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We are now nearing the end of our discussions and it is perhaps a 
fair estimate to say that these discussions have ranged far and wide. 
Before we mount a new horse and ride off in a fresh direction I should 
like to examine the starting point from which all these excursions began. 
This starting point is our common concern to come to grips with com
plicated interacting biological systems, under which term we have sub
sumed a considerable variety of experiences, and in most of which we 
have encountered frustrations in devising permanently effective ways of 
intervening in these systems at a chemical level. If such chemical inter
vention were completely successful, there would be no frustrations—and 
we all would have been otherwise engaged during the past two days. 

Agreeing that we are united in frustration, I should like next to 
examine whether our frustration is complete or partial, and if the latter, 
to see whether we can pinpoint its origins in the general scheme of our 
aspirations. Allow me to begin this examination in the framework of the 
interacting biological system assigned to me, infectious disease. I shall 
assume that there is general agreement that it is better to be well than 
ill or dead, and that this is true also of the plants and animals that enter 
our concern. This is a value judgment, we should remember, but since 
the greater part of society, although not all, is united in this verdict, 
it is not unexpected that this majority next demands: "Do something 
about it." Now, in doing something about infectious disease we are enter
ing the field of action which may be considered as consisting of two 
aspects, the strategic and the tactical.* I submit that it is in the field 
of strategy that our frustrations have their origin and that the strategic 
problem must be clearly analyzed and understood before there is any 
relevance in discussing tactics. 

What are the strategic problems in dealing with infectious disease 

* By strategy, in this connection, is meant the choice of conditions that will be 
best disposed for the achievement of the desired end. By tactics is meant the method
ological details to be employed in the chosen strategic situation. 
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and wherein lie the frustrations of chemical intervention and the at
tempted solution of the problem of action? 

It seems to me that, strategically, there are four main courses of 
action that are open to us. Those with which we are familiar spring from 
the general philosophical outlook which underlies 20th century 
epidemiology, namely, 17th century physics. Let me make this clear. 
Infection is regarded as the biological interaction between (a) a particle, 
the etiological agent, the pathogen, and (b) a host. Now, as the infecting 
particle traverses space on its way to the host it describes a path, or in 
Euclidean terms, a line. If, at any point short of actual contact with 
the host, we are able to intercept this path, infectious disease is averted. 
This is the first strategy, the Strategy of Interception. By this means, by 
intercepting the path of Salmonella typhosa with good plumbing, man 
has brought typhoid fever under control, and similarly, but by a dif
ferent tactic, draining the swamps, he has laid low the malaria parasite 
in its path through the air on the wings of the mosquito. All quarantine 
measures, too, are but another tactically obvious implementation of the 
same strategy, the Strategy of Interception. 

But there are some disease agents that do not move along inter-
ceptible lines. These lines may be too short, as, say, the spread of small
pox by contact, or influenza. Unless we are prepared to give up our 
gregarious habit, and become hermits, we must find a new strategy. 
This is the second strategy, the Strategy of Anticipation. In this we take 
advantage of the biological fact that given an initial experience with a 
pathogen the surviving host exhibits a new phenomenon of refractoriness 
to subsequent attacks. This experience may be conferred by living 
vaccines, as in smallpox, or, vicariously, by appropriate nonliving 
antigenic material, as in some influenza vaccines. This, when it can be 
tactically implemented, is a successful strategy, and if any frustrations 
are generated, they are tactical and not strategic. 

It is when we are faced with infectious disease as fait accompli, 
when the host and pathogen are met and there is no path to intercept, 
and it is too late to grant a prior experience, that a third strategy has 
been devised. This is the Strategy of Direct Assault, direct assault on the 
pathogen in the disease situation. Here is treatment of infectious disease, 
here is chemotherapy, here is the site of our aspirations and our frustra
tions. Now it was not long ago that it was held in some quarters that 
chemotherapy was an impossible dream, that in the disease situation 
the common protoplasmic properties of host and pathogen precluded 
any chemical attack on the latter without serious jeopardy to the former, 
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The success of the sulfa drugs and antibiotics have made it unnecessary 
to dilate on this at any length. But in the fruit of success of this third 
strategy, the Strategy of Direct Assault, there is the worm of frustration. 
In a word, we are here to look at that worm, and the name of that worm 
is—Resistance. Now, in our discussions some have held the view that the 
phenomenon of drug resistance is a tactical problem, that if we can 
understand its chemistry, its enzymatic kinetics, or what not, then we 
will be able to devise new tactics to cope with resistance. Whether this 
tactical realignment is possible remains for the future to decide, but in 
all candor I cannot say that I am very sanguine about the successful 
nature of this decision. My doubt springs from what I regard as the 
strategic nature of our frustration with the problem of drug resistance. 
If the problem is basically strategic, no amount of brillance in our tactics 
can retrieve the situation. It seems to me that the problem is strategic 
and for the following reasons. You will recall that in the philosophical 
development of the strategic approaches to the mastery of infectious 
disease it was pointed out that, in the manner of 17th century physics, 
the infectious agent was viewed as a physicomathematical particle cap
able of movement in time and space. In the devising of several successful 
strategies this has been proved to be an adequate analysis. But in the 
present instance of drug resistance we are confronted with a problem 
which, it seems to me, demands more than 17th century physics for its 
analysis. I think it demands, at least, 19th century biology. Namely, as 
must now be clear to most of us, the infectious particle must be con
sidered as a population, with variation implicit in that population. The 
frustrations of the third strategy, the Strategy of Direct Assault on the 
pathogen, have their roots in the strategic analysis. To engage this prob
lem tactically is to multiply the battles and leave the war unwon. Thus, 
tactically, we can seek to overcome the consequences of variation in the 
pathogen population by combinations of antibiotics, but we thereby 
multiply the toxicity problems, the side-reaction problems, and, in the 
long run, as we seed our world with resistant genotypes, we will face 
fresh variation problems. There is no need here to labor this point, 
as it has been discussed by others from this platform. The point is that, 
strategically, the chemical intervention in infectious disease must come 
to grips with the problem of populational variation. Historically, 
chemistry is not very well oriented to face up to the problems of varia
tion. The chemist is apt to formulate his outlook on a population of 
molecules, at least in terms of what he does with them, as being per 
mole an aggregation of 6.06 Χ 10 2 3 of the species. If he becomes aware 
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of a variant in this atomic population, an isotope, he either (a) ignores 
it, or (b) devises means to obtain it as a homogeneous population so 
that he can once more treat it as a single entity. It is not surprising, 
therefore, that the chemist finds the problems of biological variation 
somewhat annoying and rather untidy. 

And if my biochemist colleagues will permit me to say so, I think 
that, with few exceptions, the main content of biochemistry of the past 
50 years is scarcely better off. Biochemistry has been horizontal in its 
aims. That is to say, most biochemists have been persuaded that their 
legitimate goal is an understanding of those chemical processes that 
underlie the phenomenon of life (usually spelled with a capital letter). 
These processes have been sought in terms of common denominators 
among all living things, and so biochemists have proceeded horizontally 
through such living forms as, for one reason or another, made easier 
the tactical implementation of this aim. That this is a legitimate aim 
I would be the first to admit, but I question whether it is the only 
interesting one. Perhaps the day will come when we will have a vertical 
biochemistry as well, when we inquire what are the chemical bases of, 
not similarities among living things, but differences. Thus, horizontal 
biochemistry has many things to say how saprophyte and pathogen 
function as living things, but there is no vertically oriented biochemistry 
to tell us in what way the pathogen functions differently from the 
saprophyte. 

Let me remind you that our basic concern here is mastery of in
fectious disease, and we are concerned with the phenomenon of drug 
resistance because it is a source of frustration in the implementation of 
one strategic way of dealing with infectious disease. The root of this 
problem lies in the important and inescapable fact of the biological 
world, populational variation. This, the vertical problem of differences, 
is the problem we must lick, and I will assume we want to lick it 
chemically. 

In American political life there is an adage, "If you can't lick 'em, 
join 'em." In a very homely way this sums up what I am now about to 
propose. This proposal, which is really a fourth strategy, is an attempt 
to cope with the problems of variation in infectious disease at the 
strategic level, to make variation work for us and with us in the mastery 
of infectious disease, instead of against us. In all honesty it cannot be 
said that this fourth strategy was devised because, on theoretical 
grounds, we were aware of the limitations of the preceding three. It is 
only by a 20/20 hindsight, which, I understand, is universally distributed, 
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that I am able to put this strategy in this perspective. To be frank, it is 
only because in arriving at this fourth way of coping with infectious 
disease we learned some new things about resistance, host resistance, 
that we came into possession of the password to this symposium and 
find ourselves before you this afternoon. 

What is the fourth strategy, and how did we arrive at it? 
Some years ago we set out to inquire whether it was possible to 

affect the natural resistance of a host to infectious disease by manipulat
ing the diet of the host. By "natural resistance" we mean to refer to those 
differences among potential hosts which, without previous contact with 
the pathogen, result in differences in response when the contact is made.* 
In these differences we have equated "resistance" with survivorship. 
Mouse salmonellosis was chosen as a model, and some of the results of 
these investigations have been published (Schneider, 1949, 1951). The 
most important of these findings, which has a bearing on the subject 
before us today, is that it has become necessary to redefine "natural 
resistance" in operational terms. It is no longer adequate to conceive of 
natural resistance as consisting of forces acting in opposition to the 
invading pathogen. These notions of "barriers" and "defending forces" 
are so obviously anthropocentric that it is a cause for wonder that they 

TABLE 1. The Effect of a Natural (N) and a Synthetic (S) Diet on Survivorship 
following Infection in Nine Different Genetic Circumstances * 
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Host - Genotype 
Inbred, Random-bred Inbred, 
selected, (outbred), selected, 
resistant nonselected susceptible 

Uniformly Ν - Died Ν - Died Ν - Died 
virulent S - Died S - Died S - Died 

Ν - Survived 
Mixed virulent Ν - Survived t Ν - Died 
and avirulent S - Survived Dietary effect 

I 
S - Died 

S - Died 

Uniformly Ν - Survived Ν - Survived Ν - Survived 
avirulent S - Survived S - Survived S - Survived 

* From H. A. Schneider, in "Biological Foundations of Health Education," Columbia Univer
sity Press, New York, 1950. 

* These differences can be interspecific or intraspecific. The present discussion is 
restricted to the latter. 
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have survived as long as they have. Indeed, these attributes of the host, 
which we have labelled as "natural resistance" are not "anti" anything, 
they are "pro"; they are "pro" the grand summit of the world of infec
tion, that symbiotic state in which host and pathogen coexist in a peace
ful silent world. To understand why this is so, permit me to list a 
few facts. 

1. Resistant and susceptible hosts may be arranged by inbreeding 
and selection. 

2. Pathogenic species exhibit variation ranging from virulence to 
avirulence. 

Now let me pose a question. With such an array of variation 
facing us, can we influence host resistance by diet, and, if so, under what 
circumstances? For the answer to this question we can examine Table 1. 

The first point of interest is that the nutritional manipulation of 
natural resistance is demonstrable. [The actual organic resistance factor 
has been concentrated from wheat 1,000,000-fold (Schneider and Zinder, 
1954).] What is pertinent here is that the chemical agent in the diet 
responsible for survivorship exhibits its effects only when the infecting 
pathogen population is genetically heterogeneous, i.e., it has a structure 
of variation. This decisive role of variation in the pathogen population 
is not confined to the environmental (nutritional) manipulation of re
sistance. As Table 1 shows, it is also the seat of natural resistance when 
that attribute is arranged by genetic selection of the host. For when 
inbred, selected, "resistant" hosts are infected with a clone of virulent 
organism, they die. Where is their "resistance"? And, it should be pointed 
out, when "resistance" is achieved, either genetically or nutritionally, 
such surviving hosts can be shown, months later, to be silently enter
taining the pathogen population in their spleens. Host survivorship, 
obviously, has not been achieved by a denial of pathogen survival. 
"Resistance" and coexistence have gone hand in hand. It should now be 
clear that in infectious disease this much-talked-about attribute of 
"natural resistance" must be defined in operational terms. When we con
duct our infection experiments with heterogeneous (virulent-avirulent) 
populations of pathogen there is such a thing as "natural resistance." 
When we conduct our experiments with uniformly virulent pathogen 
populations there is no such thing as "natural resistance." Thus, we can 
see, that variation can be put to work for us. Indeed, without it our 
manipulations are impotent. What we need to learn is the chemical 
nature of those substances in the world of natural foodstuffs that will 
take advantage of this variation and thus arrange for "resistance" in the 
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same way. On this same basis, probably by natural selection, the grind
ing of the evolutionary mill has peopled the earth with species that, in 
the face of infectious disease, still have survival value. 

To manipulate thus the chemical entities of our nutritional environ
ment and thereby arrange for resistance to infectious disease is to imple
ment the fourth strategy, the Strategy of Adjustment. By it we may yet 
learn to grant our pathogens the right of survival and exact in turn a 
freedom from disease. 

We have now mounted our last horse and ridden off in our last 
direction. Before we are carried out of hailing range I would like to 
summarize and relate to our central concern, if I can, the burden of 
what I have had to say. The analysis of the concept of natural resistance 
to infection has made necessary a fresh definition in operational terms. 
Natural resistance is a host attribute that can be manipulated both 
genetically and environmentally, but it is inextricably linked with the 
variational structure of the pathogen population. The nutritional-chem
ical manipulation of natural resistance is a new, a fourth strategy of 
dealing with infectious disease. 

If, in infectious disease, the use of drugs (chemotherapy) is to some 
degree frustrated by the rise of resistance in the treatment situation it 
may be well to ponder (1) the operational roots of this "resistance" and 
(2) whether this frustration is strategic or tactical in its basis. 
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