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A cold-adapted (ca) influenza B reassortant virus vaccine that contained the six internal RNA segments from
influenza B/Ann Arbor/1/66 ca virus and the neuraminidase and hemagglutinin genes from wild-type influenza
B/Texas/1/84 virus was evaluated in children ranging in age from 8 months to 14 years. The children were

vaccinated intranasally with doses ranging from 103.2 to 106.2 50% tissue culture infective doses (TCID50).
Thirty children were seropositive, and 26 were seronegative. Thirty-three children participated as unvacci-
nated controls. The vaccine was well tolerated by both seronegative and seropositive children. The amount of
virus required to infect 50% of seronegative children was approximately 104 5 TCID50. Vaccine viruses
recovered from airway secretions retained temperature-sensitive and cold-adapted characteristics. The results
of this study indicate that the vaccine virus, influenza B/Texas/84 ca reassortant virus, is attenuated,
immunogenic, and phenotypically stable when given to young seronegative children.

Significant morbidity can occur among children during
outbreaks of influenza B virus infection (14, 24). Community
epidemics of influenza B have resulted in high rates of school
absenteeism (10). Infants also may develop severe infection,
leading to extensive evaluation to rule out bacterial sepsis (9,
10, 24). Influenza B virus infections in young children may
be complicated by gastrointestinal complaints, otitis media,
high fever, acute myositis, and Reye syndrome (2, 7, 10, 12,
15, 17, 23, 24). Severe illness and death have occurred
among persons of all ages infected with influenza B virus (2,
19, 22).

Inactivated influenza B virus vaccines have not provided
the same level of immunity as have inactivated or live
attenuated influenza A virus vaccines (4, 15). Recombinant
strains of cold-adapted (ca) live influenza A and B virus
vaccine candidates for intranasal administration have been
developed as a possible alternative to parenteral inactivated
vaccine. Several studies with live attenuated reassortant ca

influenza A virus vaccine and one study with ca influenza B
virus vaccine have shown them to be safe and antigenic in
infants and young children (1, 3, 8, 20, 21, 25). The signifi-
cant morbidity associated with outbreaks of influenza B
virus infection confirms the need for a safe, antigenic live
attenuated ca influenza B virus vaccine (18, 25). Influenza
B/Texas/84 ca reassortant virus was derived by crossing
influenza B/Ann Arbor/1/66 ca virus with influenza B/Tex-
as/84 wild-type virus. The ca vaccine contained the six
internal genes of influenza B/Ann Arbor/1/66 virus and the
hemagglutinin and neuraminidase genes of influenza B/Tex-
as/84 virus. The present study was done to evaluate the
safety and antigenicity of influenza B/Texas/84 ca reassor-

tant virus among young seropositive and seronegative chil-
dren and to determine the quantity of vaccine virus required
to infect seronegative children. Also tested was the ability of
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the influenza B/Ann Arbor/1/66 virus donor to reproducibly
attenuate different wild-type influenza B viruses.

MATERIALS AND METHODS

Vaccine. The vaccine was derived by H. F. Maassab at the
University of Michigan by crossing influenza B/Ann Arbor/
1/66 ca virus with wild-type influenza B/Texas/84 virus. The
clone which was selected exhibited the ca property and
contained the six internal genes of influenza B/Ann Arbor/
1/66 virus but possessed the hemagglutinin and neuramini-
dase genes of influenza B/Texas/84 virus. The resulting
vaccine virus was designated influenza B/Texas/84 ca reas-
sortant virus or CRB-87.

Volunteers. Parents who were interested in having their
child participate in the cold-adapted reassortant influenza B
virus vaccine study were given information about the vac-

cine and encouraged to ask questions and to discuss the
study with a vaccine center nurse or physician before giving
their written informed consent. Fifty-six healthy children
between the ages of 8 months and 14 years participated as

vaccinees in the study; an additional 33 children were

enrolled as unvaccinated controls. The study was approved
by the St. Louis University Institutional Review Board.

Clinical design. On the day of vaccination, each child was
examined by a pediatrician and had blood and nasal secre-

tions collected before receiving 0.5 ml of influenza B/Tex-
as/84 ca reassortant virus. The first group of vaccinees
received 105.2 50% tissue culture infective doses (TCID50) of
vaccine diluted in veal infusion broth. Children in subse-
quent groups received titers of vaccine ranging from 103.2 to
106.2 TCID50 in 10-fold increments. Volunteers were inocu-
lated intranasally while in a supine position by alternating
drops of inoculum into the right and left nares. Daily for 11
days following vaccination, nasopharyngeal swab samples
were collected during a home visit by one of the study nurses

for isolation and quantitation of influenza B virus. Control
volunteers did not receive a placebo inoculation but were
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TABLE 1. Clinical responses of children vaccinated with influenza B/Texas/84/ca Reassortant Virus

No. of children with indicated findinga

Prevaccination antibody Mean age No. of children Upper respiratory tract
status (range) in in group Fever disease symptoms Lower respiratory Otitis

MO Fever________ tract illness media

Rhinorrhea Cough

Seropositive (HAI . 4) 53 (8-177)
Infected with vaccine virus' 16 0 1 2 0 1
Not infected 14 0 3 Vc 0 0

Seronegative (HAI < 4) 19 (8-41)
Infected with vaccine virusb 14 0 3 0 1 2d
Not infected 12 1 2e 2 1 2

Control 32 (8-120) 33 1 5 2 1 6

a Clinical definitions: fever, rectal temperature 2 101'F (38.3'C); rhinorrhea, rhinorrhea on 2 or more consecutive days; cough, cough on 2 or more consecutive
daKs; lower respiratory iiness, wheezing or pneumonia. Otitis media was diagnosed by a pediatrician.

Infected with vaccine virus as indicated by viral shedding and/or HAI or ELISA antibody response (see text and Table 2).
c Parainfluenza virus type 3 recovered from this child.
d Parainfluenza virus type 1 recovered from one child; parainfluenza virus type 2 recovered from the other.
e Enterovirus (not poliovirus) isolated from respiratory secretions from one of two children.

included in the daily home surveillance to assess the pres-
ence of other viruses in the community. Because of concern
about a relationship between influenza B virus infection and
Reye syndrome, serum transaminase levels (aspartate ami-
notransferase and alanine aminotransferase) in 39 vaccinees
were determined during the initial screening process and on
day 14 of the study.
Virus isolation and serologic tests. Nasopharyngeal swab

samples were inoculated onto primary rhesus monkey kid-
ney (RMK) cells in duplicate and incubated at 32°C for 14
days. RMK cell layers were hemadsorbed with 0.4% guinea
pig erythrocytes on days 5, 9, and 14 after inoculation for
isolation of influenza B/Texas/84 ca reassortant virus. Each
of the positive specimens was identified by a hemagglutinin
inhibition (HAI) test and quantitated by TCID50 in RMK
cells (1, 3).
Serum samples were collected from each vaccinee before

and 28 days after vaccination to evaluate their HAI and
enzyme-linked immunosorbent assay (ELISA) antibody re-
sponses to influenza B virus infection by previously de-
scribed methods (1, 3). HAI tests were done with homolo-
gous influenza B/Texas/ca reassortant virus which had been
passaged once in MDCK tissue culture cells. Purified hem-
agglutinin from influenza B/Yamagata virus (a gift from
Connaught Laboratories, Inc., Swiftwater, Pa.) was used to
coat the microtiter plates for the ELISA. Children who had
HAI titers of <1:4 were considered seronegative.

Genetic stability of vaccine virus. Vaccine virus recovered
from children who shed virus for prolonged periods was
tested for the temperature-sensitive (ts) phenotype by pre-
viously described methods (5, 16). To assess the genetic
stability of the influenza B virus isolates recovered from the
vaccinees, specimens were assayed at 39°C to determine the
presence of revertant virus, i.e., virus that had regained the
ability to grow at the restrictive temperature of 39°C. Also,
viruses were tested for the ca phenotype by plaque assay at
25°C. Vaccine virus with the ca phenotype forms plaques at
25°C, but wild-type influenza virus does not.

Statistics. The chi-square test was used to test for differ-
ences in adverse reactions among the vaccine groups. The t
test was used to compare geometric mean titers between
groups.

RESULTS

Seropositive children. Thirty seropositive children with a
mean age of 53 months (range, 8 to 177 months) were
vaccinated intranasally with doses of 104.2, 105.2, or 106.2
TCID50 of influenza B/Texas/84 ca reassortant vaccine virus.
Respiratory symptoms following vaccination were uncom-
mon and were not more frequent among vaccinees, whether
or not they were infected by vaccine virus, than among
control children (Table 1).
Shedding of vaccine virus was detected among 42, 8, and

40% of children vaccinated with 104.2, 105.2, or 106.2 TCID50,
respectively. Overall, 8 (27%) of the 30 seropositive children
shed vaccine virus. For each group, the mean duration of
viral shedding was short (8 days or fewer), and the mean
peak titer among children shedding was low (.103.0
TCID50/ml of nasal swab specimen [Table 2 and Fig. 1]).
Seven of the 30 seropositive children developed fourfold
HAI increases in antibody (0 of 5, 4 of 13, and 3 of 12 of the
seropositive children vaccinated with 104.2, 105.2, or 106.2
TCID50 of vaccine virus, respectively). Nine of the seropos-
itive children (0 of 5, 4 of 13, and 6 of 12 given 104.2, 105 , or
106.2 TCID50 vaccine virus, respectively) had fourfold rises
in antibody titer in the ELISA. As determined by either
shedding of vaccine virus, a fourfold or greater rise in HAI
or ELISA antibody titer, or both, 16 of 30 seropositive
children were infected by vaccine virus.

Seronegative children. Twenty-six seronegative children
participated in the study (mean age, 19 months; range 8 to 41
months). The seronegative children were significantly
younger than seropositive children (mean ages of 19 and 53
months, respectively; P = 0.01). Symptoms of respiratory
disease were not more common among the 26 seronegative
children who received inocula of 103.2, 104.2, 105.2, or 106.2
TCID50 of vaccine virus compared with control children or
seropositive children (Table 1). Also, the occurrence of
symptoms of respiratory disease among the 14 seronegative
children who were infected with vaccine virus was not more
frequent than that among the seronegative children who
were not infected by vaccine virus. Intercurrent viral respi-
ratory disease was common. Two children who developed
otitis media shed parainfluenza virus type 1 or 2, and one
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TABLE 2. Infectivity of influenza B/Texas/84 ca reassortant virus as indicated by shedding of vaccine virus or antibody increase

Serum antibody response'
Virus shedding

No. of HAI ELISA
Prevaccination Mean chil- No. (%)

antibody age Dose dren GM log2 recipro- GM log1o recip- of chil-
status (MO) (TCID50) vacci- No. (%) of Mean Mean peak cal titer No. of children rocal IgG titer No. of children dren in-

nated children duration titer (log1o with 4-fold in- with 4-fold in- fectedb
Preac svcc- crease/no. Pre- Post- crease/no.shedding (days)c TCID50) Prvc

ac- tested vacci- vacci- testedcination nation nation nation

Seropositive 35 6.2 12 5 (42) 5.5 1.7 3.2 3.4 3/12 1.3 1.8d 6/12 9 (75)

(HAI . 4)
79 5.2 13 1 (8) 8.0 3.0 3.7 4.7 4/13 1.9 2.3 4/13 5 (38)
30 4.2 5 2 (40) 7.0 1.8 2.8 3.0 0/5 1.7 1.7 0/5 2 (40)

Seronegative 23 6.2 5 3 (60) 2.0 1.2 <2 2.8d 3/5 1.0 1.5 2/5 4 (80)
(HAl < 4)

24 5.2 8 4 (50) 6.0 1.4 <2 2.9d 5/8 1.0 1.6d 4/8 6 (75)
16 4.2 7 2 (29) 5.0 1.5 <2 2.6 3/7 1.0 1.5 3/7 4 (57)
14 3.2 6 0 (0) 0 0 <2 <2 0/6 1.0 1.0 0/6 0 (0)

a GM, geometric mean; IgG, immunoglobulin G.
b As indicated by viral shedding and/or HAI or ELISA antibody response.
c The last day postvaccination on which shedding of virus was detected was taken as the duration of viral shedding; mean duration and peak titers were

calculated for children who shed virus.
d Significantly higher than prevaccination antibody titer (P < 0.05, Student's t test).

child with rhinorrhea also shed a nonpoliovirus enterovirus.
Two children manifested wheezing as the only sign of lower
respiratory illness; one was infected by vaccine virus, and
one was not infected by vaccine virus. Five of 33 controls
had rhinorrhea, and six developed otitis media.
The proportion of seronegative children who shed vaccine

virus was directly related to the inoculum: among infants
given the lowest dose, 103.2 TCID50, no shedding was
detected; the middle doses, 104.2 and 105.2 TCID50, resulted
in shedding among 29 and 50% of vaccinees, respectively;
and at the highest dose, 106 2 TCID50, 60% of children shed
vaccine virus (Table 2). The mean duration of viral shedding
for all groups was short (6 days or fewer), and mean peak
titers were low among children who shed vaccine virus
(c101.5 TCID50/ml of nasal swab specimen).
HAI antibody response to vaccine among the seronegative

children occurred in 0, 43, 63, and 60% of the four vaccine
groups inoculated with 103.2, 104.2, 105.2, and 106-2 TCID50 of
vaccine, respectively (Table 2). No additional vaccine virus
infections were detected by ELISA antibody rise among the

TCID50 (Log10)
4

3-

2-

0 .
0 1 2 3 4 5 6 7 8 10 11 12

Day Post Vaccination

FIG. 1. Shedding of influenza B/Texas/84 ca reassortant virus
after vaccination. Symbols: *, seropositive child, *, seronegative
child.

seronegative children. In two instances in which HAI anti-
body titer increased, the ELISA did not detect a rise in
antibody titer after vaccination. As indicated by both anti-
body response and vaccine virus shedding, there was a
direct relationship between dose and response: 103.2 TCID50
of vaccine was not infectious, while 10' TCID5Q of vaccine
infected 80% of seronegative vaccinees. The amount of
vaccine virus reciuired to infect 50% of seronegative children
(HID50) was 104- TCID50 as calculated by the Reed-Muench
method.

Sera for measurement of aspartate aminotransferase and
alanine aminotransferase were obtained from 28 seropositive
children and 16 seronegative children before vaccination and
14 days after vaccination. No elevations in aspartate ami-
notransferase or alanine aminotransferase levels occurred
among the 13 seropositive children who were infected with
vaccine virus or among the 10 seronegative children who
were infected by vaccine virus.

Phenotypic stability of vaccine virus. In order to evaluate
the phenotypic stability of vaccine virus shed for prolonged
intervals by young children, isolates obtained from 10 vac-
cinees 2 to 8 days postvaccination were tested for genotype
and phenotype (Table 3). All isolates tested retained the ts
and ca phenotypes. Five isolates tested for genotype were
confirmed to be reassortant vaccine virus, with six ca genes
(derived from influenza B/Ann Arbor/1/66 virus) and hemag-
glutinin and neuraminidase genes from influenza B/Texas/84
virus.

DISCUSSION

Previous studies of adults with other ca recombinant
influenza B virus vaccines have confirmed the safety, genetic
stability, and antigenicity of these live attenuated vaccines
(4, 6, 13, 18). The influenza B/Texas/84 ca reassortant virus
derived from influenza B/Ann Arbor/1/66 ca virus and influ-
enza B/Texas/84 wild-type virus was found to be safe in
infants and youn seronegative children in doses ranging
from 103.2 to 106. TCID50, and it was immunogenic at the
higher doses. The HID50 was 104-5 TCID50. A dose of 106.2
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TABLE 3. Evaluation of phenotype and genotype of isolates of
cold-adapted influenza B virus vaccine from young children

log1o PFU/ml in
Volunteer no. or Day Virus PCK cells at

virus postvaccination genotypea indicated temp ('C)
25 33 37

1 2 6/2 4.3 4.9 <3
3 NT 3.5 3.5 <2
4 6/2 4.0 4.7 <3

2 8 NT 3.7 3.3 <1
3 8 NT 3.6 2.6 <1
4 3 6/2 5.7 5.0 <2
5 4 NT 5.0 3.9 <1
6 7 NT 3.5 2.5 <1

8 NT 4.3 3.9 <1
7 2 NT 5.6 5.0 <1
8 4 6/2 5.3 4.7 <1
9 3 NT 6.0 5.5 < 1
10 8 6/2 5.6 4.5 <1
Vaccine virus 6/2 6.0 6.0 <1
Wild-type virus <3 6.0 6.0

a 6/2 refers to gene profile on selected samples determined by polyacryl-
amide gel electrophoresis, where 6 indicates 6 cold-adapted genes and 2
indicates hemagglutinin and neuraminidase genes from wild-type influenza
B/Texas/84 virus. NT, not tested for genotype.

TCID50 infected 46% of the seropositive children. When
influenza B/Texas/84 ca reassortant and wild-type influenza
B/Texas/1/84 viruses were evaluated in a comparative study
of adults, the ca vaccine was safe and the HID50 was 105-4
TCID50. In contrast, the wild-type virus, influenza B/Texas/
1/84 virus, infected all volunteers at all doses ranging from
103-9 to 107 1 TCID50. There was significantly more illness
among the volunteers given wild-type virus than among
influenza B/Texas/84 ca reassortant virus vaccinees (13).
One other ca influenza B virus derived from the parent ca

influenza B/Ann Arbor/1/66 virus has been evaluated in
adults: influenza B/Ann Arbor/1/86 ca reassortant virus
(CRB-117) has the hemagglutinin and neuraminidase genes
from the influenza B/Ann Arbor/1/86 virus. In studies of
adults vaccinated with influenza B/Ann Arbor/1/86 ca reas-
sortant virus, the HID50 ranged from 106.2 to 106.5 TCID50 (4,
8). Influenza B/Ann Arbor/1/86 ca reassortant virus was safe
in children, but the infectivity of this virus was greater than
the infectivity we observed for influenza B/Texas/84 ca
reassortant virus. In contrast to a HID50 of 104-5 TCID50 for
seronegative children in the present study, the HID50 for
influenza B/Ann Arbor/1/86 ca reassortant virus was 102.5
TCID50 (8). The reason for the higher infectivity of the
influenza B/Ann Arbor/1/86 ca reassortant virus among
children in comparison with the influenza B/Texas/84 ca
reassortant virus is not known, since influenza B/Ann Arbor/
1/86 ca reassortant and influenza B/Texas/84 ca reassortant
viruses are derived from the same parent ca strain and differ
only in the hemagglutinin and neuraminidase genes. Appar-
ently, the hemagglutinin or neuraminidase influences the
infectivity in seronegative children.
The safety of influenza B/Texas/84 ca reassortant virus

was demonstrated in this study. The occurrence of respira-
tory symptoms was no more frequent among either seropos-
itive or seronegative vaccinees than among unvaccinated
controls. Similar safety data on other cold-adapted reassor-
tant influenza A or B virus vaccines have been reported
elsewhere (1, 3, 4, 8, 13). In the present study, the quantity
and duration of shedding ofvaccine virus were markedly less

than those reported for wild-type influenza B virus (4, 11).
The amount of vaccine virus shed was low- in our study
('103 TCID50). This low-level shedding should reduce the
chance of transmission of vaccine to other children, since it
was below the HID50 for the influenza B/Texas/84 ca reas-
sortant virus.

Influenza B/Texas/84 ca reassortant virus was found to be
stable for temperature sensitivity after up to 8 days of
replication in seronegative children. No reversion of either
the ts or ca phenotype to the wild-type phenotype was
detected among the isolates tested. The reassortant virus
was safe and immunogenic in seronegative children when
given in doses of up to 106.2 TCID50. This vaccine should be
considered for combination with cold-adapted influenza A
virus vaccine to develop intranasal trivalent influenza A and
B virus vaccines.
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