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In 1984, simultaneous outbreaks of aplastic crisis and erythema infectiosum occurred
in northeastern Ohio. Sera were analyzed from 26 patients with aplastic crisis: 24 had
IgM specific for parvovirus B19, five had B19-like particles by electron microscopy, and
13 had DNA from B19; no sera from 33 controls had evidence of recent infection with
B19 (P < .0001). DNA from B19 was also detected in specimens of throat gargle and urine
from two patients with aplastic crisis. Sera from 36 of 51 children with erythema infectio-
sum had B19-specific IgM, compared with serum from one of 42 susceptible controls
(P < .0001). DNA from B19 was detected in sera from only two of 51 patients who had
erythema infectiosum. The secondary attack rates among susceptible contacts decreased
with age (overall total, 49.6%). Differential rates of asymptomatic infection were observed
among black (68.8%) and white (20.0%) household members (P = .003). These were
the first identified simultaneous outbreaks of aplastic crisis and erythema infectiosum,
Their occurrence provided an opportunity to study the epidemiology and spectrum of
BI19 infection with geographically and temporally matched comparison groups; our results
support the hypothesis that infection with parvovirus causes these two clinical entities.

An infectious cause for acquired pure red cell apla- ally occur only once in a lifetime [1]. Erythema in-
sia (aplastic crisis) in patients with chronic hemo- fectiosum (EI) has also been thought to have a sin-
Iytic anemias has long been suspected because of gle infectious cause [7], but numerous attempts to
community epidemics [1] and family clusters [2-6] isolate an agent from patients with naturally occur-
of aplastic crises, and because aplastic episodes usu- ring EI have failed. In 1981, infection with human
parvovirus B19 was first associated with aplastic crisis
[11, and in 1983, infection with B19 or similar par-
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In 1984, we investigated concurrent epidemics of
aplastic crisis and EI in Ohio. These simultaneous
outbreaks allowed us to determine the strength of
the association between each of these clinical entities
and B19 infection by using matched comparison
groups and to study the epidemiology and clinical
spectrum of B19 infection in a defined popu-
lation.

Subjects and Methods

Investigation of aplastic crisis. Background. The
investigation was initiated when aplastic crises were
diagnosed in eight patients with chronic hemolytic
anemias who were admitted to northeastern Ohio
hospitals within a six-week period. Three contigu-
ous counties were involved in the investigation: Cuya-
hoga (which includes the entire city of Cleveland),
Summit, and Lorain. There are no reliable data re-
garding the incidence of aplastic crisis in previous
years or the prevalence of hemolytic anemias in the
Cleveland area. The most common chronic hemo-
lytic anemia in this area is sickle cell disease, i.e., ei-
ther homozygous hemoglobin S (SS) disease or dou-
ble heterozygous hemoglobinopathy — SC disease or
S-B-thalassemia. We used estimates of the prevalence
of sickle cell disease in Cincinnati to estimate the
prevalence of sickle cell disease (denominators, ta-
ble 1) and the incidence of aplastic crisis (numera-
tors, table 1) in the study area, given the assumption
that the black populations of the two cities [24] have
similar prevalences of sickle cell disease.

Definition and identification. 'We defined a case
of aplastic crisis as a decreased reticulocyte count
(<50% of the baseline value), lasting less than two
weeks, in a patient with a chronic hemolytic anemia.
The baseline value was defined as the average
reticulocyte count observed in up to three visits to
the clinic (while healthy) within the previous two
vears; if this value was not available, we used the
reticulocyte count obtained after the aplastic crisis
(at least two months after discharge from the hos-
pital).

To identify cases of aplastic crisis, we contacted
local physicians, neighborhood clinics, and hospi-
tal outpatient departments throughout northeastern
Ohio and all major hospitals and clinics caring for
patients with sickle cell diease in Ohio; we also
reviewed registries of patients admitted to hospitals
in northeastern Ohio since January 1981.

Study design. The 26 patients from northeastern
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Table 1. Estimated risk of aplastic crisis for patients
from northeastern Ohio with specific hemolytic anemias,
March 1984 to August 1984.

Estimated risk of
developing aplastic crisis in

Three-county Cleveland SMSAT

Preexisting arca*

hemolytic _ <20 years
anemia All ages (%) All ages (") old (%)
SS disease 20/571 (3.5) 17/480 (3.5) 16/220 (7.2)
SC disease 4/289 (1.4)  4/243 (1.6)  4/89 (4.5)

S-B-thalassemia  1/157 (0.7) 1/132 (0.8) 1/46 (2.2)

NOTE. The incidence of aplastic crisis (numerators) and the
prevalence of sickle cell disease (denominators) in the study area
were estimated from data on sickle cell disease in Cincinnati
provided by the Cincinnati Comprehensive Sickle Cell Center.
The Cincinnati Comprehensive Sickle Cell Center monitors 171
juvenile patients with sickle cell disease (101 with SS disease; 41,
SC disease; 21, S-B-thalassemia; and 8, S-hemoglobin and
another hemoglobinopathy), >90% of the known patients with
sickle cell disease <19 years of age in the greater Cincinnati area.
The center also monitors 142 adults (66 with SS disease; 39, SC
disease; 22, S-B-thalassemia; and 15, S-hemoglobin and another
hemoglobinopathy), ~50% of the identified adults with sickle
cell disease in the greater Cincinnati area.

* Cuyahoga, Summit, and Lorain counties, Ohio.

T SMSA = standard metropolitan statistical area.

Ohio who had an aplastic crisis during 1984 were
compared with controls randomly selected from a
pediatric population of ~~300 nonsplenectomized pa-
tients who had a chronic hemolytic anemia with no
history of aplastic crisis (according to clinical records
and information from parents) and who had been
monitored during the previous two years in clinics
associated with the hospitals to which the patients
with aplastic crisis had been admitted. Of the 69
potential controls, three subsequently developed
aplastic crisis and were reclassified as patients, 17
could not be contacted because of telephone or ad-
dress change, and two had a parent or guardian who
refused to allow participation (response rate, 50
[76%] of 66). Of the remaining 47 controls, 44 were
black, two were white, and one was Asian. Twenty-
six of the controls had SS disease; nine, SC disease;
four, S-B-thalassemia; one, hereditary spherocyto-
sis; one, homozygous hemoglobin H disease; one,
homozygous hemoglobin C disease; one, pyruvate
kinase deficiency; one, glucose-6-phosphate de-
hydrogenase deficiency; and one, f-thalassemia
major. The parents or guardians participated in
structured interviews regarding demographics, socio-
economic status, household population density
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(persons per household, persons per room), environ-
mental exposures, child-care practices, and recent
medical history of household contacts. For patients,
the interviews were conducted at the time of hospi-
talization for aplastic crisis; interviews for the con-
trols were conducted during May 1984. Blood sam-
ples were obtained from all patients, controls, and
their respective household contracts. We defined a
household contact as anyone (other than the index
patient or control) residing in the same house dur-
ing the 90 days before the interview.

To maximize the clinical comparability of patients
and control, we analyzed interview data only from
persons with sickle cell disease. In these analyses,
we excluded five controls (four with SS disease and
one with SC disease) who had evidence of previous
infection with B19 (presence of B19 specific IgG in
serum samples) and presumably were not at risk for
having a B19-associated aplastic crisis, and three pa-
tients with aplastic crisis (all with SS disease) who
had household contacts who had Bl19-associated
aplastic crises earlier in 1984 (a possible risk factor
for exposure to B19 that the controls did not have).

Investigation of EI. Background. EI was first es-
tablished as a clinical entity on the basis of outbreaks
in the late winter and early spring of 1924 and 1925
in Cuyahoga County, Ohio [25]. Outbreaks of EI
in schools were reported to the measles surveillance
system of the Cuyahoga County Board of Health
in 1969 (65 cases), 1970 (109 cases), 1973 (1,180 cases),
1981 (113 cases), and 1983 (32 cases); in each year,
most of the cases occurred in late winter and early
spring. A total of 85 cases (median, 6 cases; range,
0-13 cases) were reported in the other 14 years be-
tween 1965 and 1982. By the time the outbreak of
aplastic crisis was first noted, cases of EI in schools
had been reported through the measles surveillance
system; surveillance efforts were increased by the
County Board of Health in late January 1984 to
document the extent of the EI outbreak.

Definition and identification. To describe the
timing and extent of the EI outbreak, we used all
cases of EI reported to the measles surveillance sys-
tem by county schools. For the serological study, we
considered only pediatric patients having rash con-
sistent with EI [7, 25] that was diagnosed between
May 1984 and July 1984 by physicians affiliated with
the hospitals to which the patients with aplastic cri-
sis had been admitted.

Study design. Blood samples were obtained from
randomly chosen patients with EI and from pedi-
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atric controls without rash seen in the same clinics
between May 1984 and July 1984. The parents or
guardians of 36 randomly selected patients from the
serological study were interviewed to obtain data on
the recent medical history of household contacts, and
a blood sample was obtained from all household
contacts. We defined a household contact as any-
one (other than the index patient with EI) residing
in the same house during the 90 days before the on-
set of rash in the patient.

Statistical analysis. The serological results were
categorized as positive or negative. For dichotomous
factors, we used the method of Thomas and Gart
(26, 27] to obtain the odds ratio and the 95% confi-
dence interval; Fisher’s two-tailed exact test was used
to determine probability [28]). Nondichotomous
(continuous) factors were analyzed by the Wilcoxon
rank-sum test [29]. The significance level for all
statistical analyses was P < .0S.

We used linear logistic regression to examine the
association between aplastic crisis and possible risk
factors [30]; because of the small amount of data,
it was necessary to limit regression models to two
or three risk factors. Each individual hematocrit was
categorized as above or below the median hematocrit
(26.5) of the combined group of patients and con-
trols. Serological data from the outbreaks of aplas-
tic crisis and EI were combined, and persons <20
years of age were divided into age groups covering
five-year periods; the test for linear trend in propor-
tions [31] was used to describe the relation of
seropositivity (IgM and IgG) to age.

Laboratory analysis. Specimens. Acute- and/or
convalescent-phase serum samples were collected
from all 26 patients with aplastic crisis, and sera were
collected from 33 (70%) of the 47 controls. Samples
of urine and/or PBS throat gargle specimens were
obtained from six patients within a day of diagno-
sis, Sera were obtained from 71 (89%) of 80 house-
hold contacts of the 26 patients with aplastic crisis,
including at least one household contact of each pa-
tient with aplastic crisis. Sera were also obtained
from 49 (67%) of 73 household contacts from 21
(62%) of the 34 households of the IgG-seronegative
controls with sickle cell disease and from 32 (89%)
of 36 household contacts from 10 (77%) of the 13
households (total, 53 household contacts) of the con-
trols who did not have sickle cell disease or who were
IgG-seropositive.

We obtained sera from 51 pediatric patients with
EI and 56 pediatric controls. All the patients were
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white; of the controls, 51 were white, three were black,
and two were Hispanic. Blood samples were drawn
from five of the 51 patients during the two- to nine-
day period before the rash developed. Sera were also
obtained from household contacts (93 [83%] of 108)
of 32 of the 51 patients with EI.

All serum, urine, and PBS gargle specimens were
stored at —-70 C.

Diagnostic techniques. The sera were assayed in
a blinded fashion for B19 DNA by modification of
a dot hybridization procedure [32] and for BI9-
specific IgM and IgG with a capture ELISA, both
described elsewhere [33]. Urine and PBS gargle were
also evaluated by the hybridization procedure. In this
procedure, 0.5-ul aliquots of serum or 45-ul aliquots
of urine or PBS gargle were digested with 100 pg of
proteinase K/ml for 30 min at 60 C; an equal vol-
ume of 0.6 N NaOH was then added, and the sam-
ple was hydrolyzed at 60 C for another 30 min. An
equal volume of 2 M ammonium acetate (pH 7.0)
was added, and the sample was applied to pre-
moistened nitrocellulose filters with a slot-blotter
apparatus (Schleicher and Schuell, Keene, NH). The
slot blots were probed with **P-labeled RNA having
a high specific activity that had been synthesized in
vitro from a full-length copy of B19 DNA [34] in-
serted in the SP65 riboprobe vector. Probe synthe-
sis and hybridization were performed as described
by Zinn et al. [35]. Concentrations of B19 DNA were
estimated by densitometric comparison with stan-
dards, which consisted of dilutions (in negative se-
rum) of purified 110S B19 virions [34]; the extinc-
tion coefficients used were those derived for another
parvovirus, the minute virus of mice [36]. The limits
of detection were 0.30 ng/ml for serum and 0.003
ng/ml for urine and PBS gargle. The viral DNA from
acute-phase sera of patients with aplastic crisis was
compared with prototype DNA from B19 on alka-
line agarose gels [34]; the virions from one patient
were purified and compared with other parvoviruses
by methods described previously [36].

Acute-phase sera from patients with aplastic cri-
sis were also evaluated in a blinded fashion for B19-
like particles by negative-stain electron microscopy
with uranyl acetate stain and for inhibition of
erythroid colony formation in vitro [37]. Nine paired
{acute- and convalescent-phase) sera from patients
with aplastic crisis were also evaluated for the pres-
ence of antibodies in a blinded fashion by the fol-
lowing methods: (/) CF for antibody to parain-
fluenza virus types 1, 2, and 3, adenovirus, respir-
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atory syncytial virus, and Mycoplasma pneumoniae
[38]; (2) IHA for antibody to cytomegalovirus [39]
and herpes simplex virus types 1 and 2 [40]; and (3)
indirect immunofluorescence for antibody to Ep-
stein-Barr virus {41] and varicella zoster virus [42].

Because some cases of EI may be clinically indis-
tinguishable from early rubella, rubella serology by
HALI [43] was obtained for the 13 patients with EI
from whom paired sera were available.

Results

Outbreak of aplastic crises. Epidemiological
studies. From 13 March 1984 to 23 August 1984,
26 patients with aplastic crisis were admitted to
hospitals participating in this study (figure 1): 23 were
admitted in Cleveland, two in Akron, and one in
Lorain. Twenty patients had SS disease; four, SC dis-
ease; one, S-B-thalassemia; and one, hereditary
spherocytosis. None had a history of aplastic crisis
or splenectomy. No other cases of aplastic crisis were
identified between 1980 and mid-1984 in north-
eastern Ohio. The estimated risk of aplastic crisis
among patients with sickle cell disease in Cuyahoga,
Summit, and Lorain counties in 1984 was 2.4% (25
cases of aplastic crisis among 1,107 cases of chronic
hemolytic anemia). The estimated risks for patients
with SS disease, SC disease, or S-B-thalassemia are
presented in table 1.

Fourteen of the patients were male, and 12 were
female. The median age was 11.4 years (range,
2.3-23.5 years). The 25 patients with sickle cell dis-
ease were black, and the patient with hereditary
spherocytosis was white. The residences of the 23 pa-
tients from Cleveland who had sickle cell disease had
a distribution similar to that of a random list of ad-
dresses of patients from Cleveland who had sickle
cell disease. The 26 patients were from 23 house-
holds; only six patients (two pairs of siblings and
a mother-child pair) had known contact with another
patient with aplastic crisis (i.e., the respective rela-
tive). The clinical features of the patients are
presented elsewhere {33]. Although a rash was pres-
ent on six patients just before or during aplastic cri-
sis, no patients had the rash that is diagnostic of EI.
None of the patients with aplastic crisis or the con-
trols had a history of EI. -

When we restricted patients and controls to those
with sickle cell disease, the controls had significantly
higher baseline hematocrits (table 2). This relation
did not change if we further restricted the analysis
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Figure 1. Epidemic curves for pa-
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tients with aplastic crisis (upper graph,
n = 26) and patients with erythema in-
fectiosum (lower graph, n = 452); |
Cuyahoga County, Ohio, December
1983-August 1984. |

CASES
E:
T

to patients and controls with SS disease (16 patients:
median hematocrit, 23.4 [range, 20.0-28.5]; 17 con-
trols: median hematocrit, 26.0 [range, 23.0-33.6]; P
= .02). The presence of a Bl19-specific, IgM-
seropositive household contact was significantly as-
sociated with aplastic crisis (9 of 17 patients, 0 of
14 controls; P = .001). The other risk factors as-
sociated with aplastic crisis were sharing eating uten-
sils with other household members (odds ratio, 5.1;
confidence interval, 1.20-22.2; P = .014) and recent
contact with a dog (odds ratio, 5.1; confidence in-
terval, 1.27-21.1; P = .014) or a cat {odds ratio, 5.8;
confidence interval, 1.19-31.2; P =.015). Household
population density, household contacts of elemen-
tary school age (5-13 years old), the presence of a
recently ill household contact who had three or more
common symptoms of a viral illness, recent contact
with an unimmunized dog or cat, or a recent rash

were not significantly associated with the occurrence
of aplastic crisis. Recent use of antibiotics was sig-
nificantly more common among controls (17 of 34)
than among patients (4 of 22, P = .024), although
no significant associations were found with recent
transfusion or use of folate, aspirin, acetaminophen,
codeine, or meperidine. Multivariable analyses re-
vealed that only sharing eating utensils and recent
contact with a dog or cat were independently as-
sociated with aplastic crisis. Although the controls
were younger than the patients, these associations
were not affected when age was taken into account
by using logistic regression. The presence of an IgM-
seropositive household contact was not included as
a factor in the initial multivariable analyses because
it was not known whether the patient with aplastic
crisis or another member of the household was the
index case of B19 infection in individual households,

Table 2. Demographic and clinical features of patients with aplastic crisis and control subjects with sickle cell dis-

ease, Ohio, 1984,

Patients with aplastic crisis Controls

Risk factor n, median (range) n, median (range) P
Sex

Male 11 18

Female 11 16
Age (years) 22, 9.6 (2.6-18.1) 34, 4.7 (0.8-22.7) NS
Baseline hematocrit 21, 24.3 (20.0-34.4) 27, 27.0 (23.0-35.1) 022
Baseline reticulocyte count 20, 9.7 (2.8-22.5) 24, 12.1 (2.1-22.7) NS
Baseline level of hemoglobin 11, 8.4 (7.8-11.49) 26, 9.6 (8.0-12.4) NS

NOTE. NS = not significant. Probability was determined by using the Wilcoxon rank sum test [29]. Data are given only for

index patients and controls.
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or whether mutual IgM seropositivity within house-
holds reflected a common exposure; however, when
this factor was included in multivariable analyses,
only the presence of an IgM-seropositive household
contact and recent contact with a cat were indepen-
dently associated with having an aplastic crisis.
Laboratory analysis. In acute-phase sera from
24 patients with aplastic crisis, DNA hybridizing with
the 5.4-kilobase DNA fragment of prototype B19 was
detected in concentrations of 4,000-68,000 ng/ml in
five (21%) of the patients and 0.3-4.2 ng/ml in eight
(33%) of the patients. The hybridizing DNA was
contained within a 110-S particle physically indis-
tinguishable from prototype B19 and other par-
voviruses. DNA from B19 was not detectable in the
other 11 acute-phase sera from patients, nor in 31
of 33 sera from controls (P < .0001). DNA from B19
was also detected in concentrations of up to 1.1 ng/ml
in the urine and 11 ng/ml in PBS gargle from two
patients whose sera had concentrations of B19 DNA
>25,000 ng/ml, but DNA from B19 was not detected
in the urine and PBS gargle from four other acute-
phase sera from patients with aplastic crisis, one of
whom had serum with a B19 DNA concentration of
4,000 ng/ml. The five sera with a high concentra-
tion of Bl19 DNA markedly inhibited erythroid
colony formation in vitro, a property that was re-
tained after the sera were heated to 56 C for 30 min;
only these five sera had B19-like particles that were
revealed by electron microscopy. No other virus par-
ticles were revealed by electron microscopy [33].

Of the 26 patients with aplastic crisis, 24 (92%) -

had an acute- or convalescent-phase serum specimen
that had B19-specific IgM, compared with none of
33 controls (odds ratio, o0; P < ,0001). This relation
did not alter when we excluded participants who did
not have sickle cell disease, patients who were not
the index case in their households, and controls who
had evidence of prior infection with B19 (20 of 22
patients, none of 22 controls). B19-specific IgG was
found in sera from three of the four people excluded
as controls because they had a previous aplastic cri-
sis and in sera from only five of 33 controls with no
history of an aplastic crisis (P = .026).

When serum specimens from 56 household con-
tacts (who did not have an aplastic crisis) of patients
with aplastic crisis were examined, only one con-
tained DNA from B19, at a concentration of 2 ng/ml.
This IgM-positive specimen had been drawn 75 days
after the patient was diagnosed as having aplastic
crisis; the household contact was asymptomatic ex-
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cept for transient fever and nausea seven days be-
fore the onset of symptoms in the patient.

Of the 21 households for which sera were obtained
from all members, 13 (61%) had an IgM-seropositive
member other than the index patient with aplastic
crisis, compared with none of 14 households of
IgG-seronegative controls for whom complete sets
of serum samples were available (P < .001). When
households for which complete sets of serum sam-
ples were not available were included, results were
similar: at least one member other than the patient
with aplastic crisis was IgM seropositive in 12 (55%)
of 22 households, compared with none of 22 house-
holds of the IgG-seronegative controls (P < .0001).
For the IgG-seronegative household contacts of IgM-
seropositive patients with aplastic crisis, the attack
rates of 13 (37.1%) of 35 for those <20 years old and
9 (31.0%) of 29 for those 220 years old were similar
(table 4).

In paired sera obtained from nine patients with
aplastic crisis, there was no evidence of recent infec-
tion with parainfluenza virus types 1, 2, or 3;
adenovirus; respiratory syncytial virus; M. preumo-
niae; CMYV; HSV types 1 or 2; Epstein-Barr virus;
or varicella zoster virus.

QOutbreak of erythema infectiosum. Epidemiolog-
ical studies. Four-hundred and fifty cases of rash
suggestive of EI were reported by Cuyahoga County
school nurses from 1 January 1984 to 13 June 1984
(figure 1), after which most schools closed for sum-
mer vacation. Numerous physicians participating in
these investigations reported that cases of EI were
rarely observed in black children in this area. From
14 June 1984 to July 1985, no cases of EI were
reported in Cuyahoga County, despite continued sur-
veillance.

The median age of the 51 patients with EI from
whom acute-phase serum samples were obtained was
seven years (range, 1-17 years); 27 were male and 24
were female. The median age of the controls was ten
years (range 1-16 years); 36 were male and 26 were
female. Interviews with the parents of 28 IgM-
seropositive patients with EI revealed that 27 (96%)
of the patients had facial rash with “slapped cheek”
appearance, 27 (96%) had rash on the trunk and/or
limbs, 22 (79%) had a rash with a lacy reticular pat-
tern, and 11 (39%) had transient recrudescences; the
median duration of rash was 5.5 days (range, 2-21
days).

Laboratory analysis. In serum samples from 51
patients with EI, 54 controls, and 93 household con-
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Table 3. Presence of B19-specific IgM in susceptible
household contacts of IgM-seropositive patients with
aplastic crisis or erythema infectiosum, Ohio, 1984.

No. with B19-specific IgM/total no. (%)
of household contacts of patients with

Age of household  Aplastic Erythema

contact (years) crisis infectiosum Total
<4 2/5 (40.0) 9/13 (69.2) 11/18 (61.1)
5-9 5/11 (45.5) 8/8 (100.0) 13/19 (68.4)
10-14 3/8 (37.5) 6/9 (66.7) 9/17 (52.9)
15~19 3/11 (27.2)  3/5 (60.0) 6/16 (37.5)
220 9/29 (31.0) 11/20 (55.0) 20/49 (40.8)

NOTE. Susceptible contacts were those without B19-specific
1gG in serum samples.

tacts of patients with EI, DNA from BI19 was only
detected in low concentrations in specimens from (/)
an IgM-seropositive patient with EI, 11 days after
the rash developed (0.73 ng/ml); (2) an IgM- and
IgG-seronegative patient with EI, 30 days after the
rash developed (1.35 ng/ml); (3) an asymptomatic
IgG-seropositive household contact of the IgM-
seronegative patient with EI (3.0 ng/ml); and (4) an
IgG-seropositive household contact of a patient with
EI from whom illness data were not obtained (3.03.
ng/ml).

Of the 51 patients with EI, 36 (71%) were IgM
seropositive, compared with 1 (2.5%) of 42 IgG-
seronegative controls (median age, 9.5 years [range,
1-16 years]; odds ratio, 15.58; confidence interval,
2.17-690.22; P < .0001). The 12 other controls (me-
dian age, 11 years; range, 5-16 years) were IgG
seropositive and IgM seronegative, presumably were
immune to B19 infection, and hence were excluded
from the statistical analysis. Four parents of patients
with EI also had clinical EI and were seropositive
for IgM.

None of 13 paired sera tested from patients with
EI demonstrated a significant rise in titer of anti-
body to rubella; eight (62%) of these had BI9-
specific IgM.

For household contacts of IgM-seropositive pa-
tients with EI, the secondary B19 attack rate was 37
(52.1% ) of 71; the secondary B19 attack rates of 26
(61.9%) of 42 for those <20 years old and 11 (37.9%)
of 29 for those 220 years old were not significantly
different. For susceptible household contacts of IgM-
seropositive patients with EI, the secondary attack
rate of 26 (74.3%) of 35 for those <20 years old was
not significantly different from the attack rate of 11
(55.0%) of 20 for those =20 years old (table 3).
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Characteristics of infection with B19. When sus-
ceptible household contacts of patients with EI or
aplastic crisis were combined (table 3), the second-
ary attack rate was 59 (49.6%) of 119, and there was
a significant decline in secondary attack rates with
increasing age (P = .027). By comparison, when we
excluded all IgM-seropositive persons and their
household contacts (whose IgG seropositivity could
have been the result of recent infection with B19),
there was an increasing prevalence in IgG seroposi-
tivity as age increased, although this trend did not
achieve statistical significance (P = .136; table 4).

When evidence of infection with B19 (presence of
IgG or IgM) was examined with respect to sex in all
patients with aplastic crisis or EI and their respec-
tive controls and household contacts, there were no
significant differences in incidence between males
and females <20 years old (38 [29.2%] of 130 and
23 [24.7%] of 93, respectively), or between males and
females 220 years old (4 [12.9%] of 31 and 12 [18.5%]
of 65). However, among household contacts with evi-
dence of recent infection with B19 (excluding those
with aplastic crisis), recent symptoms differed for
household contacts of IgM-seropositive patients with
sickle cell disease and aplastic crisis (all were black)
and for household contacts of IgM-seropositive in-
dex patients with EI (all were white) when compared
with their respective IgM-seronegative household
contacts (table 5). Secondary cases of B19 infection
among black contacts were less likely to have a rash
(1 [6.3%] of 16) than were secondary cases among
white contacts (19 [52.7%] of 36; P = .002), and
there was a significant difference in rates of asymp-
tomatic infection between white (6 [20.0%] of 30)
and black contacts (11 [68.8%] of 16; P = .003).
When black patients with secondary cases of B19
infection were compared with black control subjects,

Table 4. Evidence of past infection with B19 in persons
without B19-specific IgM from 105 households, Ohio,
1984.

No. with B19-specific
Age (years) IgG/total no. (%)

<4 2/35 (5.7)

5-9 4/36 (11.0)
10-14 13/42 (31.0)
15-19 6/14 (42.8)
220 10/62 (16.1)

NOTE. The presence of B19-specific IgG in serum samples
was considered to be evidence of past infection.
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Table 5. Symptoms reported within 90 days by B19-specific IgM-seropositive and IgM-seronegative household contacts
of patients with aplastic crisis or erythema infectiosum, Ohio, 1984,

No. (%) of contacts reporting indicated symptom

Household contacts of
patients with aplastic crisis

Household contacts of
patients with erythema infectiosum

IgM seropositive

IgM seronegative

IgM seropositive IgM seronegative

Symptoms (n = 16) (n = 41) (n = 36) (n = 25)
“Fever” 3 (19) 11 27) 17 (47) 7 (28)
Fever 238.5°C 0 (0) 2 719 3 (12)
Headache 0 (0) 8 (20) 10 (28) 3(12)
Running nose 2 (13) 9 (22) 11 31) 5 (20)
Cough 1 (6) 707 8 (22) 5 (20)
Nausea 309 10 24) 14 39 2(8)
Vomiting 2 (13) 4 (10) 7(19) 2 (8)
Diarrhea 1 (6) 5012 10 (28)* 1)
Abdominal cramps 0 (0) 707 13 (36)? 0 (0)
Muscle aches 0 (O)* 9 (22) 13 (36)* 28
Joint pains 0(0) 6 (15) 12 33 1(4)
Chills 1(6) 6 (15) 12 33 14
Any rash 1(6) 4 (10) 19 53)F 2 (8)
Rash on arms, legs, and trunk 1 (0) 0 (0) 18 (50)7 1)
Facial rash 0 (0) 0 (0) 16 (44)t 0 (0)
Lacy rash 0 (0) 0 (0) 14 39t 0 (0)
Recurring rash 0 (0 0O 10 (28)* 14)
No symptoms 11 (69) 22 (54) 6 (17)1' 18 (72)

NOTE. Excluding the household contacts of one patient with hereditary spherocytosis, all household contacts of patients with
aplastic crisis were black, and those of patients with erythema infectiosum were white. All probabilities were calculated by Fisher’s
two-tailed exact test and compare IgM-seropositive and IgM-seronegative contacts.

* P < .05.
TP < .001.
trP< .ol

no significant differences were found with respect
to characteristics of classic EI (facial rash, rash on
the trunk or limbs with reticular or lacy appearance,
or occasional transient recrudescences), but signifi-
cant differences between white patients with second-
ary cases of B19 infection and white control subjects
were observed in all of these characterisitic
symptoms.

Discussion

This study of concurrent outbreaks of aplastic cri-
sis and EI demonstrates the association of each of
these clinical entities with a recent B19 infection. Ex-
amination of sera from patients with aplastic crisis
and from controls revealed that only sera from pa-
tients had B19-specific I[gM and DNA from B19. B19-
like particles were also found by electron microscopy
in acute-phase sera from five of the 24 patients. These
sera specifically inhibited erythroid colony forma-
tion in vitro, a result supporting the hypothesis that

aplastic crisis is due to cytotoxicity of B19 for
erythroid progenitor cells in bone marrow {37, 44].
Examination of sera from patients with EI and from
controls also revealed the presence of B19-specific
IgM preferentially in sera from patients. This is the
first report that describes close temporal and geo-
graphic association between outbreaks of these two
syndromes. Interpretation of these findings favors
a causal rather than coincidental relation because
of (1) the consistency of case reports and other
studies suggesting an association of parvovirus in-
fection with aplastic crisis [1, 9-19] and EI [8, 18-23],
(2) the biological plausibility of the hypothesis that
infection with B19 can cause these two phenomena
[44, 451, and (3) the strength of the associations
demonstrated here by using serological data obtained
from appropriately matched, susceptible controls.

The association of transient aplastic crisis in
hemolytic anemia with a rash has been limited to
a single previous case report [46]. Shortly after an
outbreak of El in London in 1983, two cases of aplas-
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tic crisis were associated with B19 infection in a
neighboring area, but these cases were not accom-
panied by a rash [13]. The classic descriptions of EI
have been of an exanthem observed in populations
of white Europeans and North Americans [7, 25].
The anecdotal reports we received regarding the rel-
ative absence of EI among black household contacts
were not surprising, because other acute exanthems
are more difficult to detect in black subjects [47],
and a rash was a more common symptom of recent
B19 infection among white contacts than among
black contacts. The nonspecific symptoms reported
in secondary cases suggest that B19 infection is likely
to go unrecognized in a black patient who does not
have underlying hemolytic anemia.

The estimated attack rate of aplastic crisis was
higher for persons with SS disease than for persons
with other sickle cell variants that are usually as-
sociated with milder hemolysis, longer survival of
red cells, higher baseline levels of hemoglobin, and
lower baseline reticulocyte counts [48]. During tran-
sient periods of erythroid aplasia, patients with SC
disease or S-B-thalassemia and recently transfused
patients with SS disease might not become as ane-
mic as other patients with SS disease, and might be
less likely to seek medical attention. The theory that
some aplastic crises go undiagnosed is based on ob-
servations that some patients with hemolytic ane-
mias have serological evidence of previous B19 in-
fection without having a history of aplastic crisis [49,
50], as did five of our 33 controls.

Because B19 has only recently been propagated
in culture [51], it is not yet clear whether B19 repli-
cation requires a helper virus. B19 packages equal
numbers of single complementary DNA strands into
separate particles [52], a property shared with those
parvoviruses that cannot replicate autonomously [53,
54]. However, we found no serological evidence of
recent infection with a possible helper virus (ie,
adenovirus or herpes group virus) in patients with
aplastic crisis. The isolates retained strong inhibi-
tory effects on erythroid colony formation after be-
ing heated to 56 C for 30 min, a result that would
not be expected if a heat-sensitive helper virus were
required for B19 replication; no other virus particles
were revealed by electron microscopy [33]. These
findings are consistent with electron microscopy in
which no evidence could be found for a second mor-
phologically distinct virus in bone marrow cells in-
fected with B19 [44].

The increased number of erythroid progenitor cells
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in bone marrow observed in hereditary hemolytic
anemias may facilitate B19 replication and account
for the high concentrations of B19 observed in the
acute phase of aplastic crisis. Concentrations of B19
DNA were at least several logarithmic orders of mag-
nitude greater in the acute-phase sera of some pa-
tients with aplastic crisis than in sera from patients
with EI (or their contacts) before and during the
symptomatic period. These data suggest that it would
be unusual for patients with normal hematologic
constitution to have large quantities of B19 in sera.
The intense B19 viremia reported after intranasal in-
oculation of normal adult volunteers [23] may re-
flect a response to a greater inoculum than that com-
monly experienced with natural B19 infection.
Appreciable B19 viremia has rarely been observed
under natural conditions in normal blood donors
[55-57], but one possible explanation for the in-
creased B19 replication is greater numbers of
erythroid progenitor cells in bone marrow, perhaps
caused by a recent hemolytic process or acute blood
loss.

Although clinical studies have reported higher EI
attack rates among girls than among boys [58, 59],
and secondary cases of EI have been reported to be
more common in mothers than in fathers [58], we
found no significant gender-specific differences in
rates of B19 infection. We did find that evidence of
past B19 infection increased with age, and second-
ary B19 attack rates decreased with age, a result con-
sistent with clinical observations that EI attack rates
are higher in children and that occurrence of El con-
veys long-term immunity [7, 58].

One possible risk factor associated with aplastic
crisis was recent contact with a dog or cat, but liv-
ing with a pet and having had recent contact with
an unimmunized dog or cat were not significant risk
factors. Other parvoviruses can infect canine and fe-
line species [60], but it is not known whether cats
or dogs can be infected with B19. Aplastic crises were
not significantly associated with gender, presence of
a rash, exposure to rashes in playmates or family,
child care practices, or household population density.

The natural modes of B19 trasmission are un-
known. The most likely possibilities are transmis-
sion by fecal-oral, oral-oral, and/or respiratory
routes, because B19 infection was very strongly as-
sociated with having a household contact who had
evidence of recent B19 infection and was also as-
sociated (although not independently) with shared
eating utensils. In most of the households of patients
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with aplastic crisis or EI, a member other than the
patient had serological evidence of recent B19 infec-
tion, but household contacts of controls had no evi-
dence of recent B19 infection. Although mutual con-
tacts and factors other than those examined here
could have been related to the introduction of B19
into any given household, the data presented here
indicate that B19 commonly spreads to susceptible
members of the household. The presence of B19
DNA in urine and throat gargle specimens suggests
that the source of the virus may be urine and respi-
ratory secretions and that attention to personal hy-
giene (e.g., frequent washing of hands) may prevent
spread.

The spectrum of illness associated with B19 in-
fection contains the minor rash associated with EI
and more severe illnesses including aplastic crisis,
acute polyarthropathy in adults [61, 62], and possi-
bly fetal wastage [63, 64]; in these latter two sequelae,
the role of B19 is unclear and needs to be defined
by additional studies. Because aplastic crisis can be
alife-threatening event [33], the data presented here
suggest that patients with chronic hemolytic anemias
should be closely observed and evaluated promptly
for lethargy, malaise, headaches, abdominal pain,
or other symptoms of aplastic crisis [3, 10, 11, 14]
when outbreaks of EI or aplastic crisis occur, or
when a family member has EI or an aplastic crisis.
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