Twen-
ty eight ml of saturated solution of magnesium sulfate
(MgSO,) were added to 2 g sample of faeces. The Mc-
Master chamber or flotation tube was filled with obtained
suspension (in the case of the tube the convex meniscus
was obtained and a cover slip was placed on the top of
the tube). Samples were examined microscopically after
3 min in the McMaster chamber and after 20 min in the
tube. Eggs were then counted at 100x magnification in
different parts of the McMaster chamber: in one grid, two
grids, the whole McMaster chamber and flotation slide
(variant in the tube)

Sample examination

One hundred and sixty enriched samples of dog faeces
(20 repetitions for each eggs level) containing 15, 25, 50,
100, 150, 200, 250 and 300 eggs of three species of nema-
todes (T canis, T. ovis and A. suum) per 1 g of facces were
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TR N A VAR
one grid two grids

flotation slide

whole chamber

Fig. 1. Four variants of counting in McMaster chamber and
flotation slide used in the investigation (gray colour shows the
counting area).

prepared; eggs of A. suum served as a control to show the
influence of properties of faeces on the results. Samples
were examined using McMaster method with Raynaud’s
modification. To compare the influence of kind of faeces
on the efficiency of the method, 160 pig faeccal samples
were prepared and enriched with A. suum eggs in the
same way. To determine reproducibility, 20 additional
samples of dog faeces containing 100 eggs of 7. canis and
T. ovis per 1 g faeces were prepared. These samples were
examined in the same way as in the main experiment, but
by different persons.

Statistical analysis

The results were analyzed separately for each variant
of counting: one grid, two grids, whole McMaster cham-
ber and flotation slide. Normality of distribution of data
was tested by Shapiro-Wilk test (P < 0.05). If the normal-
ity of distribution was not confirmed, results were trans-
formed to normal distribution using the natural logarithm
(In) of the number of detected parasite eggs + 1 (Utzinger
et al. 2008). Additionally, Poisson distribution of data was
tested by Kolmogorov-Smirnov test (P < 0.05). For each
of eight levels (15, 25, 50, 100, 150, 200, 250 and 300
eggs per 1 g of faeces) consisting of 20 repetitions (sepa-
rately for 7. canis, T. ovis and A. suum eggs added to the
dog faeces and A. suum added to pig faeces), mean val-
ues of detected eggs, 95% confidence intervals for means,
standard deviations and coefficients of variation were
calculated. Limit of detection was calculated as the low-
est level of eggs, which were detected in at least 50% of
repetition (Lombard 2006).

The sensitivity of the method was calculated as ratio
of the number of samples that were identified as positive
to all checked samples in examination (to guarantee the
calculation of the sensitivity in the diagnostic range of
the method, only samples with the number of eggs above
the limit of detection were taken into account; see ISO
16140:2003). In order to calculate the multiplication fac-
tors for estimation of a real number of eggs in 1 g of faeces,
the regression line and the equation y = ax + b illustrating
the relation of number of eggs found (y) to the number
of eggs added to the sample (x) were determined. Mul-
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Table 1. Parameters describing accuracy and precision for individual contents of the eggs of Toxocara canis and Trichuris ovis
(15-300 eggs/g) in all variants of McMaster method with Raynaud’s modification.

Toxocara canis

Trichuris ovis

one grid two grids whole flotation one grid two grids whole flotation
chamber slide chamber slide

mean In 0.07 0.16 0.25 0.16 0.21 0.37 0.72 0.35
SD In 0.21 0.34 0.40 0.40 0.39 0.50 0.52 0.42

15 CV%In 308% 211% 163% 254% 184% 133% 73% 118%
mean anti-In 1.07 1.17 1.28 1.17 1.24 1.45 2.05 1.42
95% CI 0.70-1.64 0.60-2.29 0.57-2.88 0.52-2.63 0.56-2.72  0.54-3.92 0.72-5.80 0.62-3.27
mean In 0.14 0.21 0.44 0.52 0.30 0.44 0.83 0.40
SD In 0.28 0.33 0.43 0.56 0.44 0.54 0.57 0.38

25 CV%In 205% 157% 98% 106% 145% 124% 69% 95%
mean anti-In 1.15 1.23 1.56 1.69 1.35 1.55 2.30 1.49
95% CI 0.65-2.03 0.64-2.36 0.65-3.70 0.56-5.12 0.56-3.27  0.52-4.57 0.73-7.25 0.69-3.21
mean In 0.16 0.33 0.80 0.68 0.24 0.49 1.33 0.37
SD In 0.34 0.45 0.66 0.53 0.34 0.50 0.41 0.50

50 CV%In 211% 135% 82% 78% 140% 102% 31% 133%
mean anti-In 1.17 1.39 2.23 1.98 1.27 1.63 3.80 1.45
95% CI 0.60-2.29 0.57-3.41 0.60-8.27 0.68-5.70 0.65-2.51  0.60-4.46 1.66-8.69 0.54-3.92
mean In 0.35 0.27 1.13 1.12 0.54 0.92 1.76 0.76
SD In 0.48 0.44 0.49 0.59 0.53 0.55 0.32 0.57

100 CV% In 138% 162% 43% 53% 98% 60% 18% 75%
mean anti-In 1.41 1.31 3.09 3.08 1.71 2.51 5.83 2.13
95% CI 0.54-3.67 0.60-5.25 1.16-8.20 0.94-10.08 0.59-4.93  0.65-4.48 1.20-11.65 3.05-11.15
mean In 0.37 0.75 1.52 1.17 0.71 1.11 1.80 0.98
SD In 0.39 0.48 0.46 0.70 0.36 0.43 0.45 0.56

150 CV% In 105% 63% 30% 60% 50% 39% 25% 57%
mean anti-In 1.44 2.12 4.57 3.21 2.04 3.05 6.06 2.67
95% CI 0.67-3.13 0.82-5.49 1.84-11.36 0.79-13.02 1.00-4.16 1.29-7.21 2.49-14.76 0.87-8.15
mean In 0,37 0.86 1.63 1.42 0.80 1.31 2.16 1.16
SD In 0.44 0.49 0.62 0.75 0.51 0.49 0.29 0.73

200 CV% In 119% 57% 38% 53% 63% 37% 13% 63%
mean anti-In 1.45 2.37 5.12 4.13 2.23 3.72 8.71 3.18
95% CI 0.60-3.52 0.88-6.38 1.48-17.73 0.92-18.55 0.81-6.16 1.41-9.82 4.91-15.43 0.74-13.67
mean In 0.58 0.89 1.70 1.46 0.79 1.32 2.31 1.43
SD In 0.44 0.56 0.68 0.90 0.56 0.64 0.39 0.59

250 CV% In 75% 63% 40% 62% 71% 49% 17% 41%
mean anti-In 1.79 2.43 5.50 4.32 2.21 3.73 10.02 4.16
95% CI 0.75-4.27 0.79-7.48 0.85-17.36 1.41-21.37 0.72-6.80 1.04-13.39 3.38-14.03 4.62-21.75
mean In 0.78 1.22 2.09 1.83 1.17 1.62 2.58 1.55
SD In 0.59 0.62 0.58 0.71 0.38 0.33 0.37 0.59

300 CV% In 76% 51% 28% 39% 32% 20% 14% 38%
mean anti-In 2.19 3.37 8.07 6.26 3.23 5.07 13.22 4.71
95% CI 0.67-7.15 0.98-11.56 2.55-25.52 1.50-26.13 1.52-6.85  2.64-9.73 6.27-27.86 1.46-15.18

In — natural logarithm; mean In — In-transformed mean number of detected eggs; SD In — In-transformed standard deviation of the mean; CV% In —
In-transformed coefficient of variation; mean anti-In — anti-In transformed mean number of detected eggs; 95% CI — 95% confidence interval for the

anti-ln mean number of detected eggs.

tiplication factors presenting the relation of the number
of detected eggs (y) to the number of eggs added to 1 g
of sample (x) were calculated in the linear range of the
results by conversion of linear equations y = ax + b.

Multiplication factors were calculated for In-trans-
formed normally distributed data after their anti-In
transformation, that is for following egg contents lev-
els: 150-300/1 g (for T. canis), 50-300/1 g (for T. ovis),
100-300/1 g (for A. suum in dog faeces) and 50-300/1 g
(for A. suum in pig faeces).
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The correlation coefficient (R?) indicating the degree of
linear relationship between the number of added parasite
eggs and the number of eggs detected during the exami-
nation was calculated. Wald-Wolfowitz non-parametric
statistical test was used to assess significance of statis-
tical differences (P < 0.05) between the results obtained
in pig and dog samples enriched by A. suum eggs and
also between results concerning the reproducibility. All
statistical analysis was performed using STATISTICA 7.0
(StatSoft, Poland).
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Table 2. Parameters describing accuracy and precision for each level of Ascaris eggs contents in dog and pig faeces, for all variants

of counting in McMaster method with Raynaud’s modification.

Ascaris dog faeces

Ascaris pig faeces

one grid  two grids  whole flotation one grid two grids whole flotation
chamber slide chamber slide

mean In 0.21 0.31 0.62 0.35 0.12 0.28 0.46 0.28
SD In 0.33 0.35 0.53 0.42 0.31 0.41 0.40 0.41

15 CV%In 157% 113% 86% 121% 252% 145% 88% 145%
mean anti-In 1.23 1.37 1.85 1.41 1.13 1.33 1.58 1.33
95% C1 0.64-2.36 0.67-2.77  0.64-5.33 0.61-3.28 0.61-2.12 0.58-3.02 0.71-3.52 0.58-3.02
mean In 0.23 0.51 0.85 0.49 0.37 0.54 0.86 0.45
SD In 0.37 0.42 0.49 0.45 0.44 0.51 0.62 0.52

25 CV%In 161% 82% 58% 92% 119% 96% 72% 116%
mean anti-In 1.26 1.66 2.33 1.63 1.45 1.71 2.36 1.56
95% CI 0.60-2.62 0.72-3.82  0.87-6.22 0.67-4.01 0.60-3.52 0.61-4.77 0.69-8.09 0.56-4.40
mean In 0.39 0.64 1.11 0.74 0.44 0.75 1.23 0.80
SD In 0.41 0.53 0.50 0.51 0.44 0.48 0.41 0.56

50 CV%In 107% 84% 45% 70% 100% 65% 34% 70%
mean anti-In 1.47 1.89 3.04 2.09 1.55 2.11 3.40 222
95% CI 0.64-3.37 0.65-5.48 1.12-8.24 0.75-5.82 0.64-3.72 0.80-5.55 1.49-7.81 0.72-6.80
mean In 0.66 1.08 1.69 1.07 0.53 0.94 1.64 1.07
SD In 0.49 0.49 0.47 0.50 0.43 0.45 0.38 0.65

100 CV% In 75% 45% 28% 46% 81% 48% 23% 61%
mean anti-In 1.93 2.94 5.40 2.92 1.70 2.56 5.13 291
95% CI 0.72-5.17 1.11-7.78  2.10-13.88 1.08-7.92 0.72-4.01 1.04-6.30 2.40-10.96 0.80-10.61
mean In 0.67 1.14 1.93 1.37 0.96 1.30 1.94 1.41
SD In 0.51 0.56 0.44 0.73 0.44 0.61 0.56 0.54

150 CV% In 75% 49% 23% 53% 46% 47% 29% 38%
mean anti-In 1.96 3.14 6.89 3.95 2.62 3.68 6.93 4.11
95% CI 0.71-5.39 1.02-9.66  2.84-16.73 0.92-16.98 1.08-6.35 1.09-12.37  2.28-21.05 1.40-12.07
mean In 0.79 1.29 2.29 1.59 1.07 1.35 2.32 1.74
SD In 0.55 0.54 0.23 0.47 0.44 0.57 0.15 0.50

200 CV% In 69% 42% 10% 29% 41% 43% 6% 29%
mean anti-In 2.19 3.62 9.85 4.93 2.92 3.85 10.15 5.68
95% CI 0.74-6.53 1.23-10.66 6.21-15.62 1.93-12.55 1.21-7.02 1.22-12.14  7.58-13.58 2.11-15.28
mean In 1.04 1.52 2.37 1.95 1.13 1.66 2.61 1.84
SD In 0.57 0.52 0.38 0.63 0.53 0.50 0.21 0.50

250 CV% In 55% 34% 16% 32% 47% 30% 8% 27%
mean anti-In 2.82 4.55 10.66 7.00 3.11 5.27 13.58 6.28
95% CI 0.90-8.86 1.61-12.82 2.84-15.66 4.94-23.00 1.07-9.05 1.92-1445  8.97-20.55 2.31-17.07
mean In 1.28 1.87 2.73 2.07 0.96 1.68 2.68 2.03
SD In 0.67 0.66 0.36 0.65 0.71 0.56 0.32 0.50

300 CV% In 52% 35% 13% 31% 74% 33% 12% 25%
mean anti-In 3.58 6.50 15.37 7.90 2.62 5.36 14.64 7.64
95% CI 0.90-8.86 1.61-12.82 4.94-23.00 1.98-24.73 0.63-10.89 1.75-16.44  7.78-27.54 2.81-20.80

In — natural logarithm; mean In — In-transformed mean number of detected eggs; SD In — In-transformed standard deviation of the mean; CV% In —
In-transformed coefficient of variation; mean anti-In — anti-In transformed mean number of detected eggs; 95% CI — 95% confidence interval for the

anti-ln mean number of detected eggs.

RESULTS

Results were compared separately for each part of the
McMaster chamber and flotation slide (flotation in the
tube variant) for Toxocara canis, Trichuris ovis and As-
caris suum eggs (the last of the species served as a con-
trol). All results were presented with reference to 1 g of
faeces. Data obtained were not normally distributed and
did not follow Poisson distribution. In order to present
normally distributed data, the values obtained were trans-
formed using natural logarithm. However, data at low lev-

els of egg content were not normally distributed even if
In-transformed. Normally distributed data were obtained
only for the following content levels: 150-300 eggs/g (for
T. canis), 50-300 eggs/g (for T. ovis), 100-300 eggs/g (for
A. suum in dog faeces) and 50-300 eggs/g (for A. suum in
pig faeces).

Mean numbers of detected eggs

The mean numbers of detected eggs showed the ac-
curacy of the method. As shown in Tables 1 and 2, the
highest mean numbers of detected eggs were obtained
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for A. suum, slightly lower for 7. ovis and the lowest for
T. canis (and they were almost half lower than that for
A. suum).

The values of the mean number of eggs counted in the
McMaster chamber increased in the following order: one
grid, two grids and the whole chamber. These results were
presented in a different way in tube flotation: the highest
values were obtained for 4. suum eggs, slightly lower for
T. canis and the lowest for 7. ovis eggs. In the case of
T. canis and A. suum, mean numbers of detected eggs ob-
tained in flotation slide variant were lower than those for
the whole chamber and higher than those in one grid and
two grids variants. However, these results in flotation in
the tube were lower than for the whole chamber and com-
parable to two grids variant for 7. ovis eggs. High values
of 95% confidence intervals obtained for the mean num-
ber of detected eggs showed a low accuracy of results.

Coefficients of variation

The coefficients of variation (CV%,; see Tables 1, 2)
showed the precision of the method. The coefficients of
variation (CV%) concerning numbers of detected eggs
showed a general trend to decrease together the increas-
ing number of eggs enriching the sample. At the lower
levels of egg content, CV% was high and often exceeded
100%. Among all variants of the counting methods the
best repeatability of the results (the lowest coefficients of
variation) for all types of parasitic eggs was obtained with
the use of the whole chamber variant. In the case of flota-
tion in the tube CV% was comparable with that obtained
in two grids variant, with the exception of 7. ovis eggs. In
the tube flotation variant the highest value of CV% was
obtained for 7. ovis, whereas in the McMaster chamber
for T. canis eggs.

Correlation coefficients

Correlation coefficients between the number of added
and detected eggs of T. canis, T. ovis and A. suum (R?)
showed the linear range of the results (Fig. 2). The coef-
ficients were calculated for In-transformed normally dis-
tributed data after their anti-In transformation. R* was cal-
culated for results derived by examined samples with the
following egg contents levels: 150-300/1 (for 7. canis),
50-300/g (for T. ovis), 100-300/g (for A. suum in dog fae-
ces) and 50-300/g (for 4. suum in pig faeces).

Multiplication factors

Multiplication factor for estimation of the real number
of eggs in 1 g of faeces was calculated from the trans-
formed equations illustrating relationships between the
number of parasite eggs detected and that of the eggs
added. The values of multiplication factor, counted in the
whole chamber variant, were the highest for 7. canis (46)
and lower for T ovis (28); for A. suis, the factor was iden-
tical (21) both for dog and pig faeces.
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Fig. 2. Estimation of the linear range of the results obtained by
McMaster method in Raynaud’s modification..

Percentages of positive results

Percentages of positive results obtained in different
variants of the method are shown in Table 3. In all vari-
ants of counting in the McMaster chamber the highest
percentage of positive results was obtained for A. suum
eggs, slightly lower for 7. ovis, and the lowest for 7. canis
eggs. In the flotation slide variant the number of positive



Table 3. The percentage of positive results for each level of
parasite eggs contents, for all variants of counting in McMaster
method in Raynaud’s modification.
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Table 4. Limit of detection (number of parasite eggs per 1 g of
the sample) for all variants of counting in McMaster method in
Raynaud’s modification.

Variants of the method Number of added eggs per 1 g of sample

15 25 50 100 150 200 250 300
% of positive results
Toxocara one grid 10 20 15 30 50 45 75 70
(Lignlffaeces two grids 20 30 40 60 80 85 80 90
J whole chamber 30 55 65 95 100 95 95 100
flotation slide 15 50 70 90 85 90 90 95
Tr{churis one grid 25 35 40 55 85 80 85 100
(Sil(‘)ls facces two grids 40 45 55 80 80 95 90 100
g whole chamber 70 75 100 100 100 100 100 100
flotation slide 45 55 40 75 85 80 100 100
Ascaris  one grid 30 30 35 65 70 8 8 75
filgun%aeces two grids 45 65 55 95 90 90 100 90
e whole chamber 70 85 95 100 100 100 100 100
flotation slide 45 60 75 95 85 100 100 100
Ascaris  one grid 15 40 50 65 90 90 90 90
Suum two grids 35 60 8 90 90 90 90 100
pig faeces

whole chamber 60 75 100 100 100 100 100 100
flotation slide 35 50 75 85 95 100 100 100

results was similar for all types of nematodes. These val-
ues represen the limits of detection (Table 4). The highest
limit of detection in all variants of the chamber was ob-
tained for 7. canis eggs (from 25 to 250 eggs/g) — about
twice as high as that for 7 ovis and 4. suum (from 15 to
100 eggs/g). The lowest limit of detection for flotation in
the tube was obtained for 7. ovis (four times higher than
results obtained for other parasite species).

Sensitivity

Sensitivity of individual variants of the method esti-
mated from the results obtained in samples with egg con-
tents above the limits of detection (see Table 4) is pre-
sented in Table 5. Sensitivity of the McMaster chamber
variants increased in following order: one grid, two grids
and the whole chamber. Sensitivity of the flotation in the
tube variant was lower than in the whole chamber. Com-
parison of the results obtained for individual parasites in-
dicated the lowest sensitivity with 7. canis eggs.

Comparison pig and dog faeces

Comparison of samples of pig and dog faeces enriched
by A. suum eggs did not show differences in any vari-
ant because average numbers of detected eggs per 1 g
of faeces, 95% confidence intervals for means, standard
deviations and coefficients of variation did not differ sig-
nificantly. Quality parameters such as limit of detection,
sensitivity and percentage of positive results for particular
variants of the method used were also similar. Moreover,
calculated multiplication factors for one grid and two
grids variants were similar to the multiplication factors
described in the original McMaster method with Ray-
naud’s modification.

Variants of the method  Dog faeces Pig faeces
Toxocara Trichuris  Ascaris — Ascaris
One gird 250 100 100 50
Two grids 100 50 25 25
Whole chamber 25 15 15 15
Flotation slide 25 100 25 25

Table 5. Sensitivity (%) for all variants of the McMaster method
in Raynaud’s modification.

Variants of the method ~ Dog faeces Pig faeces
Toxocara Trichuris — Ascaris — Ascaris
One grid 85.00 88.75 85.00 80.00
Two grids 86.25 94.00 90.83 90.83
Whole chamber 91.66 96.43 96.43 97.14
Flotation slide 85.00 91.25 92.50 90.83

Reproducibility

Values of reproducibility (degree of agreement be-
tween results obtained independently by two persons) are
summarized in Table 6. Results were compared by the
Wald-Wolfowitz test (P < 0.05) and provided no statisti-
cal significant differences in any variant.

DISCUSSION

Most of publications on the accuracy and precision
of detection of parasite eggs were based on samples of
faeces from naturally or experimentally infected animals.
For that reason the real number of eggs in faeces could
not be properly assessed (Ward et al. 1997, Ojeda-Rober-
tos et al. 2007, Pereckiene et al. 2007, Das et al. 2011).
Therefore, samples were enriched with a known number
of parasite eggs in the present study to obtain results as
reliable as possible. Vadlejch et al. (2011) compared the
accuracy and precision of various modifications of Mc-
Master method for sheep faeces enriched by eggs of the
nematode Teladorsagia circumcincta (Stadelmann, 1894).

However, these authors did not carry out a multiplica-
tion factor analysis to calculate the real content of eggs
per 1 g of faeces. A study by Karamon et al. (2010) on the
limit of detection of tapeworms Echinococcus multilocu-
laris Leuckart, 1863 in faeces by sedimentation method
(SCT) was also based on the enriched samples. In the
present study, the use of samples enriched with a known
number of parasite eggs allowed for a full analysis of the
actual accuracy and precision of the McMaster method
modified by Raynaud (1970).

The results of the present experiments indicate that val-
ues of the number of parasite eggs detected in dog faeces
using McMaster method with Raynaud’s modification
differed from those reported in the original description
of this modification (Raynaud 1970). In addition, signifi-
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Table 6. Test of reproducibility of examination of dog faecal samples enriched with 100 eggs of Ascaris suum per 1 g of faeces —

comparison of results obtained independently by two persons.

Investigator |

Investigator 11

one grid two grids whole flotation one grid  two grids  whole flotation
chamber slide chamber slide
mean In 0.35 0.27 1.13 1.12 0.35 0.58 1.13 1.12
SD In 0.48 0.44 0.49 0.59 0.48 0.54 0.49 0.59
Toxocara CV% In 138% 162% 43% 53% 138% 94% 43% 53%
mean anti-In 1.41 1.31 3.09 3.08 1.41 1.78 3.09 3.08
95% CI 0.54-3.67 0.60-5.25  1.16-8.20 0.94-10.08 0.54-3.67 0.60-5.25 1.16-8.20 0.94-10.08
mean In 0.54 0.92 1.76 0.76 0.54 0.92 1.76 0.76
SD In 0.53 0.55 0.32 0.57 0.53 0.55 0.32 0.57
Trichuris CV% In 98% 60% 18% 75% 98% 60% 18% 75%
mean anti-In 1.71 2.51 5.83 2.13 1.71 2.51 5.83 2.13
95% CI 0.59-4.93 0.65-4.48  1.20-11.65 3.05-11.15 0.59-4.93 0.83-7.57 3.05-11.15  0.68-6.68

In — natural logarithm; mean In — In-transformed mean number of detected eggs; SD In — In-transformed standard deviation of the mean; CV% In —
In-transformed coefficient of variation; mean anti-In — anti-In transformed mean number of detected eggs; 95% CI — 95% confidence interval for the

anti-ln mean number of detected eggs.

cant differences were observed in the accuracy and pre-
cision of the method depending on the type of parasite
eggs. In the case of Toxocara canis eggs examined in the
McMaster chamber, significantly lower numbers of eggs
were detected in 1 g of faeces than in the case of Trichuris
ovis and Ascaris suum. It is most likely that low detection
T canis eggs in the McMaster chamber was caused by
the specific shell structure of these eggs with strong ad-
hesive properties (Overgaauw and Knapen 2008), which
could result in a higher loss of parasite eggs during their
handling.

The flotation tube variant was characterised by the
lowest number of detected eggs of Trichuris. It is highly
probable that it was related to the high specific gravity
of this type of eggs that affected longer and less effec-
tive flotation process in the high column of saturated so-
lution. According to our study the level of detection of
Toxocara eggs in the McMaster chamber was twice lower
than assumed by Raynaud (1970). However, for Ascaris
eggs, both in pig and dog faeces, detection was close
to the assumptions of McMaster method in Raynaud’s
modification. Detection of all three types parasite eggs
as a result of the tube flotation is several times lower than
the assumptions of Raynaud’s modification. Cringoli et al.
(2011) also confirmed better detection of the eggs of the
hookworm Ancylostoma caninum (Ercolani, 1859) with
the use of McMaster chamber than in a test tube.

According to the method applied, the number of eggs
in one gram of faeces is influenced by correctness of the
multiplication factor inferred from the particular part of
the McMaster chamber or to flotation slide. According
to Raynaud’s (1970) modification, multiplication factors
to estimate the number of parasite eggs in 1 g of faeces
are: 100 for one grid, 50 for two grids, 15 for the whole
McMaster chamber and 7 for flotation slide. It should be
emphasized that multiplication factors in most of the Mc-
Master method’s modifications are estimated mainly from
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calculation of the proportion of the sample dilution ratio
and the volume of the individual part of the McMaster
chamber (MAFF 1986, Cringoli et al. 2004, Vadlejch et
al. 2011).

This method of calculation is based on the assumption
that all the eggs of parasites present in the sample are de-
tected. However, results of our study has demonstrated
that such direct mathematical conversion may not corre-
spond to reality and that the multiplication factors may
vary significantly between different types of parasite eggs.
Multiplication factors to estimate the real number of para-
site eggs in 1 g of faeces should be calculated based on the
number of eggs detected by McMaster method in the sam-
ples containing known number of eggs. The present study
has also shown that the calculation of parasite eggs from
the whole McMaster chamber provides the most accurate
estimates of the number of parasite eggs per unit mass
of faeces. Using this approach, the multiplication factors
of 46 were obtained for 7. canis eggs, 28 for 1. ovis and
21 for A. suum. This method appeared to provide the high-
est sensitivity and the lowest limit of detection.

Our results were not normally distributed (even after
In-transformation) at low levels of parasite eggs contents,
which indicates showed a high dispersion of values ob-
tained. Therefore, correct quantitative data are difficult to
be obtained with the use of McMaster method in Ray-
naud’s modification at low levels of parasite egg con-
tents. Moreover, our study has revealed that quantitative
examination in smaller areas of the McMaster chamber
(one grid or two grids) and on the flotation slide (even at
higher levels of parasite eggs contents) may not ensure
that correct quantitative calculation are made.

The multiplication factors for the McMaster cham-
ber calculated on the basis of our study reached by far
the highest value the eggs of 7. canis, whereas those for
A. suum eggs in the McMaster chamber roughly corre-
sponded to the parameters provided by Raunaud (1970).



In addition, multiplication factors calculated by Raynaud
(1970) would be correct only if worm eggs are distributed
regularly in the chamber, which is normally the case as
observed by Rinaldi et al. (2011) and also in the present
study (the eggs of all nematode species used tended to ac-
cumulate in the central part of the McMaster chamber — in
the grids).

There are several factors influencing the results of ex-
amination of faeces, such as the McMaster chamber con-
struction (chambers are available in various sizes and vol-
umes) and the weight ratio of liquid samples for flotation
and flotation density of the fluid. Pereckiene et al. (2010)
compared the detection of eggs of parasitic nematodes
with two types of McMaster chambers (volume of 0.3 ml
and 1.5 ml) and a much better detection was achieved
using the larger chamber. An important factor is also the
ratio of the weight of faecal samples to the volume of
flotation solution (Cringoli et al. 2004, Pereckiene et al.
2007). Ratio of 1 : 14, which was used in the McMas-
ter method modified by Raynaud (1970), is characterized
by the highest efficiency (Vadlejch et al. 2011). Effect of
flotation solution density (Cringoli et al. 2004) used in
this study, which is a saturated solution of magnesium
sulphate (MgSO,) (specific gravity 1.28), exceeds the
specific gravity of the eggs of parasites and is suitable for
flotation of eggs of Toxocara (specific gravity 1.10), As-
caris (specific gravity 1.13) and Trichuris (specific gravi-
ty 1.15). A saturated solution of magnesium sulphate does
not damage the eggs of parasites of these species caused
by osmotic pressure of flotation fluid.

Comparison of samples of dog and pig faeces did not
show significant differences in detection of nematode
eggs in the present study, but the type of faeces may
have a significant impact on the results of parasitologi-
cal research made with flotation methods. For example,
diarrhoeal faeces of suckling piglets contained a lot
of fat fraction flowing to the surface of flotation liquid,
which reduces significantly the visibility in the McMaster
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