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Objectives. Monitoring of the varicella-zoster virus is becoming an important tool for analysis of the circulation 
of individual strains of VZV which differ not only at the genomic level, but show a variability in their clinical and 
epidemiological characteristics. Such data are not available on a large scale from the Czech population and could help 
understanding the epidemiological and evolutionary characteristics of the virus, as well as its potential for reinfection 
and increased pathogenesis in the population groups at higher risk for complications. The main aim of this study was 
detection and monitoring of wild-type or vaccine VZV strain isolates in the region of Eastern Bohemia and genotypic 
characterization of these isolates. 

Material. A total of 273 clinical samples were obtained from patients exhibiting symptoms of varicella zoster virus 
(VZV) infection manifested as chickenpox or herpes zoster (HZ) treated in the Faculty Hospital of Charles University, 
Medical School in Hradec Kralove, Czech Republic. 

Methods. Characterization of individual short VZV DNA sequences was performed utilizing restriction fragment 
length polymorphisms (RFLPs), PCR and sequencing. Single nucleotide polymorphisms (SNP) in open reading 
frames (ORF) 21, 22 and 50 were used to identify individual VZV strains. 

Results. All clinical isolates (97 from varicella, 176 from herpes zoster) were VZV positive wild-type strains. 
Sequencing analysis showed that 89 isolates were of the European E1 genotype, 180 were of the European E2 genotype 
and 2 were identified as the Mosaic M1 strain. In addition, for the first time in this region two unusual genotypes were 
identified, both representing a combination of E1 and M2 strain specific SNPs. 

Conclusion. Our prospective VZV genotyping study which is the first to monitor the VZV epidemiological situation 
in the Czech Republic using such a large set of clinical specimens, has provided valuable epidemiological data and 
identified two unique VZV recombinants.

INTRODUCTION

Varicella zoster virus, a member of Herpesviridae, is 
a highly contagious and neurotropic virus which infects 
only humans. All herpes viruses have the capacity to 
induce life-long latency in the infected organisms from 
which viruses can be reactivated at any time.

VZV is the only human herpetic virus exhibiting an 
entirely different clinical picture during the primoinfec-
tion vs reactivation. The primoinfection – chickenpox – 
is typically a seasonal, predominantly childhood disease 
with peaks during late winter and early spring. In tropical 
and subtropical regions however, the peak incidence of 
chickenpox is during adolescence1. There is no seasonality 
of the disease in tropical countries. The genome of VZV 
consists of 125-kp of double – stranded DNA and is ex-
tremely stable2. The variability between individual strains 
is only ∼ 0.1% and is manifested as single  nucleotide poly-
morphisms (SNP) (ref.3). 

In the Czech Republic the incidence of chickenpox 
has been oscillating around 35-40,000 cases/year during 
the last decade. There were three incidence peaks – in the 
years 1998, 2004 and 2007, when the incidence reached 
50,000 cases/year. The cases occur mostly during the pe-
riod from January to June with a peak in May (source 
Epidat, available from: www.szu.cz). After the primoinfec-
tion the virus establishes a latency in the sensory ganglia 
and can be reactivated as herpes zoster (shingles) by vari-
ous factors, which are typically able to reduce both local 
and general resistance, such as a psychosomatic stress, 
older age or UV exposure, and toxic effects. The data from 
Epidat from the Czech Republic show an average of 6,000 
cases of zoster annually during the last decade. In the 
Czech Republic as elsewhere women are affected about 
1.4 times more often than men and the peak incidence of 
shingles is around 70 years of age4. Despite the availability 
of an efficient vaccine,VZV remains an important public 
health concern. 
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Utilizing molecular methods, several different wild-
type strains of VZV can be distinguished based on the 
presence of typical SNP combinations5-8 (Table 3). The 
main factors affecting the distribution of the individual 
VZV strains are both the past and current migration of 
populations, as well as the climate in various geographic 
areas1,5,9,10. The geographical distribution of different VZV 
strains is characterized by three main areas with charac-
teristic distribution, which are separated by the Tropics 
of Cancer and Capricorn6-8. Mosaic strains (M) of VZV, 
which likely originated by recombination and selection 
pressure from the European (E) and Japanese (J) strains, 
are more prevalent in subtropical and tropical regions. 
The European strains are typically found in areas with a 
moderate climate located on both hemispheres, as well 
as in Australia7. The Japanese strain J is typical for Japan 
and some other Asian countries, such as South Korea, 

Taiwan or Mongolia. In addition, the RFLP strategy can 
also distinguish the live-attenuated Oka vaccine strains 
from wild-type VZV strains6-8 . In this study, the presence 
of E1 and E2 genotypes of VZV was resolved in a large 
cohort of patients reporting to the faculty hospital in the 
Eastern Bohemia on the basis of SNPs located in ORF 21, 
22 and/or ORF 50 (Table 3). In addition, several recent 
studies have reported the possibility of recombination 
events occurring between VZV strains8,9 and we report 
identification of 2 unique recombinants in this study.

MATERIAL AND METHODS

In order to investigate the distribution of VZV strains 
in the Czech Republic on a larger and statistically more 
significant scale we performed a thorough genomic analy-

Table 1. Characterization of patient cohorts.

 Varicella Zoster

Number of cases 97 176

Gender
Female 52 104

Male 45 72

Age (years)
Female <2 – 13> <45 – 91>

Male <3 – 25> <55 – 81>

Treatment
Outpatient 82 153

Hospitalized 7 23

Complications

Absces 2 0

Pneumonia 1 0

Encefalitis 3 2

Secundary bacterial infection 1 0

Thrombocytopenia 1 0

Hemorrhagic varicella 1 0

Otitis 2 0

Conjuctivitis 0 9

Comorbidity

Diabetes mellitus I. type 4 0

Diabetes mellitus II.type 0 9

Tuberculosis 0 1

Renal tumor 0 1

Skin lymfom 0 1

Renal insufficiency 0 11

Ovarian karcinom 0 1

Adenocarcinom 0 1

Prostate cancer 0 2

Lymphoid leukemia 0 1

Liver and renal trasplantation 0 1

Asthma 6 34

Arterial hypertensis 0 57

Renal polycystosis 0 1

Surgery of meniscus 0 1
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Table 2. Distribution of wild-type VZV genotypes 
in analyzed clinical specimens.

E1 E2 M1 E1-M2 J

Varicella 35 62 0 0 0

Zoster 59 113 2 2 0

Total 94 175 2 2 0

Bgl+ 0 0 2 2 0

Bgl- 94 175 0 0 0

Pst+ 94 175 2 2 0

sis of a total of 273 VZV isolates obtained from patients 
in Kralovehradecky region during the period 2005-2010 
(Fig. 1). The clinical specimens were obtained dur-
ing the eruption stage of disease at the Department of 
Dermatology or Department of Infectious Diseases of the 
Faculty Hospital in Hradec Kralove. This study enrolled 
both outpatients and inpatients (Table 1). None of the pa-
tients in the two cohorts were related or knew each other 
and there was no unifying epidemiological factor among 
the samples. Within the cohort of chickenpox patients 
there were 45 males and 52 females aged 2 to 25 years. 
In the zoster cohort there were 104 female and 72 male 
patients aged 45 to 91 years (Table 1). 

A sterile swab was used to scrub the base of the un-
roofed vesicular lesions. DNA was extracted and puri-
fied from clinical samples using MagnaPure (Roche 
Diagnostics), according to the manufacturer’s instruc-
tions. PCR-based assays followed by genotyping method 
were performed as described previously6-8.

Fig. 1. Kralovehradecky region is situated in Eastern part of Czech Republic. The region consists of 15 counties, has 
4 758 km2 and 561 136 inhabitants. There are 115 people per 1 km2 . The Faculty Hospital is located in the 
seat of the region – Hradec Kralove.

Table 3. Analysis of genomic variations from VZV open reading frames 21, 22 and 50 (ref.8).

 ORF POSITION

GENOTYPE

E1 E2 M1 M2 E1-M2
DUMAS 

(E1)

ORF 21 33 725 T C C C T T

33 728 T C C C T T

ORF 22 37 902 A A A A A A

38 055 T T T C C T

38 081 A A C C C A

38 177 G G G A A G

ORF 50 87 841 C T T T C C

RESULTS AND DISCUSION

The samples were first subjected to an initial analysis 
by RFLP assay to detect markers in the ORF 38 and 54, 
which show restriction patterns characteristic for either 
the wild-type or Oka vaccination strains when digested 
by restriction enzymes PstI and BglI (ref.11,12). All tested 
specimens were VZV DNA positive. Our analysis showed 
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that all samples contained only wild-type VZV DNA and 
none of the isolates contained Oka vaccine strain markers. 
As a second step aimed at the identification of the indi-
vidual wild-type VZV strains, genotyping focused on SNPs 
in ORFs 22, 21 and 50 was performed6-8. This strategy 
has been shown to be 100% specific for distinguishing the 
wild-type VZV isolates into three clades – E, M and J. The 
correlation of the individual SNP differences in each VZV 
isolate to the reference strain Dumas (accession number 
X04370) is shown in (Table 3). In this analysis, four SNPs 
in the ORF 22 – #37902, 38055, 38081 and 38177 – are 
sufficient to identify genotypes E, M1 and M2. Further 
analysis of ORF21 (positions #33725 and 33728) and/or 
ORF50 (SNP #87841) discriminates between the E1 and 
E2 genotypes8. The analysis of DNA sequences was per-
formed by the DNAStar package (DNASTAR Inc) and 
ClustalW algorithm was utilized for sequence alignments.

Table 2 and Fig. 2 summarize the results of this analy-
sis. As can be seen, the obtained data identified mostly 
European strains E1 and E2 among both the chickenpox 
and zoster isolates, which is not surprising due to the 
absence of foreign nationals from other geographic areas. 
In the varicella cohort 35 samples were E1 positive and 
62 isolates represented the E2 clade. In the zoster cohort, 
59 and 104 samples tested positive for E1 and E2 clades, 
respectively. The overall analysis of all patients regard-
less of manifestation (both varicella and zoster patients 
together) showed that the E2 clade was dominant in this 
area with 175 samples (65%) positive, while 94 samples 
(35%) tested positive for E1. 

Interestingly, isolates from 2 patients with zoster were 
positive for the M1 genotype. Their anamnestic data 
showed that both patients traveled abroad shortly before 
the appearance of the symptoms – to the Netherlands 
and Mauritius in the first case, and to Italy, France and 
Croatia in the second case.

In addition, as a completely new and unexpected find-
ing, samples from two zoster patients (female, 53 years 
old and male, 60 years old) tested positive for unusual 
VZV recombinants containing combinations of SNPs 

                                                     a)                                                                                                    b) 

 

 Fig. 2. Prevalence of different genotypes in patients with chickenpox and patients with herpes zoster. A total of 97 
VZV isolates from chickenpox (a) and 176 isolates from herpes zoster (b) lesions from Kralovehradecky 
region were analyzed by RFLP and sequencing. The percentages of prevalence of the individual VZV strains 
are shown. 

characteristic for E1 and M2 clades (Table 3). The first 
was a 60 year old male patient with renal insufficiency, 
who presented with zoster in a very unusual location – in 
the distal third of his calf. This patient had a history of 
frequent travel to Greece, Turkey, Egypt and Tunisia. 

The second patient, a 53 year old female, presented 
with a recurrent zoster. During the duration of this study 
she visited our hospital with new zoster manifestations 
five times – in June 2009, November 2009, February 
2010, April 2010 and October 2010. The patient had a 
history of repeated travel to Egypt. This patient has been 
followed for allergic rhinoconjunctivitis and moderate 
bronchial asthma for several years. Several other disorders 
were confirmed in her personal case history, e.g. degen-
erative involvement of intervertebral discs L1-S1 (lumbal 
vertebrogenic algesic syndrome) was diagnosed about 2 
weeks before one clinical manifestation of herpes zoster.

Clearly, an additional genotypic analysis of isolates 
from these two patients will be beneficial to understand 
the potential recombination process.

In 22 cases out of 273, the patients developed or al-
ready presented with some VZV complications. The list 
of individual complications and comorbidities is shown 
in (Table 1). Some of the patients had more than one 
comorbidity and within these combined comorbidities 
asthma, arterial hypertension and renal insufficiency were 
often present. However, there was no clear correlation 
between the distribution of individual E1 or E2 wild-type 
VZV strains and presence of complications and/or co-
morbidites.

CONCLUSION

Genotypic analysis represents an important epidemio-
logic tool for typing of a variety of herpetic viruses8,10. 
These studies generate data useful for epidemiological 
surveillance and in future they may lead to establishing 
links between sequence variations and virus pathogenic-
ity13 or drug resistance, similarly to the already proven cor-
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relations for other viruses, such as HIV. More new studies 
analyzing sequence variants and genomic markers among 
VZV isolates are important keys for information about the 
pathogenic potential of individual VZV strains. Genotypic 
studies enable better understanding of infection epidem-
ics and studies on larger cohorts can provide additional 
insight into both VZV evolution and mechanisms of VZV 
persistence. This is the first individual prospective study 
from the Czech Republic. 

In summary, the data presented here demonstrate the 
prevalence of circulating European E2 clade (175 cases) 
as well as E1 (94 cases) and M1 clades (2 cases) in the 
Czech Republic. This correlation is in agreement with 
previously published summary by Schmidt-Chanasit and 
Sauerbrei, 2011 (ref.14) showing prevalence rates of E1 
to E2 strains in cohorts of varying size from 4 European 
countries: Czech Republic (7 isolates of E1/8 isolates 
of E2),Finland (10 isolates of E1/18 isolates of E2), 
Germany (166 isolates of E1/209 isolates of E2) and 
Iceland (1 isolate of E1/15 isolates of E2). Interestingly, 
when all available data from 19 European countries were 
pooled in the summary by Schmidt-Chanasit et al., 2009 
(ref.15) on average the most prevalent clade in Europe 
was E1 (368 isolates of E1/275 isolates of E2). Some 
isolates of M1 clade were reported from France (2 cases), 
Germany (59 cases) and Spain (9 cases) while M2 strains 
were found in France (1) Germany (3) Iceland (1). Only 
in Germany there were 5 cases identified as J strain vi-
rus, which could be due to a relatively large Asian immi-
grant community in this country. Therefore our data on 
a large cohort confirm the findings of Schmid-Chanasit 
and Sauerbrei, 2011 (ref.14) of the majority of E2 clade 
VZV strains in both varicella and zoster patients from this 
geographic area. In addition, we identified two M1 VZV 
strains which we can only speculate were imported due 
to the rich travel history of the two patients.

In our study, we have detected for a first time an unu-
sual strain, characterized by a genotypic combination 
of E1 and M2 (Table 2, Table 3) in patients with either 
atypically localized or recurrent zoster. Both patients were 
Caucasian and had an extensive travel history to subtropi-
cal and tropical countries. 

In our entire set of clinical specimens we found no 
VZV Oka vaccine strain isolate. Two different live attenu-
ated varicella vaccines are available in the Czech Republic. 
Our data therefore show that so far in our cohort of pa-
tients there has been no recombination between the wt 
and vaccine virus, nor was the vaccine virus a causative 
agent of the VZV disease. The future goal of our work will 
be achieved by vaccine related surveillance measures, such 
as monitoring the vaccine coverage, vaccine safety and 
vaccine effectiveness. Another aspect of the VZV genotyp-
ing will be to moniter the potential appearance of highly 
modified varicella in vaccinated persons. The monitoring 
and interpretation of trends in herpes zoster and imple-
menting the obtained data in the analysis of prediction 
of hospitalization and treatment may then help to reduce 
costs associated with the VZV infection. 

Breakthrough infection is well known as possible result 
from the lack of cross-protectivity of Oka strain against 

other geographically segregated strains of VZV, includ-
ing specific European strains. In Europe, these European 
strains predominate and the efficacy of the Oka strain 
against these genotypes is being examined in European 
studies16 .

Taken together the data from this prospective study in 
the Czech Republic provide a baseline for estimating the 
burden of VZV infections and also support the inclusion 
of VZV vaccination in the immunization program in this 
country. 
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