
pathogens

Article

Evaluation of the Ridaquick Rotavirus/Adenovirus
Immuno-Chromatographic Assay in Real-Life Situation

Francis Simo-Fouda 1 , Laetitia Ninove 1, Léa Luciani 1, Christine Zandotti 1, Céline Gazin 2, Remi N. Charrel 1

and Antoine Nougairède 1,*

����������
�������

Citation: Simo-Fouda, F.; Ninove, L.;

Luciani, L.; Zandotti, C.; Gazin, C.;

Charrel, R.N.; Nougairède, A.

Evaluation of the Ridaquick

Rotavirus/Adenovirus

Immuno-Chromatographic Assay in

Real-Life Situation. Pathogens 2021,

10, 1213. https://doi.org/10.3390/

pathogens10091213

Academic Editor: Carl Kirkwood

Received: 28 June 2021

Accepted: 15 September 2021

Published: 18 September 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Unité des Virus Emergents (UVE: Aix Marseille Univ, IRD 190, INSERM 1207, IHU Méditerranée Infection),
13005 Marseille, France; francis-girauld.simo-fouda@etu.univ-amu.fr (F.S.-F.);
laetitia.ninove@univ-amu.fr (L.N.); lea.luciani@ap-hm.fr (L.L.); christine.zandotti@ap-hm.fr (C.Z.);
remi.charrel@univ-amu.fr (R.N.C.)

2 Institut Hospitalo-Universitaire (IHU) Méditerranée Infection, 13005 Marseille, France; celine.gazin@ap-hm.fr
* Correspondence: antoine.nougairede@univ-amu.fr

Abstract: Immunochromatographic tests (ICT) are diagnostics tools providing rapid results without
the need for specialized equipment. Our aim was to evaluate retrospectively the rotavirus and
adenovirus ICT routinely used in the virology laboratory serving the University Hospital of Marseille,
France. From January 2017 to March 2020, 715 stool specimens from patients were screened using the
Ridaquick Rotavirus/Adenovirus Combi ICT (RR/AC ICT) and a commercially available multiplex
PCR detection kit. Rotavirus was detected in 9.2% of specimens by PCR and 7.7% of specimens by
RR/AC ICT while adenovirus was detected in 8.5% of specimens by PCR and 2.4% of specimens
by RR/AC ICT. The RR/AC ICT parameters for rotavirus were 75.8% sensitivity, 99.2% specificity,
90.9% positive predictive value (PPV) and 97.6% negative predictive value (NPV). The RR/AC
ICT parameters for adenovirus were 6.6% sensitivity, 98.0% specificity, 23.5% PPV and 91.8% NPV.
While the ICT test may be suitable for rotavirus detection, a PCR–based assay is better adapted for
adenovirus detection in stools.
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1. Introduction

Diarrhea remains a frequent illness throughout the world and despite extensive use
of diagnostic tools, the cause of many episodes often remains unresolved [1,2]. Studies
on acute gastroenteritis recognized rotaviruses and noroviruses as the leading causes,
followed by adenoviruses, sapoviruses and human astroviruses [3–5].

Several point-of-care immunochromatographic tests (ICT) for viral enteropathogens
are commercially available [6]. ICT are attractive because each sample can be tested individ-
ually with results available in <30 min; moreover, they require neither specific equipment
nor advanced personnel training [7,8]. However, ICT often suffer from low sensitivity,
failing to produce a positive result when the viral loads of rotavirus and adenovirus are
low [7]. In contrast, molecular detection of viral targets using PCR result in higher as-
say sensitivity and specificity, making them the ‘gold standard’ for the detection of viral
enteric pathogens [9,10]. Few studies have evaluated the performances of the Ridaquick
Rotavirus/Adenovirus Combi ICT (RR/AC ICT) [6,11,12]. The aim of the study was to ret-
rospectively assess the sensitivity and specificity of the RR/AC ICT routinely used in point
of care settings in comparison with the Fast Track Diagnostics (FTD) Viral Gastroenteritis
assay (FTD-GA; Fast Track Diagnostics, Luxembourg), which is a commercial multiplex
PCR assay.
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2. Results

A total of 13,280 samples were received in the laboratory for detection of enteric
viruses during the study period. Amongst these samples, 715 samples from 659 patients
were tested using both assays and were included in this study. The median age was 2 years
(range 1 day–98 years) with a female/male ratio of 1.0/1.1.

Of the 715 specimens, 7.7% (55/715) were positive for rotavirus using ICT and 9.2%
(66/715) were positive using PCR (Table 1). Adenovirus was detected in 2.4% (17/715) of
specimens using ICT and 8.5% (61/715) of specimens using PCR (Table 1). Using FTD-
GA PCR assay as reference, there were more false positive than true positive detection
for adenovirus.

Table 1. Comparative detection of rotavirus and adenovirus in stools.

Rotavirus Adenovirus

ICT PCR No. of Specimens ICT PCR No. of Specimens

Positive Positive 50 Positive Positive 4
Positive Negative 5 Positive Negative 13

Negative Positive 16 Negative Positive 57
Negative Negative 644 Negative Negative 641

Total 715 Total 715

Using FTD-GA PCR assay as reference, the performance of the ICT for detection of
rotavirus and adenovirus in stool specimens are presented in Table 2. Overall, our results
indicated acceptable performances for rotavirus detection; concordance between ICT and
PCR was 97.1% (95% confidence interval: 95.8–98.3%). In contrast, the ICT performance
for adenovirus detection was poor with low sensitivity (6.6%) and positive predictive
value (PPV; 23.5%) although the result concordance between the assays was 90.2% (95%
confidence interval: 88.0–92.4%). It is worth noticing that the FTD-GA PCR assay covers all
genotypes of Human mastadenovirus A to G species [13].

Table 2. Performances of RR/AC ICT.

Sensitivity (%) Specificity (%) PPV (%) NP (%)

Rotavirus ICT 75.8 99.2 90.9 97.6

Adenovirus ICT 6.6 98.0 23.5 91.8
FTD-GA PCR assay was used as reference method. PPV = Positive predictive value, NPV = Negative
predictive value.

Available cycle threshold values (Ct) of positive samples are shown in Table 3 (278/715
samples tested during corresponding period). For rotavirus, almost all samples tested
positive (16/19) using the FTD-GA PCR assay were also positive with the ICT, with Ct
values ranging from 15 to 25. In contrast, for adenovirus, only one sample with a Ct value
of 12 was positive with both FTD-GA PCR assay and ICT. All the other PCR positive
samples were ICT negative with Ct values ranging from 18 to 34.

Table 3. Available data on positive samples (August 2018–March 2020).

Rotavirus Adenovirus

N. Sex † Age
(Years)

Sampling
Month PCR (Ct) ICT N. Sex † Age

(Years)
Sampling

Month PCR (Ct) ICT

1 F <1 January 2020 Positive (15)
‡ Positive 1 M <1 February 2020 Positive (12)

‡ Positive

2 F <1 March 2019 Positive (17) Positive 2 M <1 May 2019 Positive (18) Negative
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Table 3. Cont.

Rotavirus Adenovirus

N. Sex † Age
(Years)

Sampling
Month PCR (Ct) ICT N. Sex † Age

(Years)
Sampling

Month PCR (Ct) ICT

3 M 7 September 2018 Positive (17) Positive 3 F 1 September 2019 Positive (20) Negative

4 M 1 March 2020 Positive (18) Positive 4 F 1 October 2019 Positive (21) Negative

5 F 4 March 2019 Positive (18) Positive 5 F <1 February 2020 Positive (23) Negative

6 M <1 September 2018 Positive (18) Positive 6 F 92 January 2020 Positive (23) Negative

7 M <1 April 2019 Positive (19) Positive 7 F <1 October 2018 Positive (23) Negative

8 F <1 October 2018 Positive (19) Positive 8 M <1 October 2019 Positive (27) Negative

9 M 1 March 2019 Positive (21) Positive 9 M 6 September 2019 Positive (27) Negative

10 M 4 March 2020 Positive (22) Negative 10 M 3 November 2019 Positive (31) Negative

11 F 2 April 2019 Positive (22) Positive 11 M 2 February 2020 Positive (32) Negative

12 M <1 March 2019 Positive (22) Positive 12 M 1 March 2020 Positive (32) Negative

13 F 1 March 2020 Positive (23) Positive 13 M 2 January 2020 Positive (33) Negative

14 M <1 March 2019 Positive (23) Negative 14 F 4 March 2019 Positive (33) Negative

15 F <1 March 2019 Positive (23) Positive 15 M 1 October 2019 Positive (33) Negative

16 M <1 February 2019 Positive (23) Positive 16 M 4 March 2020 Positive (34) Negative

17 M 1 December 2019 Positive (25) Positive 17 M 50 May 2019 Negative Positive

18 M 1 May 2019 Positive (25) Positive 18 M <1 June 2019 Negative Positive

19 F 2 March 2019 Positive (26) Negative 19 F 23 August 2019 Negative Positive

20 M 35 March 2019 Negative Positive 20 M 1 October 2019 Negative Positive

21 M 13 August 2019 Negative Positive

22 F 79 September 2019 Negative Positive

23 M <1 October 2019 Negative Positive
† F = Female, M = Male; ‡ In bold = positive results.

3. Discussion

The FTD-GA PCR detected more rotavirus and adenovirus cases than the ICT although
this was not unexpected. The ICT manufacturer reported rotavirus assay parameters at
97.8% sensitivity, 94.4% specificity, 93.8% PPV and 98.1% NPV [14]. In other studies
performed in Ghana, Turkey and Italy that evaluated also the same RR/AC ICT, sensitivity
for rotavirus ranged from 75% to 89% whereas specificity ranged from 72% to 100% [6,11,12].
Our results are in line with previous studies and confirm that this RR/AC ICT is valuable
for rapid detection of rotaviruses [6,11,12].

For adenovirus, the manufacturer reported performance of 72.7% sensitivity, 98.2%
specificity, 97.0% PPV and 80.9% NPV [14]. Sensitivity and PPV were much higher than
those observed in our study (6.6% sensitivity and 23.5% PPV). In our study, the observed
lack of sensitivity cannot be due to sampling and processing procedure since the samples
were processed/stored within 4 h after collection. Moreover, our results are in the same
order of magnitude with those previously reported with sensitivity ranging from 22.0% to
28.6% [6,12].

The highly discrepant performances claimed by the manufacturer raises the question
of how was constituted its panel of clinical specimens.

The reason could reside in the failure to detect specific genotypes within human
adenoviruses. Even though FTD-GA PCR covers all genotypes [13], the RR/AC ICT manu-
facturer did not provide details about possible restrictions in genotype detection. However,
FTD-GA PCR may detect adenovirus genotypes that are bystanders and are not truly
responsible for gastroenteritis. Interestingly, Banerjee A. et al. showed that another ICT test
(VIKIA1 Rota-Adeno assay, Biomerieux, Craponne, France) that detects almost exclusively
(98% of PCR–confirmed positive) enteric adenoviruses (genotype 40/41) missed 35.3% of
adenovirus infection due to restricted target scope [15,16]. In addition, previous studies
have showed a high frequency of non-enteric adenovirus in stools of patients admitted
for acute gastroenteritis [17,18]. Other Rotavirus/Adenovirus ICT displayed sensitivities
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for enteric adenoviruses ranging from 71% to 85% [19,20]. However, when including non-
enteric adenoviruses, their sensitivity dropped to a great extent [8,12,20,21]. The very low
sensitivity observed is likely to result in the inability of ICT to detect adenovirus antigens
in stool samples presenting with low viral loads as described [7]

In this context, several studies concluded that they are not suitable for the routine
diagnosis of adenovirus in stools and first-line tests should be PCR assays. Our results
support the same conclusions for the tested RR/AC ICT.

In conclusion, this study suggests that RR/AC ICT can be used as a point-of-care test
for rotavirus detection, and that the observed result can be considered as definitive in the
vast majority of cases, i.e., for patients without specific co-morbidities. In contrast, RR/AC
ICT might not be well-suited as a first-line rapid screen for adenovirus in stools that can be
successfully achieved by using a PCR–based assay for diagnosis.

4. Materials and Methods
4.1. Study Design

We performed a retrospective analysis of results from stool samples processed by
trained laboratory professionals from the University Hospitals of Marseille, France. Sam-
ples were analysed from 1 January 2017 to 15 March 2020. Stool samples were collected and
processed within 4 h after collection (24/7 activity for point-of-care laboratories). The inclu-
sion criteria consisted of (i) any stool sample collected from an admitted or a hospitalized
patient (ii) that was addressed to the point-of-care laboratory for detection of adenovirus
or rotavirus, and (iii) that was subsequently transferred to the core laboratory for PCR de-
tection or confirmation (see below). Performance of the Ridaquick Rotavirus/Adenovirus
Combi ICT (R-Biopharm AG, Darmstadt, Germany) was compared to the Fast Track Diag-
nostics (FTD) Viral Gastroenteritis assay (FTD-GA; Fast Track Diagnostics, Luxembourg).
Ct (cycle threshold) values provided by FTD-GA PCR could be retrieved from the labora-
tory files only for recent years (from 1 August 2018 to 15 March 2020 in our case).

4.2. Immunochromatographic Test

RR/AC ICT is a lateral-flow ICT, which uses labeled monoclonal antibodies against
surface antigens of rotavirus and adenovirus. The standard operating procedure has been
written according to the manufacturer’s instructions. One fresh aliquot of stools was tested
using the RR/AC ICT.

4.3. Nucleic Acids Extraction

A 100 mg stool sample was diluted and mixed into 1ml sterile water; 190 µL of this
suspension was transferred into a 2ml tube that contained 2 µL of FTD-GA PCR internal
control, 10 µL of MS2/T4 bacteriophages (in-house internal controls [22]) and 200 µL of
ATL buffer. This preparation was used for nucleic acid extraction with the automated
extractor EZ1® Advanced XL (Qiagen, Hilden, Germany) using EZ1 Virus Mini Kit v2.0
(Qiagen) following the manufacturer’s instructions with the elution volume set at 120 µL.

4.4. Rotavirus and Adenovirus PCR Detection

Rotavirus and adenovirus FTD PCRs were performed using FTD Viral Gastroenteritis
assay (ref# FTD-3–32/64, Fast Track Diagnostics, Luxembourg). For a single reaction mix,
PPMix volume was 0.75 µL; buffer 6.25 µL; enzyme 0.50 µL; samples 5 µL; plate were run
on Roche LightCycler 480 real-time PCR (LC480). Cycling temperature was set to 15 min
at 42 ◦C, 3 min at 94 ◦C, 40 cycles of 8 s at 94 ◦C, 34 s at 60 ◦C. Amplification curves were
analyzed using Lightcycler® 480 software version 1.5.1 with standardized procedure.

4.5. Statistics

SPSS statistical package release 17.0 (SPSS Inc., Chicago, IL, USA) was used for
data/statistical analysis.
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