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Influenza A/Scotland/74 (H3N2) and A/Victoria/75 (H3N2) cold-adapted (ca)
recombinant viruses, prepared by mating the A/Ann Arbor/6/60 (H2N2) ca
donor virus and influenza A wild-type virus, were evaluated in adult seronegative
volunteers (serum hemagglutination-inhibiting antibody titer, 51:8) for level of
attenuation, antigenicity, and genetic stability of the temperature-sensitive and
ca phenotypes. At 107.0 to 107-5 50% tissue culture infective doses the
A/Scotland/74 and A/Victoria/75 ca recombinant viruses were clearly attenuated
and antigenic. However, one of eight vaccinees infected with 107-5 50% tissue
culture infective doses ofthe A/Scotland/74 ca recombinant had a febrile reaction
(390C). At a 10-fold higher dose (108.5 50% tissue culture infective doses), 4 of 12
A/Scotland/74 vaccinees had a febrile and/or systemic reaction. Febrile reactions
were not observed in volunteers who received the A/Victoria/75 ca recombinant
virus, whereas 3 of the 12 vaccinees had mild upper respiratory tract symptoms,
in one instance associated with mild systemic manifestations. Significantly, the
serum hemagglutination- and neuraminidase-inhibiting antibody responses were
comparable to those induced by wild-type virus. Both ca recombinant viruses
were shed in low titer for a short period of time. Each isolate retained the
temperature-sensitive phenotype. However, there was evidence of genetic insta-
bility of the ca marker in that 7 of 24 isolates exhibited some loss of the ca
property, and one isolate completely lost the capacity to produce plaques at 25CC.
The retention of a low level of residual reactogenicity in the A/Scotland/74 ca
recombinant suggests that acquisition of the ca and temperature-sensitive phe-
notypes by a ca recombinant virus may not always bring about a satisfactory
level of attenuation for individuals lacking hemagglutinin immunity.

The selection of mutant viruses that replicate
efficiently at suboptimal temperatures has
yielded viruses that are attenuated for animals
and humans (2, 4, 8, 10-14) and, for this reason,
the use of cold-adapted (ca) mutants ofinfluenza
A virus as vaccine strains for humans has been
proposed (8). Initially, ca mutants of influenza
A viruses were produced by successive passage
at progressively lower temperature or by plaque
selection after abrupt shift of incubation tem-
perature from 33 to 250C (10, 13). Alternative
techniques for producing a vaccine strain after
the emergence of a new epidemic or pandemic
strain were sought for two reasons: (i) the time
needed to produce a ca mutant virus of a new

variant is at least 3 months, which is too long an
interval in the face ofan influenza virus epidemic
(13); and (ii) ca mutants generated by this tech-
nique are heterogeneous with respect to in vitro
properties (23) and to the level of attenuation
for humans (2, 4, 8, 13, 25). Therefore, this
approach could not be relied upon to rapidly
produce a suitably attenuated vaccine strain of
a new variant.

Recently, attenuation of new strains of influ-
enza A virus was accomplished rapidly, i.e.
within 6 weeks, by the transfer of attenuating
genes (via genetic reassortment) from an atten-
uated donor virus to a new epidemic variant
(19). The A/Ann Arbor/6/60 (A/AA/6/60)
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(H2N2) ca mutant, which is also temperature
sensitive (ts) and attenuated for ferrets (14), has
been used as such a donor virus. The level of
attenuation of this donor strain could not be
determined accurately in humans because of the
high background of H2 hemagglutinin immunity
when the virus was tested in the late 1960s (8).
Therefore, ca recombinant viruses within the
H3N2 subtype were produced to determine
whether the A/AA/6/60 donor virus could re-
peatedly confer an acceptable level of attenua-
tion on each new emerging variant.
A/Queensland/6/72 (H3N2) and A/Victoria/
3/75 (A/Vic/3/75) (H3N2) ca recombinants de-
rived from the A/AA/6/60 ca parent have been
evaluated for their level of attenuation in hu-
mans (3, 5). Since these studies were done in
open populations in which the majority of the
volunteers were seropositive (serum hemagglu-
tination-inhibiting [HI] antibody titer, -1:8) at
the time of virus administration, the level of
attenuation of these recombinants for suscepti-
ble individuals could not be fully assessed. This
report describes an evaluation of A/Scot-
land/840/74 (A/Scot/840/74) and A/Vic/3/75
ca recombinants (derived from the A/AA/6/60
ca parent) for attenuation and antigenicity in
adult volunteers with serum HI antibody titers
of l1:8.

MATERIALS AND METHODS
Viruses. The A/AA/6/60 (H2N2) virus was iso-

lated from a throat washing of a patient with influenza-
like illness by using primary chick kidney cultures
incubated at 360C. A ca mutant was prepared by
serially passaging the virus in chick kidney monolayer
cultures at reduced temperature of incubation step-
wise down to 250C (36CC, one passage; 330C, seven
passages; 30°C, seven passages; 25°C, seven passages).
The virus was then cloned seven times by plaque
isolation at 25°C in primary chick kidney tissue. After
cloning, the virus was passaged twice in the allantoic
cavity of specific pathogen-free eggs at 25°C, and the
second passage allantoic fluid suspension was used to
prepare the recombinants described below. This
A/AA/6/60 ca mutant was restricted significantly in
plaque formation at 37°C (shutoff temperature, 37°C)
but produced plaques efficiently at 250C (10, 23). The
wild-type A/AA/6/60 virus from which this ca mutant
was derived, as well as the A/Scot/74 and A/Vic/75
wild-type viruses, failed to produce plaques at 25°C in
chick kidney monolayers and were not ts (shutoff
temperature, >390C).
The A/Scot/840/74 (H3N2) wild-type virus used to

produce a ca recombinant had four passages in the
allantoic cavity of embryonated eggs. The A/Vic/3/75
(H3N2) wild-type virus used to produce a ca recom-
binant had five passages in the allantoic cavity of eggs.
The A/Vic/3/75 (H3N2) wild-type virus used to infect
volunteers was isolated in specific pathogen-free eggs
(SPAFAS, Inc., Norwich, Conn.) and had one addi-
tional passage in specific pathogen-free eggs (18).

Recombinant virus containing the hemagglutinin of
the A/Equine 1/Prague/56 (Heq 1 Neq 1) virus and
the neuraminidase of the A/Georgia/74 (H3N2) virus
or the A/Vic/75 (H3N2) virus was used to measure
the serum neuraminidase-inhibiting (NI) antibody re-
sponse of volunteers who received the A/Scot/74 or
A/Vic/75 virus, respectively (1, 22).

Preparation ofrecombinants. The A/Scot/74 ca
recombinant virus (designated CR-18, clone 7) was
produced by coinfection of primary chick kidney cul-
tures with A/Scot/74 wild-type and the A/AA/6/60
ca mutant at a multiplicity of infection of 3 for each
virus (6). After 48 h of incubation at 250C, fluid and
cells of the doubly infected cell cultures were har-
vested. This harvest was treated with specific hyper-
immune ferret antiserum to the A/AA/6/60 ca mutant
and then passaged in chick kidney tissue cultures at
250C; two passages were performed in the presence of
immune serum, and one was performed without serum.
Virus was then passaged twice in embryonated eggs at
25°C without immune serum. Primary chick kidney
monolayer cultures were inoculated with this material,
and 10 isolated plaques were picked and subpassaged
in the allantoic cavity of embryonated eggs at 250C. A
total of 104 " 50% tissue culture infectious doses
(TCID50) of clone 7 were inoculated into the allantoic
cavity of specific pathogen-free eggs and incubated for
48 h at 32°C. This material, which titrated 1085 TCID50
per ml in primary rhesus monkey kidney culture, was
shown to be free of adventitious agents as previously
described and was used for administration to volun-
teers (9, 16). This virus produced large plaques with
high efficiency at 25°C in chick kidney cultures and
had a 39°C shutoff temperature for plaque formation
in Madin-Darby canine kidney (MDCK) cell cultures.
The production of the A/Vic/3/75 ca recombinant

(CR-19) was similar to that of the A/Scot/74 ca re-
combinant, except that the CR-19 underwent two
successive plaque passages. The vaccine virus was
grown in the allantoic cavity of specific pathogen-free
eggs and safety tested as previously described (3). The
virus titrated 108" TCID50 per ml. When tested in the
same experiment, both CR-18 clone 7 and CR-19 had
a 390C shutoff temperature for plaque formation; there
was a 104'-_fold reduction of plaque formation in
MDCK cultures at 390C compared with 330C, but less
than a 102°--fold reduction at 38°C. In contrast, the
A/Scot/74 and A/Vic/75 wild-type viruses produced
plaques with high efficiency at 390C. Like their
A/AA/6/60 parent, both ca recombinants failed to
complement our prototype group 1 ts mutant (24). In
addition, both CR-18 clone 7 and CR-19 had the
hemagglutinin and neuraminidase glycoproteins of the
wild-type parent.

Clinical studies. The wild-type and recombinant
ca viruses were evaluated at the Clinical Research
Center for Vaccine Development of the University of
Maryland, Baltimore, Md., in facilities and volunteer
populations previously described (18). Informed con-
sent was obtained before participation in the study.
The methods used for isolation of volunteers, admin-
istration of virus, observation of clinical responses, and
collection and processing of serum and nasopharyn-
geal washes have been described previously (18). Na-
sopharyngeal specimens were inoculated into primary
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rhesus monkey kidney cultures which were incubated
at 330C. The volunteers were selected on the basis of
good health and serum HI antibody titers of -1:8.
This level of serum antibody does not necessarily
indicate that the volunteers lacked experience with
H3N2 antigens, but it did increase the probability that
residual virulence in the vaccine strains would be
detected.
Assessment of viral shedding and immune re-

sponses. The techniques for measurement of infectiv-
ity, for characterization of viral isolates, and for deter-
mination of HI, NI, and neutralizing antibody titers
have been described previously (18).
The A/Scot/74 ca recombinant and A/Vic/75 wild-

type viruses were used in the HI test because these
antigens were more sensitive for the detection of a
serum antibody response than were the recombinants
containing the homologous hemagglutinin and the
Neq 1 neuraminidase. Whether this increased sensitiv-
ity of the H3N2 antigen was due to synergism with N2
antibody or to a property of the hemagglutinin antigen
itself was not determined. By using hemagglutinin-
specific recombinants, 16 of the 22 serum HI antibody
responses were confirmed. These observations indi-
cate that the HI test with an H3N2 virus detected, for
the most part, hemagglutinin-specific responses. A
recombinant containing the H3 (Vic/75) hemaggluti-
nin and the Neq 1 neuraminidase, adapted to growth
in rhesus monkey kidney culture, was used in the
neutralization assay to measure nasal wash antibodies
in specimens from volunteers who received the
A/Vic/3/75 wild-type or A/Vic/3/75 ca recombinant
(CR-19). The A/Scot/74 vaccine virus was used in the
neutralization test because a hemagglutinin-specific
recombinant adapted to rhesus monkey kidney tissue
was not available. Neutralization assays and infectivity
titrations were performed on rhesus monkey kidney
tissue grown on Costar 24-well plastic tissue culture
plates (Flow Laboratories, Rockville, Md.).

RESULTS
Response of volunteers to the A/Scot/74

and A/Vic/75 ca recombinant viruses. The
A/Scot/74 ca recombinant virus was adminis-
tered intranasally (1.0 ml per volunteer) at a
dose of 1085 TCID50 to 12 seronegative volun-
teers (Table 1). Each volunteer was infected,
and four individuals developed a febrile or sys-
temic response (myalgia, chills, sweats, head-
ache, or malaise) that began within the first 48
h after virus administration and lasted for less
than 24 h. One ofthese volunteers had an accom-
panying rhinitis. Virus was shed by 9 of the 12
volunteers in low titer for a short period. Of the
12 volunteers 10 developed a significant serum
HI antibody titer response, and 8 had a signifi-
cant rise in serum NI antibody titer. Although
a wild-type A/Scot/74 virus was not studied for
comparative purposes, the magnitude of the an-
tibody response to the high dose of the
A/Scot/74 ca recombinant was as high, if not
higher, than that stimulated by other H3N2

ca VARIANTS OF INFLUENZA A VIRUS 255

wild-type viruses administered intranasally (16,
19, 21).
A 10-fold lower dose (1075 TCID50 per volun-

teer) of the A/Scot/74 ca virus was administered
to 10 volunteers, and 8 were infected; i.e., they
shed virus and/or had an immunological re-
sponse. One volunteer developed a febrile re-
sponse (maximum temperature, 3900) which be-
gan 1 day after virus administration, lasted for
28 h, and was accompanied by malaise, chills,
and headache. Five of the ten volunteers shed
virus in low titer for a short period. Four of the
eight infected volunteers developed a serum HI
antibody response, and five had a rise in serum
NI antibody titer.
The five volunteers who had a febrile response

or systemic reaction after receiving the
A/Scot/74 ca recombinant virus had a lower
mean pre-inoculation serum NI antibody titer
(mean, 1:2.6) than the other infected, but asymp-
tomatic, vaccinees (mean, 1:8). Although this
difference is not statistically significant, it is
consistent with previous observations that pre-
inoculation serum NI antibody is associated with
resistance to attenuated as well as wild-type
influenza A virus (7, 17, 18).
The A/Vic/75 ca recombinant (CR-19) virus

was attenuated compared with wild-type virus
(Table 1). Of 12 infected vaccinees, 3 developed
symptoms; 2 had mild rhinitis (1 with a cough),
and 1 had rhinitis associated with malaise, myal-
gias, and headache. In contrast, 8 of 12 volun-
teers infected with wild-type A/Vic/75 virus be-
came ill; in 5 instances febrile and/or systemic
reactions were observed. The CR-19 virus was
shed by seven vaccinees in low titer and for a
short period. The immunological response in-
duced by vaccine virus was comparable to that
which developed after infection with the wild-
type virus.
Characterization of isolates for the ca

and t8 phenotypes. A total of 18 isolates ob-
tained from vaccinees infected with the
A/Scot/74 ca recombinant maintained the ts
phenotype. Eleven of the isolates were also ca.
Six exhibited an intermediate degree of cold
adaptation which has been termed the "cold-
adapted property" (24). Virus with the cold-
adapted property produced plaques at 250C, but
the plaque titer at this temperature was more
than 100-fold reduced compared with the titer
at 330C and/or the plaques appeared late at
250C and did not grow appreciably in size during
incubation (24). One of the isolates was not cold-
adapted at all; i.e., it failed to produce any
plaques at 250C. Each of the six isolates from
the A/Vic/75 ca vaccinees tested also retained
the ts property; five were ca, and one exhibited
the cold-adapted property.
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DISCUSSION

At 107-0 to 107-5 TCID50 the A/Scot/74 and
A/Vic/75 ca recombinant viruses were clearly
attenuated and antigenic for adult seronegative
volunteers (serum HI titer, <1:8). However, one
of eight vaccinees infected with 1075 TCID50 of
the A/Scot/74 ca recombinant had a febrile
reaction. At a 10-fold-higher dose (1085 TCID50)
4 of 12 A/Scot/74 vaccinees had a febrile and/or
systemic reaction. Febrile reactions were not
observed in volunteers who received the
A/Vic/75 ca recombinant virus, whereas 3 of the
12 vaccinees had mild upper respiratory tract
symptoms, in one instance associated with sys-
temic manifestations. Significantly, the serum
HI and NI antibody responses were comparable
to those induced by wild-type virus. A more

complete interpretation of the reactogenicity of
the ca recombinant vaccine viruses would re-

quire a full evaluation of dose-response relation-
ships such that the reactogenicity of the two
viruses could be compared at 100 50% human
infectious doses. In the absence of this informa-
tion, we are left with the suggestion that the
A/Scot/74 ca recombinant is more reactogenic
than the A/Vic/75 ca recombinant.

It is of interest that the mild influenzal symp-
toms observed with the ca recombinants were
similar to those caused by a comparable dose of
an A/Udorn/72 ts recombinant virus that also
had a 390C shutoff temperature (21). The reten-
tion of this level of residual reactogenicity in the
A/Scot/74 ca recombinant suggests that acqui-
sition of the ca and ts phenotypes by a ca
recombinant virus may not be sufficient in itself
to insure a satisfactory level of attenuation for
individuals lacking hemagglutinin immunity.

Previous evaluation of the A/AA/6/60 parent
and its A/Queensland/72 CR-6 ca and ts recom-
binant viruses suggested that these viruses were
satisfactorily attenuated for adult volunteers (3,
8). There are several possible explanations for
the difference between the previous observa-
tions and those of the present investigation. ca
recombinant viruses derived from the
A/AA/6/60 ca parent virus differ in their level
of temperature sensitivity of plaque formation
(24). The A/Queensland/72 CR-6 ca recombi-
nant virus has a 370C shutoff temperature of
plaque formation like its ca parent virus,
whereas the A/Dunnedin/73 CR-13 ca recom-
binant virus is not ts (24). The A/Scot/74 CR-
18 and A/Vic/75 CR-19 ca recombinant viruses
are intermediate in their level of temperature
sensitivity (shutoff temperature, 3900); thus
they are less ts than their A/AA/6/60 parent
virus (37°C) but more ts than their wild-type
parent virus (>390C). Observations, summarized
elsewhere, implicate the ts phenotype and, more

specifically, the level of temperature sensitivity
as one determinant of attenuation of viruses for
animals or humans (20). Thus, the ability of the
CR-18 and CR-19 ca recombinant viruses to
cause febrile and/or systemic illness could reflect
this partial loss of temperature sensitivity, i.e., a
390C shutoff temperature for the recombinants
versus 370C for the A/AA/6/60 ca parent.
Another explanation for the incomplete atten-

uation of the CR-18 and CR-19 viruses could be
that a gene or set of genes other than those that
determine the ca and ts properties also contrib-
ute to attenuation of the A/AA/6/60 ca parent
virus and its recombinants. If such an attenuat-
ing gene or genes were not on the ribonucleic
acid segments that determine the ca and ts
properties, the level of attenuation and the ca
and ts phenotypes could segregate independ-
ently during genetic reassortment. In this case,
the level of attenuation of ca recombinant vi-
ruses would be determined in part by the pres-
ence or absence of these hypothetical attenuat-
ing genes. Such a non-ts attenuating gene has
been detected in a 5-flurouracil ts mutant of an
influenza A virus, and this non-ts gene segre-
gated independently of ts genes (20). Non-ts
attenuating genes are presumably present in in-
fluenza A viruses attenuated by multiple pas-
sages in a heterologous host (15; J. S. Oxford, D.
J. McGeoch, G. C. Schild, and A. S. Beare, in
Negative Strand Viruses and the Host Cell, in
press), and the A/AA/6/60 has had 20 passages
in primary chick kidney and 2 passages in eggs.
A candidate for such a non-ts gene would be the
gene that codes for the nonstructural protein.
The parental origin of the genes in the CR-18
and CR-19 viruses has been determined by poly-
acrylamide gel electrophoresis of the ribonucleic
acid segments of the A/AA/6/60 ca parent and
the ca recombinants (A. P. Kendal and N. J.
Cox, unpublished data). The CR-18 received the
ribonucleic acid segments 1, 2, and 3 and the
genes coding for the nucleoprotein and matrix
protein from the A/AA/6/60 parent, whereas
the hemagglutinin, neuraminidase, and non-
structural protein genes came from the
A/Scot/74 parent virus. The CR-19 ca recom-
binant received each of its genes from the
A/AA/6/60 parent except the ribonucleic acid
segment 2, hemagglutinin, and neuraminidase
genes. If the nonstructural protein gene of the
A/AA/6/60 parent contributes significantly to
attenuation of this donor virus and its recombi-
nants, its absence from the A/Scot/74 ca recom-
binant could account for the apparent reacto-
genicity of this ca recombinant. More ca recom-
binants must be examined to answer this ques-
tion.
Another possible explanation for reactogenic-

ity of ca recombinant viruses is reversion or
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suppression of one or more attenuating genes,
resulting in a change to wild-type phenotype.
This explanation would not apply if the atten-
uating genes specify the ts phenotype, since all
24 isolates from this study retained the ts prop-
erty. The majority (16 of 24) of the isolates were
also ca. However, there was evidence for genetic
instability of the ca marker in that seven isolates
had the intermediate cold-adapted property, and
one isolate had completely lost the capacity to
produce plaques at 250C. The viruses with al-
tered ca phenotype were recovered from both ill
and asymptomatic volunteers. The event leading
to this genetic alteration could have occurred in
the tissue cultures used for virus isolation and
not in the volunteer. The low titer of virus
present in the nasopharyngeal wash specimens
made it possible to examine this issue directly.
If genes other than the ts and ca genes were
responsible for attenuation, we lack an in vitro
test to identify these genes and to determine
whether "reversion" to wild-type phenotype oc-
curred after replication in humans.
The factors responsible for the attenuation of

the A/AA/6/60 ca donor virus and its recombi-
nants are not completely understood. However,
coordinated biological, genetic, and biochemical
investigations are underway in an effort to iden-
tify the attenuating genes (6, 23, 24).
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