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ABSTRACT

Varicella zoster virus (VZV), the causative agent of chickenpox and shingles, can
cause severe systemic infections of the central nervous system (CNS) and the
respiratory tract in immunocompetent individuals as well as in immunocompromized

patients.

This is a cross-sectional study has been conducted on 90 pregnant women, attending
prenatal care clinics at Al-Turkey Teaching Hospital, Khartoum in Sudan during the
period from May to June, 2016. The aim of the study was to identify and evaluate
their 1gG response to VZV infection, and to compare the history of chickenpox
infection with the presence of Varicella IgG antibodies. Serologic testing for Varicella
was performed for the 90 pregnant women with different trimesters and different
ages. Enzyme Linked Immunosorbent Assay was used to detect 1gG antibodies
against Varicella-zoster virus, and the obtained results were analyzed statistically. A
total of 90 pregnant women aged 19-45 years were examined. The study demonstrated
that 44 of the 90 pregnant women (48.9%) were serologically positive for VZV 1gG
antibodies. The positive case in pregnant women aged 28-36 years was 21 (61.8%)
followed by 20 (38.5%) in pregnant women between 19-27 years of age. However,
the pregnant women between 37-45 years of age were only 3 (75%) which was the
lowest percentage among the group tested. VZV IgG seropositivity was 12 (54.5%)
among the pregnant women with a history of abortion, and this percentage was
statistically insignificant. Most pregnant women have VZV IgG antibodies, were
within the second trimester 19 (55.9%), followed by the first trimester 18 (64.3%),
and the third trimester 7(25%). The seropositivity of VZV IgG antibodies among
pregnant women that had a child with congenital abnormality was 1(50%).
Sensitivity, specificity, positive and negative predictive values of pregnant women
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with self-reported history was (80%), (63.1%), (45.5%) and (89.1%) respectively.
Serologic screening of pregnant women is essential to determine their immunity to
VZV (chickenpox) regardless of the age and history of the infection. As VZV
vaccination is not part of routine national wide immunization, women of reproductive

age were recommended as a target group for a future immunization program in Sudan.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

Varicella-zoster virus (VZV) is an air-borne, extremely contagious a human alpha
herpes virus found worldwide. It causes Varicella (chickenpox), which usually is a
benign illness in childhood. Adults, pregnant women and immunocompromised
patients often get a severe disease with complications. After infection the virus stays
latent in sensory nerve ganglia. It can be reactivated and cause zoster (shingles) if the

cell mediated immunity (CMI) deteriorates (Svahn, 2008).

In tropical countries, for reasons that are not yet entirely clear, Varicella occurs
mainly among young adults. The population of women who are susceptible to VZV
during their pregnancy period is higher in these regions, due to late seroconversion,
who in turn, pass on the virus to their fetus. This may cause a congenital Varicella

syndrome in the child (Mamani et al., 2012).

Varicella is more severe in adults than in children and associated with a greater risk of
complications and death. Varicella occurring during pregnancy is a growing clinical
and public health concern. The fetuses and neonates of pregnant women who are
affected by Varicella may develop congenital or neonatal disease, with high case-
fatality rates. Furthermore, the primary infection with Varicella —zoster virus during
early stages of pregnancy could lead to further infectious complications such as

pneumonia and encephalitis (Mamani et al., 2012).

Differences in immunity against VZV, among pregnant women from tropical and

temperate countries have been reported. Most people who live in countries with



temperate climate are infected with VZV before they reach adolescence, so
chickenpox occurs only rarely during pregnancy. A study in England showed that
VZV antibody prevalence was 93.1% in white pregnant British women while 86.8%
in Bangladeshi women. The difference may imply an increased risk of Varicella
infection during pregnancy for women who live in tropical areas (Talebi-Taher et al.,

2014).

A live attenuated vaccine was developed in the 1970s based on the Oka strain and has
been incorporated in the routine pediatric immunization schedule in the United States
of America since 1995. In a recent survey of 23 countries in the European region, the
inclusion of VZV vaccine in the routine pediatric immunization programs was
reported in Germany, in the Italian region of Sicily and by some Health Maintenance

Organizations (HMOs) in Israel (Nardone et al., 2007).

In Sudan, no research has been published until now to determine the seroprevalence
of anti-Varicella-zoster virus 1gG in pregnant women and VZV vaccination is not part

of routine national wide immunization.

1.2 Rationale

Varicella (chickenpox) is a highly contagious disease caused by VZV, which is
human alpha herpesvirus. Varicella is a mild disease in most children, but in adults,

pregnant women and immunocompromised patients are life threatening disease.

Primary maternal Varicella-zoster infection during pregnancy can have devastating
effects on the mother (maternal pneumonitits), the fetus and the newborn (neonatal
Varicella, and congenital Varicella syndrome respectively) (Mcintosh and Isaacs,

1993).



No research has been published in Sudan to determine the seroprevalence of anti-
Varicella-zoster virus IgG in pregnant women and VZV vaccination is not part of
routine national wide immunization so this study will provide the health policy
makers with primarily information about the vaccination status against Varicella
(chickenpox) among pregnant women to ensure that the screening of Varicella
(chickenpox) will become a part of antenatal care program and developing preventive

measures.

1.3 Objectives

1.3.1 General objectives

To study the seroprevalence of anti-VZV IgG in a group of pregnant women attending

prenatal care clinics located in Al-Turkey Teaching Hospital, Khartoum, Sudan.

1.3.2 Specific objectives

e To identify the VZV IgG antibodies in a group of pregnant women attending
prenatal care clinics located in Al-Turkey Teaching Hospital, Khartoum,
Sudan.

e To compare the history of Varicella infection (chickenpox) with the presence

of Varicella 1gG antibodies in mentioned group of pregnant women.
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CHAPTER TWO
LITERATURE REVIEW
2.1 History

Descriptions of vesicular rashes characteristic of Varicella (chickenpox) date back to
the ninth century. In 1875, Steiner showed that chickenpox was an infectious agent by
transmitting the disease from chickenpox vesicle fluid to previously uninfected
people (steiner,1875). Zoster (shingles) has been recognized since ancient times. In
1892, Von Bokey suggested that chickenpox and shingles were related infections, an
idea that was confirmed experimentally in the 1920s and 1930s, when children
inoculated with fluid from zoster vesicles were shown to contact chickenpox (Von
Bokey, 1909) . In 1943, Garland suggested that zoster was due to reactivation of
Varicella virus that remains latent in sensory nerve ganglia (Garland,1943), and in

1954, Hope-Simpson reaffirmed this hypothesis (Hope-Simpson, 1954).

The viral agents of Varicella and zoster were first cultivated by Weller in 1952 and
shown on morphological, cytopathic, and serologic criteria to be identical (Weller et
al.,1958). In 1983, Gilden and colleagues showed that Varicella-zoster virus (VZV)
DNA is latent in human sensory ganglia (Gilden et al., 1983 ) and, Hyman and
colleagues showed that VZV RNA is present in human trigeminal ganglia (Hyman et
al., 1983). In 1984, Straus and colleagues showed that viruses isolated during
sequential episodes of chickenpox and zoster from the same patient had identical
restriction endonuclease patterns, proving the concept of prolonged latent carriage of
the virus (Straus et al., 1984). In 1974, Takahashi and colleagues developed a live
attenuated VZV vaccine for prevention of Varicella (Takahashi et al., 1974), in 2005,
Oxman and colleagues showed that a high potency formulation of this vaccine is
effective in reducing rates of zoster and post herpetic neuralgia (Oxman et al., 2005).

4



2.2 Virus classification and genome

Varicella-zoster virus (Chickenpox), also known as human herpes virus 3 (HHV3)
and is DNA virus which belongs to herpes virus family (Herpesviridae). This
classification is based on morphological characteristics of the virus and its physical
and chemical properties. The Herpes virus study group of the International Committee
on the Taxonomy of Viruses (ICTV) divided the members of this family into three
subfamilies: Alphaherpesvirinae, Betaherpesvirinae and Gammaherpesvirinae. Based
on host spectrum, the length of the replicative cycle, the cytopathic effect invitro and
the particularities in the establishment of latency, VZV together with herpes simplex
virus type 1 (HSV1;HHV1) and type 2(HSV2;HHV2) were grouped into the
subfamily of Alphaherpesvirinae. Moreover, by its genome organization, VZV was
classified into the genus varicellovirus, where as HSV was classified into the class

simplex virus (Rahaus et al., 2006).

Though symptoms of an infection with one of these herpesviruses differ strongly from
each other, the morphology of the particles and the biological properties are very
similar. VZV is characterized by a strongly limited spectrum of infectable host cells,

which are, in fact, exclusive cells of human or simian origin.

An important characteristic of herpesviruses is the architecture of the virion. Its size
varies between 120 and 300 nm and is described to have a polygonal or round shape
with clearly visible central dot. Until now, it is not exactly known, how many
polypeptides are involved in the assembly of the virion, but an average of 30-35 is
reported. The virion is structured by for distinct components: envelope, tegument,

capsid and core with the genome (fig- 1a).
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Fig. 2.1 schematic drawing of the VZV: (a) overview of its morphology : the
important elements-envelope, tegument, capsid and core are indicated on the left-hand
side, important components of each element are given on the right-hand side (b)
General structure of the VZV genome. The genome (124,884bp) can be divided in to
the unique long (UL) and unique short(Us) region, which are flanked by terminal
repeats long and short (TRL, TRs) and internal repeat long and short (IRc, IRs). The
origins of DNA replication are located in IRsand TRs. (c) Isomeric forms of VZV
DNA: the P and Is isomers makeup more than 95% of the packaged VZV DNA

(Rahaus et al., 2006).

The outer covering envelope has a typical trilaminar appearance. It consists of
different membrane network,Gologi apparatus, rough endoplasmic reticulum,
cytoplasmic vesicles and cell surface elements. The envelope is interspersed but
spikes made up by of viral glycoproteins. The VZV genome encodes glycoproteins
gB, gC, gE, gH, gl, and gL as well as the putative glycoproteins gM and gN. The
enveloped particles have a final diameter of 180-200 nm and a pleomorphic to

spherical shape (Rahaus et al., 2006).

The next inside layer, located directly underneath the envelope, is the tegument. It
does not have any distinct properties, but its thickness seems to be variable: virions
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located in cytoplasmic vacuoles obviously have a thicker tegument than those located
in the perinuclear space. The proteins encoded by the open reading frame (ORF) 4,
10, 47, 62 and 63 are found inside the tegument. The tegument surrounds the

nucleocapsid.

The nucleocapsid has an icosahedric shape of 100-110 nm in diameter. It is composed
of exactly 162 capsomers. Due to the morphology of this capsid structure, it is not
possible to distinguish between members of the Herpesviridae. All capsomers occur
in a 5:3:2 axial symmetry in which pentameric proteins form the vertices of an 80-120
nm icosahedrons. The facets are comprised by hexameric elements. The capsid is built
up by the proteins encoded by ORFs 20, 23, 33, 33.5, 40 and 41 (fig. 2.1a) (Rahaus et

al., 2006).

The VZV genome is located inside the nucleocapsid. The DNA is coiled upon a
protein axis. This combination of linear DNA and proteins is called core. The genome
is a linear double stranded DNA molecule of approximately 125 kbp in length and an
average G-C content of 46%. This smallest genome known in the family of
herpesviruses. During transition of the DNA from the capsid into the nucleus of an
infected cell, it changes from a linear state into a circular one. It contains at least 69
unique ORFs and three duplicated genes (ORFs 62-71, 63-70 and 64-69). The VZV
genome consists of two covalently linked segments, U, and Us (long, L and short, S),
which are composed of unique sequences. Both of these unique segments are flanked
by inverted repeat sequences: UL by IR (internal repeat long)and TRy (terminal
repeat long), Us by IRs (internal repeat short) and TRs (terminal repeat short)(fig
2.1b). In the genome of the VZV strain Dumas, which is completely sequenced, the

UL element has a length of 104,836bp flanked by 88 bp inverted repeats and the Us



region, which is 5,232 bp in length, is surrounded by inverted repeats of 7,319 bp

(Rahaus et al., 2006).

VZV DNA isolated from purified virions can be found in two predominant isomeric
forms designated as P (protype) and Is (showing an inverted Us region) (fig.1c). Other
isomeric forms can only be found at very low levels representing 2-5% of the virions
DNA. DNA purified from VZV nucleocapsids is infectious as it was first
demonstrated by Dumas et al. The VZV genome contains two origins of replication
(ori). These elements, consisting of a 46 bp palindromic sequence which centers are
composed of 16 TA dinucleotide repeats, are located within the inverted repeats
flanking the Us region (fig. 1b). Three internal elements inside these ori-sequences,
designated A, B, and C, are recognized by the viral origin binding protein encoded by

ORF 51(Rahaus et al., 2006)

2.3 The replication cycle

The replication cycle of VZV is divided into three different phases according to
Rahaus et al., (2006): 1.Virus adsorption and entry, uncoating, transportation of the
capsid to the nucleus and release of the viral DNA into it, 2. Viral gene transcription
and translation as well as synthesis of viral DNA and 3. Assembly of new virions,

enveloping and egress.

The replication cycle begins when the virus adsorbs to its specific receptors on the
surface of the target cell. The adsorption is mediated by viral glycoproteins; the
receptors have not yet been precisely identified. However, recent data indicate that the
mannose 6-phosphate receptor plays a major role during attachment since at least four
VZV envelope glycoproteins contain mannose 6-phosphate. After fusion of the viral

envelope and the cellular membrane, capsid and tegument proteins are released into



the cytoplasm. The capsid is transported to the nuclear pores and releases its nucleic
acids by an unknown mechanism. With regard to this process, it is not worthy that the
cytoskeletal architecture of the host cell was found to be altered after infection.
Microfilaments and microtubules were subject to reorganization, while intermediate
filaments remained unaffected. These data support the thesis that cellular filament
systems play an important role in the transport of virions or nucleocapsids as it is
known from HSV. The following expression of viral genes runs according to a very
precise cascade. Immediate-early genes (IE, ORFs 4, 61, 62, and 63) are transcribed
first within a few hours of infection in the absence of de-novo protein synthesis. The
IE proteins have regularity functions on the subsequent gene transcription. Next to the
virus-encoded trans-activator proteins, cellular transcription factors are also involved
in the regulation of VZV gene expression. Most VZV promoters contain cis-acting
elements which are recognized by ubiquitously expressed cellular factors. The bi-
directional promoter of the ORFs 28 and 29 is activated by cooperation of cellular
upstream stimulatory factor and the major trans-activator protein encoded by ORF
62(1E62). Other cellular factors of importance are Spl and Apl. Spl is one essential
factor for the trans-regulation of the activating upstream sequence-element inside the
viral glycoprotein 1 promoter as well as it is implicated in the regulation of the viral
glycoprotein E expression by substituting the TATA-box binding protein to initiate
transcription. The expression and activation of AP1 increased significantly after
infection of cells with VZV and a knockout of this factor leads to a significant
decrease of virus replication. To achieve AP1 activation, VZV takes advantage of pre
—existing cellular signaling pathways such as the MAPK cascades. The ORF61
protein has been demonstrated to be involved in the regulation of this pathway. The

induction of transcription of a secondary class of genes, named early-(E) genes, which



can be translated in to early proteins before the onset of viral DNA replication is
dependent on the cooperation of viral IE proteins and cellular transcription factors.
Almost all E genes encode proteins with enzymatic properties involved in the
replication of viral DNA, like the DNA polymerase (ORF 28), the polymerase
processivity factor (ORF16), the helicase (ORF55), the primase (ORF6), the
heliase/primase accessory factor (ORF 52), the single-strand DNA binding factor
(ORF 29) and origin binding protein (ORF 51).the VZV DNA replication process
itself can be divided into different steps. At first, the linear viral DNA circularizes
followed by the start of the replication process, which involves the rolling cycle-
mechanism leading to the formation of head-to-tail cocatemers. Isomerization may
occur by homologous recombination between the inverted repeats. Finally, the
concatemers are cleaved to generate linear DNA, which is packaged into virions.
After DNA replication has begun, late (L) genes are transcribed. Proteins belonging
into the group of L products are the glycoproteins as well as those proteins that build
up the virus particles. Due to the aim to achieve a strict and efficient expression of all
classes of genes and to repress an up-come of host defense mechanisms, VZV
mediates a process known as host shut-off which result in degradation of cellular
mMRNA. In contrast to HSV-1, the VZV mediated shut-off is not an immediate early
process but a delayed one. The ORF 17 protein, which is the homologue to the HSV
virion host shut-off (vhs) factor U 41, is not the main actor to gain the shut-off. Due
to trans-repressing properties, recent reports indicate a role of IE 63 in putting on the
shut-off effect. The degradation of MRNA includes also transcripts of VZV IE genes
what is thought to be a part the switching process from the IE to the E and L gene
transcription during the replication cascade. Viral E and L transcripts are also

degraded as a consequence of the shut-off. However, evidence is increasing that broad
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range of cellular genes are not influenced by the shut-off. In addition to the host
shut-off as a mechanism against host defense, VZV is also capable to prevent the

induction of interferon-stimulated anti-viral systems such as PKR and RNase L.

After the expression of all three classes of genes has occurred, the newly replicated
genomes are wrapped on the protein core, packed inside the newly synthesized
capsids and transported outside the host cell. It is still not definitely clear how and in
which form nucleocapsids are transported out of the nucleus and towards the egress.
Different hypothesis are still proposed. A widely accepted model is that the capsids
get a temporary envelope gained from inner nuclear membranes while entering the
perinuclear space. These newly formed particles reach the lumen of the rough
endoplasmic reticulum (rER). The envelope fuses the rER membrane. The processes
resulting in this temporary enveloping at the inner nuclear membrane and the fusion
with the rER membrane are not understood yet. Further hypothesis give unknown
functions of some glycoproteins in these events. Following this dis-envelopment,
naked particles bud into large cytoplasmic vesicles. The viral glycoproteins are
released from the trans-Golgi network in additional vesicles that fuse with the
cytoplasmic vesicles prior to virion formation. The assembly of fully enveloped
virions with functional glycoproteins occurs in these vesicles while they forwarded to
the cell surface. The viral particles are released by exocytosis. According to another
scenario, cytosolic capsids are wrapped by cisternae of the trans-Golgi network which
already contain the glycoproteins. The tegument is thought to bind to those

glycoprotein's (Rahaus et al, 2006).
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2.4 Transmission

VZV is transmitted primarily from person to person by airborne respiratory secretions
and by direct inoculation onto mucus membranes or the conjunctivae. The incubation
period is classically 14 days (range 10 to 21 days) with the initial presentation being
fever with mild respiratory symptoms, followed within 1 to 2 days by a pruritic
vesicular rash that exists in different stages of development and, in uncomplicated

cases, lasts for 5 to 7 days. Varicella occurs most commonly in late winter and spring.

Patients are contagious for a variable period ranging up to 72 h before onset of rash.
For practical purposes, particularly for exposure management, the pre-rash infectious
period taken as a maximum of 48h. This period of infectivity is challenging because a
large number of individuals, including patients, staff and visitors in a healthcare
setting, may be exposed before diagnosis occurs, thus perpetuating the outbreak.
Moreover, patients remain contagious until the vesicles have crusted over, usually
taking a further five days after rash onset. The incubation period may be prolonged to
28 days if Varicella zoster immunoglobulin (VZIG) has been administered. This poses
important strategic problems in relation to patient placement inwards, as well as staff

deployment issues.

Transplacental transmission from mother to fetus occurs during maternal viraemia and
the incubation period for neonatal infection is 11 days (range 9-15 days) from onset of
maternal disease. Attack rates among susceptible contacts range from 60 to 90%;
therefore efficient outbreak or exposure management is required, particularly in the

hospital setting (Daley et al., 2008).

12



2.5 Pathogenesis

Recently, the pathogenesis of Varicella (chickenpox) was thoroughly reviewed by,
and a probable schema is illustrated in Figure (2.2). Based on epidemiologic evidence,
VZV is assumed to spread by droplet nuclei or airborne droplets. Airborne
transmission of chickenpox in hospitals has been demonstrated. The initial site of
infection may be the conjunctiva, the upper respiratory tract, or both. Conjunctival
and respiratory infection was demonstrated in animal model experiments using guinea
pigs. The virus then replicates at a local site, probably the regional cervical lymph
tissue. Large multinuclear giant cells have been found in adenoidal and tonsillar tissue
3 days before the onset of chickenpox. The duration of viral replication at the local
site may be estimated from observations on direct injection into human subjects of
vesicle fluid from patients with Varicella or zoster. In these studies, the incubation
period in the 33 cases that developed symptoms of Varicella was usually 8 to 10 days,
with a range of 7 to 12 days. As the incubation period of natural VZV infection is
usually 14 to 15 days, the duration of viral replication at the local site may be

estimated to be 4 to 6 days.

Primary viremia, which may occur after the release of a virus that has replicated at the
local site of infection, may be explained by the observation of a neonatal chickenpox
on day 1 or 2 after birth following maternal varicella in the last 2 weeks of gestation.
The major sites of viral replication are not yet clear, but may be deduced from the
results of autopsies of neonates who died of chickenpox. Although data on
fluorescent-antibody staining were not available, pathologic changes, including
formation of intranuclear inclusions were found in the liver, spleen, lungs, and other

organs, but not the thyroid gland, heart, bladder, and ureter.
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Secondary viremia may occur after viral replication in some or all of the above sites.
The virus will quickly invade cutaneous tissue, where viral replication results in

vesicle formation.

Recently, secondary viremia was detected by a sensitive culture technique for viral
isolation in immunocompetent children after close exposure to wild-type VZV.
Naturally infected children who developed clinical Varicella had viremia between 5

days before and 1 day after development of rash (Takahashi, 1988).

Infection of conjunctivae DAY 0
andfor mucosa of upper
respiratory tract

Viral replication in regional
Iymph nodes

LAY

Primary wiremia DAY 46

doid3id NOILYanINI

Viral replication in liver,
spleen and {?] other organs

Secondary viremia

Tay

Infection of skin and
appearance of vesicular rash DAY 14

Fig.2.2 The pathogenesis of chickenpox. Primary infection with varicella-zoster virus
occurs when virus-laden water droplets contact the respiratory mucosa or
conjunctivae of a susceptible host. The pathogenesis most likely includes a biphasic
course with primary and secondary viremia followed by the typical vesicular

exanthem of chickenpox (Grose, 1981).

14



2.6 Latency and reactivation

The hallmark property of VZV replication in vivo is the establishment of a permanent
latent state in several types of sensory neuronal cells, including trigeminal, dorsal
root, and cranial ganglia. Although non-neuronal cells proximate to neuronal cells
have been reported to harbor latent VZV, viral DNA was found only in neuronal cells
of 34 of over 2,000 human ganglia and none in the satellite, nonneuronal cells. Guinea
pigs and rats, in particular, the cotton rat, can be latently infected with VZV,
mimicking a limited degree of latency in humans. Most of the VZV transcripts
expressed during latency in human neurons also are expressed in the latently infected
cotton rat. Notably, however, VZV cannot be reactivated from latency in rat cells,
either in vivo or in vitro.The latent state of VZV is unique among herpesviruses in
that it expresses different RNA transcripts and is present in unusual anatomic and
cellular sites compared to other herpesviruses, particularly HSV. Although most of
the VZV ORFs studied to date have no role in latency, establishment of latency is
controlled in part by ORF63, an IE transcriptional regulator of VZV, as shown in
human neural cells in vitro and in the cotton rat model. Indeed, ORF63 has been the
most frequently detected and abundantly transcribed VZV gene in human ganglia.
ORF63 encodes a tegument protein that has a significant function in both lytic and
latent VZV infection by regulating the transcription of several other VZV proteins
involved in VZV replication. Other ORFs that are transcribed during latency are
ORF4, ORF21, ORF29, ORF62, and ORF66. An average of 4% of neuronal cells in
the trigeminal ganglia harbors latent VZV. The key to VZV establishing and
maintaining VZV latency in neuronal cells is localization of the transcribed regulatory
proteins in the cytoplasm of latently infected neurons rather than their usual location

in the nucleus during lytic replication. In addition, it has been suggested that host CTL
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reactivity to latency proteins such as ORF63 inhibits reactivation of latent virus. The
mechanisms of reactivation of latent VZV have not been elucidated but presumably
involve modulation of these regulatory proteins. Reactivation of latent VZV probably
occurs throughout the life of the host after primary infection but is controlled by
immune mechanisms and normally remains subclinical. Indeed, VZV can be detected
by PCR amplification of viral DNA in the blood of older, asymptomatic individuals as
well as immunocompromised, asymptomatic patients. Reactivation of latent VZV in
dorsal root ganglia occurs primarily in elderly persons, presumably due to a
progressively lower T-cell immune response to the virus during older age. This results
in either a subclinical outcome, or clinical syndrome, including a chronically painful
zoster without rash (zoster sine herpete) or overt zoster with a classic, thoracic
dermatoform vesicular rash (shingles). These clinical conditions can be much more
severe and life threatening in immunocompromised hosts, such as organ and tissue
transplant recipients, cancer patients, and persons infected with HIV-1(Specter et al.,

2009).

2.7 Epidemiology

Varicella represents primary infection with VZV, where as shingles represents
reactivation of latent VZV. Varicella is highly communicable with secondary attack
rates in susceptible household contacts of approximately 90%. Baba et al studied three
institutional outbreaks in normal infants and found a 100% attack rate in susceptible

children.

It has been estimated that approximately 3.5 million cases occur annually; 95% of

Varicella infections are clinically apparent. 90% of cases occur in children aged 1 to
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14 years and approximately 2% of cases occur in adults 20 years of age or older.

Children aged 5 to 9 account for 30 to 60% of cases.

Data on the epidemiology of Varicella in pregnant women are less clear, but the
incidence of Varicella has been estimated to be 1 to 5 cases per 10,000 pregnancies.
Gershon et al used fluorescent antibody to VZV membrane antigen to measure
antibody status in pregnant women who had no history of Varicella and found that
only 5% of childbearing women were susceptible to Varicella. Childbearing women
from subtropical and tropical areas were more susceptible (~16%). This may in part

due to the " geographical™ spread of this virus (Riley, 1994).

2.8 Clinical manifestations

In typical Varicella there is a generalized rash, with a concentration of skin vesicles
on the head, including the scalp and trunk (Fig.2.3 A). There are fewer skin lesions on
the extremities; the distribution of the rash is a diagnostic clue and may be used to
differentiate Varicella from smallpox. The rash evolves over a few days from
maculopapular lesions to vesicles, pustules, and scabs. In contrast to the case for
smallpox, in any one area of skin, vesicles, pustules, and scabs may be present at the
same time. Contagion is highest during the phase when the rash is vesicular; most of
the transmissible VZV comes from the skin lesions it is difficult to rule out the
possibility of respiratory spread of VZV in the pre-eruptive phase; it is usually
assumed that the illness is transmissible 48 h before rash onset, but the evidence for
this is limited. After the pustular stage is reached, transmissibility is no longer
occurring. Other symptoms associated with Varicella are malaise and fever. Varicella
usually lasts 5 to 7 days in immunologically normal hosts and is represented by a

spectrum of illness, ranging from mild symptoms and scant rash (which may be
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overlooked or forgotten) to severe illness with over 1,000 vesicles. The occurrence of
Varicella without an accompanying rash is rare. Varicella is 25 times more likely to
be severe (and may even be fatal) in adults than in children. Adults with Varicella are

especially at risk to develop primary Varicella pneumonia, a dreaded complication

but one that usually responds to prompt antiviral therapy.

Fig. 2.3 The clinical spectra of VZV infection. (A) An otherwise healthy 2-year-old
child with typical Varicella (primary infection). (B) A child with underlying
malignant disease receiving chemotherapy who died from disseminated Varicella

with pneumonia (Gershon and Gershon, 2013).

The cutaneous vesicles that arise during varicella are usually pruritic; scratching is
common and may contribute to aerosolizing VZV with subsequent spread to others.
Shedding of squames, however, is sufficiently common and profuse that even if
scratching is prevented, VZV may still aerosolize from the skin and transmit disease.
Scratching, however, may promote super infection with bacteria such as streptococci
and staphylococci. As a result, bacterial cellulities, pneumonia, and/or sepsis,
requiring hospitalization and intravenous antimicrobial therapy, are complications of

Varicella two forms of central nervous system (CNS) complications may occur in

18



varicella. One is the usually self-limited cerebellar ataxia (1 in 4,000 cases); the other
is the more serious encephalitis (1 in 10,000 cases), which can be severe or fatal
Immunocompromised patients who contract varicella may experience severe or fatal
illness with a prolonged course, including high fever, extensive rash that may become
hemorrhagic, pneumonia, hepatitis, and encephalitis. Usually one attack of varicella
provides lifelong immunity, but reinfections have been reported (Gershon and

Gershon, 2013).

The clinical features of Varicella vary with form of infection. For example, primary
infection in childhood (chickenpox) is typically a self —limiting illness with a rash.
Adolescent, adults, and the immunocompromised are more likely to have poor
outcomes, with complication including secondary bacterial infection of rash lesions,
pneumonitis, hepatitis, meningoencephalitis, cerebellar ataxia, and Reye's
syndrome.Four forms can affect pregnancy or the newborn: Varicella pneumonitis,

congenital varicella, neonatal varicella, and infant herpes zoster (Robert et al., 2015).

2.8.1 Varicella pneumonitis

Maternal infection during pregnancy is associated with an increased risk of
pneumonitis. Clinically, respiratory symptoms develop about 4-5 days after the onset
of the Varicella rash and include tachypnea, dyspnea, cough and fever. Radiologically
there are bilateral, diffuse, peribronchial nodular infiltrates. Radiological and clinical
findings may be disparate, with abnormal radiology in the absence of abnormal
clinical findings. Varicella pneumonitis can be life threatening when it occurs in the

second or third trimester of pregnancy (Robert et al., 2015).
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2.8.2 Congenital Varicella

Congenital Varicella can affect the skin, limbs, eyes, and central and autonomic
nervous systems (table2.1).

Table 2.1 Stigmata of congenital Varicella

System Characteristic

Skin Cicatricial lesions that may be depressed, pigmented or

hypopigmented and follow a dermatomaldistrbusion

Limb Hypoplasia of bones or muscles, absent or malformed digits.

Eyes Cataract, chorioretinitis, horner's syndrome, microphthalmia,

nystagmus, ptosis.

CNS Cortical atrophy, mental retardiation, microcephaly, seizures.

ANS Esophageal dilation and reflux, hydroureter, neurogenic bladder

The highest risk (2%) was observed between weeks 13 and 20 (Robert et al., 2015).

2.8.3 Neonatal Varicella

Maternal infection rash developing from 5 days before delivary to 2 days after
delivery has an attack rate in the newborn of approximately 20% with a mortality rate
of about 30%. Overwhelming neonatal infection ensues as there is insufficient time
for maternal VZV IgG to develop and cross the placenta. Clinical feature may include
a typical Varicella rash, respiratory distress and pneumonia, hepatitis, and wide spread

focal necrosis (Robert et al., 2015).

2.8.4 Infant Herpes Zoster

Infants born to mothers who suffered VZV infection between 14 and 33 can

demonstrate infant zoster in the first 2 years of life. Disease is typically benign,
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presenting with a vesicular rash in dermatomal distribution. Infants may be irritable

and febrile and demonstrate lymphoadenopathy (Robert et al., 2015).

2.9 Laboratory diagnosis

The importance of laboratory determination of VZV infection is highly dependent on
the nature of the clinical illness. Thus the laboratory diagnosis of VZV is not
recommended for conventional, uncomplicated Varicella or zoster syndromes in
otherwise healthy children and adults. This is based on recognition of the classic signs
and symptoms of Varicella, the backdrop of endemic Varicella in the geographic
location of known exposure to someone with Varicella, and the lack of indicators of
an underlying immune deficiency. This is also prudent for the management of health

care costs.

Nevertheless, there are bonafide circumstances where laboratory-based diagnosis of
Varicella is appropriate. These are, first, the presence of immunosuppressive
conditions in the patient, such as cancer or HIV-1 infection; second, the occurrence of
Varicella in a neonate, a presumed immune person, or a person who has been
vaccinated; third, zoster in young person; fourth, occurrence of significant clinical
complications of VZV infection; fifth, when a typical lesions occur that, for example,
could be due to HSV infection; sixth, to distinguish VZV lesions from smallpox
lesions in the event of a bioterrorism threat. In these cases, a laboratory diagnosis of
VZV infection can be essential to determining the clinical prognosis and making
therapeutic decisions, i.e., when to start, stop, or change antiviral therapy (Specter et

al., 2009).
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2.9.1 Specimen collection

In collecting specimens for viral isolation, the labile infectivity of VZV should be
taken into consideration. To minimize loss of infectivity, it is important to choose
suitable media for collecting vesicular fluid or pharyngeal secretions. SPGA and
PSGA media may be suitable for preserving the infectivity of VZV. When these
media are used, 15 to 50% of VZV survive for 24h at 4°C. furthermore, comparison
of viral recovery from sucrose phosphate (0.2 M SP) and from 70% sorbitol at -70, 4
and 20°C showed 0.2 M SP to be superior in preserving the stability of VZV. From
these results, media containing 0.2 M sucrose and fetal calf serum or albumin are
recommended. Virus from vesicle fluid is reasonably stable even without added

diluents at -65 t070°C, but rapidly loses infectivity at -20°C.

Some preservation of infectivity was obtained by simply freezing the infected cells as
monolayers with this medium. Rapid freezing of infected cells with 5 to 10% glycerol
preserved infectivity for long periods. No particular caution is needed for biosafty in

collecting specimen from suspected cases of Varicella-zoster (Takahashi, 1988).

2.9.2 Direct Identification of CPE:

A traditional method for determining Varicella(chickenpox) infection is to identify IN
inclusions and giant cells in scrapings from the base of fresh vesicular lesion that have
been stained with either Tzanck, Giemsa or hemotoxylin and eosin preparations.
Such histological diagnosis is complicated, however, by the identical inclusion bodies
formed in HSV- infected cells. This becomes of major significance in determining
disease prognosis and proper antiviral drug treatment regimens. Staining of cell
smears with colloidal gold complexed to anti-VZV IgG also has been used to identify

VZV directly in cell smears by electron microscopy (Specter et al., 2009).
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2.9.3 Culture of infectious virus:

A conventional method for diagnosing VZV infection has been identified of
characteristic CPE consisting of small clusters of ovoid cells in monolayers of
cultures of human fibroblast. The cell lines of choice for isolation of VZV are human
diploid cell lines HF, MRC-5 and A549. This procedure, however, is fraught with
problems, including the need of fresh vesicle fluid the relatively long time to
positivity (usually 7 to 10 days), and the loss of the cell cultures to microbial
contamination. An improvement in the culture technique that is now the standard
method in most diagnostic laboratories is the inoculation of specimens into fibroblast
cultures (e.g., MRC-5) that have been grown on glass cover slips in shell vials. The
cover slips are fixed with acetone after 3 and 6 days of culture and stained with
fluorescein isothiocyanate-conjugated monoclonal 1gG antibody specific for VZV
glycoprotein. Positive cells have cytoplasmic, apple-green fluorescence. This
procedure is more sensitive and usually more rapid for identification of VZV than

standard tube cultures (Specter et al., 2009).

2.9.4 Direct Identification of Viral Antigens

A method for more timely diagnosis of VZV infection is direct staining of vesicular
epithelial cell smears with fluorescent dye-conjugated, monoclonal antibodies to VZV
IE and glycoprotein antigens. This procedure can be done within hours of obtaining
the specimen. The method is highly dependent on the quality of the specimen, as too
few epithelial cells are common problems. The procedure is more sensitive than
conventional tube cell culture (97.5% versus 49.4%) and is less costly, particularly for

labor (Specter et al., 2009).
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2.9.5 Molecular Diagnosis:

Molecular detection of VZV DNA by in situ hybridization and PCR is sensitive and
specific for diagnosis of Varicella (chickenpox) infection in vesicle fluids and skin
biopsy specimens. These molecular procedures are gradually replacing antigen
detection method for diagnosis of Varicella (chickenpox) infection as they are
becoming more cost effective for the routine laboratory. Rapid, differential diagnosis
of zoster and HSV lesions, which is important for prognosis and treatment, can be
done using PCR. Detection of Varicella (chickenpox) infection in CSF directly by
PCR and hybridization, and indirectly by measure of anti-VZV antibodies, is of value
in the diagnosis and treatment of Varicella and zoster encephalitis. A problem is that

PCR also detects VZV DNA in the CSF of persons with subclinical virus reactivation.

Detection of VZV DNA in oropharyngeal swabs of patients with zoster sine herpete
and in the aqueous and vitreous humor of patients with retinitis is used for diagnosis
of these syndromes. Additionally, PCR has been used to detect VZV in amniotic
fluids of mothers with incident Varicella in early pregnancy. This may be of benefit in

diagnosing and possibly treating congenital Varicella.

The technical ease and specificity of detection of VZV by PCR has been improved by
the advent of real-time PCR. Using primers for different targets within VZV ORFs,
detection Of VZV DNA by real-time PCR has been shown to be more sensitive and
specific and technically superior to culture or immunofluorescence for dermal and
CNS specimens. Addition of phocine (seal) herpes virus to the clinical samples as an
internal control prior to extraction allows monitoring for accurate control of the whole
process. An extension of this technology has been the detection of multiple human

herpesviruses in the same clinical specimen, termed "multiplex PCR." Thus, DNA
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from VZV, HSV-1 and HSV-2, and in some cases, also CMV, EBV AND HHV6, as
well as an internal control, can be simultaneously detected by real-time PCR in a
single sample extracted from a clinical specimen. This may be of value in the care of
patient who are susceptible to multiple herpes virus infections due to
immunosuppressive conditions. Finally, an automated, DNA microarray PCR method
has been developed for high-through put detection of multiple herpes viruses,
including VZV, in clinical samples. Blood several days before the onset of clinical
symptoms of VZV infection, thus allowing for early initiation of therapy to preempt
the onset of disease. Real-time PCR has been used to quantitate levels of VZV DNA
in blood. This should be useful in monitoring patients at high risk for severe VZV
infection, such as stem cell transplant recipients. In some cases, VZV DNA can be
detected in blood several days before the onset of clinical symptoms of VZV
infection, thus allowing for early initiation of therapy to preempt the onset of the

disease (Specter et al., 2009).

2.9.6 Serum Antibody

Serologic assays for detection of anti-VZV IgG and IgM antibodies have been in use
for many years. They are of limited value in diagnosis due to the need for matching
acute and convalescent-phase or chronic samples, long turn-around time, indirect
measure of infection, and false positives for IgM. The determination of VZV antibody
is important, however, when there is a question regarding the immune status of a
person, particularly in immunosuppressed patients, and for determining the
immunogenicity of VZV vaccination. They are also of critical value in the
epidemiologic studies of VZV, where they have been adapted to use with oral fluid
specimens. The accepted standard in the field for assessing immunity to VZV in the
fluorescent- antibody to-membrane antigen (FAMA) test. This assay detects
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antibodies specific for viral envelope glycoproteins using human fibroblasts infected
for several days with a defined infectious dose of VZV oka strain that produces
sufficient surface glycoproteins. The infected cells are fixed with glutaraldehyde in
microtiter wells and mixed with serial dilutions of the patient's serum. These cells are
then stained with fluorescein isothiocyanate-labelled rabbit antihuman IgG and Evans
blue dye. The percentage of infected cells at each dilution of serum is determined by
fluorescence microscopy. Titers of >2 are considered positive. VZV antibody
standards are available to validate the assay. Unfortunately, this assay is best done
using in house procedures, as commercial FAMA Kkits have been unreliable.
Improved, indirect immunofluorescence assays have been reported to be more
sensitive and less labor-intensive to perform than FAMA. Commercial ELISAs are

also available for detecting and measuring VZV antibodies (Specter et al., 2009).

2.10 Prevention of Varicella (chickenpox) in pregnancy

2.10.1 Vaccination

Varicella vaccine contains live attenuated virus derived from the Oka strain of VZV
and has been licensed for use in the USA since March 1995. Following its
introduction, the incidence of primary infection (chickenpox) in the general
population has fallen by over 80% and the mortality related to the condition has
decreased by two-thirds. Immunity from the vaccine persists for up to 20 years. Two
Varicella vaccines are licensed for use in the UK for the prevention of chickenpox:
Varivax® (Oka/Merck; Sanofi Pasteur MSD Limited, Maidenhead, Berkshire, UK)
and Varilrix® (Oka—RIT; GlaxoSmithKline UK, Uxbridge, Middlesex, UK). Both are

live attenuated vaccines administered in two separate doses 4-8 weeks apart.
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The Varicella immune status of women planning a pregnancy or receiving treatment
for infertility can be determined by obtaining a past history of chickenpox and by
testing the serum for Varicella antibodies in those who have no history or an uncertain
history of previous infection. In 2009, the UK National Screening Committee
reviewed the evidence for antenatal screening for susceptibility to Varicella-zoster
infection. The committee concluded that there was insufficient evidence to support
antenatal screening because of a lack of reliable information on the true incidence of

VZV infection in pregnancy and on the outcomes following treatment.

If a woman of reproductive age is vaccinated, she should be advised to avoid
pregnancy for 4 weeks after completing the two-dose vaccine schedule and to avoid
contact with susceptible pregnant women should a post-vaccination rash occur.
Transmission of vaccine virus is rare, despite it being a live attenuated virus.
Inadvertent exposures to the vaccine in pregnancy have been reported to a register.
There have been no cases of FVS (Fetal Varicella Syndrome) and no increase in the
risk of fetal abnormality above the background risk. Small studies have not detected
the Varicella vaccine in the breast milk of women who have been vaccinated

postpartum (Royal College of Obstetricians and Gynecologists, 2015)

2.10.2 Management of exposure incidents

An essential part of the prevention strategy to avoid or reduce the incidence of
Varicella infection in pregnancy and the cost of managing an outbreak requires an
organized approach to management of exposure incidents. Screening should be
carried out pre-pregnancy if there is an opportunity to do so (family
planning/infertility clinics). Screening should also be carried out in early pregnancy so

that those who are uncertain can be tested, and those who are susceptible can be
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counseled about the risks, instructed on procedures should contact occur, and co-
opted into a protocol for management of exposure incidents. All healthcare workers
who deal with pregnant women should be screened and vaccinated or identified as
susceptible, to permit the redeployment to non-patients areas. An evaluation of the
economic and clinical outcomes of a program of routine antenatal screening and post-
partum vaccination of seronegative women found that a selective sero-testing strategy
prevented nearly half of VZV cases in their cohort. This will be particularly true in
those areas with high immigrant populations from tropical climates where immunity
is much less likely and immune status is much less likely to be known. However, this
evaluation was based upon an analytical cost-effective model following a hypothetical

cohort of over 4 million women over a 20 year provided (Lamont et al., 2011).

2. 11 Management of Varicella infections in pregnancy

2.11.1 Antivirals used in VZV infections

Acyclovir is a synthetic nucleoside analogue of guanine which is highly specific for
cells infected by VZV or HSV. When phosphorylated by viral thymidine kinase in the
cells infected by VZV, there is inhibition of viral DNA polymerase which stops
replication of human herpes viruses. Oral acyclovir has low bioavailability and must
be given in frequent doses to achieve therapeutic levels. Further bioavailability data
suggests that the physiological changes of pregnancy do not alter maternal
pharmacokinetics from non-pregnant women. Valacyclovir and famciclovir are pro-
drugs of acyclovir and penciclovir respectively. As pro-drugs they have a longer half-
life and better oral absorption and bioavailability, so due to less frequency of

administration are a better choice of oral therapy with improved compliance.
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Antiviral therapy either alone or in combination with VZIG has been recommended in
the management of Varicella (chickenpox) in pregnancy. Antiviral prophylaxis is best
given on the 7" day post exposure. All pregnant women with established chickenpox
should receive oral acyclovir 800 mg five times daily for seven days or valacyclovir 1
g three times daily. Compared with placebo, this reduces the duration of fever and
symptoms of Varicella (chickenpox) in immunocompetent adults if commenced
within 24 hours of rash development. If given within 24 hours and upto 72 hours of
the development of rash, acyclovir is effective in the reducing the feto-maternal
mortality and morbidity associated with VZV infection, particularly if used IV.
Intravenous acyclovir in severe pregnancy complications such as pneumonia is
preferred to oral treatment because of bioavailability, especially in the second half of
pregnancy. The dose is usually 10-15mg/kg of body weight IV every 8 hours for 5-10
days for VZV pneumonia and should be started within 24-72 hours of rash. There is
no evidence of fetal benefits with respect to CVS or Varicella (chickenpox) but
acyclovir crosses the placenta and can be found in AF(Amniotic Fluid), umbilical
cord blood and other fetal tissues, though it doesn't appear to accumulate in the fetus.
Acyclovir may inhibit viral replication during maternal viremia which May inhibit
transplacental transmission of VZV. Neonates showing signs of Varicella
(chickenpox) or those with chickenpox showing evidence of neurological or
ophthalmic complications have been reported to benefit from the use of acyclovir

intravenously.

Registries of neonates exposed to acyclovir in utero have found no significant risk of
teratogenesis from the use of acyclovir in pregnancy but theoretical risks exist with
use in the first trimester. Though there is a potential for complications of in utero

exposure, small studies of valacyclovir use in late pregnancy have found no clinical or
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laboratory evidence of toxicity in infants followed up to one month or six months of

age (Lamont et al., 2011).

2.11.2 Varicella Zoster Immune Globulin (VIZG)

As prevention is the most effective strategy for the reduction of maternal
complications associated with Varicella infections, immunoglobulin prophylaxis is an

important objective for susceptible, exposed pregnant women.

VZIG has been shown to lower Varicella infection rates if administered within 72 to
96 hours after exposure. The effectiveness of VZIG when given beyond the 96 hours
after initial exposure has not been evaluated. Protection is estimated to extend through
3 weeks, which corresponds with the half-life of the immunoglobulin. The principal
indication for the use of VZIG in pregnant women is reduction of the maternal risks
of Varicella infection-related complications associated with adult disease. If the
mother does not acquire Varicella infection, this eliminates risk for the neonate, but
this has not been studied as an end point because of the low frequency of cases. The
dose is 125 units per 10 kg given intramuscularly, with a maximum dose of 625 units.
VZIG is recommended for all susceptible pregnant women. To determine if an
exposed pregnant woman is susceptible, a history of Varicella infection should be
taken, and, if this is positive, the woman can be assumed to be immune. If the history
is negative and no Varicella antibody testing was done in early pregnancy, antibody
testing with Enzyme Linked Immunosorbent Assay or Fluorescent Antibody to
Membrane Antigen should, if possible, precede use of VZIG. However, in settings
where pregnant women might be tested too late and/or results may not be available

quickly, using VZIG before antibody testing results are available might be practical.
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The value of VZIG in averting fetal Varicella is primarily in its ability to prevent
maternal infection, but it may have some effect in decreasing the risk of fetal infection
even in those women who go on to develop Varicella. In a study of 1373 women who
had Varicella during pregnancy, 9 cases of Congenital Varicella Syndrome were
identified, all occurring after maternal Varicella during the first 20 weeks of gestation.
However, no cases of Congenital Varicella Syndrome were reported in any of the 97

women in whom Varicella occurred after post-exposure prophylaxis with anti VZIG.

The most frequent adverse reaction following VZIG administration is local discomfort
at the injection site, with pain, redness, and swelling occurring in approximately 1%
of people.32 Less frequent adverse events include gastrointestinal symptoms, malaise,
headache, rash, and respiratory symptoms, which occur in approximately 0.2% of
recipients. Severe events, such as angioneurotic edema and anaphylactic shock, are
rare (occurring in < 0.1% of recipients). Obstetrical care providers need to be aware of
the availability of testing and therapy in their local environment. As both testing and
therapy are time sensitive, it is important to know the turnover time for the test in
local laboratories, and how to arrange VZIG administration. As VZIG is a blood

product, patient consent is required (Shrim et al., 2012).

2.12 Management of perinatal infections

Primary maternal infection with VZV around the time of delivery poses important
problems. Following maternal chickenpox around term, elective delivery may be
delayed by 5-7 days to facilitate passive immunity of the neonate but experience with
this practice is limited. Theoretically, epidural rather than spinal anesthesia may be
safer because the dura mater is not penetrated and a site which is free of cutaneous

lesions should be chosen for needle placement. A neonatal ophthalmic examination
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should be performed together with serological testing of the neonate for IgM at birth

and 1gG at seven months of age.

VZIG is recommended for neonates whose mothers develop VZV rash from five days
before delivery up to two days after delivery. Neonates born before or after this time
probably do not need passive immunization because they are not at risk of severe
neonatal chickenpox. While VZIG may not prevent infection, it may reduce the
severity of neonatal infection, but is of no benefit once signs of chickenpox become
evident. monitoring of the neonate should be prolonged to 28 days because VZIG may
prolong the incubation period. VZIG is also recommended for the non-immune
neonate who is exposed to VZV or HZ from an index subject other than the mother in

the first seven days of life.

If signs of neonatal infection develop despite VZIG, the neonate should be treated
with acyclovir, and there are anecdotal reports of benefit of a combination of VZIG
and acyclovir in maternal VZV exposure near term or in exposed neonates to prevent
neonatal Varicella. Maternal HZ peripartum does not require any action because the
neonate will have passive immunity. This does not apply to babies born before 28
weeks or those less than 1000g birth weight because they may not have developed

passive immunity (Lamont et al., 2011).
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Materials and Methods

3.1 Study approach

Semi-quantitative approach.

3.2 Study design

The study was prospective cross-sectional study.

3.3 Study period

This work was carried out in the period between April to June 2016.

3.4 Study area

This study was carried out in Al-Turkey Teaching Hospital-Khartoum.

3.5 Study population

Pregnant women in different ages and trimesters attending to Al-Turkey Teaching

Hospital

3.6 Inclusion criteria

Pregnant women in different ages and different trimesters were included in this study.

3.7 Exclusion criteria

Non pregnant women were excluded.

3.8 Sample size

A total of 90 subjects of pregnant women
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3.9 Data collection

The data were collected by using a direct interviewing questionnaire (appendix 3)

3.10 Ethical consideration

An approval for the work was taken from Ministry of Health. Consent was taken from

the pregnant women after inform them with the objective of this study.

3.11 Laboratory method

The preserved sera from pregnant women was tested for the presence of IgG
antibodies against the Varicella-zoster virus using ELISA (appendix 2), see micro titer

ELISA (appendix 2).

3.11.1 Specimens collection and preservation

Under sterile condition 3 ml of venous blood were collected by using venous puncture
technique. The collected blood was drawn in to a plain container, allowed to clot and
then centrifuged at 3000 rpm for 5 minutes. The sera were separated in to an

eppendorf tubes and preserved at -20°C until used.

3.11.2 Principle

The test kit contains micro titer strips each with 8 break-off reagent wells coated with
Varicella —zoster virus antigens. In the first reaction step, diluted patient samples are
incubated in the wells. In the case of positive samples, specific 1gG antibodies (also
IgA and IgM) will bind to the antigens. To detect bound anti-bodies, a second
incubation is carried out using an enzyme-labelled anti-human IgG (enzyme

conjugate) catalyzing a colour reaction.
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3.11.3 Procedure

According to manufacturer guidelines (EUROIMMUN, Germany) the following steps

were followed (see appendix 1).

All reagents were brought to room temperature (18°C to 25°C) approximately 30

minutes before use.

Washing buffer was prepared by adding 30ml of buffer to 270 ml of distilled water in

flask.

Samples were diluted by adding 10pul to 1ml of samples diluents.

Step 1: 100ul of calibrators, controls, and diluted sera were dispended into
appropriate wells incubated for 30 minutes at room temperature (18°C to 25°C), and

then washed three times using 300l diluted washing buffer.

Step 2 : Then 100ul of enzyme conjugate (peroxide-labeled anti-human IgG) were
dispensed in to all wells, incubated for 30 minutes at room temperature (18°C to

25°C), and then washed three times using 300ul diluted washing buffer.

Step 3: 100ul of chromogen /substrate (TMB-H20-) solution were dispensed in to all

wells incubated for 15 minutes at room temperature.

Step 4: 100ul of stock solution (0.5M sulphuric acid) was added to the wells

containing chromogen /substrate solution.

The color intensity was measured at wave length of 450 nm within 30 minutes of

adding stop solution. Reading of results (see appendix 2).
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3.11.4 Calculation and interpretation of the result

Photometric measurement of the color intensity should be made at wavelength of 450
nm, within 30 minutes of adding the stop solution. The result evaluated by calculating
a ratio of the extinction value of the control or patient sample over the extinction

value of calibrator 3.

Interpretation of the results as follows:

Ratio <0.8 negative.

Ratio >0.8 to <1.1 borderline.

Ratio >1.1 positive.

Sensitivity refers to the percentage of persons with a history of Varicella among

seropositive pregnant women.

Sensitivity = True positive/ (True positive+ false negative)*100

Specificity refers to the percentage of persons without a history of varicella among

seronegative pregnant women.

Specificity = True negative/ (True negative+ false positive)*100

PPV refers to the percentage of seropositive among pregnant women with a positive

history of Varicella.

PPV = True positive (diseased)/total seropositive*100

NPV refers to the percentage of seronegative among pregnant women with a negative

history of Varicella
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NPV = True negative (not diseased) /total seronegative*100.

3.12 Data analysis

Data were analyzed by using SPSS software version 22.0. Significance of differences

was determined using chi-square test and statistical significance was set at p<0.05.
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A total of 90 pregnant women aged 19-45 years were enrolled in this study. Among
these 44 individuals (48.9%) were found to be seropositive and 46 (51.1%) were
seronegative as illustrated in Table (4.1) and Figure (4.1). Twenty one (61.8%) of
positive cases were in pregnant women aged between 28-36 years, followed by 20
(38.5%) in pregnant women between 19-27 years of age, while, those positive
between 37-45 years were 3(75%). There was no significant difference between the
presence of VZV antibodies and age as illustrated in Table (4.2) and Figure (4.2), (p
=0.061). Varicella IgG seropostivity was 12 (54.5%) among the pregnant women with
a history of abortion as illustrated in Table (4.3) and Figure (4.3), (P = 0.541) and this
percentage did not reach statistical significance. Most of pregnant women who have
VZV 1gG antibodies were within the second trimester 19 (55.9%), followed by the
first trimester 18 (64.3%), and the third trimester 7 (25%) (P =0.008). The results
indicated that there was a significant relation between the presence of VZV antibodies
and the trimester as illustrated in Table (4.4) and Figure (4.4). The seropostivity of
VZV 1IgG antibodies among pregnant women that had a child with congenital
abnormality was 1(50%) (p value 0.975), so the results indicated that there was no
significant association between seropositivity and child with congenital abnormality
as illustrated in Table (4.5) and Figure (4.5). Distribution of VZV IgG antibodies in
pregnant women, according to a history of Varicella indicated that there was a
significant relation between the presence of VZV antibodies and history of

chickenpox in this study as illustrated in Table (4.6) and Figure (4.6), ( P = 0.000).
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Sensitivity, specificity and positive and negative predictive values of pregnant women

with self-reported history were 80%, 63.1%, 45.5%, and 89.1% respectively.

Table 4.1 of VZV IgG antibodies among pregnant women

Result

Frequency Percent
n %
Positive 44 48.9
Negative 46 51.1
Total 90 100

Fig. 4.1 The Seroprevlance of VZV IgG among pregnant women (n=90)
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Table 4.2: The seroprevalence of VZV 1gG antibodies among pregnant women

according to their age:

VZV IgG
Age group(years) Positive Negative Total
n(%o) n(%) n(%)
19-27 20 (38.5) 32 (61.5) 52(100)
28-36 21 (61.8) 13 (38.2) 34 (100)
37-45 3(75) 1 (25) 4 (100)
Total 44 (48.9) | 46 (51.1) 90 (100)

P=0.061

Fig. 4.2: The seroprevalence of VZV IgG among pregnant women according to
their age:
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Table 4.3: The seroprevalence of antibodies to VZV in pregnant women

according to a history of abortion:

VZV IgG
History of Total
abortion Positive | Negative n(%o)
n(%o) n(%o)
Yes 12(54.5) | 10 (45.5) 22(100)
No 32(47.1) | 36(52.9) 68(100 )
Total 44(48.9) | 46(51.1) 90(100)
P=0.541

Fig. 4.3: The seroprevalence of antibodies to VZV in pregnant women according

to history of abortion:
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The seroprevalence of antibodies to VZV in pregnant women according to

trimester:
VZV 1gG Total
Trimester n(%o)
Positive Negative
n(%) n(%)
1st 18 (64.3) 10 (35.7) 28 (100)
2nd 19 (55.9) 15 (44.1) 34 (100)
3rd 7 (25) 21 (75) 28 (100)
Total 44 (48.9) 46 (51.1) 90 (100)
P=0.008

Fig. 4.4: The seroprevlance of VZV IgG among pregnant women according to
their trimester:
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Table 4.5: The seroprevalence of VZV IgG in pregnant women that had child

with congenital abnormality.

Child with VZV IgG Total
congenital n(%o)
abnormality Positive | Negative
n(%o) n(%)
Yes 1 (50) 1 (50) 2 (100)
No 43(48.9) | 45(51.1) 88 (100)
Total 44(48.9) | 46(51.1) 90 (100)
P=0.975

Fig. 4.5 The seroprevalence of VZV IgG in pregnant women that had child with
congenital abnormality:
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Table 4.6: The seroprevlance of VZV IgG among pregnant women according to

the history of chickenpox:

VZV IgG
History of Total
chickenpox Positive | Negative n(%o)
n(%o) n(%o)
Yes 20 (80) | 5(20) 25 (100)
No 24 (36.9) | 41 (63.1) 65 (100)
Total 44 (48.9) | 46 (51.1) 90 (100)

P=0.000

Fig. 4.6: The seroprevlance of VZV IgG among pregnant women according to

the history of chickenpox:
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5.1 Discussion

The prevalence of Varicella (chickenpox) infection varies substantially in different
geographic regions, including those within the same country. Varicella infection
contracted during pregnancy may be associated with high risk for VZV transmission
to the fetus or newborn and can have serious adverse effects and serious
complications on both maternal and infant health such as spontaneous abortion,
premature labor, Varicella pneumonitis, premature delivery and CVS (Guido et al.,

2012).

This is the first cross-sectional descriptive study conducted to detect seroprevalence
of Varicella (chickenpox) infection among pregnant women in Khartoum, Sudan. As
the aim of this study was to identify anti VZV IgG of the pregnant women and to
compare the history of Varicella infection (chickenpox) with the presence of Varicella
antibodies, the study indicated that approximately 51.1% of them were susceptible to
Varicella infection and 48.9% were immune against it. This result is lower than those
obtained in other countries. Studies from European countries and other parts of
developed countries showed that the seroprevalence level of VZV 1gG among
pregnant women varies as follows : UK, Bradford, the seroprevalence of VZV among
pregnant women reported by 95% (Pembrey et al., 2013), in Lyon, France the
seroprevalence of VZV IgG antibodies in pregnant women was 98.8% (Saadation-

Elahi et al., 2007), 96.1% were immune in Catalonia, Spain (Plans et al., 2007), in
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central Italy the overall seropostivity to VZV IgG antibodies was found to be 80.9%
(Alfonsi et al., 2007), similar study from Italy, province of leece the seropostivity
among pregnant women was 89.4% (Guido et al., 2012). The 1gG seroprevalence was
84.3 % among Croatian women during their fertility period (Hannachi et al., 2011). In
Hong Kong, it has been reported by 95.4% seroprevalence among pregnant women
(Fung et al., 2011). Similar studies were carried out in different regions of Iran: in
Babol, Northern Iran, 90.2% of pregnant women were VZV seropositive and 8.7%
were susceptible to Varicella infection. Another study from Hamadan, west of Iran
showed that 78.4% of pregnant women were immune to Varicella. Another study
from Jahrom, Southern Iran revealed 72.7% seroprevalence among young women

prior to their marriage (Bayani et al., 2013).

As this study was conducted in a limited area on a small sample size of pregnant
women, seroprevalence of VZV IgG antibodies among young, mid-age and among
elder pregnant women seem to be had no clear association between age and the
prevalence of the antibodies that affect pregnant women irrespective of their age. As
well age had no significant association among pregnant with a history of abortion and
with those who had a child with congenital abnormality. But the results showed high
prevalence of seropositivity among pregnant women in the first trimester and the
second trimester, but very low in the third trimester, so there was a significant relation
between the seroprevalence of VZV antibodies among pregnant women and the
history of chickenpox. A positive history of a chickenpox showed a sensitivity of 80%
and specificity of 63.1% and that compared to other studies in other countries was
very high percentage and that may be also due the small size of the sample and the

limited in which the study conducted.
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This study showed PPV of 45.5%, which is a low percentage in comparison to other
studies in the populations of Iran, Singapore, and Brazil the PPV of a clinical history
of VZV ranged from 85% to 98% (Talebi-Taher et al., 2010; Almuneef et al., 2004;
Dashraath et al., 2007; Lafer et al., 2005). Thus, the absence of the chickenpox
infection in the patient’s past medical history is an unreliable predictor of

susceptibility to infection in pregnant women.

In comparison with other studies our results showed that self-reported positive history
of Varicella continues to be low predictors of Varicella immunity, whereas a negative

history was high predicted with the negative predictive value of 89.1%.

5.2 Conclusion

In this study the seroprevalence percentage of VZV IgG among pregnant women
attending prenatal clinics at Al-Turkey Teaching Hospital was 44(48.9%). There was
a significant relation between the presence of VZV antibodies and the history of
chickenpox and the trimesters, and there was no significant relation between the
presence of VZV antibodies and age, the history of abortion and child with congenital

abnormality.

5.3 Recommendations

1. More studies with larger sample size are needed to identify and evaluate the

immune status of all pregnant women in other regions in Sudan.

2. Serologic screening of pregnant women is essential to determine their immunity to

VZV (chickenpox) regardless of the age and history of the infection.
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3. Vaccination program should be introduced, national wide in Sudan, to all women of
reproductive age to prevent and to reduce risk factors of Varicella zoster virus among

pregnant women.

4. Pregnant women who are not immune to Varicella should be educated to avoid
exposure to persons who have Varicella zoster, as Varicella vaccine is contraindicated

during pregnancy.
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Antl-VZV ELISA (IgG)
Test instruction

Nedizininthe
Labordiagnostine
AG

EUROIMMUN YUTW

ORCER WO, | ANTIHODIES AGANST | 1GCLASS | EUBSTRATE FORMAT
1 Vanalia zoster ins | Agemqted
EIEEEELBBME W) ] rlropite wals _95:01 {95)

Indicatian: The ELISA Lsl kil provides & esmiquantiatve or quanttative in wiro assay far humiz anf-
bedias of e Ipf cass apains varicela zosler virug (VEW) in esrum or plaeme for the diegnasis of

\aricellz zoster vins ifacions,

Application: The delemminalion of specihs anfbodiss & the mefod of chalce for confirmation of
susparted infrections (Varzallz) or reaclivaions [Zosles) with coresponding einical symptoma. The
datarmination of lgC 6nd Igh! alsa indcates an acule inficiion; in the case of readivdions, saes 1A
anticdias hava 6n mpartant diegrastic valus, In both cases however, antbanies of otk class 184 and
ight gy L presenl, eo Gl Ge celermiralion of evidty Sor antibodise of class I can ba of graat
impartanca, Tha delerminafion of fhe immune sfatus in asdy pregrancy and the inveafigation af
successful Immunlsatian & prssiale by means of VEV-gG anthrdies,

Principles of the test; Tha fest kit contains micralile slrips each wilh 8 bresk-alf reagent wells coated
witth varizeile Zostar vins amiigens. In the first reacfion siop, diuled patiant samples are incubabed in e
vielle, In the cese of pasilve serpls, specic G anilbodles (also Ipb nd Jgh) wil bind o the
anlipans, Ta dishect e hound anfi-bedies, & sacend incabalion & camled oul using an enzyme-lsballad
anfisuman I3 fenzyme conpupate} cabalysing & calidr fedcfian.

Contants of the test kit
LCompenznt Color__|_Forma Symbal
1. Microplate wells coatad with antigens: .
12 microplats stripe aach containing & ndiidual - 1248 LaTRIPS |
ea k-0 vl In 8 Tramg, redy far uss i )
2 Callorator 1 =T
5000 11 g3, humari, sy for e tx20m [T
3 Calibrator2
500 [LI {5, human), ready for uss | P coloured | 12201 42
1 In dacreaging
4 Caator Miensly | 1420 3l
A00 1L {1, hurmary, ready fer g ’
5 Calibrator 4 )
10 11 1, b, sy o use fx2lml [EL4]
B Posilive contral
{13, hurian), raady for s H""I 1x2ml | [Fusconikol]
7. Hegative contral
113, hurtian, ready for use l?i'p 10wl 100 R
B Enzyme comjugate 4 '
perodase-iabeled anf fuman lyG {raabi), g 1xiZml
mady for sa
8 Bample butfer, r2edy for uss ightbium 1 %100 ml
10, Wash bufter, 10 concsntrits wloess 1 x 100
l. %mnmwmmm aodes | xi2n ]
e s . ey ailmstess | 1292
3. Test instruction - 1 Boaklel
{4, Quality control cedificats — 1 pralecal
107] Lot deacriglion I Slorage femparatur

[wo] I iilv diagaslic riedical devica cE

Y Unapered usglie und

il FURCUMAALIN Wedisininche Labordizqnostica 43 - D-23960 Libeck - Seoiamp 31 - Tol, 0L 1068500 « Fax G856
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Preparation and stablty of the reagents

Note! Al rengents must be beought to room femperahire (+18°C lo +25°C) appeox. 30 minules bafors
use. At irst U, tho reagonts are stable wntl the indicsted expiry dale If sored ol +2°C to +8°C and
potiched from contamination, unless stated oferwiss below

« Conted wells: Raady for uss. Taar opan e rosealable protecive wiapping of M microplsie &t e
raoasses above (e grip seam. Do not open Ll the microplate has seached 100m Empeciure
pravaet the individus! strips Sam molatoniag. (memediatoly taplace e femaining wolls of a parfy used
icrapats n ha prosective wrapping and dghlly seal weh e integrated grip seam (Do not remove
the desicoant bag).

Onca P proseciive weappieg has baan cpenod for o fest me, tho wells costed wih anligens cas
be shored In & dry place and &l & bemperalure babwean +2'C and +8°C for & monthe.

« Calibrators and controls: Ready for use. Tha resgents must be mixod Boroughly bokes Lse
- Enzyma conjugate: Ready kr use The eazyme corfugate must be mixed [horoughiy before use,
- Samphe buffer: Reasy for use

« Wash buffer: Tho wash buffer b & 10x concenirato. ¥ crysiafisation oo in the contantruled
buflar, warm £ 10 37°C and mex wal bafore diuing. The gquaniity required should be remaved fum the
boltie using @ cloan pipatte and divted wih deiorisad or distiled water (1 padt reagast pius 9 parts
dlstiod water)

For axample: For 1 microplate sinp, & m concanirate plus 45 mi waler,
The working streng®h wash buffee is slabiie for 4 weaks when stored & +2°C to +8°C and handied
prapesty

- Chromegonfsubstrate solution: Raady for se. Close the bottie ismedistsly ater se, 45 the
conlents ae sensiiie to fght ¥, The chiomagenisubelrste soluen must be clear on use, Dy nol use
e salution if 2 is blue coloured,

+ Stop soluton: Riedy for use

Storago and stability: The est kil has 10 be stored at @ temperatura between +2°C 4o +8°C. Do not
froaze. Unopened, alf lest kil coeponants aa stablo st the incicated expry dele.

Wasto dwposal: Patiart samplos, calbraters, controls wnd incubaded mirophit s¥%ps should be
handlod a8 Infectious wasle. All resgents musl be disposed of In accordance with kel depossl
regulations.

Warning: The coetrols and calbritors usod hava tested negaiive lor HBSAG, BBHCV, nllHIV-1 and
ant-HIV-2 using enzyme Immunoassays and indired immuncfusesoancs mefads. Nonetheless,

matarials should b (rested as beirg a potential infecion hazard and should bo hadiod with care. Some
of g reagents contain e agent sadkum azide In & hon-Jaciarabls conoiiration. Avold skin contact.

Preparation and stabllity of the patient samples
Sanplos: Muman serum or EDTA, heparin of chirale plasena

Stability: Patient samples % be investipated can generaly be sloed 8t +2°C 1o +¥°C for up
14 days. Diutod samples should ba incubaled within eoo weding dey

Sample diution: Patient samplés &re dluted 1,101 n sample bufier.
Exampie: Add 10 4 of sampio 19 1,0 1 sampde buffer and mix well by volade) (smplo ppoties aa not
sulable for mbdng)

NOTE: Caiibratons and controls ae prodiiutnd anxd resdy for e, do not diute (hem
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For semiquantative analysie cubsle calbrator 3 along with ha postive and negalive

Incubation
controls and

patet saigles. For quantitative analysls inoubta calbeators 1 10 4 along with e postive and
egative controls and satisat sampies

(Partly) manual tost performance

MM

AR

Tranafor 160 14 of the callbrutors, positiva and nogative contrals or dited
patant samples info the indvidual microplate wells acconding fa the pipeting

profacol
Incubote for 30 minutes ot room ampaeature (+10°C 1o «28°C),

Isoual, Empty e wels and subsequently wash 3 fmas using 300 yl of
Worlng snge wash bufMer for auch wash,

futomatic Wash eagent wels 3 fimes with 450 | of working strength wash
butfer (program safting: @ 9. TECAN Cahimbius Washer “Overow Madup).

Leava the wash buffer in each wall for 30 fo &0 seconds per washing cycle,
then ompty the wels. Afler washing (manusl and sutomated losls),
thoroughvy dispase of ak iquid fam the microplate by tapping I on sbsorbent
papar with the opanings fcing dowrwards fo remave all residual wash bufier,

Node: Resioual liguld (> 40 ) In the reagent wells sfier washing can inferfere
with the substrate and kaad to e low axtinclisn values,

Insuticiont washing (0.9, loss !han 3 wash cycles, 100 smal wash bufler
volumes, o 100 short residence fimes) can lead lo faise high exdinclion

s,
Free posiians on e micrapiate silp should be Mlled wilh bk wds uf e
same plate onmet 38 thet of he paramater 1 be investgaled.

Plpatte 100 1 of enzyme conjugate (peraxidase-iabelied and-humen YG) Iy
anch of the micropiate wells.
Incubale for 30 eninutos f room lampeesture (+10°C Yo +25°C).

Empty the wells, Wash as descsbed above.
:nmmdm»wmwdum

Incubarte for 18 minutes at room lemperature (+18°C o +25°C), protect frem
dract sunight ,

Ppatie 100 4 of s1op solution to aach of B micropiate wells in he same
muaumwaummwmmm

Photometric measurement of he colour ntensity should ba made &t &
wavelongth of 450 nm and & relerence wivelength between 020 nm aod
(550 nm within 3 minutes of adding the stop solusion. Priat [0 messuring.
wightly shake the micoplale 1o eneire 8 hamegansous diskibution of e
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mnmmm:mﬂuﬂﬁmm

Sarrgike dikulian #nd tesd perfomance are cariod cut fly auiomalically using an analysis dmdca. The
ncubalion caondlionk programmad in e respeclive sofwere auBoribed by ELIRCIRNUN may devai
sighily e fhe spacications given in the ELISA tesl islnichon. Howavr, hese condiions wes
walidale In raspech of the combinafion af the EUROIMMUN Analyzer |, Analyzer 2P or tha DSX from
Dy e this ELIRCHMMLIN ELISA, Valdafion dosumenils 6rd avalabie on engary.
Automaied fest periormance: using oiher iy aulomabed, opan system analyss disies i possibi
Hownwer, o combinafion should b validaled by B usat

Pipetting protocol

il el [HTTIRIRINInIE
e |0 o lre o |Fou|En b

e |® 7|F|PD £2F a|Fu P
g | 0 || o i Pl En

Bk i o |rs(rura
P b wa [ 1Pl FH
B3 #i P wg. [P B |PH|PH
Foa|Frm FAFa[riF
LAt Led F 1P| Pl

z|w|n|m|a|a]a =

The pipetting prodoced for micraller lrips 14 16 an mesmpie for the smiguaniitalie anabvele of
4 patierd P11l P2

mmmmﬂhmmirmnmm for e quaniibative analysls of M palld
sampiess (P 1 107 24)

The calbralons (C 119 C 4), 1 posiive (pes ) wnd negaie (heg.) conlrol, aed ho patvrd samgles
heve 8ech bisen Inpubsied n ong wed. The refailly of e ELISA fast can b improved by duplcaie

datarminatiors br aach 3
mm::u;m%hn giips, Therelure, e numbar of iests perftrmed oan be

makiad i e rumber of , miririsng Weslzge.
mmfmmmnmmhhﬂhﬂhﬂm.

Thiay should e assnyed wilh sach bl un.

Calculation of results
Semiquantilative; Retuils can be evalusied semguaniislvely by ciladiting & Filla of Ihe Encon

vakig of Ihg control or patent sampie over fhe exicin vale of callralor 3. Caculie e rafo
wcarding o he filowng fomsla:

Eeoctontralners R

ELIRCHMMLIN recommands insrpiafing rosults s foliows:
Rt <0.8: nagative

P 0.8 16 1.4; bordurling
Py =1.1: pasitive
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Quantitatlye: The standard curve from which the concenteation of andibodied In the sarplos can
te 1k |s obained by point-to-paint platting of e extinction valuge measured for e 4 calbraters
gainst the units (insarflinear). Use “poinla-point” platting for caleulation of the standard
@ive by computar, The plot i an example of & typloal calbrafion cune. Ploase do net use his
aunve for the deferminaticn of antibody concantrations in patient samples.

0 100 L mo L] 0T
(1]

7 (1 sanction for i patiant samgpie 86 above the value of callbator 1 (3000 IA), the result should be
reported 88 3000 UK. 1t s recommanded that e sample be retested al  diutan of &.9. 1400, The
#sultin 1UN resd from e calration cunv for this sample must than be muliplied by & lactor of 4,

The wgper limd of Se referencs range of nonnficted parsoes (cutoff value) secommendsd by
mmmmnu_mmumm.mwwmu-

positive

I‘—-_-."—,../'
Evalustion Information: For dupiicate daterminatiens the mesn of the two values should be laken.
¥ha two valuss deviate substantially from ome anather EURDIMMUN recommends Lo feest the sample.

Far the merprecation of bordering results 20 investabon using haher tesls (e 3. BGY delemington
o antibody class gG) can be helphd.

A pgaive sardogicl resull doss el excluds &n infection. Particdary in e aary phase of an infectien,
wbodies may nol yet be peesent o are anly present in such smal quantites that they are not
Getooiatie, In caee of & borderfing reSUR, & Docure ovakiation I not possitle. If there Is 3 clinical
suspicion and & nagatve test reaulL wo recommend claication by means of other diagnestic metods
sndlor e serciegical ivestigation of & follow-up sample. A positive resul indicates fhat (here hag been
contict wih e patogen. In the delenmination of pathogesepeciie |ght anibedies, pelyclonal
ssmulatin of $he immuna sysem or antibody persistence may affect the diagnostic relevance of posiive
fndings. et Increases fackr 2) andior seroconversion in @ fllow-p semple
taken afier 710 duys can Indicale an acule To nvealigate ter chanes, sample and low-wp
sample should be incubaled in adjacent wells of e ELISA micreplate within e same fest run, For
wummmummmmbummmmuw
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Test characteristics

Cafibeation: The callbration s performad In nlermasonal wnils (V) using the isternational relerence
seum WIOH4 (Ars-Vancella Zoster Serum, Ceniral Laboestory of ihe Nethorlands Red Cross Blood
Transfusion Sorvics, Amsterdam, Netherfands). The W1044 sarum contains 80 IUsmpoule by definiion
g wos resuapendad in a concenlration of 50 Uiml

For every group of lests performed, e exinction vaiues of the calibralors and e inlemationsf units
andior ratios delermined for the positve ANd negative controly must ll withi) the lmits ataled fer the
relevant test K let A quality control cartificsts containing thesa reference valuss is Included. If the
:mmnummnmme-mwmumwuum

The binding activty of the antibodias and (he activily of the eazyme wed are lemperatute dependen!. §
s Merolors recommended Lsing @ ermostst In Wl (hvea (ncubation sieps. The higher the foom
femparature (+18°C fo #26°C) during e incubation steps, the greater wil be e axinction valles
Cormesponding vadations apply alno 10 he incubation Smas. Mowever, (he cafibaon are subject to the
same influsnces, with the resut (hal such varations wil be lgaly compensaiad in the calculation of the
resut.

Antigen: The srigen used are Nghly puriied VZV praleins (strain *Ellen’) om infécled. numan Abro-
bilssis (NHOF).

mmmummﬂvwm)mmumm4mmd
disrart patiant ssmples. The coafficent of deletmisalion RY for f ser was > 0.95. The AS.VZV
ELISA (190) 5 Irwar ot maat In e tested concentration range (12 1L - 5000 (V)

Detection fimit: The lower detoctian lmit is dafined as e mwan vale of an analyle-foe sampla phus
e tines N standard devistien and ks the smallest delectsble angbody War, The lower delection limll

of 0 AnB-VZV-ELISA (gG) s 3 UL

Cross reactivity: The quality of the snfigen used eoswres & Ngh specificty of he ELISA. Sera fom
malummwmmmwmnmmm

Antibadies against n

12
|7
) K

12
12

Anti-VZV EUSA (I9G)

|

|

A

ﬂg@ﬁ
il

-~
B
|-

12
virs A 12

i

Moasles virus 12
Mumps virus (AT) it

Parainfluenza virus Pool 12
] .
12
12

i
1
3212 ﬂiﬁ 222|222
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Inbirtarinca: Hismalyli lipaemc and iclars iamples showsd no usnce on B ekl Up L0 8 oo
wmwunumznnmhwumumwmhw

Reproducibdity: Tha reproduckilty of the it was invesfigaled by debsmining the indg- 6nd Inlgr-
by coaficiants of variatian () usieg 3 sera. Tha ilra-asaay CVe o bated on 20 datarminatiors
and M Inier-assay CVs on 4 delerminations parformed in & diflerent ieal rurs.

LLF - viriation, A8 dx §

Soum | Meanvae | OV Serm | Meanvalie | OV
1 L] H i H +

] o 28 F ] [T

1 [ i i 2] i

: and semsifivy: 4 pansl of 333 cinicaly characiersed pabint sampies riwsboratory fos
samplan bom IRSTAND, Labgpually Finland, UK NEQLIAS, MO Schyelr) wes svamined i) e
EUROIMMMAN ELEZA, The bes shows & sansihily of 100% and a spcifity of 100%

NSTAND, Labqually, NGQAS, U Schwsi
psbn | bodefire | pegee
postve 2 1 0
— 4 1 1
—_— g 0 #

=i

EURCHINUN
ATV ELISA

8)

il (1 EURDIMMAUN And-VEV ELISA (IgG)
ELISA showed @ sonaiy of 100% ot &

Cormelation study: 170 pafianl samplies
td he mlﬁﬂ'f ELSA [ﬁ.'ﬁ
epeeificly of B5% wilh fespact 1b he \Wampolz ELI3A

Watpoks ELISA Ig0
posib | berdaline
pisilivg i 1
berderling 0 2

peglve 0 0

Refererice range: The levels of e anb V2V anfibodes (i) wee ansysed with (s EUROMMUN
ELISA it a panl of 500 heaty bico] danoes, Wilh  eul-offef 00 LA 7.4% of 8 lood donors wars
B VEW pesllve (), whih refecls e known percsetsge of indectans n aduls

fi® 170

napate
EURORMUN :
Antl-VTV ELIBA L]

3
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Clinkcal significance

Vicalla zoster vins (V2V), syronyme: human haepos vius § (HHV3), 15 the causatve agent of
dhickanpor (vancafe) sfler which 1 establlshos [sancy and can subsequantly fmactvale o couse
Herpes 2oster (shinglag) {1, 2) The vinss is stictly humen (3], Chickanpox - a very conliggous déease -
hunmmn’vxmlmmunmduummm%humu
A3% In 54y0ir-<ids, 27% in 9-18yeasclds) wih typical iltarls rash of the erts ka [1,4, 5} Now
we know varicola can asa be 2 sefious infecion, even In chikdhood, but especially In yosn and alder
Wty w8 ding prograecy (6,78, 6

zmmmmuammmmmmwmm
it resichal enmunly [2) The average inddonce of herpes zoster I Europe s J par 1000 peogle
wmmummmmmwwmmumnmmmmm
Tha onlie vius gerame i presend in e latendy infocked gangia. VZV [s ltent In multple gangla slorg
{he anire human neureds (1]

In zoster, e rash allects e spreading aroa of one of sevral senstive narve mots, especially T343
anc N, igannious [2, 33 Cantral norvess system (CNS) convpllcaties can felkw both pimary ifection
and rascivalion of V2V 18, 11) The more sedous menHestations arise when VZV invades e soinl
cond of corabel riories aflor reacivation of the viua, causing disoasen such as myellts, focal
vasculopstlas, snd encephalis [7, 11}

Viools 0 oaas serfous infocions Ouny pragnancy with ssvere consequences of matamal
varicals for the ifant 16, 12, 13) A birth, maternal infecsion with the VZV poses & iruly Me-Uveatanng
fik to the nawbam, The neonatal mertalty rale 15 p %o 20:30%, 7 the matemal VZV-rfoction oocurs
betwoan day 4 et partun and day 2 pout partum (1) Pationts with congentul vancala syndrome
(CVS) typicaly shaw cincal symplos Such & sk isiars, newrological defocts, aye deeases, andior
umummwmmmammmmm

Andbodies against varicels zostsr vinses (igA, 1gG. Ig) can be found In the serum of smcal of
MM"N*IMMTMMNMW&ISAIMIT.W“
ight-anbbodies sgainel V2V are markans b confem suspectad VZV-ifecons, espedsly V2V-gG-
artibedy Sers g pregnancy (14, 16, 17, 18] kyA-rs & typical for a renfection (zoster) 16}

In additon fo desslo serodiagnosts of V2V, espacialy g0 and igM ansbodies sugpestive of acuie
infection, measurement of VZV-igG-avidity provides infarmation miaking it possible fo distinguish exacty
btwen scule and chronic Infoction, a delenwingtion of avidity in othar virus infections demonstrales
(20} Thesetore 1 1 of partcesar inerest n pregnant womes. Avidey descibes e binding stength of
gpacic antbody o anfigen. & was fousd to D kow in the frst phase after peimary infection but fhen 1o
Incroase ovar time. ased on Bis a0dBonal informatin, repaaed leeling and wneoassary aniety in
ngmmmnmumumﬂmwwwum
18,20, |

mmammunwwnwumwvzv-w
dumuhﬂ.l&kM].WWmﬁhhMlMdm«m
VEV I carabrospingl Mdd (CS9), Dus 1o the fact et specific wribodies can pass fom (e sorum
fvough e blocd-dran bamer nlo e CSF by éffsion, 8 reltvg CSFisem quefent (CS0s,

NMMMMBWTNW“MMNMU
m“'wmuuwwwnmwmmefmwmmu
MWMthCSFMmWthWM
concantatons CSQueh 4pec (9G) is pul into relafon 1o the CSFisarurn quodient of th otal 1gG oon-
cotralons CSOw (13G) (204 A reletive CSQ rost above 1.5 idlcales he producsen of specific
antbodies n the CNS s the involvement of e NS in the dseass [24, 25, 26).

Gaoerally, 8 Welong immunty dsvelops, nd I 15 mso the case sl & ucoasshd pretecive
vaconates (17, 27, 28 A pessive immunsation wth spacific immunoglobules & ofien ghven
Imeunocempiemised peoplo, such as timour palierts and reciplents of Fansplanis,
wed a3 seenagaive pregnant women sfer axposure to the veus 17, 26)
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Appendix 2

Anti-VZV ELISA IgG kit
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TECAN ELISA washer

TECAN ELISA reader
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Microtitre plate
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Appendix 3

Questionnaire

Sudan University of Science and Technology

Collage of graduate studies

Microbiology Department

By: Yosra Abdelrahman

Supervisor: Yousif Fadllala

Title: Seroprevalence of Varicella-zoster virus among pregnant women in Al-Turkey

Teaching Hospital, Khartoum state, Sudan.

D (PPN

AQE
Residence: ..........ocooiinnn.

Job:

History of chickenpox: Yes

Abortion: Yes

Gestational stage:

First trimester

Second trimester

Third trimester

Child with congenital abnormalities: Yes

NO

Marital status: ..........ccooovviiiiiiiiin,

NO

NO
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