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Introduction?

Infectious diseases are the cause for every fifth visit to
physicians [15]. Over 2.5 billion dollars were spent in
the United States for medical care during the influenza
outbreak in 1968-9. The rubella epidemic in 1964-5
was estimated to have resulted in approximately
20’000 children with congenital diseases, and almost
as many fetal deaths, with an overall economic loss of
1.5 billion dollars. Prior to the licensing of measles
vaccine in 1963 the United States had approximately
4 million cases of measles each year [58] with about
4000 cases of measles encephalitis and 400-500 deaths
(1, 16].

It was estimated that during the ten years between
1963 and 1972 about 24 million cases of measles were
prevented through vaccination, 2400 lives were saved
and almost 8000 cases of retardation averted [S8] with
net economic savings of 1.3 billion dollars. Similarly,
the economic burden of poliomyelitis was consider-
able: It was estimated that in the span of six years
(1955-61) 12’464 deaths and 100’000 moderate to
severe disabilities would have occurred at an estimated
health care cost of over 326 million dollars, had there
not been vaccination [16].

During the past hundred years the most important and
most lasting benefit of medicine to human health and
health expenditure has been the interruption of the
vicious cycle of infectious diseases such as smallpox
[37, 67], yellow fever (55, 62], and poliomyelitis [8]. A
variety of factors have contributed. Eradication of
pathogen reservoirs [6, 31], suppression of insect vec-
tors and other carriers [20, 27, 35, 43, 44, 53, 63],
improvement of socioeconomical conditions accom-
panied by reduced crowding {49] and improved educa-
tion, sanitation and nutrition, all have played a role.
However, one of the most important factors probably
was the reduction of the number of susceptibles in a
given population. In a natural situation such a reduc-
tion is achieved by disappearance of those least resis-
tant to the contagion and development of immunity in
the more resistant survivors [25, 45]. Today, planned
vaccination programs are employed to reduce the po-
pulation of susceptibles with great efficacy.

Benefits of Vaccination

Surely, if we want to understand the benefits of vacci-
nation, smallpox must be the outstanding example,
One of the great scourges of mankind for centuries,

! Dr. med. vet., Dr. phil., Schweiz. Serum- & Impfinstitut Bern,
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2 Parts of this presentation were read at the Symposium on Ad-
vances in Vaccination against Virus Diseases, Berne, June 19, 1978,

Benefits of vaccination against virus diseases are
highlighted and reasons for the apparent lack of
the effect of influenza virus vaccines are discussed
and ascribed to immunization strategy, poor un-
derstanding of the importance of the immunoge-
nicity of the various types of vaccines available,
and the unjustified expectations that influenza
virus vaccines should be effective against non-
influenza virus causes of influenza-like illnesses.

more than 2.5 million cases ten years ago, it is gone
today completely. There has been no natural smallpox
case reported anywhere in the world since October
1977. How about poliomylitis today? How often do we
see poliomyelitis cases, and where is the pressure to
vaccinate and keep up the guard against this disease?
Maybe it would be interesting to look back over our
experiences with immunoprophylaxis against virus dis-
eases.

The data I am going to discuss are based on US statis-
tics (Table 1). The conclusions I shall draw from them
are unencumbered from considerations such as
changes in the US population density (105.7 millions
in 1920 to 215 millions today), social behaviour and
life styles, diagnostic capabilities, changes in reporting
emphases and procedures, adaptive changes in virus—
host relationships, and advances of modern medicine
outside the area of prophylactic immunology.

In this first table I have listed all the major communi-
cable diseases in the US ranked by their change in inci-
dence over the years. The diease that has shown maxi-
mum increase since 1951 is on top and the one with
maximum incidence reduction is at the bottom of the
list. A space is left where the incidence went below
30 % of that in 1951. Only diseases for which vaccines
exist show a reduction of greater than 70 % from the
prevaccination era.

In the following table (7able 2) 1 present the discases
with available immunoprophylaxis in relation to the
time point at which vaccine licensing suggested wide-
spread use of immunization. The right-hand column
gives the percentage reduction in incidence and mor-
tality since onset of vaccination. Of course, the longer
a program of effective vaccination has been in exis-
tence, and the more conscientiously it has been carried
out, the more effective it has been.

As control of the vaccine-independent influences on
the spread of communicable diseases, I have listed
those infectious diseases against which there are no
vaccines available (7able 3). Except for one, there is
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no similar decrease in incidence. The one exception,
Syphilis, may be a combination of poor reporting and
effective use of antibiotics. Mortalities, however, were
markedly reduced, indicating the progress made in the
treatment of disease and the effective use of antibac-
terial drugs. By contrast, hepatitis, a virus disease still
without vaccine and refractory to the effects of anti-
biotics, shows only marginal reduction in mortality
(Table 4).

Table 4 summarizes the overall picture from these two
sets of data. Of all the diseases with vaccines the over-
all yearly incidence has been reduced by more than a
million cases, a reduction by 90 % from before the
onset of vaccination. Every year more than 100,000
lives are saved. Contrary to that, the incidence of dis-
eases without vaccines increased by nearly one million
over the past twenty-five years.

Additional evidence for the benefits of vaccination is
the direct relationship between the reduction in inci-
dence of virus diseases and the number of vaccine
doses distributed. Within ten years after onset of the
distribution of poliomyelitis virus vaccines the polio in-
cidence was practically reduced to zero (Fig. 1). The
measles incidence between 400,000 and 760,000 in the
fifties was down to 22,000 in 1974 and deaths due to
measles declined from between 340 and 680 in the
fifties to 20 (Fig. 2). If we assume a mental retardation
rate of 1 per 3000 of measles diseased [12] we can
calculate the yearly saving of about 200 children from
permanent damage. Krugman [38] reported the paral-
lel decrease of subacute sclerosing panencephalitis

with the distribution of increasing numbers of vaccine
doses. Rubella, which at the time of vaccine license
had touched nearly 50,000 in the US and produced
nearly 90 congenitally deprived children was down by a
factor of greater than five in both incidence and con-
genital syndrome cases (Fig. 3). A similar positive rela-
tionship between vaccine distributed and disease inci-
dence holds also with mumps (Fig. 4).

Lack of Effect of Inmunoprophylaxis against
Influenza

As we now consider the overwhelming evidence for the
success of immunoprophylaxis against viral diseases we
rightly wonder why influenza virus vaccines, available
in the US for more than thirty years, could not stem
the cyclical tides of excess influenza mortalities. In
Fig. 5 we see not only the impact of influenza virus
epidemics on deaths from pneumonia but also on
deaths from all causes. More than 20 million people
died in the 1918-20 pandemic caused by a virus simi-
lar to the one isolated a couple of years ago in New
Jersey. The 1957-8 epidemic in the US cost nearly
70,000 lives and in the 1968—9 season approximately
33,000 died of influenza [13].

Of course, we know of the variability of influenza virus
and its facility to adapt to the immunological environ-
ment, progressively selecting out and establishing that
antigen variant against which there is no suppressive
antibody. Some say, therefore, that influenza vaccines
are inadequate and always a step behind—preventing
last year’s disease. Is this really the case? Or is it, that

Table 1. Incidence of specified acute infectious diseases (U.S. 1951-76) Ranked by per cent increase in inci-

dence
Disease Causative agent Case reports in year 1976 incidence
1951 1976 as % of 1951
Salmonellosis Salmonella 1,773 22,937 1294
Hepatitis HV types A and B 7,349 55,749 759
Gonorrhea Neisseria 254,057 1,001,994 394
Leprosy Mycobacterium 57 145 254
Streptococcal disease Streptococci 324,1951 436,6322 134.62
“Aseptic” meningitis, encephalitis Many different viruses 3,934 : 3,510 89
Influenza Influenza virus (6,946)3 (4,277)3 (62)2
Bacillary dysentery Shigella 32,215 13,140 41
Syphilis (all stages) Treponema 174,924 71,761 41
Meningitis Neisseria 4,164 1,605 39
Tuberculosis Mycobacterium 118,491 32,105 27
Rubella Rubella virus 46,9864 12,521 27
Typhus fever Rickettsiae 3,952¢6 1,006 25
Mumps Mumps virus 152,2095 38,492 25
Typhoid fever Salmonella 2,128 419 20
Tetanus Clostridium 506 75 15
Measles Measles virus 530,118 41,126 8
Whooping cough Bordetella 68,687 1,010 1.5
Poliomyelitis Poliovirus 28,3867 14 0.05
Diphtheria Corynebacterium ~ 400,000 128 0
Smallpox Smallpox virus 11 0 0

1 data from 1960 3 (deaths)

5 data from 1965 7 data from 1920

2 data from 1970 4 data from 1966 € data from 1946

CDC Morbidity and Mortality Weekly Report Annual Summaries (US-DHEW)
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vaccination has not been carried far enough and does
not reach a significant portion of the high-risk popula-
tion and the population particularly likely to spread the
disease [26, 40, 33, 29]?

Are the physician and the potential victim to blame,

Table 2. Diseases with existing immunization programs

their disregard for ““harmless influenza’ and the conse-
quent lack of urgency to vaccinate? Or are the vaccines
employed not sufficiently potent? By definition, a vac-
cine should immunize a nonimmune individual. It is
difficult to find nonimmune populations, and often in-

Disease  year': £ 19202 19302 19402 1947 1952 1957 1962 1967 1972 1975 Per Cent

Reduc-
tion3

Smallpox

Incidence 102,128 > 48,907 >2,795 176 21 0 0 0 0 0 >99

Deaths 634 123 NR NR 0 0 0 0 0 0 >9

Typhoid

fever

Incidence - 35,994 27,201 9,809 3,075 2,341 1,231 608 396 398 375 99

Deaths 8,033 5,894 145 NR 78 34 15 12 8 3 >99

Diphtheria

Incidence 211,400 _ 72452 18,438 12,262 2,960 1,211 444 219 152 307 >99

Deaths 15,855 6,140 1,580 NR 217 81 41 32 10 5 >99

Tetanus

Incidence 1,585 1,289 m 658 560 484 447 322 263 128 102 92

Deaths NR NR NR NR 360 279 215 144 58 45 87

Typhus

fever

Incidence NR NR 2,335 m 2646 532 353 272 357 541 888 62

Dieaths NR NR 263 NR 20 20 12 28 50 29 89

Influenza

Incidence NR NR NR NR NR NR NR NR NR NR -

Deaths 74519 23,823 20,150 wm NR 5,631 7,463 3,431 7,0625 4986 4,277 79

Whooping

cough

Incidence 168,120 196,480 210,720 156,517 g 45,030 28,295 17,49 9,718 3,287 1,738 99

Deaths 8,456 7,982 3,029 NR 402 183 83 37 6 8 08

Tuberculosis

Incidence NR NR 102,984 134,946 g 85607 06,437 53,315 45,647 32,932 33,989 75

Deaths 119,547 87,311 60,450 NR 24,621 13,324 9,506 6,901 4,376 3,333 86

Poliomyelitis

Incidence NR 9,220 9,804 10927 57,879 m 348 910 82 60 8 >99

Deaths 951 1,474 1,054 NR 3,145 221 60 16 2 9 >99

Measles ’ 486,799

Incidence >469,924 419,465 291,162 222,375 683,077 481,530 g 62,705 32,275 24,374 95

Deaths 9,302 3,930 659 NR 618 389 408 81 24 20 95

Mumps

Incidence NR NR NR NR NR NR NR 152,2095-74.2 15 59,647 61

Deaths NR NR NR NR NR NR NR 37 16 8 78

Rubella

Incidence NR NR NR NR NR NR NR 460,898 g25549 16,652 64

Deaths NR NR NR NR NR NR NR 16 14 21 0

1 Year of vaccine license

2 Figures calculated from rates per 100,000: 105.7 million population in 1920
122.8 million population in 1930
131.7 million population in 1940

B Denotes time period during which immunization program was instituted

3 Per cent reduction since onset of immunization

* All data with > represent fewer than all states reporting
5 1968 data

NR: Not reported

From CDC Morbidity and Mortality Weekly Report Annual Summarie (US-DHEW)
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Table 3. Incidence and deaths of major bacterial diseases without existing immunization programs (U.S. 1947-75)

Disease Parameter Case reports in year Reduction
1947 1952 1957 1962 1967 1972 1975  percent’
Gonorrhea Incidence 380,666 253,839 214496 263,708 404,836 767,215 999,937 0
Deaths ND 45 21 23 11 8 1 98
Streptococcal complex Incidence 93,595 113,677 233,400 323,786 457,336 436,632? ND 0
Deaths ND 3,517 2,013 652 423 196 170 95
Syphilis (all stages) Incidence 355,592 169,198 123758 126,245 102,581 91,149 80,356 77
Deaths ND 5,719 3,825 2,811 2,381 344 272 95
Salmonellosis Incidence 951 2,596 6,693 9,680 18,120 22,151 22,612 0
Deaths ND 42 60 62 63 68 67 0
Bacillary dysentery Incidence 17,048 23,197 9822 12,443 13474 20207 16,584 3
Deaths ND 334 156 134 62 69 69 79
Meningococcal Incidence 3,420 4,884 2,691 2,150 2,161 1,323 1,478 57
Infections Deaths ND 1,386 785 649 635 350 308 78
ND:Nodata 'Percentasof1952 2 Data 1970

CDC Morbidity and Mortality Weekly Report Annual Summaries (US-DHEW)

Table 4. Overall change in incidence and mortality of
all major communicable diseases with and without
immunization programs

Diseases without |Immunization Diseases with

Year Bacterial Viral immunization
(hepatitis)

report Disease Death|Discase Death| Disease Death
1952 (VL) 567,448 11,047(17,428 794{1,383,125 112,020
1975 1,557,599 887(56,134 612| 138,080 7,758
Incidence
in 1975 2715% 8%|322% 717 % 10 % 7 %

(VL)': year of vaccine license for diseases with immunization

CDC Morbidity and Mortality Weekly Report Annual Summaries
(US-DHEW)

Table 5. Occurrence of HswN1 antibody in various age
groups [52]

Percent with HAI AB to:
Age group n | A/Swine/31 A/NI/76 A/Vic/75
17-24 710 3.8 5.5 65.0
25-34 864 20.2 154 59.0
35-51 716 37.0 28.1 52.5
=52 899 92.2 94.9 58.0

Parkman, P. D., et al,, 1977, 1. Inf. Dis. 136, 8722-8730.

Table 6. Antigenicity of influenza virus vaccines
containing 30 ug HA/Dose (IEP) [46)

Percent Seroconversion (= 1/a0)

Vaccine Whole virus Split Virus
1 82 45
2 50 35

Mayner, R. E., etal., DBS 39, 169-78 (1977).
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fluenza virus vaccines are tested in individuals who
have had prior contact with influenza viruses of more
or less similar antigenic composition. Thus, one often
deals more with an anamnestic-like response than with
a true primary immune reaction: not a very practical
way to test the antigenic potency of influenza vaccines.
Past vaccination failures, of course, are no reason to
doubt the usefulness of influenza immunoprophylaxis
unless one can demonstrate that the vaccines then em-
ployed had been antigenic.

Antigenicity of Available Types of Influenza Vaccines
With the swine influenza scare in 1976 and the result-
ing US National Influenza Immunization Program [57]
it became possible to test, maybe for the first time on
such as scale, influenza vaccines in a large susceptible
population. Under this program A/New Jersey/76
(HswN1) vaccines were produced’, tested and distri-
buted to wide segments of the population. Results of
this work are summarized in a supplement to the Jour-
nal of Infections Diseases (December 1977). The stu-
dy consisted of a population of greater than 7500 indi-
viduals of which about 3500 were less than 25 years
old [71, 52].

The following data are extracted from these studies
and are limited to the population below the age of 25,
of which about 95 % appeared not to have had prior
contact with the HswN1 influenza A subtype as indi-
cated by absence of antibody to this virus (Table 5).
This study showed that the whole virus vaccines were
much more antigenic than the split vaccines. Indeed,
200 CCA units of the whole virus vaccines produced a
level of immunity which even four times as much split
virus antigen (800 CCA/dose) could not reach (Fig. 6).
Moreover antibody levels induced by the split virus

1 Whole virus vaccines (Merck, Sharp, and Dohme; Merell-Nation-
al) and split virus vaccines (Parke, Davis; Wyeth).
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vaccine barely reached a geometric mean titer of 1:20
and this only when 800 CCA units per dose were given
(Fig. 7).

Not only are whole virus vaccines more efficient in
stimulating antibody development, they also stimulate
a different type of response. They produce IgM anti-
body, which is an early immune response to infection,
in man [7] as well as in rabbits [24]. IgM has greater
avidity and wider cross reactivity than IgG and binds
more effectively and to a wider spectrum of influenza
virus variants than IgG antibody [66].

Finally, antibody induced by the whole virus persists
longer than that developing after vaccination with the
split vaccine. Thus, antibody levels of Z/40 persisted in
13/15 children given one dose of whole virus for more
than nine months, while none of 16 children vaccinated
twice with split vaccine had any antibody after that
time period [51]. All this points to the likelyhood, as
already suggested by Berendt [4], that whole virus in-
duces an immune cell population different to that sti-
mulated by split virus antigens.

Fig. 1. Decrease in poliomyelitis incidence with
increasing use of the vaccine [14].

In view of its greater antigenicity, whole virus was
added to subunit vaccines. In both, animal and man,
this resuited in higher conversion rates and antibody
titers [42, 28, 4, 65].

These described differences were not due to differ-
ences in assayability of the different vaccines. It had
been suggested that haemagglutination might not be a
reliable measure of antigenic content especially for
split vaccines of different manufacture [17, 50, 3].
Mayner et al. [46] correlated therefore antigenicity

‘with haemagglutinin content as measured by quantita-

tive immunoelectrophoresis [41] and demonstrated
again the antigenic superiority of whole virus vaccines
(Table 6).

Nor were these differences a result of the particular
lots or vaccine strains used in the US National Influen-
za Immunization Program. Better antigenicity of one
dose of whole virus vaccine against a dose of split
vaccine was reported with a vaccine made from in-
fluenza A/Ann Arbor/31 [72]. Stones [64] found that
in 13- to 19-year old schoolboys nearly twice as many

Fig. 2. Decrease in measles incidence and deaths with
increasing use of the vaccine [12].
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developed antibody when given the whole virus vac- Fig. 4. Decrease of mumps incidence with increasing
cine than when given a split product and antibody use of the vaccine [9).
mean titers were four times as high. A vaccine, consist-

ing of selectively solubilized haemagglutinin and neu- 9 — MUMPS INCIDENCE
raminidase [2] was markedly less antigenic than the 8
. . - RELATED TO
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The group with single or double doses of 400 CCA of
the split vaccine had little or no immunologic memory
for the haemagglutinin antigen and behaved “much
like the placebo controls™ after challenge [4].

One of the main reasons for the development of split
vaccines was the reactogenicity of the original unpuri-
fied whole virus vaccines. Of course, with today’s den-
sity-gradient purified vaccines this is no longer of great
concern. The side reactions may be local (redness,
swelling, enduration, pain) and systemic (malaise, fe-
ver,headache). Fig. 9 summarizes the reaction rates ob-
served with the two types of vaccine [52, 19]. Obvious-
ly, reactions increased with the amount of antigen in a
dose. Of the twelve vaccines compared, eleven had
produced a “systemic’ reaction grade of less than “1”
(this grading system attributes “1”” to 1 ° temperature
rise above normal and/or to mild systemic reactions, in
a scale of 0-3). The twelvth contained 800 CCA of
whole virus per dose. Local reactions remained insigni-
ficant and varied only little from vaccine to vaccine
[19]. In all, only two allergic reactions were reported
[52].

In Fig. 10 we have assorted according to their antigenic
efficacy all vaccine and dosage forms which were em-
ployed in the population 6-months to 18-years old.
The most potent split vaccine (800 CCA) produced a
conversion rate just barely above 40 %. If we want to
immunize at least 50 % we must give 100-200 CCA
units of a whole virus vaccine. Fig. 11 gives the same
information for those 17- to 24-years old. The only
split.vaccine with conversion rates greater than 35 %
was one containing 800 CCA of antigen. Clearly, there
are slightly greater reactions with the whole virus vac-
cines, but are these reactions indeed so important com-
pared with the much greater antigenicity of these vac-
cines? Sufficient antigenicity to immunize with one
dose is of particular importance in the face of a rising
epidemic where one must be able to produce vaccine
quickly, deliver it efficiently, and immunize with the
first dose especially those who are not primed by some
prior antigenic experience. Unfortunately, not even
the most effective influenza vaccine will guarantee a

Fig. 6. Conversion rates in susceptible vaccinees given
one dose of vaccine [52, 71].

Fig. 7. Antibody levels in susceptible vaccinees given
one dose of vaccine [52, 71].
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response in everyone vaccinated with one dose, but at
least the chance that this should happen is considerably
greater with the more potent vaccines.

During the course of this immunization campaign an
increased incidence of Guillain-Barré syndrome cases
was noticed in A/New Jersey vaccinees and ascribed to
the use of vaccine. The incidence was approximately
1:100,000. At a 5-10 % rate of fatality or permanent
damage after Guillain-Barré this suggests the possibili-
ty of one permanent injury or death among one to two
million vaccinations [13, 48]. The exact correlation of
Guillain-Barré incidence with influenza vaccine use is
not clear, although it has been reported that attack
rates in vaccinated individuals were 7.5 times that in
nonvaccinated ones [5]. Incidence reports in nonvac-
cinated individuals are a function of severity of the
discase and one’s own decision to see a physician.
Close self-observation of those vaccinated in a public
widely sensitized to this problem, on the other hand,
may have produced an overreporting of even the mild-
est cases that otherwise might have gone undetected. It
is also known that virus infections in general may be
occasionally involved in the etiology of this syndrome.
One should therefore look at the incidence of Guillain-
Barré after an acute infection with wild influenza
which will set, as is known, a much greater antigenic
stimulus than any vaccine could.

Comment

We have seen that vaccine use results in the reduction
of infectious disease incidence. Smallpox is a pertinent
example. Moreover, the occurrence of poliomyelitis in
populations which do not permit vaccination is striking
evidence for the need to vaccinate [70].

Why then only limited effects of vaccination against
influenza? First, we do not vaccinate—except for select-
ed segments of the population. Then, when we do vac-
cinate, we do not appreciate the differences between
the antigenic potentials of available vaccines and the
importance of antigenicity for an effective and lasting
immune response. Moreover, not all influenza-like ill-
ness is caused by influenza virus [54] although, by in-
ference [59, 60, 61], one can say that at least 50 % are
due to the virus. Obviously, one can not expect to
protect the other 50 % even with effective influenza
virus vaccines. Finally, we must consider the vaccinee
and the preparedness of his immune response system
to react to the vaccine antigen. If unprepared (*“un-
primed”) it may not respond to a split virus vaccine
and if primed it may first produce an anamnestic res-
ponse to the priming antigen before it does to the
vaccine antigen proper [26, 23]. Obviously, our immu-
noprophylactic expectations must be directed at in-
fluenzavirus induced or -accelerated illnesses and
deaths, and can be fulfilled only if antigenic vaccines
are employed as extensively as other virus vaccines.

To express the magnitude of influenza in monetary
terms, Kavet [34] has analyzed the costs involved (Ta-
ble 7) and came up with estimates of 3.1 billion dollars
for the 1962-3 epidemic in the US (27 million cases
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with nearly 32 million lost workdays), 1.7 billions for
the 1965—6 epidemic (22 million cases, 20 million lost
workdays), and 3.9 billion for the 1968-9 epidemic
(51 million cases, 66 million workdays lost). Certainly
sufficient justification for instituting the US National
Influenza Immunization Program at a cost of 135 mil-
lions, and certainly enough reason for public health
authorities to think again about influenza.

Here and there, industry has recognized the impor-
tance of lost productivity and has instituted yearly im-
munization plans. The Swiss Federal Government has
a voluntary program for public service employees of
vaccination with whole virus vaccines. In those vacci-
nated, absences due to influenza-like illness were re-
duced by one half and absences due to less well-de-
fined “short duration illness” by one quarter to one
third [59-61]. Since, obviously, not all influenza-like
illnesses are due to influenza virus, we must assume
that the direct effectiveness of these vaccines against
true influenza was even greater than expressed by the
given percent protection over all influenza-like illness.
We can moreover conclude that at least 25-30 % of
ill-defined short-term diseases were due to influenza
virus and thus preventable.

As mentioned above, our present efforts against in-
fluenza are too little, too late, and often with inade-
quate means. A more positive approach would be
to vaccinate regularly with antigenic vaccines not
only those at risk, but to lay as broad and as durable
a base of immunological preparedness as possible.
In many influenza epidemics attack rates are
higher in the young [26, 40, 33, 29]. This may be
due to the fact that they have had fewer antigenic
experiences than the older population and that
they are concentrated in kindergardens, schools,
universities, and scout camps, and more likely to
be infected. Thus, a logical approach to prevent
the initial infection and to break the chain of disse-
mination would be to vaccinate in addition to those
at high risk, the population at large and, in parti-
cular, schoolchildren, thereby also protecting their
high-risk contacts. This has worked well, as we have
seen, with many others infectious diseases, and there is
no good reason why this strategy should not be tried.

The reasons for not doing wide scale immunization
campaigns are apathy to influenza and the assumption
of poor antigenicity and high reactogenicity of the
available vaccines, as well as short duration of vaccine-
induced immunity, antigen variability and short supply
of the required antigenic components. One should be
able to deal with public apathy by appropriate educa-
tion of what influenza vaccines can and can not do and
by the development of an understanding for the toll
influenza takes each year. The objection of poor anti-
genicity of influenza vaccines and short duration of
immunity is more the result of a lack of understanding
for the available vaccines and their antigenic capabili-
ties. Reports of the reactogenicity of influenza vaccines
are often colored from the occasional incident and, of
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course, from historical evidence with first generation
nonpurified vaccines.

As to antigen variability and short supply of vaccines,
they are less of a problem for whole virus vaccines with
their greater stimulative power: less antigen is needed,
a broader range of antigenic variants is covered, and
antibody persists longer and at higher levels.

In this context one must also question the eagerness of
changing vaccines with every minor change in antigen-
icity. Davenport [18] has suggested that we were over-
reacting in our efforts to be up to date with the latest
influenza variant. Three different vaccines had to be
made in the decade between 1957 and 1967 without

Fig. 10. Antigenic efficacy of influenza vaccines given
once [71].
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Fig. 11. Antigenic efficacy of influenza vaccines given
once [52].
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any evidence that the latest vaccine substitute was any
better or more specific then the previous two. Lately
the replacement of the broadly antigenic Port Chal-
mers variant of the HaN2 prototype of influenza A by
a variety of later variants with narrower specificities
[11] has little practical or scientific basis. Instead of
having to wait for yearly new WHO decisions, dis-
carding millions of doses of “old” vaccine, and having
to tool up for the new vaccine, manufacturers could
be producing the vaccine quantities necessary for a
generalized broad-scale public health immunization
program.

This concept is finding new interest with the increasing
likelihood that the antigenic variability of influenza
virus may be finite (7able 8). Then, one could see a
vaccine assorted as needed with senior antigens of the
available major influenza subtypes to be given year
round to the general population, providing a relatively
broad base of immunity to influenza viruses.

Table 7. Economic impact of influenza in the United
States [34]

Epidemic Cases Work days Total excess Cost’
reported lost deaths

1962-3 27,140,000 31,750,000 48,901 3148

1965-6 21,748,000 20,608,000 20,621 1681

1968-9 51,155,000 66,210,000 27,495 3880

' Cost (millions US$), include direct (medical) an indirect (pro-
ductivity) cost estimates (based on costs in 1968)

Kavet, J., Am. J. Publ. Health 67, 1063-70 (1977).

Table 8. Recycling of influenza HA antigen subtypes
[36]

Subtype Year of prevalence

HswNI1 1918 (1976)
HoN1 1929

HIN1 1946 1977
H2N2 — 1889 1957

H3N2 1889 — 1968

( )" Remained localized to New Jersey incident

Masurel, N, and Marine, W. M., Am. J. Epidem. 97, 44-49 (1973).

Summary

One of the most important and most lasting benefits of medicine to
human health and health expenditure is the controlled immunologi-
cal interruption of the vicious cycle of infectious disease such as
smallpox, poliomyelitis, yeliow fever, measles. Smallpox, with glob-
ally more than 2.5 million cases ten years ago, is gone. The incidence
of infectious diseases with available immunoprophylaxis has been
reduced by 90 % over the past two decades, while the incidence of
diseases without vaccine has nearly tripled.

By contrast, influenza, a disease against which there have been
vaccines in existence for many years, demands more deaths than any
other infectious disease. Reasons for this failure of influenza immu-
noprophylaxis are discussed and suggested to include: indiscriminate
use of available vaccines of which some types are much less antigen-
ic than others, the disappointment that influenza virus vaccines will
not protect against influenza-like illnesses caused by noninfluenza
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virus pathogens and the concomitant indiscriminate rejection of all
influenza vaccines as being of doubtful value; superficial vaccination
policies which aim at narrow populations, leaving those most likely
to spread the virus the full potential to do so; the unjustified fear of
side reactions following vaccination which are considerably less se-
vere than the disease this vaccination is attempting to prevent.

Zusammenfassung

Impfung gegen Viruskrankheiten

Einer der wichtigsten und dauerndsten Gewinne der Medizin fiir die
menschliche Gesundheit und die damit verbundenen Ausgaben war
die immunologische Unterbrechung der Verbreitung infektidser
Krankheiten, wie Pocken, Kinderlihmung, Gelbfieber, Masern. Die
Pockenkrankheit, noch vor zehn Jahren mit etwa 2,5 Millionen
Kranken weltweit, existiert heute nicht mehr. Das Vorkommen in-
fektivser Krankheiten, fiir die Impfstoffe verfiigbar sind, ging im
Laufe der vergangenen Jahrzehnte um 90 % zuriick, wihrend jenes
infektidser Krankheiten ohne mdgliche Immunprophylaxe sich
nahezu verdreifachte.

Demgegeniiber verlangt die influenzavirusverursachte Grippe heute
soviel Todesfille wie eh und je, und zwar mehr als jede andere
Infektionskrankheit. Die Ursachen fiir das Versagen der Immun-
prophylaxe fiir Influenza werden diskutiert und angedeutet: die
wahllose Anwendung vorhandener Influenzaimpfstoffe, von denen
cinige Arten viel weniger antigen sind als andere, die enttéuschende
Beobachtung, dass die Immunisierung mit Influenzavirusimpfstoff
nicht gegen grippeartige Erkrankungen anderer Ursachen schiitzen
kann und die damit verbundene Verwerfung aller Influenzavirus-
impfstoffe als ungeniigend; beschrinkte Impfpolitik, die nur auf
eng begrenzte Personenkreise zicit und dabei die Bevilkerung, wel-
che fiir die Verbreitung des Virus verantwortlich ist, ausser acht
ldsst; die ungerechtfertigte Angst vor Impfreaktionen, die sicherlich
weniger schwerwiegend sind als die Krankheit, welcher die Impfung
vorzubeugen sucht.

Résumé

La vaccination contre les maladies virales

L'un des bénéfices les plus importants et plus continus de la méde-
cine en faveur de la santé de T’humanité et des dépenses en
connexion était 'interruption immunologique du cercle vicieux de
maladies infectieuses telles que variole, poliomyélite, fievre jaune,
rougeole, La variole, globalement avec 2,5 millions de malades il y a
dix ans, n’existe plus aujourd’hui. La fréquence de maladies infec-
tieuses contre lesquelles on a des vaccins a disposition, a été réduite
de 90 % au cours des derni¢res décennies, tandis que la fréquence
de maladies infectieuses sans vaccin correspondant a presque triplé.
Par contre, la grippe causée par le virus d’influenza exige toujours
beaucoup plus de morts que toute autre maladie infectieuse. Les
causes de cette défaillance de la prophylaxie immunologique contre
la grippe sont discutées: I'usage au hasard de vaccins anti-influenza
disponibles, dont quelques-uns sont beaucoup moins antigéniques
que d’autres, le fait que I'immunisation avec le vaccin anti-influenza
ne peut pas protéger contre des maladies grippales d’autre origine et
par conséquente le rejet de tous vaccins antigrippaux comme insuffi-
sants; une politique de vaccination superficielle qui ne vise quune
catégorie de personnes limitée et qui néglige en méme temps la
population responsable de la dissémination du virus; 1a peur injusti-
fiée de réactions vaccinales certinament moins graves que la maladie
que cette vaccination cherche a prévenir.

References

[1] Axnick, N. W., Shavell, S. M., and Witte, J. J., Benefits Due to
Immunization Against Measles, Public Health Reports 84,
673-80 (1969).

[2) Bachmayer, H., Selective Solubilization of Haemagglutinin and
Neuraminidase from Influenza Viruses, Intervirology 5, 260-
72 (1975).

[3] Barry, D. W., Swton, E., and Mayner, R. E., Inactivated In-
fluenza Vaccine Efficacy: diminished Antigenicity of Split-
Product Vaccines in Mice, Infect. Immun. 10, 1329-36 (1974).

344

[4] Berendt, R. F., and Scott, G. H., Evaluation of Commercially
Prepared Vaccines for Experimentally Induced Type A/New
Jersey/8/76 Influenza Virus Infections in Mice and Squirrel
Monkeys, J. Infect. Dis. 136,712-17 (1977).

[5] Boffey, P. M., Guillain-Barré: Rare Disease Paralyzes Swine
Flu Campaign, Science 195, 155-9 (1977).

[6] Boshell, J., Marche de la fi¢vre jaune selvatigue vers les régions
du nord-ouest de ' Amérique centrale, Bull. WHO 16, 431-36
(1957).

[7] Boyer, K. M., Cherry, J. D., Welliver, R. C., Dudley, J. P., De-
seda-Tous, 1., Zahradnik, J. M., Frause, P.J., Spencer, M. J.,
Bryson, Y. J., and Garakian, A.J., IgM and IgG Antibody
Response after Immunization of Children with Inactivated
Monovalent (A/New Jersey/76) and Bivalent (A/New Jersey/
76-A/Victoria/75)Influenza Virus Vaccines, J. Infect. Dis. 136,
665-71 (1977).

[8] CDC, Neurotropic Diseases—Poliomyelitis, Annual Poliomyeli-
tis Summary, HEW Publication (HSM) 73, 1-18 (1971).

[9] CDC Mumps Surveillance Rep. 2 (1972).

(10] CDC Rubella Surveillance Rep. (1973).

[11] CDC Influenza Surveillance Rep. 91 (1975-0), 13~14 (1977a).

[12] CDC Measles Surveillance Rep. 10, July 1977 b.

[13] CDC MMWR 26, 193-99 (1977 ¢).

[14] CDC Poliomyelitis Surveillance, Summary 1974—6, October
1977.

[15) Cluff, L. E., Infectious Diseases: A Perspective, J. Infect. Dis.
129, 86-91(1974).

{16] Colbert, J. W., Jr., Basic Biomedicine, Fed. Proc. 31, TF19-
TF32 (1972).

[17] Davenport, F. M., Antigenic Enhancement of Ether-Extracted
Influenza Virus Vaccines by AlPOas, Proc. Soc. Exp. Biol. Med.
127,587-90 (1968).

[18) Davenport, F. M., Killed Influenza Virus Vaccines: Present
Status, Suggested Use, Desirable Developments, Pan. Amer.
Health Organ. 226, 89-95 (1970).

[19] Dolin, R., Wise, T. G., Mazur, M. H., Tuazon, C. U., and En-
nis, F. A., Inmunogenicity and Reactogenicity of Influenza A/
New Jersey/76 Virus Vaccines in Normal Adults, J. Infect. Dis.
136,435-42(1977).

[20] Downs, W. G., Epidemiological Notes in Connection with the
1954 Epidemic of Yellow Fever in Trinidad, pp. 71-78. Yellow
Fever—A Symposium in Commemoration of Carlos Juan Fin-
ley, Philadelphia, Jefferson Medical College, 1957.

[21] Editorial Guillain-Barré Syndrome: Ascending Knowledge?

The Lancet, 243-8, 1978.

[22] Ennis, F. A., Mayner, R. E., Barry, D. W., Manischewitz, J. E.,
Dunlap, R. C., Verbonitz, M. W., Bozeman, F. M., and Child,
G. C., Correlation of Laboratory Studies with Clinical Respon-
ses to A/New Jersey Influenza Vaccines, J. Infect. Dis. 136,
397-406 (1977).

[23] Fazekas de St. Groth, S., and Webster, R. G., Disquisition on
Original Antigenic Sin IL Proof in Lower Creatures, J. Exp.
Med. 124, 347-61 (1966).

[24] Fazekas de St. Groth, S., Webster, R. G., and Davenport, F. M.,
The Antigenic Subunits of Influenza Viruses, J. Infect. Dis.
7103, 1099-1106 (1969).

[25] Fenner, F., and Ratcliffe, F. N., Myxomatosis. Cambridge Uni-
versity Press, London, 1965.

[26]) Francis, T., Jr., Influenza: The New Acquayantance, Ann. In-
tern. Med. 39, 203-21 (1953).

[27] Galindo, P., de Rodaniche, E., and Johnson, C. M., St. Louis
Encephalitis in Panama. I. Isolation of the Virus from Forest
Mosquitoes and Human Blood, Am. J. Trop. Med. Hyg. §,
557-60 (1959).

[28] Glezen, P. W., Kasel, J. A., Webster, R. G., and Taber, L. H.,
Alternative Approaches to Immunization of Children with In-
actived Influenza Virus Vaccines, J. Infect. Dis. 136, 677-82
(1977).

[29] Glezen, P. W., and Couch, Vaccination for Influenza—Any Al-
ternatives?, N. Engl. J. Med. 298, 621-622 (1978).

[30] Gregg, M. B., Bergman, D.J., O’Brien, R. J., and Millar, J. D.,
Influenza-Related Mortality, JAMA 239, 115-16 (1978).

[31} Haddow, A. J., and Ellice, J. M., Studies on Bush-Babies (gala-



Sozial- und Priventivmedizin Médecine sociale et préventive 24,335-345 (1979)

go spp) with Special Reference to the Epidemiclogy of Yellow
Fever, Trans. Roy. Soc. Trop. Med. Hyg. 58, 521-38 (1964).

[32] Jordan, W.S., Jr., Denny, F. W., Badger, G. F., Curtiss, C,,
Dingle, J. H., Oseasohn, R., and Stevens, D. A., “The Occu-
rence of Asian Influenza,” A Study of Illness in a Group of
Cleveland Families: XXII. Am. J. Hyg. 68, 190 (1958).

[33] Jordan, W. S., Jr., The Mechanism of Spread of Asian Influen-
za, Am. Rev. Respir. Dis. 83, 29-35 (1961).

[34] Kaver, J., A Perspective on the Significance of Pandemic In-
fluenza, Am. J. Public Health 67, 1063-70 (1977).

[35] Kerr, J. A., Yellow Fever and Aédes Aegypti in the Western
Hemisphere. 1949-58. Proc. 6th Int. Cong. Trop. Med. and
Malar. 5, 219 (1959).

[36] Kilbourne, E. D., Epidemiology of Influenza, The Influenza
Viruses and Influenza, Academic Press, 483—538 (1975).

{37] Koplan, J. P., and Hicks, J. W., Smallpox and Vaccinia in the
United States—1972, I. Infect. Dis. 129, 224-26 (1974).

[38] Krugman, S., Position Paper: Measles and Mumps Immuniza-
tion: Benefit versus Risk Factors. IABS Symposium Immuniza-
tion: Benefit versus Risk Factors. Brussels, 1978.

[39] Kunz, C., Hofmann, H., Bachmayer, H., Liehl, E., and Moritz,
A. J., Clinical Trials with a New Influenza Subunit Vaccine in
Adults an Children, Dev. Biol. Stand. 39, 297-302 (1977).

[40) Langmuir, A. D., Pizzi, M., Trotter, W. Y., and Dunn, F. L.,
Asian Influenza Surveillance, Public Health Rep. 73, 114-20
(1958).

[41] Laurell, C. B., Quantitative Estimation of Proteins by Electro-
phoresis in Agarose Gel Containing Antibodies, Anal. Bioch-
em. 15, 45-52 (1966).

[42] Laver, W. G., Preparation and Immunogenicity of an Influenza
Virus Haemagglutinin and Neuraminidase Subunit Vaccine,
Virology 69, 511-22 (1976).

[43] Lebrun, A. J., Jungle Yellow Fever and its Control in Gemena,
Belgian Congo, Am. J. Trop. Med. Hyg. 12, 398—407 (1963).

[44] MacKenzie, R. B., Kuns, M. L., and Webb, P. A., Possibilities
for Control of Hemorrhagic Fevers in Latin America. First
Intern Conf. on Vaccines Against Viral and Rickettsial Diseas-
es of Man, PAHO Sci. Pub. 147, 260-5 (1967).

[45] MacNamara, F. N., Horn, D. W., and Porterfield, J. S., Yellow
Fever and Other Arthropod-Bome Viruses. A Consideration
of Two Serological Surveys Made in South Western Nigeria,
Trans. Roy. Soc. Trop. Med. Hyg. 53, 202-12 (1959).

|46) Mayner, R. E., Blackburn, R. J., and Barry, D. W., Quantita-
tion of Influenza Vaccine Haemagglutinin by Immunoelec-
trophoresis, Dev. Biol. Stand. 39, 169-78 (1977).

[47] MacLaren, C., Verbonitz, M. W., Daniel, S., Grubbs, G. E., and
Ennis, F. A., Effect of Priming Infection on Serologic Response
to Whole and Subunit Influenza Virus Vaccines in Animals, J.
Infect. Dis. 136, 706-11 (1977).

[48] Melnik, J. L., Vaccines and Vaccine Policy: The Poliomyelitis
Example, Hosp. Prac. 13, 4147 (1978).

(49] Murray, R., and Nichois, R. L., Evaluation of Chemotherapy of
Trachoma. First Intern. Conf. on Vaccines Against Viral and
Rickettsial Discases of Man, PAHO Sci. Pub. 147, 53745
(1967). -

[50] Neurath, A. R., Stasny, J. T., Rubin, B. A., Fontes, A. K., Pierz-
chala, W. A., Wiener, F. P., and Hartzell, R. W., The Effect of
Nonaqueous Solvents on the Quaternary Structure of Viruses:
Properties of Haemagglutinins with tri(n-butyl) Phosphate, Mi-
crobios 2, 209-24 (1970).

{51] Noble, G. R., Kaye, H. S., O’Brien, R. J., Kendal, A. P., Berg-
man, D.J., Wright, P. F., Amler, R. W., and Dowdie, W. R.,

Persistence of Influenza A/New Jersey/76 (HswiN1) Antibody
one Year after Vaccination, Dev. Biol. Stand. 39, 253-60
(1977).

[52] Parkman, P.D., Hopps, H.E., Rastogi, S. C.,, and Meyer,
H. M., Jrs., Summary of Clinical Trials of Influenza Virus Vac-
cines in Adults, J. Infect, Dis. 736, 722-30 (1977).

[53] Reeves, W. C., Evolving Concepts of Encephalitis Prevention in
California. Proceedings of 37th Annual Conference of Cali-
fornia Mosquito Control Association, January 27-29, 1969, 3—
6 (1970).

[54] Sabin, A. B., Mortality from Pneumonia and Risk Conditions
during Influenza Epidemics: High Influenza Morbidity during
Nonepidemic Years, JAMA 237, 2823-8 (1977).

[55] Saenz, A. C., Yellow Fever Vaccines: Achievements, Problems,
Needs. Proc. Intern. Conf. on the Application of Vaccines
Against Viral, Rickettsial, and Bacterial Diseases of Man,
PAHO Sci. Pub. 226, 31-34 (1971).

[56] Schell, K. R., Influenza Impfstoffe, in prep. (1979).

[57] Seal, J. R., Spencer, D. J., and Meyer, H. M., Jr., A Status Re-
port on National Immunization Against Influenza, 1. Infect.
Dis. 133, 715-20(1976).

[58] Sencer, D.J., and Axnick, N. W., Cost Benefit Analysis. Sym-
posia Series in Immunobiological Standardization, Internation-
al Symposium on Vaccination Against Communicable Diseases
22,3746 (1973).

[59] Serati, A., Grippeschutzimpfungen beim Personal der SBB und
der PTT-Betricbe, Herbst 1970. Schweiz. Med. Wochenschr.
101, 1693~6(1971).

[60] Serati, A., Grippeschutzimpfungen beim eidgendssischen Per-
sonal, Herbst 1971, Schweiz. Med. Wochenschr. 702, 1350-3
(1972).

[61] Serari, A., War die Grippeschutzimpfung 1972 der eidgendssi-
schen Bediensteten wirksam?, Schweiz. Med. Wochenschr.
103,1713-16 (1973).

[62} Smith, C. E., and Smith, G., Arbovirus Vaccines, Brit. Med.
Bull. 25, 1427 (1969).

[63] Solomon, J., Vectors Victorious, The Sciences 13, 24-29
(1973).

[64] Stones, P. B., 1.G.S. Furminger and J. Kerr, Human Responses
to Purified Surface Antigen Influenza Vaccine (Fluvirin), Dev.
Biol. Stand. 39, 23942 (1977).

[65] Webster, R. G., and Laver, W. G., Influenza Virus Subunit Vac-
cines: Immunogenicity and Lack of Toxicity for Rabbits of
Ether- and Detergent-Disrupted Virus, Immunology 96, 596—
605 (1966).

[66] Webster, R. G., The Immune Response to Influenza Virus, Im-
munology /4, 39-52 (1968).

{67} WHO Smallpox Surveillance, Wkly. Epidem. Rec. 48, 289-91
(1973). '

[68] WHO Wkly. Epidem. Rec. 53 (1978 a).

[69] WHO WKkly. Epidem. Rec. 53, 304 (1978 b).

[70] WHO Wkly. Epidem. Rec. 50, 259 (1978 ¢).

[71] Wright, P. F., Thompson, 1., Vaughn, W. K., Volland, D. §.,
Sell, S. H. W., and Karzon, D. T., Trials of Influenza A/New
Jersey/76 Virus Vaccine in Normal Children: an Overview of
Age-Related Antigenicity and Reactogenicity, J. Infect. Dis.
136,731-41(1977).

[72] Zavadova, H., Vonka, V., Domorazkova, E., Syrucek, L., Sta-
rek, M., Hruskova, J., Plesnik, V., Janout, V., and Uvizl, M.,
Antibody Response in Humans after Administration of Whole-
Virion and Split-Vaccine Prepared from Two Different In-
fluenza A/Swine Viruses, Dev. Biol. Stand. 39, 2314 (1977).

345



