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Summary

Diagnostik,

Zusammenfassung

We have evaluated the diagnostic performance of
immunochromatographic point-of-care tests (POCT)
for the detection of rotavirus, coronavirus, Escherichia
(E.) coli F5, Cryptosporidium (C.) parvum, Clostridium
(Cl.) perfringens and Giardia (G.) intestinalis in fresh
and thawed faecal samples from calves aged up to six
months with diarrhoea. We performed POCTs to detect
rotavirus, coronavirus, E. coli F5, C. parvum, Cl. perfringens and G. intestinalis on fresh samples in a field
study and re-evaluated the performance for C. parvum,
Cl. perfringens and G. intestinalis using thawed samples. We calculated the performance based on the results of the reference methods, which were RT-qPCR
for the detection of rota- and coronavirus and bacteriological culturing and PCR to detect E. coli F5 and
Cl. perfringens α and β2 toxins. C. parvum was detected by phase-contrast microscopy and G. intestinalis
by immunofluorescence microscopy. We collected 177
faecal samples from diarrhoeic calves. We found good
performance for the POCT targeting rotavirus (sensitivity (SE)=92.9 %; specificity (SP)=95.6 %) and C.
parvum (SE=63.3 %; SP=96.2 %). For E. coli F5, the
number of true positive samples (n=1) was too low to
evaluate the performance. The POCT to detect coronavirus gave a poor performance (SE=3.3 %; SP=96.6 %)
and the POCT to detect Cl. perfringens a moderate

Evaluierung von immunochromatographischen
Point-of-Care Tests für den Nachweis von Durchfallerregern in Kälberkot
Ziel dieser Studie war es, in einer Feldstudie die
Validität von immunchromatographischen Point-ofCare Tests (POCT) zum Nachweis von Rotavirus,
Coronavirus, Escherichia (E.) coli F5, Cryptosporidium
(C.) parvum, Clostridium (Cl.) perfringens und Giardia
(G.) intestinalis an frischen und aufgetauten Kotproben
von Kälbern bis zu einem Alter von sechs Monaten mit
Durchfall zu beurteilen. In der Feldstudie wurden POCTs
zum Nachweis von Rotavirus, Coronavirus, E. coli F5,
C. parvum, Cl. perfringens und G. intestinalis an 177
frischen Kotproben eingesetzt. In der Reevaluierung
wurde die Validität der POCTs zum Nachweis von C.
parvum, Cl. perfringens und G. intestinalis an aufgetauten Kotproben erneut beurteilt. Basierend auf den
Ergebnissen der Referenzmethoden wurde die Validität
der Tests berechnet. Als Referenzmethode wurde die
RT-qPCR zum Nachweis von Rota- und Coronavirus
eingesetzt, eine bakteriologische Kultivierung mit anschließender PCR für den Nachweis von E. coli F5 und
Cl. perfringens α- und β2-Toxin. C. parvum wurde in der
Phasenkontrastmikroskopie und G. intestinalis in der
Immunofluoreszenzmikroskopie nachgewiesen. In der
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performance (SE=52.8 %; SP=78.2 %). G. intestinalis
POCT showed a higher sensitivity to immunofluorescence microscopy in thawed than in fresh faecal samples (SE=43.9 % versus SE=29.2 %). There are substantial differences in diagnostic performance between
the commercially available immunochromatographic
POCTs. Still, POCT can make a valuable contribution
to the diagnosis and prevention of calf diarrhoea.

Abbreviations: βCOV = beta Coronavirus; CPG = Cysts per gram
of faeces; GE = Genome equivalents; к = Cohen’s Kappa; NPV =
Negative predictive value; OPG = Oocysts per gram of faeces; PA =
Percent agreement; POCT = Point-of-care test; PPV = Positive predictive value; RVA = Rotavirus A; SE = Sensitivity; SP = Specificity

Introduction
Neonatal calf diarrhoea is a common cause of death
in the pre-weaning period and half the fatalities among
unweaned calves have been attributed to diarrhoea
(Torsein et al. 2011; Cho et al. 2014; Windeyer et al.
2014). Diarrhoea can be caused by infectious factors,
such as viruses (e.g. rotavirus, coronavirus, bovine virus diarrhoea virus, norovirus, torovirus, nebovirus),
bacteria (e.g. Escherichia (E.) coli, Clostridium (Cl.) perfringens, Salmonella (S.) enterica) and protozoa (e.g.
Cryptosporidium (C.) parvum, Giardia (G.) intestinalis,
Eimeria spp.) (Foster & Smith 2009; Cho et al. 2014;
Gillhuber et al. 2014). Concurrent infections with two or
more pathogens are common and the presence of more
than one pathogen frequently leads to increased mortality and morbidity (Blanchard 2012; Al Mawly et al. 2015).
Non-infectious risk factors, in particular management
practices, calf housing and feeding, are also important
in the pathogenesis (Klein-Jöbstl et al. 2014; Al Mawly
et al. 2015).
Diagnostic tests require high accuracy (ability to give
a true measure), high precision (consistency of results,
low variability) and a high ability to give a correct positive or negative result. These factors are quantified in
terms of test sensitivity and specificity. An understanding of test performance and the prevalence of the pathogen of interest enables the determination of the positive
and negative predictive value and helps in the interpretation of a test result (Dohoo et al. 2010). In human and
veterinary medicine, point-of-care tests (POCTs) for the
detection of various pathogens have become commercially available during the previous decade. They need
to fulfil the ‘ASSURED’ (affordable, sensitive, specific,
user-friendly, rapid and robust, equipment-free, deliverable to end-users) criteria and should lead to quick implementation of appropriate interventions at or near the
point of patient care (Kosack et al. 2017).
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Feldstudie zeigten die POCTs eine moderate bis gute
Validität für den Nachweis von Rotavirus (Sensitivität
(SE)=92,9 %; Spezifität (SP)=95,6 %) und C. parvum
(SE=63,3 %; SP=96,2 %). Für E. coli F5 war die Anzahl
der positiven Proben (n=1) zu gering, um die Qualität
des Tests zu bewerten. Der POCT für den Nachweis von
Coronavirus erzielte eine Sensitivität von 3,3 % und eine
Spezifität von 96,6 %, der POCT für den Nachweis von
Cl. perfringens erreichte eine Sensitivität von 52,8 % und
eine Spezifität von 78,2 %. Der POCT für den Nachweis
von G. intestinalis zeigte eine höhere Empfindlichkeit
bei aufgetauten als bei frischen Kotproben (SE=43,9 %
vs. SE=29,2 %). Die Ergebnisse bestätigen deutliche
Unterschiede in der Validität zwischen den kommerziell erhältlichen immunchromatographischen POCTs.
Trotzdem können POCT-Ergebnisse einen wertvollen
Beitrag zur Diagnose und Prävention von Kälberdurchfall
leisten.
Many POCTs for the detection of calf diarrhoea pathogens are commercially available but their evaluation has
yielded contradictory results, with evaluations of POCTs
for the rapid detection of bovine rotavirus showing sensitivities of 32.7 %, 71.9 % and 42.3 % and specificities of
46.7 %, 95.3 % and 100.0 % (Klein et al. 2009; Cho et al.
2012; Izzo et al. 2012). Similar variations were observed
for bovine coronavirus, where test sensitivities were
28.2 % and 60.0 % and specificities 79.6 % and 96.4 %
(Klein et al. 2009; Izzo et al. 2012). Sensitivity and specificity were calculated based on the results of RT-PCR (Klein
et al. 2009), qRT-PCR (Izzo et al. 2012) and a multiplex
real-time PCR (Cho et al. 2012). The evaluation of
POCTs for the detection of C. parvum showed good diagnostic performances, with a sensitivity of 75.0 %,
100.0 % and 81.5 % and a specificity of 100.0 %,
94.6 % and 98.6 % based on the results of a modified
Ziehl-Neelsen staining, a sedimentation-flotation technique and, in the final study, on the cumulative positivity
of the tests used for comparison (Luginbühl et al. 2005;
Klein et al. 2009; Papini et al. 2018). The studies indicate that the assessment of diagnostic test performance
is substantially affected by the choice of reference method. Our previous evaluation of POCTs has shown low to
medium sensitivities (29.2 % and 77.6 %) and high specificities (98.4 % and 91.1 %) for the detection of G. intestinalis (detected by immunofluorescence microscopy)
and C. parvum detected by phase-contrast-microscopy)
in diarrhoeic calves (Lichtmannsperger et al. 2019).
Nevertheless, there is a lack of independent validation
for the majority of commercially available calf diarrhoea
POCTs. We have conducted a follow-up investigation to
our original work to test whether the point-of-care tests are
highly sensitive and specific for the detection of bovine rotavirus, bovine coronavirus, E. coli F5, C. parvum and Cl.
perfringens in faeces from diarrhoeic calves in comparison to standard laboratory methods performed with fresh
(field study) and thawed (re-evaluation) samples.
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Materials and methods
Animals and sample processing
This trial was approved by the Ethics and Animal
Welfare Committee of the University of Veterinary
Medicine, Vienna. Local veterinarians and farmers
were contacted personally, via email or during professional meetings and asked to participate. If the local veterinarian and the farmer were willing to participate, the farms were included (convenient selection)
and visited by their local veterinarian or the principal
author (KL). If the local veterinarian was willing to take
an active part in the study, he or she was instructed on
sample collection, POCT implementation, result documentation, sample storage and transport. Between
November 2017 and July 2018, the local veterinarian
or KL collected diarrhoeic faecal (soft, liquid, watery)
samples from the rectum (at least 10 g or 10 ml faeces; according to the standard operating procedure for
sample collection and homogenization from Megacor
Diagnostik GmbH) of male and female calves less than
180 days of age during the farm visits. Samples were
collected in 100 ml collection cups and no calf was
sampled more than once.
Point-of-care test in the field study
During the farm visits, four commercial immunochromatographic POCTs were performed by the local veterinarian or KL. One immunochromatographic POCT
(Speed V-Diar 4™, Virbac, Carros, France) was a combined test for the simultaneous detection of four pathogens (bovine rotavirus, bovine coronavirus, E. coli F5,
C. parvum) (Figure 1A); the other three tests were single POCTs for the detection of G. intestinalis (FASTest®
Giardia Strip, Megacor, Hörbranz, Austria), C. parvum
(FASTest® Crypto Strip, Megacor) and Cl. perfringens
(FASTest® C. perfringens, Megacor) (Figure 1B). All
POCTs were carried out according to the manufacturer’s specifications; the test kits did not provide a positive or negative control. Before testing, all samples
were homogenized with a wooden spatula in the 100
ml collection cup.
Sample processing
Following on-farm testing, fresh faecal samples were
transported to the University Clinic for Ruminants at the
University of Veterinary Medicine, Vienna by special
medical logistics (organized by the local veterinarians)
or directly on ice in a polystyrene box within one day.
The same or the following day, aliquots were sent for
analysis to the appropriate institutes of the University
of Veterinary Medicine, Vienna (Parasitology, Virology,
Microbiology); the results were used as standards of
reference (= reference methods). Parasitological and
bacteriological examinations were performed immedi-

Fig. 1: The combined POCT (Speed V-Diar 4™) is illustrated in the left
photograph (A). The POCT detects bovine rotavirus, bovine coronavirus, E. coli F5 and C. parvum. An example of single POCTs (FASTest®
Giardia Strip) is given in the right photograph (B), in which the red
arrows show the control line (CO) and the blue arrow (T) the test line.
Photograph B shows a negative FASTest® Giardia Strip result (one
red control line visible) and a positive FASTest® Giardia Strip (red control and red test line visible) result. / Der kombinierte POCT (Speed
V-Diar 4™) ist auf dem linken Foto (A) abgebildet. Der POCT weist
bovines Rotavirus, bovines Coronavirus, E. coli F5 und C. parvum
nach. Ein Beispiel für einzelne POCTs (FASTest® Giardia Strip) im rechten Foto (B). Die roten Pfeile zeigen die Kontrolllinie (C) und der
blaue Pfeil (T) die Testlinie. Es werden ein negatives Testergebnis,
eine rote Kontrolllinie sichtbar, und ein positives Testergebnis, eine
rote Kontrolllinie und eine rote Testlinie sichtbar, dargestellt.

ately. Aliquots (dry swabs) were taken from each sample and frozen at -80 °C for virological examination.
In addition, aliquots of all faecal samples were stored
in 20 ml collection cups at -80 °C for further investigation (see re-evaluation of POCT under laboratory
conditions).
Reference methods
Virological examination
At the Institute of Virology, faecal swabs were analysed for betacoronavirus (βCoV) and rotavirus A
(RVA). Swabs were placed in 1 ml of sterile phosphate-buffered-saline, vortexed for ten seconds and
centrifuged for 1 minute at 15,000 × g. Two hundred
microliters of supernatant were used for nucleic acid
extraction, which was performed on a QIAcube HT instrument using the Cador Pathogen 96 QIAcube HT
Kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. Negative controls consisting
of sample-free extracts (blanks) were produced si-
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Tab. 1: Primers and probes for the detection of betacoronavirus (ßCoV) and rotavirus A (RVA) by RT-qPCR and primers for the molecular detection of genes encoding for E. coli fimbriae F5 and Cl. perfringens toxins α and β2 using endpoint PCRs. / Eingesetzte Primer und Sonden für die
Detektion von Betacoronavirus (ßCoV) und Rotavirus A. Auflistung der Primer für den molekularen Nachweis von E. coli F5 und den Nachweis
von Cl. perfringens α Toxin and β2 Toxin.

Annealing
(°C)

Reference

ßCoV

ßCoV-F 5‘-ACGTGGTGTTCCTGTTGTTATAGG-3‘
ßCoV-R 5‘-AACATCTTTAATAAGGCGACGTAACAT-3‘
ßCoV-Probe:
FAM-5‘-CCACTAAAGTTTATGGCGGCTGGGATG-3‘-TAMRA

60

Spiss et al. 2012

RVA

RVA7-1F: 5‘-RCATRACCCYCTATGAGC-3‘
NVP3-R: 5‘-GGTCACATAACGCCCC-3‘
RVA7pr.1:
FAM-5‘-ATAGTTAAAGCTAACACTGTCAAAAACCTAAA-3‘-TAMRA

60

Otto et al. 2015
Pang et al. 2004

F5c

for: 5‘-TATTATCTTAGGTGGTATGG-3‘
rev: 5‘-GGTATCCTTTAGCAGCAGTATTTC-3‘

50

Franck et al.
1998

α toxind

for: 5’-GTTGATAGCGCAGGACATGTTAAG-3’
rev: 5’-CATGTAGTCATCTGTTCCAGCATC-3’

55

Yoo et al. 1997

β2 toxind

for: 5’-AGATTTTAAATATGATCCTAACC-3’
rev: 5’-CAATACCCTTCACCAAATACTC-3’

50

Jost et al. 2005

Target

a

b

Primer/probe sequences

βCoV = betacoronavirus, bRVA = rotavirus A; Described for detection of canine respiratory coronavirus but also validated for bovine coronavirus
nucleic acid detection (pan betacoronavirus 1 RT-qPCR), cF5 = E. coli fimbriae F5, dα toxin and β2 toxin of Cl. perfringens
a

multaneously in each extraction process. RT-qPCRs
were carried out using qScript XLT 1-Step RT-qPCR
ToughMix (Quantabio, Beverly, USA) on a Rotor-Gene
Q5plex (Qiagen). Table 1 gives the sequences of primers and probes and references. Positive and negative
controls were run side-by-side with each RT-qPCR approach. Dilutions of synthetic RNA transcripts derived
from cloned cDNA including the target sequences were
used for absolute quantification. Sensitivity for both
RT-qPCR assays was determined by running doubles of serial dilution rows of βCoV and RVA RNA transcripts. Results are given in genome equivalents per
millilitre (GE/ml) swab lysate. The limit of detection was
assessed with 10 GE/µl in the reaction, which is equivalent to 4.3x103 GE/ml swab lysate. Dilutions of the
RNA transcripts were used to create a standard curve;
GE values for 1 µl of RNA extracts were calculated with
the Rotor-Gene software according to the given concentrations of the transcripts.
Bacteriological examination
All samples were examined at the Institute of
Microbiology for the presence of E. coli and Cl. perfringens. Samples were plated onto Columbia agar
with 5 % sheep blood and MacConkey agar using the
three-phase streaking method and plates were incubated aerobically (Columbia agar, MacConkey agar)
and anaerobically (Columbia agar) at 37 °C for 48 h.
Bacterial growth was semi-quantitatively graded as
light, moderate or heavy depending on the occurrence
and number of isolated colonies in streaking sections.
Characteristic E. coli and Cl. perfringens colonies
were selected and DNA extracted using GenElute™

Mammalian Genomic DNA Miniprep Kit (Merck,
Darmstadt, Germany). Endpoint PCRs were performed
to detect virulence-associated factors, including genes
for E. coli fimbriae F5 and Cl. perfringens α and β2 toxins, using a Mastercycler® Nexus Gradient Thermal
Cycler (Eppendorf Austria GmbH, Vienna, Austria) and
amplification protocols as described (Yoo et al. 1997;
Franck et al. 1998; Jost et al. 2005). Primers and annealing temperatures are listed in Table 1. DNA from
an E. coli strain harbouring F5 and a Cl. perfringens
strain carrying both α and β2 toxin genes were used
as positive controls. DNA was replaced by PCR-grade
water for negative controls. Isolates were considered
positive for the virulence factor if amplicons with the
same length as the positive control were produced.
Randomly selected amplicons were sequenced at
LGC Genomics, Berlin, Germany to confirm amplification of the target gene.
Parasitological examination
All faecal samples were examined for G. intestinalis and Cryptosporidium at the Institute of
Parasitology. The quantitative detection of cysts/oocysts in faecal samples was performed as described
(Lichtmannsperger et al. 2019). Cysts/oocysts were
purified by the sodium acetate-acetic acid-formalin
solution (SAF) method. The pellet was re-suspended in phosphate-buffered-saline and used for further analysis. The immunofluorescence assay (IFA)
the Merifluor® (Merifluor® Cryptosporidium/Giardia
Meridian Bioscience Inc., Cincinnati, USA) test was
performed according to the manufacturer’s instructions to detect G. intestinalis and the number of cysts
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Tab. 2: Co-infections of the pathogens in faecal samples of diarrhoeic calves. Occurrence of bovine
rotavirus (RVA), bovine coronavirus (βCoV) detected by RT-qPCR; E. coli and Cl. perfringens detected by bacteriological culturing and subsequent endpoint PCR (E. coli fimbriae F5; α and β2 toxin for
Cl. perfringens), Cryptosporidium spp. (Crypto) and G. intestinalis (Giardia) detected by phase-contrast-microscopy and immunofluorescence microscopy, respectively. One sample was positive for E.
coli F5 (not included in the table). / Ko-Infektionen der untersuchten Pathogene im Kot von Kälbern mit
Durchfall. Auftreten von bovinem Rotavirus (RVA) und bovinem Coronavirus (βCoV) nachgewiesen
mittels RT-qPCR; E. coli und Cl. perfringens nachgewiesen mittels bakteriologischer Untersuchung
und anschließender PCR zum Nachweis von Virulenz assoziiertem Faktor F5 und α und β2 Toxin.
Cryptosporidium spp. (Crypto) wurde in der Phasen-Kontrast-Mikroskopie und G. intestinalis (Giardia)
in der Immunfluoreszenzmikroskopie nachgewiesen. Eine Probe zeigte ein positives Ergebnis für E.
coli F5 (nicht in der Tabelle inkludiert).
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itive, true negative, false positive, false negative, specificity
(SE), sensitivity (SP), positive
predictive value (PPV), negative predictive value (NPV),
percent agreement (PA) and
Cohen’s Kappa (ĸ), was calculated based on comparison
with the reference methods for
each of the POCTs. The percent agreement was calculated as the sum of true positive
Pathogen
and true negative results dividPathogen
Cl. perfrin- Cl. perfrinRVA βCoV E. coli
Crypto Giardia
ed by the number of samples.
co-infection
gens (α)
gens (β2)
Cohen’s Kappa was calculated
RVA
42
9
42
12
5
31
3
to describe the agreement beβCoV
9
60
60
14
5
30
16
tween the POCTs and the reference methods. Kappa valE. coli
42
60
174
41
17
98
48
ues can range from 0 to 1 and
Cl. perfrinwere interpreted as follows:
12
14
41
41
17
25
6
gens (α)
≥0.81 very good agreement;
Cl. perfrin0.61 to 0.80 good agreement;
5
5
17
17
17
9
1
gens (β2)
0.41 to 0.60 moderate agreement; 0.21 to 0.40 fair agreeCrypto
31
30
98
25
9
98
21
ment; and ≤0.2 poor agreeGiardia
3
16
48
6
1
21
48
ment (Thrusfield & Christley
2018).
Test performance was calis given as cysts per gram of faeces (cpg). To deculated for the results of the combined POCT (Speed
tect Cryptosporidium, a disposable haemocytometer
V-Diar 4™; targeting bovine rotavirus, bovine coro(C-Chip, NanoEnTek Inc., Pleasanton, USA) was used.
navirus, E. coli F5, C. parvum) and the three single
The slide was screened under a phase-contrast microPOCTs (FASTest® Giardia Strip, FASTest® Crypto Strip,
scope (PCM) (Nikon Labophot-2, Nikon Instruments
FASTest® C. perfringens Strip) carried out on 177 fresh
Inc., Tokyo, Japan) with 200 × magnification for oofaecal samples in the field study. To calculate test percysts. The number of Cryptosporidium oocysts is given
formance under laboratory conditions on thawed samin oocysts per gram of faeces (opg).
ples, 137, 130 and 170 faecal samples were randomly selected to test for G. intestinalis (FASTest® Giardia
Reevaluation of POCTs under laboratory conditiStrip), C. parvum (FASTest® Crypto Strip) and Cl. perons on thawed samples
fringens (FASTest® C. perfringens Strip), respectively.
Not all faecal samples were subjected to re-evaluation
In June 2019, faecal samples were selected by simas this part of the work was undertaken in collaboration
ple randomization and thawed in the 20 ml collection
with the POCT manufacturer and no more POCT kits
cups overnight under room temperature in the laboratowere available.
ry. The blinded second author (KF) then carried out single POCTs (FASTest® Giardia Strip, n=137; FASTest®
Crypto Strip, n=130; FASTest® C. perfringens, n=170;
Results
all manufactured by Megacor) following the manufacturer’s specifications. Before testing, all samples were
Farm visits, animals and sample collection
homogenized with a wooden spatula. The re-evaluation was carried out in collaboration with the manufacFour veterinary practices (6 veterinarians) activeturing company to evaluate test performance following
ly participated and undertook 47 farm visits; one aufreezing.
thor performed 27 farm visits. Seventy farms were
visited, of which four were visited twice (74 farm visStatistical analysis
its). The farms were located in the federal districts of
Salzburg (n=26), Lower Austria (n=24), Styria (n=7),
Statistical analysis was performed using IBM® SPSS®
Upper Austria (n=3), Burgenland (n=6) and Tyrol (n=4).
Statistics Version 24 (IBM®, New York, USA) and
The number of calves sampled per farm ranged from
Microsoft Excel 2010. Test performance, i.e. true pos1 to 10 (mean=2.5; median=2); the average farm size
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Tab. 3: Contingency tables for combined point-of-care test (POCT) (Speed V-Diar 4™), targeting bovine rotavirus (RVA), bovine coronavirus (βCoV), E. coli fimbriae F5 and C. parvum
and three single POCT for the detection of G. intestinalis (FASTest® Giardia Strip), C. parvum
(FASTest® Crypto Strip) and Cl. perfringens (FASTest® C. perfringens Strip) used in the field
study. Test performance was calculated based on the results of the reference laboratory
methods. / Kreuztabellen für den kombinierten Schnelltest (Speed V-Diar 4™) zum Nachweis
von bovinem Rotavirus (RVA), bovinem Coronavirus (βCoV), E. coli F5 und C. parvum.
Weiters Kreuztabellen für drei Einzel-Schnellteststreifen für den Nachweis von G. intestinalis
(FASTest® Giardia Strip), C. parvum (FASTest® Crypto Strip) und Cl. perfringens (FASTest®
C. perfringens Strip). Die Tests wurden im Feldversuch durchgeführt. Die Ergebnisse der
jeweiligen Referenzmethode wurden zur Berechnung der Testqualität herangezogen.

POCT

Pathogen

RVA

βCoV
Speed
V-Diar 4™
E. coli F5
Field study

C. parvum

FASTest®
Giardia
Strip

G.
intestinalis

POCT
result

Reference
positive

Reference
negative

Total

Positive

39

6

45

Negative

3

129

132

Total

42

135

177

Positive

2

4

6

Negative

58

113

171

Total

60

117

177

Positive

1

2

3

Negative

0

174

174

Total

1

176

177

Positive

62

3

65

Negative

36

76

112

Total

98

79

177

Positive

14

2

16

Negative

34

127

161

Total

48

129

177

Positive

76

7

83

Negative

22

72

94

Total

98

79

177

28

27

55

25

97

122

53

124

177

FASTest®
Crypto
Strip

C. parvum

FASTest®
C. perfringens Strip

Positive
Cl.
Negative
perfringens
Total

was approximately 56 livestock units. Overall, 177
calves were included and their ages ranged from 1 to
164 days (mean=27; median=12). In total 108 female
and 69 male Simmental, Brown Swiss, Holstein and
cross-breed calves were sampled. All 177 faecal samples were tested with the combined (Speed V-Diar 4™;
targeting bovine rotavirus, bovine coronavirus, E. coli
F5, C. parvum) and the three single POCTs (FASTest®
Giardia Strip; FASTest® Crypto Strip; FASTest® C. perfringens Strip) by the same researcher (n=87 samples)
or by the local veterinarian (n=90 samples) on-farm
during the farm visits.

Occurrence of calf diarrhoea pathogens in the reference laboratory method
Bovine rotavirus
coronavirus

A

and

bovine

Of the 177 faecal samples, 42
(23.7 %) and 60 (33.9 %) yielded positive results in the reference methods
for bovine rotavirus and bovine coronavirus, respectively. Table 2 summarizes the occurrence of enteropathogens and co-infections in faecal
samples from the field study. Mean
viral excretion (GE/ml) was 1.2x107
(median=1.3x106; SD=4.1x107) for
bovine rotavirus (n=42) and 3.3x108
(median=8.1x106; SD=7.1x108) for
bovine coronavirus (n=60).
E. coli and Cl. perfringens
E. coli was isolated from 174
(98.3 %) of the 177 faecal samples.
Bacterial growth on MacConkey agar
was light (n=2), moderate (n=8) or
heavy (n=164). Only three of the 177
(1.7 %) faecal samples gave negative results for E. coli in bacteriological culturing. The gene encoding fimbriae F5 was detected by PCR in
1 of the 174 (0.6 %) E. coli isolates.
Cl. perfringens was isolated from 53
(29.2 %) of the 177 faecal samples.
Growth of Cl. perfringens appeared
to be light (n=13), moderate (n=32) or
heavy (n=8) on Columbia agar plates.
In 41 and 17 Cl. perfringens isolates,
the α and the β2 toxin was detected by
PCR, respectively. All Cl. perfringens
β2 toxin-positive isolates (n=17) were
also positive for the α toxin gene.

G. intestinalis and Cryptosporidium
In total, 48 (27.1 %) and 98 (55.4 %) of the 177
faecal samples were positive for G. intestinalis and Cryptosporidium, respectively. The mean
cyst and oocyst excretion rates were 10,108 (median=1,308; SD=19,244) and 1x105 (median=1x106;
SD=3x106) for G. intestinalis and Cryptosporidium spp.
(Lichtmannsperger et al. 2019).
Test performance compared to the reference laboratory methods
For each test implemented in the field study and in
the re-evaluation, we constructed two by two contin-
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Tab. 4: Contingency tables for three single point-of-care tests (POCT) for the detection of
G. intestinalis (FASTest® Giardia Strip), C. parvum (FASTest® Crypto Strip) and Cl. perfringens (FASTest® C. perfringens Strip) used in the re-evaluation under laboratory conditions
carried out on thawed samples by the blinded second author. Test performance was calculated based on the results of the reference laboratory methods. / Kreuztabellen für drei
Einzel-Schnellteststreifen für den Nachweis von G. intestinalis (FASTest® Giardia Strip), C.
parvum (FASTest® Crypto Strip) and Cl. perfringens (FASTest® C. perfringens Strip). Die
Einzel-Schnelltests wurden unter Laborbedingungen an aufgetauten Kotproben durch die
geblindete Zweitautorin in der Reevaluierung durchgeführt. Die Ergebnisse der jeweiligen
Referenzmethode wurden zur Berechnung der Testqualität herangezogen.

POCT

Pathogen

FASTest®
Giardia
Strip

G.
intestinalis

Re-evaluation

FASTest®
Crypto
Strip

C. parvum

POCT
result

Reference
positive

Reference
negative

Total

Positive

18

1

19

Negative

23

95

118

Total

41

96

137

Positive

63

6

69

Negative

13

48

61

Total

76

54

130

34

36

70

18

82

100

52

118

170

Positive
FASTest® C.
Cl.
perfringens
Negative
perfringens
Strip
Total

gency tables to compare the results
of the reference laboratory tests
(standard of comparison) with those
of the POCTs. The tables enabled us
to deduce the number of true positive, false positive, true negative and
false negative results and Table 3
shows the data for the field study carried out on fresh samples, with Table
4 giving the results of the re-evaluation under laboratory conditions on
thawed samples. Based on this information, we calculated test sensitivity, specificity, positive and negative
predictive values, percent agreement
and Cohen’s Kappa for all of the
POCT in the field (Table 5) and in the
re-evaluation (Table 6).
Test performance of POCT in the
field study carried out on fresh
samples
The combined POCT was positive
for bovine rotavirus in 45 (25.4 %),

Tab. 5: Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), percent agreement (PA) and Cohen’s Kappa for
the combined POCT (Speed V-Diar 4™) targeting bovine rotavirus (RVA), bovine coronavirus (βCoV), E. coli carrying virulence-associated factor
F5 and C. parvum and three single point-of-care tests for the detection of G. intestinalis (FASTest® Giardia Strip), C. parvum (FASTest® Crypto
Strip) and Cl. perfringens (FASTest® C. perfringens Strip). The combined and three single point-of-care tests were carried out on-farm on fresh
samples (n=177) during the farm visits. Test performance was calculated based on the results of the reference laboratory methods. / Sensitivität,
Spezifität, positiver prädiktiver Wert (PPV) und negativer prädiktiver Wert (NPV), Prozent Übereinstimmung (PA) und Cohen’s Kappa für den kombinierten Schnelltest (Speed V-Diar 4™) zum Nachweis von bovinem Rotavirus (RVA), bovinem Coronavirus (βCoV), E. coli F5 und C. parvum und
drei Einzel-Schnellteststreifen zum Nachweis von G. intestinalis (FASTest® Giardia Strip), C. parvum (FASTest® Crypto Strip) und Cl. perfringens
(FASTest® C. perfringens Strip). Der kombinierte Schnelltest und die drei Einzel-Schnellteststreifen wurden an frischen Durchfallkotproben (n=177)
in den Betrieben durchgeführt. Die Ergebnisse der jeweiligen Referenzmethode wurden zur Berechnung der Testvalidität herangezogen.

Field study
Pathogen
RVAe
βCoVf
E. coli F5
C. parvum
G. intestinalis
C. parvum g
Cl. perfringens

Sensitivity
(95 % CIa)

92.9
(85.1, 100.6)
3.3
(-1.2, 7.9)

100.0
(100.0, 100.0)
63.3
(53.7, 72.8)
29.2
(16.3, 42.0)
77.6
(69.3, 85.8)

52.8
(39.4, 66.3)

Specificity
(95 % CI)

95.6
(92.1, 99.0)
96.6
(93.3, 99.9)

98.9
(97.3, 100.4)

96.2
(92.0, 100.4)
98.4
(96.3, 100.6)
91.1
(84.9, 97.4)
78.2
(71.0, 85.5)

PPVb
(95 % CI)

86.7
(76.7, 96.6)
33.3
(-4.4, 71.1)

33.3
(-20.0, 86.7)

95.4
(90.3, 100.5)
87.5
(71.3, 103.7)
91.6
(85.6, 97.5)

50.9
(37.7, 64.1)

NPVc
(95 % CI)

97.7
(95.2, 100.3)
66.1
(59.0, 73.2)

100.0
(100.0, 100.0)
67.9
(59.2, 76.5%)
78.9
(72.6, 85.2)
76.6
(68.0, 85.2)

79.5
(72.3, 86.7)

PAd
94.9
65.0
98.9
78.0
79.7
83.6
70.6

Cohen’s Kappa
(95 % CI)
0.86
(0.72, 1.01)

0.00
(-0.07, 0.07)
0.5
(0.37, 0.62)
0.57
(0.43, 0.71)

0.35
(0.23, 0.47)
0.67
(0.53, 0.82)

0.31
(0.16, 0.46)

95 % CI = 95 % confidence interval, bPPV = positive predictive value ,cNPV = negative predictive value, dPA = percent agreement (sum of all true
positive and all true negative results divided by the total number of samples), eRVA = bovine rotavirus A, fβCoV = bovine betacoronavirus, gPointof-care test performance targeting G. intestinalis and C. parvum has been published (Lichtmannsperger et al. 2019)
a
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Tab. 6: Sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), percent agreement (PA) and Cohen’s Kappa
three single point-of-care tests for the detection of G. intestinalis (FASTest® Giardia Strip) (n=137 samples), C. parvum (FASTest® Crypto Strip)
(n=130 samples) and Cl. perfringens (FASTest® C. perfringens Strip) (n=170 samples). The re-evaluation was carried out under laboratory conditions on thawed samples by the blinded second author. Test performance was calculated based on the results of the reference laboratory methods.
/ Sensitivität, Spezifität, positiver prädiktiver Wert (PPV) und negativer prädiktiver Wert (NPV), Prozent Übereinstimmung (PA) und Cohen’s Kappa
für drei Einzel-Schnellteststreifen zum Nachweis von G. intestinalis (FASTest® Giardia Strip) (n=137 Proben), C. parvum (FASTest® Crypto Strip)
(n=130 Proben) und Cl. perfringens (FASTest® C. perfringens Strip) (n=170 Proben). Die Reevaluierung unter Laborbedingungen wurde durch die
geblindete Zweitautorin durchgeführt. Die Ergebnisse der jeweiligen Referenzmethode wurden zur Berechnung der Testqualität herangezogen.

Re-evaluation under laboratory conditions
Pathogen
G. intestinalis
C. parvum
Cl. perfringens

Sensitivity
(95 % CI)

43.9
(28.7, 59.1)

82.9
(74.4, 91.4)

65.4
(52.5, 78.3)

Specificity
(95 % CI)

99.0
(96.9, 101.0)
88.9
(80.5, 97.3)

69.5
(61.2, 77.8)

PPVa
(95 % CI)

94.7
(84.7, 104.8)
91.3
(84.7, 98.0)
48.6
(36.9, 60.3)

NPVb
(95 % CI)

80.5
(73.4, 87.7)
78.7
(68.4, 89.0)

82.0
(74.5, 89.5)

PAc
82.5
85.4
68.2

Cohen’s Kappa
(95 % CI)
0.51
(0.36, 0.66)
0.71
(0.53, 0.88)

0.32
(0.17, 0.46)

PPV = positive predictive value, bNPV = negative predictive value, cPA = percent agreement (sum of all true positive and all true negative divided
by the total number of samples).
a

for bovine coronavirus in 6 (3.4 %), for E. coli F5 in 3
(1.7 %) and for C. parvum in 65 (36.7 %) of the samples
(n=177). Single G. intestinalis and C. parvum POCTs
showed 16 (9.0 %) and 83 (46.9 %) positive test results
from the 177 examined samples (Lichtmannsperger et
al. 2019) (Table 3). The POCT targeting Cl. perfringens
showed positive test results in 55 (31.1 %) of the 177
samples. Of these 55 POCT positive results, 22 Cl. perfringens isolates carried α toxin genes and 17 isolates
carried the β2 toxin gene.
Test performance of the POCTs implemented in
the re-evaluation under laboratory conditions on
thawed samples
In the re-evaluation under laboratory conditions, the
POCT targeting G. intestinalis yielded positive results
in 19 (13.8 %) of the 137 thawed analysed samples,
the POCT targeting C. parvum in 69 (53.3 %) of the
130 thawed samples and the POCT targeting Cl. perfringens in 70 (41.2 %) of the 170 thawed samples
(Table 4).

Discussion
We have evaluated the diagnostic performance of
immunochromatographic POCTs carried out on fresh
(field study) and thawed (re-evaluation) samples for
the detection of enteropathogens commonly found in
diarrhoeic calves less than half a year of age. We used
POCTs to detect bovine rotavirus, bovine coronavirus,
E. coli carrying F5, C. parvum, Cl. perfringens and G.
intestinalis and calculated the test performance based
on the results of the reference methods carried out
at institutes of the University of Veterinary Medicine,
Vienna. Reverse transcriptase-qPCR was used for the

detection of bovine rotavirus and bovine coronavirus;
bacteriological culturing on Columbia and MacConkey
agar and subsequent endpoint PCR for E. coli (fimbriae F5) and Cl. perfringens (α and β2 toxin); phase-contrast-microscopy for Cryptosporidium spp.; and immunofluorescence microscopy for G. intestinalis.
Reference methods
No test method (reference method and POCT) can
detect a pathogen with 100 % accuracy (Blanchard
2012). However, we assume that the reference methods represented the true infection status (positive or
negative) of the calves. The reference methods for detecting calf pathogens are not harmonized, either within Austria or in the European Union. It is likely that
sending the samples to different laboratories would
lead to contradictory results, although ring-trials are
carried out. We expressed the agreement between
the POCT carried out on fresh and thawed samples
and the reference methods as Cohen’s Kappa. Some
POCTs have a wide 95 % confidence interval for sensitivity and specificity, reflecting considerable uncertainty
about the estimate. Nevertheless, the POCTs were interpreted to be at least as good as the lower limit of the
95 % confidence interval.
Farm visits, animals and sample collection
The study was conducted with conveniently selected veterinary practices, farms and samples. The participating veterinarians were instructed on sample collection, POCT implementation, result documentation,
sample storage and transport. Participating farms had
a history of calf diarrhoea, so we expected a high incidence of pathogens in the population. The number of livestock units per farm was approximately 56,
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which does not represent the Austrian farm structure.
In 2021, the average cattle farm in Austria kept approximately 35 cattle (Rinderzucht Austria 2022). Calf diarrhoea is related to farm size, with diarrhoea cases
found on larger farms (large: median 40 cows; small:
28 cows) (Klein et al. 2014). The higher prevalence of
calf diarrhoea on larger farms is believed to explain for
the high amount of larger farms (on average 56 livestock units) that participated in our study. Most farms
were visited once and samples taken from affected
animals. Diagnostic results therefore only represent a
snapshot of the calves’ current infection status.
The high prevalence of the pathogens in our study
animals affected the positive and negative predictive value. As the number of true positive faecal samples was high, the positive predictive values increased
while the negative predictive values decreased.
Test performance of POCTs used in the field study
on fresh samples
Bovine rotavirus and bovine coronavirus
The combined POCT targeting bovine rotavirus resulted in a high sensitivity (92.9 %) and specificity
(95.6 %) calculated based on the results of RT-qPCR
(reference method). Nine of the 42 RT-qPCR positive samples were classified incorrectly by the POCT:
three samples were classified as false negative and
six samples as false positive (see Table 3). The combined POCT (Speed V-Diar 4™) showed a good performance with a high sensitivity (SE=92.9 %) and
specificity (SP=95.6 %) and the agreement between
the POCT and the reference method (RT-qPCR) was
at least good (lower 95 % CI limit of ĸ=0.72).
Sixty faecal samples gave positive RT-qPCR results
for bovine coronavirus. The combined POCT targeting
bovine coronavirus showed a low sensitivity (SE=3.3 %)
and a high specificity (SP=96.6 %). The agreement
(true positive + true negative divided by the total number of samples) was 65 %, as the number of true negative samples was high. Nevertheless, the agreement
expressed as Cohen’s Kappa between the POCT and
the RT-qPCR was poor (ĸ=0.00). Cohen’s Kappa includes false positive and false negative results as it describes the agreement between two methods beyond
chance. Similar results have been previously reported (κ=0.095) (Cho et al. 2012), although the authors
of the earlier study were surprised by the poor performance and suggested the re-evaluation of the antibody specificity. In our study, only two of the 60 RTqPCR-positive faecal samples were correctly identified
as positive by the POCT (see Table 3). We therefore
agree that it would be useful to re-evaluate the specificity of the antibodies.
E. coli and Cl. perfringens
In total, 174 of the 177 faecal samples showed bacterial growth of E. coli on MacConkey agar (reference
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method). The number of E. coli isolates carrying virulence-associated factor F5 determined by PCR was
low, with only 1 of 174 E. coli isolates yielding a positive result. The test sensitivity was 100 % as all positive E. coli F5 isolates (n=1) were correctly identified;
the specificity was 98.9 %. As the occurrence of E. coli
F5 was very low, the negative predictive value was 100
%. Interpretation of the diagnostic performance of the
POCT targeting E. coli F5 was not feasible. A previous
study found a high agreement (κ=0.823) between an
immunochromatographic test and multiplex real-time
PCR targeting E. coli F5, although here too the sample size was small and the prevalence of E. coli F5 low
(5/100) (Cho et al. 2012). In the previous decade, the
occurrence of E. coli F5 in the faeces of diarrhoeic cattle was very low, e.g. 3.2 % of calves (14 out of 429
diarrheic calves younger than 6 days of age) in New
Zealand were positive (Al Mawly et al. 2015). A recent
systematic review and meta-analysis of the epidemiology of pathogenic E. coli of diarrhoeic calves found E.
coli F5 in 12.9 % of the isolates (Kolenda et al. 2015).
The combined POCT (Speed V-Diar 4™) only targets
E. coli virulence-associated factor F5. However, E. coli
virulence-associated factors F17, F41 and heat-stable
enterotoxin isolated from calves are significantly associated with diarrhoea (Kolenda et al. 2015). All of the
tests only target the pathogens of interest and do not
test for the occurrence of other genera, species or virulence-associated factors.
The single POCT targeting Cl. perfringens showed
a moderate sensitivity (SE=52.8 %) and specificity
(SP=78.2 %). The agreement between bacteriological
culturing on Columbia agar with 5 % sheep blood and
the POCT was ĸ=0.31, with a lower limit of the 95 % CI
for Cohen’s Kappa of ĸ=0.16 and an upper 95 % CI limit of ĸ=0.46. The agreement was at least poor (ĸ=0.16)
and the test cannot be recommended. Reading the test
line of the POCT targeting Cl. perfringens was especially challenging. The absorption/migration rates and
running times varied and the test lines appeared weak
or doubtful, although the control lines were clearly visible. This problem might have led to the poor diagnostic
performance. The diagnosis of Cl. perfringens-associated enteric disease remains a substantial challenge.
Previous work has focused on the evaluation of intestinal Cl. perfringens counts as a diagnostic tool for enterotoxaemia in calves. Cl. perfringens counts assessed
in intestinal contents post mortem show that intestinal
counts have no value for the diagnosis of enterotoxaemia in calves (Valgaeren et al. 2013). Alpha toxin is
the major toxin produced by type A strains but its role
in intestinal diseases is controversial (Goossens et al.
2017). The isolation of Cl. perfringens type A or detection of its major toxin, alpha toxin, from faeces or gastrointestinal content has little if any diagnostic value as
the toxin is also found in the gastrointestinal tract of
healthy animals (Goossens et al. 2017).
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G. intestinalis and Cryptosporidium
The sensitivity of single POCT (FASTest® Giardia
Strip) for G. intestinalis was 29.2 % and the specificity
98.4 %; the agreement between the single POCT and
immunofluorescence microscopy was fair to moderate
(lower 95 % CI limit ĸ=0.23; upper 95 % CI limit ĸ=0.47).
A low sensitivity (28 % and 26 %) and a high specificity (92 % and 93 %) for two POCTs in comparison with
the immunofluorescence microscopy is in accordance
with the previous results (Geurden et al. 2010). As the
majority of the calves (77.1 %) showed low or moderate cyst excretion, we suggest that the number of
cysts was below the detection limit as the test was developed for calves shedding higher numbers of cysts
(Lichtmannsperger et al. 2019). The majority of immunochromatographic lateral-flow ELISAs target a surface
antigen of Cryptosporidium spp. and/or C. parvum.
C. parvum is the primary species in diarrhoeic calves
worldwide and in the population we studied in Austria
(Feng et al. 2018; Lichtmannsperger et al. 2020). The
combined POCT (Speed V-Diar 4™) targeting C. parvum showed a moderate sensitivity (SE=63.3 %) and
high specificity (SP=96.2 %) and there was at least
a moderate agreement between the POCT and the
phase-contrast-microscopy (reference method) (lower
95 % CI limit ĸ=0.43; upper 95 % CI limit ĸ=0.71). The
second POCT (single POCT; FASTest® Crypto Strip)
to detect C. parvum gave in a higher sensitivity (SE=
77.6 %) and a slightly lower specificity (SP=91.1 %)
in comparison to the combined POCT. The agreement expressed as Cohen’s Kappa between the single
POCT and the phase-contrast-microscopy was at least
good (lower 95 % CI limit ĸ=0.53; upper 95 % CI limit
ĸ=0.82). The positive predictive value for both the combined and the single POCT was high (>90 %), so there
is a high likelihood that a positive POCT result correctly
reflects a positive case.
Test performance of POCT in the re-evaluation under laboratory conditions on thawed samples
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site stages in faeces and Cryptosporidium oocysts are
apparently more robust than Giardia cysts (Robertson
& Gjerde 2004). Distorted Giardia cyst walls could be
seen after multiple freezing-thawing cycles with low
voltage scanning electron microscopy and immunofluorescence microscopy (Erlandsen et al. 1990). This effect might explain the apparently increasing sensitivity,
as the manufacturer’s specifications note that the immunochromatographic G. intestinalis test also detects
antigen fragments, increasing the probability of a positive test result. The samples contained low numbers
of G. intestinalis (17–76,333 cpg) but high numbers of
Cryptosporidium (3x103 to 3x107 opg), so the effect
might be relevant for G. intestinalis (Lichtmannsperger
et al. 2019). The test sensitivity for Cryptosporidium
increased only slightly from 77.6 % to 82.9 %. The
number of true positive POCT results was high before
freezing due to the high opg values, so we could not
determine any effect of freeze-thawing on the destruction of Cryptosporidium oocysts. There is a need for
further studies on the impact of freezing-thawing cycles on the results of immunochromatographic POCT.
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We found a noticeable difference for G. intestinalis POCT, where Cohen’s Kappa (0.51 vs. 0.35) and
test sensitivities (43.9 % vs. 29.7 %) were considerably
higher in the re-evaluation under laboratory conditions
than in the field study (fresh samples). Shear forces
generated during freeze–thaw cycles disintegrate para-

Fazit für die Praxis
Der Einsatz von Schnelltests in der tierärztlichen Praxis/am landwirtschaftlichen Betrieb soll helfen, gezielt Maßnahmen zu implementieren (z.B. Mutterschutzimpfung, spezielle Desinfektion, medikamentöse Prophylaxe), welche die Prävalenz von Kälberdurchfall verringern. Die Ergebnisse der Schnelltests
sind Momentaufnahmen und müssen immer im Zusammenhang mit der Anamnese und der klinischen
Untersuchung interpretiert werden. Die Validität der Ergebnisse der kommerziell erhältlichen Schnelltests ist
sehr unterschiedlich und von der eingesetzten Referenzmethode abhängig.
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