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Abstract: In spite of enormous vaccination programs that were implemented in the Egyptian poultry
farms, Newcastle Disease Virus (NDV) remains one of the major concerns to the poultry industry. There-
fore, molecular analysis for the circulating NDV strains is crucial to monitor their genetic evolution.
Twenty-three tracheal samples were collected from vaccinated broiler, layer and breeder flocks suffered
from respiratory, nervous symptoms and drop in egg production between October 2019 and December
2020. Only ten samples (10/23; 43.5%) showed HA activity after propagation into ECE while only six sam-
ples were positive for Avian avulavirus 1 based on real time RT-PCR. Nucleotide sequences for both F and
HN genes showed high similarity to recently reported Egyptian NDV isolates. Sequencing for the F protein
cleavage site showed the typical sequence of velogenic NDV strains (**2R-R/K-Q-K-R, F*Y’). Deduced
amino acid analyses for the cleavage site, fusion peptide, glycosylation sites, heptad repeat region and
transmembrane domain of F protein were conducted along with the transmembrane domain of HN pro-
tein that showed different substitutions in comparison with the commonly used vaccine strains. Phyloge-
netic analyses for the reported isolates in this study based on the full-length F gene revealed their clus-
tering within sub-genotype VII.1.1. 3D protein structural modelling suggested that amino acids substitu-
tions within the fusion peptide sequences result in conformational changes in the F protein structure. In
conclusion, NDV continues to evolve and further in vivo studies are strongly recommended to define the
precise efficacy of applied NDV vaccines against the circulating strains in Egypt.
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Introduction economic losses to the poultry industry world-
wide and especially in developing countries (5).
OIE ranked NDV as the second-highest endemic
disease in many countries (6). Poultry flocks with
mixed viral infections beside NDV infection like

Newcastle Disease (ND) is one of the most
important viral diseases affecting poultry, which
caused by Avian avulavirus 1 (APMV-1) (1). A

wide range of birds are considered as a natural ;o GO op oo qlle (IBV), low pathogenic
hosts of Newcastle Disease virus (NDV) includ-  vi0n influenza viruses (LPAIV), high pathogenic
ing chickens, turkeys, ducks, geese, pigeons, quail,  ,vian influenza viruses (HPAIV) or avian reovi-
pheasants, guinea fowl, ostriches, and many wild s usually have greater losses (19, 20-21). In the
birds’ species (2). ND is a highly contagious acute past years, many NDV outbreaks were reported
notifiable viral disease affects domestic poultry  in many countries, as Japan (8), Brazil (9), China
regardless of bird’s age or sex (3, 4) causing great  (10), South America (11) and Malaysia (12). NDV
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was reported in Egypt in 1942 (13), and there
have been multiple reports since then (14, 15, 16).
Recently, many vaccinated or unvaccinated Egyp-
tian poultry flocks have shown outbreaks of
NDV (17, 18). Improper NDV vaccination or al-
tered immunity are considered the main causes
for ND outbreaks in vaccinated flocks (42). NDV
infection can be manifested, as respiratory, intes-
tinal, and/or neurological form with mortality
rate can reach up to 100% depending on the virus
strain and its pathogenicity (22). NDV strains are
classified into five pathotypes based on their
pathogenicity; asymptomatic enteric, lentogenic,
mesogenic, neurotropic velogenic, and viscero-
tropic velogenic (23). NDV is an enveloped vi-
rus; has a single-stranded linear negative sense
RNA genome (~15.2 kb); belongs to family Para-
myxoviridae, order Mononegavirales (24- 20).
NDV genome encodes six structural proteins; in-
cluding RNA-dependent RNA polymerase (L),
hemagglutinin-neuraminidase protein (HN), fu-
sion protein (F), matrix protein (M), phospho-
protein (P), and nucleoprotein (N) (27). Also, it
encodes for two nonstructural proteins (V) and
(W) proteins via P protein mRNA editing (28).
Both F and HN proteins are membrane glycopro-
teins, and involved in the antigenic and patho-
genic determination of NDV strains (27). The F
protein and its cleavage site sequence is the most
important key in determining the pathogenicity
of NDV (16, 29). HN has a neuraminidase (NA)
activity which mediates the virus attachment to
sialic acid-containing receptors (39). Sequence
analyses for both IF and HN membrane glycopro-
teins are widely used for the molecular identifica-
tion of NDV strains (22). Brevity, most of NDV
vaccination programs currently applied in the
Egyptian poultry industry include live and/or in-
activated NDV genotype I, genotype 11 and ge-
netically modified vaccines (19, 40).

Many classification systems were used to clas-
sify the NDV strains based on sequencing and
phylogenetic analyses (28, 3132, — 36). The first
unified NDV classification system was suggested
in 2012 (37) where NDV strains were divided
into class I and class II. Class I was subdivided
into only one genotype, whereas class II were
subdivided into at least eighteen genotypes (38).

Recently, an updated and unified classification
system relied on the phylogenetic analysis of full
F gene with a revised nomenclature for Newcas-
tle disease viruses (NDVs) were generated (32)
where class II genotypes were supposed to be
grouped into about twenty-one genotypes, with
some subgenotypes. NDV strains of genotype
VII are accused of being responsible for the
fourth NDV panzootic that has spread between
Asian, African, and European countries (41). In
the current study, the full nucleotides sequence
analyses for both F and HN genes were carried
out for recently isolated and characterized NDV
strains collected from different Egyptian poultry
flocks during the period from Oct 2019 to Dec
2020.

Materials and methods
Ethical approval

Institutional, national and international guide-
lines for animal care have been followed.

Sampling and samples history

Tracheal swabs were collected from affected
flocks, a total of twenty-three samples were col-
lected from different poultry flocks (broilers
(n=15), breeder (n=3), and layers (n=5) from
nine Egyptian governorates (Table 5).

Virus Lsolation

The collected tracheal swabs were immersed
in Phosphate-Buffered Saline (PBS) supple-
mented with gentamycin (50 pg/ml) and Myco-
statin (1000 units/mL).

Initially, samples were named numerically in
order manner; for example, sample of flock 1
(F1), sample of flock 23 (F23). Virus clarification
was done via centrifugation of each sample at
5000 rpm for 15 minutes. Ten-day-old specific
pathogen free embryonated chicken eggs (SPF-
ECEs) were inoculated with 200 pl of superna-
tant fluid from each sample through the allantoic
cavity and incubated for 3- 5 days with daily in-
spection. The allantoic fluid from each egg was
collected and tested for hemagglutination (HA)
activity based on slide HA test Table (5). Collec-
tively, HA positive samples were named numeri-
cally as Sample 1 (S1), Sample 2 (S2) etc.
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Figure 1: Thermal conditions applied at RT-qPCR and for the melting curve

Bio-Rad CFX manager 3.1 software was used for the calculation of melting temperature (T'm) of melting curves
and Cp values (22)

Table 1: Primers used for full F and HN proteins genes amplification

Product size

Primer name Sequence (5’ to 3") Position * bp
7S GTGAAYTTTGTCTCCTTGAC 3806-3825
7A GAGGCATGTGCRAAAGC 4779-4763 !
8S TTGAYGGCAGGCCTCTTG 4638-4655
8A GTGATAGAAGARCTTGACACCTC 5550-5528 o
9S ATAATATGCGTGCCACCTA 5430-5452
9A ATAYACGGGTAGAACGGT 6334-6317 o
108 TGGCTTGGGAAYAATACCCT 6155-6174
10A TGCAGTGTGAGTGCAACT 7140-7123 70
118 CGGACATCTGCAACAGG 7045-7061
11A GCAGCATACACAACATC 7997-7981 2
128 TTCGGGACRATGCTTGAT 7873-7890 1013
12A GCATTCTGGTTTCACTCAA 8882-8864

S: the sense primer, A: the anti-sense primer
* Positions are based on the full-length sequence of LaSota strain of NDV (GenBank accession number: AF077761) (45)

Table 2: Showing gene bank Accession numbers (n =12) of F and HN proteins genes sequences of the
study isolates (n=0)

F protein gene bank

HN protein gene bank Acces-

Isolates Nomenclature Accession No. sion No.

Isolate 1 CK/Egypt/FAY-ZU/Dec-2019/ MZ826277 MZ.826283
Isolate 2 CK/Egypt/GIZ-ZU/Feb-2020/ MZ826278 MZ826284
Isolate 3 CK/Egypt/FAY-ZU/Apr-2020/ MZ826279 MZ.826285
Isolate 4 CK/Egypt/BENI-ZU/Oct-2020/ MZ.826280 MZ.826286
Isolate 5 CK/Egypt/MON-ZU/Nov-2020/ MZ.826281 MZ.826287
Isolate 6 CK/Egypt/FAY-Z2U/Nov-2020/ MZ.826282 MZ.826288
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Viral RNA extraction and Real-time reverse tran-
scription-polymerase chain reaction (RT-gPCR)

Pure Link® (Invitrogen, USA) RNA Mini Kit
was used for viral RNA extraction from HA pos-
itive allantoic fluids according to its manual in-
structions. TOPreal™ One-step - SYBR Green
with low ROX - RT qPCR Kit (Enzynomics, Ko-
rea) was used for RT-qPCR of APMV-1 detec-
tion using CFX96 Touch real-time PCR detection
system (Bio-Rad Laboratories, USA).

Pair of specific primers for a conserved region
of the matrix (M) gene of APMV-1were used as
described earlier (44) (Figure 1)

F and HN genes amplification

Positive samples based on RT-qPCR was sub-
jected to one-step RT-PCR using six sets of primes
(Table 1) (45) using SuperScript™ Ill One-Step
RT-PCR System according to the manufacturer’s
instructions using ProFlex PCR thermal cycler (Ap-
plied biosystem, USA).

The PCR products were analyzed by agarose gel
electrophoresis (1%0) and then purified using the

QIAquick gel extraction kit (Qiagen) according
to the manufacturer's instructions.

Sequencing and Genetic analysis

The purified RT-PCR products were se-
quenced using Bigdye Terminator V3.1sequenc-
ing kit (Perkin Elmer, Foster City, CA) within the

Applied Biosystems 3130 Gene Analyzer (ABI,
USA). Bioedit software version 7.0.4.1 (46) was
used to check the quality, assemble and edit the
obtained sequences then the online Banklt tool
of the GenBank (http://www.ncbi.nlm.nih.gov/
WebSub/?tool=genbank was used for sequences
submission to GenBank and the accession num-
bers were mentioned in Table 2.

Phylogenetic analysis

The preliminary phylogenetic analysis was
based on a pilot tree as previously described (32)
to be utilized for rapid genotyping and identifica-
tion of the new isolates.

Using the neighbor-joining method; bootstrap-
ping at 1000 replicates and the tree was constructed
by within Mega 6 software version 7.0.26 (47).

Results
Hemagglutination (HA) assay

After three passages, only ten samples
showed positive HA and named as follows; S1-

S10 Table (5).
RT-gPCR for detection of ND1”

Only six samples out of ten (6/10) positive
HA samples were positive for Avian avulavirus 1
by RT-qPCR and named as follows; Isolate 1, 2,
till isolate 6 Figures (2, 3 and 4).

Amplification

3oon L

Cycles

Figure 2: Threshold cycles of tested samples, blue lines (n=0) represent positive control samples
(standard curve samples), the green lines (n=0) represent positive for Avian avulavirus samples, and
pink lines (n=4) represent the negative for Avian avulavirus samples
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Figure 3: Melting curve of tested samples, blue lines (n=06) represent positive control samples (stand-
ard curve samples), the green lines (n=0) represent positive for Avian avulavirus samples, and pink
lines (n=4) represent the negative for Avian avulavirus samples
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Figure 4: Melting peak of tested samples, blue lines (n1=0) represent positive control samples (standard curve
samples), the green lines (n=0) represent positive for Avian avulavirus samples showed a different melting peak,
and pink lines (n=4) represent the negative for Avian avulavirus samples.

F gene Genetic analysis

Blasting the obtained full-length F gene se-
quences for isolates 1, 2, 3, 4, and 6 showed high
similarities with old Egyptian isolates ranged
from 98.74 % to 99.76 % while Isolate 5 showed
less similarity between 96.95 % and 97.17 %.

Evolutionary distance analyses for our isolates
(n=0) reported in this study compared to other
Egyptian isolates, and commonly used vaccine
strains. Showed in supplementary table 1.

All the six isolates showed multiple basic
amino acid residues at the cleavage site (FO) of
the F protein '"R-R-Q-K-R""® sequence, except
the CK/Egypt/FAY-ZU/Dec-2019 isolate
(Isolate 1) that has 12R-K-Q-K-R116 sequence
with an interesting R113K substitution. In addi-
tion, all isolates have a phenylalanine residue at
position 117 (116/F"7) (Table 7). The fusion
peptide sequence (aall7— 141) within the six
isolates exhibited the same substitutions; L117F,
1121V, and G124S.

In comparison with the commonly applied
NDYV vaccines, all our isolates showed amino
acid substitution at the 2nd glycosylation site (aa
191-193) as follows; K192N.

Also, isolates 2 (CK/Egypt/GIZ-ZU/Feb-
2020), 3 (CK/Egypt/FAY-ZU/Apr-2020), and
4 (CK/Egypt/BENI-ZU/Oct-2020), showed
the same substitution at the 4th glycosylation
site (aa 471-473) as follows; S473F.

All the six isolates showed the same substitu-
tions at the heptad repeats (HR) regions [HRa
(aa 143-185), HRb (aa 268-299), and HRc (aa
471-500)] and at the transmembrane region (aa
from 501-521) of F protein.

Only K78R substitution was noticed in all six
isolates from all of the predicted F protein anti-
genic epitopes.All F protein gene substitutions pre-
sented in Table 3

Phylogenetic tree based on of the full-length FF
gene showed that all our six isolates are closely re-
lated to genotype VIIVIL1.1 (Figure 5)
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Table 3: Summarizing the amino acids substitutions at Cleavage site, fusion peptide, glycosylation sites, heptad
repeat region and transmembrane domain of the IF protein of the study isolates in comparison to the same
amino acids sequences of the most commonly applied NDv vaccinal strains

Cleavage Fusion pepid Heptad repeat (HR) regions Transmembrane
site u<s1 ?_/f;fn ¢ Glycosylation sites HRa HRb HRe domain
(112-116) (143-185) (268-299) (471-500) (501-521)
GAIIGGVALG N- 191IN- N-  47IN-  54IN- AKQN! AATNE ’'DSQT N 3
JE930510.1_LaSota * GRQ-GR LIGAIIGGVALG ~ 8N-  19IN-K  366N-  47IN 54IN-  QAKQNAANILRLKESIAATNEA  LITGNPILYDSQTQLL ~ NNSISNALNKLEESNR LITYIVLTTISLVEGILSLIL

VATAAQITAAAAL R-T87  T193  T-8368 N-S473 N-T543 VHEVIDGLSQLAVAVGKMQQF GIQVTLPSVGNLNNMR  KLDKVNVKLTSTSA

KMO056356.1_Avinew RIK A1398 === === === === === K145N, D170N === N479D, R486S 1509V, F514C, 1520V
Y18898.1_Clone_30 === === === === === === === === === === ===
AF309418.1_HB1 === === === === === === === === === === ===
e GI12R, o ! 1509V, V5131, F514C,
AY935499.2_12 RLIK A139S === === === === === K145N T2881 N479D, R486S, T496A e
CK/Egypt/FAY- RGH%E LR I20V. GIoAS === KION == oo —oo . N2y, Quiom, Tassx N4TID, KASOR E4824, 1809V, VSISL 516,
ZU/Dec-2019 Gk N B ! Ao REER, PR, R486S, D48IE, K494R 1520A
S473F, N479D, K4SOR,
CK/Egypt/GIZ- GI12R, N . e - ; L268R, N272Y, Q279H, > MO 1509V, V5131, I516A,
e L opac MUBI2IVGIAS === KON === SiF === A1768 g E482A, R486S, DASOE, s
K494R
: : . S473F, N479D, K4S0R, .
CK/Lgypt/FAY- GHIR, 4 198 1121, G124 KI92N ===  S473F A1768 N2T2Y, Q2T9H, T28N  F42A, Rases, Dagop, 0% VoL ISI0A,
ZU/ Apr-2020 GI15K 1520A
K494R
) . S4T3F, $475G N479D, )
Eﬁjgﬁ?’z‘é&hl\l' ?]1112?( LUTF 121V, G1248 === KI2N === S4T3F === AI768 N272Y, Q279H, 288N K4SOR, E482A, R4SGS, ‘509"‘1’552103,{’ [5164,
¢ 7 D489E, K494R '
CK/Egypt/MON- GI12R, o ok e N e e . e o oee NATOD,K4SOR E482A, 1509V, V5131, 15164,
ZU/Nov-2020 oz MIRIRIV,GIAS === KON === === === AL768 N2, QUIOH, TN e or aonm A
CK/Egypt/FAY- GI12R, e o L o - Y O . N479D,K480R, 4824, 1509V, V5131, 15164,
7U/Nov-2020 Gisk VBRIV GIS === KON === === === ALT6S N272Y, Q2T T8N p 4o 140, Kd94R 1520A

*LaSota NDv strain Amino acids sequence was used as the reference sequence according which the substitutions were illustrated

Table 4: Summarizing the amino acids substitutions at transmembrane domain, Head—stalk linker region, Hep-
tad repeats (HR) region, Neutralizing epitopes at C-terminal globular head, predicted linear B-cell epitope, and
thermostability residues of the HN protein of the study isolates in comparison to the same amino acids se-
quences of the most commonly applied NDv vaccinal strains

Head—stalk link Predicted Th
Transmembrane domain cad-st anker Heptad repeats (HR) region Neutralizing epitopes at C-terminal globular head linear B- cromo:
region cell epitope stability
25-45 115122 HRa(74-88)  HRb(96-110) (193-201) 263 287 321 332 333 (345-353) 362 494 (513-521) 569 266 315369
. . FRIAILFLTVV AN LGSNQDV  LLKTETT . . . N - . . .
i * i 7 D 7
JF950510.1_LaSota TLAISVASLL NGAANNSG VDRIYKQV  IMNAITSL ILSGCRDHSH N D K G K PDEQDYQR G G  RITRVSSSS v S I
J Y
KM056356.1_Avinew F31L,L3ZE:‘;>/\HA,S43A, N1208 == K98N, T1018 == == == == == == R353Q = D == == I P v
Y18898.1_Clone_30 == == == K98N, T101S == == == == == == == == == == == == == ==
AF309418.1_HB1 == == == K98N, T101S = == == == == ==x = == == == = = == ==
AY935499.2_1-2 139V, V41A, S43A, L45A N1208 == KO8N, T1018 = = = R = == = = D $520G = A Y
129V, F31L, T33M, V34A, < . K98N,
> 3 > s 8 3 rQ N7 s
;If\;]l;ip;{)foyw T35M, 301, V41A, S43A, A118E, N120S 6‘3:38211‘7(1’ T101S, == K == == == == E347K A D 1514V == A PV
L45A T102V
129V, F31L, T33M, V34A, K98N
§ — f , s 3 5e NTIC s
zgggr%;m T35M, T30, V41A, S43A, AT18E, N120S 6‘3338211‘7(1‘ T101S, == K == == == == E347K A D 1514V == A PV
L45A T102V
129V, F31L, T33M, V34A, K98N
AY. > 3 3 3 =58 N7 8
ngig‘f;{/}f{;\\ T35M, T301, V41A, S43A, A118E, N1208 ‘J%STIHGV T101S, == K == == == == E347K A D 1514V == A PV
Apra L45A TI02V
- 129V, F31L, T33M, V34A, e NTIC KO8N,
FK/Eg;pt/B]".NI— T35M, T301, V41A, S43A, A118E, N120S G738, NTTG, T1018, == K == == == == E347K A D 1514V == A PV
ZU/Oct-2020 - V81l o
TA45A T102V
N 129V, F31L, T33M, V344, 150 NT KO8N,
.CK/E.gSP[/M()‘\]- T35M, T301, V41A, S43A, A118E, N120S GISSJN”G’ T1018, = K == == = == E347K A D 1514V = A Y
ZU/Nov-2020 - V81l o
LA45A T102V
129V, F31L, T33M, V34A, KO8N
AY. > 3 3 s 3755, NT7G s
,CK/F'.gW[/PM T35M, T301, V41A, S43A, A118E, N120S G738, NTTG, T1018, == K == = = == E347K A D 1514V == A Y
ZU/Nov-2020 145A V81l TI02V

*LaSota NDv strain Amino acids sequence was used as the reference sequence according which the substitutions were illustrated
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Table 5: Showing flock history*, HA activity results, RT-qPCR results, and study isolates nomenclature.
M symptoms HA Activy RTGQRER  +Ve
Date N . - (Positive or Negative) :
Flock Fockype ~ (Month/ 2020 or Governorat ~ Birds Age of birds ' WellA resultsto NDv Isolates
No. ockipe - (on 7(;19) v ¢ No/Flock  Mortality Days (D) or (W) Sﬂl; lt;s NDv Isolates  nomenclature
; % Res™  GIT™  New®™  Egg 1% passage 24 passage 34 passage P (+Veor-Ve)  names
F1 Brolers'  Oct 20191 Giza! 10,000 0%  ++ 2 D Negative Positive S1 Ve
F2  Breeders'  Nov 20192 Monufia! 25000 L 0w Negative
F3 Brolers? ~ Nov 20193 Giza® 11,000 0% - - + 2 D Negative
F4 Broilers>  Dec 2019+ Gharbia! 4,000 8% + + 26 D Negative
. . . p , » . CK/Egypt/FAY-
! 195 Eayoun! ) D%+ bl s +V . e
F5 Broilers Dec 2019 Fayoum 15,000 24% D Positive S2 Ve Isolate 1 70 Dec 2019
F6  Breeders>  Jan 200" Behein! 10,000 L o W Negative
F7 Layers ! Jan 20202 BeniSuef! 7,00 L QW Negative
4. . . , ” . CK/Egypt/GIZ-
5 003 " 243%. 4 » 2 ; 2
F8 Broilers Feb 2020 Giza 4000 4%+t + 4 D Positive §3 +Ve Isolate 7U/Feb 2020
. . . . o CK/Egypt/FAY-
ers? 1004 om? 7000 ’ St ) ' wlite”
F9 Layers Aprl 2020 Fayoum 000 L 9 W Negative Positive S4 1Ve Isolate 3 70/ 2020
F10 Layers®  May  2020°  Qalyubia' 9,000 L B W Negative
Fil Brollers® ~ Jun  2020°  Beheira® 12,000 57% %5 D Negative
F12 Brollers”  July 20207 BeniSuef? 12500 68% 4+ 26 D Negative
F13 Brollers®  Aug  2020®  BeniSuef* 12,000 84% 4+ 23 D Negative
F14  Brolers®  Avg  2020° Giza* 13,000 93%  ++ 27D Negative
F15 Layers * Sep 2020 Fayoum? 10,000 L 7w Negative
. o ~ R . B . CK/Egypt/BENI
" g 10 20001 Begi Suef* 7 70, sitive e . )
F16 Broilers Oct 200" Beni Suef 17,000 T 31D Positive $5 +Ve Isolate 4 70/00 20
F17 Layers®  Nov  2020%  Qalyubia® 5000 L K\ Negative
. - . N ) . CK/Egipt/MON-
1 2015 2 ) %+t 2 g + :
F18  Broilers Nov 20 Monufia 13,000 117% 9 D Positive S6 Ve Isolate 5 7UNos 2000
) . , » R CK/Egypt/FAY-
1 L oum? ) 180 : ; v y
F19  Broilers Nov 2020 Fayoum 12,500 548% 4+t +H + 39 D Positive N 1Ve Isolate 6 70 /Nov200
F20  Broles®  Dec 2020 Qena' 10,000 0% A — % D Positive $8 Ve
F2l  Breeders®  Dec  2020%  Monufia® 25,000 L 6Bw Negative
F2 Brolles™  Dec 20207 Minya! 9,000 5% o+t 4t - 27D Positive N Ve
F23  Brolles®  Dec 2020  Qalyubia® 8000 MN%  +++ %5 D Positive S10 Ve

*(flock type, sampling date, birds number, birds age, governorate, main symptoms and mortalities %), **Respiratory

(Res), Intestinal (GIT), and Neurological (Neu) symptoms, *** L indicating lowered egg production

100

1m

VI1.1.1 VIl e AB853927 chicken Japan Ibaraki SG106 1999

VII.1.1 VIl d EF579733 chicken China Shandong Pyan 2004

VII.1.1 VII 1 KX268351 chicken Iran Behshahr 2015

VI1.1.1 VIl b EF589133 pheasant China 98 Guizhou 1998

VII.1.1 VIl j KC542905 chicken China Liacning 1 2009 2009

MZ826281 CK/Egypt/MON-ZU/Nov-2020

MZ826277 CK/Egypt/FAY-ZU/Dec-2019

MZ826282 CK/Egypt/FAY-ZU/Nov-2020
MZ826279 CKIEgypt/FAY-ZU/Apr-2020
MZ826278 CK/Egypt/GIZ-ZU/Feb-2020
MZ826280 CK/Egypt/BENI-ZU/Oct-2020

xx1

XIX

New isolates

VIL1.1

Vil

Figure 5: Neighbor-joining phylo-
genetic tree of the full-length F gene
of the study isolates of in compari-
son with pilot tree suggested by (32)
to be used for rapid genotyping and
identification of new isolates. Boot-
strap values are shown above the
branches. New Isolates are indicated

by a solid green circle.
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HN gene Genetic analysis

Analyzing the sequence results of full length
HN gene revealed that our isolates have high sim-
ilarity with previously reported Egyptian isolates
varied from 98.31 % to 99.42 %. The nucleotide
identity for our isolates (n=06), other Egyptian iso-
lates (n=17), and commonly used NDV vaccine
strains (n=5) was shown in supplementary table 2.

Comparison between the commonly used
NDV vaccine strains and our reported isolates re-
vealed nine amino acids substitutions at trans-
membrane domain while the head—stalk linker re-
gion sequence analysis showed the same two sub-
stitutions among all isolates. All six isolates
showed three substitutions at HRa with additional
three substitutions at HRb of heptad repeats (HR)
region of HN protein sequence.

All of the study isolates showed the same five
a.a. substitutions at different neutralizing epitopes
at C-terminal globular head of HN protein.

All isolates showed thermostable substitutions
at residues of the HN protein among the studied
isolates.

Al HN protein gene substitutions publicized in
Table 4

Discussion

The poultry industry experienced severe eco-
nomic losses as a result of the continuous and re-
current NDV outbreaks in spite of the mass vac-
cination programs either in Egypt (18) or world-
wide (41).

Many reports proposed that one of the notice-
able causes of NDV outbreaks is replying on high
genetic differences between field strains and the
applied vaccines leading to non-protective im-
mune (48).

In the current study, six (6/23) NDV isolates are
classified as genotype VIL1.1 (or VIIj) (22, 41, 49)

Mixed infection with other hemagglutinating
viruses as influenza (H9 or H5) may be the cause
behind the negative RT-qPCR results [four posi-
tive HA samples; S1, S8, §9, and S10 Table (5).

There are pathogenicity and virulence indica-
tors (post mortem lesions) are well known for the
identification for any NDV outbreak, however the
molecular and phylogenetic analysis of F gene se-
quence with focus on cleavage site sequence can
be used for initial characterization (15, 50, 51).

Our results revealed that I protein cleavage site
sequences for five (5/06) isolates has polybasic se-
quence of velogenic NDV strains 'R-R-Q-K-R'"
(51). While, one isolate (1/6) showed an interest-
ing R113K substitution R113K, which is charac-
teristic substitution for NDV genotype I and gen-
otype XX (32) (Table 3). These results highlight
the questionable role of live vaccines on virulent
NDYV evolution.

Our six isolates reported in this study have a
phenylalanine residue at position 117, which could
explain the neurological symptoms recorded at
broiler flocks infected with similar isolates (52).

Five potential glycosylation sites with the follow-
ing motif Asn-X-Ser/Thr (N-X-S/T, where X can
be any residue except aspattic acid [D], and proline
[P]) in the F protein were reported in our isolates in
the current study similar to previous studies (53).
These sites include aa 85-87, aa 191-193, aa 366-
308, aa 471-473 and aa 541-543, and they are highly
conserved in majority of NDV genotypes.

HN gene sequence length for all six isolates was
1716 bp nucleotides length encodes for 571 resi-
dues, which is 2 common feature for most of vit-
ulent NDV strains (53, 54, 55).

Compared to the most applied vaccine strains,
all our six isolates have A176S substitution at the
HRa, which thought to be a potential antigenic
epitope (50, 57, 58) which also may affect the fu-
sion activity of the I protein (28,52,53,54).

In addition, they showed only a K78R substitu-
tion in the F protein antigenic epitopes (K87)
among the predicted F protein antigenic epitopes
D72, E74, A75, R78, A79, S157, T161, D170,
G171, 1343, A378 residues) (59)

There are many substitutions were noticed
within the neutralizing epitopes at C-terminal
globular head of HN protein sequence, all of them
are characteristic substitutions for genotype
VIIL1.1 (40) including the E347K substitution that
help the virus to escape from the neutralizing an-
tibodies (60, 61).

Our results might explain the ability of some
NDV strains to escape from the immunity that in-
duced by current vaccines (17, 18, 42).

There are three identical substitutions within
the six isolates within their fusion peptide se-
quence (117— 141), which play a vital role in con-
formation, folding and fusion activities of the F
protein (62, 63).
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In conclusion, our collective results revealed
the continuous evolution of velogenic NDV gen-
otype VIL.1.1 in Egypt and highlighting the corre-
lation between the NDV field strains and applied

commercial vaccine.
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Supplementary Table 1: Evolutionary distances analysis between study isolates, other Egyptian isolates, and most commonly used ND vaccines based on complete F protein gene sequence. The number of base substitutions
per site from averaging all sequence pairs is shown. Analysis was conducted using the Maximum composite Likelihood model. 28 nucleotide sequences represent the full-length F protein gene of study isolates (n=6), other
Egyptian isolates (n1=17), and most commonly used ND vaccines (n=5). Evolutionary analyses were conducted in MEGAG

. 1234567 [8]olw 1215 16]17]18]19]2]20[2]2]2]2]2]2][2
F protein gene No. of base substitutions per site
1 | JF950510.1 LaSota
2 | KMO056356.1_Avinew 0.11
|3 | Y18898.1_Clone_30 0.00 0.11
4 AF309418.1_HB1 0.01 0.11 0.01
5 | AY935499.2 12 0.13 | 0.04 | 013 0.13
__6 | KY075882.1 NDV/chicken/Egypt/Damiettad/2016 0.20 | 0.16 | 0.20 0.19 | 018
7 MK673139.1_chicken/Egypt/Sohag/66/1030/2011 0.19 0.16 0.19 0.19 0.17 0.01
8 | MG717684.1 NDV/teal/Egypt/SDU-3/2016 0.19 | 0.16 | 0.19 0.19 | 018 0.01 | 0.00
9 | MG717686.INDV/teal/Egypt/SDU-4/2016 019 | 016 | 0.19 019 | 017 0.01 0.00 | 0.00
10 | MW285792.1 NDV/Chicken/Egypt/AR2178-14/2013 0.19 | 0.16 | 0.19 0.19 | 017 0.01 | 0.00 0.01 0.00
11_| MG717683.1_NDV/quail/Egypt/SDU-2/2016 0.19 | 0.16 | 0.19 0.19 | 018 0.01 | 0.00 | 0.00 | 0.00 | 0.00
12 | MK495900.1_Chicken/Egypt/Luxor/2012/23 019 | 0.16 | 0.19 019 | 017 0.01 0.00 | 0.00 | 0.00 | 0.00 | 0.00
13 'MK495901.1_Chicken/Egypt/Luxor/2012/24 0.19 | 0.16 | 0.19 0.19 | 017 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
14 | MK495893.1_Chicken/Egypt/Luxor/2012/15 019 | 016 | 0.19 019 | 017 0.01 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
15 | 'MK495886.1_Chicken/Egypt/Luxor/2012/5 0.19 | 0.16 | 0.19 0.19 | 017 0.01 | 0.00 0.01 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
16 | MK495896.1_Chicken/Egypt/Luxor/2012/18 0.20 | 016 | 0.19 0.19 | 017 0.01 | 0.00 | 0.00 | 0.00 | 0.01 0.00 | 0.00 | 0.00 | 0.00 | 0.00
17_| MK005975.1_chicken/Egypt/Sohag/1/1012/2011 019 | 016 | 0.19 019 | 017 0.01 0.00 0.01 0.00 | 0.01 0.00 | 0.00 | 0.01 0.01 0.00 | 0.01
18 | KY075881.1_NDV/chicken/Egypt/Ismailia8/2016 0.20 | 0.16 | 0.20 0.19 | 0.8 | 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
19 | MK495907.1_Chicken/Egypt/Qena/2012/3 0.20 | 016 | 0.19 0.19 | 018 0.01 0.01 0.01 0.00 | 0.01 0.01 0.00 | 0.00 | 0.00 0.01 0.01 0.01 0.01
20 | MG717686.1_NDV/teal/Egypt/SDU-4/2016 0.19 | 0.16 | 0.19 0.19 | 017 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.01 0.00
21 | MK495903.1_Chicken/Egypt/Luxor/2012/26 0.19 | 0.16 | 0.19 0.19 | 017 0.01 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.01 0.00 | 0.00
22 | MK495904.1_Chicken/Egypt/Luxor/2012/27 019 | 016 | 0.19 019 | 017 0.01 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 0.01 0.00 | 0.00 | 0.00
23 | MZ826277 CK/Egypt/FAY-ZU/Dec-2019 0.20 | 017 | 0.20 | 0.20 | 0.18 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
24 | MZ826278 CK/Egypt/GIZ-ZU/Feb-2020 0.20 | 016 | 0.19 0.19 | 0.18 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
25 | MZ826279 CK/Egypt/FAY-ZU/Apr-2020 0.20 | 0.6 | 0.20 019 | 0.18 0.01 0.01 0.01 0.00 | 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 | 0.00 | 0.01 0.01 0.00
26 | MZ826280 CK/Egypt/BENI-ZU/Oct-2020 0.20 | 016 | 0.19 0.19 | 0.18 0.01 0.01 | 0.00 | 0.00 | 0.01 | 0.00 | 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 | 0.00 | 0.00 | 0.01 0.01 | 0.00 | 0.00
27 | MZ826281 CK/Egypt/MON-ZU/Nov-2020 019 | 0.15 0.19 019 | 0.16 | 0.04 | 0.03 | 0.03 | 003 | 0.03 | 0.03 | 003 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.04 | 0.03 | 003 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03
28 | MZ8262782 CK/Egypt/FAY-ZU/Nov-2020 0.20 | 0.16 | 0.19 0.19 | 017 0.01 | 0.00 | 0.00 | 0.00 | 0.01 0.00 | 0.00 | 0.00 | 0.00 0.01 | 0.00 0.01 0.01 0.01 | 0.00 | 0.00 | 0.00 | 0.01 0.01 0.00 | 0.00 | 0.03

Supplementary Table 2:
per site from averaging all sequence pairs is shown. As
Egyptian isolates (n=17), and most commonly used

ysis

ivolutionary distances analysis between study isolates, other Egyptian isolates, and most commonly used ND vaccines based on complete HN protein gene sequence. The number of base substitutions
vas conducted using the Maximum composite Likelihood model. 28 nucleotide sequences represent the full-length HN protein gene of study isolates (n=6), other
ND vaccines (n=5). Evolutionary analyses were conducted in MEGA6

HN protein oene 1t [ 234567 ]s 9[10‘11|12‘-13|l4“1§|l()‘}l'f‘l&‘19‘20‘21‘22‘23‘24‘25‘26‘27‘28
P g No. of base substitutions per site
1 JF950510.1_LaSota
2_ KM056356.1_Avinew 0.11
3 | Y18898.1 Clone_30 0.00 0.11
4 AF309418.1_HB1 0.01 0.11 0.01
5 AY935499.2 1-2 0.13 0.05 0.13 0.12
6| MGT717686.1_NDV/teal/Egypt/SDU-4/2016 0.23 0.18 0.23 | 0.23 0.19
7 MG717683.1_ NDV/quail/Egypt/SDU-2/2016 0.23 0.18 0.23 | 0.23 0.18 0.01
8 'MK495908.1_Chicken/Egypt/Qena/2012/4 0.24 0.19 0.24 | 0.24 0.19 0.01 0.01
9 MKG673139.1_chicken/Egypt/Sohag/66/1030/2011 0.23 0.18 0.23 | 0.23 0.19 | 0.00 0.01 0.01
L 'MK495885.1_Chicken/Egypt/Luxor/2012/4 0.24 0.19 0.23 0.23 0.19 0.00 0.01 0.01 0.01
L 'MK495906.1_Chicken/Egypt/Qena/2012/2 0.24 0.19 0.23 0.23 0.19 0.01 0.01 0.00 0.01 0.01
12| MK495883.1_Chicken/Egypt/Luxor/2012/2 0.24 0.19 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.01 0.01
13 | MK495888.1_Chicken/Egypt/Luxor/2012/8 0.23 0.19 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.01 0.01 0.00
14 | MK495897.1_Chicken/Egypt/Luxor/2012/19 0.23 0.19 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.01 0.01 0.00 | 0.00
15 | MW285792.1 NDV/Chicken/Egypt/AR2178-14/2013 0.23 0.19 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.01 0.01 0.00 | 0.00 0.00
16 | MK495903.1_Chicken/Egypt/Luxor/2012/26 0.23 0.18 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.00 0.01 0.00 | 0.00 0.00 | 0.00
17 | MK495904.1_Chicken/Egypt/Luxor/2012/27 0.23 0.19 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.00 0.01 0.00 | 0.00 0.00 | 0.00 0.00
L 'MK495909.1_Chicken/Egypt/Aswan/2013/1 0.23 0.18 0.23 0.23 0.19 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00
L 'MK495901.1_Chicken/Egypt/Luxor/2012/24 0.23 0.19 0.23 0.23 0.19 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00
20 | MK495902.1 Chicken/Egypt/Luxor/2012/25 0.23 0.19 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.00 0.01 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00
21 | MK495907.1_Chicken/Egypt/Qena/2012/3 0.23 0.19 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.00 0.01 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00
22 | MG717684.1_NDV/teal/Egypt/SDU-3/2016 0.23 0.18 0.23 | 0.23 0.19 | 0.00 0.01 0.01 0.01 0.00 0.01 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00 0.00 | 0.00
23 | MZ826283_CK/Egypt/FAY-ZU/Dec-2019 0.23 0.19 0.23 0.23 0.19 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
24 | MZ826284_CK/Egypt/GIZ-ZU/Feb-2020 0.23 0.19 0.23 | 0.23 0.19 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00
25 | MZ826285_CK/Egypt/FAY-ZU/Apr-2020 0.23 0.19 0.23 | 0.23 0.19 0.01 0.02 | 0.02 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01
26 | MZ826286_CK/Egypt/BENI-ZU/Oct-2020 0.23 0.19 0.23 | 0.23 0.19 0.01 0.02 | 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01
L MZ826287_CK/Egypt/MON-ZU/Nov-2020 0.23 0.19 0.23 0.23 0.19 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.01
28 | MZ826288_CK/Egypt/FAY-ZU/Nov-2020 0.23 0.19 0.23 | 0.23 0.19 0.01 0.02 | 0.02 | 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.01 0.00 0.01




