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to illness caused by influenza A virus with the level of maternally transferred
antibody in the neonates (Puck et al., 1980). Perhaps in humans antibody
present in either the local or systemic compartment can contribute to re-
sistance to illness caused by influenza virus, but it is possible that to be
protective, HA antibody must be present at the mucosal surface, having
been produced either locally or derived from serum.

Cell mediated immunity

As to recovery from influenza infection it is possible to assume that anti-
hody is not essential because patients with agammaglobulinaemia recover
from influenza infection. Data available at present show that cell-mediated
immunity is a host factor responsible for the recovery process from influenza
infection (Ennis et al., 1982; Ada and Jones, 1986). In several laboratories
in studies on mice it was found that Tec lymphocyte response to influenza
infection is required for recovery from influenza pneumonia (Ada and Jones,
1986).

Studies on human volunteers support the contention that Te cells are
important in recovery from influenza virus infection. Mitchell et al. (1985)
have shown that Tec-cell memory in peripheral blood lymphocytes corre-
lated with the rapid clearing of administered virus in individuals, some of
whom lacked specific antibody to HA or NA.

Since local and serum antibodies and also cytotoxic T-cells (Tc-cells) ap-
pear to be mediators of immunity to influenza infection, it is important that
influenza vaceines induce all these components of immunity.

Inactivated vaccines

Inactivated influenza vaccines in primed individuals induced a protective
level of serum HA antibody in over 859, of recipients (Potter, 1982). The
induction of a secretory antibody response to inactivated influenza vaccines
is dependent both on the route of administration and on the recipient’s
prior antigenic experience. In unprimed recipients local antibody responses
are of low magnitude and occur infrequently after both parenteral and in-
tranasal administration of the vaccine. Parenteral administration of inac-
tivated vaccine produced a local IgG response in 949, of primed recipients,
whereas local IgA responses developed in only 389, (Clements et al., 1985).
In contrast, after intranasal administration of inactivated vaccines local
IgA response developed in the majority of primed recipients (Wright et al.,
1983).

A substantial difference between the response to natural infection and in-
activated vaccines is seen when the dynamics of the antibody response are
compared (Potter, 1982). Serum and anti-HA titres gradually decrease over
the first six months after infection and may then persist for several years,
possibly due to subsequent infections by related virus strains. The duration
of serum anti-HA after vaccination with inactivated vaccine varies —
primed subjects retain protective levels of antibody for at least one year,
whereas antibody levels decline rapidly in unprimed subjects.
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» There are very few studies on Te response after immunization of humans
with influenza vaccines.

MecMichael et al. (1981) have demonstrated that inactivated vaccines in
primed humans stimulated a cross-reactive Te cell response. However this
response is not universal and appears to be related to the pre-immunization
level of Te¢ memory.

Live cold adapled vaccines

Murphy et al. (1982) found in studies with CA live influenza vaccines that
young children vaccinated with these vaccines (H3N2 or HIN1) had serum
Ig(x IgM, and IgA antibody response. In nasal washes of most of the vac-
cinees were found IgA and IgM antibody and in 509 of vacciness, IgG
antibody. Most of the IgA and IgM antibody was actively secreted locally,
whereas only some of the TgGG HA antibody could be shown to be wtl\‘cly
secreted into the respiratory tract. These data indicate that intranasal vac-
cination of susceptible children with CA live influenza A vaccines efficiently
stimulates both systemic and local antibody responses. It should be no‘ed
that CA live influenza vaccine (H3N2) can induce local IgA antibody not
only in the majority of seronegative but also seropositive vaccines (Clements
et al., 1985).

Feldman ef al. (1985) found that after vac ('ilm‘(i()n of seronegative chil-
dren with CA live HINI influenza vaccine, only 579, of vaccinees showed
serological responses. But a natural HIN] (lmll(*nge which oceurred s shortly
after completion of the vaccination showed that most vaccinees were pro-
tected against infection and symptomatic illness despite its failure to stimu-
late ]ngh levels of serum HI antibody.

In mice CA live influenza vaccine can induce a primary Te cell response
and can sensitize the lungs for a secondary Tec cell response (Mak et al.,
1982; 1984). It was found that the dose of a live CA vaccine strain requn'ed
to induce the same level of Tc response was 100 to 1000 times greater than
that of the parenteral wild strain (Mak et al., 1982). The difference in dosage
required for priming could be overcome by giving two small doses of CA
virus three weeks apart (Tannock et al., 1984). Using this approach CA live
vaceine may induce in mice cross-protection against different subtype vi-
ruses (Tannock et al., 1987).

I'nactivated versus live vaccines

In comparative studies of Johnson et al. (1985) of antibody responses of
young children vaceinated with intranasal CA live vaccines (H3N2 or HIN1)
or intramuscular inactivated influenza vaccine (H3N2), it was found that
six weeks after vaccination the titres of HAL antibody were more or less
the same. In other studies it has been reported that parenteral vaccination
with inactivated influenza vaceine stimulated systemic antibodies in humans
more officiently than does intranasal vaccination with live attenuated vac-
cine (Mann et al., 1986; Zahradnic et al., 1983; Clark et al., 1983a, b; Cle-
ments el al., H)M).
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Clements and Murphy (1986) also found that inactivated influenza vac-
cine induced serum IgA and IgG in most vaccinees in comparison with CA
live vaccine and induced higher titres of serum antibodies than did the
live vaccine But in contrast only 389, of inactivated virus vaccines had
local IgA responses compared with 839, of vaccinees immunized with CA
live vaccine. The same results were obtained by Zahradnic et al. (1983) who
showed that parenteral inactivated vaccine was relatively ineffective in sti-
mulating neutralizing secretory antibodies when compared with intrana-
sal CA live wvaccine.

Johnson et al. (1985) found in comparative studies of inactivated (intra-
muscular) and CA live (intranasal) vacecines on young children that nasal
secretory IgA developed almost exclusively in vaccines with live vaccines
and persisted for up to one year (vaccine H3N2) and after vacecination with
the CA live vaccine HIN1, nasal IgA was demonstrable as long as 30 months.
Persistent nasal secretory IgG was detected in vaccinees vaccinated with
both inactivated and live vaccines but the titre of this antibody was higher
in vaccinees with the CA live vaccine.

In subsequent studies by Johnson et al. (1986) 59 young children were
divided into four groups based on prior exposure to influenza A(H3N2)
virus, natural infection, live CA vaceine given intranasally, inactivated vac-
cine given intramuscularly, and no previous exposure. Virus challenge with
homologous live CA vaccine occurred 12 months after vacecination or natural
infection. It was found that prechallenge local IgA detected almost exclus-
ively in subjects naturally infected or vaccinated with CA live vaccine was
associated with protection against shedding. Any detectable nasal IgA
(21 logs) suppressed viral shedding. Effect of nasal IgG was not as sharply
defined in this study; however, at higher levels (>4 logs) the shedding was
reduced. It should be noted that although inactivated vaccine failed to
produce signification local IgA during the primary response, it primed in-
fants to a better response tg both nasal IgA and IgG after challenge with
CA live virus.

Clements et al. (1986a) investigated the role of serum and nasal wash
antibodies in resistance of humans vaccinated with CA live or inactivated
influenza A vaccines to experimental challenge with influenza A wild-type
virus. Protection of vaccines receiving inactivated vaccine for infection or
illness correlated with the level of HI antibody and neuraminidase-inhibiting
antibody in serum and local anti-HA IgG (but not IgA) antibody. Protec-
tion of vaccinees receiving CA live vaccines against infection correlated with
local anti-HA IgA antibody and neuraminidase-inhibiting antibody in serum,
but not with HI antibody in serum. The authors suggest that live vaccine-
induced immunity may involve different compartments of the immune sys-
tem but sufficient antibody in either serum or nasal secretion is capable of
conferring resistance.

The origin of nasal-wash HA antibodies induced by influenza vaccines is
not completely known. There are at least three possibilities: 1) Local pro-
duction of a J chain containing IgA dimers (or IgM pentamers) which are
actively transported externally by nasal epithelium possessing secretory
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component to which polymeric IgA and IgM bind (Bienenstock and Befus,
1980); 2) Local synthesis of non-chain containing immunoglobulin by plasma
cells in the nasal mucosa followed by its passive transport toward this lu-
men; 3) Passive transsudation of serum-derived antibodies. In the case of
intranasal vaccination with live influenza vaccine there is evidence that
secretory lgA and to some extent TgM and IgG are synthesized by nasal
epithelium cells and actively secreted locally (Butler ef al., 1970; Bienen-
stock and Befus, 1980; Murphy et al., 1982). It should be noted that per-
ipheral blood lymphocytes obtained from children immunized with CA live
vaccine produced in vitro 1gG but not IgA antibody (Edwards ef al., 1936).
The absence of IgA-producing B-cells in the peripheral blood of children
vaccinated with live vaccine may reflect that these cells belong to local
mucosal sites.

The studies of persistence of the serum and nasal-wash IgA, IgG, and
IgM antibody have shown that 12--24 months after vaccination with CA
live vaccine had significantly less decay of serum HAI and IgG antibody
in contrast to the antibody induced by inactivated influenza vaccine (Clark
el al., 1983; Johnson ef al., 1985: Wright et al., 1986) which declines signifi-
cantly in the first six months after vaccination. Serum IgM antibody per-
sisted for one vear after vaceination with inactivated vaccine (Wright et al.,
1986). As to secretory ITgA antibody it was found that in adults such anti-
body induced by live influenza vaceines is relatively short-lived (Butler et
al., 1970; Clements and Murphy, 1986: Wright et al., 1986). However, data
from studies in seronegative children have indicated that nasal IgA anti-
body could be detected for one or more years in about 509, of naturally
infected or vaccinated with live influenza vaceine children but in only 5%,
of inactivated vaceine recipients (Johnson et al.. 1985).

The results presented above show that inactivated and live influenza
vaceines stimulate both systemic and seecretory antibodies in children and
adults, and that inactivated vaccine is more potent in inducing serum anti-
bodies; but live vaccines are superior in stimulation of secretory antibodies
that may play an important role in host protection. Following the cell media-
ted response Ennis el al. (1981, 1982) found that in primed volunteers immun-
ized with live or inactivated influenza vaceines (HIN1) both types of vac-
cines induced HLA-restricted T-lvmphocyte responses specific for influenza
A virus. But by six months after vaccination, both the memory of Te cell
activity and the direetly detected Te cell activity had returned to pre-im-
munization levels, It should be noted that in these studies there was no
absolute correlation hetween antibody responses and an inerease in Te cell
activity: there were several volunteers who had antibody responses without
inerease in specific Te cell activity and viee versa,

The ability of influenza vacecines to stimulate the Te cell responses in
anprimed humans has not been determined. Tt was also found that stimu-
Intion of Te cell response in mice by live virus infeetion was superior to in-
activated virus (Webster and Askonas, 1980).

Several authors found that human and murine Te cells can recognize not
only glycoproteins of outer membranes of influenza virions as HA and
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neuraminidase but also other viral-specific proteins with common antigenic
specificity such as NP, Mt, PA, PB1, PB2, and NS1. Although Tec cells can-
not per se prevent infection, infection in primed persons may be modified
early in its course. As Tec cells recognize the common internal viral
proteins this protective effect can be broader than that of antibody response.
In fact it was found recently that local injection of mice with purified NP
antigen of influenza virus primes for influenza A virus cross-reactive Te
memory cells and leads to protection of hosts against intranasal infection
with a lethal dose of influenza virus (Wraith et al., 1987). But at the moment
there are no data that Tec cells which can recognize internal proteins of in-
fluenza virus really take part in the immunity of humans.

In spite of convincing data obtained on mice showing that influenza vac-
cine stimulates the Tc cell response the ability of inactivated and live in-
fluenza vaccines to induce cell-mediated immunity in unprimed and primed
humans should be determined. The protection afforded by influenza vaccines
was evaluated in volunteers and in field trials. One of the first comparative
studies of protective effects of live and inactivated influenza vaccine (HINI)
was done by Clark ef al. (1983a, b). In a study of short term immunity young
adults were vaccinated with CA live vaccine (H1N1) or inactivated vaccine.
One month after vaccination, protection against challenge with homologous
CA live vaccine was equivalent in the two groups as assessed by rises in
titres of HAI antibody. The same data was obtained in a study of long
term immunity when groups of young adults were challenged eight months
after vaccination. But it should be noted that this study did not include
investigation of local antibody and viral shedding data.

Clements et al. (1984) in comparative studies on seronegative adult vol-
unteers who were vaccinated with CA live vaccine (H3N2) or inactivated
vaccine showed that after challenge with the homologous wild-type virus
five to eight weeks after vaccination, recipients of live vaccine were com-
pletely protected against illness compared with a 729, efficacy in the in-
activated vaccine recipients. Wild-type virus was recovered from only 139,
of live vaccine vaccinees compared with 639%, of inactivated vaccine vac-
cinees. The few infected vaccinees immunized with CA live vaccine shed
1000 times less wild-type virus than did infected inactivated vaccine vac-
cinees or unvaccinated control. This strinking reduction in virus shedding
suggests that influenza transmission may be more efficiently interrupted
with the live than with the inactivated vaccine.

In subsequent studies by Clements et al. (1986b) of resistance of vaccinees
to challenge with influenza wild-type virus seven months after vaccination
it was found that vaccine efficacy, measured by reduction in febrile or sys-
temic illness in vaccinees, compared with that in controls was 1009, for the
CA live H3N2 vaccine, 879, for the inactivated H3N2 vaccine, 799%, for the
CA live HIN1 vaccine, and 679, for the inactivated HIN1 vaccine. The
authors concluded that CA live influenza vaccine induced significantly
greater resistance to wild-type influenza virus one to two months after vac-
cination but at seven months post-vaccination, the resistance induced by
live vaccines is only slightly greater than that induced by inactivated vac-
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cine. But it should he noted that in the studies of Johnson ef al. (1986) and
W)ightv et al. (1986) vaccinees immunized with CA live (H3N2) or inactivated
vaceine and challenged with homologous live CA vaccine or natural chal-
lenge with wild-type influenza virus 12 months after vaccination, live vac-
cine significantly reduced virus shedding after challenge mm)]mm(l with
inactivated vaceine.

As to the efficacy of inactivated or live influenza vaccines it should be
noted that at the moment there are no publications on comparative studies
on the efficacy of the two types of vaccines during the same field trials. But
as many studies have shown, adults who have experienced one or more in-
fections by influenza virus and have been immunized with inactivated vac-
cines, may have protection against antigenically homologous influenza virus
for at least one to two years. In unprimed individuals, usually young chil-
dren, this immunization is less protective, probably because of the poor
ability of parenterally administered inactivated virus to prime for a local
humoral or Te cell response (Ada and Jones, 1986).

The efficacy of live influenza vaccines in primed adults is more or less
similar to the efficacy of inactivated vaccines. Efficacy studies of CA live
vaceines on unprimed children has shown (Wright et al., 1982; Belshe and
Van Voris, 1984; Belshe et al., 1984) that children r(*celving a H3N2 CA
live vaccine uppumml to be protected against subsequent natural infection
with related strains of influenza virus. CA live influenza A vaccine was
studied in a controlled field trial among more than 16 000 children between
three and 16 years of age vaceinated with bivalent vaccine (HIN1 4+ H3N2)
(Alexandrova et al., 1986). Protective efficacy of both components of the
vaceine was developed in two time decrease in morbidity of vaccinees during
outbreaks of influenza A/HIN1 and A/H3N2.

Another important problem related to the efficacy of influenza vaccines
is the protective effect of vaccine against drift variants of influenza virus.
(1979) showed that the protective effect of inactivated influenza vaccine
was limited to non-immune schoolchildren who were vaccinated for the first
time with the inactivated vaccine made from the prevailing strain of in-
fluenza virus. Revaccination with inactivated vaccine produced from the
later prevailing strain did not provide protection against a new drift variant.
On the other hand, natural infection with live influenza virus afforded
almost complete protection during successive outbreaks involving drift vari-
ants for more than four years. As the specificity of the antibody respones
after vaccination with inactivated vaccine and after infection with live virus
is gimilar, differences in the extent of cross-reactive Te cell responses to
vaceination and infection may account for the lesser degreo of heterotypic
protection seen after vaccination with inactivated vaceine. Taking this into
aceount it is possible to suggest that live influenza vaccine may have the
advantage over inactivated vaecines in protection against new influenza
virus drift. variants,

1t was found recently that mlupt,u,imn of influenza viruses to growth in
embryonated eggs resulted in selection of variants which were antigenically
and biologically distinguishable from viruses isolated from the same source

N
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in mammalian cell line MDCK (Schild et al., 1983; Oxford et al., 1987). It
was also found that HI or virus neutralizing antibodies in human sera can
be detected more frequently, and to a higher titre, in tests employing virus
grown exclusively in MDCK cells than in tests with virus adapted tc growth
in embryonated eggs (Oxford et al., 1987). Because the substrate for pro-
duction of influenza vaccines — inactivated or live — is embryonated
chicken eggs, these findings have raised concern regarding the suitability
of eggs for cultivation of influenza viruses used in vaccine production.

References

Ada, G. L., and Jores, P. D. (1986): Curr. Top. Microbiol. Immunol. 128, 1— 55.

Alexandrova, G. I., Budilovsky, G. N., Koval, T. et al. (1986): Vaccine 4, 114—118.

Belshe, R. B., and Van Voris, L. P. (1984): J. infect. Dis. 149, 735 740.

Belshe, R. B., Van Voris, L. P., Bartram, J. ef al. (1984): J. infect. Dis. 150, 834— 840.

Beyer, W. E. P., Van der Logt, J. T. M., Van Beek, R., anh Masurel, N. (1986): J. Hyg. (Cam-
bridge) 66, 513— 522,

Bienenstcek, J., and Befus, A. D. (1980): Immunology 41, 249— 270.

Butler, W. T., Waldmann, T. A., Rossen, R. D. et al. (1970): J. Immunol. 103, 584 — 591.

Clark, A., Pctter, C. W., Jennings, R. ef al. (1983a): J. Hyg. (Cambridge) 90, 351 359.

Clark, A., Potter, C. W., Jennings, R. et al. (1983b): J. Hyg. (Cambridge) 90, 361 370.

Clements, M. L., O'Donnell, S., Levine, M. M. et al. (1983): Infect. Immun. 40, 1044—1051.

Clements, M. L., Betts, R. ¥., and Murphy, B. R. (1984): Lancet i, 705— 708.

Clements, M. L., Tierney, E. L., and Murphy, B. R. (1985): J. clin. Microbiol. 21, 997 — 999.

Clements, M. L., and Murphy, B. R. (1986): J. clin. Microbiol. 23, 66— 72.

Clements, M. L., Betts, R. F., Tieiney, E. L. et al. (1986a): J. clin. Microbiol. 24, 157— 160.

Clements, M. L., Betts, R. F., Tierney, E. L. et al. (1986b): J. clin. Microbiol. 23, 73— 76.

Coueh, R. B., Kasel, J. A., Gerin, J. L. et al. (1974): J. infect. Dis. 129, 411— 419.

Couch, R. B., Kagel, J. A,, Six, H. R. et al. (1981): In Nayak D. P., and Fox, C. F. (Eds): Genetic
Variation among Influenza Viruses, ICN-UCLA Symposium on Molec. and Cell. Biol. vol.
XXI, 535— 546.

Edwards, K. M., Snyder, P., Thompson, J. M. et al. (1986): Vaccine 4, 50— 54.

Ennis, F. A., Rcok, A. H., Yi-Hua et al. (1981): Lancet ii, 887— 891.

Ennis, F. A. (1982): Arch. Virol. 73, 207— 217.

Feldman, 8., Wright, P., Webster, R. G. et al. (1985): J. infect. Dis. 152, 1212 1218,

Heskins, T. W., Davis, J., Smith, A. et al. (1979): Lancet i, 33— 35.

Johnson, P. R., Feldman, S., Thompson, J. M. et al. (1985): J. med. Virol. 17, 325 335.

Jchnson, P, R., Feldman, S., Thompscn, J. M. et al. (1986): J. infect. Dis. 154, 121— 127,

Katz, J. M., Naeve, C. W., and Webster, R. G. (1987): Virology 156, 386— 395.

Mak, N. K., Zhang, Y. 1., Ada, G. L. et al. (1982): Infect. Immun. 38, 218 — 225,

Mak, N. K., Sweet, C., Ada, G. L. et al. (1984): Immunology 51, 407— 416.

Mann, J. J., Waldman, R. H., Togo, Y. ef al. (1968): J. med. Virol. 100, 725— 735.

McMichael, A, J., Geteh, Fo, Cullen, P. et. al. (1981): Clin. exp. Immunol. 43, 276 — 284,

Mitehell, D. M., McMichael, A. J., and Lamb, J. R. (1985): Brit. Med. Bull. 41, 80— 85.

Molecular epidemiology of influenza viruses: Memorandum from a WHO meeting (1987). Bull.
World Hlth. Org. 65, 161 165. :

Murphy, B. R., Kasel, J. A., and Chanock, R. M. (1979): N. Engl. J. Med. 286, 1329— 1332,

Murphy, B. R., Chalhub, E. G., Nusinoff, S. R. et al. (1973): J. infect. Dis. 128, 479— 487.

Murphy, B. R., Nelson, D. L., Wright, P. F. et al. (1982): Infect. Immun. 36, 1102~ 1108.

New vaccine development, estaklishing priorities. I. Disease of importance in the United States
(1985). Natn. Acad. Press, Washington, D.C. 55 p.

Oxford, J. 8., Corcoran, T., Knott, R. et al. (1987): Bull. World Hith. Org. 2, 181— 187.

Potter, C. W., and Oxford, J. S. (1979): Brit. Med. Bull. 35, 69— 75.

Potter, C. W. (1982): Inactivated influenza virus vaccine, pp. 119~ 156, In A. S. Beare (Ed.):
Basic and Applied Influenza Research, CRC Press, Florida.



304 GHENDODN, Y.

Prevention and Control of Influenza (1936): Morbid. Mortal. Wkly Rep. 35, 317— 325.

Puek, J. M., Glezen, W. P., Frank, A. L., and Six, H. R. (1980): J. infect. Dis. 142, 844

Reiss, C. 8., and Schulman, J. L. (1980): J. Immunol. 125, 2182.— 2188,

Sehild, G. C., Oxford, J. 8., de Jong, J. €. et al. (1933): Evidence for host-cell selecticn
fluenza virus antigenic variants, Nature (London) 303, 706 709,

Tannoek, G. A., Paul, J. A., and Barry, R. D. (1934): Infect. Imimun. 43, 457 — 462,

Tanncek, G. A., and Paul, G, A. (1987): Arch. Virol, 92, 121 133,

Wright, P, I., Okabe, N., McKee, K. T. et al. (1982): .J. infect. Dis. 146, 71 79.

Wright, P. F., Murphy, B. R., Keruina, M. et al. (1983): Infect. Immrun. 40, 1092~ 1095,

Wright, P. F., Johnson, P. R., and Karzon, DD, T. (1986): In Oplons for the Control of Influer
Alan R. Liss, pp. 243 - 253.

Wraith, D. ., Vessey, A. E., and Askonas, B. A, (1987): J. gen. Virol. 68, 433 — 440.

Zahradnic, J. M., Kasel, J. A., Martin, R. R. ¢/ al. (1983): J. m-d. Virol. 11, 277 285.



