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The parvoviruses are a family of small, single-stranded DNA
viruses that have a wide cellular tropism and broad host
range, causing infection in invertebrate and vertebrate species
from insects to mammals. Although many are important
veterinary pathogens, there is only one proven human
pathogen in the family, the human parvovirus B19. The virus
is most commonly referred to as parvovirus B19, or simply
B19. A new genus and name have been proposed for this
virus: erythrovirus B19,' based on its cellular tropism for
erythroid lineage cells and to distinguish it from the other
mammalian parvoviruses.

Compared with most other common human viruses, B19
is a relatively new pathogen, but since its initial description,
B19 has come to be associated with a variety of seemingly
diverse clinical syndromes in a number of different patient
populations (Table 27-1). Although the Iist of clinical mani-
festations caused by B19 infection is probably not yet complete,
some proposed relationships such as to rheumatologic disease
and neurologic disorders remain controversial.>?

Parvovirus B19 was accidentally discovered by Cossart
and associates® in 1975 as an anomalous band of precipitation
while screening blood donor serum for hepatitis B antigen
by counterimmunoelectrophoresis. The name B19 refers to
the donor unit from which it was originally isolated. Initial
analysis of the new virus revealed it had physical features
characteristic of the known parvoviruses,’ allowing classifi-
cation in this family. Because the donors from which it was
originally isolated were asymptomatic, B19 infection was not
initially associated with any illness, and for the next several
years after its description, it was a virus in search of a disease.
In 1981, Pattison® found a high prevalence of antibodies to
this virus in the serum of children hospitalized with the
transient aplastic crisis of sickle cell disease and proposed
B19 as the viral cause of this clinically well-described event.
Sergeant and colleagues’ later confirmed this association in
population studies of sickle cell patients in Jamaica. It was
not until 1983, 8 years after its initial description, that
Anderson proposed B19 as the cause of the common child-
hood exanthem known as erythema infectiosum (EI), or
fifth disease, that the virus was linked to its most common
clinical manifestation.® This benign rash illness of children
had been clinically recognized and well described for many
decades, but the cause was unknown. The name fifth disease



868 Section III  Viral Infections
Table 27-1 Clinical Manifestations of Parvovirus B19 Infection
Diseases Primary Patient Groups

Diseases Associated with Acute Infection
Erythema infectiosum (fifth disease)
Polyarthropathy
Transient aplastic crisis
Papular-purpuric “gloves and socks” syndrome
Diseases Associated with Chronic Infection
Persistent anemia (red cell aplasia)
Nonimmune fetal hydrops
Congenital anemia
Chronic arthropathy
Infection-associated hemophagocytosis
Vasculitis or purpura
Myocarditis

patients

Normal children

Normal adolescents and adults

Patients with hemolytic anemia or accelerated erythropoiesis, or both
Normal adolescents and adults

Immunodeficient or immunocompromised children and adults
Intrauterine infection

Intrauterine infection

Rare patients with B19-induced joint disease

Normal or immunocompromised patients

Normal adults and children

Intrauterine infection, normal infants and children, immunocompromised

Data from Brown KE, Young NS. Parvovirus B19 infection and hematopoiesis. Blood Rev 9:176, 1995.

was derived from the 19th century practice of numbering
the common exanthems of childhood, and EI was the fifth
rash designated in this scheme and the only one for which
this numeric designation has persisted in clinical practice.’
The others in the series included measles, scarlet fever,
rubella, and Filatov-Dukes disease (a mild variant of scarlet
fever that is no longer recognized).

The possibility of fetal disease associated with EI was
considered long before the viral origin was known, primarily
because of comparison with rubella and the incidence of
congenital rubella syndrome after community epidemics.''?
Advances in knowledge of the virology of other animal
parvoviruses and their known propensity to cause disease in
fetuses and newborn animals further fueled this concern."”
This suspicion was confirmed in 1984, when two reports'*'
of B19 infection in pregnant women associated with adverse
fetal outcomes appeared and were later followed by a larger
report of a series of cases of nonimmune hydrops fetalis
caused by intrauterine infections with B19.'® Over the ensuing
decade, a variety of clinical manifestations associated with
acute and chronic infections have been attributed to this
virus in different patient groups (see Table 27-1).

Since the initial reports of fetal infection, knowledge of
the epidemiology, pathophysiology, and short-term outcome
of fetal and neonatal infection with B19 has increased
immensely because of several large, population-based
studies.”’*! B19 infection during pregnancy has probably
been the subject of more such studies than any of the other
manifestations, with the possible exception of the transient
aplastic crisis of sickle cell disease. However, there is still
much to be learned regarding the long-term outcome of fetal
infection, the unusual clinical manifestations of infection in
neonates, and the immunologic response to infection. The
potential for prevention through vaccine development is a
topic of current interest and ongoing research.

MICROBIOLOGY

Like other members of the family Parvoviridae, B19 is a
small, nonenveloped, single-stranded DNA virus. The taxon-

omy for this family has been revised to include two sub-
families?*?:; the Densovirinae, which are insect viruses; and
the Parvovirinae, which infect vertebrates. The Parvovirinae
subfamily is composed of three genera: Dependovirus,
Parvovirus, and Erythrovirus. The dependoviruses require
co-infection with another, unrelated helper virus (i.e., adeno-
virus or herpesvirus) to complete their life cycle. There are
some dependoviruses that infect humans (e.g., adeno-
associated viruses), but the infection is asymptomatic and
without consequence. In contrast to the dependoviruses,
members of the genera Parvovirus and Erythrovirus are able
to replicate autonomously. Previously included in the genus
Parvovirus, B19 is now classified as an Erythrovirus (ie.,
Erythrovirus B19). The genus Erythrovirus consists of only
two members, B19 and a simian parvovirus (SPV) that hasa
similar genomic organization as B19 and has a similar tropism
for erythroid cells.”* Although a number of parvoviruses are
pathogenic to other mammals (e.g., canine parvovirus, feline
panleukopenia virus), B19 is the only parvovirus that causes
disease in humans.

There is only one recognized serotype of B19. Minor
variations in the nucleotide sequence occur among different
B19 viral isolates from different geographic areas, but they
have not been definitely shown to affect clinical patterns of
infection or pathogenicity.”?” Two isolates of human parvo-
virus, V9 and V6, whose nucleotide sequence differs signifi-
cantly (>10%) from B19 have been described.?®* Both were
isolated from patients with a transient red cell aplasia indis-
tinguishable clinically from the typical B19-induced aplastic
crisis. The clinical significance of these variants and whether
they represent different genotypes or merely geographic
variants of B19 remains a topic of debate.””*

The B19 genome is very small (=5.6 kb) and contained
within an icosahedral protein capsid. The capsid structure
and lack of an envelope make the virus very resistant to heat
and detergent inactivation, features that appear to be
important in transmission. The genome appears to encode
only three proteins. Two are capsid proteins, designated VP1
and VP2. VP2 is smaller but more abundant and makes up
approximately 96% of the capsid protein. VP1 is larger and
constitutes about 4% of the capsid but contains a unique



region that extends out from the capsid surface and serves as
the attachment site for the cellular receptor.”® VP2 has the
unique ability to self-assemble into capsids that are morpho-
logically and antigenically similar to B19 viruses when
expressed in cell culture systems in vitro.”>>> When present
with VP1, the capsids incorporate both proteins, but VP1
alone does not self-assemble.*

The third gene product is a nonstructural protein
designated NS1. The function of this protein is not entirely
clear, but it is involved in regulation of the viral promoter
and appears to have a role in DNA replication.” Studies of
NS1 have been hampered by the observation that it appears
to be toxic to cells by an unknown mechanism.* Studies
have further suggested that production of NS1 can lead
to programmed cell death (i.e., apoptosis) mediated by
stimulation of cytokine production.”*

Because of its limited genomic complement, B19 requires
a mitotically active host cell for replication. It can replicate
only in certain erythroid lineage cells stimulated by erythro-
poietin, such as erythroid precursors found in bone marrow,
fetal liver, umbilical cord blood, and a few erythroleukemic
cell lines.>*”*! B19 cannot be propagated in standard cell
cultures,** a fact that previously limited the availability of
viral products for development of diagnostic assays. Much
of this limitation has been overcome by the development of
molecular methods for the detection of viral nucleic acid,
but reliable commercial serologic assays are still somewhat
limited.

The cellular receptor for the virus has been identified as
globoside, a neutral glycosphingolipid found on erythrocytes,
where it represents the P blood group antigen.* This receptor
is necessary for viral infection to occur, and individuals who
lack this antigen (p phenotype) are naturally immune to B19
infection.* The P antigen is present on other cells such as
endothelial cells, fetal myocardial cells, placenta, and mega-
karyocytes.* The tissue distribution of this receptor may
explain some of the clinical manifestations of infection with
this virus (discussed later).

Although the P antigen is necessary for B19 viral infection,
it is not sufficient, because some cells, particularly non-
erythroid tissues, that express the receptor are not capable of
viral infection.*® A co-receptor has been described on cells
that are permissive for B19 infection.*® The hypothesis is that
the globoside receptor is necessary for viral attachment but
that the co-receptor somehow allows for viral entry into the
cell, where viral replication can occur. If confirmed, this may
provide an alternative explanation of the pathogenesis of
infection in nonerythroid tissues that express globoside
without the co-receptor.

PATHOGENESIS: GENERAL ASPECTS

Parvovirus B19 requires a mitotically active host cell to
complete its full replicative life cycle. The primary target for
B19 infection appears to be erythroid progenitor cells that
are near the pronormoblast stage of development. The virus
can be propagated only in human erythroid progenitor cells
from bone marrow, umbilical cord blood, fetal liver,
peripheral blood, and a few erythroid leukemic cell lines.*’
B19 lytically infects these cells, with progressive loss of
targeted cells as infection proceeds. In vitro hematopoietic
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assays demonstrate that B19 suppresses formation of erythroid
colony-forming units and this effect can be reversed by
addition of serum containing anti-B19 immunoglobulin G
(IgG) antibodies.® The virus has little to no effect on the
myeloid cell line in vitro, but it inhibits megakaryocyto-
poiesis in vitro without viral replication or cell lysis.*’

Clinically, this situation is best illustrated in the transient
aplastic crisis of sickle cell disease. Patients have fever, weak-
ness, and pallor on presentation, with a sudden and severe
drop in their reticulocyte counts. This cessation of red blood
cell production, coupled with shortened red blood cell
survival because of hemolysis, produces a profound anemia.
Examination of the bone marrow typically reveals hypo-
plasia of the erythroid cell line and a maturational arrest;
giant pronormoblasts are often seen with intranuclear
viral inclusions.®® With development of specific antibodies,
viral infection is controlled, and reticulocyte counts begin
to rise.

Evaluation of infection in normal volunteers has shown
similar hematologic changes, but because of the longer life of
red blood cells, these changes are clinically insignificant.”
Adult volunteers inoculated intranasally with B19 developed
viremia after 5 to 6 days with a mild illness. Their reticulo-
cyte counts fell to undetectable levels, and this was accom-
panied by a modest fall in hemoglobin and hematocrit levels.
Platelets and granulocyte counts also declined. Specific anti-
body production with immunoglobulin M (IgM) was followed
by IgG, and viremia was cleared rapidly. A second-phase
illness developed at 17 to 18 days with rash and arthralgias
but without fever, and hematologic indices had returned to
normal.

The tissue distribution of the cellular receptor for the
virus (P antigen) may explain the predominance of hemato-
logic findings associated with B19 infection. Its presence on
other tissues may help to explain other clinical manifestations,
such as myocardial disease, congenital infection, and vasculitis
syndromes. Although the cellular receptor is present and the
virus can attach, unlike erythroid cells, these cells are non-
permissive for viral replication; the virus is unable to under-
go a complete life cycle with the resultant lysis of the host
cells. Instead, interaction in these tissues leads to accumu-
lation of the nonstructural protein NS1. This protein is
essential for viral replication and has a variety of proposed
functions® but appears to be toxic to most mammalian cell
lines when present in excess.” NS1 has been associated with
apoptosis.”* NSI also has been linked to production of
tumor necrosis factor-ot and interleukin-6, a potent pro-
inflammatory cytokine.’®*»! This may lead to cellular
injury through cytokine pathways and provide another
mechanism aside from lytic infection for some of the clinical
manifestations.

Chronic infections in immunocompromised patients
develop when patients are unable to mount an adequate
neutralizing antibody response. These infections are charac-
terized by viral persistence in serum or bone marrow and
lack of detectable circulating antibody. Clinical mani-
festations include chronic anemia or red cell aplasia and may
include granulocytopenia and thrombocytopenia. The
mechanism for the leukopenia and thrombocytopenia is
not known, although it has been shown*’ that B19 causes
disturbances in megakaryocytic replication when infected
in vitro.
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EPIDEMIOLOGY AND TRANSMISSION

B19 is a highly contagious and common infection world-
wide. In the United States, 60% or more of white adults are
seropositive (i.e., have IgG antibodies to B19 in their sera).
This indicates a previous infection, usually one acquired in
childhood. Among African Americans, the rate of sero-
positivity is lower, about 30%.'® Transmission of B19 from
person to person probably occurs by droplets from oral or
nasal secretions. This is suggested by the rapid transmission
among those in close physical contact, such as schoolmates
or family members, and from a study of healthy volunteers
experimentally infected with B19, in whom virus was found
in blood and nasopharyngeal secretions for several days
beginning 1 or 2 days before symptoms appeared.”® In the
volunteer study, no virus was detected in urine or stool.
Given the highly contagious nature of B19 infections, it is
not surprising that most outbreaks occur in elementary
schools and occasionally child-care centers. Susceptible
(seronegative) adult school personnel are at high risk for
acquiring the infection from students.'” Some outbreaks in
schools may be seasonal (often late winter and spring) and
epidemic, with many children and staff acquiring the
infection and developing symptoms of EI. At other times,
the infection is often endemic, with transmission occurring
slowly and with only a few persons manifesting symptoms.

Global Distribution

B19 infections occur worldwide. Serologic evidence of
B19 infection has been found everywhere studied, including
developed countries, undeveloped countries, urban and rural
areas, and isolated island populations.’>>* The diseases and
associated signs and symptoms are the same worldwide. No
important strain or antigenic differences have been detected,
and serologic assays are independent of the source or
location of patient serum. Disease caused by B19 appears to
be unrelated to specific viral genotypes, although analysis of
the antigenic variation or nucleotide sequences of widely
dispersed B19 isolates shows some heterogeneity of unknown
significance,?%°¢6!

Seasonality and Periodicity

Transmission of B19 continues throughout the year, but
there are seasonal variations in transmission rates. Outbreaks
of EI most often occur in winter and spring in temperate
climates and less frequently in fall and summer.®* In schools
or daycare centers, outbreaks of EI may persist for months,
usually starting in late winter or early spring and ending
with summer vacation. Figure 27-1 highlights multiyear out-
breaks of B19 exposure among pregnant women and the
associated seasonal variation in Pittsburgh, Pennsylvania.
Most cases occurred in late spring and summer of each year.

In Jamaica, an island nation, careful studies of those with
sickle cell disease show that epidemics of transient aplastic
crises occurred about every 5 years, with little disease
occurring inside this interval.®® Epidemics of B19 infections
at 5-year intervals were also observed in Rio de Janeiro,
Brazil.* In Japan, age-related serologic evaluation of stored
serum samples showed no evidence for B19 epidemics over
a 10-year period.*” The prevalence of IgG antibodies to B19
among three tribes of South American Indians living in
remote regions of Brazil was very low (<11%), and was zero
for those younger than 30 years in one tribe.® However,
school nursing records in lowa over 14 years identified cases
of El every year but one.®®

Seroprevalence by Age

In numerous studies of B19 infection based on serologic
testing, the seroprevalence of B19 infection increases with
age.*®%74 Figure 27-2 shows the age-dependent increase in
seroprevalence in Richmond, Virginia.”” Transplacentally
acquired maternal antibodies are undetectable by 1 year of
age. In children younger than 5 years, the prevalence of IgG
antibodies to B19 is usually less than 5%. The greatest increase
in seroprevalence and B19 infection occurs between 5 and
20 years of age. By age 20 years, the seroprevalence of B19
infection rises from about 5% to almost 40%. Afterward,
without regard to risk factors, B19 seroprevalence increases
slowly. In adult blood donors, the seroprevalence of IgG
antibodies to B19 ranges from 29% to 79% with a median of
45%.7¢82 By age 50, the seroprevalence may be greater than
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Figure 27-1 Seasonal variation in reported parvovirus B19 exposures in pregnant women. Each month is indicated by its first letter. (Data
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Figure 27-2 Percentage of family subjects positive for IgG antibody
to B19 by age. The sample includes 283 subjects from 111 families.
Subjects were one twin of each twin pair, nontwin parents, and the
oldest child of each family. (Data from Adler SP, Koch W. Human
parvovirus B19 infections in women of childbearing age and within
families. J Pediatr Infect Dis 8:83, 1989.)

75%. Similar results on the age-related seroprevalence of
B19 infections were observed in India.*

Seroprevalence by Gender

In most studies, the prevalence of antibodies to B19 in sera
obtained from men and women is similar.” At least four
studies, however, have reported that women have a higher
rate of B19 infection than men.'*”>””# In one study of adult
blood donors, the proportion of women who were sero-
positive, 47.5%, was 1.5 times higher than for men. The
prevalence of IgG antibodies averaged 51% for women of all
ages, compared with 38% for males in one of two family
studies in Richmond, Virginia, and 64% for women and 50%
for men in the other.'*”* In Taiwan, the prevalence of IgG
antibodies to B19 among females was significantly higher
than among males (36.4% versus 29.4%, P < .001).*® The
most likely explanation for the higher rates of B19 infection
among women compared with men is that women are likely
to have more frequent contact with children, especially school-
aged children, who are the major sources of B19 transmission
because of school attendance. For adults, contact with school-
aged children is the major risk factor for B19 infection."”

Seroprevalence by Race

In the United States, there are significant differences in the
seroprevalence to B19 between blacks and whites. For example
in Richmond, Virginia, approximately 60% of whites are
seropositive, compared with 45% of blacks."” The reasons
for the lower rate of infection among blacks are unknown,
but may reflect the fact that students in Richmond schools
are predominantly African American.
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Incidence

In tests of serum from random blood donors for evidence of
recent B19 infection using detection of viral antigens or
DNA, the rate using antigen detection of infection is 0 to 2.6
cases per 10,000 individuals tested, with a median of 1 per
10,000; using DNA detection, the rate is 0 to 14.5 per 10,000,
with a median of 2 per 10,000.2°' When IgM antibodies to
B19 are used to detect recent infection, the rate has been
zero, but all studies included fewer than 1000 patients.’s*>%?
As for seroprevalence, women may have a greater risk for
infection during outbreaks of EI. During an epidemic of EI
in Port Angeles, Washington, the attack rate for women was
15.6%, more than twice the rate of 7.4% for men.'’

In Spain and Chile, children have the highest rates of B19
infection, which is true for groups of children 0 to 4 years old
and for those 5 to 9 years old.”** A study of 633 children
with sickle cell disease followed at the Children’s Hospital in
Philadelphia between 1996 and 2001 found that 70% were
seronegative (i.e., susceptible), and during this period, 110
patients developed B19 infections, for an incidence of 11.3
per 100 patients per year.”® Among the 110 patients infected,
there were 68 episodes of transient aplastic crisis, characterized
by an acute exacerbation of anemia, acute chest syndrome,
pain, and fever. The high incidence of disease among these
patients emphasizes the need for a vaccine against a parvo-
virus B19.

Risk Factors for Acquisition

B19 is efficiently transmitted among those residing in the
same home, with attack rates based on the development of
signs and symptoms of EI ranging from 17% to 30%.'%"
Using serologic testing to identify asymptomatic infection
and to exclude immune individuals, the secondary attack rate
for susceptible household contacts is 50%. Most secondary
cases of EI or aplastic crisis in the home occur 6 to 12 days
after the index case.'® 1% A serologic study of pregnant
Danish women indicated that seropositivity was significantly
correlated with increasing number of siblings, having a sibling
of the same age, number of own children, and occupational
exposure of children.!”!

During epidemics, B19 transmission is widespread among
school-aged children. Studies of school or classroom out-
breaks of EI with at least one serologically confirmed case of
acute B19 infection revealed student infection rates ranging
from 1% to 62% based on the occurrence of a rash illness.
The median rate for all studies was 23%.%'® Because
asymptomatic infections are common and other signs and
symptoms of EI may be mild and overlooked, these studies
undoubtedly underestimate the true incidence of infection.
Studies of students using serologic assays to identify B19
infection during outbreaks report infection rates of between
34% and 72%, with most not associated with a rash
illness.'1%1% The higher rates of infection occur in
elementary schools and daycare centers compared with
secondary schools and in boarded school students compared
with nonboarded students.'?’"'®

During school epidemics, employees in contact with
children have the highest rates of infection compared with
community controls. The attack rate based on detection of
rash illness or arthropathy may be relatively low (12% to
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25%).'9%17 However, the seroprevalence of B19 IgG anti-
bodies to B19 in school employees is greater than adult
community controls and ranges between 50% and 75%.'>'%!10
When serologic testing is used to identify employees with
asymptomatic infection and to exclude immune employees,
the attack rate among the susceptibles is usually very high. In
four school outbreaks where serologic testing was used, the
attack rate varied from 19% to 84%, and the frequency of
asymptomatic infection was greater than 50% in all but one
outbreak, 0106109110 The highest infection rates occurred
among susceptible elementary school teachers compared
with middle and high school teachers, and this may reflect
exposure to more infected children or a greater likelihood of
contact with respiratory secretions in younger children.'?*!"¢
During a community-wide outbreak of EI in Connecticut in
1988, the infection rate among susceptible women was 16%
for school teachers, 9% for daycare workers and homemakers,
but only 4% for other women working outside the home.'®

The risk of infection may be increased for school employees
even in the absence of recognized epidemics of EL In a study
of 927 susceptible school employees conducted during a
3.5-year period when no community outbreaks were detected,
the annual incidence of specific IgG seroconversion was
2.9%, compared with 0.4% for a control population of 198
hospital employees.'® The rate of 3.4% was higher for school
employees with jobs involving direct contact with children
compared with only 0.6% observed for persons with other
job classifications. Most of the individuals who seroconverted
did not recall an illness characterized by rash or arthropathy.

Salivary antibodies can be used to detect IgG and IgM
antibodies to B19 because serum antibodies passively diffuse
into saliva. Testing saliva for antibodies to B19 was useful in
documenting outbreaks in schools and households. In an
outbreak in England, school attack rates varied from 8% to
50%, including an attack rate of 45% for the teaching staff.'"!
The household transmission attack rate was 45% for 11
susceptible individuals. These rates are similar to what has
been previously observed.'"

Crowding and low socioeconomic status are not proven
risk factors for B19 infection. However, these factors are
suggested by the observation that in Rio de Janeiro, the
seroprevalence of IgG antibodies to B19 is 35% in children
age 5 years or younger, but in Niger, it was 90% by 2 years of
age.54,70

Hospital Transmission

B19 can be transmitted from infected patients to hospital
workers.? Most investigations reveal that hospital trans-
mission of B19 is common and includes direct patient-to-
patient transmission and indirect transmission from
materials or specimens known to contain B19 to laboratory
personnel.!'*!’* One patient with sickle cell anemia became
ill with aplastic crisis 9 to 11 days after contact in the hospital
with a patient with hereditary spherocytosis hospitalized for
aplastic crisis; B19 infection was confirmed in both.''® An
outbreak of EI occurred on a pediatric ward where 13 (26%)
of 50 children developed a rash illness."'” B19 seroconversion
occurred in 5 (71%) of 7 children with rash illness and in 9
(35%) of 26 children who were asymptomatic. Transmission
from patient to health care worker occurred twice in one
hospital after admission of patients with aplastic crisis.''? In

the first case, 4 (36%) of 11 susceptible employees with close
contact had IgM antibodies to B19, indicating recent
infection; in the second case, 10 (48%) of 21 employees had
specific IgM antibodies to B19 or seroconverted from IgG
negative to positive. Eleven (79%) of 14 were symptomatic
with rash or arthropathy. Another study of an outbreak of EI
among health care workers on a pediatric ward found that
10 (33%) of 30 susceptible health care workers had serologic
evidence of acute B19 infection, along with 2 (17%) of 12
immunocompromised patients being cared for on the
ward."">""® The two infected patients were not symptomatic,
but analysis of preexisting sera showed they acquired B19
while hospitalized. Onset of symptoms among the employees
was temporally clustered, indicating a chronic source such as
an immunocompromised patient or person-to-person trans-
mission.

Studies in Hong Kong identified three immunocom-
promised patients who appeared to transmit genetically
identical strains of B19 from patient to patient.'' At least
one of these three patients appeared to be able to transmit
the virus over many months. Immunocompromised patients
often have chronic infections and therefore may be infectious
for long periods. DNA sequence analysis was also used in
Japan to document B19 transmission between hospital staff
members, including nursing staff, office workers, and a
physiotherapist.'?

Other investigations have observed little or no risk for
hospital transmission. No evidence of patient-to-employee
transmission was found among 10 susceptible health care
workers with frequent contact with a chronically infected
patient hospitalized for 24 days before institution of isolation
precautions.'?' Transmission to hospital employees did not
occur after exposure to a parvovirus Bl9—infected mother,
her infected stillborn fetus, and contaminated objects in the
hospital room.'”? During a community outbreak of B19,
none of 17 susceptible pregnant health care workers with
possible exposure had serologic evidence {(IgM antibodies to
B19) of a recent infection.'* In a case-control study of hospital
transmission, serologic testing was used to determine the
infection rates among personnel exposed to patients with
sickle cell disease and transient aplastic crisis before the
subjects being placed in isolation.'* Only 1 of 32 susceptible
exposed hospital workers acquired a B19 infection, compared
with 3 of 37 susceptible workers not exposed. Results of this
study suggested that hospital workers who cared for patients
with aplastic crisis were not at an increased risk for B19
acquisition.

Two prospective studies from one institution determined
the incidence of infection in health care workers during
endemic (nonepidemic) periods. The first study found the
annual seroconversion rate to be 1.4% for 124 susceptible
female health care workers followed for an average of 1.7
years. In a subsequent study of 198 susceptible hospital
employees, the annual rate was 0.4%, compared with 2.9%
for school employees."’

Taken as a whole, the evidence indicates that B19 may be
highly contagious in the hospital, although perhaps not in
every circumstance. Many potential variables may affect rates
of transmission from patients to staff, including the type of
patient (immunocompromised or not), the duration of B19
infection at the time of hospitalization, and potentially, the
viral load of the infected patient. Patients with erythrocyte



aplasia or others with suspected EI or B19 infection should
be presumed to have a B19 infection until proved otherwise.
These patients should receive respiratory and contact
isolation while hospitalized.

Routes of Viral Spread

Person-to-person spread of B19 probably occurs through
contact with respiratory secretions. Viral DNA is present
in saliva®®1%124125 3¢ Jevels similar to those in blood, and in
a volunteer study, infection was initiated by intranasal
inoculation of B19.°*'? B19 cannot be detected in columnar
epithelial cells of the large airways.'”” Indirect evidence
suggests B19 is not transmitted by aerosols. Viruses such as
measles and influenza that are transmitted by aerosols are
rapidly spread during outbreaks, but new cases of EI are
spread out over many months during school outbreaks,
suggesting that B19 transmission is inefficient. B19 DNA
may be found in the urine, but it is unlikely that this is
associated with infectious virus.

The only well-documented routes of spread for B19 are
vertically from mother to fetus and from parenteral trans-
fusion with contaminated blood products or needles. Vertical
transmission is discussed later. Transmission of B19 by trans-
fusion occurs but is rare because of the low prevalence of
B19 viremia among donors of blood and blood products;
however, the risk increases for pooled blood products.'?*"!
For example, B19 DNA is frequently found in clotting factor
concentrates, including products treated with solvents and
detergents, steam, or monoclonal antibodies, and even treated
products may be infectious.”"?>"*!1* Seroprevalence of IgG
antibodies to B19 is high among hemophiliacs compared
with age-matched controls and is higher for those who
received frequent infusions of clotting factors prepared from
large donor pools compared with those prepared from small
donor pools.'

Parvoviruses are resistant to chemical inactivation. In one
hospital, B19 transmission occurred without recognized
direct patient contact, suggesting possible transmission by
fomites or environmental contamination.''” That B19 is
transmitted by fomites has not been directly established, but
considering the stability of related animal parvoviruses, this
possibility exists. B19 DNA, not infectious virus, was found
in a study of a suspected nosocomial outbreak in a maternity
ward.'?”® B19 DNA was detected by polymerase chain reaction
(PCR) on the hands of the mother of a stillborn fetus infected
with B19 and on the sink handles in her hospital room.
Samples from countertops, an intravenous pump, and
telephone were also positive by a sensitive nested~-PCR DNA
technique. PCR is so sensitive that minute quantities of DNA
can be detected by this technique, and the presence of B19
DNA on surfaces does not imply that these surfaces are
sources of infection. Infected fetal tissues and placental or
amniotic fluids are more likely sources of infection for
health care workers than fomites.

Risk of B19 Acquisition for Women of
Childbearing Age
We completed a large epidemiologic study'® to determine

the relative risk of B19 acquisition for women of childbearing
age in daily contact with children, including nurses, daycare
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employees, and teachers at all levels. We identified risk
factors for B19 infections for hospital and school employees
during an endemic period. We monitored by serologic testing
2730 employees of 135 schools in three school systems and
751 employees of a hospital, all in Richmond, Virginia. Sixty
percent were initially seropositive. After adjusting for age,
race, and gender, risk factors for seropositivity were contact
with children 5 to 18 years old at home or at work and
employment in elementary schools. Over 42 months, only 1
of 198 susceptible hospital employees seroconverted (0.42%
annual rate), compared with 62 of 927 (2.93% annual rate)
school employees (relative risk = 6.9). Four factors associated
with seroconversion were employment at elementary schools,
contact with children 5 to 11 years of age at home, contact at
work with children 5 to 18 years old; and age younger than
30 years. Those in daily contact with school-aged children
had a fivefold increased annual occupational risk for B19
infection."

Several observations indicate that B19 infections were
endemic but not epidemic or pandemic in the Richmond
area during the 42-month prospective evaluation.'® First,
few cases of B19 infection were reported by the school
nurses, and no cluster of cases was observed at any single
school or group of schools. Second, the seroconversion rates
during each of three consecutive study periods were the
same for all groups or subgroups. Third, for employees, B19
infections were not clustered at individual schools or groups
of schools. Fourth, the infection rates we observed among
employees, even for those teaching elementary school, were
less than those observed for the 1988 Connecticut epidemic,
in which 46 infections occurred among 236 susceptible
individuals exposed in the schools, for a minimum annual
infection rate of 19%.'" In a study of secondary B19 infections
among exposed household members, rates ranged from 30%
to 50%.

Persons with B19 infections are often asymptomatic or
have no rash, and low-level endemics can go unnoticed. We
observed that 28 of 60 infected employees were asymptomatic
and that only 20 knew of a specific exposure. In a study of 52
household contacts of patients with B19 infections during
an Ohio epidemic, infections without a rash occurred in 15
(94%) of 16 blacks and 17 of 35 (47%) whites, and completely
asymptomatic infections occurred in 11 (69%) of 16 blacks
and 6 (20%) of 30 whites.”® During the Connecticut out-
break, 5 (8%) of 65 teachers who were never exposed to a
child with a rash became infected.'” Observations of high
secondary attack rates during epidemics and the high rates
of rashless or asymptomatic infections provide strong
evidence that even during periods when EI is inapparent
in the community, school or hospital personnel in contact
with children have a significant occupational risk for B19
infections.

Contact with elementary school-aged children, whether
at home or at work, may be the most important risk factor
for B19 acquisition. When seropositivity for those with
children at home was stratified by the child’s age, the associ-
ation between seropositivity and children at home was
significant (P < .05) when all children between 5 and 18 years
old were included, and for seroconversion, the significant
association was with elementary school-aged children at
home."” The low seroprevalence and seroconversion rate
among hospital employees without known contact with
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children indicates that this group has a low occupational risk
for acquiring B19 infections.

The major conclusions from these studies were that when
El is inapparent in the community, school or hospital
personnel in contact with children still have a significant
occupational risk for B19 infections and that school
employees have an approximately twofold greater risk of
acquiring B19 from children at work than from elementary
school-aged children at home. We also found that hospital
employees without contact with children have a low risk for
acquiring B19.

Using the Richmond data and assuming that on average
50% of pregnant women are immune, we estimate that 1%
to 4% of susceptible women will become infected during
pregnancy during endemic periods. If the rate of fetal death
after maternal infection is as high as 5% to 10% (discussed
later), the occupational risk of fetal death for a pregnant
woman with unknown serologic status will be between 1 in
500 and 1 in 4000. These rates are so low that during endemic
periods, they do not justify intervention such as serologic
testing for pregnant women, furloughing workers, or
temporary transfer of pregnant seronegative employees to
administrative or other positions without child contact.

Knowing B19 infection rates during endemic periods may
be more important than knowing rates during epidemic
periods. In the United States, B19 infections are endemic
most of the time. Because more than 75% of B19 infections
are inapparent, most women who acquire B19 infection
during pregnancy do so during endemic periods, not during
epidemics. For establishing public health policy and assessing
the potential importance of immunizing against B19,
knowing that for seronegative women the endemic rate is
between 1% and 4% is more important than knowing
epidemic rates.

CLINICAL MANIFESTATIONS OTHER THAN
INTRAUTERINE INFECTION

Erythema Infectiosum

The most common clinical manifestation of infection with
parvovirus B19 is El, or fifth disease, a well-known rash
illness of children. EI begins with a mild prodromal illness
consisting of low-grade fever, headache, malaise, and upper
respiratory tract symptoms. This prodrome may be so mild
as to go unnoticed. The hallmark of the illness is the charac-
teristic exanthem. The rash usually occurs in three phases,
but these are not always distinguishable.'®!°2!3 The initial
stage consists of an erythematous facial flushing described as
a slapped-cheek appearance. In the second stage, the rash
spreads quickly to the trunk and proximal extremities as a
diffuse macular erythema. Central clearing of macular lesions
occurs promptly, giving the rash a lacy, reticulated appearance.
Palms and soles are usually spared, and the rash tends to be
more prominent on the extensor surfaces. Affected children
at this point are afebrile and feel well. Adolescents and adult
patients often complain of pruritus or arthralgias concurrent
with the rash. The rash resolves spontaneously, but it typically
may recur over the course of 1 to 3 weeks in response to a
variety of environmental stimuli such as sunlight, heat,
exercise, and stress.'*®

Lymphadenopathy is not a consistent feature but has been
reported in association with EI”” and as sole manifestations of
infection.'”"** A mononucleosis-like illness associated with
confirmed B19 infections has occasionally been reported,
but B19 does not typically cause a mono-like illness. Atypical
rashes not recognizable as classic EI have also been associated
with acute B19 infections; these include morbilliform, vesi-
culopustular, desquamative, petechial, and purpuric rashes.

Asymptomatic infection with B19 also occurs commonly
in children and adults. In studies of large outbreaks, asymp-
tomatic infection is reported in approximately 20% to 30%
of serologically proven cases.”””®

Transient Aplastic Crisis

Transient aplastic crisis was the first clinical illness to be
definitively linked to infection with B19. An infectious origin
had been suspected for this condition because it usually
occurred only once in a given patient, had a well-defined
course and duration of illness, and tended to occur in clusters
within families and communities.'*® Attempts to link it to
infection with any particular agent had repeatedly failed until
1981, when Pattison and colleagues® reported six positive
tests for B19 (seroconversion or antigenemia) among 600
admissions to a London hospital. All six were children with
sickle cell anemia admitted with aplastic crisis. This associ-
ation was confirmed by studies of an outbreak of aplastic
crisis in the population with sickle cell disease in Jamaica.’

In contrast to EI, patients with a transient aplastic crisis
are ill at presentation with fever, malaise, and signs and
symptoms of profound anemia (e.g., pallor, tachypnea, tachy-
cardia). These patients rarely have a rash.'®'* The acute
infection causes a transient arrest of erythropoiesis with a
profound reticulocytopenia. Given the short half-life of these
patients’ red cells and their dependence on active erythropoiesis
to counterbalance their increased red cell turnover, this leads
to a sudden and potentially life-threatening decline in serum
hemoglobin. Children with sickle hemoglobinopathies may
also develop a concurrent vaso-occlusive pain crisis, which
may further complicate the clinical picture.

Although such transient aplastic crises are most commonly
associated with sickle cell anemia, any patient with a con-
dition of increased red cell turnover and accelerated erythro-
poiesis can experience a similar transient red cell aplasia
with B19 infection. B19-induced aplastic crises have been
described in many hematologic disorders, including other
hemoglobinopathies (e.g., thalassemia, sickle-C hemoglobin);
red cell membrane defects (e.g., hereditary spherocytosis,
stomatocytosis); enzyme deficiencies (e.g., pyruvate kinase
deficiency, glucose-6-phosphate dehydrogenase deficiency);
antibody-mediated red cell destruction (e.g., autoimmune
hemolytic anemia); and decreased red cell production (e.g.,
iron deficiency, blood loss).*®'** B19 is not a significant cause
of transient erythroblastopenia of childhood, another con-
dition of transient red cell hypoplasia that usually occurs in
younger, hematologically normal children and follows a
more indolent course.”

Leukopenia and thrombocytopenia may occur during a
transient aplastic crisis, but the incidence varies with the
underlying condition. In a French study of 24 episodes of
aplastic crisis (mostly in individuals with hereditary sphero-
cytosis), 35% to 40% of patients were leukopenic or thrombo-



cytopenic, compared with 10% to 15% reported in a large
U.S. study of mostly sickle cell patients.®*! These transient
declines in leukocyte count or platelets follow a time course
similar to that for reticulocytopenia, although they are not as
severe and recovery occurs without clinical sequelae. The
relative preservation of leukocyte and platelet counts in
sickle cell anemia compared with other hereditary hemolytic
anemias presumably is caused by the functional asplenia
associated with sickle cell disease.*®

As observed in experimental infection in human
volunteers, B19 infection in normal subjects does result in a
fall in the reticulocyte count, but because of the normal red
cell half-life, this is not clinically significant or noticeable.
Various degrees of leukopenia and thrombocytopenia also
occur after natural B19 infection in hematologically normal
patients.”® Some cases of idiopathic thrombocytopenic
purpura (ITP) and cases of childhood neutropenia have
been reported in association with acute B19 infection,'4>'*?
Aside from these few anecdotal reports, larger studies have
not confirmed B19 as a common cause of ITP or chronic
neutropenia in children.*

Arthropathy

Joint symptoms are reported by up to 80% of adolescents
and adults with B19 infection, whereas joint symptoms are
uncommon in children.'™'® Arthritis or arthralgia may
occur in association with the symptoms of typical EI or
be the only manifestation of infection. Females are more
frequently affected with joint symptoms than males.'!%

The joint symptoms of B19 infection usually manifest as
the sudden onset of a symmetric peripheral polyarthropathy.'*
The joints most often affected are the hands, wrists, knees,
and ankles, but the larger joints can also be involved.'%'#
The joint symptoms have a wide range of severity, from mild
morning stiffness to frank arthritis with the classic combi-
nation of erythema, warmth, tenderness, and swelling. Like
the rash of EI, the arthropathy has been presumed to be
immunologically mediated because the onset of joint symp-
toms occurs after the peak of viremia and coincides with the
development of specific [gM and IgG antibodies.” Rheumatoid
factor may also be transiently positive, leading to some diag-
nostic confusion with rheumatoid arthritis (RA) in adult
patients.'*® Fortunately, there is no joint destruction, and in
most patients, joint symptoms resolve within 2 to 4 weeks.
For some patients, joint discomfort may last for months or,
in rare individuals, for years. The role of B19 in these more
chronic arthropathies is not clear.

The arthritis associated with B19 infection may persist
long enough to satisfy clinical diagnostic criteria for RA or
juvenile rheumatoid arthritis (JRA).#%>!45: 147148 Thyjs has led
some to suggest that B19 might be the etiologic agent of
these conditions.” This speculation has been supported by
the detection of B19 DNA in synovial tissue from patients
with RA and reports of increased seropositivity among
patients with these conditions.’*!*"">! Later findings of DNA
from other viruses in addition to B19 in synovial tissue from
patients with arthritis and the finding of B19 DNA in syno-
vium from persons without arthritis suggest that this may be
a nonspecific effect of inflammation.”>'>* A review of the
accumulated evidence on this topic has concluded that B19
is unlikely to be a primary cause in these rheumatic diseases
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but may be one of several viral triggers capable of initiating
joint disease in genetically predisposed individiuals.!**

Infection in the Immunocompromised Host

Patients with impaired humoral immunity are at risk for
developing chronic and recurrent infections with BI9.
Persistent anemia, sometimes profound, with reticulocyto-
penia is the most common manifestation of such infections,
which may also be accompanied by neutropenia, thrombo-
cytopenia, or compete marrow suppression. Chronic infections
with B19 occur in children with cancer who receive cytotoxic
chemotherapy,'*'* children with congenital immunodefi-
ciency states,”’ children and adults with acquired immuno-
deficiency syndrome (AIDS),"® and transplant recipients,'*’
and they may even occur in patients with more subtle defects
in immunoglobulin production who are able to produce
measurable antibodies to B19 but are unable to generate
adequate neutralizing antibodies.'®

B19 has also been linked to viral-associated hemophago-
cytic syndrome (VAHS),">!*! more generally referred to as
infection-associated hemophagocytic syndrome (IAHS).
This condition of histiocytic infiltration of bone marrow and
associated cytopenias usually occurs in immunocompromised
patients. B19 is only one of several viruses that have been
implicated as causing VAHS. IAHS is considered a nonspecific
response to a variety of viral and bacterial insults rather than
a specific manifestation of a single pathogen.

Infections in the immunocompromised host can lead to
chronic infection. This is most often manifested as chronic
anemia (i.e., red cell aplasia), but various degrees of cytopenia
have been described, ranging from thrombocytopenia or
neutropenia to complete bone marrow failure.'*® Patients
with an inability to produce neutralizing antibodies are at
greatest risk, and this complication of B19 infection has been
described in children with congenital immunodeficiency syn-
dromes, patients on cytoreductive chemotherapy, transplant
recipients on immunosuppressive therapy, and adults and
children with AIDS."°

Increased recognition of B19 infection in solid-organ
transplant recipients led to several reports.'®*'** Although
most such infections are manifested as the typical persistent
anemia, an association of B19 viremia with acute graft
rejection has been described.'®®

Other Dermatologic Syndromes
Vasculitis and Purpura

A variety of atypical skin eruptions has been associated with
B19 infections. Most of these are petechial or purpuric in
nature, often with evidence of vasculitis in those that report
skin biopsy results, and the eruptions may resemble the rash
of other connective tissue diseases.>'*® There are reports of
confirmed acute B19 infections associated with non-
thrombocytopenic purpura and vasculitis, including several
cases clinically diagnosed as Henoch-Schonlein purpura,®!¢
an acute leukocytoclastic vasculitis of unknown origin in
children. Chronic B19 infection has also been associated with
necrotizing vasculitis, including cases of polyarteritis nodosa
and Wegener’s granulomatosis.'®® These patients had no
underlying hematologic disorder and were generally not
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anemic at diagnosis. The pathogenesis is unknown, but these
details may suggest an endothelial cell infection, as occurs
with some other viruses such as rubella.

Information from biopsy of rashes temporally associated
with B19 infection is limited, although several reports have
appeared. B19 capsid antigens and DNA were found in a
skin biopsy from a patient with El, and this observation
lends support to a role for B19 in these vascular disorders.'*®
Rashes resembling those of systemic lupus erythematosus,
Henoch-Schénlein purpura, and other connective tissue
disorders have been described.'®!'”® In a controlled study of
27 children with Henoch-Schénlein purpura, B19 was not a
common cause.'”! Only 3 of 27 children had detectable B19
IgM antibodies indicating a recent infection. The role of B19
in these conditions remains speculative.

Papular-Purpuric “Gloves and Socks” Syndrome

Papular-purpuric “gloves and socks” syndrome (PPGSS) is a
distinctive, self-limited dermatosis first described in the
dermatologic literature in 1990."7% The syndrome is charac-
terized by fever, pruritus, and painful edema and erythema
localized to the distal extremities in a distinct glove and sock
distribution. The distal erythema is usually followed by
petechiae, and oral lesions often develop. Resolution of all
symptoms usually occurs in 1 to 2 weeks. A search for sero-
logic evidence of viral infection led to the discovery of an
association with acute B19 infection in many of these patients,
based on demonstration of specific IgM or seroconversion.
This association has been further confirmed with subsequent
reports and demonstration of B19 DNA in skin biopsy
samples and sera from these patients.'”>'”” Initially described
in adults, a number of children with this condition were
subsequently described.'’* There appears to be sufficient
evidence to suggest that PPGSS is a rare but distinctive mani-
festation of primary, acute infection with parvovirus B19,
occurring mainly in young adults but also affecting children.

Central Nervous System Infection and
Neurologic Disorders

Although a variety of neurologic symptoms and disorders
have been described in patients clinically diagnosed as having
El or laboratory-confirmed B19 infection,” the issue of
whether B19 causes central nervous system (CNS) infection
or is etiologic for other neurologic conditions remains un-
resolved. Cases of meningitis,'”>'”® encephalitis,'”” and
encephalopathy'”® caused by B19 infection have been
reported. Many of these cases were determined during out-
breaks of EI from older reports based on clinical diagnosis
only, before reliable laboratory tests for B19 were available.
In one study, headache was reported in as many as 32% of
children with rash illness."”* However, there are no controlled
comparative studies to evaluate the frequency of signs or
symptoms suggestive of meningeal inflammation or CNS
infection in B19 infection. Cerebrospinal fluid (CSF) abnor-
malities such as pleocytosis and increased levels of CSF
protein have been reported in some patients with
meningismus or altered level of consciousness associated
with EL.?> B19 DNA has been detected in CSF using PCR in
several cases of serologically confirmed acute B19 infection
with meningoencephalitis or encephalopathy.'”*'#! However,
most of these reported patients were also viremic at the time,

and the possibility that the CSF PCR was positive because
of contamination from blood could not be completely
excluded.

Disorders of the peripheral nervous system have included
brachial plexus neuropathy,'® extremity paresthesias and
dysesthesias,'® myasthenia-like weakness,”® and carpal
tunnel syndrome.'” The onset of most of these peripheral
nerve symptoms has been coincident with the onset of rash
and or joint pain at a time when the patient should have a
brisk immune response, suggesting that the neurologic abnor-
malities could be immunologically mediated.? In the course
of one well-described outbreak of EI among intensive care
nurses, numbness and tingling of the fingers were reported
by 54% of the 13 B19-infected nurses.'® The neurologic
symptoms persisted for more than 1 year in three of the
nurses, and one had low levels of B19 DNA in serum for
more than 3 years in association with recurrent episodes of
paresthesias. She was never anemic and had no demonstrable
immunodeficiency.'®® Although these cases are suggestive,
the role of B19 in neurologic disease and CNS infection will
remain unresolved until the pathogenesis of the viral
infection in these conditions can be elucidated >'¥

Renal Disease

Reports of renal disease after B19 infection, previously rare,
have increased within the past few years."*®'* Most have
been case reports of glomerulonephritis or focal glomerulo-
sclerosis temporally related to an acute B19 infection.
Immune complex deposition has been demonstrated in renal
tissue, and B19 DNA occasionally can be found in renal
tissue by PCR."*! Renal failure is rarely reported. The virus is
not known to infect kidney cells in vitro, and its presence in
renal tissue may reflect filtration of the viremia of acute
infection. B19 DNA has been detected in urine in studies of
infants with evidence of intrauterine infections. B19 antigens
may trigger an immune complex-mediated nephritis, but this
may be a nonspecific effect, and further study is necessary to
define the relationship between B19 infection and the potential
for renal disease.

DIAGNOSIS: GENERAL APPROACH AND
LABORATORY METHODS

The diagnosis of EI is usually based on the clinical recog-
nition of the typical exanthem, a benign course, and exclusion
of similar conditions. Rarely is laboratory confirmation
necessary. A presumptive diagnosis of a B19-induced transient
aplastic crisis in a patient with known sickle cell disease (or
other condition associated with chronic hemolysis) is based
on an acute febrile illness, a sudden and severe decline in the
serum hemoglobin level, and an absolute reticulocytopenia.
Likewise, a clinical diagnosis of PPGSS can be based on the
characteristic skin eruption in the distinct acral distribution.

Specific laboratory diagnosis depends on identification of
B19 antibodies, viral antigens, or viral DNA. In the immuno-
logically normal patient, determination of anti-B19 IgM is
the best marker of recent or acute infection on a single serum
sample. IgM antibodies develop rapidly after infection and
are detectable for as long as 6 to 8 weeks.'” Specific IgG
antibodies become detectable a few days after I[gM and



persist for years and probably for life. Seroconversion from
an IgG-negative to IgG-positive status on paired sera confirms
a recent infection. Anti-B19 IgG, however, primarily serves
as a marker of past infection or immunity. Patients with EI or
acute B19 arthropathy are usually IgM positive, and a diagnosis
usually can be made from a single serum sample. Patients
with B19-induced aplastic crisis may present before anti-
bodies are detectable; however, IgM will be detectable within
1 to 2 days of presentation, and IgG will follow within days.'®

The availability of serologic assays for B19 had previously
been limited by the lack of a reliable and renewable source
of antigen for diagnostic studies. The development of
recombinant cell lines that express B19 capsid proteins have
provided more reliable sources of antigen suitable for use in
commercial test kits.!”>!®* Several commercial kits are
available for detection of B19 antibodies, but they employ a
variety of different antigens (e.g., recombinant capsid proteins,
fusion proteins, synthetic peptides), and their performance
in large studies has varied."® Based on studies of the humoral
immune response to the various B19 viral antigens, it
appears to be important to have serologic assays based on
intact capsids that provide conformational epitopes. Antibody
responses to these antigens are more reliable and longer
lasting than are responses to the linear epitopes used in some
assays.'” Only one commercial assay based on such capsids
has received Food and Drug Administration approval in the
United States'®; other commercial assays for this purpose
are considered research tests. Until serologic tests are more
standardized and results more consistent, some knowledge
of the assay and antigens used will be necessary for proper
interpretation of B19 antibody test results.

In immunocompromised or immunodeficient patients,
serologic diagnosis is unreliable because humoral responses
are impaired, and methods to detect viral particles or viral
DNA are necessary to make the diagnosis of a B19 infection.
Because the virus cannot be isolated on routine cell cultures,
viral culture is not useful. Detection of viral DNA by DNA
hybridization techniques'” or by PCR'*'*’ is useful in these
patients. Both techniques can be applied to a variety of
clinical specimens, including serum, amniotic fluid, fresh
tissues, bone marrow, and paraffin-embedded tissues.*

Histologic examination is also helpful in diagnosing B19
infection in certain situations. Examination of bone marrow
aspirates in anemic patients typically reveals giant pronormo-
blasts or “lantern cells” against a background of general
erythroid hypoplasia. However, the absence of such cells
does not exclude B19 infection.”®***! Electron microscopy
has proved useful and may reveal viral particles in serum of
some infected patients and cord blood or tissues of hydropic
infants (discussed later).

EPIDEMIOLOGY OF B19 INFECTIONS AND
RISK OF ACQUISITION IN THE PREGNANT
WOMAN

Prevalence and Incidence in the United States

We have completed three studies’ using complementary
strategies to determine the incidence of human parvovirus
B19 infection during pregnancy. First, using the data from a
study of school personnel, we estimated the average B19
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infection rate among pregnant school personnel. Of the 60
individuals who seroconverted during that study, 8 (13%)
were pregnant. However, not all pregnant women in the
school system participated in the study. Although we had
data on the pregnancy rates for the female school personnel
who participated, these volunteers may have been biased
toward younger females, raising the possibility that their preg-
nancy rates may not have been representative of all school
employees. Of approximately 11,637 total school employees
in Richmond, Virginia, we enrolled 2730 (24%) in our study.
To determine whether the sample enrolled was representative,
we performed a random survey of 733 school employees at
the schools studied. The results provided strong evidence
that the seroprevalence and annual infection rates observed
among study subjects were representative and applicable to
the entire school employee population.’” Assuming no
seasonality to B19 infections (none was observed) and
that pregnancy does not affect susceptibility, we predicted
that without regard to risk factors, seronegative pregnant
personnel have an average annual infection rate of 3%, for a
rate of 2.25% per pregnancy.'

Second, in Richmond from 1989 to 1991, we collected
sera from 1650 pregnant women from a lower socioeconomic
group who attended a high-risk pregnancy clinic for patients
without medical insurance. This group was 80% African
American, with an average maternal age of 24 years. We
randomly selected a subset of 395 women for serotesting and
monitoring, 35% of whom were seropositive. Of the 256
seronegative women, 2 (0.8%) seroconverted, for an annual
rate of 1.7%. This rate was similar to the rate observed
among low-risk and African American school personnel in
Richmond."”

We also obtained serial sera from a large number of private
practice obstetric patients from Birmingham, Alabama.?”?
From this serum bank, we randomly selected 200 patients
per year over 4 years (1987 to 1990). No significant differences
were observed by year among the 800 patients (average age
was 27 years and 88% were white), and 46% were seropositive
overall. Of 413 seronegative women serially tested over the
4 years, 5 seroconverted. Overall, the annual seroconversion
rate was 2%. Combining data from the studies of pregnant
women done in Richmond and Birmingham, we observed
that 7 of 669 seronegative women seroconverted during preg-
nancy, for a rate of 1% per pregnancy (95% CI, 0.3%
to 21%).

Prevalence and Incidence in Other Countries

In numerous studies conducted worldwide, for pregnant
women and women of reproductive age, the seroprevalence
of IgG antibodies to B19 has varied from 16% to 72%, with
most estimates falling between 35% and 55%.%7*7>'** In
Denmark, a serologic survey of 31,000 pregnant Danish
women found 65% had evidence of past infection'”; the
seroprevalence of IgG antibody among 1610 pregnant women
in Barcelona was 35.03%%%; 81% of pregnant Swedish women
had parvovirus antibodies;?®** and in Japan, the seropre-
valence of IgG antibodies to B19 was 26% for women
between the ages of 21 and 30, and 44% for women between
the ages of 31 and 40.”* The prevalence of IgG antibodies to
B19 in cord blood from normal newborns provides estimates
of maternal immunity ranging from 50% to 75%.'7-2>%%
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Without regard to maternal age or other potential risk
factors, a South African study found that 64 (3.3%) of 1967
pregnant women acquired B19 infection during pregnancy,
and another in Barcelona found that 60 (3.7%) of 1610 preg-
nant women became infected with B19 during pregnancy.?®**?
Seroconversion rates among susceptible pregnant Danish
women during endemic and epidemic periods were 1.5%
and 13%, respectively. In Denmark, risk of infection increased
with the number of children in the household and having
children 6 to 7 years old resulted in the highest rate of sero-
conversion, and nursery school teachers had a threefold
increased risk of acute infection.'®" Extrapolating to a 40-week
period places the infection rate during pregnancy among
susceptible women at approximately 1.1%, with a range of 1%
to 4%, depending on risk factors. The Danish and Barcelona
data are similar to those obtained in Richmond, Virginia."

A few studies have tried to estimate the infection rate
based on the prevalence of IgM antibodies to B19 in preg-
nancy or in women of reproductive age. Although B19-specific
IgM is an accurate diagnostic test for recent infection, it is a
poor test for epidemiologic studies. B19-specific IgM
persists for only a few months and therefore underestimates
the maternal infection rate because women who have had a
B19 infection 6 to 9 months before testing are not detected.
Another problem with IgM surveys is that most studies have
surveyed high-risk populations such as women with rash
illness, possible exposure to cases of El, or recent diagnosis
of adverse reproductive outcomes. Sampling high-risk popu-
lations biases the results toward rates higher than would be
observed in population-based studies. A few studies used
B19-specific IgM to test pregnant women or women of repro-
ductive age who did not have risk factors. The observed
range in these studies was 0% to 2.6%.'"2%?”” For susceptible
women with B19-specific IgM in populations known to be at
increased risk, the prevalence of IgM has ranged from 0% to
12.5%.17,74,124,208,209

In countries other than the United States, the prevalence
of IgG antibodies to B19 among pregnant women and women
of reproductive age varies widely and probably reflects
exposure during prior epidemics. Studies of infections during
pregnancy are fraught with potentially confounding variables
such as IgM testing, which lacks sensitivity, and biases
introduced by selection criteria for the population studied.
Despite these problems, it is likely that the risk for B19
infection during pregnancy in other countries is similar to
the risk observed in the United States.

CLINICAL MANIFESTATIONS OF B19
INFECTIONS IN THE PREGNANT WOMAN

The symptoms reported by pregnant women with a proven
recent B19 infection are usually vague and nonspecific, and
serologic confirmation is essential to establish the diagnosis.
The signs and symptoms of classic El in children are signifi-
cantly different in adults; the sunburned or slapped-cheek
facial rash common in children rarely occurs in adults. Malaise
is a common feature of B19 infection in children and in
adults, but it is nonspecific. In pregnant women and
adolescents, the most characteristic symptom is symmetrical
arthralgias, occasionally with signs of arthritis and usually
involving the small (distal) joints of hands, wrists, and feet.

The proportion of pregnant women with serologically
proven B19 infection who are asymptomatic varies with the
inclusion criteria in the few studies that address symptoms.
In a cohort of 1610 pregnant women studied in Barcelona,
the sera of 30 women had IgM antibodies to B19 at the first
prenatal visit, and another 30 seroconverted during preg-
nancy.”® Of these 60 women, only 18 (30%) reported any
combination of fever, rash, and arthralgias, and 70% were
asymptomatic. The investigators did not report when
questions about symptoms were asked in relation to the
serologic results, and no comment was made about the distri-
bution of symptoms nor about which joints were affected
by the arthralgias.?’ Similarly, during an epidemic of EI in
Connecticut, fully 69% of nonpregnant adults with sero-
logically proven B19 infection were asymptomatic. In this
study, symptoms were assessed by mailed questionnaires
after the women were provided their serologic results.!*'?
In a British multicenter study, only 6 (3%) of 184 patients
were asymptomatic, but the population was ascertained largely
by recruiting women with typical symptoms, and this study
therefore is not comparable to the others.'?

We studied 618 pregnant women in Pittsburgh with known
exposure to someone with a rash illness highly suggestive of
EL*'® Each exposed patient was questioned about symptoms
before serologic testing. Only 33% of the 52 women with
serologically proven B19 infection reported no symptoms,
and the remaining 67% reported rash, fever, arthralgias,
coryza, or malaise, or some combination of these symptoms.2’®
Malaise, although a very vague and nonspecific ﬁnding, was
reported by 27 (52%) of the 52 infected women.”® In
contrast, only 5.5% of 307 exposed but not susceptible (1gG-
seropositive and IgM-seronegative) women reported this
symptom. After malaise, symmetrical arthralgias were the
second most common symptom reported. Of the 618 known
exposures in pregnant women, 24 (46%) of the 52 infected
pregnant women reported arthralgias, compared with 11
(3.6%) of 307 immune women and 12 (4.6%) of 259
susceptible but uninfected women (P < .0001).>® Of the
24 women with arthralgias in this study, 23 also reported
malaise, 16 had rash, 7 had coryza, and 7 had fever. Among
the 24 IgM-positive women with arthralgias, the symmetrical
joints most commonly affected by pain, swelling, and erythema
were the knees (75%), followed by wrists (71%), fingers
(63%), ankles (42%), feet (29%), elbows (29%), shoulders
(17%), hips (13%), and back and neck (8%). Only 2 of the
24 had only one set of joints involved, and very few other
women reported monarticular pain or swelling. In most
women, the arthralgias were easily controlled by anti-
inflammatory drugs and lasted only 1 to 5 days. However,
arthralgias occasionally lasted 10 to 14 days and, in some
wormen, were so painful that they were incapacitated for 2 to
3 days.

The high frequency of arthralgia in pregnant women with
B19 infection is consistent with reports that distal arthralgias
and arthritis are the most frequent finding in adults with EI.
The frequency of arthralgias among nonpregnant adults
with proven B19 infection in the Torrington, Connecticut,
epidemic was 24% (11 of 46 adults), compared with 12% (61
of 512 adults) in adults without B19 infection (P < .05).}% In
another Connecticut study, arthralgias occurred significantly
more often (26%) in 19 adults with IgM antibodies to B19
than in 460 adults (7%) who lacked IgM antibodies to B19



(P < .01)."® Arthralgias were even more common during
outbreaks in Ireland; they occurred in 79% of 47 recently
infected women and men. Ninety-three percent of those
with arthralgias reported that their knees were involved.?"!

Rash is less frequent in pregnant women than in children
with EI, and the rash in pregnant women is not charac-
teristic. In one report of the Connecticut epidemic, rashes
occurred in 6 (13%) of 46 infected adults, compared with 49
(10%) of 512 individuals who were uninfected. In another
report, rashes occurred in 3 (16%) of 19 infected adults,
compared with 33 (7%) of 460 uninfected individuals. This
difference is not significant (P = .16) and may represent
random variation.'” In contrast to the classic curtain lace
rash in children, pregnant women (80%) often have a maculo-
papular rash that rarely involves the face and may even be
urticarial or morbilliform. In adults, these rashes are rarely
pruritic and usually resolve within 1 to 5 days.

In the Pittsburgh series, coryza was reported by 23% of
the 52 B19-infected pregnant women but was reported in
only 6.8% of the 307 previously infected women and 5.8% of
the 259 seronegative women.?'® This difference was signifi-
cant (P < .0001), but the nonspecific nature of coryza in
pregnant women means this symptom alone is not diag-
nostically helpful.

In the Pittsburgh series, a temperature of 38.0°C or higher
occurred in 19% of the 52 IgM Bl9-infected women,
compared (P < .0001) with 2.6% of 307 previously infected
patients and 3.1% of 259 susceptible, noninfected patients.?'
In 9 of 10 women with fever, at least one other symptom was
present. No woman’s termperature exceeded 38.9°C. In 16
uninfected women with fever, all had at least one other
symptom, and they had temperatures up to 40.0°C, suggesting
that a temperature of more than 39.0°C in a pregnant woman
indicates infections other than B19. In a London outbreak of
B19 infection, 7 of 10 infected adults had a an elevated
temperature.'” In the Connecticut epidemic, fever was
reported in 15% of the 46 infected individuals and in 16% of
the 512 uninfected individuals.'” Pregnant women with
fever are likely to seek medical attention.

Occasionally, pregnant women infected with B19 develop
rapidly increasing fundal height, preterm labor, or even
preeclampsia. Such symptoms are nonspecific and rarely
indicate B19 infection.

INTRAUTERINE TRANSMISSION RATES,
CLINICAL MANIFESTATIONS, AND FETAL
OUTCOMES

Primary maternal infection with B19 during gestation has
been associated with adverse outcomes such as nonimmune
hydrops fetalis, intrauterine fetal death, asymptomatic
neonatal infection, and normal delivery at term.'*! Initial
reports of fetal hydrops related to maternal B19 infection
were anecdotal and retrospective, suggesting rates of adverse
outcornes as high as 26% and generating concern that B19
may be more fetotropic than rubella or cytomegalovirus.'*?!?
Subsequent reports of normal births after documented
maternal B19 infection made clear the need for better
estimates of the rate of intrauterine transmission and the risk
of adverse outcomes.?'#*!>
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Fetal Death

B19 was first linked to fetal death in 1984." As anticipated
based on the epidemiology of B19 transmission, the per-
centage of fetal deaths attributable to B19 varies, probably
depending on the frequency of B19 infections in the popu-
lation being studied.

Prospective studies report rates of intrauterine viral trans-
mission ranging from 25% to 50%.'*2'5?"7 Initial studies
indicated that the risk of an adverse fetal outcome after a
recent maternal infection was less than 10% (probably much
less) and greatest in the first 20 weeks of pregnancy.'** A
large, prospective study in the United Kingdom identified
186 pregnant women with confirmed B19 infections during
an epidemic and followed them to term.'® There were 30
(16%) fetal deaths, with as many as 17 (9%) estimated to be
caused by B19 on the basis of DNA studies of a sample of the
abortuses. Most of the fetal deaths occurred in the first 20
weeks, with an excess fetal loss occurring in the second
trimester.'® The intrauterine transmission rate was estimated
at 33% based on analysis of the abortuses, fetal [gM in cord
blood, and persistence of B19 IgG at a 1-year follow-up
assessment of the infants. A smaller study of 39 pregnancies
complicated by maternal B19 infection and followed to term
found two fetal deaths (fetal loss rate of 5%), one (3%) of
which was attributable to B19 and occurred at 10 weeks’
gestation.”'® A prospective study conducted by the Centers
for Disease Control and Prevention identified 187 pregnant
women with B19 infection and compared their outcomes to
753 matched controls.”’’ The overall fetal loss rate in the
infected group was 5.9%, with 10 of 11 occurring before the
18th week of gestation, compared with a 3.5% fetal loss rate
in the control group, suggesting a fetal loss rate of 2.5%
attributable to B19 infection. In a prospective Spanish study
during an endemic period, 1610 pregnant women were
screened for B19 infection, and 60 (3.7%) were identified.?’
There were five abortions among this group, but only one
(1.7%) was caused by B19 based on histologic and virologic
analysis of fetal samples. The incidence of vertical trans-
mission was estimated at 25% based on serologic evaluation
of the infants at delivery and at 1 year of age. In a similar
prospective study of an obstetric population, 1967 pregnant
women were screened, and 64 (3.3%) identified as recently
infected.*® Among this group, no adverse effects were seen
by serial ultrasound examinations, and no case of fetal
hydrops was identified; one abortion occurred, but the fetus
was not examined for evidence of B19 infection {(maximal
fetal loss attributable = 1.6%).

In a case-control study of 192 women with fetal deaths,
with one half occurring before 20 weeks’ gestation and one
half after, there was serologic evidence of acute B19 infection
in 1% of both case and control groups.'” The prevalence of
IgG antibodies was similar. In this study, the percentage of
fetal deaths attributed to B19 infection was unlikely to exceed
3% in cases not selected for parvovirus exposure.

In another study, 5 (6.3%) of 80 women with spontaneous
abortions between 4 and 17 weeks’ gestation had IgM anti-
bodies to B19 compared with 2 (2%) of 100 controls, but
this difference was not statistically significant.’”” These
investigators studied the aborted fetuses of the five sero-
positive cases and found B19 DNA in only two.
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In a prospective study of 39 pregnant women infected
with B19 during a community-wide outbreak in Connecticut,
there were two fetal deaths, and only one (3%) was attri-
butable to B19 infection.’® Among women followed
prospectively and who acquired B19 infection during preg-
nancy, there was no evidence of fetal damage in 43 in
Virginia and 52 in Pittsburgh, and one fetal loss among 56
pregnancies in women from Barcelona.”**!*!0

Two Chinese studies found fetal B19 infection frequently
associated with fetal death.?’®" The first study in China
found that of 116 spontaneously aborted fetuses tested for
B19 DNA, 27.3% were positive for parvovirus B19, but only
4% (1 of 25) of nonaborted fetal tissues in the control group
tested positive.”'® This difference was significant. It was
unknown when these samples were collected whether B19
was endemic or epidemic in the community.

Similarly a second Chinese study examined 175 biopsy
tissues from spontaneous abortions from 1994 to 1995 and
found that 25% were positive for B19 DNA in the fetal
tissues.”’* A control group of 40 fetal tissues came from
induced abortions, and only 2 (5%) were positive. This dif-
ference was not statistically significant but did support the
observation that in China, B19 may be an important cause of
fetal death, especially if B19 is epidemic in the community.

In contrast to the Chinese studies, a study from the
Netherlands of fetal and placenta tissue from 273 cases of first
and second trimester fetal loss were tested for serologic or
virologic evidence of B19 infection.””® Of the 273 cases, 149
were from seronegative women, and the fetal deaths for these
women were considered unrelated to B19 infection. In only
two of the remaining 124 cases (0.7% of all 273 cases) did the
mothers have IgM antibodies to B19 at the time of abortion.
This study indicates that B19 infection was a rare cause of fetal
loss during the first and second trimesters. No congenital
anomalies were observed among the fetal tissues examined.

A study of 1047 pregnant women in Kuwait obtained
maternal blood samples in the first, second, and third tri-
mesters and tested them for serologic evidence of the recent
B19 infection.”?! Forty-seven percent of the mothers were
seronegative, and among these, the incidence of serocon-
version was 16.5%. Among the women who seroconverted to
a B19-positive status, the rate of fetal loss was 5.4%. All the
fetal deaths occurred in the first two trimesters, suggesting
that fetal death after maternal B19 infection is common,
particularly during the first and second trimesters.

A report from Toledo, Ohio, describes five unexpected fetal
deaths that occurred in the second trimester.””* Only one of
the fetuses was hydropic, but all five had viral inclusions in
the liver, and all five women were seropositive for B19.

Third trimester fetal deaths have also been reported. A
Swedish study of fetal deaths among 33,759 pregnancies
found 93 cases of third-trimester fetal deaths, and of these, 7
(7.5%) had detectable B19 DNA in frozen placental tissue.”
None of the seven fetuses was hydropic. The investigators
suggested B19 occasionally caused third-, second-, and first-
trimester fetal death.

A study of 13 pregnant women who acquired B19 infection
during pregnancy and in whom the time of acquisition was
known was completed in Japan.”* Nonimmune hydrops
occurred in three fetuses whose mothers acquired B19 infection
in the first half of pregnancy. Spontaneous abortion without
hydrops and intrauterine growth retardation occurred in

two fetuses whose mothers also developed B19 infection
during the first half of pregnancy. The remaining eight
fetuses, whose mothers acquired infection in the first or
second half of pregnancy, were asymptomatic, although
human parvovirus B19 DNA was detected in the immune
serum of all of the infants. These results suggest that B19
transmission to the fetus is common and that death may
occur in almost one half of the fetuses of infected mothers.

A Swedish study of 92 pregnancies for which there was an
unexpected fetal death occurring after 22 weeks’ gestation
found B19 DNA in 13 (14%) of the 92 fetuses.”* Only 2 of
the 13 were hydropic. The Swedish study suggests that B19
can infect the fetus in the third trimester and result in fetal
death or hydrops, or both. This observation was confirmed
in a larger study from Sweden, in which 47 cases of fetal
deaths occurring after 22 weeks’ gestation were identified
and compared with 53 normal pregnancies.””® Seven of the
43 intrauterine fetal deaths were positive for parvovirus B19
DNA, whereas B19 DNA was not detected in any of the
normal pregnancies.

In summary, B19 is a likely cause of first-, second-, and
third-trimester fetal death, and most infected infants are not
hydropic. The estimates of fetal deaths attributable to B19
range from 0% to 27%, making it difficult to assess the
precise increase in fetal mortality attributable to B19.

Asymptomatic Fetal Infection

Although the published prospective studies of B19 infection
in pregnancy have varied in their estimates of adverse fetal
outcome and rates of vertical transmission, it is clear that
most women infected during pregnancy deliver normal-
appearing infants at term. Some of these infants have
asymptomatic infections.””’ Results of a prospective study
that combined serologic with virologic markers of infection
suggest that the rate of intrauterine transmission is very
high.?! In this study, 43 pregnant women with a confirmed
B19 infection were followed to delivery. The infants were
tested at birth and at intervals throughout the first year of
life for IgM and IgG to B19 and by PCR for viral DNA in
serum, urine, or saliva. No fetal losses or cases of fetal
hydrops were observed in this study, although the rate of
intrauterine viral transmission was 51%.%!

Birth Defects

There is circumstantial evidence that intrauterine B19
infection may occasionally cause birth defects. The first case
was reported in 1987.7 A fetus aborted at 11 weeks’ gestation
was described with striking ocular abnormalities, including
microphthalmia, aphakia, and dysplastic changes of the
cornea, sclera, and choroid of one eye and retinal folds and
degeneration of the lens in the other eye.”®?*° The mother
had a history of a rash illness with arthropathy at 6 weeks
that was serologically confirmed.

There have been few additional reports of malformations
or developmental abnormalities in aborted fetuses or live-
born infants after intrauterine infection, and most of these
cases could not be unequivocally attributed to infection with
B19.2""® However, three live-born infants had severe CNS
abnormalities after serologically confirmed maternal B19
infection.”***° Subsequent case reports have also identified



CNS manifestations, including mild to moderate hydro-
cephalus with CNS scarring associated with fetal B19
infection.”®! These reports suggest possible long-term neuro-
logic sequelae in surviving infants that may not be apparent
at birth.

There are no other data suggesting that BI9 is an
important cause of birth defects in live-born infants. In an
uncontrolled study of 243 infants younger than 4 months
with birth defects, none had IgM antibodies to B19 detected.”®
In a controlled study of 57 infants with structural abnor-
malities or stigmata of congenital infection, specific IgM was
not detected in cord blood of any of the affected infants or
of the matched normal newborn controls.”” There are no
data suggesting that structural defects are common in new-
borns after maternal B19 infection. During a large community-
wide outbreak of EI, there was no increase in congenital
malformations compared with the periods before and after
the epidemic.”*? In the British study of maternal infections
during pregnancy, outcomes were available for 186 patients;
anencephaly was reported in 1 of the 30 fatal cases but not
attributed to B19 infection, and hypospadias was present in
2 of the 156 live-born infants.'® No new anomalies or serious
neurodevelopmental problems were detected in the 114
infants followed clinically for at least 1 year.?* In another
prospective, but uncontrolled study of 39 pregnancies with
maternal B19 infection, hypospadias was reported in 1 of the
37 live-born infants, and no abnormalities were reported in
the one fatal case for which tissues were available.2*®

Meconium lleus and Peritonitis

Meconium ileus and peritonitis have been associated with
maternal B19 infection in a few reports.*>*¢ Three infants
with congenital anemia after maternal infection and intra-
uterine hydrops have been reported.' All three had abnor-
malities identified on bone marrow examination and B19
DNA detected in bone marrow by PCR.

Fetal Hydrops

Although parvovirus B19 infection in utero may cause
nonimmune hydrops fetalis, it is one of many causes of this
syndrome and probably accounts for only 10% to 15% of
fetal hydrops cases.'*® Hydrops fetalis is rare, occurring in
only 1 of 3000 births; and in 50% of cases, the cause is
unknown. In a study of 50 fetuses, B19 DNA was detected by
in situ hybridization in the tissues of 4 fetuses, but most
cases were caused by chromosomal or cardiovascular abnor-
malities.”** In another study, B19 DNA was demonstrated in
4 of 42 cases of nonimmune hydrops fetalis.”*

However, B19 infection is frequently associated with
nonimmune fetal hydrops during local epidemics of EL. Ten
cases of B19-associated hydrops, representing 8% of all cases
of nonimmune hydrops and 27% of anatomically normal
cases of nonimmune hydrops, occurred over 17 years in a
hospital series from England.?*? In a consecutive series of 72
patients with nonimmune hydrops from Germany, 3 (4.2%)
had B19 infection.”* In a series of 673 fetal and neonatal
autopsies conducted over 6 years in Rhode Island, 32 (0.7%)
cases of hydrops were identified, and 5 (16%) of these had
histologic and laboratory evidence of B19 infection.?*$**” In
the British study, 1 of the 156 live-born infants had been
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diagnosed with intrauterine hydrops and recovered after
intrauterine transfusion; and of the six fatal cases that were
positive for B19 DNA, hydrops was identified in one of three
fatal cases with laboratory confirmed intrauterine in-
fection.'®**® Postmortem examination may not be able to
identify hydrops in fetal death occurring in early pregnancy.
In summary, published reports suggest that nonimmune
hydrops is not a common manifestation of fetal infection
with B19.

Fetal Outcome in Relation to Maternal
Manifestations

There are no data suggesting that the clinical manifestations
of B19 infection in the mother influences the pregnancy
outcome. There is evidence for an association between the
B19-affected fetus and maternal hypertension. Pregnancy-
induced hypertension, preeclampsia, and eclampsia have
been reported for some women with B19-associated fetal
hydrops, and there is a record of improvement with spon-
taneous resolution of hydrops in one case,!622%245260-262
Hypertension of pregnancy may be caused by poor feto-
placental perfusion, and there is an increased risk in
pregnancies complicated by hydrops. It is unknown whether
there is an increased frequency of hypertensive disorders
among B19-infected women compared with uninfected
women or whether more careful monitoring of B19-infected
women to detect findings of preeclampsia would be useful in
identifying women at increased risk of B19-associated fetal
hydrops. Long-term outcomes of live-born infants infected
in utero with B19 are discussed in the “Prognosis” section of
this chapter.

PATHOGENESIS OF INFECTION IN THE FETUS

Fetal Immune Responses to B19

When serologic and virologic markers of infection have been
examined, fetal immune responses to B19 are variable 214422
B19-specific IgM in cord blood is a recognized marker of
fetal infection, but sensitivity can be increased by adding
other markers such as IgA, PCR positivity, and persistence of
B19 IgG at 1 year of age.”"'***? Infants exposed to B19 earlier
in gestation may be less likely to demonstrate a positive IgM
response because of immaturity of the fetal immune system,
whereas the IgM response of infants exposed late in
gestation may be delayed because of interference by passively
acquired maternal antibodies. In one study, only two of nine
infected infants whose exposure occurred in the first 14
weeks of pregnancy were B19 IgM-positive at delivery, whereas
all four infected infants exposed in the third trimester had
B19-specific IgM in cord blood.” Serum IgA, like IgM, does
not cross the placenta, and for some other congenital viral
infections, such as rubella and human immunodeficiency
virus (HIV), virus-specific IgA responses in cord blood has
been used to provide evidence of intrauterine infection.” In
the only study of B19 that examined this marker, B19 IgA in
cord blood was associated with maternal infection with B19,
and for a few infants, this was the only marker of intra-
uterine infection.”!

The fetal immune response to B19 may be important for
preventing B19-induced red cell aplasia in the fetus. This



882 Section III  Viral Infections

effect is suggested by the apparently decreased rates of fetal
death after 20 weeks’ gestation in concert with the detection
of IgM specific to B19 as early as 18 weeks’ gestation ***and
the neutralization of B19 virus in vitro by fetal serum col-
lected at 21 weeks’ gestation.”

Pathogenesis of B19 Hydrops

Nonimmune hydrops is the best-characterized complication
of fetal B19 infection. Several mechanisms have been pro-
posed, and more than one may contribute.””? Severe fetal
anemia affects most cases. Hemoglobin levels below 2 g/dL
are detected by cordocentesis of hydropic fetuses.””?
Hypoxic injury to tissues may result in increased capillary
permeability. Severe anemia may also increase cardiac out-
put, as evidenced by increases in umbilical venous pressure,
and subsequently result in high-output heart failure.”
Alternatively, myocarditis may precipitate heart failure.
Reduced fetal myocardial function as determined by echo-
cardiography occurs in some cases of fetal hydrops.’*
Regardless of the cause, congestive heart failure can increase
capillary hydrostatic pressure. Decreased venous return
caused by massive ascites or organomegaly may lead to
further cardiac decompensation. Hepatic function may be
compromised by the extreme levels of extramedullary
hematopoiesis, and lysis of B19-infected erythrocytes in the
liver may cause hemosiderin deposition, fibrosis, and eso-
phageal varices.””**! Impaired production of albumin may
lead to a decrease in colloid osmotic pressure with transfer of
fluid to the extravascular compartment. Placental hydrops
may further compromise oxygen delivery to the fetus.

Considerable evidence demonstrates that non—red cells
may be susceptible to B19 infection. Virus has been demon-
strated in fetal myocytes, including myocardiocytes, along
with inflammatory changes, and fetal myocarditis has
occurred.'?#*%¢ Histologic studies show vascular damage
and perivascular infiltrates in some tissues. It is unknown
whether this is caused by B19 infection in endothelial cells or
a nonspecific effect related to hypoxic damage.

PATHOLOGY IN THE FETUS

Anatomic and Histologic Features

The hallmarks of fetal infection with B19 are edema, anemia,
and myocarditis, and these conditions are reflected in the
pathologic finding at autopsy. Otherwise, reports of gross
and histopathologic pathology postmortem reveal few features
specific for intrauterine B19 infection, 6332 235.246.251.260-265 A
postmortem examination, B19-infected fetuses are often
described as pale with subcutaneous edema. Rashes typically
are absent, but a blueberry muffin rash caused by extra-
medullary hematopoiesis in the skin may occur.”%

Fetal anemia is common in fetal deaths due to BI19,
although not m au cases.234.237,250,251,257,258,263,267 HiStOlOgiC
findings suggesting B19 infection include erythroid hypo-
plasia and, occasionally, hyperplasia characteristic of recovery.
Extramedullary hematopoiesis is common in many organs,
especially the liver and spleen. Nucleated red cells with
amphophilic intranuclear inclusions (Figs. 27-3 and 27-4)
are highly suggestive of B19 infection. These nucleated red

Figure 27-3 Placenta from a case of B19-associated nonimmune
hydrops shows fetal capillaries filled with erythroblasts, most with
marginated chromatin and typical amphophilic intranuclear inclusions
(hematoxylin & eosin stain).

Figure 27-4
hydrops shows extramedullary hematopaiesis, intranuclear inclusions
in erythroblasts, and focal areas with hemosiderin and fibrosis
(hematoxylin & eosin stain).

Fetal liver from a case of B19-associated nonimmune

cells are often found in the lumen of vessels and at sites
of extramedullary hematopoiesis.'"”’ When stained with
hematoxylin and eosin stain, the nuclei have an irregular
band of dark chromatin. The center of the nucleus is lighter
and has a smooth texture. The specificity of intranuclear
inclusions for fetal B19 infection is unknown, but it is probably
high when associated with anemia and hydrops. Viral DNA
or inclusions may also be seen in macrophages and myo-
Cytes. 27256268

PCR used for detecting B19 DNA is the best method to
diagnosis B19 infection in a dead fetus. In one study, 6 of 34
cases of idiopathic nonimmune hydrops contained B19
DNA in fetal or placental tissues, compared with no PCR-
positive findings among 23 cases of hydrops that were
noninfectious.” Histologic examination of these cases
found no nucleated red cells with intranuclear inclusions.



Placenta

B19 infection of the placenta probably precedes fetal
infection. The placenta is usually abnormal when associated
with fetal death due to B19. Grossly the placenta is often
enlarged and edematous. Histologically, the placenta also
contains nucleated red blood cells with typical intranuclear
inclusions (see Fig. 27-4). Foci of red cell production also
occur in the placenta, as does vascular inflammation. %4924
In one study,** vasculitis of villous capillaries or stem arteries
occurred in 9 of 10 placentas. The tissues demonstrated
swelling of endothelial cells, fragmentation of endothelial
cell nuclei, and fibrin thrombi. B19 DNA occurs in endo-
thelial cells of patients with myocarditis and in patients with
cutaneous lesions but has not been sought in placental endo-
thelial cells. The human placenta contains a B19 receptor,
the neutral glycosphingolipid (globoside), on the villous
trophoblast layer of the placenta, and the concentration of
the globoside decreases with advancing pregnancy.”’® The
highest concentration occurs in the first trimester, with
diminished reactivity occurring in the second trimester. The
presence of this globoside in the placenta provides a
mechanism by which the virus infects the placenta and fetus.
It also may explain why there is a difference in fetal outcome
associated with gestational age. Maternal infections in late
pregnancy have a better prognosis than those occurring early
in pregnancy. In addition to B19 receptors, there is a B19-
induced inflammatory response in the placenta, characterized
by a significant number of CD3" T cells and the inflammatory
cytokine interleukin-2.7"!

Heart

The anemia associated with B19 infection is caused by a
specific viral tropism for progenitor erythroid cells, specificaily
P antigen, which is found on these cells.”’”> However, clinical
and laboratory evidence suggests that B19 has a wider tropism
than for erythroblasts.””> Fetal myocardial cells contain P
antigen.”” Direct infection of myocardial cells after fetal
B19 infection of extramedullary erythroid progenitor cells
has been demonstrated by in situ DNA hybridization or
electron microscopy.””%1*#"42%> B19 myocarditis is also
associated with acute lymphocytic infiltration. Case reports
have described at least eight fetuses, five children, and four
adults with myocarditis associated with a concurrent B19
infection,?747¢-278

B19 causes acute and chronic myocarditis in infants.
Myocarditis and the cardiac enlargement found in some
B19-infected fetuses with hydrops suggest that B19 is
pathogenic for the myocardium,!?/3%-2>246254236276.279 [y
infected fetuses, the heart may be normal or symmetrically
enlarged, suggesting congestive heart failure. Pericardial
effusions are common. Myocytes with intranuclear inclusions
occur infrequently. Mononuclear cell infiltrates occur
occasionally, and B19 DNA, not associated with cells, can be
found in the lumen of large vessels. Focal areas with dystrophic
calcification or fibroelastosis have occurred as a response to
injury.

One case-control study”® examined the relationship
between congenital heart disease and B19 infection. Five of
29 cases of congenital heart disease had parvovirus B19 DNA
detected in cardiac tissue using PCR, compared with none
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of 30 matched controls. This difference was significant
(P < .02). Other infections, including herpes simplex virus,
cytomegalovirus, rubella, and toxoplasmosis, were excluded.
Additional studies testing for B19 infection of congenital
heart disease are appropriate.

Other Organs

Numerous other anatomic abnormalities have been
associated with B19 infection of the fetus. Their occurrences,
however, are so infrequent that it is unlikely that they are
related to B19 infection. These associated abnormalities
include dystrophic calcification of the brain and adrenal
glands; anencephaly and ventriculomegaly; pulmonary
hypoplasia; hypospadias; cleft lip; meconium peritonitis;

corneal opacification and angioedema; and thymic abnor-
malities, 16:18:127.231-233,235-239,264,781-283

DIAGNOSTIC EVALUATION AND
MANAGEMENT OF THE WOMAN AND
FETUS EXPOSED TO OR INFECTED BY B19
DURING PREGNANCY

Management of a pregnant woman exposed to B19 requires
knowledge of the prevailing status of EI in the community, a
detailed history of the exposure, knowledge of characteristic
symptoms and signs of maternal EI and B19 infection in the
fetus, appropriate laboratory tests needed to confirm
maternal and fetal infection, knowledge of the methods for
monitoring the fetus at risk for nonimmune hydrops,
knowledge of therapeutic approaches for treating the
hydropic fetus, and information about the prognosis of
maternal and fetal infection and the expected outcomes for
the therapeutic intervention.

Prevalence of Erythema Infectiosum

The community health or school health departments may
know whether EI is epidemic in the community, increasing
the probability of primary infection in susceptible pregnant
women.

History of Exposure

Pregnant women who are potentially exposed to someone
with EI should be asked about the type of exposure, including
duration (brief or prolonged) and location (household or
workplace, indoor or outdoor), and contact with respiratory
secretions. Exposure to a child within the household
constitutes the highest risk.

Did the contact have symptoms typical of El, including a
low-grade fever and a slapped-cheek rash that soon spread
to the trunk or limbs in a lacy pattern? Did the rash
disappear and then reappear when the child was warm from
exercise or bathing? Had the child been exposed to any
known source of EI, such as an outbreak in school, pre-
school, a daycare center, a family gathering, a play group,
or church nursery? Was the child evaluated by a physician
familiar with viral exanthems?
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Clinical Features Suggesting B19 Infection in
the Pregnant Woman

The examiner should consider whether the mother’s signs
and symptoms are compatible with B19 infection in adults,
including at least one or more of the following: malaise,
arthralgia, rash, coryza, or fever higher than 38° C. Pregnant
women with such symptoms, especially malaise with
symmetrical arthralgias in the hands, wrists, knees, or feet,
should be considered at high risk and tested for recent B19
infection. In Barcelona, however, Gratecos and colleagues®
found that only 30% of 60 IgM-positive women recalled any
such symptoms.

Pregnant women without such systemic symptoms but
with a rapidly enlarging uterus (i.e., fundal height exceeding
dates by more than 3 cm), an elevated serum a-fetoprotein
level, preterm labor, or decreased fetal movement should be
asked about B19 exposure. If ultrasonography reveals
evidence of hydrops fetalis or the fetus has ascites, pleural or
pericardial effusion, skin thickening, polyhydramnios, or
placentomegaly, maternal B19 testing is appropriate.

Laboratory Diagnosis in the Pregnant Woman

With evidence of maternal B19 exposure or maternal disease,
maternal serum should be tested for IgG and IgM antibodies
to B19. If there is probable or possible exposure, the first
serum sample should be drawn at least 10 days after the
exposure. Because fetal morbidity is unlikely to occur within
2 weeks of exposure, immediate serologic testing is appro-
priate for a woman or fetus with symptoms or signs of B19
infection.

An initial serum sample that is IgG positive but IgM
negative indicates a previous maternal infection, and
additional testing is unnecessary. The IgM assay is sensitive,
with few false-negative reactions. An initial serum sample
that is negative for IgM and IgG indicates no previous
maternal infection, and B19 infection is not responsible for
maternal symptoms and signs or for hydrops fetalis.

If the IgM result is positive, a recent B19 infection is
established regardless of the IgG titer. A concomitant negative
IgG titer means an early B19 infection without time for IgG
to be detectable. Detection of maternal viremia by PCR for
B19 DNA is also diagnostic of B19 infection. Viremia may
precede the development of IgM antibodies by 7 to 14 days
and may persist for several months after a primary infection.

With a positive maternal IgM result, the fetus must be
examined for signs of hydrops fetalis by ultrasonography
within 24 to 48 hours. If the gestational age is less than
18 weeks, the absence of hydrops may not be reassuring,
because hydrops can appear later. Because several cases of
severe hydrops fetalis spontaneously reverting to normal over
3 to 6 weeks have been reported, advice about pregnancy
termination is difficult. %228

Fetal Monitoring

For a fetal gestational age of more than 20 weeks, initial
negative ultrasound results demand sonograms to be repeated
weekly to detect hydrops. The number of weekly sonograms
that should be performed is controversial. Rodis and
associates™ originally suggested continuing weekly scans for

Table 27-2 Fetal Deaths from B19 Infection

Infection to Gestational Fetal Weight
Death Interval Age at Death at Death
(weeks) (weeks) (grams) Reference
1 39 3840 15
10 25 NR 298
13 22 409 16
4 20 161 16
4 24 420 299
4 26 695 300
9 24 580 300
7 18 300 301
8 19 236 286
1 4 NR 302
3 NR NR 302
6 17 NR 302
10-19 23 NR 303
5 16 NR 303
(10)? (e 289
() (25) Hydrops, 3320 290
(11) (21) Hydrops, 3111 291
@) (13) Hydrops fetalis 158
() (24) Hydrops, 1495 158
(3) (30) Hydrops, 3550 303
(8) (25) Hydrops fetalis 140

®Numbers in parentheses refer to intervals between exposure or
onset of symptoms and the diagnosis of hydrops fetalis.
®Nlumbers in parentheses refer to gestational age at the time of
diagnosis of hydrops fetalis.

NR, not reported.

6 to 8 weeks after exposure, and they reported a fetal death
as late as 23 weeks’ gestation after maternal fever and arthralgias
in the first trimester.'”® The interval between maternal B19
infection and fetal morbidity is uncertain. Based on this
report, others recommended weekly sonograms for 14 weeks
after maternal B19 infection.”® This approach often appeals
to pregnant women fearful about fetal death, but it is time
consuming and expensive.

The duration of monitoring for hydrops fetalis may be
best determined by examination of the interval between
maternal exposure or symptoms of B19 infection and the
appearance of hydrops fetalis or fetal death. Table 27-2
summarizes reports with adequate information to evaluate
the interval, which include 14 intervals between maternal
B19 exposure or infection and fetal death and 7 intervals
between maternal exposure or infection and the first
diagnosis of hydrops fetalis. The intervals range from 1 to
19 weeks, with a median of 6 weeks. Seventeen (819%) of 21
cases developed between 3 and 11 weeks. Because 11 of the
21 cases developed between 4 and 8 weeks after maternal
exposure or infection, this is the most common interval
between infection and the detection of fetal hydrops. Based
on these observations, weekly ultrasound monitoring of the
fetus for 12 weeks after maternal exposure is optimal but
cannot detect all delayed cases and may be expensive. Such
frequent scanning may not be considered cost-effective
because the incidence of hydrops after maternal B19
infection is low in many studies. In our study, none of the 52
fetuses born to B19-IgM—positive pregnant women developed
hydrops fetalis; however, the 95% confidence interval based
on our sample size ranged from 0% to 8.6% for the risk of
hydrops fetalis.?’® Other studies using maternal symptoms as



criteria for maternal B19 infection have suggested a 9%
incidence of fetal death due to B19 in B19-IgM-positive
women.'®

Serial maternal serum o-fetoprotein (MSAFP) measure-
ments may monitor the fetus in B19-infected women.?® One
report found elevated MSAFP levels in five B19-IgM—-positive
pregnancies associated with fetal death, but no fetal deaths
in 11 IgM-positive women with B19 infection but normal
MSAFP values.?® A fatal case of B19-associated fetal death,
discovered because of an elevated MSAFP level at 16 weeks
in a routine test in an asymptomatic woman, has been
described.'® In adding a seventh case of fetal death associated
with elevated MSAFP levels in B19-IgM-positive women,
Bernstein and Capeless™ suggested using the MSAFP values
to indicate a good fetal prognosis.

A German study®” found that neither MSAFP nor human
gonadotropin levels were markers of B19-infected pregnancies,
although both were frequently elevated when complications
occurred. The study included 35 pregnant women with fetal
complications associated with B19; significant elevations of
MSAFP levels occurred in 13 of 35 women, and elevations of
human gonadotropin concentrations occurred in 25 of 35.
The investigators tested 137 sera from 65 pregnant women
without acute parvovirus infection and no fetal complications.
Of the 30 women without fetal complications, there were
significant elevations of MSAFP levels in only 2 women, and
elevations of human gonadotropin levels occurred in only 5
women. Neither protein was a marker for a poor pregnancy
outcome early on, but levels were frequently elevated when
complications developed. Despite these results, there is
insufficient experience using MSAFP concentrations, and
MSAFP measurements at any gestational age are relatively
nonspecific indicators of fetal well-being.

Electronic fetal monitoring is ineffective in detecting
hydrops fetalis and predicting the outcome of pregnancy in
B19-IgM—positive women. Contraction stress tests and “non-
stress” tests are not accurate predictors of fetal well-being in
cases of fetal anemia or hydrops fetalis. Similarly, fetal assess-
ment with estriol measurements or other biochemical
markers have no documented role in cases of hydrops fetalis.
Because fetal sonograms are as readily available and provide
rapid specific information about hydrops fetalis, ultrasound
is the best method to monitor the fetus after maternal B19
infection.

Fetal Therapy

If hydrops fetalis is detected before 18 weeks, there is no
effective intervention. Other causes of hydrops, such as
chromosomal disorders or anatomic abnormalities, should
be assessed. If at 18 weeks’ gestation the fetus is still viable as
determined by ultrasound examination, consideration can
be given to percutaneous umbilical blood sampling (PUBS),
also called cordocentesis. At 18 weeks’ gestation, the umbilical
vein diameter is about 4 mm, which is the minimum size
required for successful PUBS. Fetal blood should be obtained
for the hematocrit, reticulocyte count, platelet count, leukocyte
count, antiparvovirus B19 IgM, karyotype, and tests for
B19 DNA by PCR. The hematocrit must be determined
immediately, and if fetal anemia exists, intrauterine intra-
vascular fetal transfusion is performed with the same needle
puncture.
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If the fetus is between 18 and 32 weeks’ gestation when
hydrops fetalis is detected, fetal transfusion should be
considered. Many successful cases of fetal transfusion for
B19-induced hydrops fetalis have been reported, and some
have long-term follow-up, but the success rate of the
procedure remains unknown 2%

Two or three separate transfusions are usually required
before resolution of the fetal anemia and hydrops fetalis,
increasing the 1% to 2% risk of each single PUBS procedure.
Resolution of the hydrops usually occurs 3 to 6 weeks
after the first transfusion. Although spontaneous resolution
has been reported, it seems appropriate not to risk an un-
certain outcome, because the longer the fetal transfusion is
delayed, the less likely it is to be successful and the worse
the potential harm to the fetus caused by continued fetal
hypoxia'23l, 249,284,289-291

For fetuses of 32 weeks’ gestation or older when hydrops
is discovered, immediate delivery with neonatal exchange
transfusion, thoracentesis, and paracentesis as indicated
usually is the safest management.

DIFFERENTIAL DIAGNOSIS

Recalling that the hallmarks of fetal infection with B19 are
anemia, hydrops, and myocarditis helps in compiling a dif-
ferential diagnosis. For infants with anemia, the differential
diagnosis includes all the known causes, including fetal-
maternal transfusion, intracranial bleeding, blood group
incompatibilities, congenital anemias such as Diamond-
Blackfan syndrome, nutritional deficiencies, and inborn
metabolic errors. Fetal hydrops and fetal and placental edema
may be associated with other congenital infections, particularly
congenital syphilis, chromosomal abnormalities, immune
hydrops associated with blood group incompatibilities,
hypothyroidism, and heart or renal failure, or both.

PROGNOSIS

Pregnant women can be reassured about the relatively low
risk of fetal morbidity resulting from exposure to B19. About
one half of women already are seropositive. The seronegative
maternal B19 infection rate ranges from about 29% for
exposures by the woman’s own children to about 10% to
18% for other exposures. The expected fetal morbidity and
mortality risk is about 2% (1 of 50). The overall risk of fetal
death varies from 0.3% (%, X %4 X Yso = ¥ 000) t0 @2 mere 0.1%
(%2 % Y10 X Vs = Yi000).°

Live-born infants infected in utero may die shortly after
birth. Two infants born prematurely at 24 and 35 weeks’
gestation developed an illness characteristic of congenital
viral infection, including placentomegaly, petechial rash,
edema, hepatomegaly, anemia, thrombocytopenia, and
respiratory insufficiency, and both died postnatally.”* Both
infants had nuclear inclusions in erythroid precursor cells,
and PCR confirmed the presence of parvoviral DNA in one
of the infants.

Data regarding the long-term outcomes of live-born
children infected in utero or born of mothers infected during
pregnancy are very limited. In one study, 113 pregnant
women with B19 infection during pregnancy and a control
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group of immune women were questioned about the health
and development of their children when the median age of
the children was 4 years for both groups.*** The incidence of
developmental delays in speech, language, information pro-
cessing, and attention was similar between the study group
and the controls (7.3% versus 7.5%). Two cases of cerebral
palsy were found in the study group, compared with none in
the controls. Although not statistically significant, this 2%
incidence of cerebral palsy in the infected group is 10-fold
higher than the reported national incidence.?*

In a British study of 427 pregnant women with B19
infection and 367 of their surviving infants, 129 surviving
infants were reassessed when 7 to 10 years old.**® The follow-
up included questionnaires to obstetricians and general
practitioners about the outcome of pregnancy and health of
surviving infants. Maternal infection was confirmed by
B19-specific IgM assay or IgG seroconversion. An excess rate
of fetal loss was confined to the first 20 weeks’ gestation and
averaged 9%. There were seven cases of fetal hydrops with
maternal infections between 9 and 20 weeks’ gestation. There
were no abnormalities attributable to B19 infection found at
birth in surviving infants. No late effects were observed when
the children were 7 to 10 years old. This study concluded
that approximately 1 in 10 women infected before 20 weeks’
gestation would have a fetal loss due to B19, that the risk of
an adverse outcome of pregnancy beyond this stage was un-
likely, and that infected women could be reassured that the
risk of congenital abnormality due to B19 is less than 1%
and that long-term development would be normal.

One study used IQ testing and standard neurodevelop-
mental tests to assess 20 children who had parvovirus-
induced fetal hydrops and intrauterine transfusion of packed
red cells.”®® Testing of the 20 children when they were between
13 months and 9 years old revealed that all of their results
ranged within two standard deviations of a population norm.
There was no significant developmental delay. This study
concluded that children who survived successful intrauterine
transfusion from B19 anemia and hydrops had a good neuro-
developmental prognosis.

PREVENTION

General Measures

Because B19 is usually endemic in most communities, what
is appropriate management for pregnant women with daily
contact with children? The prevalence of seropositivity
(immunity) to B19 among pregnant women varies according
to geographic location, sex, age, and race. Assuming that on
average 50% of pregnant women are immune; that during
endemic periods, between 1% and 4% of susceptible women
become infected during pregnancy; and that the rate of fetal
death after maternal infection is 2%, the occupational risk of
fetal death for a pregnant woman with unknown serologic
status is between 1 in 1000 and 1 in 2500. These low rates do
not justify intervention such as serologic testing for pregnant
women, furloughing pregnant workers, or temporarily trans-
ferring pregnant seronegative employees to administrative
or other positions without child contact. During epidemic
periods in specific schools, when the infection rates may be
5- to 20-fold higher, serologic testing or temporary transfer

of pregnant employees may occasionally be appropriate,
and some very anxious women may choose to leave the
workplace.

Given the low risk for individual pregnant women, sero-
negative women should not send their own children away,
and schools and daycare centers cannot stop B19 outbreaks
by excluding children with rash illnesses because B19 is
transmissible before the rash appears. Whether B19 can be
transmitted by breast-feeding is unknown.

Vaccine Development

For most women, fetal B19 infections during pregnancy
occur from exposure to school-aged children at home rather
than from occupational exposure. Given the highly com-
municable and endemic nature of the infection, the broad
spectrum of illness that B19 causes, and the large portion of
population (30% to 50%) who are susceptible, an effective
B19 vaccine, preferably administered in infancy, is appro-
priate, and at least one vaccine is being developed.?””” This
vaccine is composed of the major B19 capsid proteins VP1
and VP2 and administered with a squalene adjuvant, MF59.
After testing in a limited number of subjects, the vaccine
appears to be safe and induces neutralizing antibodies.
Studies using volunteers challenged with wild-type B19
should be able to assess efficacy. A vaccine that induces
sustained neutralizing antibody IgG levels to B19 should be
effective given that prior immunity to B19 protects against
reinfection.
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