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Abstract

Background: Group A rotaviruses (RVA) are the main cause of neonatal calve diarrhea (NCD) in Morocco. In this
study, we isolated RVA strains from NCD clinical samples in order to support RVA disease control in Morocco. This
isolation process constitutes a first step toward vaccine development.

Methods: Thirteen fecal samples were obtained from calves with a single episode of neonate calf diarrhea at three
different dairies and two samples were collected from field during a severe NCD outbreak. Diagnosis of RVA infection
was based on fecal immune-chromatographic rapid test and further evaluated for their hemagglutination (HA) activ-
ity. RVA isolation was carried out on MA104 cells after inoculates were treated with different concentrations of trypsin
TPCK. All RVA isolates were confirmed by LSI VetMAX ™ Triplex Ruminant Rotavirus & Coronavirus Real-Time PCR kit. G
and P typing were determined by direct sequencing of the VP4 and VP7 amplicons.

Results: RVA isolation was achieved for nine clinical samples following one or two passages (60 %) and was properly
depended on HA activity and trypsin treatment of inoculates. The first sign of CPE detected consisted of increased
cell granularity, obscure cell boundaries, cell rounding, and eventual degeneration and detachment of cells. At lower
TPCK concentration (3—-10 pg/inoculum), no changes at the cellular level were observed, while cells activated with
25-30 ug of trypsin/inoculums, they degenerated and trypsin cytotoxicity was enhanced. Appreciable changes in
cell's morphology were detected with optimal trypsin concentration of 15-20 g trypsin/inoculums. Data from gRT-
PCR confirmed that unsuccessful cultivations have No-Ct, and all nine isolates have Ct values ranged between 12.17
and 24.69. Analysis sequencing revealed that field isolates were of G6 P[5] serotype and isolates from the dairy NCD
samples were of G10 P[14] serotype.

Conclusions: To our knowledge, this is the first study in Morocco which reports the circulation of G10P[14] in NCD
on dairy farms and G6P[5] in the field. Our study constitutes a crucial and a necessary step allowing preventive and

veterinary medicine to support RVA disease controls in the country.
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Background
Group A rotaviruses (RVA) are a member of the family
Reoviridae, genus Rotavirus. RVA infect both animals
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[18] and humans [5], and cause an acute gastroenteritis
(AGE) accompanied by abdominal pain, fever, nausea,
and vomiting. The genome of these viruses is composed
of 11 segments of dsRNA and is surrounded by three
concentric layers of proteins [9]. The outermost layer is
formed by two proteins, VP4 and VP7. Dimers of VP4
form spikes that extend from the virus surface and have
essential functions in the virus life-cycle, including recep-
tor binding and cell penetration [9].
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The diagnosis of RVA was initially based on electron
microscopy [10], ELISA [23], RNA electrophoresis [21],
nucleic acid hybridization [19], immunofluorescence (IF),
the conventional reverse transcription-polymerase chain
reaction (RT-PCR) [11], or recently the quantitative real
time RT-PCR (qRT-PCR) [20]. These tests while faster,
highly sensitive and specific present some limits. They
require subsequent virus isolation for the evaluation of
agent infectivity. Indeed, virus isolation remains the gold
standard test to recover the viral particles from clinical
fecal samples, to determine their behavior in tissue cul-
ture and to measure their infectivity. In addition, isola-
tion remains the basic assay to provide antigens that can
be used as successful immunogenics to raise prominent
antibodies which can be useful for the construction and
development of a wide variety of immunoassays (rapid
immunochromatographic strip test, microneutralization
assays (SNT), ELISA, IF or qRT-PCR standards). Thus,
the direct cultivation method would be necessary when
large numbers of samples need to be analyzed during
epidemiological surveys, vaccine trials or when further
sensitivity is required. Moreover, efficient and accurate
isolation of RVA is of primary importance for pathogen-
esis, vaccine development and academic research.

In Morocco, no report is available regarding isolation
and cultivation of RVA in clinical samples from domestic
animals or children with AGE and burden due this infec-
tion in animals remain unknown. Hence, this study aims
at the isolation and virus characterization of bovine RVA
strains from suspected diarrheal clinical cases to support
RVA disease control in Morocco. Consequently, this will
provide RVA isolates that could be utilized in future vac-
cine development.

Results and discussion

Attempts of RVA isolation were conducted with 15 fecal
samples from neonate calves submitted to the Laboratory
of Biopharma, Rabat, between January and April 2014. A
highly permissive and well established fetal rhesus mon-
key kidney cell line (MA104) was used [2]. Since most
RVA strains from bovine are able to agglutinate eryth-
rocytes, these samples were chosen for their ability to
agglutinate chicken red blood cells (RBCs) (Table 1) [15,
17], and their reactivity against a highly sensitive and spe-
cific immunochromatography test for RVA rapid diagno-
sis (Rota-Check-1 test -Veda-lab France-).

Prior to this study, we have attempted to recover RVA
strains from clinical samples which were subjected to
multiple rounds of freeze—thaw (1/13, 1/18, 2/15, 1/25,
2/23 and 3/4). We realized that hemagglutination (HA) of
chicken erythrocytes by RVA particles decreased three to
eight folds when a sample is freeze—thawed at room tem-
perature and the loss of HA was irreversible after three
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rounds of freeze—thaw (data not shown). This observa-
tion, although reported not to alter the virus morphology
[3, 4], is consistent with earlier biological studies sug-
gesting that effective HA of a RVA strain may increase its
infectivity and therefore, RVA isolation [15]. Indeed, HA
phenotype of RVA is mediated by the VP4 gene which
was clearly shown to code for protease enhanced plaque
formation in MA104 cells [15]. This VP4 gene, was also
shown to be protease-sensitive. It is cleaved to VP5
(60 kDa) and VP8* (28 kDa) in the presence of trypsin,
resulting in the conversion of noninfectious rotavirus to
an infectious form [7, 8].

As the infectivity of RVA is increased by trypsin treat-
ments [6], three bovine samples (3/T, 7/T and 8045) and
controls (monolayer cells inoculated with DMEM serum
free medium) were exposed to different concentrations of
TPCK-Trypsin (3-30 pg/inoculum). The results demon-
strate that at lower concentration (i.e., 3—10 pg of trypsin),
no changes at the cellular level were observed (Fig. 1a)
after six passages and samples were considered nega-
tive for RVA isolation. On the contrary, cells activated as
well as controls degenerated and trypsin cytotoxicity was
enhanced with 25-30 pg of trypsin (Fig. 1b, c). In parallel,
when samples were assayed with 15-20 pg of trypsin for
60 min at 37 °C (or 2 h at room temperature) (data not
shown), appreciable changes in cell's morphology were
detected 2—3 days post infection (pif) (Fig. 1d). RVA iso-
lation was achieved for nine clinical samples following
one or two passages (60 %). CPE was observed during
the first passage for samples 3/25, 3/34, 1/10, 2/20, 2/12,
8045 and 9864. The first sign of CPE detected consisted
of increased cell granularity, obscure cell boundaries, cell
rounding, and eventual degeneration and detachment
of cells. This phenomenon was more pronounced when
samples were activated with 20 ug of TPCK. CPE were
consistently observed thereafter and the cells became
completely destroyed after 4 days pif (Fig. 1e, f). For two
samples (3/T and 7/T), the CPE effect was observed in the
second passage on day 2 pif. Therefore, we consider that
15 pg/inoculum of TPCK was the optimal concentration
for bovine RVA isolation (Fig. 1g, h).

On the other hand, the recovery of RVA from samples
1/13, 1/18, 2/15, 1/25, 2/23 and 3/4 was not achieved.
This is explained by the fact that infected cells were not
washed sufficiently to remove FCS which inhibits trypsin
and not to their initial HA titers. Indeed, RVA strains
from 2/12 and 7/T having the same HA titers (1/64 and
1/8 respectively) as 2/23 and 1/25 samples were success-
fully isolated when infected cells were adequately washed
(Table 1). Also, other factors were interfering with suc-
cessful isolation such the infectious viral titer in the
inoculums, inadequate storage of samples and multiple
rounds of freeze-thaw which decline their HA titers.
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Table 1 Record data from 15 fecal samples collected during 2014, from different geographical regions of Morocco

Samples Calves age Regions Hemagglutination Cell culture passages (P) Rt-PCR Ct Genotypes—

identification (weeks/days) test (HA) values Serotypes
P1 P2 P3 P4

3/4 22 Laarayche 1/32 + — - — No Ct ND

1/13 35 Kenitra 1/32 + - - — No Ct ND

1718 33 Kenitra 1/64 + - - - No Ct ND

2/15 44 Moulay boustham 1/32 + - - - No Ct ND

1/25 35 Kenitra 1/8 + - No Ct ND

2/23 33 Moulay boustham 1/64 + - No Ct ND

3/T 25 Khenifra 1/64 - + + + 1217 G6P[5]

7/T 20 Khenifra 1/8 - + + + 1852 G6P[5]

3/25 3.1 Laarayche 1/16 + + + + 2330 G10P[14]

3/34 32 Laarayche 1/32 + + + + 23.28 G10P[14]

1/10 3.0 Kenitra 1716 + + + + 24.69 G10P[14]

2/20 2.1 Moulay bouslham 1/32 + + + + 2030 G10P[14]

2/12 2.1 Moulay boustham 1/64 + + + + 15.39 G10P[14]

8045 32 Kenitra 1/64 + + + + 1222 G10P[14]

9864 24 Laarayche 1/32 + + + + 1291 G10P[14]

HA hemagglutinin titer of the samples, P cytopathic effects observed (+) on the first passage (P1) and on P2, P3, P4 respectively on second, third and fourth passages,
RT-PCR results from qRT-PCR given as Ct values. The Ct is defined as the threshold cycle, ND not determined

--
--

Fig. 1 Changes observed at the cellular level after MA104 infection with different bovine RVA strains or controls activated with different concentra-
tions of TPCK-Trypsin (0-30 pg/inoculum). a No changes at the cellular level were observed and the shape of the cells was similar to the control cell
with 0-10 pg/inoculum. b, € Cell lysis and degeneration due to trypsin cytotoxicity with 25-30 pg/inoculum. d The first sign of cytopathic effect
(CPE) with considerable changes in cell's morphology at 15-20 pg/inoculum. e, f Cells destruction after 4 days post-infection with 15-20 pg/inocu-
lum. g, h Cells were apically infected and CPE was optimally observed at 15 pg/inoculum
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As the presence of trypsin in the culture medium dur-
ing multiple cycles of virus replication was demonstrated
to enhance the infectivity of rotavirus between 10- and
1000-fold [12], we could demonstrate that a concentra-
tion of 0.5-1 pg/ml in the serum-free DMEM medium
was optimal for virus penetration. However, a concen-
tration of 2 pg/ml resulted in the lysis of cell controls.
Whether trypsin concentration (15 or 20 pg/inoculum)
on viral activation or penetration (0.5-1 pg/ml) affect the
viral titer or not was not checked.

The role of proteolytic enzyme (i.e., trypsin) in the
penetration of RVA is well demonstrated [6, 16] and
our results corroborate the previous ones showing that
this enzyme is indispensable for the entry of the virus
into a host cell [1]. Data from qRT-PCR confirmed that
3/T, 7/T, 3/25, 3/34, 1/10, 2/20, 2/12, 8045 and 9864 iso-
lates were of group A rotavirus with Ct values ranging
between 12.17 and 24.69. However, no RNA loads (No Ct
in Table 1) were detected for 1/13, 1/18, 2/15, 1/25, 2/23
and 3/4. G and P typing were performed for all strains,
and analysis sequencing revealed that two isolates (3/T
and 7/T) were of G6P[5] serotype and seven (3/25, 3/34,
1/10, 2/20, 2/12, 8045, 9864) were of G10P[14] serotype.
(Table 1).

Conclusion

To our knowledge, this is the first study in Morocco
which reports the circulation of G10 P[14] in dairy calves
and G6P[5] in the field. Our study constitutes a crucial
and a necessary step allowing preventive and veterinary
medicine to support RVA disease controls in the coun-
try. RVA could be isolated from 60 % of clinical fecal sam-
ples and the efficient isolation procedure depends on four
major factors:

— The use of a sensitive and permissible cell line, such as
MA104.

— The use of an optimal trypsin concentration both for
viral activation (10-15 pg/inoculum) and penetration
and propagation (0.5-1 pg/ml).

— An adequate washing of cells before viral adsorption.

— An adequate storage of viral particles after collection.

Methods

Bovine fecal samples

Thirteen fecal samples were obtained from calves with
a single episode of neonate calf diarrhea at three differ-
ent dairies and two samples were collected from field
during a severe NCD outbreak. All samples were stored
at —80 °C in Virology Laboratory of Biopharma, their
records data are summarized in Table 1. Diagnosis of
RVA infection was based on positive fecal immune-
chromatographic rapid test (Rota-Check-1 test -Veda-lab
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France-). All isolated were evaluated for their hemagglu-
tination (HA) activity using red blood cells as described
by the microtiter method [13]. Hemagglutination titers
were determined by serial dilutions of 50 pl of antigen
in Phosphate buffered saline (PBS) (CAT No. 211-410-
QK, Wisent Bioproducts). These were mixed with 50 pl
of chicken’s erythrocyte suspension (0.1 %). The mixtures
were incubated for 30 min at room temperature. The titer
was expressed as the reciprocal of the highest dilution of
antigen showing complete hemagglutination.

Ethical approval

All fecal samples were collected at three different dair-
ies after authorization and in accordance with the Vet
responsible, Dr. M. Chadli.

MA104 cell line growth and maintenance
Permanent cultures of fetal rhesus monkey kidney cell
line (MA104) were used. These cells were kindly pro-
vided by Prof. P. Pothier from the Centre National des
virus Entériques (CNR), Dijon, France. They were grown
in 80 cm? Nunc flasks in Dulbecco’s modified Eagle’s
medium (DMEM) (CAT No. 219-015-QK, Wisent Bio-
products) containing 10 % fecal calf serum (FCS) (CAT
No. 080150, Wisent Bioproducts) with 100 U/ml penicil-
lin G and 100 pg/ml streptomycin. Cells were incubated
at 37 °C until confluence.

For viral infection, cells were used in a 25 cm? flasks in
order to have cell confluences (24 h).

Rotavirus isolation

For each sample, 2 ml of feces were put into tube con-
taining 6 ml of PBS with glass beads. Samples were
then clarified by centrifugation at 2500 rpm for 30 min.
The supernatants from the homogenates were filtered
through 0.45 pum membrane (Sigma) and stored at
—80 °C until use.

Only three fecal samples were subjected to different
treatments of trypsin. They were (3/T, 7/T and 8045).
500 pl of each bovine filtrate was treated with different
increasing final concentrations (3, 5, 10, 15, 20, 25, 30 ug
per inoculums of TPCK-Trypsin) (CAT No. 9002-93-
1, Sigma) for 1 h in a 37 °C water bath after a brief vor-
tex to mix. In parallel, for each trypsin concentration,
0.5 ml of DMEM serum-free medium was prepared and
constitutes the mocked-controls. For efficient infection
of the cells, growth medium was removed from MA104
cell monolayers and washed one time with 4 ml of pre-
warmed serum-free DMEM medium. This step is essen-
tial; the presence of serum inhibits RVA activation [2].

Immediately after activation, samples (or controls)
were inoculated into confluent monolayer of MA104 cells
and incubated at 37 °C, with 5 % CO, for 60 min to allow
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adsorption. Subsequent to viral adsorption, cells were
observed under the microscope to detect any cell degen-
eration due to trypsin and had been washed once using
8 ml of pre-warmed, serum-free DMEM for each flask.
The wash is removed and 8 ml of pre-warmed serum-
free medium is added with 1 pg/ml of TPCK. Then, the
infected-MA104 cell flasks and controls were checked
daily for 3-6 days or until a cytopathic effect (CPE)
appeared.

The remaining samples were treated with 15 pg of
trypsin per inoculum and preceded as described above.

For serial passages, infected cells were freeze-thawed
and inoculated onto fresh confluent monolayer cells for
another passage after trypsin treatment as described
above. Cells not showing CPE after six passages were
considered negative for RVA isolation.

RVA identification and genotyping

Nucleic acid extraction was performed by MagMAX kit
following the manufacturers’ instructions (Life technolo-
gies). All RVA isolates were confirmed by LSI VetMAX "™
Triplex Ruminant Rotavirus & Coronavirus Real-Time
PCR kit (Life technologies, France). G and P typing
assays for positive samples were conducted by RT-PCRs
using Qiagen one step kit with the VP7 and VP4 primers
described previously [14, 22].

Genotyping of VP4 and VP7 was performed by direct
sequencing the VP4 or VP7-derived first round ampli-
cons with the same set of primers as for amplifica-
tion. Amplicons were purified using the ExoSAP-IT
(Affymetrix) preceding to sequencing with the Big-
Dye Terminator v3.1 (Applied Biosystems). Sequences
were determined using ABI 3130xl automate (Applied
biosystems).

Nucleotide sequence accession numbers

The nucleotide sequences data have been submit-
ted to GenBank under the following accession num-
bers: KU729665, KU729669, KU729666, KU729670,
KU729667, KU729671, KU729668 and KU729672.

Abbreviations

AGE: acute gastroenteritis; CPE: cytopathic effect; DMEM: Dulbecco’s modified
Eagle’s medium; dsRNA: double-stranded ribonucleic acid; ELISA: enzyme-
linked immunosorbent assay; FCS: fecal calf serum; HA: hemagglutination; IF:
immunofluorescence; NCD: neonatal calve diarrhea; PBS: phosphate buffered
saline; gRT-PCR: quantitative real time reverse transcription-polymerase chain
reaction; RNA: ribonucleic acid; RT-PCR: reverse transcription-polymerase chain
reaction; RVA: group A rotaviruses; SNT: microneutralization assays.

Authors’ contributions

The work presented here was carried out in collaboration between all authors.
CL, SA and NT defined the research theme and protocol. IE wrote the paper
with NT and CL collaborations. IE, CL. and NT contributed to the optimisation
of RVA isolation and data analysis. BH ensured the collect of clinical samples.

Page 5 of 6

IE and GS carried out the real time RT-PCR analysis. SA, CL and NT co-worked
on data interpretation. IE, CL and NT discussed, interpreted, and presented the
data. SA made available the financial support for genotyping and sequencing
the isolates. All authors read and approved the final manuscript.

Author details

! Laboratory of Biochemistry and Immunology, Department of Biology, Faculty
of Sciences, 4 Avenue Ibn Batouta, B.P. 1014 RP, Rabat, Morocco. 2 Société

de Productions des Produits Biologiques & Vétérinaires, Avenue Hassan I,
10051 Rabat, Morocco. * Equipe de Recherche en Virologie Moléculaire et
Onco-Biologie, Faculté de Médecine et de Pharmacie, Université Mohamed V,
Av. Mohamed Belarbi El Alaoui, Rabat, Morocco.

Acknowledgements

The authors wish to thank Prof. Dr. P. Pothier for providing the MA-104 cell
line and the staff of the Centre National pour la Recherche Scientifique et
Technique, Rabat-Morocco particularly Prof. Dr. E. M. Elfahime and S. Alaoui
Amine for their valuable technical support. We thank also, Dr. M. Chadli for
participating in samples collection.

Competing interests
The authors declare that they have no competing interests.

Received: 17 October 2015 Accepted: 26 April 2016
Published online: 05 May 2016

References

1. Arias CF, Romero P, Alvarez V, Lopez S. Trypsin activation pathway of
rotavirus infectivity. J Virol. 1996,70:5832-9.

2. Arnold M, Patton JT, McDonald SM. Culturing, storage, and quantification
of rotaviruses. Curr Protoc Microbiol. 2009. Chapter 15, Unit 15C 13.

3. Bastardo JW, Holmes IH. Attachment of SA-11 rotavirus to erythrocyte
receptors. Infect Immun. 1980;29:1134-40.

4. Bishai FR, Blaskovic P, Goodwin D. Physicochemical properties
of Nebraska calf diarrhea virus hemagglutinin. Can J Microbiol.
1978;24:1425-30.

5. Bishop RF, Unicomb LE, Barnes GL. Epidemiology of rotavirus serotypes in
Melbourne, Australia, from 1973 to 1989. J Clin Microbiol. 1991,29:862-8.

6. Clark SM, Roth JR, Clark ML, Barnett BB, Spendlove RS. Trypsin enhance-
ment of rotavirus infectivity: mechanism of enhancement. J Virol.
1981,39:816-22.

7. Espejo RT, Lopez S, Arias C. Structural polypeptides of simian rotavirus
SA-11 and the effect of trypsin. J Virol. 1981;37:156-60.

8. Estes MK, Graham DY, Mason BB. Proteolytic enhancement of rotavirus
infectivity: molecular mechanisms. J Virol. 1981;39:879-88.

9. Estes MK, Cohen J. Rotavirus gene structure and function. Microbiol Rev.
1989;53:410-49.

10. Flewett TH. Electron microscopy in the diagnosis of infectious diarrhea. J
Am Vet Med Assoc. 1978:173:538-43.

11. GouveaV, Santos N, Timenetsky-Mdo C. Identification of bovine and
porcine rotavirus G types by PCR. J Clin Microbiol. 1994;32:1338-40.

12. Graham DY, Estes MK. Proteolytic enhancement of rotavirus infectivity:
biologic mechanisms. Virology. 1980;101:432-9.

13. Inaba, Sato K, Takahashi E, Kurogi H, Satoda K. Hemagglutination with
Nebraska calf diarrhea virus. Microbiol Immunol. 1977,21:531-4.

14. lturriza-Gémara M, Kang G, Gray J. Rotavirus genotyping: keeping up with
an evolving population of human rotaviruses. J Clin Virol. 2004;31:259-65.

15. Kalica AR, Flores J, Greenberg HB. Identification of the rotaviral gene that
codes for hemagglutination and protease-enhanced plaque formation.
Virology. 1983;125:194-205.

16. Konno T, Suzuki H, Kitaoka S, Sato T, Fukuhara N, Yoshie O, Fukudome K,
Numazaki Y. Proteolytic enhancement of human rotavirus infectivity. Clin
Infect Dis. 1993;16:592-7.

17. Mackow ER, Barnett JW, Chan H, Greenberg HB. The rhesus rotavirus
outer capsid protein VP4 functions as a hemagglutinin and is antigeni-
cally conserved when expressed by a baculovirus recombinant. J Virol.
1989;63:1661-8.



Ennima et al. BMC Res Notes (2016) 9:261

18.

20.

Mebus CA, Underdahl NR, Rhodes MB, Twiehaus MJ. Further studies on
neonatal calf diarrhea virus. Proc Annu Meet U S Anim Health Assoc.
1969;73:97-9.

Midthun K, Valdesuso J, Hoshino Y, Flores J, Kapikian AZ, Chanock

RM. Analysis by RNA-RNA hybridization assay of intertypic rotaviruses
suggests that gene reassortment occurs in vivo. J Clin Microbiol.
1987,25:295-300.

Pang XL, Preiksaitis JK, Lee BE. Enhanced enteric virus detection in spo-
radic gastroenteritis using a multi-target real-time PCR panel: a one-year
study. J Med Virol. 2014,86:1594-601.

22.

23.

Page 6 of 6

. Rosen BI, Parwani AV, Lopez S, Flores J, Saif L. Serotypic differentiation

of rotaviruses in field samples from diarrheic pigs by using nucleic acid
probes specific for porcine VP4 and human and porcine VP7 genes. J Clin
Microbiol. 1994;32:311-7.

Simmonds MK, Armah G, Asmah R, Banerjee |, Damanka S, Esona M,
Gentsch JR, Gray JJ, Kirkwood C, Page N, Iturriza-Gémara M. New oligo-
nucleotide primers for P typing of rotavirus strains: strategies for typing
previously untypeable strains. J Clin Virol. 2008;42:368-73.

Yolken RH. ELISA: enzyme-linked immunosorbent assay. Hosp Pract.
1978;13:121-7.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal
* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central




	Isolation and identification of group A rotaviruses among neonatal diarrheic calves, Morocco
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Results and discussion
	Conclusion
	Methods
	Bovine fecal samples
	Ethical approval
	MA104 cell line growth and maintenance
	Rotavirus isolation
	RVA identification and genotyping
	Nucleotide sequence accession numbers

	Authors’ contributions
	References




