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Rotavirus A (RVA) is amongst the most widespread causes of neonatal
calf diarrhea. Because subclinical infections are common, the diagnosis
of RVA-induced diarrhea cannot rely solely on molecular viral detection.
However, RT-qPCR allows for quantiﬁcation of RVA shedding in feces, which
can be correlated with clinical disease. Here, we determine an optimal cutoff
of rotaviral load quantiﬁed by RT-qPCR to predict RVA causality in diarrheic
neonate calves, using RVA antigen-capture ELISA as reference test. Feces
from 328 diarrheic (n = 175) and non-diarrheic (n = 153), <30-day-old
dairy calves that had been tested by ELISA and tested positive by RT-qPCR
were included. Of 82/328 (25.0%) ELISA-positive calves, 53/175 (30.3%) were
diarrheic, whereas 124/153 (81.0%) non-diarrheic calves tested negative by
ELISA. The median log10 viral load was signiﬁcantly higher in diarrheic vs. nondiarrheic and ELISA-positive vs. -negative calves, indicating a higher viral load
in diarrheic and ELISA-positive calves. A receiver operating characteristic (ROC)
analysis was conducted using the viral loads of the 175 diarrheic calves that had
tested either positive (n = 53, cases) or negative (n = 122, controls) by ELISA.
The optimal log10 viral load cutoff that predicted RVA causality in diarrheic
calves was 9.171. A bootstrapping procedure was performed to assess the
out-of-bag performance of this cutoff point, resulting in sensitivity = 0.812,
speciﬁcity = 0.886, area under the curve = 0.922, and positive and negative
diagnostic likelihood ratios of 11.184 and 0.142, respectively. The diagnostic
accuracy of the cutoff was excellent to outstanding. This information will
help in the interpretation of RVA RT-qPCR results in feces of diarrheic calves
submitted for laboratory testing.
KEYWORDS

clinical outcome, dairy calves, enzyme-linked immunosorbent assay (ELISA), rotavirus
A, neonatal calf diarrhea, RT-qPCR—real-time quantitative polymerase chain reaction,
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Introduction

the higher the viral load and vice versa (9, 10). Because the
relationship between the Cq value and the viral load is not linear,
the Cq value should not be used as a direct measure of the
viral load; however, using standard quantification curves, the
Cq value can be used to calculate the viral load (viral genome
copies per ml or gram of sample), rendering results that are more
comparable between samples (11).
Generally, when a Cq value is obtained, the sample is
considered positive; however, given the high sensitivity of
RT-qPCR assays and the considerable percentage of clinically
healthy or subclinical individuals that shed rotavirus in feces
(12–14), caution should be taken when interpreting positive
(qualitative) RT-qPCR results in clinical settings (10). In this
context, using RT-qPCR to quantify the viral load represents
an advantage with direct clinical application. However, applying
RT-qPCR as a routine diagnostic tool for the investigation
of diarrhea caused by rotavirus requires establishing the
optimal viral load cutoff value to distinguish symptomatic from
asymptomatic shedders, to distinguish calves with diarrhea
caused by rotavirus from those with diarrhea caused by
etiologies different from rotavirus (9, 10, 15), or false positive
results with high Cq values caused by degradation of the probebased fluorophore due to cross contamination or by nonspecific
amplification of nucleic acids (9).
Considering that RVA positivity by ELISA has been
associated with diarrhea in dairy calves (16) and that RVA viral
load and ELISA are highly correlated with diarrheic disease in
humans (10), the aim of this work was to define an optimal
RVA RT-qPCR viral load cutoff point to establish RVA as the
sufficient cause of diarrhea in neonate dairy calves, using a
commercial antigen-capture ELISA as a reference test. If the
results of the ELISA can be predicted accurately by using a RVA
RT-qPCR viral load cutoff point, then these tests could be used
interchangeably. The information generated in this study will
help in the diagnostic investigation and interpretation of RVA
RT-qPCR results in fecal samples of diarrheic calves submitted
for laboratory testing.

Neonatal calf diarrhea is the leading cause of death
in dairy calves (1, 2) and has long-term productive
repercussions in survivors, such as stunting, increased
age at first calving and reduced milk production in
the first lactation (3), resulting in significant economic
losses to the livestock industry (4). Although neonatal
calf diarrhea can be multifactorial, rotavirus A (RVA,
Reoviridae) is amongst the most frequent and widespread
causative enteropathogens.
After fecal-oral transmission, rotaviruses establish infection
and replicate in the mature villus enterocytes of the proximal
small intestine. Lysis of the infected enterocytes causes release
of large numbers of virions into the intestinal lumen, leading
to further infection and damage of villus enterocytes in
distal segments of the small intestine. As viral multiplication
progresses, damaged villus enterocytes slough off and are
replaced by immature enterocytes migrating from the crypts.
This alters the ratio of intestinal absorption and secretion,
leading to accumulation of fluid (and virions) in the intestinal
lumen with subsequent diarrhea (5). Thus, individuals suffering
from diarrhea caused by RVA are expected to shed significantly
higher viral loads than asymptomatic shedders (6). Similarly,
calves with diarrhea caused by RVA are also expected to shed
significantly higher rotaviral loads than those with diarrhea
caused by other etiologies.
The etiologic diagnosis of rotaviral diarrhea depends upon
viral identification in feces. However, as asymptomatic
or subclinical individuals can shed rotavirus, viral
identification alone does not warrant disease causality
and interpretation of laboratory test results in clinical
settings is not always straightforward. A variety of diagnostic
techniques have been used in humans and animals to detect
rotavirus particles, antigens, or RNA in feces, including
electron
microscopy,
enzyme-linked
immunosorbent
assay (ELISA), immunofluorescence assays, lateral flow
immunochromatography (LFIC), reverse transcription
conventional PCR (RT-PCR) or reverse transcription real-time
quantitative PCR (RT-qPCR) (7, 8).
RT-qPCR assays have been increasingly applied in the
diagnosis of viral diseases in veterinary diagnostic laboratories
as they have a fast turnaround time, high analytical sensitivity,
reproducibility, and reduced risk of cross-contamination
compared to other molecular techniques (i.e., conventional
PCR). Unlike other diagnostic tests such as ELISA, LFIC and
conventional PCR, RT-qPCR assays yield a continuous rather
than a binary (positive or negative) outcome, the cycle of
quantification (Cq) value, which may be used not only to
determine if a target sequence is present in a sample but also
for its quantification (9). The Cq value is inversely proportional
to the logarithmic concentration of the target nucleic acid
originally present in a sample; therefore, the lower the Cq value
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Materials and methods
Sample selection and inclusion criteria
Fecal samples from two previous studies by our group (6,
16) were eligible for this study. Samples were included if (a)
they belonged to <30-day-old dairy calves with known clinical
status (diarrheic or non-diarrheic), (b) had been tested by a
commercial antigen-capture ELISA for the detection of RVA
regardless of the result (see below), and (c) had yielded a positive
(Cq) result for RVA by RT-qPCR (see below). A total of 328
samples from 175 diarrheic and 153 non-diarrheic calves met
the inclusion criteria.
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Statistical analysis

Antigen-capture ELISA for the detection
of RVA

The result of the ELISA (positive or negative), and log10
viral load for each calf were entered into a Microsoft Excel
2013 spreadsheet, and imported into SAS Studio (SAS Institute
Inc., Cary, NC) for statistical analyses. Due to the lack of
normal distribution, the log10 viral load was expressed as the
median with the interquartile range (IQR) for diarrheic and nondiarrheic ELISA-positive and -negative calves. The Wilcoxon
rank sum (non-parametric) test was used to assess whether there
were differences in the median log10 viral load between diarrheic
and non-diarrheic calves, and between calves that tested positive
or negative by ELISA.
A receiver operating characteristic (ROC) analysis was
performed with R software v3.6.2 (http://www.r-project.org/) to
calculate the optimal log10 viral load cutoff point that would
distinguish calves with diarrhea caused by RVA from calves
with diarrhea not associated with RVA infection using the
antigen-capture ELISA as reference test (8, 18, 19) through the
maximization of the Youden index (diagnostic sensitivity +
diagnostic specificity – 1) (9, 20). For the ROC analysis, all
175 diarrheic calves were included; ELISA-positive calves (n =
53) were defined as cases, whereas ELISA-negative calves (n
= 122) were considered controls. Additionally, to estimate the
performance that the cutoff point would have in a hypothetically
different dataset than the one used to actually calculate the cutoff
point (out-of-bag performance), a bootstrapping procedure was
performed (21).
For the statistical analyses, a p-value < 0.05 was considered
significant. Graphics were built with R software.

We used the commercial kit Pathasure Enteritis 4 (Biovet
Inc., St-Hyacinthe, Canada) according to the manufacturer’s
specifications (16). Briefly, 0.5 ml of each fresh stool sample
was diluted in 4.5 ml of 1× washing solution (1:10 dilution).
Two drops (∼100 µl) of the resulting solution per sample,
and ready-to-use positive and negative controls, were added
to individual wells of the ELISA plate coated with antirotavirus monoclonal antibody, and incubated at 23 ± 2◦ C
for 30 min. After incubation, the wells were emptied and
washed 5 times with the same 1× washing solution, before
drying the plate by tapping it on absorbent paper. Two drops
(∼100 µl) of ready-to-use anti-rotavirus conjugate was added
to each well and incubated for 30 min. at 23 ± 2◦ C. After
washing and drying as described, three drops (∼150 µl) of
substrate were added to each well. After an incubation of
10 min. at 23 ± 2◦ C away from light, the results were read
with the naked eye. A positive result was obtained if the
intensity of color in a well was similar to the one obtained
in the well with positive control, otherwise the sample was
considered negative.

RT-qPCR assay for the detection and
quantiﬁcation of RVA
This test was performed as previously described (6) on
an aliquot of each fecal sample stored in a freezer at −20◦ C.
Briefly, after thawing, feces were diluted 1:10 (v:v) in phosphate
buffered saline solution and centrifuged at 3,000 g for 20 min.
at 4◦ C; supernatants were stored at −80◦ C. RNA was extracted
R
R
R
using the QIAamp Cador Pathogen Mini Kit (Qiagen ),
following the manufacturer’s instructions with an elution
volume of 50 µl. RevertAid Reverse Transcriptase (Thermo
R
R
Fisher Scientific ) and random hexamer primers (Qiagen )
were used for reverse transcription. qPCR was performed
R
technology and Rotor-Gene Q instrument
with TaqMan
R
(Qiagen ). Five µl of cDNA as template, SensiFASTTM Probe
R
No- ROX Kit (Bioline ), primers and probe with a final
concentration of 0.4 and 0.2 µmol/L−1 , respectively, and
DNase/RNase free water to a final volume of 25 µl, were
used. RVA-positive and -negative fecal samples were used as
positive and negative controls to validate the results. Samples
and controls were analyzed in duplicates, and the average Cq
value obtained for both duplicates was used to calculate the
viral load (genome copies per ml of feces) using a standard
curve exactly as described by Castells et al. (17). A log10
transformation of this value was used for the results and
statistical analyses.
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Results
Of the 328 samples that met the inclusion criteria, 82 (25.0%)
were ELISA-positive, of which 53 (64.6%) were from diarrheic
and 29 (35.4%) from non-diarrheic calves. The remainder 246
(75.0%) samples were ELISA-negative, of these 122 (49.6%) were
from diarrheic and 124 (50.4%) from non-diarrheic calves. The
log10 viral load of the 328 samples ranged from 4.2 to 12.9. The
median, minimum and maximum log10 viral load and the IQR
in diarrheic and non-diarrheic calves, as well as in calves that
tested positive or negative by ELISA are shown in Table 1. There
were statistically significant differences in the median log10 viral
load between calves with and without diarrhea, and between
ELISA-positive and -negative calves (Table 1).
Of the 328 samples included in the study, 175 met the
defined case/control criteria for the ROC analysis, including 53
ELISA-positive diarrheic cases and 122 ELISA-negative diarrheic
controls. There was a statistically significant difference (p <
0.0001) in the median log10 viral load between cases (11.1, IQR:
1.6) and controls (6.3, IQR: 2.7), with very little overlapping
in the distribution of viral load in these two groups, which
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TABLE 1 Log10 viral load of RVA determined by RT-qPCR in calves
with and without diarrhea, and in calves that tested positive or
negative for RVA antigen by capture ELISA.

n
Diarrhea

ELISA

Median Min. Max. IQR p value*

No

153

6.3

4.3

12.9

3.6

Yes

175

7.6

4.2

12.6

4.6

Negative

246

6.1

4.2

12.1

2.4

Positive

82

11.2

4.6

12.9

1.8

<0.02

<0.0001

IQR, interquartile range.
* Wilcoxon rank sum test.

FIGURE 2

Graphical plot of the ROC curve. Sensitivity = true positive rate;
1 – speciﬁcity = false positive rate.

bootstrapping procedure, the RT-qPCR test we used had an
excellent to outstanding diagnostic accuracy, with >92% chance
to discriminate ELISA-positive diarrheic calves from ELISAnegative diarrheic controls (22). In this context, in a diagnostic
laboratory setting, the commercial ELISA test could be replaced
by (or used interchangeably with) the RT-qPCR assay in the
etiologic diagnosis of RVA in diarrheic calves.
Additionally, we performed a second ROC analysis (data
not shown) using the viral loads of the same 53 ELISA-positive
diarrheic calves (cases) and all other calves (n = 275) regardless
of their clinical status and ELISA result (controls). Interestingly,
this approach revealed the same optimal log10 viral load (9.171)
as the cutoff point that would best discriminate ELISA-positive
diarrheic calves from all other calves included in the study.
Thus, this cutoff can be used to predict RVA-associated diarrhea
in calves of unknown clinical status, although with a slightly
lower accuracy as determined by the bootstrapping procedure
to assess the out-of-bag performance [sensitivity = 0.842 (95%
CI, 0.706–1.000), specificity = 0.807 (95% CI, 0.765–0.889),
AUC = 0.856 (95% CI, 0.814–0.935), DLR+ = 5.128 (95% CI,
3.709–7.651), DLR– = 0.134 (95% CI, 0.000–0.346)] than in
diarrheic calves. When the ROC analysis is conducted using the
153 non-diarrheic calves, 29 of which were positive by ELISA,
the log10 viral load cutoff value that would best discriminate
asymptomatic shedders from asymptomatic non-shedders as
determined by ELISA is 10.034, with the following out-ofbag performance: sensitivity = 0.784 (95% CI, 0.571–1.000),
specificity = 0.911 (95% CI, 0.757–1.000), AUC = 0.902 (95% CI,
0.856–0.996), DLR+ = 13.933 (95% CI, 3.833–infinity), DLR– =
0.146 (95% CI, 0.000–0.449).

FIGURE 1

Rotavirus A log10 viral load determined by RT-qPCR in fecal
samples of 175 diarrheic calves that tested negative (n = 122,
controls) or positive (n = 53, cases) by ELISA, and discrimination
ability of the cutoff point (dotted line). Each sample represents a
calf sample.

had a clear bimodal pattern. The optimal cutoff point at which
the log10 viral load was associated with diarrhea in ELISApositive calves (cases) was 9.171 (Figure 1). The sensitivity,
specificity, positive and negative predictive values, positive
and negative diagnostic likelihood ratios, and area under the
ROC curve (Figure 2) are shown in Table 2. As indicated by
the positive diagnostic likelihood ratio (DLR+), cases (ELISApositive diarrheic calves) were 8.676 times more likely to have
log10 viral loads >9.171 than controls (ELISA-negative diarrheic
calves). The outputs of the bootstrapping procedure to assess the
out-of-bag performance of the cutoff point are shown in Table 3.

Discussion
In this study we determined, for the first time, an optimal
viral load cutoff point to establish an association between
RVA shedding in feces and diarrhea caused by this pathogen
in neonatal dairy calves. As determined by the AUC of
the ROC analyses using the actual dataset as well as the
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TABLE 2 Results of the receiver operating characteristic analysis for RVA RT-qPCR using antigen-capture ELISA as a reference test for RVA detection
in feces of 175 diarrheic calves that tested negative (n = 122, controls) or positive (n = 53, cases) by ELISA.

Youden Index

Cutoff point
(log10 viral load)

Sensitivity (95%
CI)

Specificity (95%
CI)

DLR+ (95% CI)

DLR– (95% CI)

AUC (95% CI)

9.171

0.925 (0.818–0.981)

0.893 (0.866–0.983)

8.676 (6.887–52.277)

0.084 (0.021–0.192)

0.940 (0.888–0.979)

0.812

CI, confidence interval (percentile bootstrap method); DLR, diagnostic likelihood ratio; AUC, area under the curve.

TABLE 3 Results of the bootstrapping procedure to assess the out-of-bag performance of the RVA RT-qPCR optimal cutoff point (log10 viral load of
9.171).

Sensitivityoob
(95% CI)
0.812 (0.680–1.000)

Specificityoob
(95% CI)

DLR+oob (95%
CI)

DLR–oob (95% CI)

AUCoob (95% CI)

0.886 (0.825–1.000)

11.184 (5.155–infinity)

0.142 (0.000–0.341)

0.922 (0.879–0.992)

CI, confidence interval (percentile bootstrap method); DLR, diagnostic likelihood ratio; AUC, area under the curve; oob, out-of-bag.
All values are expressed as median.

The availability of ELISA-negative diarrheic (control) calves
was a practical aspect of our work, which even with a relatively
small sample size, allowed us to interpret the global results of
the RT-qPCR and estimate an optimal cutoff to associate the
results of a single molecular test with RVA causality in diarrheic
calves (10).
Diagnostic tests based on the detection of antigens such
as capture ELISA need a large amount of free antigen to
generate a positive reaction, therefore, although less sensitive,
a positive result is more likely to be clinically meaningful
regarding causality (23–25). Likewise, the magnitude of viral
shedding (viral load) can help to determine causality (10,
25), providing the clinician with additional information that
can predict with more confidence whether the virus is
responsible for the disease in clinical cases of diarrhea in field
investigations (24).
The DLR is defined as the ratio between the probability of a
positive result in patients with and without the disease. The DLR
is a useful tool to make clinical decisions with a diagnostic test,
as it is inherent to the test and independent of the prevalence
of the disease (26). A diagnostic test is more useful when its
DLR+ value is higher, since it allows to confirm with certainty
the presence of the disease, and its DLR– value is lower, since it
rules out the disease (26). This concept provides clinical utility
for decision-making since it has an impact on the post-test
probability of the disease. In our study, the ROC curve analyses
using both the actual dataset and the bootstrapping procedure
yielded DLR+ >5 and DLR– <0.35 (considering both 95% CIs),
which makes the value of the RT-qPCR highly clinically relevant,
allowing to confirm or rule out RVA as a cause of diarrhea with
high certainty (26).
Although there is information in the literature regarding the
implementation of RT-qPCR Cq cutoff points for some diseases
of importance in human and veterinary medicine, mainly in the
former (8, 10, 27, 28), there are no studies establishing viral load
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cutoff points to causally associate RVA infection with disease in
diarrheic calves.
A few studies carried out in domestic animals correlate LFIC
or ELISA positivity in fecal samples with a Cq value range
obtained by RT-qPCR (24, 25) but do not determine a cutoff
point to predict causation, as some studies in humans (8, 10, 28).
As highlighted before, care should be taken when interpreting
Cq values as measures of the viral load (11).
As expected, the RT-qPCR was more sensitive than the
ELISA to detect low viral loads since ELISA-negative calves
yielded a positive result by RT-qPCR (8, 10). This indicates that
a positive RT-qPCR result is not enough to demonstrate disease
causality and that there is a high percentage of asymptomatic
shedders that are potential sources of infection for their herd
mates. As we have previously discussed (16), the lower detection
rate of the ELISA can be attributed to several factors, such as
its lower limit of detection and diagnostic sensitivity, and/or the
presence of proteases or neutralizing antibodies in the samples
that may interfere with viral detection by antigen-capture ELISA
(24). This could also be related to the time of sampling, as in
early stages of infection the viral load is expected to be lower,
and less likely to be detected by ELISA.
An additional value of molecular testing for viral pathogens
is that the amplified viral genome can then be sequenced for
genotyping and/or phylogenetic analyses, which aids in the
understanding of RVA molecular epidemiology (i.e., to assess
transboundary dissemination or interspecies transmission), as
we previously described (6).

Conclusion
Although RT-qPCR alone cannot be used to attribute
causality in cases of RVA-induced diarrhea in dairy calves,
the use of a viral load cutoff point is helpful in this
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regard. An accurate etiologic diagnosis is crucial for the
implementation of correct preventive measurements and
treatment at the individual and herd level. While the
cutoff point determined in this work cannot necessarily be
extrapolated to other laboratories performing different nucleic
acid extraction and RT-qPCR protocols, its estimation is
encouraged in order to provide more comprehensive results that
can be interpreted by veterinary practitioners in clinical and
epidemiological contexts.

Funding

Data availability statement

Acknowledgments

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

We thank the staff and graduate students of the Plataforma
de Investigación en Salud Animal of INIA, farmers and
veterinary practitioners who collaborated in the study.

This
work
was
partially
funded
by
grants
FMV_1_2014_1_104922 of the Uruguayan Agencia Nacional
de Investigación e Innovación (ANII), and PL_015 N-15156
and PL_27 N-23398 of the Instituto Nacional de Investigación
Agropecuaria (INIA). RDC received a master’s scholarship from
ANII (POS_FMV_2015_1_1005180) and a Ph.D. scholarship
from INIA.

Ethics statement

Conﬂict of interest

The animal study was reviewed and approved by
INIA’s animal Ethics Committee for the use of animals in
experimentation (CEUA, protocol # 20199). Written informed
consent for participation was not obtained from the owners
because oral consent was obtained.

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
The handling editor EU declared a past co-authorship with
the author FG.

Author contributions
Publisher’s note
RDC and FG: conceived the study, wrote the first
draft, and final version of the manuscript. RDC, COS,
and MLC: performed field work and conducted ELISA
testing. MC and RC: performed molecular virology assays.
JIA: performed statistical analyses. FG: acquired funding.
All authors read, edited, and approved the final version of
the manuscript.

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

References
6. Castells M, Caffarena RD, Casaux ML, Schild C, Miño S, Castells F, et al.
Phylogenetic analyses of rotavirus A from cattle in Uruguay reveal the circulation
of common and uncommon genotypes and suggest interspecies transmission.
Pathogens. (2020) 9:1–17. doi: 10.3390/pathogens9070570

1. Urie NJ, Lombard JE, Shivley CB, Kopral CA, Adams AE, Earleywine
TJ, et al. Preweaned heifer management on US dairy operations: Part
V. Factors associated with morbidity and mortality in preweaned dairy
heifer calves. J Dairy Sci. (2018) 101:9229–44. doi: 10.3168/jds.201714019

7. Grauballe PC, Vestergaard BF, Meyling A, Genner J. Optimized
enzyme-linked immunosorbent assay for detection of human and bovine
rotavirus in stools: comparison with electron-microscopy, immunoelectroosmophoresis, and fluorescent antibody techniques. J Med Virol. (1981)
7:29–40. doi: 10.1002/jmv.1890070104

2. Schild CO, Caffarena RD, Gil A, Sánchez J, Riet-Correa F, Giannitti
F. A survey of management practices that influence calf welfare and
an estimation of the annual calf mortality risk in pastured dairy herds
in Uruguay. J Dairy Sci. (2020) 103:9418–29. doi: 10.3168/jds.202018177

8. Bennett A, Bar-Zeev N, Jere KC, Tate JE, Parashar UD, Nakagomi O,
et al. Determination of a viral load threshold to distinguish symptomatic vs.
asymptomatic rotavirus infection in a high-disease-Burden African population. J
Clin Microbiol. (2015) 53:1951–4. doi: 10.1128/JCM.00875-15

3. Abuelo A, Cullens F, Brester JL. Effect of preweaning disease on the
reproductive performance and first-lactation milk production of heifers in a large
dairy herd. J Dairy Sci. (2021) 104:7008–17. doi: 10.3168/jds.2020-19791
4. Cho Y, Yoon KJ. An overview of calf diarrhea - infectious etiology, diagnosis,
and intervention. J Vet Sci. (2014) 15:1–17. doi: 10.4142/jvs.2014.15.1.1

9. Caraguel CGB, Stryhn H, Gagné N, Dohoo IR, Hammell KL. Selection of
a cutoff value for real-time polymerase chain reaction results to fit a diagnostic
purpose: analytical and epidemiologic approaches. J Vet Diagn Invest. (2011)
23:2–15. doi: 10.1177/104063871102300102

5. Ramig RF. Pathogenesis of intestinal and systemic rotavirus infection. J Virol.
(2004) 78:10213–20. doi: 10.1128/JVI.78.19.10213-10220.2004

Frontiers in Veterinary Science

06

frontiersin.org

Caffarena et al.

10.3389/fvets.2022.952197

10. Phillips G, Lopman B, Tam CC, Iturriza-Gomara M, Brown D, Gray J.
Diagnosing rotavirus A associated IID: using ELISA to identify a cut-off for real
time RT-PCR. J Clin Virol. (2009) 44:242–5. doi: 10.1016/j.jcv.2008.12.001

19. Altman DG, Bland JM. Diagnostic tests 3: receiver operating characteristic
plots. BMJ. (1994) 309:188–188. doi: 10.1136/BMJ.309.6948.188
20. Fluss R, Faraggi D, Reiser B. Estimation of the Youden index and its
associated cutoff point. Biom J. (2005) 47:458–72. doi: 10.1002/bimj.200410135

11. Dahdouh E, Lázaro-Perona F, Romero-Gómez MP, Mingorance J, GarcíaRodriguez J. Ct values from SARS-CoV-2 diagnostic PCR assays should
not be used as direct estimates of viral load. J Infect. (2021) 82:414–
51. doi: 10.1016/j.jinf.2020.10.017

21. Thiele C, Hirschfeld G. cutpointr: improved estimation and validation of
optimal cutpoints in R. J Stat Soft. (2021) 98:1–27. doi: 10.18637/jss.v098.i11
22. Mandrekar JN. Receiver operating characteristic curve in diagnostic test
assessment. J Thorac Oncol. (2010) 5:1315–6. doi: 10.1097/JTO.0b013e3181ec173d

12. Amar CFL, East CL, Gray J, Iturriza-Gomara M, Maclure EA, McLauchlin
J. Detection by PCR of eight groups of enteric pathogens in 4,627 faecal
samples: re-examination of the English case-control Infectious Intestinal
Disease Study (1993–1996). Eur J Clin Microbiol Infect Dis. (2007) 26:311–
23. doi: 10.1007/s10096-007-0290-8

23. Maes RK, Grooms DL, Wise AG, Han C, Ciesicki V, Hanson L, et al.
Evaluation of a human group A rotavirus assay for on-site detection of bovine
rotavirus. J Clin Microbiol. (2003) 41:290–4. doi: 10.1128/JCM.41.1.290

13. Corcoran MS, van Well GTJ, van Loo IHM. Diagnosis of viral
gastroenteritis in children: interpretation of real-time PCR results and relation
to clinical symptoms. Eur J Clin Microbiol Infect Dis. (2014) 33:1663–
73. doi: 10.1007/s10096-014-2135-6

24. Izzo MM, Kirkland PD, Gu X, Lele Y, Gunn AA, House JK. Comparison
of three diagnostic techniques for detection of rotavirus and coronavirus in calf
faeces in Australia. Aust Vet J. (2012) 90:122–9. doi: 10.1111/j.1751-0813.2011.
00891.x

14. Snodgrass DR, Terzolo HR, Sherwood D, Campbell I, Menzies JD,
Synge BA. Aetiology of diarrhoea in young calves. Vet Rec. (1986) 119:31–
4. doi: 10.1136/VR.119.2.31

25. Soltan MA, Tsai YL, Lee PYA, Tsai CF, Chang HFG, Wang HTT,
et al. Comparison of electron microscopy, ELISA, real time RT-PCR
and insulated isothermal RT-PCR for the detection of rotavirus group
A (RVA) in feces of different animal species. J Virol Methods. (2016)
235:99–104. doi: 10.1016/j.jviromet.2016.05.006

15. OIE. Principles and methods of validation of diagnostic assays for infectious
diseases. In: Manual of Diagnostic Tests for Aquatic Animals 2009. Paris: OIE
(2009). p. 10–30.

26. Silva Fuente-Alba C, Molina Villagra M. Likelihood ratio (razón de
verosimilitud): definición y aplicación en radiología. Rev Arg Radiol. (2017)
81:204–8. doi: 10.1016/j.rard.2016.11.002

16. Caffarena RD, Casaux ML, Schild CO, Fraga M, Castells M, Colina R, et
al. Causes of neonatal calf diarrhea and mortality in pasture-based dairy herds
in Uruguay: a farm-matched case-control study. Braz J Microbiol. (2021) 52:977–
88. doi: 10.1007/s42770-021-00440-3

27. Larska M, Kuta A, Polak MP. Evaluation of diagnostic methods to distinguish
between calves persistently and transiently infected with bovine viral diarrhoea
virus in respect to the presence of maternal antibodies. Bull Vet Inst Pulawy. (2013)
57:311–7. doi: 10.2478/bvip-2013-0054

17. Castells M, Schild C, Caffarena D, Bok M, Giannitti F, Armendano J, et al.
Prevalence and viability of group A rotavirus in dairy farm water sources. J Appl
Microbiol. (2018) 124:922–9. doi: 10.1111/jam.13691

28. Okada K, Wongboot W, Kamjumphol W, Suebwongsa N, Wangroongsarb
P, Kluabwang P, et al. Etiologic features of diarrheagenic microbes in stool
specimens from patients with acute diarrhea in Thailand. Sci Rep. (2020) 10:1–
10. doi: 10.1038/s41598-020-60711-1

18. Zweig MH, Campbell G. Receiver-operating characteristic (ROC) plots: a
fundamental evaluation tool in clinical medicine. Clin Chem. (1993) 39:561–77.

Frontiers in Veterinary Science

07

frontiersin.org

