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Abstract
Background  Feline herpesvirus type 1 (FHV-1) is a life threatening highly contagious virus in cats and typically 
causes upper respiratory tract infections as well as conjunctival and corneal ulcers. Genetic variability could alter 
the severity of diseases and clinical signs. Despite regular vaccine practices against FHV-1 in China, new FHV-1 cases 
still commonly occur. The genetic and phylogenetic characteristics of FHV-1 in Kunshan city of China has not been 
studied yet. Therefore, this study was planned to investigate the prevalence, molecular characteristics of circulating 
strains, and phylogenetic analyses of FHV-1. This is the first report of molecular epidemiology and phylogenetic 
characteristics of FHV-1 from naturally infected cats in Kunshan, China.

Methods  The occulo-nasal swabs were collected from diseased cats showing respiratory distress, conjunctivitis, and 
corneal ulcers at different veterinary clinics in Kunshan from 2022 to 2023. Clinical data and general information were 
recorded. Swab samples were processed for preliminary detection of FHV-1. Thymidine kinase (TK), glycoprotein B (gB) 
and glycoprotein D (gD) genes were sequenced and analyzed to investigate genetic diversity and evolution of FHV-1.

Results  The FHV-1 genome was detected in 43 (43/200, 21.5%) samples using RT-PCR targeting the TK gene. 
Statistical analysis showed a significant correlation between age, vaccination status and living environment (p < 0.05) 
with FHV-1 positivity, while a non-significant correlation was observed for FHV-1 positivity and sex of cats (p > 0.05). 
Additionally, eight FHV-1 positive cats were co-infected with feline calicivirus (8/43,18.6%). FHV-1 identified in the 
present study was confirmed as FHV-1 based on phylogenetic analyses. The sequence analyses revealed that 43 
FHV-1 strains identified in the present study did not differ much with reference strains within China and worldwide. 
A nucleotide homology of 99-100% was determined among gB, TK and gD genes nucleotide sequences when 
compared with standard strain C-27 and vaccine strains. Amino acid analysis showed some amino acid substitutions 
in TK, gB and gD protein sequences. A potential N-linked glycosylation site was observed in all TK protein sequences. 
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Introduction
Feline herpesvirus (FHV-1) is a life-threatening conta-
gious virus in cats which causes feline viral rhinotra-
cheitis. FHV-1 was first isolated in 1957 in the USA by 
Crandell and Maurer [1] from a cat showing respiratory 
signs. Feline viral rhinotracheitis is characterized by 
sticky discharge from eyes and nose along with respira-
tory distress, conjunctivitis, and corneal ulcers in cats. 
Serological analyses estimated that up to 97% cats show 
seropositivity against FHV-1 and more than 80% of 
infected cats remain persistently infected throughout 
lifespan [2, 3]. Latently infected cats become carriers of 
FHV-1 and shed virus intermittently during their life. 
Younger animals are more susceptible to FHV-1 infec-
tion. A core vaccine including FHV-1, feline calicivirus 
(FCV), and feline panleukopenia virus (FPV) is com-
mercially available and administered worldwide [4, 5]. 
Vaccines usually provide good protection against FHV-1 
infections; however, vaccines cannot prevent the devel-
opment of carrier state and infection in cats [3, 6, 7].

FHV-1 is an enveloped DNA virus of Varicellovirus 
genus in Herpesviridae family. The whole genome of 
feline herpesvirus is approximately 135 kb, consisting of a 
unique long (UL) and unique short (US) gene sequences. 
US gene is flanked by a pair of identical inverted repeats, 
called terminal short repeats (TRs) and inverted short 
repeats (IRs) [8–11]. There is only one serotype for all 
FHV-1 isolates. There are 23 virion linked protein in 
FHV-1 along with 13 glycoproteins in virus envelop [9, 
10]. Potential virulence factor which are attributed to 
FHV-1 include thymidine kinase (TK, UL23), glycopro-
tein E (gE, US8), glycoprotein C (gC, UL44) and serine/
threonine protein kinase (US3) [12]. FHV-1 surface gly-
coprotein B (gB, UL27) assists in virus attachment on 
host cell receptors and induces high titers of virus neu-
tralizing antibodies. Glycoprotein D (gD, US6) facilitate 
activation of gB and triggers virus entry process into host 
cells [13, 14].

Domestic cats act as primary host for FHV-1. How-
ever, FHV-1 natural infections have also been reported 
in several wild animals including leopards, cheetahs, jag-
uars, and margays [15–17]. FHV-1 transmission occurs 
through natural routes of nose, mouth, and conjunc-
tiva. Direct contact with infected cats is considered a 

main route of FHV-1 transmission. In addition, FHV-1 
can also be transmitted among susceptible cats through 
indirect routes such as contaminated food, water, bed-
ding toys and cages. Kittens usually become infected 
after 6–9 weeks of birth with FHV-1 due to decline in 
maternal antibodies. Infected cats exhibit occulo-nasal 
discharge, fever, keratitis, and pneumonia [10, 18]. Cases 
of FHV-1 Infections in domestic cats have been reported 
throughout worldwide [6–8, 10, 19–26]. In China, several 
researchers have reported FHV-1 detection and isolation 
from Chengdu, Nanjing, Shanghai, Beijing, Hefei, Qing-
dao, and Harbin [23, 27–36]. However, detection rate of 
FHV-1 is variable worldwide including China that indi-
cate many factors play a role in its epidemiology includ-
ing housing, feeding, climate and vaccination. Molecular 
and serological assays are used to diagnosis of FHV-1 
infection [10]. Vaccination immune responses and sero-
epidemiological status of FHV-1 are monitored through 
virus neutralization assays [10, 37]. FHV-1 has become 
endemic and being detected regularly worldwide from 
cats and tigers [6, 10, 16]. At present, China ranks second 
after United states in the world in terms of the number 
of dogs and cats. In China, respiratory infections among 
cats are quite frequent and are usually caused by FHV-1 
and FCV independently or in combinations.

There is scarcity of data on the epidemiology of cat 
infectious diseases particularly FHV-1 in China. Sec-
ondly, most of the data have been published in local jour-
nals in Chinese language which is not easily accessible 
outside China. The primary aims of this study was to 
investigate current status, molecular characteristics, and 
phylogenetic analysis of FHV-1 in China for better pre-
ventive measures and future vaccine development. This 
is the first report of molecular epidemiology and phylo-
genetic characteristics of FHV-1 from naturally infected 
cats in Kunshan, China.

Material & methods
Collection of samples
No ethical approval was required for this study. All proce-
dures were performed following the international ethical 
standards for animal research. A total of 200 oculo-nasal 
specimens were collected from diseased cats showing 
respiratory distress, conjunctivitis, and corneal ulcers at 

Phylogenetic analyses revealed minor variations and short evolutionary distance among FHV-1 strains detected in this 
study.

Conclusions  Our findings indicate that genomes of 43 FHV-1 strains are highly homogenous and antigenically 
similar, and the degree of variation in major envelope proteins between strains is low. This study demonstrated some 
useful data about prevalence, genetic characteristics, and evolution of FHV-1 in Kunshan, which may aid in future 
vaccine development.
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different veterinary clinics in Kunshan from 2022 to 2023 
(Supplementary Figure S1). Nasal and ocular swabs from 
a single cat were pooled into a tube containing 5 ml virus 
transport media (Copan Diagnostics Inc, Italy). General 
information about age, sex, breed, living, and vaccina-
tion status were recorded by clinic staff. The specimens 
were then transported in cold storage to Global Health 
Research Laboratory, Duke Kunshan University, China. 
All specimens were stored at -80 °C until analyzed.

DNA Extraction and PCR screening for FHV-1
DNA was extracted from pooled swab samples by using 
a commercial DNA extraction (Takara, Dalian, China). 
DNA of FHV-1 was detected in the samples a conven-
tional PCR assay to amplify a small segment of TK gene 
as described previously [6, 38]. Supplementary Table 1 
lists the primers and thermocycling conditions for detec-
tion of FHV-1. PCR amplicons of approximately 287–
293 bp were analyzed on 1.5% agarose gels.

Sequencing PCR for full TK, gB and gD genes
Amplification of the full TK, gB and gD genes was 
achieved by using previously reported methods [39]. To 
validate PCR reaction, we added negative and positive 
controls in each PCR reaction. PCR amplicons of 531 bp, 
1096 bp and 1125 bp were analyzed on 2% agarose gel for 
TK, gB and gD genes respectively by using gel imaging 
analysis system (Clinx, Shanghai, China). The positive 
PCR products were sequenced for genotypic and phylo-
genetic analysis. These sequences of TK, gB and gD genes 
were deposited in the GenBank (accession numbers 
OR504620-OR504748).

Phylogenetic analyses
BioEdit Software (Ibis Biosciences, Carlsbad, CA, USA) 
was used to edit, align, and analyze nucleotide sequences 
of TK, gB and gD genes in the present study. Reference 
sequences including prototype C-27 FHV-1 strain for 

each gene were retrieved from NCBI GenBank database 
(http://www.ncbi.nlm.nih.gov). We blasted all sequences 
from present study for pairwise alignment and nucleo-
tide homology comparison on NCBI GenBank database. 
Clustal W program was used for multiple sequence align-
ment in BioEdit. Nucleotide and amino acid comparisons 
were performed with reference sequences to understand 
the molecular epidemiology of identified FHV-1 in this 
study. The evolutionary history was inferred by using 
the Maximum Likelihood method and Tamura-Nei 
model (1,000 bootstrap replicates) [40]. The percentage 
of trees in which the associated taxa clustered together 
is shown next to the branches. The tree is drawn to scale, 
with branch lengths measured in the number of substi-
tutions per site. Evolutionary analyses were conducted in 
MEGA11 [41].

Statistical analysis
Statistical analysis was carried out among different 
parameters (age, sex, breed, living conditions, and vacci-
nation status) using Pearson’s Chi-squared test (χ2) in R 
4.1.0. A value of p < 0.05 and p < 0.01 were considered as 
statistically significant or highly significant.

Results
Detection of FHV-1 and clinical findings
FHV-1 was detected in 43 (43/200, 21.5%) swab samples 
by using PCR assays. A total of 157 samples were found 
negative for FHV-1(157/200, 78.5%) in this study. FHV-1 
was detected among 12 (27.90%) vaccinated cats and 31 
(72.09%) non-vaccinated cats. A total of 38 FHV-1 posi-
tive cats (88.37%) were below one year of age while 5 
positive cats (11.6%) were aged above one year. Out of 
43 positive cats, 26 (60.46%) were male while 17 (39.53%) 
(Table 1, supplementary Table S2). Among 89 cats living 
in groups, 27 tested positive, and among 111 cats living 
alone, 16 tested positive. The prominent clinical signs 
were sticky eyes and lacrimation along with respiratory 

Table 1  Statistical analysis of FHV-1 positive rate
Parameter Total number of samples FHV-1 positive number Positive rate (%) X2 p

n = 200 43 21.5
Gender
Male 121 26 21.487 0.0000278 0.9958
Female 79 17 21.518
Age
≤ 1 year 113 38 33.628 22.64 < 0.0001
> 1 year 87 5 5.747
Residential density
Single 111 16 14.414 7.42 0.00645
Multiple 89 27 30.337
Vaccination status
Vaccinated 127 12 9.448 29.941 < 0.0001
Non-vaccinated 73 31 42.465

http://www.ncbi.nlm.nih.gov
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distress, nasal discharge, conjunctivitis oral ulcers, 
anorexia, and fever. The sticky ocular discharge was 
more profuse and intense among non-vaccinated cats 
(personal observation). Statistical analysis showed a sig-
nificant correlation between age, vaccination status and 
living environment (p < 0.05) with FHV-1 positivity, while 
a non-significant correlation was observed for FHV-1 
positivity and sex of cats (p > 0.05). Additionally, eight 
FHV-1 positive cats were co-infected with feline calicivi-
rus (8/43,18.6%). The severity of clinical signs was higher 
in coinfected cats than mono-infected cats.

Nucleotide homology and phylogenetic analysis of FHV-1 
genes
Pairwise comparative analysis showed a homology 
of 99–100% for nucleotide sequences between the 43 
FHV-1 strains detected in the present study. The lim-
ited geographical range may have influenced this pat-
tern. The sequence analyses revealed that 43 FHV-1 
strains of this study did not differ much with refer-
ence strains within China and worldwide. A nucleotide 
homology of 99-100% was noticed among gB, TK and gD 
genes nucleotide sequences when compared with stan-
dard strain C-27 and vaccine strains. Non-synonymous 
nucleotide substitutions were observed in twenty-five 
TK gene sequences at two positions (T78A, C184G) 
while eighteen TK gene sequences did not show any 
substation. Non-synonymous nucleotide substitutions 
were noticed at some positions (C59T, T60A, G1007C, 
G1013T, A67T) within gB gene sequences. One synony-
mous nucleotide substitution (T57A) was observed in 
fourteen gB sequences which did not change amino acid 
constitution. Nucleotide analysis of gD gene revealed 
two synonymous substitutions (C143T, G915C) and 
one non-synonymous substitution (C46A). Amino acid 
analysis of TK, gB and gD protein sequences has been 
presented in additional files (additional file 1,2,3). Two 
amino acid substitutions (Asp26Glu, Ala62Gly) were 
observed in TK protein of several sequences in this study. 
Amino acid analysis of gB protein revealed some nonsyn-
onymous amino acid substitutions (T20I, I23F, R336P, 
T338F). Interestingly, one sequence of gB protein in pres-
ent study (OR504665) showed an amino acid substitu-
tion at position 20 (Thr20Ile) which was not noticed in 
all other sequences of present study. Only one nonsyn-
onymous substitution (P16T) was observed in four gD 
protein sequences (OR504722, OR504723, OR504733, 
OR504734). A potential N-linked glycosylation site 
(N-X-S/T) was also observed at position 224 in all the 
sequences of TK protein.

A phylogenetic tree was constructed to reveal the phy-
logenetic characteristics of 43 FHV-1 strains identified in 
this study. Only two representatives for each gene were 
selected for construction of a balanced phylogenetic tree. 

Phylogenetic analyses of TK, gB and gD gene sequences 
revealed high affinity and low evolutionary distance 
among strains. FHV-1 strains clustered closely with type 
1 FHV-1 reference strains from China and USA. Rep-
resentatives for each gene were denoted by red circles. 
However, FHV-1 strains detected in the present were dis-
tantly related to canine herpesvirus, equine herpesvirus, 
bovine herpesvirus, and swine herpesvirus strains (Figs. 1 
and 2, 3).

Discussion
Viral respiratory diseases are a serious health issue of 
cats worldwide [25, 42, 43]. Feline herpesvirus-1 (FHV-
1), feline calicivirus (FCV), Mycoplasma felis, Chla-
mydia felis and Bordetella bronchiseptica are considered 
main etiological agents of feline upper respiratory tract 
infections [3, 5, 24, 25, 44]. FHV-1 is considered a main 
etiological agent for respiratory infections in cats and 
according to an estimate about 50–70% of cases of respi-
ratory infections are associated with FHV-1 [45]. There-
fore, a better understanding of epidemiological data, 
genetic characteristics is required for better preventive 
measures and future vaccine designs against FHV-1. 
There is a lack of data on regional epidemiology and phy-
logenetic characteristic of FHV-1 in China. This is first 
report to investigate the prevalence and phylogenetic 
characteristics of circulating FHV-1 strains in China.

During this study, 200 occulo-nasal swabs were col-
lected from cats in Kunshan city in Jiangsu province of 
China and analyzed for the presence of FHV-1-DNA. 
FHV-1 detection rate was higher when compared with 
some previously published reports from China and other 
countries [23, 29, 31, 46]. However, in some studies, a 
higher FHV-1 detection rate was reported than found in 
the present study [19, 28, 33]. Chuchu et al. [35] tested 
420 clinical samples from cats and found a detection 
rate of 26.3% for FHV-1 from 2016 to 2017. The positive 
detection rate in Beijing was 21.9% [32]. Liu et al. [23] 
reported a detection rate of 16.3% from 12 Chinese cities 
in between 2016 and 2019. The detection rate of FHV-1 
was 57.8% in another study from Shanghai [28]. The posi-
tive detection rate in some areas of southwest China from 
2020 to 2021 was 17.94% for FHV-1 [29]. During 2019–
2021, Weijie et al. [31] tested 250 clinical samples from 
Qingdao and Beijing and found FHV detection rate of 
20.8% (52/250). Kang et al. [47] collected eye and oropha-
ryngeal swabs from 78 rescue cats in a shelter in South 
Korea in 2005 for RT-PCR testing and found 49 (63%) to 
be FHV-1 positive. These findings indicate that FHV-1 
detection rate in China and other countries has no obvi-
ous direction. Notably, eight FHV-1 positive specimens 
(18.6%) were found co-infected with FCV. We did not test 
bacterial pathogens such as Chlamydia felis, Bordetella 
bronchiseptica and Mycoplasma felis which are known to 
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Fig. 1  Phylogenetic trees based on the thymidine kinase (TK) gene sequences of FHV-1 strains detected in the present study and animal herpesvirus. 
Representative FHV-1 strains of present study (GenBank ID: OR504631, OR504643) are indicated with “red” circles. The scale bar indicates substitutions per 
amino acid residue
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Fig. 2  Phylogenetic trees based on the glycoprotein B (gB) gene sequences of FHV-1 strains detected in the present study and animal herpesvirus. 
Representative FHV-1 strains of present study (GenBank ID: OR504669, OR504675) are indicated with “red” circles. The scale bar indicates substitutions per 
amino acid residue
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Fig. 3  Phylogenetic trees based on the glycoprotein D (gD) gene sequences of FHV-1 strains detected in the present study and animal herpesvirus. 
Representative FHV-1 strains of present study (GenBank ID: OR504708, OR504722) are indicated with “red” circles. The scale bar indicates substitutions per 
amino acid residue
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exacerbate clinical signs and play a significant role in the 
development of feline respiratory disease complex. Co-
infection with FHV-1, FCV and other respiratory patho-
gens have also been reported in other studies [6, 19, 23, 
25, 29, 30, 33, 35]. Chuchu et al. [35], Liu et al. [23], Niu et 
al. [30] and Lijing et al. [29] reported a co-infection rates 
of 11.8%,1.04%, 8.33% and 10.14%, respectively between 
these two viruses. Sneezing, lacrimation, nose secretions, 
keratitis, cough, erosion of the nasal mucosa and corneal 
surface were main clinical signs among sick cats in the 
present study which is similar to those reported in previ-
ous studies [35, 42].

A total of 12 cats (27.90%) were found positive in this 
study despite being vaccinated against FHV-1. There are 
two possible explanations for this: (i) vaccinated cats can 
become virus carrier and spread infection horizontally to 
in contact animals if they encounter virus challenge (ii) 
kittens may get infection on maternal antibody decline 
prior to getting vaccines [24, 48]. Vaccines do not prevent 
FHV-1 infections although they can decrease the over-
all severity of the disease [6, 49]. Infected cats become 
persistent carriers due to FHV-1 latency [24, 50]. FHV-1 
infection is prevalent in China despite continuous vac-
cination programs. One clinically licensed vaccine for 
immunization against FHV, FCV and feline parvovirus 
(core vaccine by Zoetis, USA) is being used in China 
which is recommended by the American Animal Hospi-
tal Association (AAHA) and the American Association of 
Feline Practitioners (AAFP). First dose (1 ml) of this vac-
cine is administer subcutaneously around 12 weeks of age 
or older. Healthy cats should receive 2 doses administered 
3–4 weeks apart. Fully vaccinated cats are revaccinated 
after every one year. Based on personal communica-
tion with veterinarians in Kunshan city usually vaccines 
are administered on schedule with some exceptions. 
Sometime cat owners do not follow a vaccine schedule 
mainly due to lack of education or awareness. Young cats 
could get this virus from surroundings even after getting 
proper vaccines against FHV-1 and may become carri-
ers of the virus in later stages. However, non-vaccinated 
cats are more prone to catch FHV-1 from environment. 
Additionally, clinical signs among vaccinated cats were 
generally mild than non-vaccinated cats. Previously, 44% 
of FHV-1 vaccinated cats sero-converted in a serological 
survey in China [23] which indicates that current com-
mercial vaccines may not provide sufficient protection 
against the challenge of wild strains. In another study 
in Beijing, researchers reported high detection rate of 
FHV-1 in cats by using serological assays [51].

Statistical analysis revealed a significant association 
between FHV-1 positivity, multi-cat environment and 
age below one year which is consistent with previous 
studies [33, 35].These findings indicate that the FHV-1 
infection rate is associated with the living environment 

and age of cats. However, a non-significant association 
was observed between breed of cats and FHV-1 detec-
tion rate in this study (p > 0.05). This present study cat-
egorized all purebred cats into one group. Thus, FHV-1 
infection susceptibility for specific breeds cannot be 
determined in this study. This finding does not correlate 
with findings reported by Gao et al. [20] who reported 
higher incidence of FHV-1 in British Shorthair purebred 
cats. According to Tran et al. [52] purebred cats show 
more susceptibility for respiratory tract infections than 
mixed breeds. Perhaps, stress levels in purebred cats are 
high due to genetic differences [53]. The exact reason for 
this disparity is unknown and further investigations are 
needed [44]. The other factors such as environmental 
stress, living conditions and feeding status should also be 
investigated to reveal the exact story behind this dispar-
ity. There is also a higher risk of recurrence after stress 
or a change of environment. There were more male cases 
than female cases in the investigation, but with no sig-
nificant difference in the proportion of confirmed cases 
which is in line with the previous findings from China 
[33]. However, this finding differs with the findings of 
Fernandez et al. [19] and Chuchu et al. [35] who reported 
no correlation between gender and viral infection. The 
difference could be due the fact that male cats are more 
aggressive and active than female cats and often spend 
more time outside their residence and thus leading to 
more chances of virus encounter [43, 54–56]. However, 
some researchers reported no difference in respiratory 
tract infections in male and female domestic cats [57]. 
In another study, FHV-1 infection rate in male cats were 
found significantly higher than female cats [20, 58].

We observed significantly higher detection rate of 
FHV-1 in younger cats than adults which is consistent 
with previous studies [19, 20, 56, 59] and disagreed with 
Chuchu et al. [35]. The most probable reasons for kittens 
susceptibility to FHV-1 infections could be the impaired 
or insufficient immunity [56]. Although older cats were 
tested negative for FHV1 infection, the result did not rule 
out latent infection. Even if the FHV1 PCR from nasal/
ocular swab is negative, the cats with latent infection still 
have a chance to have reactivated disease and convert to 
be positive in the future.

Phylogenetic analysis revealed close association and 
clustering among FHV-1 strains detected in the present 
study and those retrieved from GenBank. The gB, gD 
and TK genes sequences revealed that FHV-1 strains are 
highly homogenous with domestic and foreign strains 
[31, 34]. Canine herpesvirus and FHV-1 strains of present 
study showed 67–74% similarity in nucleotide sequences. 
Interestingly, TK gene nucleotide sequences did not show 
much difference when compared with reference strains 
of FHV-1. The findings of the present study revealed 
that FHV-1 sequences did not have many variations and 
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looked antigenically homogenous. Compared to other 
members of the Varicellovirus genus, FHV-1 has more 
conserved genome and variants are infrequent [7, 8, 
10, 60]. Several sequences of TK, gB and gD proteins in 
this study were found to contain synonymous and non-
synonymous amino acid substitutions. The pattern of 
amino acid substitutions in our study differed from previ-
ous studies from different geographical locations (USA, 
Australia, South Korea) of the World [7, 8, 10, 60]. Two 
unique amino acid substitutions (Asp26Glu, Ala62Gly) 
were observed in TK protein. Amino acid substitution 
(T20I) which was reported by Lewin et al. [8] previously, 
was not noticed in TK protein sequences of the present 
study. Similarly, amino acid substation (I341T) was also 
not observed in present study TK protein sequences 
which was reported by Yang et al. [10] in Korean FHV-1 
isolates. These amino acid substitutions are in the region 
which are the main target of antiviral medications. There 
is a strong possibility of resistance against antiviral medi-
cations due to these SNPs [8]. There are some studies 
who have reported some non-synonymous mutations 
in other genes of FHV-1 including gB, gD, gC, gL, UL17 
[24, 31]. Moreover, three unique nonsynonymous sub-
stitution were observed in gB (UL27) while no nonsyn-
onymous substitution was observed in gD (US6) [8]. In 
another study, Lewin et al. [60] did not observe substi-
tutions in TK (UL23) and DNA polymerase (UL30 and 
UL42) which are associated with virus replication. The 
amino acid substitution at position 341 of TK protein 
(I341T) were observed in Korean FHV-1 isolates [10]. 
Weijie et al. [31] reported two nonsynonymous mutation 
(M165) in amino acid sequence of gL gene while non syn-
onymous mutation (A342T) in amino acid sequence of 
gD gene of FHV-1 strains isolated from Qingdao (Shan-
dong) and Beijing, China during 2019–2021. Similar to 
a previous study [10], a potential N-linked glycosylation 
site (NTS) was in all TK protein sequence. This glycosyl-
ation site may have a dramatic impact of virus replica-
tion and transmissibility. The impact of these mutations 
on the function and structure of proteins is still not clear 
and needs further studies. This study has some limita-
tions; First, we could not isolate FHV-1 and study bac-
terial pathogens in this study. Second, our study relied 
on pooled samples which cannot tell us about FHV-1 
detection among individual samples from eyes and nose. 
Finally, we could not study recombination events among 
FHV-1 isolates and attenuated vaccine strains in this 
study which could have added an additional information 
for genotypic analysis.

In summary, our findings indicate that genomes of 
43 FHV-1 strains are highly homogenous and anti-
genically similar, and the degree of variation in major 
envelope proteins between strains is low. This study dem-
onstrated some useful data about prevalence, genetic 

characteristics, and evolution of FHV-1 in Kunshan, 
which may aid in future vaccine development.
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