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Supplementary Table 1. Sampling locations and dates.

Number of live

Number of necropsied

Year Month Location sampled seals seal carcasses
April Seashore along Kalamkas oil field (45°25’ N, 051°47’ E) - 8
2007 October South-West isles (46°45’ N, 51°38’ E) -
November Rybachy isle, Kulaly group (44°76' N, 50°37' E) -
2008 November Rybachy isle, Kulaly group (44°76' N, 50°37' E) 13 -
2009 November Kendirliisles, Kazakh Bay (42°44' N, 52°32' E) 7 1
5010 May Kendirli isles, Kazakh Bay (42°44' N, 52°32' E) - 1
October Kendirli isles, Kazakh Bay (42°44' N, 52°32' E) 18 -
2011 April Durnev isles, Komsomolets Bay (45°30' N, 52°37' E) 46 -
March Bautino spit, Cape Urduke (44°23' N, 50°14'E) _ 6
2012 October Kendirli isles, Kazakh Bay (42°44' N, 52°32' E) 21 1
2013 May Bautino spit (44°28'54” N, 50°14'28" E) - 1
November Kendirliisles, Kazakh Bay (42°44' N, 52°32' E) 8 -
Kendirli isles, Kazakh Bay (42°44’ N, 52°32' E) 3 -
2014 April
Bautino spit (44°28'54” N, 50°14'28” E) - -
Kendirli isles, Kazakh Bay (42°44' N, 52°32' E) 1 6
2015 April
Aqgtau (43°39'N, 51°09' E) ;
May Prorva artisanal isle (46°00' N, 53°04' E) ’3 1
2016 October  Kendirli isles, Kazakh Bay (42°44' N, 52°32' E) 20 .
April Komsomolets Bay - 1
2017 April Bautino spit (44°28'54” N, 50°14'28” E) - 10
October Kendirli isles, Kazakh Bay (42°44' N, 52°32' E) 5 i
Total 177 37




Supplementary Table 2. Caspian seal health survey sample sizes, by sex, age class and sample type (live seals).

Number
S;;eg”onfg sgInIL)\fgd Sex Age class Swab samples Other samples
seals
Male Female Juvenile igslt Adult Buccal Nasal Conjunctival Rectal Urogenital Serum Faeces
2007 12 4 4 8 1 1 12 12 0 12 0 12 0
2008 13 7 6 6 5 2 13 13 0 13 13 13 0
2009 7 3 4 1 3 3 7 3 7 7 7 0 0
2010 18 3 15 0 2 16 18 18 18 18 18 3 1
2011 46 34 11 0 4 41 37 30 0 37 37 24 0
2012 21 8 13 2 2 16 21 21 0 21 21 10 0
2013 8 3 5 4 2 2 8 8 8 8 8 8 0
2014 3 1 2 1 2 0 3 3 0 3 3 3 0
2015 1 1 0 0 1 0 1 1 1 1 1 1 5
2016 43 18 22 3 3 27 43 43 0 43 43 20 0
2017 5 1 4 1 0 4 5 5 0 5 0 3 20
Total 177 83 86 26 25 112 168 157 34 168 151 97 26




Supplementary Table 3. Amplification primers for genes of the specified virus species and families

screened in Caspian seal samples.

Expected
Target gene Primer sequence references product
(b.p.)
) N CU-MF: 5’-TGATCTTCTTGAAAATTTGCAG-3’ 279
M gene of influenza A virus , ,
CU-MR: 5’-TGTTGACAAAATGACCATCG-3
NS1:5'- ATG GCC ATC GGATCC TCA AC-3’
N finfl B virus? 240
> gene of influenza B virus NS2: 5’- TGT CAG CTA TTA TGG AGC TG-3’
P sene of morbilliviruses?® UP-P1:-5' ATGTTTATGATCACAGCGGT-3’ 429
8 UP-P2: -5' ATTGGGTTGCACCACTTGTC-3’
gD gene [glycoprotein D] of phocid gD1: 5' - GAAGTTCGGTATGT[A/T]AC-3’ 290
herpesvirus type 1 (PhHV-1)* gD2: 5 '- TTAGGGTTAAGTAG[T/C]AG -3'
L gene of paramyxoviruses PMX1: 5’ - GARGGIYITGYCARAARNTNTGGAC - 3’ 132
(Pan-paramyxovirus primer)® PMX2: 5’ - TIAYIGCWATIRIYTGRTTRTCNCC -3’
L gene of paramyxoviruses PAR F1:-5'GAAGGITATTGTCAIAARNTNTGGAC-3’ 600
(Pan-paramyxovirus primer)® PAR F2:-5'GTTGCTTCAATGGTTCARGGNGAYAA-3’
poly L gene of coronaviruses Cor-FW:- 5’ACWCARHTVAAYYTNAARTAYG-3’ 251
(Pan-coronavirus primer)’ Cor-RW:- 5’ TCRCAYTTDGGRTARTCCC-3’
polFouter [5'-TNMGNGGNGGNMGNTGYTAYCC-3']
polRouter [5'-GTDGCRAANSHNCCRTABARNGMRTT-3']
318-325

pol gene of adenoviruses®

- for the 2" round polFinner (5'-

GTNTWYGAYATHTGYGGHATGTAYGC-3' polRinner (5'-
CCANCCBCDRTTRTGNARNGTRA-3’).
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Supplementary Table 4. Thermocycling parameters for PCR with different virus screening primers.

Primers Denaturation Annealing Elongation
t°C duration t°C duration t°C duration
CU-MF/MR 94°C 30 sec 55°C, 30 sec 72°C, 30 sec
NS1/NS2 95°C 1 min 45°C 1 min 72°C 3 min
P1/P2 95°C 1 min 53°C 1 min 72°C 1 min
gD1/ gD2 94°C 30 sec 45°C, 1 min 72°C, 1 min
PMX1/PMX2 95°C 15 sec 41°C 30 sec 72°C, 30 sec
PAR F1/ PAR F2 94°C 15 sec 50°C 30 sec 72°C, 30 sec
Cor-FW/ Cor-RW 94°C 30 sec 48°C 30 sec 72°C 1 min
polFouter/ polRouter 94°C 30 sec 46°C 1 min 72°C 1 min
polFinner/ polRinner 94°C 30 sec 46°C 1 min 72°C 1 min




Supplementary Table 5. Sequence identity between Caspian seal P gene amplicon sequences.

Strain 1 2 3 4 5 6 7

1 1BN CDV.sam contig 1 (2008 whole genome P gene sequence) -

2 P gene CDV 2008 (RT-PCR amplicon) 1.00000 -

3 baku4t? 0.99502 0.99441 -

4  baku5'? 0.99751 0.99721 0.99751 -

5 kzlt? 0.99504 0.99441 1.00000 0.99751 -

6 kz212? 0.99504 0.99441 1.00000 0.99751 1.00000 -
MN267066.1 Canine morbillivirus isolate PC00-21 complete genome

7 (2000 outbreak)? 0.99504 0.99441 1.00000 0.99751 1.00000 1.00000 -
HM046486.1 Canine distemper virus strain Phoca/Caspian/2007

8 complete genome 0.96526 0.96927 0.97015 0.96766 0.97022 0.97022 0.97022
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Supplementary Figure 1. Maximum Likelihood phylogenetic tree for partial sequences of the

UB1387.1:639-1207 Canine herpesvirus

MW353131.1:107160-107731 Canid alphaherpesvirus 1 strain ELAL-7
KT819633.1:107163-107731 Canid alphaherpesvirus 1 strain 0194
U84223.1:1692-2260 Canid herpesvirus 1

AF361076.1:21-589 Canine herpesvirus US2 (U52) gene partial cds
MW353126.1:107166-107734 Canid alphaherpesvirus 1 strain ELAL-2
MW353127 1:107170-107738 Canid alphaherpesvirus 1 strain ELAL-3
MW353137.1:107169-107737 Canid alphaherpesvirus 1 strain ELAL-14
MW353138.1:107156-107724 Canid alphaherpesvirus 1 strain ELAL-13
MW353139.1:107156-107724 Canid alphaherpesvirus 1 strain ELAL-15

KT819631.1:106506-107074 Canid alphaherpesvirus 1 strain V1154

KY057364 1:107018-107586 Canid alphaherpesvirus 1 strain 15-4016-NSW

KT819632 1:106827-107395 Canid alphaherpesvirus 1 strain V777

KX828242 1:107165-107736 Canid alphaherpesvirus 1 strain BTU-1 isolate HYC199/12

MW353125.1:107169-107746 Canid alphaherpesvirus 1 strain ELAL-1
NC 043410.1:419-1188 Phocid herpesvirus-1 strain PB84 partial genome

Caspian Seal 2016 Phocid herpesvirus Us2 partial cds

OK032545.1:110183-110952 Phocid alphaherpesvirus 1 strain PB84 complete genome

MH509440.2:106368-107107 Phocid alphaherpesvirus 1

alphaherpesvirus type 1 Us2 gene.

Arrow indicates the position of the Caspian seal 2016 isolate. The tree was generated using the Tamura

3 parameter distance with 1000 bootstrap replicates.



MHE69071.1:6369-6611 Human mastadenovirus B isolate HAdV-B/USA Pennsylvania/VT5079/2009/P14H14F 14
MW053454 1:6381-6623 Human adenovirus 55 isolate 21962 S4TF53

MT325871.1:6155-6397 Human adenovirus sp. strain JXC007/2012

MGB42745.1:8374-8616 Human adenovirus 14 strain HAdV-B/USA/WPAFB 15/2009

MNE54393.1:6380-6622 Human adenovirus 55 isolate WPAFB415

MGB42753.1:8372-6614 Human adenovirus 14 strain HAdV-B/USA/NHRC 25032/2010
MK568769.1:6375-6617 Human mastadenovirus B strain HAdV-B14/California NHRC 25783 2011 P14H14F14

MH489479 1:5687-5929 Human mastadenovirus B isolate HAdV-B14/South Carolina NHRC 75650 2017 P14H14F 14
MHE68280.1:6370-6612 Human mastadenovirus B isolate 75658

MK883606.1:6360-6602 Human mastadenovirus B isolate Human/China/Shanghai/3961/2012/55 P14H11F14
MHE69070.1:6375-6617 Human mastadenovirus B isolate HAdV-B/USA New York/1550/2006/P14H14F 14
KY753135.1:27-234 Lutrine adenovirus type 1 isolate OT02

% | KY753140.1:23-230 Lutrine adenovirus type 1 isolate OTO7

KY753139.1:2-201 Lutrine adenovirus type 1 isolate OT06
Adenovirus/Caspian seal/KZ/9/2016

MK504003.1:37-270 Bovine adenovirus 10 strain BAdV-10 4088
MN136613.1:10-254 Bat mastadenovirus isolate CMR-5877
MN136602.1:24-247 Bat mastadenovirus isolate CMR-5736
A NC 038332.1:5841-6086 Bottlenose dolphin adenovirus 1 strain
MN136625.1:10-254 Bat mastadenovirus isolate CMR-5983
MN136630.1:1-195 Bat mastadenovirus isolate CMR-6226
WMN136631.1:1-239 Bat mastadenovirus isolate CMR-6227
MN136566.1:10-255 Bat mastadenovirus isolate CMR-5504
MF509770.1:206-444 Felis catus adenovirus
NMN136616.1:11-226 Bat mastadenovirus isolate CMR-5901
MN136542 1:11-255 Bat mastadenovirus isolate CMR-5213

57 | MN126541.1:10-255 Bat mastadenovirus isolate CMR-5206
100 | AB583501.1:1623-1865 Human mastadenovirus B

AB583494.1:1623-1865 Human adenovirus 14 gene
A MT481297 1:4-249 Bowhead whale adenovirus strain BwAdV 12B22
MK325893.1:2-246 Adenovirus PREDICT AdV-80 isolate PREDICT GVF-CM-ECO05983
MK325875.1:2-246 Adenovirus PREDICT AdV-59 isolate PREDICT GVF-CM-ECQO05877
@ JX244191.1:3-235 Phocine adenovirus 1 isolate PhAdV-1
MK325861 232 Adenovirus PREDICT AdV-62 isolate PREDICT GVF-CM-ECO05736
@ Jx244192.1:2-246 Phocine adenovirus 2 isolate PhAdV-2
10 | MK325785.1:1-246 Adenovirus PREDICT AdV-48 isolate PREDICT GVF-CM-ECQ05206
MK325786.1:1-245 Adenovirus PREDICT AdV-48 isolate PREDICT GVF-CM-ECO05213
MK325878.1:30-245 Adenovirus PREDICT AdV-48 isolate PREDICT GVF-CM-ECO05901
Ei] JX244189.1:1-240 Otarine adenovirus 2 isolate OtAdV-2
IQLE MF175109.1:2-246 Unidentified adenovirus isclate Sh12015
MF175107.1:7-214 Unidentified adenovirus isolate Aau13092
MF175105.1:11-241 Unidentified adenovirus isolate AAU11023
o8 MF175110.1:11-246 Unidentified adenovirus isolate Sh12017
93| MK381617.1:1-246 Adenovirus PREDICT AdV-66 isolate PREDICT PSW 00708
MK391622.1:1-246 Adenovirus PREDICT AdV-66 isolate PREDICT PSW 00790
MK391624.1:1-246 Adenovirus PREDICT AdV-66 isolate PREDICT PSW 00854
MK325824.1:1-246 Adenovirus PREDICT AdV-50 isolate PREDICT GVF-CM-ECO05504
MK325767.1:1-246 Adenovirus PREDICT AdV-15 isolate PREDICT Bairro do Moinho-16
MK391623.1:2-246 Adenovirus PREDICT AdV-67 isolate PREDICT PSW 00794
MK325300.1:1-239 Adenovirus PREDICT AdV-64 isolate PREDICT GVF-CM-ECQ06227
MK325899.1:42-236 Adenovirus PREDICT AdV-64 isolate PREDICT GVF-CM-ECO06226

100

2 Otarine adenoviruses

23

Supplementary Figure 2. Maximum Likelihood phylogenetic tree for partial sequences of the
Adenovirus pol gene.

Arrow indicates the position of the Caspian seal 2016 isolate. Position of isolate derived from other

marine mammals highlighted by symbols. The tree was generated using the Tamura 3 parameter + G
distance with 1000 bootstrap replicates.



Supplementary Figure 2. Seal pathologies and injuries.

Supplementary Figure 1B — Juvenile Caspian seal with suspected predator bite excising skin and
blubber from the dorsal area between the scapulars and tail.
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Supplementary Figure 3. Proportion of seals with antibodies against influenza B virus.

Caspian seal serum samples were tested with the hemagglutination inhibition test for the presence
of antibodies against hemagglutinins of the Influenza B virus. White bars — total sample size, grey
bars - number of sera with antibodies against the influenza B virus.

10



Supplementary Table 6. Age categories of Caspian seals testing positive for selected pathogens via PCR and serological tests. Grey shading
highlights positive detections.

PCR 1gG ELISA HI test LMAT

Season, year Juv  Sub-adult Adult Juvenile Sub-adult Adult Adt Juv SA Adt Juv. S-A Adt
CDV CDV IAV AV Ph'i'v' AdV CDV CAV CCV CHV CDV CAV CCV CHV CDV CAV CCV CHV TG HW IAV IAV IBV Leptospira

Autumn, 2007 0 0 0 O 0 0 0 0 0 0 0 0 1 0 0 0 0 o o o o o 1 o o o o0 o
Autumn, 2008 4 1 0 0 0 0 1 2 0 5 0 1 0 2 0 0 0 0 0 0 0 0 3 1 0 2 1 1
Autumn, 2009 0 0 0 o© 0 0 0 0 0 0 1 0 o0 0 0 1 0 2 o o o o o o 1 o o0 o
Autumn, 2010 0 0 0 © 0 o o o o0 o0 o0 O O O O0O o O 2 o0 0 0 0 O 0 2 o0 o0 O
Spring, 2011 0 0 0 o© 0 0 0 0 0 0 0 0 o0 2 1 9 0o 2 o o 4 2 o 1 1 o o 3
Autumn, 2012 0 0 0 © 0 0 0 0 © i o o0 o o0 o0 2 o 9% 1 1 1 o 1 o 1 o0 o0 o0
Autumn, 2013 0 0 0 o© 0 0 0 0 0 1 0 0 o0 1 0 0 0 1 o o o o o0 o0 0 o0 0 O
Spring, 2014 0 0 0 o© 0 0 0 0 o 2 0 0 o0 0 0 1 0 o 0 o0 0O O O 0O O o0 O0 o0
Spring, 2016 0 0 0 o© 3 0 0 0 1 1 0 0 o0 1 2 1 2 7 1 o 2 2 o9 0 2 o0 0 o0
Autumn, 2016 0 o 1 3 2 5 o o0 o0 1 0 1 9 1 1 1 o 6 0o o 1 1 o9 o0 0 o0 o0 o

Abbreviations: Adt — Adult; CAV - Canine adenovirus; CCV - Canine coronavirus; CDV - Canine distemper virus; CHV - Canine herpesvirus; HI - Hemagglutination
inhibition test; HW — Heartworm; IAV - Influenza A virus; IBV - Influenza B virus; Juv — Juvenile; LMAT — Leptospira microscopic agglutination test; PhHV - Phocine
herpesvirus; SA - Sub-Adult; TG - Toxoplasma gondii.
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Supplementary Table 7. Evaluation of seasonal differences in prevalence viral pathogens

from RT-PCR and PCR tests of Caspian seal swab samples.

Type of test Pathogens Test results Spring Autumn p-value (Fisher’s
(Prevalence, %) (Prevalence, %) exact test)
RT-PCR Canine Positive 0 5(10.0)
Distemper Virus  Negative 49 45 BEsE
RT-PCR Influenza A virus  Positive 0 4 (5.63)
Negative 28 67 0-7
PCR Seal Herpesvirus Positive 3(8.33) 2 (4.76) e
PhHV-1 Negative 33 40
PCR Adenovirus Positive 0 5(21.7)
Negative 0 18 !
Total Positive 3(2.65) 16 (8.60)
Negative 110 170

Supplementary Table 8. Evaluation of seasonal differences in antibody prevalence for selected

pathogens in Caspian seals sera.

Test Spring Autumn p-value (Fisher’s
T f test Path
ype ot tes athogens results (Prevalence, %) (Prevalence, %) exact test)
Positive 3 (6.67) 1(3.70)
Canine Coronavirus : 1
Negative 42 26
Positive 3 (6.67) 3(10.3)
Canine Distemper Virus - 0.67
Negative 42 26
Positive 10 (22.2) 8(28.6)
Canine Adenovirus : 0.58
Negative 35 20
Positive 35 32
Ig ELISA Canine Herpes Virus 0.12
& P Negative O 4
Positive 6 (15.0) 2 (5.56)
Infl A vi 0.27
nriuenza Avirus Negative 34 34
Positive  1(2.17) 1(3.12)
Toxoplasma gondii - 1
Negative 45 31
Positive 0 1(3.70)
Heartworm - 0.38
Negative 45 26
Positive 4 (9.30) 1(5.56)
i 1
Influenza A virus Negative 39 17
HI
Positive 4 (10.0) 10 (33.3)
Infl B vi 0.03
nfluenza B virus Negative 36 20
ID Screen » v Positive  21(41.2) 14(29.2) 025
ELISA nfluenza A virus Negative 30 34 .
Positive 87 (20.0) 73 (23.5)
Total : -
Negative 348 238
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