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Abstract
Introduction: Varicella zoster virus (VZV) is a type of alpha-herpesvirus that specifically targets the nervous system. 
The initial infection, typically occurring during childhood, results in varicella (commonly known as chickenpox), 
after which the virus enters a dormant state in cranial nerve ganglia, dorsal root ganglia, and autonomic ganglia 
throughout the entire neuroaxis.
Aim of the study: Molecular and genetic studies of viruses are an important tool for virus development and 
identifying viral treatments to combat the diseases. The aim of the study was to determine the whole ORF4 
sequence of the local VZV strains for phylogenetic analysis to determine the variability in the viral sequence. 
Material and methods: Ten samples of VZV DNA were subjected to the sequencing of the whole ORF4 region 
following identification using the PCR method.
Results: Sequences from five samples have been successfully analyzed. All clinical strains were discovered to 
possess a genome with a length of 124,884 base pairs. The sequences exhibited the occurrence of two distinct 
mutations, one being a transversion and the other a transition, with the latter resulting in an alteration of the amino 
acid. A phylogenetic tree was constructed using the maximum likelihood method based on the sequences of five 
nucleotide sequences from clinical samples and nine reference VZV strains. The tree displayed the evolutionary 
distances between these sequences. The analysis of the phylogenetic tree revealed the presence of five primary 
clades, with four of them originating from India (isolates S1, S2, S4, S5), while S3 exhibited similarity to a strain 
from the United Kingdom.
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Резюме
Введение: Вирус Varicella zoster (VZV) — это разновидность альфа-герпесвируса, который поражает 
нервную систему. Первичное заражение, обычно происходящее в детстве, приводит к ветряной оспе (из-
вестной как ветрянка), после чего вирус переходит в латентное состояние в ганглиях черепных нервов, 
дорсальных корешковых ганглиях и вегетативных ганглиях по всей ЦНС.
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Цель исследования: Молекулярно-генетические исследования вирусов являются важными для обнаруже-
ния вирусов и разработки вирусных препаратов для борьбы с заболеваниями. Цель исследования – опре-
деление всей последовательности гена ORF4 местных штаммов VZV для филогенетического анализа с 
целью определения изменчивости вирусной последовательности. 
Материалы и методы: Десять образцов ДНК VZV были подвергнуты секвенированию всего участка ORF4 
после идентификации методом ПЦР.
Результаты: Нуклеотидные последовательности VZV были получены и проанализированы для 5 клини-
ческих образцов. Было обнаружено, что все клинические штаммы обладают геномом длиной 124 884 bp. 
Анализ последовательностей продемонстрировал наличие 2 различных мутаций, одна из которых является 
трансверсией, а другая ‒ переходом, причем последняя приводит к изменению аминокислотного остатка. 
Филогенетическое дерево было построено методом максимального правдоподобия на основе нуклеотид-
ных последовательностей из 5 клинических образцов и 9 референсных штаммов VZV. Дерево отображало 
эволюционные расстояния между этими последовательностями. Анализ филогенетического дерева пока-
зал наличие 5 первичных клад, 4 из которых происходят из Индии (изоляты S1, S2, S4, S5), а S3 демонстри-
рует сходство со штаммом из Великобритании.
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Introduction
Varicella-Zoster virus (VZV) is a pathogenic human 

herpesvirus that causes varicella (chicken pox) as a pri-
mary infection [1]. VZV, which was latent in the cranial 
nerve or dorsal root ganglia, reactivates to cause the viral 
shingle. VZV can reactivate due to immunosenescence 
which includes the known decrease in cell-mediated im-
munity with age [2]. It continues to be acknowledged as a 
significant global public health concern that impacts indi-
viduals across several geographic regions. Typically, 10–
20% of people over 50 have experienced at least one zos-
ter episode in their entire life [3]. The neurotropic human 
alpha herpesvirus VZV is endemic to every country in 
the world. It creates a permanent latency in neurons after 
initial infection, and periodically reactivates to cause a 
range of moderate to severe illnesses [4]. Studies of ge-
netic diversity of VZV play an important role in further 
understanding of the epidemiology and evolution of the 
virus and may in future serve as a tool for genetic predic-
tion of virus pathogenicity or resistance development [5].

The cerebrospinal fluid (CSF) of individuals with neuro-
logical consequences from VZV infection has a high con-
centration of chemokines and an inflammatory response, 
which attract immune cells and inflame central nervous 
system (CNS) tissues [6]. Reactivation of the VZV has 
been associated with a higher risk of stroke [7]. An infec-
tion with the VZV may result in vascular inflammatory al-
terations that raise the risk of stroke [8]. The VZV, which 
is a member of the subfamily Alphaherpesvirinae family 
within the Herpesviridae family, replicates and causes 
illness in the arteries of the human brain [9]. When VZV 
infects the cerebral arteries, it causes vasculopathy, which 
can lead to stroke. VZV encephalitis usually develops fol-

lowing primary infection and reactivation. Vasculopathy 
can also develop due to the primary infection or VZV reac-
tivation [10].  According to statistics from the World Health 
Organization (WHO) in 2014, complications from VZV 
infection resulted in over 4 million hospital admissions and 
over 4,000 fatalities worldwide annually. The intraocular 
distribution of the trigeminal nerve harbors VZV, which is 
associated with a 4.5-fold higher risk of stroke [11].

Worldwide, one in five persons may encounter VZV 
at some point in their lives, and around one-third of 
those who do will go on to develop herpes zoster (HZ) 
[12]. Commonly used techniques for diagnosing VZV 
infection include advanced pathogen testing as well as 
conventional medical exams. CSF testing, standard blood 
testing and biochemical testing are among the common 
medical procedures [13].

Materials and methods
Patients and clinical specimens

In total, 120 samples were obtained from 90 symptom-
atic   patients with the age between 1 year and 70 years, 
and 30 individuals were recruited as control group. The 
samples were obtained from a dermatological consultant 
at Al-Nasiriyah Teaching Hospital and clinical private 
between September 2023 and January 2024. From each 
patient, 3 mL of CSF sample was collected under sterile 
conditions and put in an EDTA tube, the samples which 
were stored frozen at −80 °C  were left to adjust to the 
room temperature after complete thawing. 

The study was conducted with the informed consent of 
the patients. The research protocol was approved by the 
Ethics Committee of the University of Thi-Qar (Protocol 
No. 3/11/1260 dated 21/9/2023).
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Nucleic Acid Extraction
A total of 60 μL of extracted material was recovered 

from 120 μL of clinical specimen using the FAVORGEN-
TIWAN extraction method, following the manufacturer’s 
instructions. The nucleic acid was subjected to real-time 
PCR and melting curve analysis.

Real-Time PCR and Melting Curve Analysis 
The gene targets as well as the primers used for 

amplification are provided in table 1. Light cycler probe 
design software 2.0 (Roche, Penzberg, Germany) was used 
to design primers except for two for internal control. The 
reaction mixture of total volume 20 μL included 3.0 μL 
of isolated nucleic acid, and one Light Cycler FastStart 
DNA Master SYBR Green I (Roche), 3 mM MgCl2, 0.3 
M of HERV-3 primer, and each of the detection primers 
(1.0 μM of primers for VZV). The reaction mixture was 
first denatured for 10 min at 95 °C. After that, the PCR 
was run in Light Cycler 2.0 (Roche) for 45 cycles for 5 sec 
at 95 °C, 3 sec at 65 °C, and 10 sec at 72 °C [14]. 

Primers
The primers that were used for nucleic acid amplification 

are listed in the Table 1.

DNA Sequencing
For constructing a phylogenetic tree and identifying 

the subtypes of VZV-positive samples, the ORF4 region 
was amplified using forward and reverse primers by PCR. 
The PCR products of VZV positive samples, with each 
tube labeled and containing 10 μl of forward and reverse 
primer (Table 1), were shipped to Macrogen Company 
in South Korea for sequencing. A phylogenetic tree was 

constructed using the maximum likelihood method based 
on the sequences of five nucleotide sequences from 
clinical samples and nine reference VZV strains.

Results
A total of 120 samples of cerebral spinal fluid were 

collected for this study, with 90 samples from patients 
with stroke and 30 samples from the control group. The 
study found that 47 (39.17%) of the study population 
were infected with VZV, with 34 (37.78%) in the 
patient group and 13 (43.33%) in the control group. The 
remaining 73 (60.83%) individuals were not infected 
with the virus, with 56 (62.22%) in the patient group 
and 17 (56.67%) in the control group. The study also 
observed a significant difference in the frequency of 
the virus in the study population, with a p-value of less 
than 0.05, as shown in Figure 1 and 2.

Mutation Detection in VZV Sequence
When comparing the sequence of isolates of the current 

study with several sequences deposited in the GenBank, 
it was found that there are two types of point mutations 
compared with some isolates. The first type was a transver-
sion mutation at positions 8, 11 and 57, while the second 
type was a transition mutation at positions 58, 60, 61, 354 
as shown in Table 2.

Phylogenetic Tree
The phylogenetic trees of the viral sequences isolated in 

the current study was built according to the amino acid se-
quence matching with the sequences deposited in NCBI. The 
study showed that three isolates contained genetic mutations, 
while two isolates were 100% identical, as in Figures 3‒7.

Table 1. Characteristics of primer used for nucleic acid amplification
Таблица 1. Характеристики праймеров, используемых для амплификации нуклеиновых кислот

Virus 
Вирус

Gene target
Ген-мишень

Primer sequences (5'→3')
Последовательности праймеров (5'→3')

Amplicon (bp)
Ампликон (bp)

Reference 
Источник

VZV 
Ветряная 
оспа

ORF4
Forward primer / Прямой праймер: GCCCATGAATCACCCTC

Reverse primer / Обратный праймер: 
ACTCGGTACGCCATTTAG

79 [15]

Fig. 1. Prevalence of VZV infection in control group.
Рис. 1. Распространенность VZV-инфекции в контрольной группе.
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Fig. 2. Prevalence of VZV infection in stroke patients and in control group.
Рис. 2. Распространенность VZV-инфекции у пациентов с инсультом и в контрольной группе.

Table 2. Types and positions of mutations detected in VZV sequences  
Таблица 2. Типы и положение мутаций, выявленных в последовательностях VZV  

Isolate 
Изолят

Substitution Type 
Тип замены

Location 
Положение

Nucleotide 
Нуклеотид

Sequence ID 
Последовательность

Source
Источник

Similarity 
Сходство

1. Transversion / Трансверсия
Transition Переход

11
354

T/G
A/G OQ835722.1 HAHV 99% India

99% Индия

2. Transversion / Трансверсия
Transition / Переход

57
60

C/G
G/A OQ835722.1 HAHV 99% India

99% Индия

3.
Transversion / Трансверсия

Transition / Переход 
Transition / Переход

8
58
61

G/T
C/T
G/A

KP771921.1 HHV 98% UK 
98% Великобритания

4. NONE ‒ ‒ OQ835722.1 HAHV 100% India
100% Индия

5. Transition / Переход 
Transition / Переход

58
61

C/T
G/A OQ835722.1 HAHV 99% India

99% Индия

Fig. 3. Phylogenetic tree for the first isolate which has the level of divergence with reference sequences of 0.003.
Рис. 3. Филогенетическое дерево для 1-го изолята, у которого уровень различий с референсными последовательностями составил 0,003.
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Discussion 

VZV belongs to the subfamily Alphaherpesvirinae. Ge-
netically, it is divided into several genotypes based upon 
the genetic variations [16]. VZV is highly infectious, caus-
es large outbreaks of varicella in the populations, and estab-
lishes lifelong latency; the subclinical reactivation of VZV, 
however, is believed to occur less frequently than the reac-
tivation of other alpha herpesviruses [17]. The results of the 
current study are in agreement with study of Helmuth et al. 
[18] conducted in Denmark, that detected VSV in 9 (60%) 
of 15 children with arterial ischemic stroke. Also, our re-
sults are in agreement with data from Tung et al. [19] in 

China, who recorded the prevalence of VZV in stroke pa-
tients as high as 12.18% per 1000 patients compared to 3.63 
per 1000 person per year in controls. In addition, Schmidt 
et al. [20] showed that mood disorders, including depres-
sion, were associated with increased risk of HZ in stroke 
patients. However, our data differed from study of Sund-
ström et al. [21], in Switzerland, who reported 20.6% VZV 
detection rate among 112 patients with stroke. Meanwhile, 
this study demonstrated 6.2% prevalence in control popu-
lation, similar to data from the current study. The increased 
detection rates of the virus in stroke patients may be due 
to inflammatory reactions releasing inhibitory molecules 
within the immune system, which are usually self-limiting 

Fig. 4. Phylogenetic tree of the second isolate, which has the level of divergence with reference sequences of 0.001.
Рис. 4. Филогенетическое дерево для 2-го изолята, у которого уровень различий с референсными последовательностями составил 0,001.

Fig. 5. Phylogenetic tree of the third isolate, which has the level of divergence with reference sequences of 0.001.
Рис. 5. Филогенетическое дерево для 3-го изолята, у которого уровень различий с референсными последовательностями составил 0,001.
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and self-resolving. The release of pro-inflammatory cyto-
kines in the brain stimulates the expansion of the immu-
nosuppressive cell population that suppresses innate and 
adaptive immune responses [22]. Paradoxically, an exces-
sive inflammatory response in the brain leads to an immu-
nosuppressive state in peripheral tissues. Therefore, stroke 
patients are at risk of fatal secondary infections [23]. The 
study of Liu et al. [24] identified 38 polymorphic markers 
in four ORFs (ORFs 1, 21, 22, and 54) among 19 VZV 
isolates from different clinical samples in China, with con-
siderable homology between 19 clinical strains. The previ-
ous study suggested that the ORF4 is necessary for virus 
replication in cell culture. Furthermore, this gene is essen-
tial for the establishment of latency, but it is not necessary 
for latent infection. As a result, the researchers deleted the 
ORF4 from the viral genome and were unable to produce 
an infectious virus. However, when they inserted the ORF4 
into a cosmid at a nonnative site, they obtained virus. The 
results of the current study are consistent with the previous 
study by Sato et al. [25], who observed 13 positive samples 
in the control group and 34 in stroke patients, and suggest-
ed that ORF4 was required for replication and latency, but 

not not required to induce acute infection. Recent studies 
in animal experiments have demonstrated based on the 
data from transcriptional analyzes of the ICP27 protein 
expressed by ORF4, that neither HSV infection nor glob-
al ICP27 overexpression inhibits splicing [26], but rather 
modulates alternative splicing of a subset of cells [27]. 
HSV virus causes host-induced shutdown, and another 
study suggested that exposure of the virus to deletion and 
substitution mutations in the ORF4 proteins may enable 
the virus to activate the binding mechanism and cause a 
latency state in the infected cell [28]. The ability of alpha 
herpesviruses to persist in sensory ganglia, their short re-
productive cycle, their rapid dissemination, and their abil-
ity to eliminate infected cells effectively are four of their 
defining characteristics. VZV replication occurs primari-
ly in cells of human and simian origin. The VZV genome 
has 73 genes, of which 70 are unique and three are du-
plicated [29]. The viral genome consists of two primary 
coding regions: unique long (UL) and unique short (US), 
as well as flanking inverted repeats known as terminal and 
internal repeats long (TRL, IRL) and short (TRS, IRS). 

When the VZV sequences from present study were 

Fig. 6. Phylogenetic tree of the fourth isolate, which had 100% identity with reference sequences.
Рис. 6. Филогенетическое дерево для 4-го изолята, на 100% идентичного референсным последовательностям.

Fig. 7. Phylogenetic tree of the fifth isolate, isolatewhich had 100% identity with reference sequences.
Рис. 7. Филогенетическое дерево для 5-го изолята, на 100% идентичного референсным последовательностям.
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compared to sequences deposited in the GenBank, two 
types of point mutations were discovered. The first 
type was a transversion mutation at positions 8, 11 
and 57, while the second type was a transition mutation at 
positions 58, 60, 61, and 354, as shown in Table 2, which 
represents the matching of the nucleotide sequences of 
the isolates in this study with the isolates in the database. 
In the isolate 1, the present study found a transversion 
mutation at position 11, where the purine base G was re-
placed with the pyrimidine base T, and other type found 
a mutation of the transition type at position 354, where 
the purine base A was replaced with the purine base G, 
and the strain was identical to the strain found in India. In 
isolate 2, the present study found a transversion mutation 
at position 57, where the pyrimidine base C was replaced 
with the purine base G, and other type found a mutation 
of the transition type at position 60, where the purine base 
G was replaced with the purine base A, and the strain was 
identical to the strain found in India. The current study 
identified three mutations in isolate 3 that corresponded 
to a strain of VZV found in the UK. A transversion mu-
tation was observed at position 8, where the purine base 
G was replaced with the pyrimidine base T. Two transi-
tion mutations occurred at positions 58 and 61. The first 
involved the replacement of the pyrimidine base C with 
the pyrimidine base T, while the second involved the sub-
stitution of the purine base G with A. The fourth isolate, 
labeled as 4, did not exhibit any mutations and was found 
to be genetically identical to the Indian strain. In iso-
late 5, two mutations occurred - the same type transition 
in position 58 where the pyrimidine base C was replaced 
with the pyrimidine base T and at position 61 when the 
purine base G took place A, the strain matched with Indi-
an strain. In Basrah city a comprehensive genome study 
revealed a resemblance to the E genotype seen in nations 
with a history of European colonization. The same study 
found the sequences contained a variety of mutations or 
SNPs, some of which were silent, and others produced 
amino acid changes [5]. VZV genotype B was detected 
in an isolated strain in Najaf province. No significant cor-
relation was found between VZV genotype and life ex-
pectancy [30]. The present study demonstrated that near-
ly 40% of people in Thi-Qar province have been infected 
with VZV gene type of ORF4 in all age groups, also in 
fact, this gene was not actually linked to stoke infections. 
The emergence of the two strains in the region may be 
due to the frequent movement between countries in terms 
of travel and trade, especially since the virus is transmit-
ted quickly through the respiratory tract between sick and 
healthy people. 

Conclusions
The study found that about 40 percent of people in Thi-

Qar had a previous infection with VZV. No significant 
association was observed between the occurrence of a 
stroke and the presence of the studied ORF4 gene of VZV 
in affected patients. Furthermore, two strains that were 
identified in the study belonged to a European clade and an 
Asian clade, respectively. In addition, two types of mutations, 
transversion and transition, occur in the viral gene ORF4.
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