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Abstract
Tilapia tilapinevirus (also known as tilapia lake virus, TiLV) is an important virus responsible

for die-off of farmed tilapia globally. Detection and quantification of the virus from
environmental DNA/RNA (eDNA/eRNA) using pond water represents a potential, noninvasive
routine approach for pathogen monitoring and early disease forecasting in aquaculture systems.
Here, we report a smple iron flocculation method for viral concentration from water combined
with a newly developed hydrolysis probe quantitative RT-gPCR method for detection and
guantification of TiLV. The RT-gPCR method targeting a conserved region of TiLV genome
segment 9 has a detection limit of 10 viral copies per pL of template. The method had a 100%
analytical specificity and sendtivity for TiLV. The optimized iron flocculation method was able
to recover 16.11 + 3.3% of virus from water samples spiked with viral cultures. During disease
outbreak cases from an open-caged system and a closed hatchery system, both tilapia and water
samples were collected for detection and quantification of TiLV. The results revealed that TiLV
was detected from both clinically sick fish and asymptomatic fish. Most importantly, the virus
was successfully detected from water samples collected from different locations in the affected
farms e.g. river water samples from affected cages (8.50 x 10° to 2.79 x 10 copies/L) and fish-
rearing water samples, sewage, and reservoir (4.29 x 107 to 3.53 x 10° copies/L) from affected
and unaffected ponds of the hatchery. In summary, this study suggests that the eRNA detection
system using iron flocculation coupled with probe based-RT-qPCR is feasible for concentration
and quantification of TiLV from water. This approach might be useful for noninvasive
monitoring of TiLV in tilapia aquaculture systems and facilitating appropriate decisons on
biosecurity interventions needed.

Introduction
Tilapia tilapinevirus (commonly called tilapia lake virus, TiLV) is a novel and only virus in a

new genus Tilapinevirus under the family Amnoonviridae (International Committee on
Taxonomy of Viruses. 2019). Since its first discovery in 2014, the virus had significant impacts
on tilapia aguaculture worldwide (Eyngor et a. 2014; Ferguson et al. 2014; Jansen et a. 2019).
TiLV is an RNA virus with a 10 segmented negative sense single stranded genome of
approximately 10.323 kb in size (Bacharach et al. 2016). Disease caused by TiLV usually results
in cumulative mortality from 20 to 90% (Behera et al. 2018; Dong et a. 2017a; Eyngor €t al.
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2014; Ferguson et al. 2014; Surachetpong et a. 2017). So far, there are 16 countries that
reportedly confirmed detection of TiLV (Jansen et al. 2019; Surachetpong et al. 2020), but a
wider geographical spread has been hypothesized due to active movements of live tilapia with
other countries (Dong et al. 2017b). Waterborne spread of TiLV might also contribute to
pathogen dissemination to new areas as well as transmisson to other fish species
(Chiamkunakorn et al. 2019; Eyngor et al. 2014; Jaemwimol et a. 2018; Piamsomboon &
Wongtavatchai 2021). Experimental evidences have aready demonstrated that TiLV is both
horizontally and vertically transmitted (Dong et al. 2020; Eyngor et al. 2014; Jaemwimol et al.
2018; Yamkasem et al. 2019).

With respect to waterborne transmission of fish pathogens, several studies employed various
viral concentration methods from water for pathogen detection (For example, Haramoto et al.
(2007); Kawato et al. (2016); Minamoto et al. (2009); Nishi et al. (2016)). The concept is one of
the applications of environmental DNA (eDNA) which is nucleic acids extracted from
environmental samples such as water, soil, and feces (Bass et al. 2015; Gomes et al. 2017). The
eDNA gives advantages in disease monitoring, control measure design, risk factor analysis and
studies of viral survival nature (example review in Oidtmann et al. (2018)). The work described
by Kawato et al. (2016) used an iron flocculation method to concentrate red sea bream iridovirus
(RSIV) in a challenge model with Japanese amberjack (Seriola quinqueradiata). Results from
that study showed that detection by gPCR of RSIV from fish-rearing water samples peaked more
than five days before fish mortality occurred, suggesting potential benefit of using iron
flocculation method for disease forecast. Others studies used a cationJcoated filter method to
detect DNAs of cyprinid herpesvirus 3 (CyHV-3) (also known as koi herpesvirus, KHV) from
concentrated river water samples three to four months before mass mortalities events occurred in
wild carp in Japan (Haramoto et al. 2007; Minamoto et al. 2009). Additionally, the virus was till
detectable in river water for at least three months after the outbreaks (Minamoto et al. 2009).
These findings helped local authorities and farmers to make rapid decisions for emergency
harvest, biosecurity implementation, follow appropriate disinfection procedures and fallowing
periods.

Several molecular methods have been developed for detection of TiLV including RT-PCR
(Eyngor et a. 2014), nested and semi-nested PCR (Dong et al. 2017a; Kembou Tsofack et al.
2017; Taengphu et al. 2020), RT-gPCR (Tattiyapong et al. 2018; Waiyamitra et al. 2018), loop-
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86 mediated isothermal amplification (LAMP) (Kampeera et al. 2021; Phusantisampan et al. 2019;
87 Yin et a. 2019) and Nanopore-based PCR amplicon approach (Delamare-Debouitteville et al.
88  2021). However, al of these methods target fish tissue specimens for diagnosis, none of which
89  reported any application for TiLV detection from environmental water samples. Previous probe-
90 based RT-gPCR methods developed to detect TiLV from tilapia clinical samples with detection
91  limits of 2.7x10" or ~70,000 copies (Kembou Tsofack et al. 2017; Waiyamitra et al. 2018) might
92  not be sensitive enough to detect low viral loads of TiLV in environmental water samples. Based
93 on publicly available TiLV genomic sequence data (Ahasan et al. 2020; Chaput et al. 2020;
94  Debnath et a. 2020; Pulido et al. 2019; Subramaniam et al. 2019; Thawornwattana et al. 2021),
95 we developed a new probe-based RT-qPCR assay targeting TiLV genomic segment 9 and
96 applied to detect TiLV not only from fish tissues but also from environmental RNA (eRNA)
97  concentrated from water samples. A ssimple iron flocculation method for concentration of TiLV
98 from fish-rearing water samples coupled with our new RT-gPCR assay to detect and quantify
99  TiLV eRNA was described in the present study.

100

101  Materials & Methods
102 Development of a new probe-based quantitative RT-gPCR method for TiLV

103  Primer & probe design and establishment of PCR conditions

104 A new hydrolysis probe-based RT-gPCR method was developed and optimized for detection and
105 quantification of TiLV. Out of the 10 segments of the TiLV genome, segment 9 was reported to
106  have relatively high identity (97.44 - 99.15%) among various TiLV isolates (Pulido et al. 2019).
107  Primers and probe were thus designed based on conserved regions of TiLV genome segment 9
108 following multiple sequence alignments of all available sequences (n=25 or 27) retrieved from
109 the GenBank database at NCBI as of June 2021 (Fig. S1). Primer Seg9-TagMan-F (5 -CTA
110 GAC AAT GITT TTC GAT CCA G-3') had a 100% perfect match with all retrieved 27
111  sequences while primer Seg9-TagMan-R (5-TTC TGT GTC AGT AAT CTT GAC AG-3') and
112 probe (5'-6-FAM-TGC CGC CGC AGC ACA AGC TCC A-BHQ-1-3') had one mismatch
113  nucleotide from 25 and 27 available sequences, respectively (Fig. S1). The final composition of
114  the optimized TiLV RT-gPCR 20 pL reaction consists of 1X master mix (gScript XLT 1-Step
115 RT-gPCR ToughMix Low ROX buffer) (Quanta Bio), 1.5-2 ul (<300 ng) of RNA template, 450
116 nM of each forward and reverse primers, and 150 nM of Seg9-TagMan-Probe. Size of the
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117  amplified product is expected at 137 bp. Cycling conditions include a reverse transcription step
118 at 50 °C for 10 min, then aninitial denaturation step at 95 °C for 1 min followed by 40 cycles of
119 95°Cfor 10 sand 58 °C for 30 s. RT-gPCR amplification was carried out using Bio-Rad CFX
120 Connect Real-Time PCR machine. Positive control plasmid (pSeg9-351) was previously
121  constructed by inserting a 351 bp-TiLV segment 9 open reading frame (ORF) into pGEM T-easy
122  vector (Promega) as reported earlier (Thawornwattana et al. 2021).

123  Analytical specificity and sensitivity tests

124  Specificity of the Seg9-targeted RT-qPCR was tested with RNA extracted (150 ng/reaction) from
125 clinically healthy tilapia, 15 common fish bacterial pathogens, and fish tissues infected with
126  nervous necrosis virus (NNV), infectious spleen and kidney necrosis virus (ISKNV), or scale
127  drop disease virus (SDDV) (Table S1). Detection limit of the method was investigated using 10-
128  fold serial dilutions of pSeg9-351 plasmid template from 10° to 1 copies/uL template. The assays
129  were performed in duplicate. Calculation of viral copy numbers was performed using standard
130  curves prepared by plotting the log;o of serial plasmid dilutions versus quantification cycle (Cq)
131  values.

132  Diagnostic specificity and sensitivity of the assay

133  We assessed the Seg9 RT-gPCR assay against RNA extracted from 65 samples held in our
134  laboratory. Forty-four samples originated from known TiLV outbreaks and 21 from known non-
135 diseased samples (healthy tilapia). Diagnostic test results were obtained using semi-nested RT-
136 PCR methods as described before (Dong et al. 2017a; Taengphu et al. 2020). Analytical
137  specificity and senditivity of the assay were calculated according to formulas described by
138  Martin (1984) as:

139 e Senditivity % = [number of true positive samples / (number of true positive samples +
140 number of false negative samples)] x 100
141 e Specificity % = [number of true negative samples / (number of true negative samples +
142 number of false positive samples)] x 100

143  Optimization for viral concentration protocol

144  Virus preparation

145  Viral stock used in this study was isolated from TiLV-infected Nile tilapiausing E-11 cell line, ,
146  aclone of the cell line SSN-1 derived from whole fry tissue of snakehead fish (Sigma-Aldrich
147 cat no. 01110916-1VL). The virus was propagated as described in Dong et a. (2020). Briefly,
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148 200 pL of TiLV stock (~10° copies/mL) was added into a 75 mL cell culture flask containing a
149  monolayer of E-11 cell and 5 mL of L15 medium (Leibovitz), incubated at 25 °C for 5 days. The
150 culture supernatant containing viral particles was collected after centrifugation at 15,000 x g for
151 10minat4 C. Thevira stock was kept in aliquots of 1 mL at -80 'C until used.

152  Iron flocculation

153  Viral concentration using iron flocculation method was performed using the protocol previously
154  described by Kawato et al. (2016) with some modifications. Workflow of this method is
155 illustrated in Fig. 1. Briefly, 100 uL (~10"-10° copies) of TiLV viral stock was added into 500
156  mL of sterile water that contained 1% marine salt and 36 UM ferric chloride. The suspension was
157  stirred at room temperature for 1 h before being mechanically filtered through a 0.4-um pore size
158  polycarbonate filter (Advantec) with a vacuum pump connected to a filter holder KG-47
159  (Advantec) under < 15 psi pressure. The flocculate-trapped filters were either directly subjected
160 to nucleic acid extraction or resuspended with oxalate-EDTA buffer (John et al. 2011) prior to
161 nucleic acid extraction using Patho Gene-spin DNA/RNA extraction kit (INtRON). Experiments
162  werecarried out in two to four replicates. Viral concentration, percentage (%) recovery and fold
163  reduction of the virus copies were calculated from Cq values after flocculation compared to that
164  of the starting viral stock.

165 Detection of TiLV from fish and pond water sour ces during disease outbr eaks

166  During 2020-2021, two disease outbreaks were reported to our laboratory. One occurred in an
167 open-caged system (juvenile hybrid red tilapia, Oreochromis sp.) and the other in a closed
168 hatchery system (earthen ponds, Nile tilapia, O. niloticus). The fish experienced abnormal
169  mortalities with clinical symptoms of disease resembling those caused by TiLV, e.g. darkened
170 body (Nile tilapia), pale color and reddish opercula (red hybrid tilapia), abdominal distension,
171  and exophthalmia. In the first outbreak, we received fish specimens and water samples collected
172 from four cages namely A, B, C and D with two-three fish and two bottles of 500 mL water
173  samples from each cage. The samples were kept on ice during transportation and shipped to our
174  laboratory within 24 h. In the latter outbreak, internal organs from both sick and healthy looking
175 tilapia from different ponds as well as snails and sludge were collected and preserved in Trizol
176  reagent (Invitrogen) by a hatchery veterinarian and sent to our laboratory. Water (500 mL/bottl€)
177  from fish ponds, reservoir, and sewage (outgoing waste water from ponds) was also collected
178  from this hatchery.
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179  Fish specimens were subjected to RNA extraction while water samples were centrifuged (5,000 x
180 g for 5 min) to remove suspended matters before subjected to iron flocculation and subsequent
181 nucleic acid extraction by Patho Gen-spin column kit. Viral detection and quantification were
182  then performed to investigate the presence of TiLV by the established Seg 9 RT-gPCR assay
183  described above. Plasmid template pSeg9-351 was used in a postive control reaction while

184  nuclease-free water was used for negative control.

185
186 Results
187 A new probe-based RT-gPCR method for detection and quantification of TiLV

188 The Seg9 RT-gPCR method developed in this study had a detection limit (sensitivity) of 10
189  copies/pL template with mean Cq + SD values of the detection limit at 38.24 + 0.09 (Fig. 2a).
190 Hence, samples with a Cq value > 38.24 were considered TiLV negative or under the limit of
191 thisdetection method. Amplification efficiency (E) of the established RT-qgPCR was 94.0% with
192  R?of 0.998 (Fig. 2b). Analytical specificity test revealed that the method was highly specific to
193 TiLV only since no amplifications were found when the method was assayed with RNA
194  templates extracted from three other viruses, 15 bacterial species, and healthy tilapia (Fig. 2c,
195 Table S1). The method had 100% diagnostic specificity and 100% diagnostic sensitivity when
196  assayed with previously diagnosed TiLV infected and non-infected fish samples (n =65 with Cq
197 vaueranges 13.02 — 34.85) (Table 1).

198 Conditionsfor viral concentration and per centage r ecovery

199  Percentage recovery of TiLV after iron flocculation but without suspension of the membrane
200 filter in oxalate-EDTA buffer was only 2.04 £ 0.5% (n=2), which corresponded to a 50.55 +
201  12.2-fold reduction in the viral concentration compared to the original viral stock (Table 2). This
202  was significantly improved with an additional suspension step of the flocculate-trapped filters
203 into oxalate-EDTA buffer prior to RNA extraction. The percentage recovery of TiLV increased
204  to 16.11 + 3.3% (n=4), which is equivalent to a 6.38 + 1.1-fold reduction in viral concentration
205  after iron flocculation (Table 2). Figure 2d showed representative results of viral quantification
206 using Seg 9 RT-gPCR assays of TiLV from water after iron flocculation with the resuspension
207  step.

208  Virusquantification from tilapia and different water sources during disease outbr eaks
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209 Theresults of TiLV detection and quantification from fish tissues and water samples are shown
210 in Tables 3 and 4. In the first disease outbreak (open-cages), TiLV was detected from both fish
211  and water samples from all four cages (A-D) (Table 3). Fish samples had Cq values ranging from
212 1240 to 36.22, equivalent to 3.98 x 10® to 5.6 x 10" vira copies’150 ng RNA template,
213  respectively (Table 3, Fig. 2e). Interestingly, eight water samples collected from four cages had a
214  similar viral load ranging from 8.50 x 10% to 3.40 x 10* copies/L (Cq 31.19 - 36.76) (Table 3,
215  Fg. 2f).

216 In the second disease event (earthen ponds), samples were collected from eight ponds; one had
217  unusually mortality, five showed no sign of disease, one was a sewage pond and one a reservoir
218 pond (Table 4). In the affected fingerling pond C1, TiLV was detected from five diseased fish
219 (9.53 x 10" to 1.17 x 10° copies/150 ng RNA template), one asymptomatic fish (3.80 x 10°
220  copies/150 ng RNA template), and water sample from one location (8.41 x 10° copies/L) (Table
221  4). TiLV was undetectable from snail and sludge samples originating from pond C1. TiLV
222  investigation from the remaining 7 other ponds revealed that TiLV was also detectable— but in
223 reatively low viral loads from some asymptomatic fish (both fingerling and brood fish) and
224  water from culture ponds as well as water from the reservoir and sewage ponds that were
225  collected during the disease event (Table 4).

226

227 Discussion

228  Methods to concentrate and recover viral particles from environmental water samples have been
229 long applied in human health studies especially with waterborne diseases caused by enteric
230  viruses (example review in Cashdollar & Wymer (2013); Haramoto et al. (2018)). It has later
231 become an essential process for aquatic environment research (Jacquet et al. 2010). Several
232  techniques have been used for viral concentration from aguatic environment, including
233 coagulation/flocculation,  filtration/ultrafiltration, and  centrifugation/ultracentrifugation
234  (Cashdollar & Wymer 2013; Ikner et al. 2012). Our present study employed an iron flocculation
235 method which was initially described for virus removal from freshwater (Chang et al. 1958) and
236  virus concentration from marine water (John et al. 2011). It was later adapted to detect and
237  quantify two fish viruses: nervous necrosis virus (NNV) (an RNA virus) and red sea bream
238 iridovirus (RSIV) (a DNA virus) that were experimentally spiked in fish-rearing water (Kawato
239 e a. 2016; Nishi et al. 2016). The recovery rate was estimated by qPCR and yielded >50 and
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240 >80% for NNV and RSIV, respectively. In this study, while the recovery rate of TiLV (an RNA
241  virus) from spiked-water was considerably lower (16.11 + 3.3%), it is in a similar range of
242  practical methods used for concentrating and detecting human viruses from water environments
243  (Haramoto et al. 2018). For example, murine norovirus-1 (MNV-1) used asaviral modd in viral
244  concentration assay of human enteric viruses was recovered from spiked-water at 5.8-21.9%
245 using the electronegative hydroxyapatite (HA)-filtration combined with polyethylene glycol
246  (PEG) concentration method. The protocol was then used for detection of human noroviruses
247  (NoV) and hepatitis A virus (HAV) in all water types (De Keuckelaere et al. 2013). More
248  recently, researchers used porcine coronavirus (porcine epidemic diarrhea virus, PEDV) and
249  mengovirus (MgV) as moded viruses to concentrate severe acute respiratory syndrome
250 coronavirus 2 (SARS-CoV-2) from water samples (Randazzo et al. 2020). By using an aluminum
251  hydroxide adsorption-precipitation concentration method, PEDV and MgV spiked in water were
252  recovered at 3.3-11.0%. The method can then be applied to detect SARS-CoV-2 RNA in
253 untreated wastewater samples of ~10>* genomic copies/L (Randazzo et al. 2020).

254

255  Despite alow recovery rate from water samples in this study, we confirmed the usefulness of the
256 iron flocculation and RT-qPCR approach to concentrate and determine the concentration of
257  TiLV from fish-rearing water and other water sources from two aguaculture production systems
258  during disease outbreaks. The inherent nature of DNA and RNA viruses and their ability to
259  survive outside their hosts may also contribute to those differences observed in recovery rates
260 (Cashdollar & Wymer 2013; Pinon & Vialette 2018). Other viral concentration techniques using
261 different coagulant/flocculant chemicals as well as more efficient RNA extraction methods
262  should be tested for further improvement of TiLV recovery from water.

263

264  After the viral concentration and recovery process, downstream viral detection methods include
265  cell culture methods, PCR-based assays, and viral metagenomics analysis (example review in
266  Haramoto et al. (2018)). Here, we employed RT-gPCR technique for detection and quantification
267 of TiLV, athough the detected amounts did not represent the viral viability. Using all TiLV
268  genomic sequences publicly available, we designed a new set of conserved primers and probe
269  targeting the viral genomic segment 9. The newly established RT-gPCR protocol was highly

270  gpecific to TiLV and did not cross-amplify RNA extracted from other common bacterial and
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271  viral aguatic pathogens. The method is very sensitive as it can detect as low as 10 viral copies
272  per pL of template, >2,700 times more sensitive than previous probe-based RT-gPCR methods
273  (Kembou Tsofack et al. 2017; Waiyamitra et al. 2018), reflecting high specificity of the newly
274  designed primers and probe. Our RT-gPCR method has 100% diagnostic specificity and
275  senditivity in agreement with previous results (n=65) obtained using semi-nested RT-PCR
276  protocols (Dong et a. 2017a; Taengphu et al. 2020). Increased number of sample sizes with
277  diverse geographical sources may be required for further investigation. Most importantly, this
278 new Seg 9 RT-gPCR assay was able to detect and quantify TiLV load from various types of field
279 samples, including clinically sick fish, asymptomatic fish, and water samples, as opposed to
280  other molecular diagnostic methods optimized solely for fish specimens.

281

282 Thevira loads from water samples collected during the two disease events were approximately
283  ~ 10° viral copies/L (earthen ponds) and ~10 viral copies/L (open-cages), but in reality, these
284  concentrations might be significantly higher due to substantial losses during the concentration
285 and recovery process. Higher viral loads observed in some of the water samples collected during
286 the disease outbreak were probably due to active shedding of the virus from diseased fish into the
287  environment, and might be an additional evidence of the waterborne transmission nature of TiLV
288  reported previously (Eyngor et a. 2014; Yamkasem et al. 2019). Potential application for TiLV
289  outbreak forecasting should be further investigated by experimental infection to monitor viral
290 loads in water in relation to fish morbidity and mortality as previously described for other fish
291  pathogens (Haramoto et a. 2007; Kawato et a. 2016; Minamoto et al. 2009; Nishi et al. 2016).

292

293 Conclusions

294  In summary, the viral concentration method by iron flocculation used in concert with a newly
295 developed probe-based RT-gPCR was not only successful for detection and quantification of
296  TiLV from water in diseased pond/cages, but also from unaffected ponds, reservoir, and sewage
297  water. Thismethod, apart from its potential practical use for future monitoring programs of TiLV
298 viral load in water samples from various culturing units, our approach could become useful to
299  detect possible TiLV contamination from incoming and outgoing waste water as well as to test
300 the systems after disinfection treatments. Such application will support health professionals and
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301 farmers to design appropriate biosecurity interventions to reduce the loss caused by TiLV in
302 tilapiafarmsand hatcheries.

303
304 Acknowledgements
305 This study was financially funded by the CGIAR Research Program on Fish Agri-Food Systems

306 (FISH) led by WorldFish. The authors would like to thank K. Pimsannil, W. Meemetta and Ms.
307 Thu Thao Mai for their skilled technical assistance.


https://doi.org/10.1101/2021.08.10.455809
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.08.10.4558009; this version posted August 10, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

308 References
309 Ahasan MS, Keleher W, Giray C, Perry B, Surachetpong W, Nicholson P, Al-Hussinee L,

310 Subramaniam K, and Waltzek TB. 2020. Genomic Characterization of TilapiaLake Virus
311 Isolates Recovered from Moribund Nile Tilapia (Oreochromis niloticus) on a Farm in the
312 United States. Microbiol Resour Announc 9:€01368-01319. 10.1128/MRA.01368-19

313 Bacharach E, Mishra N, Briese T, Zody MC, Kembou Tsofack JE, Zamostiano R, Berkowitz A,
314 Ng J, Nitido A, Corvelo A, Toussaint NC, Abel Nielsen SC, Hornig M, Dd Pozo J,
315 Bloom T, Ferguson H, Eldar A, and Lipkin WI. 2016. Characterization of a Novel
316 Orthomyxo-like Virus Causing Mass Die-Offs of Tilapia mBio 7:€00431-00416.
317 10.1128/mBi0.00431-16

318 Bass D, Stentiford GD, Littlewood DTJ, and Hartikainen H. 2015. Diverse Applications of
319 Environmentak DNA Methods in Parasitology. Trends Parasitol 31:499-513.
320 10.1016/j.pt.2015.06.013

321 Behera BK, Pradhan PK, Swaminathan TR, Sood N, Paria P, Das A, Verma DK, Kumar R,
322 Yadav MK, Dev AK, Parida PK, Das BK, La KK, and Jena JK. 2018. Emergence of
323 Tilapia Lake Virus associated with mortalities of farmed Nile Tilapia Oreochromis
324 niloticus (Linnaeus 1758) in India. Aquac Res  484:168-174.
325 10.1016/j.aquaculture.2017.11.025

326 Cashdollar JL, and Wymer L. 2013. Methods for primary concentration of viruses from water
327 samples. a review and meta-analysis of recent studies. J Appl Microbiol 115:1-11.
328 10.1111/jam.12143

329 Chang SL, Stevenson RE, Bryant AR, Woodward RL, and Kabler PW. 1958. Removal of
330 Coxsackie and bacterial viruses in water by flocculation. 11. Removal of Coxsackie and
331 bacterial viruses and the native bacteria in raw Ohio River water by flocculation with
332 aluminum sulfate and ferric chloride. Am J Public Health

333 48:159-169. 10.2105/ajph.48.2.159.
334  Chaput DL, Bass D, Alam MM, Hasan NA, Stentiford GD, Aerle RV, Moore K, Bignell JP,

335 Hagque MM, and Tyler CR. 2020. The Segment Matters: Probable Reassortment of
336 Tilapia Lake Virus (TiLV) Complicates Phylogenetic Analysis and Inference of
337 Geographical Origin of New Isolate from Bangladesh. Viruses 12:258.
338 10.3390/v12030258

339  Chiamkunakorn C, Machimbirike VI, Senapin S, Khunrae P, Dong HT, and Rattanarojpong T.
340 2019. Blood and liver biopsy for the non-destructive screening of tilapia lake virus. J
341 Fish Dis42:1629-1636. 10.1111/jfd.13076

342 De Keuckelagre A, Baert L, Duarte A, Stals A, and Uyttendaele M. 2013. Evaluation of viral
343 concentration methods from irrigation and processing water. J Virol Methods 187:294-
344 303. 10.1016/j.jviromet.2012.11.028

345  Debnath PP, Delamare-Deboutteville J, Jansen MD, Phiwsaiya K, Dalia A, Hasan MA, Senapin
346 S, Mohan CV, Dong HT, and Rodkhum C. 2020. Two-year surveillance of tilapia lake
347 virus (TiLV) revedls its wide circulation in tilapia farms and hatcheries from multiple
348 districts of Bangladesh. J Fish Dis43:1381-1389. 10.1111/jfd.13235

349 Delamare-Deboutteville J, Taengphu S, Gan HM, Kayansamrug P, Debnath PP, Barnes A,
350 Wilkinson S, Kawasaki M, Vishnumurthy Mohan C, Senapin S, and Dong HT. 2021.
351 Rapid genotyping of tilapia lake virus (TiLV) using Nanopore sequencing. J Fish Dis:1-

352 12. 10.1111/jfd.13467


https://doi.org/10.1101/2021.08.10.455809
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.08.10.4558009; this version posted August 10, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

353 Dong HT, Ataguba GA, Khunrae P, Rattanarojpong T, and Senapin S. 2017b. Evidence of TiLV

354 infection in tilapia hatcheries from 2012 to 2017 reveals probable global spread of the
355 disease. Aquac Res479:579-583. 10.1016/j.aquaculture.2017.06.035

356 Dong HT, Senapin S, Gangnonngiw W, Nguyen VV, Rodkhum C, Debnath PP, Delamare-
357 Deboutteville J, and Mohan CV. 2020. Experimental infection reveals transmission of
358 tilapia lake virus (TiLV) from tilapia broodstock to their reproductive organs and
359 fertilized eggs. Aquac Res515. 10.1016/j.aquaculture.2019.734541

360 DongHT, Siriroob S, Meemetta W, Santimanawong W, Gangnonngiw W, Pirarat N, Khunrae P,
361 Rattanarojpong T, Vanichviriyakit R, and Senapin S. 2017a. Emergence of tilapia lake
362 virus in Thailand and an alternative semi-nested RT-PCR for detection. Aquac Res
363 476:111-118. 10.1016/j.aquaculture.2017.04.019

364 Eyngor M, Zamostiano R, Kembou Tsofack JE, Berkowitz A, Bercovier H, Tinman S, Lev M,
365 Hurvitz A, Galeotti M, Bacharach E, and Eldar A. 2014. Identification of a novel RNA
366 virus lethal to tilapia. J Clin Microbiol 52:4137-4146. 10.1128/JCM.00827-14

367 Ferguson HW, Kabuusu R, Betran S, Reyes E, Lince JA, and dd Pozo J. 2014. Syncytia
368 hepatitis of farmed tilapia, Oreochromis niloticus (L.): a case report. J Fish Dis 37:583-
369 589.10.1111/jfd.12142

370  Gomes GB, Hutson KS, Domingos JA, Chung C, Hayward S, Miller TL, and Jerry DR. 2017.
371 Use of environmental DNA (eDNA) and water quality data to predict protozoan parasites
372 outbreaksin fish farms. Aquac Res479:467-473. 10.1016/j.aquaculture.2017.06.021

373 Haramoto E, Kitgjima M, Hata A, Torrey JR, Masago Y, Sano D, and Katayama H. 2018. A
374 review on recent progress in the detection methods and prevalence of human enteric
375 virusesin water. Water Res 135:168-186. 10.1016/j.watres.2018.02.004

376  Haramoto E, Kitgima M, Katayama H, and Ohgaki S. 2007. Detection of koi herpesvirus DNA
377 in river water in Japan. J Fish Dis30:59-61. 10.1111/j.1365-2761.2007.00778 X.

378 lkner LA, Gerba CP, and Bright KR. 2012. Concentration and recovery of viruses from water: a
379 comprehensive review. Food Environ Virol 4:41-67. 10.1007/s12560-012-9080-2

380 International Committee on Taxonomy of Viruses. 2019. Taxonomy, Virus Taxonomy: 2018b
381 Release. Available at https://talk.ictvonline.org/taxonomy/.

382 Jacquet S, Miki T, Noble R, Peduzzi P, and Wilhelm S. 2010. Viruses in aguatic ecosystems:
383 important advancements of the last 20 years and prospects for the future in the field of
384 microbial oceanography and limnology. Adv Oceanogr Limnol 1:97-141.
385 10.1080/19475721003743843

386 Jaemwimol P, Rawiwan P, Tattiyapong P, Saengnual P, Kamlangdee A, and Surachetpong W.
387 2018. Susceptibility of important warm water fish species to tilapia lake virus (TiLV)
388 infection. Aquac Res 497:462-468. 10.1016/j.aquaculture.2018.08.028

389  Jansen MD, Dong HT, and Mohan CV. 2019. Tilapia lake virus: a threat to the global tilapia
390 industry? Rev Aquacult 11:725-739. 10.1111/rag.12254

391 John SG, Mendez CB, Deng L, Poulos B, Kauffman AK, Kern S, Brum J, Polz MF, Boyle EA,
392 and Sullivan MB. 2011. A simple and efficient method for concentration of ocean viruses
393 by chemica flocculation. Env Microbiol Rep 3:195-202. 10.1111/}.1758-
394 2229.2010.00208.x

395 Kampeera J, Dangtip S, Suvannakad R, Khumwan P, Senapin S, and Kiatpathomchai W. 2021.
396 Reverse transcription loop-mediated isothermal amplification (RT-LAMP) combined
397 with colorimetric gold nanoparticle (AuNP) probe assay for visual detection of tilapia

398 lake virus (TiLV) in Nile and red hybrid tilapia. J Fish Dis00:1-13. 10.1111/jfd.13482


https://doi.org/10.1101/2021.08.10.455809
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.08.10.4558009; this version posted August 10, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

399 Kawato Y, Ito T, Kamaishi T, Fujiwara A, Ototake M, Nakai T, and Nakaima K. 2016.

400 Development of red sea bream iridovirus concentration method in seawater by iron
401 flocculation. Aquac Res450:308-312. 10.1016/j.aquaculture.2015.08.016

402  Kembou Tsofack JE, Zamostiano R, Watted S, Berkowitz A, Rosenbluth E, Mishra N, Briese T,
403 Lipkin WI, Kabuusu RM, Ferguson H, Del Pozo J, Eldar A, and Bacharach E. 2017.
404 Detection of Tilapia Lake Virus in Clinical Samples by Culturing and Nested Reverse
405 Transcription-PCR. J Clin Microbiol 55:759-767. 10.1128/JCM.01808-16

406  Martin SW. 1984. Estimating disease prevalence and the interpretation of screening. Prev Vet
407 Med 2:463-472. 10.1016/0167-5877(84)90091-6

408 Minamoto T, Honjo MN, Uchii K, Yamanaka H, Suzuki AA, Kohmatsu Y, lida T, and Kawabata
409 Z. 2009. Detection of cyprinid herpesvirus 3 DNA in river water during and after an
410 outbreak. Vet Microbiol 135:261-266. 10.1016/j.vetmic.2008.09.081

411 Nishi S, Yamashita H, Kawato Y, and Nakai T. 2016. Cel Culture Isolation of Piscine
412 Nodavirus (Betanodavirus) in Fish-Rearing Seawater. Appl Environ Microbiol 82:2537-
413 2544.10.1128/AEM.03834-15

414  Oidtmann B, Dixon P, Way K, Joiner C, and Bayley AE. 2018. Risk of waterborne virus spread -
415 review of survival of relevant fish and crustacean viruses in the aquatic environment and
416 implications for control measures. Rev Aquacult 10:641-669. 10.1111/raq.12192

417  Phusantisampan T, Tattiyapong P, Mutrakulcharoen P, Sriariyanun M, and Surachetpong W.
418 2019. Rapid detection of tilapia lake virus using a one-step reverse transcription loop-
419 mediated isothermal amplification assay. Aquac Res

420  507:35-39.10.1016/j.aquaculture.2019.04.015

421  Piamsomboon P, and Wongtavatchai J. 2021. Detection of Tilapia Lake Virus (TiLV) in Healthy
422 Fish from the Pre-Existing Disease Environment Using Different RT-PCR Methods. Turk
423 J Fish Aquat Sci 21:205-209. 10.4194/1303-2712-v21_4 05

424  Pinon A, and Vialette M. 2018. Survival of Viruses in Water. Intervirology 61:214-222.
425 10.1159/000484899

426  Pulido LLH, Mora CM, Hung AL, Dong HT, and Senapin S. 2019. Tilapia lake virus (TiLV)

427 from Peru is genetically close to the Israeli isolates. Aquac Res 510:61-65.
428 10.1016/j.aquaculture.2019.04.058

429 Randazzo W, Truchado P, Cuevas-Ferrando E, Simon P, Allende A, and Sanchez G. 2020.
430 SARS-CoV-2 RNA in wastewater anticipated COVID-19 occurrencein alow prevalence
431 area. Water Res 181:115942. 10.1016/j.watres2020.115942

432  Subramaniam K, Ferguson HW, Kabuusu R, and Waltzek TB. 2019. Genome sequence of tilapia
433 lake virus associated with syncytial hepatitis of tilapia in an Ecuadorian aquaculture
434 facility. Microbiol Resour Announc 8:€00084-00019. 10.1128/MRA.00084-19

435  Surachetpong W, Janetanakit T, Nonthabenjawan N, Tattiyapong P, Sirikanchana K, and
436 Amonsin A. 2017. Outbreaks of Tilapia Lake Virus Infection, Thailand, 2015-2016.
437 Emerg Infect Dis23:1031-1033. 10.3201/eid2306.161278

438  Surachetpong W, Roy SRK, and Nicholson P. 2020. Tilapia lake virus: The story so far. J Fish
439 Dis43:1115-1132.10.1111/jfd.13237

440 Taengphu S, Sangsuriya P, Phiwsalya K, Debnath PP, Delamare-Deboutteville J, Mohan CV,
441 Dong HT, and Senapin S. 2020. Genetic diversity of tilapia lake virus genome segment 1
442 from 2011 to 2019 and a newly validated semi-nested RT-PCR method. Aquac Res 526.

443 10.1016/j.aquaculture.2020.735423


https://doi.org/10.1101/2021.08.10.455809
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2021.08.10.4558009; this version posted August 10, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

444  Tattiyapong P, Srrikanchana K, and Surachetpong W. 2018. Development and validation of a

445 reverse transcription quantitative polymerase chain reaction for tilapia lake virus
446 detection in clinical samples and experimentally challenged fish. J Fish Dis 41:255-261.
447 10.1111/fd.12708

448  Thawornwattana Y, Dong HT, Phiwsaiya K, Sangsuriya P, Senapin S, and Aiewsakun P. 2021.
449 Tilapia lake virus (TiLV): Genomic epidemiology and its early origin. Transbound
450 Emerg Dis 68:435-444. 10.1111/tbed.13693

451  Waiyamitra P, Tattiyapong P, Sirikanchana K, Mongkolsuk S, Nicholson P, and Surachetpong
452 W. 2018. A TagMan RT-gPCR assay for tilapia lake virus (TiLV) detection in tilapia
453 Aquac Res497:184-188. 10.1016/j.aquaculture.2018.07.060

454  Yamkasem J, Tattiyapong P, Kamlangdee A, and Surachetpong W. 2019. Evidence of potential
455 vertical transmission of tilapialake virus. J Fish Dis42:1293-1300. 10.1111/jfd.13050
456 YinJ Wang Q, Wang Y, Li Y, Zeng W, Wu J, Ren Y, Tang Y, Gao C, Hu H, and Bergmann
457 SM. 2019. Development of a simple and rapid reverse transcription-loopmediated
458 isothermal amplification (RT-LAMP) assay for sensitive detection of tilapia lake virus. J

459 Fish Dis42:817-824.10.1111/jfd.12983


https://doi.org/10.1101/2021.08.10.455809
http://creativecommons.org/licenses/by-nc/4.0/

460
461

462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

481
482
483
484
485
486
487
488
489
490
491
492

bioRxiv preprint doi: https://doi.org/10.1101/2021.08.10.455809; this version posted August 10, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

Tablesand Figures
| ,.Maa

B . gy | S

ol
,\

(a) Viral (b) Vacuum pressure (c) Membrane
flocculation pump setting filtration

\ - v

(d) Viral : . ] o
[ coticentiation } [(e} Resuspensan [(ﬂ RNA extraction } [ (g) Viral quantification }

Figure 1: Workflow of TiLV flocculation, concentration and quantification used in this study.

An iron flocculation method was used to concentrate viruses from water (a). The water
suspension containing the virus was filtered through a 0.4-pum pore size polycarbonate membrane
filter with a vacuum pressure pump (b-c). The flocculate-trapped filter (d) was then resuspended

in oxalate-EDTA buffer (€) prior to nucleic acid extraction (f) and TiLV quantification (g).
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512  Figure 2: Performance of the newly established probe-based RT-qgPCR detection of TiLV
513 genomic segment 9. a) Analytical sensitivity assay determined using seria dilutions of plasmid
514  DNA containing a 351-bp TiLV segment 9 insert. Amplification results were from two technical
515 replicate tests. b) A standard curve was derived from the assays in (a) showing an amplification
516 efficiency (E) of 94.0%. c) Analytical specificity test of the RT-gPCR protocol against RNAS
517  extracted from common pathogens of fish and healthy looking tilapia as listed in Table S1. d)
518 TiLV guantification from template extracted from stock virus (S) and flocculate-trapped filters
519 (F) with resuspension step using two replicates. €) TiLV quantification from fish samples
520 collected from an outbreak open cage. f) TiLV quantification from water samples collected from
521  an outbreak open cage. P, positive control; N, no template control; RFU, relative fluorescence
522  units.
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Table 1: Diagnostic specificity and sensitivity of the Seg9 probe-based RT-gPCR method

Test results Diseased samples Non-diseased samples
(n=44) (n=21)
Positive (+) True positive False positive
44 0
Negative (-) False negative True negative
0 21

Diagnostic sensitivity (%) 100
Diagnostic specificity (%) 100
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Table 2: Percentage (%) recovery of viruses from water using different conditions

Sample Before and after Suspension Total viral % recovery  Fold
type flocculation step copy reduction
number
Water Before (viral stock) 3.92 x 10°
spiked After (Rep.1) No 9.34 x 10° 2.38 41.93
with TiLV  After (Rep.2) No 6.62 x 10° 1.69 59.18
culture Mean + SD 204+05 5055+ 122
Before (viral stock 1) 1.27 x 10°
After (Rep.1) Yes 2.67 x 10’ 21.08 4.74
Before (viral stock 2) 3.21x 10’
After (Rep.2) Yes 4.67 x 10° 14.55 6.87
Before (viral stock 3)* 4.16 x 10’
After (Rep.3)* Yes 5.85 x 10° 14.07 7.10
Before (viral stock 4)* 3.07 x 10’
After (Rep.4)* Yes 452 x 10° 14.74 6.78
Mean + SD 16.11+ 3.3 6.38+ 1.1

Rep, replicate; * denotes experiments where qPCR results were shown in Fig. 2d.
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Table 3: Quantification of TiLV from fish and water during an outbreak in open-cages

Cage Samples Cq TiLV load*  Interpretation
Diseased fish A1-1 (liver + spleen) 13.02 2.64 x 10° +
Diseased fish A1-2 (liver + spleen) 3069  218x10° +

A Diseased fish A1-3 (liver + spleen) 1311  2.49x10° +
Water sample Al 36.76 850 x 10° +
Water sample A2 31.95 2.06 x 10° +
Diseased fish B1-1 (liver + spleen) 14.35 1.10 x 10° +
Diseased fish B1-2 (liver + spleen) 17.49 1.37 x 10’ +
B Diseased fish B1-3 (liver + spleen) 13.13 2.46 x 10° +
Water sample B1 3254  1.39x10 +
Water sample B2 3160 259 x 10* +
Diseased fish C1-1 (liver + spleen) 1476  834x 10 +
c Diseased fish C1-2 (liver + spleen) 1387  150x10° +
Water sample C1 32.71 1.24 x 10* +
Water sample C2 31.49 2.79 x 10° +
Diseased fish D1-1 (liver + spleen) 36.22 5.6 x 10" +
Diseased fish D1-2 (liver + spleen) 1240  3.98x10° +
D Diseased fish D1-3 (liver + spleen) 1867  6.26 x 10° +
Water sample D1 3590  1.50x 10" +
Water sample D2 3119  3.40x10* +

Gray highlights water samples; *viral copy (per reaction for 150 ng fish extracted RNA & per L
of water sample); +, detected.
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Table 4: Quantification of TiLV from fish and pond water during an outbreak in earthen closed-

ponds
Pond Samples Cq TiLV load* Interpretation

Diseased F1 (liver + spleen) 1242  3.93x10° +
Diseased F2 (liver + spleen) 1456  9.53x 10’ +
Fish Diseased F3 (liver + spleen) 1211 4.83x10° +
. . Diseased F4 (liver + spleen) 1077 117 x10° +
Fi ”%e”'”g Diseased F5 (liver) 1346  4.17x10° +
2’;? ecgj Normal looking (whole fish) 2085  3.80x 10° +
pond) Water Location 1 39.73 - -
Location 2 3330 841x10° +
Snail Pooled sample - - -
Sludge Pooled sample 1 - - -
Pooled sample 2 - - -
Fingerling Fish Normal Iook? ng F1 (Wholef?sh) - - -
pond C2 Normal looking F2 (whole fish) 32.88 5.11x 10 +
Water Location 1 3466  3.42x10° +
Location 2 39.76 - =

Fingerling Fish Normal looking F1 (whole fish) 37.34 2.6x 10
c3 Normal looking F2 (whole fish) - - -
Water Location 1 - - -
Location 2 - - -

Female brood 1, normal looking’ 37.08 3.10 x 10"

Broodstock 1" Female brood 2, normal looki gg# 3542  950x10'
ond B1 Male brood 1, normal looking 38.28 - -

P Male brood 2, normal looking” 36.18  5.70 x 10"
Water Location 1 3779  429x10° +
Broodstock Water Location 1 - - -
pond B2 Location 2 - - -
Broodstock ~Water Location 1 - - -
pond B3 Location 2 - - -
Sewage Water Location 1 3461  353x10° +
Location 2 - - -
Reservoir Water Locat? onl - . -
Location 2 37.78  4.32x10 i

Gray highlights water samples; *viral copy (per reaction for 150 ng fish extracted RNA & per L
of water sample); #, liver, kidney, spleen, gill, gonad; -, not detected; +, detected; C2, C3, B1-B3
apparently healthy ponds with no signs of disease
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Figure S1. Nucleotide sequence alignments of TiLV segment 9 sequences (n=27) retrieved from
the GenBank database at NCBI. Accession numbers and viral isolate names of all 27 sequences
are shown on the left panel. Position of primers and probe used in the newly developed RT-
gPCR assay are marked. Numbers denote nucleotide positions to the putative coding region.
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Table S1: Sample used for evaluation of analytical specificity and senstivity of the probe-based
RT-gPCR method

ND,
Samples Host Sampletype RT-gPCR result

(Ca) not

Clinically hedlthy tilapia NA RNA ND dete
NNV-infected tissue Grouper RNA ND

ISKNV -infected tissue Asian sea bass RNA ND ctab
SDDV-infected tissue Asian sea bass RNA ND le
Streptococcus agalactiae Niletilapia RNA ND
Streptococcusiniae Asian sea bass RNA ND
Edwardsiellaictaluri Striped catfish RNA ND

Edwardsiella tarda Niletilapia RNA ND
Flavobacterium columnare Asian sea bass RNA ND

Francisella orientalis Hybrid red tilapia RNA ND

Aeromonas hydrophila Tilapia RNA ND

Aeromonas veronii Niletilapia RNA ND

Aeromonas dhakensis Hybrid red tilapia RNA ND

Aeromonas caviae Niletilapia RNA ND

Aeromonas jandaei Niletilapia RNA ND

Plesiomonas shigelloides Niletilapia RNA ND
Chryseobacterium sp. Niletilapia RNA ND

Vogesella sp. Niletilapia RNA ND

Vibrio cholerae Niletilapia RNA ND
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