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Summary
Temperature-sensitive (ts) recombinants of influenza
A virus were evaluated for use in a live virus vaccine.
Evidence from several sources suggested that the ts
lesions were responsible for attenuation of these
mutants. Specification of attenuation by defined
genetic lesions which can be assayed for in the labora-
tory offers an advantage to the use of ts viruses for
vaccination. This means that ts recombinants can be
assessed for genetic stability during vaccine develop-
ment, production and later during usage in man. One
ts virus, influenza A/Hong Kong/68-ts-l[E], with a
38°C shut-off temperature, had the following properties
desirable for a live virus vaccine: (1) satisfactory infec-
tivity for seronegative (serum HI antibody titre < 1: 8)
adults; (2) satisfactory attenuation for adults; (3) capa-
city to stimulate local and serum anti-haemagglutinin
and anti-neuraminidase antibodies in seronegative
volunteers; (4) stimulation of resistance to virulent,
wild type virus; (5) relative genetic stability in vivo;
(6) lack of communicability in man; (7) replication to
high titre in avian leucosis virus-free eggs; and (8) loca-
lization of ts lesions to genes that do not code for the
haemagglutinin and neuraminidase. The ts lesions of
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influenz A/Hong Kong/68-ts-1[E] virus were trans-
ferred to more current viruses within the H3N2 sub-
type (influenza A/Udorn/307/72 and influenza A/
Georgia/101/74). These recombinant Udorn/72 and
Georgia/74 ts viruses, which possessed the same shut-
off temperature and the same ts lesions as the influenza
A/Hong Kong/68-ts-l[E] parent virus, exhibited a
patterm of infection and attenuation in hamsters and
man similar to their ts parent. These data suggest that
ts mutants which are sufficiently attenuated for man,
could serve as donors of ts lesions for the rapid produc-
tion of an attenuated vaccine when new antigenic
variants arise.
When the influenza A/Hong Kong/68-ts-l[E] virus

was administered to children who lacked both anti-
haemagglutinin and anti-neuraminidase antibody the
virus replicated for a longer period than in adults and
mild fever developed in some of the young vaccinees.
A minority of children shed wild type revertant virus.
The emergence of wild type virus in children, but not
in adults, probably reflected the more extensive repli-
cation of the virus in the doubly seronegative children.
The implications of these findings to the development
and testing of live influenza A virus vaccines were
discussed.

TEMPERATURE-sensitive (ts) mutants have been de-
rived from virtually every major virus group and in
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every instance ts mutation has led to a reduction in
virulence for the natural or experimental host (Rich-
man et al., 1975). Ts mutation can be produced in
essentially every cistron of the genome and thus a
large array of genetic defects can be assessed for their
effect upon the composite property of virulence.
Evidence from a number of sources suggests that it
is the ts lesion (or lesions) which is responsible for
the attenuation exhibited by ts mutants (Mackenzie,
1969; Mills, Chanock and Alling, 1969; Murphy et
al., 1972; Spring et al., 1975a, b; Richman et al.,
1975). Specification of attenuation by a defined
genetic lesion which can be assayed for in the
laboratory offers an advantage to the use of ts
mutants for vaccination. Thus, ts mutants used as
vaccine strains can be assessed for genetic stability
during vaccine production and later during infection
in man. In this manner the genetic basis for attenua-
tion can be monitored directly during all phases of
vaccine development, manufacture and usage.
During the past few years, conditional lethal ts

mutants of influenza A virus have been evaluated for
their attenuation in man and for their suitability for
use in a live virus vaccine. Mutants which are re-
stricted in their replication in vitro at 37-38°C should
be similarly limited in their growth in the lower
respiratory tract, the major site of significant
pathology, which has a temperature of 370C. How-
ever, such mutants should grow with reasonable
efficiency in the cooler passages of the upper respira-
tory tract, which have a temperature of 32-34°C,
and thereby stimulate local and systemic immuno-
logical defence mechanisms. Furthermore, live in-
fluenza A virus vaccines could be produced rapidly
by transfer of a ts defect (or ts defects) from an
attenuated ts donor virus to a new antigenic variant
of this virus (Maassab, 1969; McCahon and Schild,
1972; Spring et al., 1975a). For this approach to
succeed it is necessary that the new antigenic variant
into which a ts gene (or genes) is transferred mani-
fests a level of attentuation and antigenicity similar
to its attenuated donor. In this presentation it will
be indicated that this is the case.

Production and genetic evaluation of ts mutants of
influenza A virus

Initially ts mutants of wild type influenza A/Great
Lakes/1965 (H2N2) virus were produced by chemical
mutagenesis with 5-fluorouracil (Mills and Chanock,
1971). Two mutants, Great Lakes/65-ts-1 and Great
Lakes/65-ts-2, were isolated and characterized. The
ts lesions of the Great Lakes/65-ts viruses were sub-
sequently transferred via genetic recombination to a
wild type influenza A/Hong Kong/1968 (H3N2) virus
(Table 1) (Spring et al., 1975a). Four clones of Hong
Kong/68-ts recombinant virus were isolated and
characterized genetically (Table 1). The ts lesions of

one of these recombinants, the influenza A/Hong
Kong/68-ts-1[E] virus, were then transferred to the
wild type influenza A/Udorn/307/1972 virus (Rich-
man et al., 1975) and later to the wild type influenza
A/Georgia/101/1974 virus (Richman et al., unpub-
lished observations). Recombinant clones from each
cross were isolated and characterized antigenically
and genetically (Table 1).

Seven complementation-recombination groups of
influenza A virus have been described independently
by Sugiura, Tobita and Kilbourne (1972), Hirst (1973)
and Spring et al. (1975b). The number and nature of
the ts lesions present in the recombinant viruses de-
rived from the Great Lakes/65-ts-1 and ts-2 mutants
was determined by mating ts recombinants with each
other, with their ts parent, and with mutants isolated
in this laboratory which contained ts lesions repre-
sentative of seven complementation-recombination
groups. Two viruses were considered to possess ts
lesions on the same cistron if coinfection of Rhesus
monkey kidney (RMK) monolayer cultures at the
restrictive temperature of 39°C failed to produce a
significant number of plaques. In contrast, viruses
possessing lesions in different cistrons underwent
complementation and recombination under these
conditions and plaques were produced with high
efficiency at restrictive temperature following dual
infection of RMK cells. An example of this type of
genetic interaction is shown in Table 2. The results
of the genetic evaluation of the recombinants derived
from the Great Lakes/65-ts-1 and ts-2 mutants are
presented in Table 1. It is of interest that the Udorn/
72-ts-1[E]recombinantclones 16and 24were similar to
the Hong Kong/68-ts-l[E] parent virus in the number
and type of ts lesions (two lesions, one in complemen-
tation-recombination group 1 and the other in group
2) and shut-off temperature (38°C). The Udorn/72-
ts-1[E] clone 13 virus, which possessed only the
complementation group 1 lesion of the parent virus,
exhibited a higher shut-off temperature, i.e., 39°C.

Evidence that the ts gene itself specifies attenuation
A study of the replication of the H2N2 and H3N2

mutants or recombinants of influenza A virus in
hamster pulmonary tissue revealed that each of the
viruses was restricted in growth in comparison to
wild type virus. Since these mutants were either muta-
genized directly or were recombinants of mutagen-
ized virus, it was possible that genes other than the
ts genes were altered by the mutagen and that these
non-ts genes were responsible for the observed
restriction of replication. The following observations
from recent studies of ts mutants of influenza A
virus in animals argues that it is the ts lesion(s) itself
that specifies attenuation. (1) There was a greater
restriction of replication of ts viruses in the lungs
(37°C) than in the nasal turbinates (34°C). If non-ts
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TABLE 1. History, antigenic phenotype, and genetic characterization of temperature
administered to volunteers

sensitive clones of influenza A virus

Number of
segments of
influenza

Shut-off virus genome Complementation-
Antigenic temperature with a ts recombination

Clone designation Origin of clone class in vitro ('C) lesion group

Hong Kong/68-ts-l[A] Recombination of H3/68 N2* 37 2 1 and 5
Great Lakes/65-ts-1

Hong Kong/68-ts-l[E] (H2/65 N2/65) with Hs/68 N2* 38 2 1 and 2
wild type Hong Kong/68

Hong Kong/68-ts-l[H] (H,3/68 N2/68) H3/68 N2* 39 2 1 and 2
Recombination of
Great Lakes/65-ts-2

Hong Kong/68-ts-2[C] (H2/65 N2/65) with H3/68 N2* 39 1 3
wild type Hong Kong/68
(H3/68 N2/68)

Udorn/72-ts-l[E] 16 Recombination of H3/72 N26 38 2 1 and 2
Hong Kong ts-l[E]

Udorn/72-ts-l[E] 24 (H3/68 N2/68) with H3/72 N2* 38 2 1 and 2
wild type Udorn/72

Udorn/72-ts-l[E] 13 (H3/72 N2/72) H3/72 N2/72 39 1 1
Recombination of
Hong Kong/68-ts-l[E]

Georgia/74-ts-1[E] 2 (H3/68 N2/68) with H3/74 N2/74 38 2 1 and 2
wild type Georgia/74
(H3/74 N2/74)

* It has not been determined whether these clones have the N2/65 or N2/68 neuraminidase.

TABLE 2. Example of complementation-recombination
between two ts recombinant viruses*

Multiplicity of input of
indicated influenza A virus Average number of

(H3N2) recombinant plaques per culture
(pfu/cell)t incubated at 39'C

ts-l[E] ts-2[C] Expectedt Observed
1 -86 0-28 7400 > 1000
0-186 0-028 74 500
0-0186 0-0028 0 74 24

Note: ts-1[E] or ts-2[C] virus inoculated alone failed to
produce plaques at 39'C but titred 2-8 x 106, and 4-2 x 105
pfu/ml respectively at 33'C.

* Data previously published, Spring et al., Transfer of ts
Lesions from the Asian Subtype of Influenza A Virus (H2N2)
to the Hong Kong Subtype (H3N2). Virology (1975), 66, 522.

t Each virus mixture was inoculated on to 60 mm Petri
dish monolayer cultures containing 1-5 x 106 cells per dish.

$ Based on Poisson distribution, assuming that it is neces-
sary for each cell to receive 1 pfu of each virus to produce a
plaque at 39'C. The formula (1-e-mA)(l-e-mB).100 is used
where mA and mB are the input multiplicities of the infecting
viruses.

lesions were responsible for restriction of replication,
then the decrease in viral growth should be equiva-
lent in the lungs and nasal turbinates (Spring et al.,
1975b; Richman et al., 1975). (2) The level of restric-
tion of recombinant ts viruses in the lungs was a
function of their shut-off temperature (Table 3), i.e.
the lower the shut-off temperature the lower the
level of replication. (3) Wild type revertants (ts+) of

TABLE 3. Suppression of growth in the hamster lung of
intranasally administered temperature sensitive mutants of
influenza A/Hong Kong/68 or influenza A/Udorn/72 virus

Reduction of growth
in hamster lungs of
ts virus compared to

Shut-off homologous wild type
Virus temperature virus (logl0 TCID50/g)

Hong Kong/68-ts-1[A] 37 4.0*
Hong Kong/68-ts-l[E] 38 2-8
Hong Kong/68-ts-l[H] 39 2-0
Hong Kong/68-ts-2[C] 39 1 -8
Udorn/72-ts-1[E] 16 38 2 Ot
Udorn/72-ts-1[E] 13 39 0-8

* The level of replication of the Hong Kong/68-ts viruses
was determined on pooled lung specimens from five hamsters
tested daily for the first 4 days after infection. The maximum
level of replication of the ts virus was subtracted from that
of wild type virus. The data represent the average reduction
from two similar experiments for each virus except ts-l[H].

t The level of replication of the Udorn/72 ts viruses was
determined on individual lung specimens (six hamsters/day)
for the first 3 days aftei infection. The average replication of
the ts viruses for the 3-day period was subtracted from the
average replication of the wild type virus.

the Hong Kong/68-ts-l[E] virus grew as well as the
wild type virus in the hamster lung (Richman et al.,
unpublished observations). If non-ts lesions were
responsible for restriction of replication, ts+ rever-
tants which possessed the non-ts mutations should
have manifested restricted replication in comparison
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to the parent wild type virus. (4) Similarly, recombi-
nant ts+ clones produced by recombination of the
Hong Kong/68-ts-l[E] and Hong Kong/68-ts-2[C]
viruses grew to the same level in the hamster lung as
wild type virus (Richman et al., unpublished obser-
vations). (5) There was a similar level of growth
restriction in vivo of the Hong Kong/68-ts-l[E] and
the genetically equivalent Udorn/72-ts-l[E] double
lesion recombinants (clones 16 and 24) despite the
fact that the latter viruses were recombinants derived
from the former virus and non-ts mutations should
not have been conserved during recombination
(Richman et al., 1975). Collectively these observa-
tions suggest that it was the ts lesion(s) that specified
the observed level of growth restriction. Therefore,
in the future it would not be unreasonable to expect
that viruses that acquire ts lesions via genetic re-
combination would exhibit a level of growth restric-
tion specified by those ts lesions.

Evaluation of the ts recombinant viruses in adult
volunteers
A summary of the response of adult seronegative

(serum haemagglutination-inhibition (HI) antibody
titre of l: 8 or less) volunteers to the 4 Hong Kong/
68-ts recombinant viruses is presented in Table 4.
The ts-l[A] virus, which had a 37°C shut-off tem-
perature and which exhibited the most restriction of
replication in the hamster lung, failed to infect
volunteers. Ts-l[H] and ts-2[C], the two ts viruses
which had a 39°C shut-off temperature and which
were the least restricted in the hamster lung, were
attenuated in comparison to wild type virus; how-
ever, the two viruses retained the capacity to induce
mild febrile influenzal illness. Interestingly the two
viruses had the same shut-off temperature and mani-
fested a similar level of clinical reactogenicity
although they contained ts lesions affecting different
cistrons. This suggested that it was the level of
temperature sensitivity (i.e. level of defectiveness)
and not a specific biochemical defect which was the
determinant of attenuation in man. The Hong
Kong/68-ts-l[E] virus, which had a 38°C shut-off
temperature and which exhibited an intermediate
level of replication in hamsters, produced only a mild
cold-like illness in a minority of volunteers, but in-
duced solid resistance to disease produced by a viru-
lent wild type virus challenge. These recombinant
viruses had each undergone the same number of
passages in bovine kidney culture, but they exhibited
a gradient of virulence in man that correlated with
the extent of temperature defectiveness imposed by
the ts lesion(s). These results, in the context of similar
observations in the hamster, supported the sugges-
tion that it was the ts lesions and not other genetic
lesions that were primarily responsible for attenua-
tion.

The Hong Kong/68-ts-l[E] virus appeared to
exhibit the proper balance between attenuation and
immunogenicity desired of a strain to be used for
vaccination. This virus had the following properties:
(1) capacity to stimulate moderate levels of local
and serum anti-haemagglutinin and anti-neuramini-
dase antibodies (Murphy et al., 1973); (2) genetic
stability after replication in seronegative adults and
older children (Murphy et al., 1972, 1973; Kim et al.,
unpublished observation); (3) genetic stability after
growth in leucosis virus-free eggs (Murphy et al.,
1973); (4) lack of communicability (Murphy et al.,
1972; Wright et al., 1975); (5) failure to induce altera-
tions in pulmonary function (Hall et al., unpublished
observations) in man; (6) safety and antigenicity in
the elderly and chronically ill (Douglas et al., un-
published observations). These characteristics sug-
gested that the Hong Kong/68-ts-l[E] virus might
serve as a satisfactory donor of its ts lesions to new
antigenic variants of influenza A virus.

Genetic analysis revealed that the Hong Kong/68-
ts-1[E] virus possessed ts lesions on two segments of
the influenza A virus genome and these RNA seg-
ments segregated independently of the genes that
coded for the neuraminidase and the haemagglutinin
glycoproteins (Murphy et al., 1975). This property of
the Hong Kong/68-ts-1[E] virus made it possible to
produce recombinants possessing the ts-l[E] genetic
lesions and both surface antigens of new, wild type
influenza A viruses which emerged following preva-
lence of the Hong Kong virus. Thus, the ts lesions
from the Hong Kong/68-ts-l[E] virus were trans-
ferred to the wild type influenza A/Udorn/307/72
(H3N2) virus (antigenically indistinguishable from
the A/England/42/72 prototype virus) (Richman et
al., 1975). Two subsets of virus possessing the
Udorn/72 haemagglutinin and the ts phenotype were
characterized. The first subset, of which clones 16
and 24 were the prototypes, possessed both ts lesions
(complementation groups 1 and 2) and the 38°C
shut-off temperature of the Hong Kong/68-ts-1[E]
parent (Table 1). Evaluation in hamsters revealed
that the parent Hong Kong /68-ts-l[E] virus and the
genetically equivalent recombinant Udorn clones 16
and 24 were similar to each other in the following
respects: (1) level of replication in lungs and nasal
turbinates; (2) low level of reversion to ts+ pheno-
type in the lungs; (3) protection induced to homo-
logous wild type virus challenge. The second subset,
of which clone 13 was the prototype, possessed only
one of the two ts lesions present in the Hong Kong/
68-ts-l[E] donor and had a 39°C shut-off tempera-
ture. In hamsters, clone 13 was less stable genetically
and was less restricted in replication than clones 16
and 24 which possessed both ts lesions of ts-1[E]
virus. In man (Table 5), the single and double lesioned
Udorn/72 recombinants exhibited a difference in
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virulence (Richman et al., unpublished observations).
The Udorn/72 clone 13 (390C) virus retained the
capacity to cause mild febrile influenzal illness, like
the Hong Kong/68-ts-l[H] (390C) and ts-2[C] (39°C)
viruses, but was attenuated in comparison to wild
type influenza virus. This level of attenuation could
not be explained as an effect of tissue culture (TC)
passage of the clone 13 virus since in an additional
study 104 TCID5O of wild type Udorn/72 virus at the
same passage level as the clone 13 virus produced
febrile influenzal disease which was considerably
more severe than the mild influenzal illness caused by
107 TCID50 of the clone 13 ts recombinant (Richman
et al., unpublished observations).
Two clones of Udorn/72-ts-l[E] virus (Clone 16

and 24) which contained both ts-l[E] lesions were
administered to seronegative adult volunteers and
were found to be as attenuated and antigenic as the
Hong Kong/68-ts-l[E] donor virus. They were satis-
factorily attenuated, stable genetically, active anti-
genically, and they provided protection against a
wild type virus challenge. These results provide
further support for the concept that the ts lesions
confer attenuation, and that viruses that have a
specified ts lesion or set of lesions will behave pre-
dictably in man. This view gained further support
from a limited trial in man of a recent ts-l[E] re-
combinant. The two ts lesions of ts-l[E] were trans-
ferred from the Hong Kong/68-ts-l[E] virus to a
wild type influenza A/Georgia/101/1974 virus (Rich-
man et al., unpublished observations). This recombi-
nant ts virus was suitably attenuated and antigenic
when given to thirty-two seronegative volunteers. In
contrast, the wild type Georgia/74 virus induced feb-
rile influenzal disease. In summary, the two ts-I [E]
lesions have been transferred three times to a wild
type virus bearing a new haemagglutinin and in each
instance the new ts recombinant exhibited a similar
level of attenuation and antigenicity for seronegative
adults. Thus, it seems likely that transfer of the

ts-l[E] lesions to any new influenza A virus will pre-
dictably result in attenuation of the recombinant
possessing the new surface antigens.

Evaluation of the Hong Kong/68 and Udorn/72 ts-l[E]
viruses in children

Children suffer significant morbidity from influenza
A virus infection (Foy, Cooney and McMahan,
1973) and, in addition, have been implicated as
important vectors of this infection in the community
(Monto et al, 1969; Hall, Cooney and Fox, 1973).
A live virus vaccine is needed for this population,
especially because inactivated influenza A virus
vaccines have been shown to be highly reactogenic
and poorly antigenic in very young children (Hen-
nessey and Davenport, 1967, 1974). For these reasons,
the Hong Kong/68-ts-1[E] (H3N2) candidate live
virus vaccine strain, which had previously been
shown to be safe and protective in seronegative adult
volunteers, was administered intranasally at the
Children's Hospital of D.C. to twenty-one children
at a dose of 105 TCID50 (Table 6) (Kim et al.,
unpublished observations). One group contained
fifteen children (5-11 years of age) who lacked serum
antibody to the haemagglutinin (<1: 8) but pos-
sessed serum antibody to the neuraminidase antigen.
The second group included six children (28 to 46
months of age) who lacked serum antibody to both
haemagglutinin and neuraminidase surface antigens
of the influenza A virus, i.e. doubly seronegative
children. Twelve of the fifteen children in the first
group were infected, but only one child developed
mild rhinitis; six of the twelve infected vaccinees shed
virus for a short interval, while eleven of the group
developed an immunological response. In contrast,
each of the six vaccinees who lacked serum antibody
for both surface antigens of the virus shed a relatively
larger quantity of virus over a longer interval than
the first group; in addition four children developed
a transient febrile response during infection and

TABLE 6. Response of seronegative (serum HI antibody titre < 1: 8) children to the intranasal administration of influenza
A/Hong Kong/68-ts-1(E] virus

Vaccinees with Dose of Number with ts+ ° with four-fold
pre-existing serum virus virus in original or greater rise Number with
antineuraminidase (TCID50 Number Number naso-pharyngeal in serum and/or temperature

antibody per in shedding wash or swab nasal wash elevation
(> 1: 2) vaccinee) group virus specimens antibody (range in °C)

Yes 105t 15 6 0 800. 0
No 105t 6 6 0 100% 4

(38*2-39 0)
No 1041 18 14 4 880% 4*

(38*6-39 4)

* Two additional vaccinees had an elevated temperature but one shed an enterovirus and the other a rhinovirus. Three of
six contact controls had fever (not associated with influenza A virus infection) of 384-39 8°C.

t Summary data from Kim et al. (manuscript in preparation).
I Summary data from Wright et al. Pediatric Research (1975) 9, 347.
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three had mild rhinitis. An additional eighteen doubly
seronegative children were given 104 TCID50 of the
Hong Kong/68-ts-l[E] virus at Vanderbilt University
and the reactogenicity of the virus was reduced but
the virus maintained a high level of antigenicity
(Table 6) (Wright et al., 1975). Two children who
lacked serum antibody to both surface antigens of
influenza virus were given the influenza A/Udorn/72-
ts-l[E] recombinant virus, which had the same
genetic lesions as the Hong Kong/68-ts-l[E] re-
combinant virus. Both of the children were infected
and one developed a transient fever. None of the
twenty-three vaccinees given the Hong Kong/68-ts-
1[E] or Udorn/72-ts-1[E] recombinant at Children's
Hospital of D.C. developed signs or symptoms of
lower respiratory tract involvement.

These findings suggest that anti-neuraminidase
immunity naturally acquired from previous infection
provided some protection against illness produced
by the candidate vaccine virus. Only when doubly
seronegative children were evaluated did it become
apparent that the ts-l[E] recombinant viruses re-
tained some virulence. It seems likely that a complete
assessment of the virulence of candidate live influ-
enza A vaccine viruses can only be made in indi-
viduals who lack immunity to both surface antigens
of the influenza A virus. It is important to achieve
attenuation for such persons especially if one plans
to use live attenuated vaccines to control pandemic
disease caused by new antigenic variants of influenza
A virus. If the next pandemic shift involves the
haemagglutinin and neuraminidase antigens, every
member of the population might resemble the doubly
seronegative child in lacking immunity to both sur-
face antigens. In this circumstance viruses which were
acceptably attenuated for individuals with neuramini-
dase immunity might produce febrile responses simi-
lar to those induced by the ts-l[E] recombinants in
doubly seronegative children.
The ts-l[E] recombinants were shown recently to

contain discrete ts lesions which were located on two
different RNA pieces of the segmented genome
(Murphy et al., 1975). Despite the existence of ts
lesions of two separate RNA-segments of the viral
genome, the recombinants exhibited evidence of
genetic instability during infection of two of eight
doubly seronegative young children during the
studies at Children's Hospital of D.C. These rever-
tants, which could not be detected in the original
nasopharyngeal swab specimen, represented only a
very small proportion of the virus population (10-2
to 10-3) produced during infection of doubly sero-
negative children and the emergence of revertant
virus under these conditions was not associated with
lower respiratory tract disease. However, four of the
eighteen children who received 104 TCID50 during
the studies at Vanderbilt University shed revertant

virus in their original nasopharyngeal wash speci-
mens. In contrast, the ts-I[E]recombinants were stable
genetically when isolated from a considerably larger
group of seventy-eight adults and six older children
who lacked serum HI antibody but possessed neur-
aminidase antibody. It appeared that emergence of
ts+ revertants occurred only in the absence of
immunity to both haemagglutinin and neuraminidase
antigens; presumably only in this circumstance did
vaccine virus infection occur without restriction.

In view of the occurrence of reversion and low-
grade fever, studies with the ts-l[E] recombinants in
children have been suspended. Although the ts-l[E]
recombinants did not prove to be the ideal donors
of ts lesions for a live influenza vaccine they did
prove helpful in establishing new standards to be
required for future ts influenza vaccine viruses,
namely, genetic stability in doubly seronegative indi-
viduals and failure to induce a febrile response in
such persons. Other ts mutants which contain two
independent ts lesions in regions of the genome which
do not code for the haemagglutinin or neuraminidase
antigen are currently under study and several appear
to be more stable genetically than the ts-1[E] virus.
These more stable recombinants will be evaluated in
volunteers shortly.
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