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CRITICAL EVATUATION Of THE ROLF OF NUIRITION IN
THL PROPHYLAXIS A\ND TREATMENT OI' DISEASE

By Seymour Lionel Halpern
Vew York Wedical C llege Flower Fufth lvenue Hospitol Mew York V1

Whenever sigmficant advances have taken place 1n a phase of science, 1t 1s
mportant periodicallv to assess crtically the degree of accomplishment, to
am P v e 3

may expose previous overenthumiasm, censure unwarrantable pessmism and
clanfy new problems that have been created  Statistically s) mficant con
clusions can be demonstrated after a relatively brief interval with some forms
of chmcal and basic research  Conversely the effects of an evperimental
maneus er may be so subtle, and may not reach a patent maumum for such a
Jengthy period of time as to make hazardous the drawing of any early con
clusions  This situation prevails i nutntion research Premature over
optimism with an unreabstic and improper application of some of the recent
important advances in the field of nutrition and metabohsm has led to some
diecrediting of the findings among many mdiwduals who otherwise are
the most advantagous position to apply them

Since ancient times 1t has been suspected that an individual must have
adequate nutrition to be well It has been recogmized, to a lesser extent, that
the wel' < * ' oo i

s only
steady
food mutntion, and metabolism that a scientific foundation for many emprrical
beliefs has been constructed phy h micro

gists phy
biologsts nutritionsts veteninarians, food technologists and other speuahsts
have contributed to these studies  The vast amount of accumulated data has
fed to much confusion with conflicting opinions and Interpretation of the
data Perhaps nowhere in the realm of biology has there been gathered such
A mass of facts that needs to be correlated and systematized as 1n the field of
nutrition

A considered review of much of the pertinent published data indicates that
no reaconable doubt can be entertamed regarding the catholic role performed
by nutnition 1n the maintenance of a positive state of igh grade health and 1o
the prophylawis and therapy of disease  The nutrients supplied to the tissues
exert powerful direct mfluences not only as structural essentials for synthetic
processes but as regulators of all those biochemical processes that constitute
the sum total of body metabohsm  The ability of a patient to recover from
an dllness mjury or operation 1s closely related to his previous and current
nutnent supply  Rare indeed 1s the patient who cannot be aided by proper
nutntional guidance since nutrition 1s probably the most mportant environ
mental factor affecting health and diease
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and nutntion of the patient  There are so many unknowns in nutrthon and
metabolism that the focal amm of nutrition must be to supply a wholesome
diet to msure an adequate supply of all known and unknown factors Sup
plemental vitamin capsules, for example, are unquestionably an smporfant
tnd essential adjuvant to nutrition therapy, but 1t afw 2ys must be remembered
that they stifl arc enly 1 re enforcement for the diet and not a substitute

New problems hise been created by the mjudicious application of nutntion
therapy  Any mode of treatment,any ' ~ 't ara .
to the body, may act as 1 two edged swc
benefits may be wrought Admniste
may be produced Such 15 the case
harm, several factors should be considered when planning a diet regmen
These are

(1) The relation of nutnents to pharmacological agents The title of this
paper reasonably could be extended to read “evaluatron of the role of nutrition
n the prevention and treatment of disease and in the prevention and treat
ment of the complications of pharmacological therapy *

(2) The reiation of nutrients to both the disease state and the stage of the
isease process The nutrient element that 1s so beneficial 1n one phase of
an illness, can adversely affect, 1n the very s1me dosage, the internal nulieu of
the body n another phase and produce toxic mnifestations and death

(3) The potentiahties for tonicity of the nutrient element per se Nutnents
cannot be admimstered with complete impunity, even to normal persons
Some elements essential for life may, 1n excess, produce sesere tissue damage

(1) The relation of the varous nutrients to each other Ior an optimal
effect, there must be 4 proper balance and proportion ameng nutrients and
all the nutrients uttlized by the tissues must be simultaneously available to
the cell This holds true whether the nutrient be classited as essential be
cause the body cannot manufacture 1it, i which case 1t must be supphed from
eagenous sources, or whether h b el Ve ee
the cell can produce 1t m the
n anabolic processes, more fre., .
essential elements

~ sarad

The Relation of N ulrstion to Pharmicological Agents

The recent wntroduction of numerous new phirmacologic agents has made
the problem of nutritional therapy more complex  As examples of the manner
w wlich pharmacologic agents supenimpose additional dietary requirements

7 se, duretic drugs, antiblotics, hormonat

ed

used 1nclude various oral and parenterst
mercunal compounds, carbonic anhydrase mhibitors (Diamov), and 10n ex
change resms  They erther decrease sodum retention by the Ridney with
increased excretion of sodwm in the urine (mercury, Diamox) or they may
prevent intestinal absorption (10n exchange resins) and thus increase fecal
Josses of sodium  Sodium chlonde must be carefully adjusted n the et
Most patients requining diutetics % 1l benefit by a sodum restricted diet A
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possible ¢ es of severe hypop 2 nse 1n blood pH, 2 proten
catabolic response with negative mtrogen balance and possible tissue wasting
and d gl with the devel of hyperglycemia and

g
glycosurta  The incidence of these deletersous <ide effects 15 related to dosage,
to treatment of the disease process, to previous nutnitional status, and to
current nutntional intake  Dietary regulation has minimized the consequences
of these side effects Weight gain and edema are decreased by restncting
sodium intake Hypopotassemia 1s overcome by encouraging the wtake of
frmt juices and other foods high 1n potassium and possibly by potassium
supplements ~ The deleterous effects of negative mitrogen balance are counter
acted by a high protein diet  Adjusting the percentage of carbohydrate and
the total caloric intake may control hyperglycemia if 1t appears

A new synthetic dervative of cortisone, predmisone (metacortandracin,
meticorten), though three to five times more effective as an ant: inflammatory
agent than cortisone or hydrocortisone, has only a shight effect on the serum
electrolytes The need for sodium restriction and potassium supplementation
15 therefore not required to the same degree as with the other corticosteroids
Prelummnary studies have indicated that the protein catabolic response i
equally great and that negative mtrogen balance may be even more marhed
with prednisone than with the other compounds Adequate protemn Intzhe
must be assured with all corticosterords to prevent the deleterious consequences
of protemn disequilibrium

Isomazid Pyndosne adnunistration prevents the toxic effects of ssomazid
which 1s used routinely at present in the treatment of tuberculosis  Isonazid
adversely effects pyridotine metabolism, as 1t forms a conjugate with the
vitamen resulting in ats wnactivation and excretion Pyndoune deficiency
with neuritis develops  If large doses of pynidoxine are given with isoniazd,
1o neuntic symptoms occur Once neuntis has developed, however, it 15
necessary to discontinue the 1somazid 1n order to produce a remssion

Relation of Dietary Requirements to Disease Stage

Each disease affects the requirements for nutrients to a different estent
In many illnesses, the stage of the disease also has a profound mfluence on
dietary requirements

As examples of the varying requirements of different diseases, ulcerative
colitis, diabetes and congestive heart failure will be bnefly discussed In
wlcerative colinrs, tremendous amounts of all nutments are lost through the
colon, thus causing a severe metabolic disturbance Flurd electrolytes,
vitamns, and other nutrients are dissipated The problem of nutrition is
rendered more difficult because food may not be retamed in the intestrnal
tract for a sufficient length of time to permit its absorption  There 15 usually
an assoclated anorexia, and bland, low residue diets have to be continued for
lonz periods of time  In these patients, many serious comphc‘anons can be

needed 1f there 15 a severe anemia  Pellagrous tongues are not intrequent
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because of poor absorption of vitamms  Parenteral vitamun therapy may be
mdicated

In diabetes, total calonies are regulated upward or downward to achieve a
normal weight The total amount of carbohydrate 1s regulated, as well as
1ts distribution during the daty, 1n order to prevent postprandial hyperglycema
The diet 15 coordinated with the type and amount of nsulin admunistered
In decompensated diabetes, there s a negative mtrogen balance and flmd,
electrolyte, and vitamm losses  Fluids sodium chlorde nsulin, and, at times,
potassium wilf be required to restore compensation  Iigh protein and high
witamun diets should be continued for some time foltowing acute episodes to
replace the depletions

Many researchers believe that a large number of the signs and symptoms of
congesisve heart farlure, whatever the underlying pathology, are due to the
fatlure of the Judney s 1o excrete sodum m normal amounts  In order to over
come the deleterious affects of this sodium retention, 1t 1s necessary to place
these patients on a sodm-restricted diet  Though there may be a somewhat
restricted choice of foods, and flavoring must be accomplished without salt, it
1s rarely necessary to deviate greatly from the normal dietary pattern  The
nutntional deficiencies seen m patrents with heart fatlure who are at home,
amse rather frequently because the patient has not been told what feods he

apeutic diet  The importance of a high protemn diet 1 the therapy of fier
disease 15 now unnersally accepted Many clinical studies have confirmed
the beneficial achievements from this therapy  Expenimental Iner disease 15
more readly mduced when the diet 1y deficient 1n protems  Liver disease 1s
associated with several abnormalities 1n protein metabolism  Some patients
with chrontc liver disease are sensitive to high protein diets  If such diets
are used indiscnmunately, hepatic coma may be imuated In the presence
of hepatic coma, protemn Testriction must be practiced  An attempt to force
2 high protemn diet may proyohe a premature fatahty among such patients
Fat 13 not so harmful 1n hiver disease as 1t was once believed to be  Adequate
calorie, protemn, sitarn, and mmeral nutntion 1s much easier to achieve 1t
some fat 1s allowed

Sumular problems are present 1n treating kidney disease  Dunng the stage
of massive proteinuna, protein mtahe may have to be doubled  On the con
trary, mn the presence of renal failure with uremia, the protein intakes should
be reduced to the basic mummum  In renal disease with edema, sodwm
Festriction 1s necessary  If a * sodium fosing 7 nephrsus ts present, high sodmm
tntakes are to be cncouraged  VWhen the hidney 1s losing potassium, potassium
teplacement 1s necessary to present further hidney damage from hy popotas
semu - Conversely, 1n azotenua from acute 1nuna or chrome renal damage,
hyperpotassemia may be the problem

It may be appropriate at this time to note the influence excrted by the caloric
content of the diet on the requirements of many vitamins, especially those of
the B comples  The requirements for some of these vitamins are mimmal
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when caloric mtake 15 greatly restnicted It 3s rare to see manest vitammn
deficiency disease 1n total starvation During refeeding after a period of
starvation overt vitimn deficiencies have been precipitated when the vitamm
allowances were not increased sulliciently to meet the increased metabolec
demands of the high caloric schedule

Tovicity of \utrient Liements

Certam nutrients 1n excess can be toxic  Continuous vitamin A admimstra
tion n high levels muy produce multiple severe tovic symptoms especially
mfants  In hyperistamunosis 1, there 1s an elevated concentratton of vitamin
\ and alkhaline phosphatase in the serum X rays of the long bones show a
charactenstic shell hke bony hyperostosis  An evcess of vitammn A, as well
as an absence of vitamin A 1n the feedings of pregnant rats will result 1 con
genital anomalies 1n the offspring It 1s seen thus that deficiency or excess of
the same substance <ause major chnictl and experimental abnormalities

A prolonged greatly excessive mtake of vitamun I will produce toncity
In hyperitaminosts D anorexia hausea, vomiting diarrhea, weahness, head
ache drowsiness, dnd weight loss may occur  Such genitourinary sy mptoms as
polyuria noctuna and dysuna associated with metastatic renal calctfication
may characterize the syndrome X rays also may reveal calafication of vas
cular organs and the prostate I aboratory studies show an elevated serum
calcium concentration, proteinuria elevated blood urea mitrogen and other
evidences of impaired renal function

Both vitamin A and vitarmm D towuicity syndromes are reversible, and they
are cured by eliminating the supplementary \itamin

Another potential danger of prolonged excessive intakes of a nutnent supple
ment lies 1n the possibility that the cells may accommodate themselves to the
nutnient and then require the large amounts for normal function This
pt has been d dly n and 15 a
basis of bactenal resistance to antibiotics  Cases of a typical pyndoxine
deficiency syndrome 1n infants preaipitated by withdrawing large amounts of
supplemental pyndosine have been reported recently Restonng the large
doses of the vitamin alleviated the symptoms It was then necessary to wean
the infants aw1y from these excessne supplements

Obesity also may be classified as an example of the deleterious results of
overnutrition  In calone insufficiency, functional impaiments of the organs
develop, the normal course of metabolic processes are interfered with, and the
body 1n general deteriorates Anatomical changes will occur 1 most tissues
)f the deficiency of cafories 15 severe and profonged  Resistance to mifection
1s markedly lowered and healing proceeds with difficulty  Simutarly,, functional
and anatomical disturbances also are mduced by a caloric overabundance
Obese indniduals are more prone to develop degenerative cirdiovascular
diseases osteoarthntis diabetes, and other metabolic disorders  They often
handle 1nfections less well, have 1 lower endurance, and 1re greater opera-
tive nishs than people of normal weight  Obesity freguently results from the
n of naked calonies 1 ¢ foods desoid of other dietary essentials  Itas

ngestio!
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forp , sulfur, and phosphorus are Jaid down with mtrogen
mn the formation of tissue protoplasm  The effectiveness of a high protem
diet may be decreased by an insufficiency of nuneral substances
Normal proten metabolism also requires iberal quantities of vitamins,
especially those of the B complex and ascorbic acid  The vitamins act as
biocatalysts in both synthetic and oudative reactions  Riboflavin s retamned
with protemn, while negative mitrogen balance 1s accompanied by a negative
tboflavin balance  The poor wound healing and decreased rate of growth i
experimenta) anboflavinos:s actually may be reflections of the injurious effect
of nboflavin deficiency on proteir metabohsm The essential ammo and

amino acd decarbovylases and 1s mnvolved in protoporphy rin, antibody, and
other protem synthetic processes Pantothemic acid 15 a component of co
enzymes A, which 15 mvolved n the acetylation processes of intermediary
protemn metabolsm  Vitamuin By has a specific role in nucleic acd and
porphy iin synthesis, and will increase the utihzation of marginal quality pro
tems Cyanocobalamin and choline both function in the methylation process
and spare the essential ammno acid methiomne  Ascorbic acid 15 related to
the metabohsm of the amino acids tyrostne and phenylalamine  The hepatic
storage of complexes containing folic acid, nboflavin, niacin, biotin, and pan-
tothemc acid parallels the level of dietary protemn  Lastly, there 1s evidence
that both ascorbic acid and pantothenic acid may indirectly miluence proten
metabolism through their effect on the adrenal cortex and thexr relationship
to the secretion of adrenal cortical hormones

In summary, 1t 1s apparent that protein metabolism 13 influenced by the
total composition of the diet Virtually every element of nutrition has a
tole 1n assuning protemn equilibriums that are favorable for the prophylawis
and treatment of disease  The simultaneous presence of a sufficient amount
of complete quality protems, of carbohydrates, fats, and total calores, of
minerals and of vitamins 1s needed if every phase of the metabolism of each
indwvidual dietary component 1s to proceed compatibly toward mavimum
health

Problems gf Vtlamin Therapy

Even when all those worhing in the field of chintcal nutnition have agreed
that a vitamin supplement 1s indcated for a spectfic situation, these has been
great difficulty 1n deternining the quahtative and quantitative composition
of the prepacations Some clenfication 15 now possible concetning this problem

of vitamin therapy L. ., s 4
. ‘- o 1= -cored The

fruits or

he use of

1itamin K 1n termnal pregnancy or i the new born intant, vitamin A 1n treat-
ing nyctalopia or follicular hyperkeratosis, and vitamin Byy in permcious
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anemia  There are numerous interrelationships between the vitamins  One
vitamin may promote the conversion of another vitarmn nto 1ts actine form
or it may protect other vitamins from oudative destruction  The metabolism
of a specific vitamun 1s often greatly influenced by the adequacy of others
the diet  Several vitamuns often catalyze the same metabohic reactions
Successful dietary management requires that the presence of all vitamins be
assure

There 15 a close assocation of many of the vitamms 1n natural foods In
general, when a diet 15 deficient m one element, 1t will be found wanting i
others Tt behooves the physician to prescnbe a multiple vitamin preparation
whether vmmms are admumstered for prophylaxis or for therapy Many
vmmm are lacking 1n pnntothemc acud,

' 1 o

H LY

e . L L 1
of other vnmmms and all play 2 cogent role in cemm speCIaIxZed tissue func
tions such as hematopmcsns antibody synthests, and corticosteroid hormone
secretson It would seem logical that those chemicals, which are present 1n
virtually all body tissues and are volved i a vast number of critical bio
chemcal reactions, should be incorporated whenever suypplemental vitamins
are indicated, even though a recommended dady allosance for them has not
been ascertamned While we await further increments of our knowledge
concerning those recently charactenized vitamins, it probably 1s best, at the
present time, to follow the tentative recommendations of the Commuttee on
Therapeutic Nutmmn of the National Research Council, Washington, D C,

the and composition of vitamin prepara

tions  Because of the dufficulty in ascertaining the essentiality and quantitative
needs of vitamun substances, supplements must never be a substitute for 2
wholesome diet with 1ts content of known and perhaps as yet unknown factors

Tatrogentc maluntrstion mduced 1 & patent by a poorly concerved thera
peutic diet has been observed with an alarmimng frequency  So called thera
Peutic diets at tunes contain madequate amounts of individual nutnents even
for the normal body and, in addition, they frequently neglect the superimposed
demands of the disease process  Iatrogenic malnutrition thus can be classified
2s a combination of pnimary and secondary malnutnition

Therapeutic diets formulated especially for the treatment of particular
signs or symptems of a disease are most often lacking in total nutnitional
adequacy  The most frequently wnadequate nutrient 15 proten  The de
mands for proten commonly are not met 1n patients with ulcerative cohtis
and other diarrheal diseases, 1n diets for peptic ulcer, especially during evacerba
fions, 1n kidney discases assocnated with massne protemnuria, and 1o diets for
archosis and hepatttis  Diets for peptic wlcer usually are unduly low i
calories and mrkedly deficient 1 ascorbic acd  In general, soft, hguid, and
blrnd diets and postoperative reimens are apt to be nulnllonally madequate
In \itamuns, proteins, and calones  Minute attention should be paid to special
duets, for tissue nutritiona! depletion 18 readily presented but often duficult
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choosing foods Education of the publc, ponting out clearly what foods
should be eaten and emphastzing the essential tole of nutrition 1 the pro-
phylaxis and therapy of disease, 15 necessary to increase the percentage of welf
nounished individuals 1n the population and thus to mawntamn our nation 1
maximum productivity

Summary and conclusions

The nutnent supply to the body unquestionably exerts direct and powerful
upon all the biochemical processes that constitute the sum total of
body metaboltsm AN research confirms that nutntion and health are i
separable  Overnutrtion undernutnition, or an wmproper balance of the ny
tnent elements of the diet all have a detrimental effect  Strong mterrelations
exst betneen dietary essentials  The simultaneous presence of all nutnents
13 required for maximum tissue growth and synthesis
Nutritional therapy 1s frequently of primary importance in the treatment of

may be acclerated or retarded as a result of the diet pattern  Nutntional ther
apy, whether by diet alone or 1n conjunction with special pharmacologieal sup-
plements must be correlated with other specific and nonspecific therapy of the
iliness  The phase of the disease and the nature of specific tissue and organ
pathology must be delineated 1n order that the potentiahties and limitations of

therapeutic nutntion may be { Modern tech p di and
preparations require responsible application
Most ] should be and mod

of the normal ~ Some new diets purported to prevent certain chromc illnesses
T

P

of our scientific discoveries  Extenstve research is still necessary i e beius
of nutnition and metabohism if the full potentialities of hifelong nutntional guid
ance are to be achieved  The proper utilization of knowledge already gained
requires perspicacity, good judgment climcal acumen, and a thorough under
standing of the prinaiples of nutntion

Discussion of the Paper

PrOrESSOR TRANCISCO GRANDE (Umirersity of Saragosse Medical School
Saragossa, Spars) Tt wall be dufficult for me to discuss at length the paper by
Doctor Halpern because 1t has touched on so many problems  This paper has
given us such a clear idea of the present situation of nutntion that 1 do not
think 1t 1s worth spending your tume 1 discussing 1ts general outlook, with
which T am completely 1n agreement I behieve howeser, that it may be
worthwhile to take a fen points in particular and to try and view them from a
somenhat different angle especally on the basis of my own personal ex
perience
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I am more 1witerested 1n the public health point of view than in the clinical
treatment of ciseases I think we can discuss some of the problems of nutrition
diseases from the point of view of prophylaxis  If we hnow the role of an agent
1 the production of disease we are 1n a very good position for taking prophy
flactic measures against the parttcular discase  In the case of nutntional dis
eases we can do very much rowadays in the matter of prophylaus I believe
that an analysis of our potentialitics m relation to the prophy laxs of nutritional
diseases 15 worth considering

Ve can classify diseases that we usually call nutritional-—that 15 produced
by changes of dietary ongin—mnto four groups We have first of all a group
of diseases which are produced by dietary deficit by lack of nutrients  Wemay
call them deficiency diseases or diseases of malnutntion if you hke

We have a second group which will be produced by disturbances i the normal
proportion of the different nutrients that 1s 1mbalances

Other kinds of nutritional diseases can be produced by overfeeding by ex
cess of total amount of food or of some of the elements in the food Ve can
call those diseases of overfeeding

Fnally we have another group of diseases which we may call tosic ones re
sulting from the fact that foodstuffs may be toxic or may contain some tovic
substances  So we call these effects toxic effects and we may d scuss this prob-
lem a little more fully later

Regarding the deficiency diseases I believe vou will all agree that our situ
ation today 15 quite satisfactory  Our theoretical hnowledge suffices I beheve
to eradicate most of the deficiency diseases if we have the economic and opera
tional means to do so  In other words we hnow enough to prevent scurvy
toprevent herber:  If we are not able to do that 1t does not depend upon fack
of knowledge but upan the pure operational ot economic difliculties  There
fore T think, that our pomnt of view as to the prophylaws of deficiency diseases
13 completely sound and needs no more discussion

The same may be true in the case of the imbalances those diseases—pellagra
for instance~—which are produced by alteration 1n the normal composition of the
diet  We hnow enoagh about the alterations of the diet that produce these
diseases and therefore 1f we have the material means of changing or avoiding
these alterations we can avoid the disease

The problem of overfeeding 1s now attracting great mnterest in the world 1n
some countnes at least The problem of nutntion m the world at large 1s a
problem of underfced ng  The great majonty of the human race is of course
urderfed  But there are countres in the worli—the United States of course
1s 2 case—in which overfeeding may be a problem and we begn to realize now
that overfeeding can also be a medical problem and that a decrease of the
amount of food that we are using may be important in the prevention of some
types of diseases  You know as Doctor Halpern mentioned that our group
Minneapolis 1s 1nterested 1 this problem and 1 the relationship between the
blood cholesterol and the diet  The relation between blood cholesterol and the
incidence of coronary scleros s has heen demonstrated At least Doctor Reyes
hs collected a lot of evidence 1n this direction | am not 1 a position to dis
cuss the question of whether high cholesterol 1s the cause of arteriosclerosis T
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hnow that an increase of fat in the diet produces change 1n the blood cholesterol
This 15 more important than the cholesterol content of the diet, as Doctor
Halpern himself has already observed

Of course the obvious prophylavws of this type of disease—if 1t 15 shown that
the high fat content of the diet produces high blood cholesterol and that high
blood cholesterol produces arteriosclerosis—will be to decrease the amount of
fat m the diet  So the theoretical basis s clear, provided we supply the clear
cut evidence

My main nterest will be to discuss the so-called tovic effect of diet, because
I beheve that insufficient attention has been paid to this problem I think we
may distingwsh three hinds of toxic foods  Tirst, toxicaty may result from con
tamimnation and this 1s a problem of samitation, which I am not going to discuss
The second type of toxins are those already evisting in the foodstuffs  These
we may call the natural toxins ~ Finally, there are the toxins produced in the
foods by handling by the processing of foods during industrai and technolo,ical
manewvers  These touns are not produced naturally

Of the natural toxins, we have a very nice, interesting example 1n the disease
which you know aslathynsm  T'or many years it has been known that the con
sumption 1 gre1t amount of this leguminous seed, Lathyrus cicera, produces a
charactenstic difficulty of the nenous system called Jathyrsm, which »s n
short a spastic paralysis, from degeneration of the tract It has been 1mpos

sweet pea whose flower you know—which produce 1n rats 1 very typical picture
This picture, howerer, 15 a bone disease, with changes in the phosphatase of
blood It hasnothing to do with the human picture of lathyrism  Therefore
you have two secds used as food that contain tovic substances producing very
characteristic but different clintcal pictures i man and 1 ammals It may be
that foodstufls contain many other substances which are able to produce tovic
effects in the human body  If, m the future, our hnowledge progresses 1n this
direction there 1s no reason why other substances that we are using today as
foods may not akho be found to contain similar things that may be the cause of
some of the discases for which we have no evplanation today

Of course, the prophylatis of this type of disease 1s very simple if we fnow
exactly the relationship between the particular foodstuff wnd the diseise  In

the case of l1thynsm 1t has been enough m my own experience n S;mnI to
camt e TH mat Fatlat

not related somehow to the ewustence of tovic substances 1n the naturat loou

stuffs
The next problem that I should hike to discuss in connection with the toxic
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effects of foodstufls 15 that of toxins produced by handling by the processing of
foods  Youall are famihar, Iam sure with the effects of the bleaching of flour
You know that certain chemical changes occurring during processing produce
i the dog a condition characterized by running, fits I wonder whether by
similar chemical action on natural foodstuffs we are not also producing changes
m other nutrients which may eventually lead to novious effects i the human
body
We are concerned here chiefly with the problem of the relationship between
nutrition and mfection  To put 1t better nutritionis important n the prophy
laus not only of the poorly named nutnitional diseases but also of other hinds
of disease  Doctor Halpern has made clear the point that everything happen
ing 1n the body 1s dependent upon the nutntional sitnation of the body  There
fore 11 15 not necessary for me to go into more detail to convince you that nu
trtion 15 mmportant for everythng including mfection  Unfortunately we
don t hnow much about the relationship about the mechanism of the relation
ship between infection and nutnition  In fact all our observations suill lack
scientific evidence
1 recall that during the Spamish Crvil War I was very mterested in trying to
find out the relationship between for mstance the increase of certain forms of
clim al tuberculosis or the increase i cases of malaria and the nutritional situ
ation of the population I collected much mformation but when I sat down
and tried to put it into figures and to make a statistical analysis of the results
I always found that my information was not sufficient to make such an ap-
praisal of the relation ~ That 15 what 15 happening, with much of our present
knowledge in this regard
1f you take one of the classical books on nutrition the book by Doctor Jol
Uiffe for instance you can find in two different chapters—the chapter by Doctor
Reyes and the chapter by the late Doctor Tisdall—two different opiniens as to
the relationship betw cen the diet and the problem of mfection Therefore
bel eve that 1t 1s one of the fields m which our knowledge bas to be expanded
We need to look for the basic facts about the relationship between the two
processes of nfection and nutrition
It has been claimed that the infection or rather the response of the human
body to infection 1s a problem of protemn nutriton  After all the formation
of antibodies 15 protein synthesis and 1t forms a part of protemn metabolism
‘The problem 1s not so simple as that Y ou may have changes i one direction
in the formation of antibodies and changes 1 another direction in the behavior
of that particulardisease 1n the climcal development of the disease  Therefore
Tlelieve 1t 1 fair to say that we still need a lot of basic work in this held of the
relationship between the nfection and the nutntional situation of the host
But there are still ot} er problems 1n connection with mfectious disenses that I
suppose must also be mvestigated an § that T am sure will give important in
formation for the future
\ few monthsago Doctor DuBas of the Institute was m Mmneapolis dis
cussing the present stuation of infectious diserses  He gave what I thou, ht
‘as 2 wonderful 1 1dress  He pointed out a series of facts that for me were
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certamly nteresting  He pointed out that with the use of antibiotics we nearly
have won what we may call the war against bactera ~ We have put a lethal end
tonfection  We have not prevented infection  Besides, we are mainly i the
hght with bacteria ~ We have saprophytes Ining i our body ~ Some are doing
things which are useful for us  Some may also be producing substances of the
nature of those towins which may be harmful to our body and may also be mter
fering with the host’s nutritional processes

The same thing happens with so called latent nfection It 15 difficult to
explain why, at one moment, a man who has been carrying some Jatent infection
without consequence suddenly deyvelops the clinical symptoms of the disease
Ts that related to some change m the chemical processes in the body? Is it
related to some change 1n the nutritional situation of the mn? I beleve this
cold war against the bacteria ss stll to be won and that a lot of progress will take
place 1f we know better which of the effects of these latent infections are an effect
of the saprophytes on the nutntional processes of the body  Therefore, our
problem 1n deahing with the relationship between nfection and nutntion 1s two
fold On the one hand, we must start to study the actual process of infection
On the other hand, we have to pay attention to the fact that infection 1s not the
only thing that bacteria and other germs cause in the body, but that there may
be 1mportant effects other than just the classical well known effects of infection
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Tor the past 14 years the Biochemical Research Laboratory of the Ilgin
State Hospital working under the sponsorship of the Food and Nutrition Board
of the National Research Council Washngton 1) C has been engaged i

of the of man n an effort to obtamn basic
information that could be related to physical and mental health  In these in
vestigations 10 to 15 subjects were mamta ned for approvimately 2 years on
spcmal]y conlml\ed dietary regmens partilly depleted w a single nutrient
- —an ale s cen an o~ fheeama cantp Med
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on infection and on other stresses as during, the course of each experiment there
were the usual number of disorders and [ that
nught normally be expected in 30 subjects over a 2 year pertod  Attempis to
evaluate the course of ntercurrent infections and of one epidemic of a gastro
intestinal disorder that required the use of sulfasuxidime gave data which were
meonclusive  Since 1t 1s not possible to relate the course of most mfections with
agnen nutnitional state the quantitation of an infectious state 1s defficult  In
the absence of specific data obtained from experiments specially designed for
the study of infection this presentation may be a bit more philosophical than
most  After 25 years of rather mtensive personal apphication attempting to
obtam a better understanding of the science of nutrition howeser perhaps
you will formve me of I present an nterpretrve paper

Afew yearsago! ?asa consequence of observations made during our studies
of riboflavin deficiencies m man we proposed the somewhat oversmplified
theory that some lesions of nutritional deticiency that e see 1n the adult are a
consequence of the retardation of normal tissue replacement and repair or
other words the retardation of local growth  This generalization 15 based not
only on the well Lnown inhitation of the growth phenomena n young ammals
on suboptimum daets but also on the realization which has been fortied by
recent studies with 1sotopes on the turnover of tissue components that the for
mation of new tissue components 1s almost as rapid 1n adult hfe as n the very
young  This simple statement was offered as a substitute for more comy lex
exj lanations for the les ons of certain vitamn def ciencies  Though the term
growth 15 usually resersed for changes that we can see or weigh 1t 1s not incon
sistent to consider the replacement of worn-out metabohc svstems or of tissues
damaged by the stresses of one s emv ironment or actinity as pact of the general
! cnomenon of growth  Both involve the same fundamental process the for
mation of new cells

Thawork wa supported nra U by grasts from the Nat oaal \ tam nFoundatan In  Nrw Vot \ %
15
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If one thinks of infection as a type of environmental stress i which tissues
may be destroyed by the ravages of an mfectious agent or agawnst which spe
citic defenses such as antibodies and leucocy tes must be manufactured 1t 1s not
difficult to understand why the common nutnilites have been g en so much at
tention in research on infection  Unfortunately the general value of the thesis
that good health and good nutntion are synonymous has led some to reach for
nterpretations of experimental data that may not be justiied and as a conse
quence the critics of vitamin prophylavs and realimentatton have had some
spectfic things to enticize  Though mullions are spent with considerable fan
fare in an effort to prevent the rare but more spectacular diseises attempts to
achieve 2 sane level of nutritional prophylaxis have been given the well known
jrundiced eye  The blame for this apparent discrepancy m public health edu
cation may be an indirect consequence of the activities of a munority who have
oversold the vitamuns for selfish reasons but all too often the m sguided judg
ment of simcere men has also led us astray

Perhaps the most significant error made in nutnitional research 1s 1n the use
of 1n experimental plan t which one studies the effects of the total withdrawal
of a nutr lite from the diet of a fast growing ammal without giving simultan
eous attention 10 the effects of partial withdranal By defimtion a nutnlite
1s a compound that the body cannot synthesize and 1s essential for the mamn
tenance of the wtegnty of the living cell The complete withdrawal of this
compound produces a hind of total deficiency and debility due to a combina
tion of many prtmary and <econdary effects that are not noted when the nutnite
tn question 1s given to the animal 1n normal amounts

Although many important scientific leads have come from total withdrawal
expeniments and though many 1m estigators must be conscious of the need for
grading the sevenity of a depletion study this technique of setting up a strin
man to be knocked down with ease has now jumped the borders of pure nutr

* B v

for reproduction

tory evperiments so that we can advance more ouichly our knowledge of the

pair fed hitter mate unless the intermedinte levels of the deficiency 1n question
are included in the experrment

One of the complications of controlled research on the course of human d sease
that may be pertinent to the subject of this monograph 1s the effect of bed rest
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on the vitamin depleted patient It 18 now generally recognized that a patient
mmobihzed 1n bed for a period of time tends to go mto negative mitrogen hal
ance? ¢ * This s apparently true even though no acute wnfection or feser 1s
jresent anlwhen bed rest 1s prolonged the muscle atrophy which takes place
becomes obvious  The stoking cure of the early stages of pellagra when a
patent 15 placed 1n bed without supplementary therapy has been noted fre
quently and, m the hght of our present knowledge of the curative effects of
tryptophan this 1s no longer the surprise 1t might have heen  What better
source of tryptophan and niacin than one s own flesh?

Of some nterest in this regard (s the effects of bed rest on volunteers mith
expenimental thiamine deficiency  About 10 years ago ¢ duringstudies on thy
amme requirements of man 3 out of 11 subjects were confined to bed for ex
tended periods as a precautionary measure following the appearance of neuro
togical signs of thiamune deficiency  In these subjects the lactic and pyruvic
aad blood levels (determined 1n blood taken one hour after oral ingestion of 18
gm of glucose per kg body weight) decreased markedly despite the fact that
they continued to obtain the experimental diet that provided only 02 mg of
thamine per day At that time we were at a loss to explain the mechanism of
the improvement but the present knowledge of tissue catabolism during bed
rest offers an acceptable theory to resolve the problem  Before the components
of rauscle tissue can be excreted by the hidneys they must appear in the blood
stream  Thisistrue whether the bed rest follows partial nutritional deficiency
Or surgery or traumatic experiences such as fever fractures orburns  One may
not yet be prepared to state dogmatically that this catabolic process 1s based on
the need for 1ts valuable functional effects but 1t 15 reasonable to conclude that
the s itamins and other nutnlites so presented to the arculatory system may be
as useful as long as the severe catabolic process continues as any synthetic
rustere of similat composition injected mto the blood siream at that uime
The part of this stress phenomenon of importance to this discussion hies m the
recogmtion that the orgamism n good nutntional state has the reserve to meet
the of this protective mechamsm satisfactorl,

What abeut the subject 1n poor nutntional state? Cuthbertson” has shown
that rats in poor nutritional condition do not demonstrate this protein cata
bolic frocess and there 15 one report® of a patient 1n poor nutritional state with
long stand ng rheumatoid arthntis who after multiple fractures fatled to show
any increase whatever 1n his protein catabohsm  Deiing whether the ex
‘hausted adrenacortical mechanism 1s primary or secondary to the depleted state
of the nutritional resen es 1s 100 remimscent of the chicken and-egg nddle so
we shall omut further comment an this question

Observations of expenmental nboflavin deficiencies in man have presented
us with pecuhar of portunities to evaluate 4 possible relationship between
environmental trauma and the type of leston obtained m anbofivuinosis
Certamn areas of the body such as the shin at the oral angles are subject to

much wear 1n 1 tear and subsequent daner of secondary infection ¥ Issuring
at the oral angles representin,, mild cases of angular stomatitis are not uncom
mon even in individuals in a good nutritne state  Dunng the first Flgin study
on nbailavin dehciency  a hugh percentage of such lesions were noted 1o both the
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depleted and the nboflavin supplemented groups  The lesions however were
relatively mild and transitory n the 24 subjects who recened nboflavin
whereas 3 of the 15 subjects in the depleted group showed marked exacerbation
of the oral lesions that could not be healed by topical therapy until after ribo
flavin was provided *

In a more recent study 3 a special attempt was made to evaluate the occur
rence of these oral lesions  In 6 out of 8§ subjects on a diet that provided only
05 mg of nboflavin per day there were 16 mstances of angular stomatitis
Eight of these lesions with an average duration of about 4 weeks disappeared
spontaneously before riboflavin 1 1on  The 8 les ons
were much more severe and required niboflavin supplementation to effect ] eal
mg  In 23 other subjects who were recerving 2 3 mg of niboflavin per day and
were bemng obseryed simultaneously 7 fissures were scen 1n 4 subjects  These
were considerably less severe than those observed in the mboflavin depleted
subjects and they lasted an average of three and one half weeks

To 1illustrate the course of these facial lesions and their possible relationship
to nfection the following example 1s given

A 30-year old white man developed a small herpes simplex lesion n the left

- epletion

the le

ing the

buccal mucous membrane  No therapy was applhied  Six weeks later a sim:
lar leston appeared at the nght oral angle without any preceding herpes infec
tion Treatment with zinc oude ontment and later with camphor lintment
was then instituted  The newer lesion the one on the nght oral angle healed
1n about three weeks and did not recur  The one on the left side continued
a fluctuating state of exacerbation and remission for several months Two
months after the first appearance of the angular stomatitis the subject con

.

two montbs later a fissure formed at the left nasolabual lobe  As the lesions
had been present for about four months supplementation with 6 mg of rnibo
flavin per d1y was mstituted and the repair of the chronic facial lesions was
quite definite and completed within one month  Iresh herpetic vesicles ap-
peared subsequently on two occastons but there was no recurrence of severe
lesions while the patient recewved riboflavin

Some years 1go Riddle Spies, and Hudson® showed that Staphylococcus
anreus and Streptococcus hemolyticus could be 1solated from lesions of angular
stomatitis  This 1s not surprising as the open wound presents an excellent
medium for bacterial growth

In our experience the most charactenstic sign of niboflavin deficiency in man
has been the appearance of scrotal lesions and the only reasonable guess we can
adhance to explain this strange specificity 15 that this area 1s more subject {0
secondary infectious trauma  Stannus,”® ™ mn 1912, was the first to record that
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Feorts Demanst 2 eareso ery of the same scrotum shown n 7 weRE 2 se en days after sub e ¢ AS was
supslemesiedw bome of r botla nper day

the rugae may be an area where friction presents more local wear and tear than
isordinanly surmmsed  Scrotal erythema Like angular stomatitis 15 not neces
sanly a mamifestation of anboflavinos:s  If however as a consequence of local
trauma, one obtains an infection or an mnsult to the tissue that must be repaired
then the phenomenon of growth must come mnto play and a demand for nibo
flavin for new tissue 1s made  \When the subject 1s depleted he can no longer
1oh Peter to p1y Paul 1 ¢ bring in nboflavin from some other part of the body
The ervthema therefore becomes a dermatitis the dermatitis becomes a more
severe lesion and so forth

Tnaidentally st may be proper to mention that there has been considerable
confusion 1n our tettbooks regarding what 1 or 1s not anboflavinosis  Indeed,
the very eustence of anboflavinosis has been doubted The reason for this
confusion ts simple to explain It can be dogmatically stated that no mvesty
gator who has ever observed a group of adults on a daily intake of less than 0.6
mg of nbotlavin for more than five months has fatled to see the signs of anbo-
flavindsis which have Feen described by Sebrell and tis co workers™  Con
versely those who have sought to produce this syvndrome in adults i ess time
or have fed a darly level of int1ke of more than 08 mg per day for over a year
have imvaniably fadled to see any artboflavinosis '* ¥ This dloes not imply that

Bmy per day s adequate or that much nbofl1y1n could be stored for a future
emer.er ¢y on this intake but 1t does show that we may subsist for some time
Without obs sous patholoyy at this level provided there are no major wnsults to
the physical integnity of the mdividual m the meantime
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1f we extend our discussion of “resery e,” or nutritional prophylaxis, to include
ton of aged duals, we get into another nutntional dimension

that 15 not too well understood ~ About 2 decade ago, 1t was the popular Lelef
that the aged required more protein and vitamins than the young  This noton
developed as a consequence of finding a lugher incidence of nutritional disorders
m old people  In order to check this notion an extensive collaborative study
was maugurated at the Elgin State Hospital by the I'ood and Nutnition board
of the National Research Council ¢ ¥  Among the general conclusions drawn
from this research was the conviction that the similanities between the nutn
tional needs of the young and the old were greater than the differences, and that

not simplify the problem very much  Iora varety of social and physiological
reasons, the quest for food may become a less satisfymg expenience with ad
vanced age and, with the decreased caloric intake associated with a general de
crease 1n activity, the margins of safety for the intake of protemns and vitamns
are violated  The loss of muscle mass usually nated m advanced age 1s by atself
an dication of decreased nutnitional reserve for defense against emergenaies
Vou are all acquainted with the difficulties encountered 1n attempting to reverse
the long term calcium losses of the aged  This long term caleium and nitrogen
loss 1s very remimiscent of similar losses during short term bed rest, and one
wonders whether the effects of decreased activity 1n advanced age 1s not physt
ologically related to the effects of decreased activity duning bed rest  What
ever the explanation for this loss of stored nutrilites, 1t remarns a fact that the

PR

Let us remember that many compounds that the body cannot use must be me
tabolized or conjugated before they are excreted, and that added protein may
cause additional unnecessary work for an already overtaxed circultory system
= A R oo

ser U EnANN s n an mennt
possible ef
fec ecent work
on hwashiorhor'® and on experimental protein deficiencies in man'® have clardfied
somewhat the earher chmcal observations of ver pathology produced on de-
ficient diets  While the possible relationship between liver function and re
sistance 1o infection cannot be stated simply, it cannot be demed

At present, we are engaged m an attempt to determine whether adult men
have a defintte requirement for vitamin E - To date, after over a year of the
experiment, we have found 1t difficult to deplete the reserves of vitamm I in
the average adult and | on the place of herol 1n the course of
human disease cannot yet be made  However, we have confirmed and elabo
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rated m adult men ™ previous obsersations made 1n rats® and sn mfants™ that
the red Blood )l 15 more suscepuble ta hematysis by vamous agents when the
tocopherol content of the plasma 1s decreased  VWhether or not this phenom
enon will prove to be of phy siological sigmficance remams to be determined A
recent report by Mason and Bergel * showed that Wyobacteruum leprae can sur
vie in yvitarmn E-deficent rats to produce lesions typrcal of human leprosy
Tis work will be watched with much interest as the onset of leprosy has usu
ally been associated with 4 prot nuttitional state

In summary and conclusion ¢ have tried to present a plea for more critreal
evaluation of amimal experiments 1 which all or most of a gnen putnihte s
withdrann from the diet and we have elaborated on the suggestton that <ome
of the lesions noted n vitamin deficiency are a local mamfestation of the re
tardation of growth  The concept that the catabiolic breahdown of tissue in
stress may be a functional protectne mechanism has been discussed from the
wiew pomt of 1he need for adequate nuinhite reserves

While 1t 15 hoped that every crached lip furrowed tongue sore giogna or
conunctinatss will nat be dragnosed as a nutntienal deficiency 1t 15 alse boped
that justifiable criticism of poor nterpretations will not blind us from recogniz

W, . A

spectacle that we hope will immunize our children aganst a relatively rare
dsease  As I approach middle age and lose some of the shepticism of youth—
anl I must confess to having been a strong opponcnt of vitamun overfeeding—
1 cannot help but wonder 1n retrospect whether vitamin prophylavis or the
feeting of more than the mymmum tequirements tf you will has not been at
least as useful to the nation s health as the more obvious forms of immunelogical
prophy lais
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NUTRITION AND INTESTINAL PARASITISM

By Willam W Trye
Lowistana State Une ersuly Sclo | of Medscaine Nex Orieans La

The ammal parasites that ihabit the intestmal tract of man and other ant
mals present unique prablems i relation to host parasite relationships  These
anumal parasites represent a wide variety of forms from the single celled proto
z0an parasites to the highly complex metazoa with 1 many instances comph
cated Life cycles o species of ammal 1s susceptible to all parasites and no
parasite is able to infect all hosts  This discussion will be hmited pnmanly to
those parasites who as adults are pnmanly mited to the intestinal tract of
the host  In some instances the ammal parasite i the adult stage remams
n the Jumen of the mtestinal trict with no attachments to the tissue In
others there will be direct 1nvasion of the wall of the intestine  The extent of
tissue invasion will vary from a direct attachment as in hookworm disease to
wnvasion of the wall of the intestine as in amebiasis and strongyloidiasis ot as
nascaniasis with the adult Iining i the lumen of the intestine with no direct
attachment or invasion of tissue by the adult worm

There are many factors that may contribute to the relationships between the
host and the parasite  The food of the host 1s of extreme importance and 15
closely linked wath the physiolo,ic state of the host In the mtestinal tract,
with changes in nutntion there may be a direct effect on the environment of
the parasite and thus a possible alteration of the relationship between the host
and the parasite  In general parasites that can establish themselves with the
Ieast damage to the host have the best chance for prolonged residence 1 that
host since 1n such cases the host response 1o the presence of the parasite is
meager or generally ineflectual  The best adjustment of parasite and host 15
usually found 1 parasites imuted to the ahmentary canal  Humans may har
boran therr mtestinal tract tapew orms such as Taema saginota or flukes such as
Fascrolopsrs buskr for many years with no physical effects so long as the diet 1s
sufficient for both the mdividual and his parasite  Likewise the mtestinal
flagellates as a group as well as the nonpathe,entc amebae may persist tn the
ntestine for years without the host being aware of the infection since these

orms are normally harmless commensals  In anmmal parasitism the extent of
damage produced to the host tissue will vary greatly and there are many com

Plex factors which must be considered 1n attempting to explain the pathogenesis
of the vanous forms

The capacity of a host 1o resist the destructive action of a gien parasie 1
sometimes due to the natural resistance of that host  In some instances this
£1ves complete § rotection of the host from the parasite  Such natural resist
Ance 313 not always present 1t birth but sometimes 1 1s developed agamst certain
DParasites only after the host has neared matunity  In contrast to this type of
fest tance the host 1n some mstances rematns susceptibile 1o infection with
certain amml parasites during an entire hfetime  In such instances there
develops 1n such a su ceptible Lost on first exposure to a <pecific parasite an

1s
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creased  The results of this extensive seres of experiments furnished further
evidence that specific vitamtns are ymportant factors i host resistance to hel
minthic infections

These experniments while not permitting a blanket statement that deficient
host diets react to the benefit of the parasite, do indicate that resistance 1s low
ered to helminthic infections, both in the somatic and intestinal phases, when
omnn orous hosts are maintained on diets deficient 1n A, B complex or D oron
rations with hughly restricted sources of protemn  These various studies have
also shown that the degree of natural and qcquired resistance of a host to s
helmnth parasites 1s dependent to a large extent upon ws diet, 1ts genetic con
stitution, and its age  Diets of man and other omnn orous ammals, to <ene
m developing the most potent ressstance to helmnth tnfections must nclude
adequate specific vitamins, minerals, and other substances essentil to a well
balanced ration

In contrast to the helminths found 1n the intestinal tract the single celled
protozoan parasites present a somev hat different problem A large number of
protozoan parasites Ine in the lumen of the mtestinal tract of man and other
ammals and depend essentially on the diet of the host for their food Nutni
tional factors do play an important part, honever, in the host parasite relttion
ships in that certain dietary changes may contribute to the decrease of resistance
on the part of the host, thus contributing to the production of damage by the
parasite

Protozoologists have long recogmzed the effect of diet of the host upon the
parasite  Hegner¥ mn 1924 suggested that a “carnivorous diet,” one high i
animal protein content, was unfay orable for certain intestinal protozoa of mam
mals  Hegner and Eshnidge'® showed that rats infected with the human flagel
late, Trichomonas homums, when fed a diet nich 1n ammal protein produced an
unfavorable condition 1n the cecum af rats for growth and development of thus
flagellate Hegner and Eskridge’® also demonstrated that the conditions in the
cecum of rats were rendered more favorable for trichomonads when a liver diet
was substituted for the normal diet which consisted largely of carbohydrates
Trye and Melenev? found that lach of vitunin A 1n the diet was not the cause
of the mability to establish or maintain nfection with Endanoeba muris in the
rat  Neither the lack of vitamin A in the diet nor the condition of A deficiency
1 the rats rendered the lumen of the cecumn unsuitable for the development of
E muris  Ratchfle’ showed expenimentally that a lugh protein diet favoning
proteoly tic bacteria n the 1ntestinil tract decreased the intenaity of naturat
nfections with Endantocba witrss 1m mice

Toagy ond Taust)? Tawst and Ragy  and Lust Scott, and Swartze elder™
demonstrated that, mn dogs, fulmmnating experimental amebic colitis could be
controlled with raw Iner, which at tunes even produced cure  Iaust and
Swartzwelder” demonstrated that liner extract, ntroduced parenterally, had

~n offant nm tha cwnmrace af #] @ log ane ar ¢ mantame  Theie n martad con

b 1c action 1s inhibited when 1t 15

prevents ery throp or that 1ts
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mtroduced ntramuscularly  Faust, Scott, and Swartzwelder® noted that dogs
resistant to infection on 2 normal diet coutd usually be infected if they were
placed on canned salmon  Rattens fed on salmon diet are also more susceptible
to nfection with F Justc[ytica

In the literature on amebiasis, McCarnson ® and hagy and Faust'® refer to
diet as a factor 1n the development of the clincal mamfestations of this disease
It was noted by I'rye and Meleney ** in stuches of the pathogenccity of a num
ber of strams of Iudamoeba Instolyiica that monkeys fed on a normal diet did
not develop lesions with certawn strains of £ Justolyltca, although numerous
ameb1e were found 1n the lumen and deep in the glandular crypts but with no
evidence of tissue pathology or imvasion  One monkey 1n thys study became
emacmlcd and extremely Il At autopsy this ammal was found to ha\e tu
Ve .

m bl wr mbactne thaa aa o a 1 leam lar

resistance and the production of tissue pathology by the parasite  McCarn
son®® showed that monkeys that were chronic carriers of I firstelyfica deseloped

certam nstances they became completely parastte free  Larsh™ showed that
indogs heptona bLlack tongue deficrent diet the virulence of the infection with
L Inst Iytica 1s enhanced and that the lowered resistance of these ammals was
related to a deficiency of micoumic and  Taylor and his co-workers™ demon
strated that guinea pigs became highly susceptible to E Justolytica wfection
when fed rat ration pellets and that they are even more susceptible when fed a
' PR .

sct upra controlled study of the effect of ascorbue acid def ciency i guine pigs

nfected W} \mh Lndamoceba lustoliica
Hyt - e o1

effect on those fed a mil Hly scorbutogenic diet of natural foodstuffs nas mnter
mediate tetween tl e two groups  The ascorbac acid deficiency in these exper
ments scemed to render the disease much more fulmunating in the gumea g
\umerous experimental 1 chmcal ebservations have demonstrated the im
pertance of ascorlic acu! in the phenomenen of reswstance to infection  Perla
and Marm rston® ¥ <howed that the influnce of this \itamin on resstance 1
depenlent a1 least wn part en s role in the production of intercellulr sut
r [ . [ - '

o s N
Severalim estigators have su, gested that diet influences the incidence course
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nd final outcome of amebtc nfection in man  Alesander and Melency® re
ported the results of a dietary study in two rural commumnities m Tennessce 1n
which studies of amebiasis had previously been made In one commumty
acute amebic dysentery was common, 1n the other, 1t was very rare although
40 per cent of the people 1n the communtty harbored Endamoeba histolytica
In the commumty with httle or no acute amebic dysentery, the diet was more
adequate 1n calories and vitammns than t the area where acute amebic dysen
tery was common  In the community where the amebae showed less patho
gemic activity mulh, green vegetables, and frt were more promment tn the
diet It was also found that the distribution of protein, fat and carbohydrates
in the diets was about the same 1n the two communittes  This study mndicated
that where the diet was morc adequte, evidence of acute mfection with £
lustolytica was rare

Elsdon Dew* observed that in Durban, South Affica, where indigenous Ban
tus, Indians, and Europeans hve side by side, amebuasis affects these three races
in different ways  Among the maize eating Bantus, acute fulmmating dysen
teryiscommon  Among the Indians who traditionally eat curry and rice, acute
amebic dvsentery 1s rare but Iver abscess 1s often encountered Among the
Europeans who have a full essentmally balanced diet, severe amebiasis seldom
occurs  As a result of his long expertence Doctor Elsdon De\v suggests that
dietetic deficiencies are te for these d ¥ the
mncrdence of amebiasis among the Africans 1n Durban and in Lorcncn Marques
(Mozambique) Lisdon Dew™* attributed the strilingly lower rates of amebic
dysentery mn the latter to a supplement of fish, rice, and miny vegetables  Sau
tet and his co workers® believe that food shortages 4nd consequent deficiencies
1n essential elements of nutrition have been responsible for the mcreased mci
dence of amebiasis and other ntestmal parasitic diseases i Marsedles during
and immediately after the end of the war

Lo Lok

gators  Attempts have been made to determine why this parasite produces
(R w o

alsn demonslmted th-\t mtcrchunge of bacterial assocrates between stratns did
thnvan ~ nirec  Thensestion of stran differences
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toms in those patients harboring only small race but that apparently healthy
¢ el r o N

1 1

' 1

10 seventy of mnfections with E Justolyfica  The classical experiments of
Walker and Sellards®® intimated that natural resistance was responsible for
the failure of some human volunteers to exhit dysentery with stramns of
amebae that caused disease m other ndividuals  Acquired immunity has
been considered by some 160 account for the dechine of amebiasis as 15 seen 1n
humans beyond middie life  \ether is there a clearly demonstrable lasting
acquired mmunity n man following wnfection and very bitle evadence i
ammals The test of such immumty evidence m ammals 1s seen  the nork
of Swartzwelder and \vant # who found that dogs following spontaneous
recovery or after removal of E ustolytica by therapy were marhedly resistant
to remnfection  The evidence now available indicates that i order for Enda
mozbo Insfolyhiece to produce gross tissue pathology in the intestinal tract
there must be & minimal of host resistance together with the accessory action
of the intestinal bactera d etary deficency and other factors The ability
to control tissue pathology by alteration of one or all of these factors in man
has never been demonstrated  The local condition of the host tissue certamly
influences issue wnasion  Dietaey d as has been d wn

Lleac v U 51 AN II3€ 10 Uned LU} 2uents with no specihe therapy
These patients were placed on dietary supplements and bed rest but no other
therapy of any hind  In this group of 66 natients 39 were assigned 10 a
s) ccihe treatment schedule before the en 1 of the six weeks follow up period
11 of the 66 patients hid no chmcal or parasitological evidence of amebic
wfection  These 11 patents ty the standards used n the study would be
counted as successfully treated In addition five other patients with stools
still posstive for F st Iiwea had recovered chmcally  This group of acute
amet ac dysentery patients studied and follawed along with specifcally treate 1
ases 15 the only such examyle founi in (b e bterature on amebiams  What
part tte detary sujflements played m spontaneous recovery camnot be
feterm ned from this study It scems quite possible that the deficient diet

b oa b
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was a defimte reduction 1n number of acute cases, although the prevalence of
L Iustolytica was still very high
In an epid of b studied by P I el ol © and traced to a
possible contamination of a plant water supply, the number of chnically rec
ogmzed cases were 1n marked contrast to the Korean prisoner group The
beginning of this outbreak was obscure but probably occurred several years
before 1t was d Ac tion of grized clineal b
developed 1n the late winter of 1953 There were a few cases of amebic abscess
of the ver The total number of recognized cases of acute amebiasis was
small in comparnison to the horean prisoners A careful epidemiological study
and a stool survey of this group revealed that over 50 per cent of the employees
harbored £ /ustolytica but at the time the stool survey was made, there was
no chnical evidence of disease 1n any of these mdividuals Here we hive 2
group of humans mfected with E Justolytica having a well balanced duet,
good housing and other Ining conditions, 1n marked contrast to the Korean

group

PR I

following the admmstration of Terramycin and Tetracyn, given with vitamin
supplements and mulk, there are practically no side reactions A group of
75 children between the ages of 3 and 10 years has been treated for amebiasts
with Tetracyn  Tetracyn, dispensed as pedatuc drops, was used 1 this
series with a daily dose of 2> mg per kilogram given over a penod of six
days  There were no side reactions to the therapy, and some patients actually
had an increase i appetite and shght weight gain  Stool examunations one
week and one month after completion of therapy showed excellent results,
but the final exaluation of therapy will be deferred until after a three months’
follow up period

Discusston It has been clearly demonstrated by controlled laboratory
expenments that nutrition 1s an important factor i the defense mechansms
of the host agamst certain mtestinal parasites It seems evident that the
conditions necessary for invasion or nfection of the jntestinal tract differ
only shiuhtly from those necessary for infection of the shin or other host tissue
Improper or madequate food supply may produce changes i the tissue un
favorable to the host and at the same time favorable to the parasite  The
adjustments between the parasite and host are often extremely delicate, and
only shght changes may mean the difference between no evident pathology
and marhed damage to the host tissue and gross pathology produced by the
prasite

The experiments showing the relation of dietary factors in vanous helnunth
infections 15 stiking  Speetfic vitamun deficiencies have been shown to favor
the patasite and at the same time to produce defimite interference with host
ressstance It has also been lished by lab 'y exp that diet
1s a factor of singultr importance 1n altering the ability of the host to com
Iat certan intestinal helmnth nfections

Investigators interested in the intestinal protozoa of man and of other
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ammals have long recognized the effect of diet of the host upon these parasites

U lled exp have d d the mportance of dietary
factors on the puthology of amebrasis Iigher infectiviy and mottahty
sates andd 3 more severc type of amebrass hase been demanstrated 1 1mmals
fed o punfied diet deficient m spectfic vitamns  There 15 lttle daubt that
dietary factors, under certamn conditions, play an important part 1n the pathot
opy of amebiasis m man  In certam pasts of the warld, evidence mdicates
that dictetic differences account for vanations in the seventy of infection with
L lustolytica A careful eprdenmological study of tho epidenucs of amebuass
offer nteresting posaiblitties as regards the importance of nutntional factors
1 relation to reststance of the host

and fSlumenthal ¢ af# sujgested that repeated bacterial snfections with
accompanymg travma te the anfestinal mucowa may be an mmportant facter
n the occurrence of ametne dysentery  Dunng the seven month persod of
nvestigation of drarrhea and dysentery m the prisonet of war camp in Rorea,
thete were approumately 2000 cases of acute shigellosis and many other
undagnosed gastemntestinal infections  These infections may hase been a
centrbuting factor m predispostag the ntestinal mucosa to maswon bv L
Istolyiiea 1t was evident, howerer that with a more adequate diet, com
Lined with better samitation, all the gastromntestinal mfections decreased 1n
number and 1n severty

Host resistance te invasion of the intestinal tract by certan amimal parasites
can be altered markedly by dietary changes  The impoartance of the vanous
outntional factors in the repaur of damaged ussue and the treatment of these
snfections has been demonstrated
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Drscussion of the Paper

Doctor \ B Mousa (Aasr Bl Asm Focdty of Medicine Carro, Egypl)
1 should Lke to add 2 few nords to nhat Professor Frye has suud about amebe

515

The relation of malnutrition to intestinal wnsiseness of Endanoeda biste
Hiea as well a5 to us extramtestwat hepatic Jocahization was not found
chinnally kigh by Ofty and mysell m a study of a group of malnounshed
peasants compared to a simlar group of well nonnshed oy dweilers T aust
recorded the same obseriation m the West Indhes, and be explamed 1t by the
difiatty of ency stment of amebae i patients iiing mawnly on a carbohydrate
diet maze which produces an acsd stonl  Professor Mogrocks, m a personal

aron de i the importance of allesgy i

the development of Ives abscess in animals  Allergy 18 manifested m well
nounished cases 10 2 greater extent than tn malnounshed ones

An tmportant factos 1 the observation of other norkers who have showp
2 higher incidence of 1mebre dysenters i malnounshed cases 1s Lased on the
higher sncidence of bacterial dysentery w cyst passers  This must be dif
ferentrted from cases of acute amebic dysentery or chronic amebic dysentery

anh acute exacerbatian n both of which vegetative forms must be demon
strated




THE EFTECT OI HIGH LIVEIS OF VITAMINS ON THF
RESISTANCT OF CHICKS 10 FOWL 1YPHOID

By C Il Hilland H W Garren*
North Ctr Iina Slate College Rale gl N C

Studies throughout past ycars have established clearly that the deselopment
of resistance 1o disease 1s subject to both genetic and ey ironmental influences
Tt 1s fair to say that dict 1s the environmental influence that has been studied
most extensiiely  Since the discovery of vitamins and the recognition of ther
essential role in the mantenance of normal cellular metabolism these suly
stances are probably the most studied of the various constituents of the diet
Indeed 1t s recalled that it was a study of the then supposedly infectious dis
ease of beriber: by Eyjkman that led to our modern concept of vitamns

The studies on the relationship of nutnition to discase have been reviened 1n
recent years by Schneider! and Clark ef al? The nvestigations on the role of
vitamuns 1n resistance to disease have been concerned in general with deficien
cies of an individual vitanun or group of vitamins  The correlation between
a vitamin defictency and resistance to disease has heen found to he positne 18
some cases and negative in others

Tor example Wooley and Sebrelf® have shown that nboflavin or thaamime

decrease of mice to al anfection  On the
other hand Reiner and Paton'! found that rats on a vitamin B complex deficient
diet were more resistant to Tryp qurperdum, as ind dby afrmo
longation of the incubation time over that of controls fed a diet contang &
wvitamin B complex supplement

Vhile the results of studies on the effect of vitamin deficiencies 1n response
to disease are of fundamental importance, they are difficult to interpret n
terms of resistance of the host ammal There 15 hittle 1n our knowledge of

on

1se
are not plentiful even less data are available on the effect of high levels of
wvitamins  In the studies of Wooley and Sebrell’ mentioned above, the ad
munstration of 5 to 10 times the amount of riboflavin or thianune given the
control groups did not increase the resistance of mice to pneumococcal nfec
tion  There arc a few other instances m which an exceedingly high level of an
mdinidual vitamin has been tested  \o one ta the authors hnowledge how
ever has tested the effect of the inchusion at high levels of all the known 1t
quired vitamins on resistance to disease  This 1s the approach that has been
tahen 1n the expenments presented 1n this report
In all the studies presented heretn rapidly growing strains of \ew Hamp-

The au ho sare dee Iy nd 1ted to et k snd Company In  Rahway N J formostof they tam avu of
| wughout these stud es and to the Lede le Labo ato s FeanlR et N 1 for supgl esof fol ca 4
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TasiE 1
Basar. Dier
Per cent
Soybean meal 470
Yellow corn 48 0
Phosphate 20
Limestone 15
alt 0S5
Methionine 03
Vitamin mix 05
Choline chlonde 00 mg /lb
MnSO, 100 mg /ib
Tasie 2
VitaxiN ContENT OF THE Basar DiEr
Mitamun Supplement/ib Total Requ red
Thiammne (mg ) 09 21 13
Riboflayin (mg ) 16 25 13
Niacin (mg ) 80 170 120
Pantothenic acid (mg ) 50 84 42
Folic acid (mg ) 045 155 025
Biotin (mcg ) 5 81 10
Pyndoxne (mg ) 16 87 13
Choline (mg ) 00 1460 600
itamun Bye (mcg ) 3 3 4
VMtammm A (1U) 3000 4100 1200
Vitamun D(L U ) 180 180 90
Menadione (g} 0 10 020
Vitamun E (mg ) 10 10 -
Tae1E 3
INFLUENCE OF LXCESS VITaMIVs on RESISTANCE OF Cirieks 70 Fowr Typrom
De Avg dayssursratume | Per cent total survinal
Basal 85 10
10 X vitannns + C, 019 128 0

Note Surviral tme eslculated from day of {noculation till day of last death in experument

The wclusion of the high levels of vitamms increased the percentage of
surviving ammals from 10 to 40 and increased the average survival time  Thus
1t was tentatively assumed, pending confirmation, that high levels of vitamins
did enhance resistance to fowl typhoid

It was important to determune whether or not the enhanced resistance due
to ligh vitanun levels was due to a single vitamun or group of vitamins, or
whether the entire combination of vitamms was necessary for this effect
Studies were undertahen, therefore, to determine the effect of groups of vita
mmins on resistance to fowl typhoid  Tor the purposes of this study, the vita
mins were arbitranly divided 1nto the fat soluble group, the water soluble B
vitamin group, and ascorbic and  Each vitamin in the vanous groups was
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T4BLE §
Errect 0 INDIVIDUAL VITAMINS ON THE REsisTaNcE oF Cuicks 1o Font Tyenom

Det Days avg sursinalt me Percentsury ors

Tperment T

Basal 129 a
10X vitamuns + 01 C 151 &8
10 X vitamins — C 122 0
10 X vitamms — K 122 54
10 X vitamuns — E 128 62
10 X vitamms ~ D 127 63
10 X vitanuns — A 101 38
10 X vitamins — By 12 4 58
10 X vitamms — By 18 54
10 X wvitamins — chohne 150 90

Cxperiment IT

Basal 82 19
10 X vitamins + 01% C 88 16
10 X vitamins — piboflavin 74 8
10 X vitamins — macin 76 8
10 X witamins — thramine 95 2
10 X vitarons — botin 103 20
10 X vitam ns — folic acid 100 29
10 X vitamuns — pantothenic acid 97 2

Taere 6
ErrecT OF OMISSION OF INDIVIDUAL VITAMINS FROM \ HlIGH LEVEL VITAMIN SUPPLEMENT
oN REsistance 10 Fowr Tyrnom

Laaers resistance, Increases resssiance
@4 Thiamine {16)
Vitamm D (20) Biotin
ViamanE (=) Talic aad ©62)
Vitamun K (50) Pantothenic aad (2 0)

Vitammn By (075)
Pyndoune  (67)
Riboflavin (19} No effect
hacin 14) Choline @49
Ascorbic acid ()

Note Figures 1n parentheses ind cate multiples of requ rements present 1n the basal d et

1t can have no effect on the resistance  The results obtamed are summarized
n this manner i TABLE 6

The figures 1n parentheses in this table indicate the level of the vitamin 1n
the diet m relation to 1ts requrement  This 1s the level that resulted when the
ifamin was omitted from the fugh fevel vitamun suppiement X ady &P
sents, therefore, the level in the basal diet in relation to requirement

The data obtained considered 1 this manner, present sevcral mteresting
aspects It 1s apparent that the mcreased requirement for vitamuns for
creased resistance 1s not merely a certamn multsple of each vitamun requirement
Vitamin K at 50 tunes the requirement, is not sufficient for maxtmum resist
nce, while 2 4 ties the requirement for choline 1s sufficient, and 2 tunes the
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TasLE §
Errecr or IncreastvG LEVELS OF VITAMINS O RESISTANCE OF Criicks To Fowt Tyeuon

Dact Daysavg yury valt me Percentsun on
Basal 82 10
25 X vitamins 4 01% C 8 2 3
50 X vitamins + 01% C 100 30
735 X witamuns ++ 01% C 92 2
100 X vitamins +01% C 88 16

Another mteresting aspect of the data presented 1n TABLE 6 1s the observa
tion that the omission of thiamine, biotin, folic acid, and pantothemc acid from
the gh level vitamin suppl pf 1y d the of the
chicks A possible explanation of this finding 1s that the hugh lesel of vitammn
supplement used throughout these studies may have been too high to obtamn
maymum resistance to fowl typhoid  In order to test this possibility, a senes
of vitamun levels were fed containing 25, 50, 75, and 100 times the level of
the vitamun supplement contained m the basal diet  The results of this study
are presented 1n TABLE 8§

The level of vitarmin supplement 25 tumes that of the basal die¢ had no
effect on mortality or average survival time The addition of five tumes the

PR 3 o .

Yo . 1 R = emeacpr

tre
difficult to interpret i terms of resistance of the host It 1s presumably possi
L oasa PRI e e Al Al tamme

vitamin level of the diet has two effects in the disease system one on the host
resulting 1n increased resistance to typhoid, and the other on the Salmonelia
sts disease prodi capacity  Thus, five trmes the basal
vitamin supplement level may produce the maximum resistance 1n the host
that this particular dietary lation 1s capable of prod Tt mght
still be possible however, to increase the disease producing capacity of the
organtsm by further increases in vitamin levels  These further mncreases would
result, then 1n a more acute expression of the disease not because of decreased
resistance of the host, but because of the creised disease producing capicity
of the infectious agent
In order to evaluate this hypothesis, an expeniment was conducted m'whxc:n
i 3 1 v e b

this eypeniment are presented n TABLE 9

In this expeniment the level of the vitamun supplement 7 » times that gnen
the bisal group resulted 1n the greatest percentage of survivors when the
orgamsm was gnen orally When the level of the vitamin supplement was
increased to 10 times that of the basal group, the percentage of survisal was
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Ntacin deficiency At about this fime, studies were showing that the rat
sas apparently not a suitable ammal for the mvestigation of the pellagrs pre
ventive and blacktongue preventise factors which appeared to be wdentical
The Enghsh worhers (Birch ¢f af , 1937) turned to the pg  Modified Gold
berger Wheeler diets were used and 1n general, these nsestigators found that
one or more substances nere laching and that the deficzency was tn the B-com
plex rather t *
of appetite
of the mucc
with a fibnnous In a subseq paper, Chick f df
{1938) reported that micotime acid both prevented and cured the deficenay
symptoms

This wnter s mterest 1n the nutntional aspects of swine enteritis was stime
lated by previous work carmed out at the Michigan Lxperiment Station by
Davis and his associates (Davis e/ ¢l 1940) This work indicated that macin
defictency m igs was perhaps more prevalent under farm conditions than
had hitherto been recognized Furthermore the work of the Wisconsin group
(hreh) ¢ al 1945 1936) in establishing the relationship betneen nacin and
tryptophan m the rat explamed why pigs fed high corn low protein diets de-
veloped severe macin deficiency even though the same ration contamed
seemingly adequate amounts of the vitamin

‘The work of Luecke e al, 1937 and of Lueche ef a?, 1948, estabhished for
the pig the role played by tryptophan in macin deficency This work m
dicated that the macin requirement of the pig could be at least doubled when
fed high corn diets low 1n tryptophan

Pantathenic acid deficency  Another sitamun of sgmficance w practical
snine nutntion 15 pantothenic acd

With the advent of synthetic calewm pantothenate hoth Hughes (1942)
and Wintrobe ef al (1912} demonstrated that the feeding of a pantothenic
acid free ration to pigs resulted m a loss of appetite, Jowered growth rate
diarthea accompnied by a <evere ententis, and a characteristic Jocomotor
incoordination often referred 10 as  goose stepping One of the most charac
tenistic pathologica) findings in pantothenic actd deficient pigs 1s a diffuse con
gestion of the large intestine with an excessive discharge of mucus  The wall
presents a thichened and edematous appearance  Degeneration of the myehn
sheath of the saiatic nerve 1s also chiaractenstic of the deficiency

The tact that pantothemic acid deficrency coull not only be produced using
punfied diets but also in diets made up of commonly used feed gredients
was demonstrated by our own studses (Luecke ¢! a7 , 1949 1950)

Perhaps the most distinctive charactenstic of pantothemc acid deficiency
15 the occurrence of lacomotor tncoordination as shown in F1Gurr 1 Although
the logical changes ate 1zl ble the ammals will grow to matunty
In severe cases howeser complete posterior paralysts results followed by
death

Mulhiple B titamn deficrencres  The fact that deficiencies of macmn and
pantothenic aad could be produced in the laboratory on diets of natural feeds
led the Michigan workers to nvestigate the possibilttses of vitamin supplemen

1 1




Lucche Treatment of Swine Enterttis 197

Frcteet Locomotor incoord nat e due to pantothen ¢ a 4 defic cory

tation of practical swine rations  The results of this work (McMillen «f of
1949) mdicated that rations contammg corn oats soybean ot meal meat mea)
alfalfa, and minerals could he markedy benefited by the addition of niacin,
calwm pantothenate, and nboflavin
shown graphically i FicuRe 2
In siew of the above results 1t seemed hhely that B vitamin deficiencies were
. f A T v . .

The results of this experiment are

Some of these prgzs were purchased and brought n for studs  One pig from
Toafaba 11 . @ lal aca tnual Tao 1 ntad

Woan

dution of mucus were found upon histological exammation  The average
feucocy te count for the 80 deficrent pugs treated was 36 000 cells per cu mm
compared with a normal range of 16 000 to 201000 cells per cu mm

flecause of poor appetites mjections of substantial quantivies of the B
suamins were gnven itrapertoncilly Doses of ~0 mg thamne, 50 mg
nbolavin 230 mg caloum pantothenate 270 mg maon and 10 mg g
ridoxine were used  In addition a 19 per cent protein ration supplemented
with hberal amounts of the <ame itamins used for the intraperitonent injec
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STUDIES WITH RATIONS OF NATURAL FEEDSTUFFS
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Frcure S P s from the same gtoup afer 3 doys of treatment The an maly 3 ¢ aged 41 pound body
we gt

trons was fed  The period of treatment varsed from 30 to 40 days and resulted
1n the complete recovery of approtimately 80 per cent of the animals treated

FIGURE 4 shows a group of pigs as they wese brought m from a Michigno
farm and FIGURE 5 shows the same group after 34 days of treatment

The results of these experiments demonstrate that a nutritonal type of
enteritis does occur under practical feeding conditions mvolving a multzple B
vitamin deficiency  Niacin and pantothenic acd however appear to be par
ticularly mnvolved

Autibrotics 1n the enterilts complex While all of the foregong has demon
strated that deficiencies of certain members of the B complex are mvolved 1
the swine enteritis ¢ & ' § antentis
do not respond to v
under farm conditic
but rather a pathological condition caused by a number of factors Certamly
the organism Sal lla chol bel to the paratyphoid group
most frequently found m pigs with ententis  This same orgamsm howevé®
1s also frequently found in apparently normal pigs It thus seems Jogacal 1
v1ew of what 1s now known concerning the effects of deficiencies of certam E®
bers of the B complex on antibody production that a def ciency of one or mar
of these nutrients may be important predisposing factors

Whether the above 1s true or not remains to be determmed However
recent use of antibiotics i the treatment of infectious enteritss here certai?
orgamsms of the paratyphoid have been found has had a remarkably beneficial
effect m reducing mortality and morbidity A great many reports have aF
peared concerming the use of antibiotics for the treatment of ententis The
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method usually employed for treatment mvolves the addition of the antibiotic
10 the feed at levels of from 50 to 200 gm per ton  If the ammals are not
eating significant amounts of feed, however, the method of choice appears to
be by way of the drinlang water  I'his latter method 1s now used extensnvely

The use of antibiotics for the treatment of swine ententss has vartually elm
mated the disease, at least 1n certain areas where 1t was causing greater losses
than all other diseases combined
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THE ROLE O THE \ITAMINS IN ANTIBODY
PRODUCTION*

By A E Axelrod and J Pruzanshy
Biockensiry Departinent Scheol «f Medictne Uni ersily af Putsburgh Piitsht rgl Pa

Iutroductton  Many researchers have been mtrigued with the possibihity of

a relationshp between nutritive state and resistance or susceptibthity to in

fection  As a result, the search for dwetary factors that could mfluence the

resistance susceptibility of a host to infectious disease has been prosecute!
* N oy 2z o

graph attest to the mass of volumnous and often conflicting data n this fiett

The preponderance of efforts 1n these endeavors has been directed toward
the possible relationship between diet and “natural” or innate’ resistance
Such v estigattons have been concerned with the abiity of the host to survne
the attach of a given virulent agent It 1s well hnown that numerous factors
many of which are but poorly understood, may be mvolved 1n determmmg 1e
sistance to miection  Therefore, by this operational procedure, the effect of
diet 1s condrtioned by the interplay of these vanous factors It would seem
that a study of the delmeated components of this complex phenomenon would
offer promuse of some mteresting and perhaps useful information  The classc
antigen antbody reaction 1s generally considered to be a significant facet of
this mtnicate meck Tt seems approp therefore to maqutre wto the
nterdepenrdence 1f any between nutertion and antibady formation or actively
acquired tmmunity A word of cavtion at this pont 1t must be stressed
that an immune response may not necessanly correlate with the degree of re
sistance to an infectious process

A review of the older Literature in this field reveals an extensive volume of
conflicting data with no wnequriocal evidence to indicate that any speciic
vitamin defictency 1nvarnably Jeads to impaired antibody producton  An
accurate assessment of many of these earlier researches 15 difficult because of the
questionable speaibcity of the deficiency under study, as well as the fatture 0
utthize adequate namition controls These studies have been summar
elsewhere by \nelrod and Pruzansky ' The present paper will be confined to
ad of our own exp on the role of the vitamins 1 antibody

response

Experumental  Our wnestigations were designed to study systematically
the effects of spectfic indadual v itamin deficienctes upon anttbedy production
mthealnarat  In our first expermments human ery throcytes were emplay ot
as the antigen and the resulting serum antibody content nas determuned by
the hemagglutination procedure More recently we have utilized punf
diphthenia tovorl as the antigemc stimulus  In this case serumt Antibody
titer was d 1 by a hemrgglutimation reaction imolung the use of

® Theee stutes ba ¢ boen supported by a grant fn a d from the \at nal ¥ tam n Toundaton fa  N©%

yorr N 3
202
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THE ROLE OI THE VITAMINS IN ANTIBODY
PRODUCTION*

By A L. Axelrod and J Druzansky
Brockenstry Department, School of Yediwine, Umiersity of Pilisburgh, Prjsburgh Po

Introduchron  Many researchers have been mtrigued with the possibihity of
a refationship between nutntive state and resistance or susceptibility to
fection  As a result, the search for dietary factors that could influence the
resistance susceptibility of a host to infectious disease has been prosecuted
vigorously for many years  These studies have beer motryated by the fervent
hope that suitable manipulation of diet might nfluence the incidence and course

. P foora (Mhnw (aron b smn ba th o mann

. BEEEEN ‘¢ . ' .

T . ey - v
the possible relationship between diet and “natural” or “mnate” reststance
Such mvestigations have been concerned with the ability of the host to survve
the attach of a given virulent agent It 1s well known that numerous factors
many of which are but peorly understood, may be involyed in determuning re-
sistance to wfection  Therefore, by this aperational procedure, the effect of
det 15 conditioned by the nterplay of these various factors It would seem
that a study of the delineated components of this complex phenomenon would
offer promise of some interestmg and perhaps useful information  The classic
antigen antibody reaction 15 generally considered to be a sigmficant facet of

- PR
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that an immune response #ay not necessartly correlate with the degree of 1
sistance to an wfectious process

A review of the older hterature 1n this field reveals an extenstve volume of
conflicting data with no wwequitocal evidence to wdicate that any spectfic
vitarun deficency 1nvanably Jeads to impured antibody production An
accurate assessment of many of these earher researches 1s dfficult because of the
questionable speaficity of the deficiency under study, as well as the failure t¢
utilize adequate mamtion controls These studies haive been summan
elsewhere by Avelrod and Pruzanshy *  The present paper will be confined 1o
ad of our own exp on the role of the vitamuns m antbeds
response

Evxpertmental  Our mmestigations were designed to study systematically
the effects of specsfic indin dual vitamin deficrencies upon antibody productio?
n thealbinorat  JTn our frst expersments, bumap ery thracytes were employe
as the autigen, and the resulting serum antihody content was determmned by
the hemagglutination procedure  More recently, we have utilized punfied
diphtheria taxoul as the antigemic stimulus  In this case, serum antibod
titer was determined by a hemagglutination reaction imolung the ust of

*These «tu 1 e3 have been suppiorted by a grant n aid from the National \stam n Foun lation Inc M
Yok Ny
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16t € reulat ng ant body product on to d phther a toxo d 1n v 1am 6 defic ent rats  F qu eson the
ord nate represent rec procal ¢ ters

With this antigen a closer cotrelation could be drawn with the effects of the
vitamin deficiencies upon resistance to mnfecton  Agam, mdvidual deficien
cies were produced m the rats and the animals immunized with the toxod when
awell defined defi state had been produced ~ Three weeks after immunt
zation serum antibody titers were determined as descnibed above  The re
sults are shown i FICURES 1 and 2 The marhed impaurment of antibody
synthesis in the following deficiencies 1s apparent pantothemcacid, pyndoune
nboflavin biotin and sitamin D Not shown m these data 15 the mark

wnability of pteroylglutamic 2aid deficient rats to fabricate antibody  On the
other hand the thiamine defictent rats were fully capable of normal antibody
synthesis  Not shown 1s the fact that good antibody responses were obsers

in many vitamin A deficient rats  Thus, these experuments demonstrate the
extreme effects of certan vitanun defictency states upon antibody production
to diphthena tovoid in the white rat With the exception of the marked
deleterious action of the vitamin I deficiency, the trends observed with diph
theria tovord were similar to those previously noted when red blood cells servet
asthe antigen  This difference in the effects of a vitamin I deficrency with the
two antigens 15 nteresting  Investigative pathways of this type may lead v
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to an understanding of the mechamsms of antibody synthesis and the precise
role of the vitamins 1n this process

‘The effects of a lack of pantothemc acid upon the vanous phases of the
anamnestic (booster) response to diphtheria tovoid were nest considered
The results are gnen m FIcURE 3 The primary response to the toxoid was
obtained three wechs after immunization i the usual manner  As preysously
noted this pnimary response nas Jow m the deficient rats and high in the con
trols At this time a booster shot of the toxoid was given and the secondary
response was determined one week later In the deficent rats no secondary
response was apparent  Therapy with pantothemic acid during this secondary
phase was meffective i producing a response  Therefore the mechamsms
normally developed 10 the primary phase that are necessary for the establish
ment of a booster response fait to materialize when pantothenic acid 1s lacking
In contrast the controls show a marked anamnestic response  These data
emphasize the need for an adequate intake of pantothenic acid dunng the pri
mary phase if a houster response ss desired  The value of this observanon in
chnical practice remains to be determined

The concetn of this Jaboratory with the wterrelationships between dietary
components and resistance susceptib hty to disease led to an nvestigation of
the effects of vitamun deficiency states upon serum complement which 1s
tecogmized as an unportant factar 1 certamn wmmune pheaomena *  The te
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sults of this study are shown 1n FIGURE 4 A decreased level of compleme
was noted only m the rats deficient in pyridoxine and niboflavin  These «
fects, however, could easily be attributed to the concomitant state of mamti
1n these defi The low ) titers of the mboflavin maniti
controls 1s evident  This lack of a specific vitamun effect upon serum cot
plement was further demonstrated 1n a study of the rate of serum compleme
regeneration In vitamun defictent rats® In this expertment, the serum cot
plement was depleted 12 1210 to a neghgble value by the successive admin:
tration of Type 3 1 polysacchande and the homol rabt
The rate of compl was then d bo
1 deficient and control rats  As seen in FIGURE 5, the deficiency states had1
sigmficant effect upon serum complement regeneration
Discussion 'The need for certan vitarmins m the biosynthesis of antibods
isclear  What can be said about the mechamusm of their action? Let us fir
analyze the difficulties 1nvolved in attempting to answer this question ¥
are asking for mformation on the role of biological factors concerned m U
mechanisms of the synthests of a protein when we actually know so httle
protem synthesis To complicate matters further, this protem 15 one wh
18 not normally present 1n the body but 1s fabricated manly through the stum'
lus of a forexgn proten  With the recogmition of these difficulties, I shou
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like to discuss some of our experimental 1pproaches to this problem At this
pomt 1t becomes apparent that we have been stimulated to study the relation
ship between diet and antibody formatson by the belief that nutntional teck
miques may prove of service 1n elucs lating, the complex mechaniems of antibody
synthesis

There are many factors that mught mfluence the biosynthesis of antibody
proten  First there 1s the possibility that the metabolism of the antigen
might be altered in the deficiency state  Very Bttle ts known about the role
of nutritiona! {actors 1n antigen metabo! sm and we have only recently under
taken such studies with tabeled antigens  Second we must gine consideration
to the possibility that the antibody synthesizing cells whatever they may be
are deranged 1n the deficiency state  Such damage may be mandested either
by structural changes d by histological tech or by disturb-
ances i functionat actinity  Experiments 1n our laboratory have mdicated a
disturbrnce in the functional actiity of splemic cells from pantothenic acid
deficient rats wumumzed with diphthena toxoid  In studies conducted 1n as
sociation with Doctor Abram Stavitsky 1t was shown that splemc cells from
tmmunized pantothenic acid deficient rats 1n contrast to those from normal
immunized rats were unable to fabricate antibody when cultured 1 1iiro or
when prssnely Armsferred 4o pormal s With Dector Leochienberger
evidence was obtamed that the mean D\A content of 1solated splenic nucler
from immunized pantothenic acd dehcient rats was loner than that from com
patable controls  These results may be 1nterpreted to mean that the dehiciency
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mierfered with the acceleration of cellular division that normally accompanits
antibody production m the spleen  Since cellular diviston 1s always preceded
by an merease 1n DNA content, the participation of pantothenic acd 1n DM
synthesis becomes an mtniguing possibility ~ Third there 15 also the distmnct
likehhood that the vitamins by wvirtue of thew clase mterrelationship with
varous enzyme systems function directly 1n the enzymatic reactions imvohed
1n antibody synthesis  Qur complete 1gnorance of these reactions constitutes
an effective barmer agamst any attempt to implicate the vitamins 1 speanc
enzymatic mechamsms  We do possess however, a few buts of evidence bear
g on this question Our studies, utilizing electrophoretic measurements
have shown 2 normal serum gamma globulin content, 1 vitamun deficent ats
1hat are wcapable of synthesizng antibody globulin?  If we accept the sche

.- . - N

vitamin deficiency  Frually 1t must be recogmized that the serum antibody
level that 15 utilized as 1 measure of antibody response probably reflects 3
equilibrium betneen the rate of antibody synthesis and release from the sites
of synthesss on the one hand and the rate of destruction of airculating antibod)
on the other A change in any one of these factors could obviously affect the
content of circulating antihodies Thus 1t becomes important to evaluate
the effects of a \itamin deficiency upon antibody release and degradatson befor®
any postie can be made regarding any direct vel hup between
vitamins and anttbody synthesis  We have carried out certam espertments
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1o diphtheria tovord that s the deleterious effect of vitamin D deficiency on
antibody production He has mentioned that, m his work he 1s using red
blood cells and diphthena toxoid  He mentioned also that in human bemgs
Spies and others have found there was a deficiency of antibody production m
response to the injection of Pastenrellz tularensts in people with pellagra

There 15 some supporting exidence from the wnfection standpoint some worl
done in the Pathological Department of Columbin University by Zucker and
by Zucher and Zorand who found that in young deficient rats Coryuebactersam
lethal to mice only hilled off the rats in three weeks from nfection  The rats
showed both pleurtsy and pericarditts and multiple abscesses in various [ 1ts
of the body

Then certamn Itahan workers working again on rats showed that Salmenells
typhesa and Brucella melilensts agam 1n pantothenic acid deficient rats fatled
to produce very good agglutinin responses wherens the ammals on the same
diet plus pantothenic acid showed very high tater to both of these orgamsms

Doctor Axelrod has stressed that measuring the resistance to infection by
antibody Tesponse to injections represents of course, only one facet of thi
immune reaction  Of course 1t does become of importance in clinical medicine
when we use the presence of high titers to determine immune response in dizg
nosing diseases  Also when we are watching the progress of an infection i
the patient a nising titer does mean something of significance to us

1t then would appear from this exidence that Doctor Axelrod has presented
and from other evidence that the vitimins, especially of the B group seem
to be defimtely necessary 1n the elab of bodses and aggl n
the infections I has e mentioned

These davs m chimcal medicine, T think probably most people expect too
much of antibiotics and fail to realize that 1t 1s ultimately the cell of the body
that has to deal with the mfection That 1s the metabolism of the cell has
to be such that st can produce what 1s necessary to combat the tovn, so that
phagocy tosis and other cell reactions can ultimately deal with the infection
While the antibiotic does much 1n curtatling infection the ultimate conquest
of the imfection 15 through the actual body cell In vien of ths and of the
increased metabolism under conditions of ifection and the increased needs 1t
all body cells adequate supples of these vitamins must be given  We hae
been domg that 1 climeal medicine for some time—1I should say not enturely
with the 1dea of speeding up antibedy production but for controll ng certan
of the side effects that we have seen with antibiotics  Antibiotics tend 10
disturb both production and absorption 1n the gut especially when admunistered
v1a 1 gastro ntestinal route  Soat becomes necessary at least to give the stated
requirements of the vitamuns, or even to give more than what 15 considered 3
normal requitement to the individual with the incrensed metabolism and under
the conditions of stress

It was interesting that Doctor Axelrod generally found that the production
of complement did not conform to the experiments on antibodies and that he
thought perhaps the failure 1n reaction might have been explained by simple
mamition I cannot gue any opinion on that  But, of course, 1t 1s still posst
ble that there may be a member of the complex vitamin family that might be
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these expenimental systems, to summanze rather quickhly some of the eviden ¢
for the validity of the use of these systems for studying antibody formatien
Actually, there 15 good exidence that synthesis of antibody oceurs when tissues
from 1mmunized Animals are placed in a switable medium ¢ tafro I cansum
manze this evidence brtefly as follows disruption of these tissues by tny means
abolishes antibady formation  If one mcubates thesc tissues at zero instead
of at 37°C  for nstance or uses any inhibitors of ovidative processes such as
cyamde dimtrophenol, or arsenate, the antibody production 1s tnhibited
Moreover the sites of antibody production ¢# vatro parallel completely the sites
of antibody production 1 1120 If one mjects, we know the spleen elaborates
antibody and only the spleen 1s active among the tissues cultured s tiira
Now to go over to the passne transfer reaction  Again there is considerable
evidence that this passive transfer or homotransplant actually imolves the
synthesis of antibody at least related to the synthess that occurs m the mtact
amimal  There are three possible explanations of the homotransplantation
reactton that one could visuahze I think I neglected to mention just what the
possibility of homotransplant 1s  VWhen one transplants cells from immumzed
anmmals several days after the transfer of these cells, the antibody appears »
the recipient amml It can be shown that this 1s actual synthesis  One cat
wisuahze this as actual transfer of antigen or antibody or, finally, that 1t
represents actine synthesis  The transfer of antigen with these cells can be
eliminated rather easily One hnows that 1f one tjects a large dose of a1
antigen nto an animal 1t takes several weeks befare an appritiable amount of
antibody results  Moreover, any of the disruptingmethods that I justdiscussed
In connection with the 1 wifro reaction will result in disruption of the transfer
action as well  So you cannot damage the cells  If 1t were simply a trans
ferred antigen this would not be expected  Interestingly enough these cells
must have the proper metabolic environment  You cannot transfer cells from
one animal to another  As we just indicated, the transfer may be successidt
n recapients that are unable themselves to make antibody by wvirtue of %
wrradiition rdmumstration of cortisone 1mmatunty, efc  In other waords &
young ammal that does pot make antibody will nevertheless support the
transfer  Tinally, in pantothenic acid deficrent ammals you can exclude
passive transfer due to the transfer of antibody to the cells because you cannct
extract enough total proten  You cannot extract enough gamma globln
from these cells to account for the amount of antibody that appears In the
recipent ammal .
o el
1
t
appeared 1n the reciprient animal  Moreoner, 1f one admunisters a radioactne
labeled amino acid to the recipient ammal shortly after the cells are trans
ferred, this amino acid 1s incorporated mto the antihody that appears whereas
the amino acid 1s not incorporated 1n the passtvely injected antibody There
fore, both of these methods appear to be a good measure of actine antibody
synthesis
As Doctor Axelrod mentioned, and as I have mentioned when we ap{ﬂlfd






OBSERVATIONS ON INFECTION AND CERTAIN VITAMIMNS®

By Benjamin M Kagan
Kunstadler Loboralorses for Pediatric Research and Department of Pediatrics Sarak 3o
Hospual for Children, Michael Reese Hosputal Chicoge 1N

Most observers find that severe deficiency of vitamun A 15 2ccompamed by
decreased resistance to infection  This appears to be true 1n spite of the fat
that formation of speaific circulating antibodies 15 not disturbed 1n vitamin 4
deficiencies, as shown so mcely 1n Doctor Axelrod s paper  An example of an
expenment demonstrating the influence of vitamtn A defictency was that re

- ot s - . 3 oan

about 80 per cent survived on an adequate diet! Stmlar experiments with
muce and measured doses of mouse typhoid bacillt show differences i mor
tality rates of 80 to 100 per cent i the deficient animals, as compared to 1010
20 per cent in the controls  Doctor Frye has pointed out that, on vitamm 4
deficient diets fowl develop more and larger worms, and that the resistance
of rats and dogs to ascanasis 1s decreased on vitamin A-deficient diets

A relatively long pentod of depletion 1s necessary before the mfluence of
vitamin A deficiency on susceptibility to infection becomes sigmficant  Thisss
most likely due to the fact that large amounts of vitamun A are stored m the
lwer  An average human hiver contamns about 1,200 umts per gram, or a tota!
of between one half and one million international units of vitamn A* Il
of this were available and at the rate of the recommended minmum allowasce
this would be sufficient to last the normal human for about three months
Parenthetically, the infant, espectally the new borm, does not have such a large
store upon which to draw

In spite of this large reserve of vitamin A there 15 some evidence that 15
admimstration 1 excess of that contamed m the average diet may have 2
beneficial effect on the course of infective processes Thus, Mellanby and
Greene reported that the admimistration of vitamin A 1 amounts above that
the usual diet increased resistance to puerperal sepsis and septicemia* s
before the days of antimicrobual agents, found that vitamun A reduced the
mortality of les m a c led senes by 30 per cent!
Donaldson and Tasher*also, i the same era, found that 1t reduced the mortalt}
n a controlled series of adult patients with pneumorna by 44 per cent Ot
observers, however, haie not been able to duplicate these results of to demon
strate increased smmunity to infection as a result of the admmstration
vitamin A 1n excess of that provided 1n the diet # 7

One of the best controlled stud:es was that by Shibley and Spies® The*
investigators studied a group of students selected by random sampling Ne

T s work was supparted 1o part by a grant from the \at onal\ tans 8 Foundat on Inc Newdok 3%
oo The uthor w shes Lo expres b deep apprecat'on (b 3 oo ker Doctor Elsabeth ha s I it
nce 10 2}l the expernmentat work nted Dactor haver 2rch Assocra rment
R ChaeT Reose Hour aal Choeago 1 45 Research Assocuate o the Depa:

214



b ful €corg mspxmtory

i ECliong Mag tnamtamed One Broyy, feceny oy 2y Uty of VMg, 1
and 4 Unyg o, M 1y ber Weef 8roup Tecen, J0g "ts of
>Mamyy, A The [ oy, Ceneg Marze ol The SCAS0 ) INcide, ce
colgs and they Verny, Werp ang, 2l p, du(atm Ids hay
eren Sign) anly g, T 1y, 3 Suddengs Wwho Tecen o e aqq, d
mig 4 Tbcfal? Tepory D2 of ¢ Heronu ey € S,

1), Rag Soughy therey, £ on th Reed 1, ] the ummmA
Ay, ey fecye, hnay, for g, thay bio dlﬂelso
Sttamy, 3] Teagsy dupyy, Cale 1t » 4 5te of the ) e 5, NS a1 e
Jnep Thyg as N o, Uenlyyy a o, s, and g, te

¢

e g}
Arer the thirg ang fo,

hy; 13 Certai, Gue. ns Dres, ute there
R tncre, sed Ussue (I?n)"ld for this m, n Aleaspg Yhilizg I
the 4, O Sithep o “hiere does the gy, “itam, ab:ur;»
Dites the te of ey 't € ang Tefegga rent the Presence
of ‘Plecty, € dre Same of th “Stiong hichy Stimylyy, ¢ ey,
me; ®hey, are sty NG on an, Bhich T aboe t
“mtmbcs Erogy o d thersis ) e hy, Myeey, or of
Swuepy -'dl’h()nt) ol ,, Prody,, d Scesses |, ich E5e led Bacty, 13 ap,
€55e3 1n they h:smlogm APnegy, nce Iherm’on- Usecq thesa Ances ¢,
Syl infecy, " orarg d stug, 1 the | 'y
urne Uissy
Matyry Mg ale rays L th, S gy fey N eighi, aboulZDP
AN ey Were useq Co, trol Ammals " ere e s St Mdlzrg !’ew}m;: as
pc-nmmzalammals There tas s:;,mlxranr dlﬂb!rn(‘ he ean Weugpe
Ay op expenmenml .‘rnmml Oupg du,, t 00 of ludy
1 Shoyg he e the a1, eSSes 4 U ey g, faken tio
1S after the St inye, Hoy hos, chapg,
i
ngle m/ccnonm shoy, Iurzher o, Cring |, Nty
1 Som, Anmay

SIS ape thug Sty 0 thoen olm-ne«l M ba terry Infe gy, n
hum«m Sine they I by €N Spaeg iy d} I

ally e tg 4, thne pa, S Fatlor
han g 3 absmm-s Sty erpenmems “ere g, ity RRLITY alrnoml af
ay 2) The esulta REITN 0 4y Sy, @ ) nty,
ey
5 Fru
tou, tn;qlmm ol Ty, Dhng 4y ats gy Heety, imm.zls
ML Woan
RN
N
5 - ar
e o, n't
" g ‘ »
)

a;r
Y

£
2ﬂ§~l T,
\\\\ = S e—



216 Annals New Yorh Academy of Sciences
TasLe 2
SERUM VITAMIN A
Tuwo Injections of 1 ml Sweet Almond Oil 1 Rats at Weekly Intervals

Serum vitam a A {Mean)
wg/100mg £5D)
Ao rats
Beforefnecton | 2 dirsatr
Expermental s 27 £ 10 13&7
Control (not injected) 5 xS 29 % 10

The next step was to determine whether absorption and hver deposition of
the vitamin are decreased  Blood levels folloning a standard orally admuns
tered test dose of vitamin A alcohol were therefore determined The test
doses were given by gavage to experimental and to control animals i doses of
12,000 units per hilogram body weight  Blood levels were determined before
the test dose 3 or 6 hours later, and 24 hours Iater  The animals were studied
mn groups of six  These studies were done 1n different groups of ammals at
different intervals of time after the injections, two days after a single injection
of turpentine, two days after a smgle injection of sweet almond otl, two days
after a second weekly njection of turpentine, and two days after a third mjec
tion of turpentine

In all of these studes, there were no significant differences m serum vitamm
A at three hours or at six hours after the test dose At 24 hours, howeer, the
serum levels i the expenmental animals felf lower than the serum levels in the
control ammals  The 24 hour levels m the experimental anumals fell to the
same low Jevels as before the test doses  The results of one such experiment
areshowninTaBie 3  These data suggest that gastromtestinal absorption and
liver storage were not modified by the abscesses That the 24 hour Jerel m
the experimental amumals fell 50 low suggests that the lrver stores are low

The concentration of vitamin A i the Lvers was then studied Taste?
shows that the mean weight of the livers of the expertmental animals was oot
significantly different from that of the controls However, the hver vitamn 4

TablE 3
SerTM VITawry A
Four Injections of 1 m! Turpentine in Rats at Weekly Intersals
Fflect of Oral Dose of Vitamin A Alcohol 12000 1u /kg body wt
Guven two Days after Fourth Injection

Serum vitamn A)
g /w0 gm. = S}

o re
Before 15t
mect o |Fel
turpent ne

. 24 bours
VIRl . |t
I S
Txpermental Vs la2a4lazlesa st |18
Control =541 x6]as a0 ]asx>
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‘TABLE 6
Urive Vit A
Tour Injecttons of 1 ml Turpentine 1n Rats at Weehly Intenals
Urine Collccted for Three Day Periods Beginning Two Davs
_ _ after Tach Injection

Two days before Ist tnject on Afterungectons
N rts Unigesol | Unineast & | Lenerol | Lowerid
%
TR | e | AR
1 xperimental 6 35 4+ 07106 £ 381427 2H0
Control s 33| B2

spleen and intestinal wall also revealed no sigmficant differences between it
experimental and control ammals  The mean 1alue for \itammn A concentes
tion i the Lidneys, however, was more than twice as high n the expenmenty
as n the control group, but the varation 1s so great that the difference 53¢
statistically sigmficant

The unine (TABLE 6) revealed much higher levels of vitamin A i someol ¥t

P ! ammals as compared to levels before njection and as compd
to urine levels of control amimals However, because of the marhed varatet
In unnary exeretion of vitamin A n the idn 1dual experimental amimals thet
1s no significant difference in the mean Normally there 15 no detectable vid

min A 11 the urine of humans, whereas, i some patients with pneumonia 3
preciable amounts of 1t appear
T nemn Ancoe AP v

2

scesses, however, there is a difference in that in the Lidney vitamin A 1

creased, of anything, and not decreased  Interestingly, Reichstemn's compound

L acetate has been reported® to lower the blood and Ridney vitanun A of rats
o Pampet 3

'
'
o LU L BusL e v

v P

}_mans that, i acute wfective processes, bath blood and Irver itamsn A 3t€

docreaed  They show tha{! some loss my oceur through the urine, but that
T ame h
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TLUID BALANCE DURING INFECTION WITH REFERENCE T0
PROTIIN AND MINERAL METABOLISM ENZYME SYSTEMS

By Joachim Ruhnau
Inst 1 te of Plys olog cal Clemstrs Uns ersily of Hanbirg Hambirg Germany

Although reactions of water balance to infectious diseases may vary w des
according to the nature of the infectne agent and the Jocalization intensty
and course of the mnfection the statement 1s possible that changes n flud

“ ast
com
\a?
e ¥
and then may be excreted by urine and sweat thus causing a more or Jessseyert
state of dehydration On the other hand if a regime contamng Tberal
amounts of salt 1s mantained during the course of infection large quantitiesol
water may accumulate in the extracellular tissue gaps and the resulting water
retention finds 1ts expression in local or general edema The seemungly op
posite phenomena of dehydration and water retention may thus be expla ned
on the same basis 1. the loss of intracellular water Ths loss 1s accompaned
by a corresponding loss of cell potagsium which finds 1ts way mto the blood
plasma and the iflammatory exudates of the infected orgamism and sub
sequently 1s ehminated 1n the urine ¢ ® The fact that protein staniation 10
may result 1n either dehydration or edema depending upon secondary con
ditions and 1n losses of potassium® points to a common ongin of the changes
water economy caused by infections and by a lack of protein Indeed metab-
oltsm 1 acute infections 1s marked by the well hnown phenomenon of tost
destruction of proteins that s independent of body temperature and nutntiot
and leads to increased nitrogen excretion if the diuresis 1s large or toa nse o
nonprotein nitrogen In blood if kidney functions are poor? * Destruction o
protemns as well as dehydration 1s followed by liberation and leakage of i
cellular potassium whichs first accumulated m the extracellular flud and after
wards excreted mn the urine® The release from the cell mtenor of potassu®
equnalent to the destroyed protein frees another portion of cellular water
which leaves the cell ° These facts justify the conclusion that increased break
down of mtracellufar protein 1s one of the ultimate causes of the water and
potassium dramn from mside the cells during infectton and at the same tm°
raise the question whether the status of protetn nutntton might have 2n 18
fluence on the course of infections and the accompanymg changes in water and
mineral balance

The intimate connection of the changes 1n protemn metabohsm with disturl
ances of water and potassium equilibrium during infections makes it necessiy
to trace the mect 1 producing the fund 1 protem catabolic respons®
of the host orgamism to infectious stimult ~ The complety of this mechanism
15 best shown by the fact that protern starvatton w hich 15 apt to accentuate 15¢
tovic destruction of protemns may have quite opposite effects on the course o
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10 (tyrostne) and 1670 (prohine) # This accumulation of free amuno acds i
to be looked upon as the first step of protein synthesis  Gale and his eo-
workers have gained evidence that the process of intrabacternial ammo ad
assimitation and protemn synthesis is the point of attack of many antibiotics
The accumulation of anuno acids 1s ithibited by pemcillin, the ensuing protew
synthests by chlortetracy cltne and oxytetracychne  The protem losses mcurred
by the host, brought about by these processes of fixation, growth, and mulu
phcation of viruses and bactera, are accentuated by the action of bactensl
enzymes, which not only 1n themselves represent another kind of heterologous
hostile protemn but, 1n addition act 1 propagating infection by destroying
dissolved host proteins as well 2s membranes and other structural elements
of the host cells This di effect, which fests 1tself more or less
exclusively at the protern matter of the host’s organssm, 1s brought about by
protem splitting enzymes or proteaselihe tosins Among the numerous bac
tenal proteases, those of streptococcal onigin have been studied extensively™ »
In producing reactions of toxic protein breakdown, they are supported by the
enzyme streptokinase,®® # which combines reversibly with the plasminogen
proactivator of the host’s blood, thereby giving mise to a peptide sphitng
enzyme (plasminogen activator) This enzyme transforms plasmmogen mto
the fibrinolytic enzyme plasmin®* Several peptides formed by bactenal pro
teases are themselves endowed with toxic properties of a hormonelike nature
the substances (leukotauin exudin, pyrexm, “LPP”) producing mflammatery
reactions 1n mfected tissues are peptides®™ ¥ Simple peptides that mav
ongmate from totic tissue proteolysis in infected areas exhibit permeabity

Increasing properties, acting as pacemabers for the imading microorgansms®
Their action 15 supported by a great number of species specific bacterul hy

aluromidases that enhance virulence and the spreading of bacteria® ¥ by i
creasing permeability of the host cells, and that propagate inflammation phe
nomena (leukocytosis fibroblast proliferation, formation of exudates and
granulomas™) A durect relationship evwists between hyaluromdase elaboration
by streptococcs and their virulence ®  Whereas micrabiological hyaluronidases
are mamly produced by gram positrve bactena (micrococer staphylococt
streptococct) gram negative bacteria are the soutces of other enzymelike 11

vasne substances with an enormous biological activity  These tovins shich
recently have been 1solated from bacteria of the Escherthia calty Salmondid
LEberthella and Shigella groups * © are protem bound hpopolysacchandes acng
not only as highly effectne but also by b 4

meability and capillary fragihty with the result of hemorrhagic necroses
{Shwartzman phenomenon) ¥+ In addition, they induce certain host reaction
such as leukocytosts, Increases m phagocytic actisity, and actsvation of the
prtwitary adrenocortical system It 1s highly probable that the bactertal pro-
duction of these catalytically active agents represents the essentsal hums®

mechanism by which the well known response of the adrenal cortex to mlet

tions and the above mentioned foxic protemn destruction 1n the host are med]
ated Al these effects are clicited by extremely low quantities of bacter?

lipopolysaccharides (1 to 5 ug /Ag), Injection of 01 ug E cols hipopolysst
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charide, cotresponding to 10 to 10" molecules 1n an adult man, will produce
Intense pyrogen reaction, leuhocy tosis, and adrenocortical sumulation
Proteut economy of the infected organism as 1ufluenced by adaplalion reaclions
on the host side  The most important protem-consuming reaction of the host
to mfectious stimul, represented by formation of antibodies from gammn
globulins, proceeds along two different lines  1f 1t 1s elicated by towns that m
themselves are of protem nature, it depends upon the action of adaptive en
zymes created by the pnmary action of tovins (Burnet), whereas nonprotem
toxns {eg p pol; harides) produce bodies by direct tem-
plete action (Haurow1tz Bremnl) m amounts surpassing the quantity of prming
toun by more than a million tmes  However the protein requining reaction
of the host orgamsm to bacterial er virus infections is not imited to antibody
production fram gamma globulins but, 1n addition, consists in a formation of 2
series of specific proteins and peptides, including members of the arglobulin
group (h Jobi d: products of mesenchymal glyho-
proteins ¢ 1y sozyme,¥ some thermostable bactentolysins, 4 and a great num-
ber of nonantibody enzyme nhibiters directed aganst bactenal enzy mes up-
setting the host’s protemn and flud balance by cell destruction or mvasion
The great vanety of these inhibitors formed under the pressure of the chemucal
attach comprises a trypsin inhbitor of e globulin character, a trypsin plasmin
mhibitor 1n the arglobulin fraction,” * and several antiprateases that are also
found 1n serum  nfections and after njection of bactenal proteins 50 &
Fhese antiproteases (for the first time charactenized by Abderhalden®?) are
not antibodues, since they can he produced by nonantigenic bactertal proteins
(tovoids) Thesr relation to the other, mentioned protease inhibitors 1s still
obscure  Besides them, the infected host organism 1s able to elaborate a great
number of antihyaluronidases that are partly heat stable and of a peptidelile
structure, partly heat labile and true protews  Large amounts of both ty pes
of antihyaluronidases are present i the serum of subjects with acute infectious
diseases, especiaily m pneumonua and rheumatic fever ¥ % 5 The heat stable
streptococcal antihyaluronidases are species and group-spectfic peptides, thus
resembling true antibodies, while the thermolabile antihyaluronidases do not
neutralhize specifically the various bactenal enzymes The hyaluromdase
ihibitors are of 2 <pecial interest 2s regards water and protemn metabolism 1n

4n far ac the

ws @ Lorpm L U SO AU LUEDLIN IS * LG LLACE €1MEnt COPIKE takes
part n the regulition of serum (phsma) antihyaluromidase activity, obviously
by formung @ copper protemn complex with strong nhibtting quality  Whereas
mzed coppier inhibits hyaluronidice only to a lmited extents® and, w ser
Isw concentrations, even increases hyaluronidise actty copper complex
bushing especially as a compound contuning 1 witamun P like substance
tlavonol or anthacy e} may reduce hy turomdtse 1ctinity ven efliciently
cven at rather low concentrations®™ # (FIGURE 1) The whibition of hyalurom
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' '
by 100 to 200 per cent  The ise of § lasma copper 1n infections may therefors
te looked ufon as an mportant defense agawnst d effecte
of bactenal hyalurom fase

The phagocy tic activity of granulocytes represents another tvpe of defense
mechanism operated by the host It depends upon protein mtake 1 so far as
the available body protein determines the absolute number of phagocytes as
well as therr state of npeming phagocytic activity being proportionate to the
quantity of granulocytes and the degree of ther materation  Phagocytosis
stself consists mamly of a series of enzymatic reactions by which the mem
brane matenal and the cytoplasmic protems of the parasite are stepwise de-
graded Phagocytes contamn highly active proteases®® * and peptidases of
several hinds especually tn and dipeptidases ©* \Most of these peptide
splitting enzymes cisplay full actinaty only n the presence of cobalt® © #
and there 15 some evidence that cobalt offered to the organism mamly as vita
min B plays a sigmificant role 1n phagocytosis and defense agamst infection
Indeed the almost complete disappearance of vitamin By from the unne
m connection with moderately lowered serum B values® n patients suffering
from febnle infections with leukocy tosis (TanLE 1) points to a defimte tissue
retention of this cobalt cantaiming compaund 1n wnfections and to an wncreased
requirement for cobalt of the body during fever and enhanced phagocy tic actin

o B

ity of the leukocytic enzyme stores, wlich are greatly mcreased durnng in
fection Thus scems to be vah} for serum peptidases too smce most of fhem
are also activated by cobalt

The degree of protein consumption brought about by the defense mechanisms
agamst fection on the hast s sule must not be overestimated  Although there
1s no doubt thz\t food prolem 1s needed for the compensation of the above men
e o
I
re
Meldby 1L Sujustments { ria muntma ) probably hormenal in nature ™ and
that 1t does not interfere generally mith the humoral hematological and 1m
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FORTIFIED BROAD SPECTRUM ANTIBIOTICS AS ADJUNCTS I
THE TREATMENT OF SURGICAL INFECTION\S OF THE 100\G
THE AGLED, AND THE DEBILITATED PATIENT*

By Aaron Prigot and Aubre de I Maynard
Department of Surgery Harlen Hospital Department of Hospslals New York % 1

The introduction of the broad spectrum antibiotics 1n the treatment o
surgical infections has placed 1n the hands of the surgeon potent ant infecint
agents Because the duration of the acute phase of such illnesses has been cor-
siderably reduced, a certain laxity in the total care of the patient has resulted

It 1s to be remembered that once the acute phase of an mnfection has been
overcome, the reparative process 1s still n eperation and, in large measure 5
dependent on the nutntion of the patient and on nutntional therapy  Ths
latter factor 1s of even greater importance 1n the young n the aged, and mt®
debiltated

Since the water soluble vitamins are not stored, the disease process in sl
disrupts the nutritional equilibrium by a reduction 1n the asailable nutnest
factors through decreased absorption, decreased utilization, mncreased demand
and increased loss of nutritional elements

The decrease of nutntional elements available 1o the patsent results fror
decreased intake decreased absorption, decreased utthzation, and snereastd
loss  The loss of appetite produced by mactivaty, fever, pam, general malase
gastrointestimal lesions, and antibiotics causes a reduction in the avatlable
nutritional elements  Gastrointestinal lesions and special diets may alsore
sult 1 decreased intake

Absorption of nutntional elements from the gastromtestinal tract may b
decreased by disease of the tract or by alteratton of the bacterial population of
the intestinal tract incidental to the prolonged use of antibiotics

In a large number of diseases, the efficiency of the Iner s considerably 1
paired, thus preventing normal vitamin metabolism

The increased nutntional requirements in stress have been tharoughly
documented? ? * 4and this knowledge should be utdized 1n order to avoid sud
complications as secondary infections and delay in wound healing and con
valescence  Vath elevation of the body temperature, metabolic processes %t
accelerated, and thus greater amounts of the nutritional elements are requi

Fmally, the increased loss of vitamuns through the vartous body flurds an
exudates mahes 1t imperative that a thorough supportive regime be snstituted
for the patient

The role of antibsotic therapy in the treatment of surgical infections has been
firmly established In our hands, ovytetracycline and tetracychnet have
yrelded satisfactory results in the treatment of surgical infections, whether u
alone or as adjuncts to indicated surgery * 799 They have shortened
appreciably the chaical course of some infections and markedly reduced the

. dihe
e S A A T i Co T i )

e trade names of Chas Phzer & Co Toe for the ant b of cs oxylesracycl ne aad tetrcyct pcare Ter?
myc o and Tetracyn sespect vely
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malase pam and other mamfestations of severe itiness the patents ap
petites and general condition were satisfactory  Compltcations such as pul
monary infections decubitus ulcers tnd delayed wound healing were not
encountered

Harlem Hospital draws sts patients from 1 section of the population e
nomically depressed and hiving 1n 1 densely populated area  Hence they donot
have the advantages of adequate rest sunlight fresh air and good nutnition
Not infrequently on admssion to the hospital they present mn additton to the
acute tlness varymg degrees of avitaminosis and malnutrition o no growp
of persons are the words of Pollach and Halpern! more apphcable In orde
to administer maxumally effective therapy to all patients the physician mut
assume that all patients are somewhat nutntionally depleted
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The 335 patients chosen for this study presented problems erther of severe
mfection of stress, or 4 combination of bath  The cases were selected from
among the young, the aged, and the debilitated  The various types of surgical
cases treated are hsted s TapLE 1

Twenty-five patients suffered from various surgical mfections  Nine cases
were complicated by diabetes, six by chronic myocardits, and three cases by
drug addiction  Two cases were human Dites 1 teen agers, and three were
infected lacerations 1n elderly people

The following «ase 13 typucal of the latter group

Case Vo 1 J T, a 69 year old man, had sust1ined a severe laceration of the
night forearm six months previously  The laceration was sutured, but became
mnfected and had continued to drain This patient was a dixbetic on 60 umits
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of msulin datly The physical examination was nonconinbufory except for
the severely infected laceration of the nght forearm a culture from whehre-
vealed Staphylococcus aurens  Within 72 hours after mitiation of therapy
the thick yellow discharge became thin and healthy granulations began to
appear At this time excision of a necrotic tendon was performed and there
after healing was uneventful

In cases of severe fractures in the aged where open reduction 1s contemplated
and a relatively long period of immobilization of the patient 1s necessary Wt
have found that the antibiotic vitamin combination 1s most excellent It
acts both as prophylaxis agamnst infection and at one and the same tume
supphes the daily vitamin requirement  The medication 1s mstituted before
operation and continued as Jong as necessary
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Rlustrative of the good results secured tn such cases are the following

Cuse Vo 2, L, an 81 year-old male, fell out of bed njurmg s hp
P b e s .ra A ) >

Case Vo 3 R M a 38 year-old mule, was struck by an auto on 4pni 11
1993 sustatnm, 2 distocation af the shoulder, a fracture of the left femur tibna
and tbula  Open reduction of the fracture of the femur was performed and
held in position by an mtermeduliary natt (Fraere 2)  Convalescence has heen
uneventiul

Case No 4 A N 1 58year-old diabitse female sustawed a fracture of the
nedh of the femur 1n 1933 She was treated concenainely, and the head of
the femur began to undergo asephic necrosis  ‘Two years agd, the area became
infected and the patient descloped  drasming sinus (F1coRE 3} Lnder therapy,
the patient has improved and the tract 1 now almost closed

The final group consists of theee patients who have endured severe stress
and 1 whom at the same time large portals of entry for infecthion have been
established  These patients ranging In age from 7 months te 11 years were

Tn s el

ng scalding, with bowing water  Physical examination revealed second and
third degree burns of the abdomen and feft thigh (Fiotwy 4)
Case No 6 5 M, an I year old Lov entered the hospital on Apri} 3 1055

UL Seoen monthod boy w 1h burn 4 eated wath fort fed te ra yelor oral sucpen o0
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of msulin daily The physical examination was noncontnbutory except for
the severely infected laceration of the night forearm a culture from which re
vealed Staphylococcus anrens  Wathin 72 hours after imtiation of theraps
the thick yellow discharge became thmn, and healthy granulations began to
appear At this ime excision of a necrotic tendon was performed and there
after, healing was uneventful

In cases of severe fractures in the aged where open reduction s contemplated
and a relatively long period of immobihzation of the patient 1s necessary we
have found that the antibiotic vitamin combination 15 most excellent It
acts both as prophylavs aganst mfection and, at one and the same tune
supphes the daily vitamin requirement  The medlcauon 15 mstituted before
operttion and continued as long as necessary

16uRE 3 Tofe ted fractore of the ne ) of the lelt fe a m tedn B
sor R o ST LA L Py e e d bt fomai)
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Tifustrative of the good resufts secured in such cases are the foflowing
Cose ho 2, § L, an 81 year old male, fell out of bed, mjunng s hup
P 75 . v 5

1) Comalescence was unesentful

Case Vo 3, R 1, a 38 year old male was struch by an awto on Apri 11,
1935 sustaiming a chislocation of the shoulder, a fracture of the left femur, tiba
el fibuls  Open reduction of the fracture of the femur was performed and
held o postion by ao wmtermeduliary nad (zrctee 2} Convatescence has been
uneventfut

Case o £ 4 A a%8 o tiat et Lo ..
nech of the
the femur be
wfected und the pattent developed a draming smus (F16TRE 3} Under therapy,
the patient has improved and the tract 1s now almost closed

The final group conswsts of three patients who have endured severe stress
and 1 whom at 1he same tume, large portals of entry for infection have been
estabhished The<e pamu\ls, 1IDEINE N age !mm 7 monlhs to 11 jears, were

PR

we mral b eand

e geatd ne w th b lwa mipe DL f

Futar & seven monthold oy« th burn teeated math fort hed tetraevcline oral sorpention
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of nsulin dasly The physical examination was noncontributory except for
the severely infected laceration of the right forearm a culture from whchre-
vealed Staphylococens awreus  Within 72 hours after imtiation of therapy
the thick yellow discharge became thim, and healthy granulations began to
appear At this time, excision of a necrotic tendon was performed and there
after, healing was uneventful

In cases of severe fractures in the aged, where open reduction 1s contemplated
and a relatively long peniod of immobilization of the patient 1s necessary we
have found that the antibwotic vitamin combimation 1s most excellent I
acts both as prophylaws aganst nfection and, at one and the same tme
supplees the daily vitamun requirement  The medication 15 mstituted before
operation and continued as long as necessary

”

FEC)]
veg

Fioure 3 Infected fml‘ll"t of the neck of the lth fem: r .male} treated ¥ thet
fort e vt b0 €S b e e 0 o g femu (58 year ol d abet < female)
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Tiustratn € of the good results secured i such cases are the foflowing

Case Vo 2 J L an 81earold male fell out of bed, myunng his hip
Fhysical exanunation revealed sentity artenosclerotic heart disease and a
omminyted intettrochantenic fracture of the femur  The fracture was reduced
and held m position with 3 Smth Peterson narl and a McLaughim bar (ricuey
1 Comaiescence was unesentful

Case Vo 3 R H a 38 year-old male was struck by an auto on Apnl 11
1734 sustaning a dislocation of the shoulder a fracture of the Jeft femur tilna
ard fibula  Open reduction of the fracture of the femur was performed and
Teld tn posttion by an mtermedullary nail (\GLRF 2)  Comvalescence has been
uneventful

Case Vo § A N[ a 58.year-old diabetic female sustaned a fracture of the
nech of the femur 1n 1953 She was treated conservatively and the head of
the femuy began to undergo aseptic necrosss  Two years ago the area became
wiected and the patient developed a drarming sivus (F1cuwr 3} Under therapy
the patient has improsed and the tract 1s now almost closed

The final group consists of three patients who have endured severe stress
aul i wlom at the same time large portals of entry for infectson have been
established  These patients ranging i age from 7 months 1o 11 years were

LA v P

ca avel T wwal -

g scaiding with boding witer  Physical examination revealed second and
tinrd degree burns of the abdomen and left thugh (Ficvre 4
Cate Vo 6 S M n 11 year old boy entered the hovptal on Aprd 4 1959

-~

Fo xx e Se o monthobd by w5 burn trca e wnth for o4 tetrary Lne om st peocion
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. 1 -
Ficuzz § Ee enyearol) boy w th burn of chest t 2ated w h tetracycline + tamn o al su wen 00
after his clothing caught fire  He sustamed 15 to 20 per cent second degre®
burns and 1 percent third degree burns of the chest and abdomen (FIC URF 3

Case Vo 7 I H 15 year old boy, was admitted on Apnl 21 1933 having
recenved a 2 to 3 per cent second degree burn and a 6 to 7 per cent third-degree
burn of the nght leg when his clothes caught fire (FIGURE 6)
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Summary

The role of nutrihonal therapy 1n stress and disease has been throughty
established  The broad <pectrum antibiotics oxytetracychine and tetracy cline
have proved their worth as adjuncts n the surg cal treatment of established

¢ h 7 .

' ! " 1 o

In our expenence the addition of the vitamins in no way nterfered with the
absorption and antibactenal action of the antibiotic  The combination was
well tolerated  No allergic or st le reactions were observed

e

or nfection or a combination of stress and infection  These patients made

Tapd recovery  witt out complications of secondary infection dely 1 wound

healing or retarred consalescence

The case of a Iministration of the combnation of vitamms ani antibiotic

T ' FI Y ' L LYY
' .

L 1 ‘ ' '
C nelust

1he combination of the antily tics ovytetracyeline anl tetracycline with
vitamuns represents a decided adsance i the total care of the young the aged
and the debilitated suffering from diseises iy ol ing, stress an finfection
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Duscussion of the Paper

Doctor W Apriax FREEMAN (Department of Surgery, Harlem Hosprtal, M
jork, V1) 1 wish to thank Doctor Prigot for the privilege of reading and
liscussing his fine paper on supplementary vitamins 1n the mfected and debil
tated patient Many of the facts he has presented here have been observed
n our service  This 15 2 well balanced study and will sumulate interest i the
srofession to study more thoroughly nutritional problems mn health and dis
ase
For many years at Harlem Hospital, we have given supplemental vitamins
by mouth mtramuscularly or intravenously, to all patients on the Fracture
service  To name a few that have been used throughout the years breners
¢1st, hematinic capsules thamine hydrochlonde, B complex, vitamins AB
D G, folic acid tablets, Berroca C, and injectable liver extract
Our patients are drawn from an overcrowded and economically depressed
ection of the oty Tn addition to patients from the immedsate area, we also
ecerve indigent eldecly patients from other hospital districts  These patients
1o not have adequate diet, fresh air, or rest It 1s therefore mevitable that they
wre alteady suffering from borderline nutnitional deficiency and secondary
inemia
- ! - falt from
Many
of time
lespite all our efforts for early ambulation  The increase in the age of the
reneral population 1s reflected 1n the large number of our patients who are over
0 years of age



Prigot & Maynard Antibiotics 1n Infections 23y

Tnally, many of our cases are admitted with many forms o1 ass « wel
ds ity hized , peptic uleers for cxampl
which have been long neglected because of economic factors

Hatlem Hospital 1s a very busy hospital  On our fracture wards we my
have as many as 15 to 20 patients with severe fractures  This throws o pren
stram on the nursing facihities  The stress fortified antibiotics given ¢
medication thus reduce the amount of work requited from the nurse~ avir

PR 3

assure the proper functioning of certain enzy me systems mvoh ed in the 1
ive process
Docror ARTIUR L GaRnES (Department of Surgery Harlem H pt -\

York, ¥ 1) The comments made by Doctor Freeman concernme 11 cr
are equally true of the plastic surgery serice We see a large nunt
CONH Ve e ogm aee e oA M ]

e . ot .
. . .
il, suffenng from pam, general malaise, debality and loss of valustle tul
surface and body fluds These factors necessitate prolonged pur 1 0
bed Tt 1s therefore of paramount importance that every avalable thery s
a supportive nature be admimistered m these cases  We have found that the
stress fortified antibiotics, especially stress fortified tetracycline as an oral sus
pension are extremely valuable in the treatment of our pediatnic cases  With
the use of this combination, there have been fewer mstances of sccandary infec
ton and no delay in convalescence The combination 15 well tolerated
and thus we are assured that the patient receives and retains the medic ition



NUTRITIONAL AND METABOLIC ASPLCTS OF INFECTION

By Laurance W Kunsell
Institule for Metabolic Researc] IHighland 1lameds Conty Hospital Oaklond Calif

Many of the contributors to this monograph are vastly better qualified than
T to discuss nutrition 1n relation to resistance and immunity to infection M
remarks are confined to two fields (1} the place of corticords* in resistance to
mfection in particular and stress in general, and (2) the relation of specfic
nutrients to pituitary adrenal function

Infection and the Pilwtary Adrencl Axis

Tour major sets of observations exist in regard to the place of the adrens!
cortex 1n the over all pcture of resistance to infection

(1) It has been well established that the of the Add, patent
or the adrenalectorized amimal to infection in particular, and to stress i gen
eral, 15 markedly dimmnished !

(2) Thus resistance 1s changed very lttle i anmmals or humans maintamed
with desoxycort: M with cortisone or hydrocortisone
however, brings the resistance essentially to a normal level 2

(3) Under appropriate experimental conditions, the adminstration of phar
macologic amounts of corticoids to experimental animals recerving noculations
of pathogenic results 1n d mortality ?

{4) The combined admimstration of corticords plus mdicated antibiotics 10
eritically 11t patients under properly controlled conditions, appears to result
dumnished morbidity and mortality ¢

On the basis of superficial evaluation, the above statements would appear to
be confusing and contradictory ~ Actually, when properly evaluated, they are
neither (see below)

Established Physiologic and Pharmacologic Effects of
Corlisone and Related Compounds

(1) Regulation of energy metabolism In the absence of the adrenal cortex;
there 1s major mpawrment of neoglucogenesis, hepatic glycogen storage, carbo-
hydrate oxidation, and, probably, fat ouidation !

(2) Regulatron of cardiovascular renal dynamcs  In the absence of the adrenal
cortex, there 1s progressive dumnution 1n the blood volume, contractile poser
of the heart and glomerulotubular function! Corticoid administration cor
rects such abnormalities

) (3) Mod:fi of the nfl y reaclion  Phar amounts th
' 1 . v

1€ aetcanp

ficial or extremely dangerous (see below)
(4) Inlubition of the effects of certan bacterial endolovns  This effect appeats

Theterm cortcod susedimth s paper tonclade ACTH cort sone andbydrocort save
210
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tobe well established 7 Tt 1s probably a m1jor component of the over all “non
specific antitovic effect” of admumstered corticonds ¢

(3) Inkebuiron of bacterral grouth  Such an effect 1s u o produced by any cort
cod

{6) Inkibuson of spectfic antibody production Under appropriate espen
mental condutions, such an effect can be demonstruted  When corticords are
used progerly 1n the management of infectious dincise 1n the human such an
effcct erther does not eccur or 1s of such minimal degrec s 10 be of no clhni
calimportance ¢

Many other effects of cortisonelihe compounds may plas some part in the
aver all picture of resistance to infection  The present discussion, howeyer,
will be linuted to the above

The Use of Corlicords n the Clunical Munig ment | Pahents
with Infections Disea

‘There are three types of application of corticor v 1 ~u b patients

(1) Replacement therapy tu the patient with knv w p tut 10y or adrenal msuf
fiaency, 1 ¢, 1n the patient with Sheehan s syndrime £ V1 hwon s disease  In
such 1ndn duals, one uses constant mamtenance therap v the average dosage
bemg 25 mg of cortisone acetate and 2 mg of buceal Je~ i carticosterone ace
tate daily, or 300 to 1500 g of 9a fluorohydrocortis ne duts  Such medica
tion in the Addisoman patient preduces a stitc ol resista e 1o infection com
parable with the normal

When wfection actually occurs in these patients the losage of corticords
must be Increased, on the average, to 100 mg ot Ortione {uh or its equna
lent  Increase in the dosage of desoxs corticasterane 1+ rarcly required  When
the nfection has been controlled with antibioties the dost s gradually reduced
to the preifection level over a perod of three to seven davs

(2) Prophylactic corticord admmstration mi indvadutls xth w’:pmzd pariral

be 1n the form of mfection, operative trauma thermal dimage or the Lke
‘That some individuals respond less well to stress than others 1 comman hnowl
edge  Whether such differences in response at least on accasion m1y be the
Tesult of relative pitwtary adrenal tn1dequicy 1> by no means clear It scems
Ighly probable that this phase of the problem wilf be ctanied during the next
t80%vears In the interim, one has occaston at times to answer the question
‘Should John Smuth, aged 63, who 15 less than 1 rugzed individual, recene
some supportive therapy to help him withstand a severe fection and or a
major surgical procedure®” No unequiocal answer 15 possible at (he present
tme Tt would seem to us howeser, that one mught set up the following tem
Porany “ground ryles”

(1) Normally robust indi uhuals should nof recesne supplemental corticoid
therapy, except m the presence of dire and overs helpung emergency conditions
(see below)
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(2) In patients such as the John Smuth noted above, the use of a modest dos
age of corticoids, e g of the magmtude one would admmster to an Addisoman
patient exposed to stress, has Little hikelihood of producing harm, and may be
of some real value (assumung that the patient has been well screened for the
presence of contrandications to corticord therapy)  Casual use of corticods 1
contraindicated 1n any wdvadual under any circumstances

3) Cfrhcfzd aimmz:lrglwn 1 the presence of overuhelmng wifection  Ths

. - PR (SR

circumstances, 1ntensive corticowd administration, as the result of its antishock
effect and nonspecific antitovic effect, enables one to “buy ttme” until such time
as the specific antibiotics have a chance to eradicate the offending orgamsms and
the body has an opportunity to produce specific antibocdies The standard
emergency programs used 1n such patients are shown m FIGURC 1 The details
of such therapy are discussed elsewhere ¢

Relationsinp of Specific Nulrtents to Piturtary Adrenal Function

One would anticipate that relative or absolute deficiencies or excesses of spe
cific nutntional factors would bear some relation to endocrine function Vel
Lnown examples would be the changes i thyroid structure and function assoc:
ated with 1odine deficiency  the change in functional activity of the 8 cells of
the 1slets of Langerhans with variation in the relatne and absolute concentra
tion of carbohy drate in the diet, and the hy perplasia and hy perfunction of the
parathyrouds that can be produced by prolonged caleium and phosphorus dep-
rivation

From the standpoint of response to stress, the importance of hnowing the
effects of specific nutnients upon the functional activaty of the pitwtary adrenal
axis 1s of obvious tmportance

In FIGURE 2 15 shown diagrammatically the relationshup of some of the im
portant exogenous and endogenous factors to the cell exposed to mnfection or
otherstress  Nutritional entitics play a double role  “Lheir avarlabihity m the
proper amount 1s essent1al to the integrity of the body cells per se  They are
equally essenttzl to the normal structure and function of the pitwitary adrenal
axis which in turn constitutes part of the major defense machmnery of the body

One must preface any discussion of the relationship of specrfic nutnents to
adrenocortical activity with the statement that the total body of knowledge 18
still far from if The foll however, appeat to be rea
sonably well documented

(1) Sodeum and potassium are vitally concerned with the level of adrenocortt
cal function sodum deficit or potassium excess exerting a sttmulating eflect
and vice versa !

(2) A dict adequate nutritonally, but contaming small amounts of cardo-
hydrate and large amounts of protein, results i adrenocortical smulation!

{3) Protern deficrency results mn dimimshed adrenocortical function The
adrenal cortices of protein-deficient animals, however, are normally responsivé
to exogenous ACTH 8
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Infectson — Factors concerned
» the protection of the cell

Ficune 2 Exogenots and endogenous factors that cond t on the ab | ty of the cell tow thstand mury

(5) Vitamin 1 deficiency can be associated with a significant decrease 1 abi
ity to withstand stress 1t Tt s still to be established w hether cortisone will pr
tect vitamin A deficient ammals agamst the effects of stress

An increase in adrenal weight has been reported tn rats fed lrge doses of viti
min A® On the other hand, adrenal hypertrophy has been reported 1n ft
presence of vitamun A deficiency

(6) Atrophy and reduction m the fat content of the adrenal corte¥ apparent
associated with impaired ACTH secretion, has been reported for rats Wil
hyperntamposis D ¥

(7) The relationship of 1utamn C to adrenocortical function 15 considerably
less than clear  The following pomnts, however, appear to be established

() Under normal conditions, vitamn C 1s present unusually fugh concen
tratson in the adrenal cortex **

{b) The cortical sterotd content of the adrenals 1s marhedly dummshed the
scorbutic gutnea pig '

(¢) Scorbutic ammals have adrenals which are markedly depleted i ascorbic
acid but normally responsne to ACTH 7

(d) There 1s some v 1dence suggesting that ascorbic acid improves the utihza
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tion of cortical hormones, and hence may ecrease the requirement for AC1H
stimulation under stress ¥+ 1%

Whatever the final answer may be to the relationship of vitamin € and adre
nal sterouds, there would appear to be no question that ascorbic acid 1s nat 5
sential to a high level of adrenocortical function

(8) Thiamine defictency appears to be associated with increased pwitary
adrenal activity  The magmitude 1s greater than that which accurs w 1l
s mple calonic deficat
oo - with dimunished 1o
tuco corticod adm

(10) Pantothenic acid deficiency results i reproducible histologic ak norn
tes n the adrenal cortex  These changes are most marked under ¢ nlt
of acute stress'™ * “The mechanism of these changes and ther tun
s gmficance 15 still unclear

(11) Pyndotine deficiency 1s associated with dumnshed resistance t 1
but agamn, as 1n the case of nboflavin, 1t 15 stall to be estabhshe 1 vhether
attributable to a specific effect upon adrenal actnaty #

Nudritional Reguirements During Intensive Corinotd Therapy

s

ton  1he special principles that apply (o nutritional management under these
conditions, center about some of the effects of pharmacologic dosage of the
corticods—namely, increased protein catabolism sodum retention potassium
duwresss, disturbance n carbohy drate metabolism and the production of osteo-
porosis Consequently, the diet of the patient recen ing corticouds 15 high 1n
protem, relatively hagh 1n calcum and phosphorus low 1n carbohydrate ade
‘qual: 1 calories low 1n sodsum, and very high in potassium ‘Smce dclmﬂed

the normal requirement of all these entities
We have some observations that suggest that e amounts of nucleoprotein
s! ould be admimistered routinely to these patients Tlns‘!l’llemenl r‘eils on

“atabohic effects of the corticods 1re cxerted most particultrly upon toues Wit
b ratio of nucleus to ey tophsm (e ¢ the thymus) \ , .

Whether the use of pharmicotogic amounts of sitamin 13 wilk Jessen the tend
16y to net calium and phospharus depletion 15 still undetermined T meno
Pausal women amd 1n older men anabolic steror I should alnavs be coadmin
wtered to attempt to t such depletim

prevent such de

Intensn e corticond therapy should not be emy luy ed an patients \ml\l u;]umlh

10T Rutrtional status unless such therapy 1s mandatory 1 corticord therapy
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15 unavoidable (as m the case of ful g periartents, d t
etc} prophylactic” broad spectrum antibiotic therapy should alnays be co
admmistered 1n additton to the use of the nutntional program noted above
The tncreased hypersusceptibility to infection that characterizes malnourished
patients who are receiving corticords 1s probably attnibutable to a vanety of
factors which include promunently the mhibition of the inflammatory reaction
diminished production of anttbodies, partly as the result of the increased pro
temn catabolism (this statement apples only to malnounsshed patients) m
creased tissue edema with consequent tissue anovia and dmunished cellulir
resistance

Summary

‘The mtwitary adrenal axis has been shown to play a major role n the indi
vidual s response to infection, as well as to other forms of stress A vanetyof
nutnitional factors are concerned 1n both a spectfic and nonspectfic fashion, witk
the functional actvity of the pitwitary and the adrenal, as well as with the
metabolic effects of the corticoids  Until our knowledge m this field 1s mor¢
precise 1t may be well to accept the thesis that a diet 1s compatible with aptimal
ACTH and adrenal steroid production #f high m protein, adequate 1n calories
moderate 1 carbohydrate, and adequate in zs~orbic actd and members of
the B complex with particular reference to pantothenic acid

In the individual with d ends adrenal cortical activity as the
result of infection and exen more m the ind tdual with mfection who requures
supplemental corticord therapy, 1t s of the greatest importance that full 3t
tention be paid to proper nutntion and antibiosis  Under these conditions
proper nutrition, 1n addition to the entaties noted above, includes also hmutation

of sodm and ) 1on with | chlonde
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Duscusston of the Paper

Doctor Moses M SuvzaraN (Johannesburg General Hospital, Johonneshurg,
South Africa) Ina consideration of the problem of nutrition in infections, oneaf
the first questions to be answered 1s that pertamning to the susceptibihty 2nd
resistance to nfection m the presence of malnutritton  In other words, s 2
malnourshed individual more susceptible to mfection than the normally nour
1shed person, and, having contracted an fection 15 he less able to withstand
17 All other contributors to this monograph have pointed out by ammal ex
perimentation that certain dietary deficiencies merease or dimmish susceptt
bility to certamn infections, thereby influencing resistance  According to some
investigators, this can be explained, at least in part, on biological and genetic
considerations and charactenstics of the parttcular species, or even of different
strains of the same species  So that, in my optnion, these findings on the whale
can hardly be applied to man  From experience with people suffering from
frank deficiency diseases as pellagra, I have gained the impression they are not
particularly susceptible to infectious disease and that they are able to combat
infection once established—if not better than, at least as welt as, normally fed
subjects

1 should Ihe to 1llustrate this point by deseribing two cases of pellagra

The first patient was rather badly mvolved with pellagra, and he also hap-
pened at the same time, to have a very large postpneutnonic lung abscess, 3
seen by X ray examination  Despute this, he did not appear to be particularh
1l chimeally and he made an unexentful complete recoy ery in a short time on
treitment with nscotimic acid and sulfapyridine It might have been thought
that, having severe pellagra, his recovery would have been delayed, or that e
mught not have recovered at all  His resistance had been poor  The pellag
rouslesions disappeared, or largely sa  He showed very severe pellagrous lesions
on s face, lips nose, and eyes, and yet he withstood a severe infection ndeed

The sccond case had deep lesions such as are found on the feet of pellagrns
Despite being exposed to the infection of the roadway while wathing barefooted
the lesions of this patient failed to show any signs of secondary 1nfections
Cultures made from scrapigs of the raw surface, which were deep and entended
down to bone, were sterile

In nutritional deficiencies nvolving the B complex, endocrine glands and
pituttary haye been shown to be depressed, and 1t could be reasonably evpected
that systermc effects would be increased  This 1s not the case  One must €%
plain the increased resistance and dimumished susceptibility of the patient o
the basis of lowered virulence of mvading orgamsm due to change of environ
ment  In other words n some dietary deficiency dhiseases, 1t seems that the
essential nutrents laching for the host’s well being are also those that e needel
to muntain the growth of 1nvading orgamsms.

1t may be nrgued that, by correction of the deliciency of the host and nad
rertently of the mvader, the mfective process would be encouraged It seem>
that this might be the test In other words, by improving the subject’s nutr
tioml state can his resistance to infection be mcreased?

To go further, one may ash whether, m a patient harboring mfection and
considered to he—or thought likely to become—nutntionally deficient, 11t W€
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or justifiable to prescribe essential dietary supplement without appropriate anti
butic coverage?  That represents the symposium m reverse and cannot te
ansnered but warrants future study

Thisleads to a more important problem namely, the influence of mfectim
mutntional status of the patient ~ Although 1t cannot be shown that malnuts
ton favors wfection since under certam circumstances it may even disc urig
orpreventit there s Little doubt that infection itself intensifies poor nutrition
that 1s that 1t favors the development of dietary deficiency <tates

4 32 year-old Bantu male 1n August 1939, was admitted with verv v
breathlessness, palpttation edema, and signs of advanced carduc falurc 1)
examunation he was found to have consolidation of the nght sile of ¢t

dine, with 1mprosement 1n the lung condiion  This case ndi 1
apitation of acute beribert heart faiture may occur m the t ¢
tnfection especally 1n that, previously, he had been onan vafe
therefore was on borderline nutrition state
4 young Chunese boy, aged 15 had advanced and severe
fulure for which no cause could be found At the time tot 1
tnknown cause  The diagnos:s of berber heart failure was o 1 le
treated with thiamine hydrochlonde, with marked dures s ! ¢
few days later 1t was reahized why he had fever as malaral y
found 1 the blood  This was an example of a boy previ ush »
Emc diet precsprtated mto acute benbert heart fadure by 31 I
na

Ltanbeseen therefore, that 1n the presence of borderline nu

i|€\llc detaty deficiency state and replacement therapy are 1d stl !
lop of such defi may be d however u §alere 1t
prevented by prior adi of vitarmin and extr nutoe t
tspecially when a borderline state of nutnition 15 suspected be ause 1 thel <
tory of dietary inadequacy, the excessve consumption of alcohol poverts 11
g or other causes
Other examples of acute nutriti e failure precipitated by mfections include
" i tisand in some

ho at the onset
. <ually nsid ous
°f nutntional defitency syndrome unless preventne measures arc adopted
¢ mechantsm far the des elopment of nutritional failure i the presence of
infection can be explained, possibly on the b that the mvading organsm
depletes the host of 1t low stores of available nutrients ale perhaps because
1€ 1t eni s level of metabelism has been raised by the anfection therebs i
Z';\ng the requirements of essential nutnents béyond the body s avulable
y
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This brings me to the last pomnt which I want to discuss, namely, the hor
monal status of the patrent with particular emphasis on adrenal cortex, alreads
referred to by Doctor Kinsell, with whose remarks I 1m 1n complete agreement

In the course of infections, although the inflimmatory reactions—that s re
1ctiaty and production of immune bodies—1re two essential protective mechs
msms they do not always succeed 1n preventing wreparable damige to tissues
or organs not infrequently, fatal results Tlis damage 1s due not necessar
1ly to direct destructive effects of the ivading organism or its toun, but to
the continuing and persistent excessive reacttvity set up by the host s tissuesto
2 degree and extent far mn excess of what ordinanily should suffice to withhold the
ravages of the mfectious agent  In other words the reparative process itself
may prove to be the lethal factor This heightened degree of nflammatory
activity may occur despite the fact that antibiotics, in seemingly adequate dos
age are bemng admumistered, and the 1dentity and sensitivity charactenstics of
the causatnye orgamsm are hnown

This meffectiveness of antibiotic therapy 1s not necessanly due either tonat
ural or acquired resistance of the causatn e organism to specific antibiotic agent
ar to wsuffictent dosage  Some other intrinsic factor or factors must perforce
eust through which are determined the degree and persistence of the tissue
hy perreactnity as well as the accompanying exaggerated sy stemic and constt
tutional effects

Trom avatlable data and from Doctor Kinsell’s studies, 1t would appear that
1n some way  the adrenal cortical function 1s mnvolved There 1s exther lach of
hormone production or relative insensitivity of the mflamed tissue to exstng
amounts of crculating adrenocorticoids, amounts which 1 normal circum
stances would be sufficient

Whateser may be the nature or cause of tissue hyperreactivity and the
marked systemic manifestations so frequently seen 1n these severe infections
the use of ACTH cortisone, or hydrocortisone and, more recently, of the dehiz
1 dehydrocortisone preparations, which, ncidentally, have a very high ant
inflammatory effect, wilt frequently succeed 1n affording sufficient suppres<ion
of these cxaggerated reactions

Needless to ssy whenever possible, appropriate antibwotic therapy 1 2le
quate dosage and for a suffictent period of time must be used i conjunction with
adrenal corticoid medication  The latter, however, can be resorted to, f need
be and relied upon as the main therapeutic measure when the spectfic antibolic
agent for the particular infection 1s not available or when the causatne i
fectious agent has not been determined or s unknown  For example, 1n various
virus wnfections and other inflammatory diseases of unknown cause, when ihe
hife of the pattent 1s threatened by an overwhelming or uncontrollable fection
or from its complications adrena! cortical therapy should not Le withheld on
the theoretical grounds of the presumed consequent danger of the spread of the
infection  Under these circumstances the fection has already spread Th®
applies no less to tuberculosss of the mihary, meningitic, or bronchopneumon
type than to any other type of severe infection It must be appreciated »
regard to tuberculosis, that effective antibody coverage 1s fortunately available
and this should meet any objection offered  Bestdes, the principle 15 20 d






ANTIBIOTICS AND NUTRITION IN INFECTIO\S

By Max B Milberg and Max Michael, Jr
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Unusersify of Vew Vork College of lediine Yew Lork % 1

There 1s a volutmnous and conflicting mass of data concernng interrelations
between antibiotics and nutnition 1n varnious infections, both acute and chronic
Since the subject 1s of extreme interest from clincal and biological standpoints
1t seems worthwhile to appraise the known facts and to focus attention further
on some of the lines of thought currently being pursued

All lable data 1mpl. the of vitamins K and B complex
deficiencies that have occurred with prolonged use of chemotherapeutic agents
and antibiotics  These deficiencies could result from (1) elimnation of ntestt
nal bacteria that normally synthesize the vitamms K and B-complex group
(2) the darrhea and vomuiting that may result from antibiotic admmstration
or (3) the anorexia and subsequent dummished food intake that can result from
the infection iself or from antibiotic therapy ~Thus, 1t 1s possible that 1
certain chronic debilitating diseases such as urinary tract infections, pulmonary
infection, ulcerative colitis, bactensal endocardits, tubercul i
el , where normal nutrition has already been threatened, further protracted
antibiotic therapy could cause greater nutritional havoc  Only during the past
quarter of a century has our knowledge of nutritional therapy progressed be
yond the empirical recommendatton of a “nutntious diet” m certatn debilitating
diseases

A concept! ?of disease that emphasizes the phenomena common to all mal2
dues rrespective of etiologtcal considerations and that accounts, 1n part, for the
nonspecific effects on metabolism that are essenttally the same 1 all diseases
whatever the nature of the pnimary etwologic factor, 15 concerned with stress

This concept of disease di bes a tripartite reaction-~alarm, resistance, €3
[N N v oA  merama?’ and or

cause of the dissemination of bactersal touns, the febrile reaction, and theat
traction of defense cells The defenstve and reparative processes® that are mo-
ilized whenever systemc stress 18 imposed are mediated by sncreased pituitary
elaboration of adrenocorticotropic hormone (ACTH) which, 1n tuen stymulates
the adrenal cortex to elaborate its hormones, chiefly the gluco corticords or
antiphlogistic hormones  These endocrine functions depend to some degree
on the nutritional status of the indtvidual ~ Conv ersely, the results of endocrine
action profoundly affect the absorption, utilization, and excretion of nutrients a3
well as the requirements for speaific dietary factors® Body requirements m;}l’
also be significantly increased by the mcreased metabolic demands  Increx
retabolism of carbohydrate to provide energy calls for an increased calonc 10
take and an increased mtake of all nutnients concerned with carbohy drate me
tabohsm 4

Tt 15 desirable to provide sufficient carbohydrate capable of sparing pro-

252
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.
some question as to whether a positive nitrogen balance can be restored bv these
means 7

There 1s much experimental and clinical evidence to support a behef in the
value of a high protein intake in conditions of stress ¢ As a corollary 1t may he
stated that those vitamins known to be of importance as umts 1n enzymes con
cerned with protemn metabolism must also be provided n mcreased amounts
because of their greater utihzation in this function* These vitamins tnclude
riboflavin de pyndovne henic acid folic acid and B 3%
Thiamne and play a role in carbohyd; s and they are
recommended n greater than normal amounts for use 1n acceleration of this
function ' % Because of the interrelationships between almost any two of the
essential vitamins ' 1t 1s probable that the optimal effect of a single vitamin
given in large doses cannot be exerted unless the supply of all others 15 propor
tionally increased

Both ascorbic acudt® and pantothenic acid ? appear to be essential 1n the met
abolic functioning of the adrenal cortex  If their intake 15 not increased suffi
aently during penods of stress 1t 13 theoretically possible that response of the
adrenal cortex may be impaired * * *  \anous nutritional deticiencies notably
of ascorbic acid and pantothemic aad may themsehes constitute causes of
stress

The 115 11r0 synthesis of essential vitamins of the B-complex group and of
vitamin K 15 well documented ™ In recent years there has been a growing
reahization that the commonly employed anttmictabial agents can interfere with
the synthesss of the B complex vitamins and of vitymin K Daft and Sebref} 3
have reviewed this subject as 1t related to the sulfonamides and have recorded
many instances of vitamin K and folic acid deficiencies occurring in patients
treated with these agents Deficiencies of this kind resulting from the ad
mmstration of sulfonamides have heen observed 1n normal subjects receiving
a normal diet, indicating that vitamin production in the body 1s important to
its economy  Deficiencies have resulted from admimistration of ether anty
microbnl agents  Temenihn has resulted 1n the precipitation of niacin defi
ciency ™ and chloramphenicol n ntacin folic acid By and vitamin K deficien
aes  Ogytetricychine and chlortetracycline have alsn resulted m defioencies
of vitamin K miboflavin nacin By and fohc acd 7 By replemshung vata
muns n such drug nduced deficiencies 1t has been possible in many nstinces
tcorreet these mansfestittons ™ What role this phivs in the ultimate re

overy from the infectious process in man 1s diflicult to assess 17 koc rerson
g, would cugpest that it 1s mportant

In this prebomnry study we were mterested i evatunting the cineal of
fuctiveness s well as amy untow ird rerctions: that might be encountered with
e emmbunation of oxptetracyeline aned Seteres e ®atk the water salohle
vtimins ongmally desigmated a8 Termmyon farmula No 1 and Tetracvn
£ rmuli No 1 now wlentilied as Terramycin S1 and Tetracvn ST respectivels
\s anhiapated (see TaRLF 1) the addition of the water soluble vitamins did
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TasLe 1
Cirvacsr Respovse 1o TETRACHY SF

Response
Averase
Dagno s ¢ ents 725 1\o of days
DL | ey | reate] Sats | Inde (Loat
factary [0, | e
Acute pharyngitis and tonsilliis
Streptococc 5 1520 57 3
Others 9 9
Laryngotracheobronchitis (no culture) 2 20 512 2
I'neumoma
Preumococcic 2 20 710 2
Bronchopneumonia {no culture) H 2
ira 2 2
Urinary tract infection
S albis 1 1
E colr Kl 20 10-14 s
Ps aerugnosa 1 1
Protens tulgarss 3 1]12
Soft tissue infection (5 awrens) 1 20 7 i
Celluhtts (no cultures) 3 20 710 5
Pyoderma
One culture~S  aurens 3 1520 810 3
Soft tissue abscess (with I & D)
lbus 1 1520 7 3
S aureus 1
o culture 1
Pertapical tooth abscess (no culture) 1 20 14 1
Total £ ERREN

not alter the clinical or antimicrobsal effectiveness of the contamed tetracycine
The responsiveness 15 comparable to our previous studies™ with tetracychne
alone and to those of other myestigators 3 It 13 to be noted that the vl
pneumonias did not respond ~ Three patients with urinary tract infections, 140
with Proteus and one with Psendomonas aeruginosa had recened, on previoss
occasions all of the broad spectrum antibiotics singly or mn combmnation The
infecting organisms were resistant to all the broad spectrum antiboties  0n¢
patient with a Protens mfection, however, had a successful clmical course, be
comin asymptomatic and afebrle, and with a dimimshing pyuna, 1 spite of
persistent posttive unne cultures for Profens with demonstrable t ulro 18
sistance to tetracycline  The patients with acute chnical iness resulting from
either indefinable or sensitive pathogenic orgamisms responded satisfactonly
within 24 to 48 hours  In these patients with acute illness, there was 0o mcol{
dence of a better responsc or of a better chinical status at the conclusen
therapy than would be expected with Terrimycn or Tetricyn alone

s seen 1n TABLE 2 53 patients were given 15 to 2 gm of Tetracynt S§ £
310 14 days orally  In most snstances antibiotic therapy was iadcated an
1n those patients who responded promptly, medication was administered O
the indicated prolonged period 1n order to evaluate drug mtolerance Tnﬂ)‘
nine of the patients had no untoward effects and four had complamts referable
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Taste 2
ttonann Frrrcrs or Temcrs SU Tusaary
Dosage gm 15—2
Route oral
Length of time administered 514 days
Total number of patients treated 53

e
o
n

Resulis
No adverse effects 19
Gastrointestinal complaints
Anorexi tidy §)
Anorena and bulhy staols 1 1day &)
Nausea and vomiting 1day 3
1 dav d)

Abdomnal cramps an | cructatucn

I'wa of these had mild anorevia and, 1n addition,
This did not

to the gastrointestmal tract
one of these tno had bulky stools starting on the eighth day
present contrnuation of medication and completion of therapy  The two
patients who had the more senous complaints refused mecication  The one
patient with bronchoy who had abd | cramps and eructation,
w1s also recening ammonium chlonde as part of the regimen for congestrve
heart failure  She refused all therapy at the end of the fousth day, but went
on to a chinical remisston It 15 our distinet impression that we dealt with 2
pancity of complaints 1n view of dosage and length of time of drug adminictra

tion

Although acute vitammn deficiencies have been further impheated n the
anorectal syndrome, thereby compliciting antihiotic therapy, no satisfactory
remissions have been observed with the use of vitamins 1 certain hmited
studies  Jt 15 16 be noted 1n this present small senies that the anorectal syn
drome dhd not occur  This can be compared with the figure of 7 of 90 patients
recently reported on 4 lower dosage schedule of tetracy cline

Whenever o climeal evatuation of the tetracycline group of antibiotics 15
made the untonard gastrointestinal ¢ffects are almost always well described
In exaluating the recent literature on tetracychne, ™ 33 these effects have
been of extremely varable inadence  Theoretically, the irmtable focus <cems.
1n be perpheral in mechapem € usatne factors could be many, including
alteration i the bowel flora, competition of the antibiotics with es<ential
nutnitie factors 1n the gastrontestinal trict, or specthe drug allergy — Speafic
drug alleryy woulil appear to be of minor importance as, not infrequently,
patients with almost the first orally ingested dose may become violent reactors
Wood and hs awsociates? demenstrated gastromntestinal side effects wath
parenteral tetrwychne  Suflicient medicttion could be secreted in the bowel
1 produte the complaints notesd

\ group of 10 patients {sce Tantt 3) were treated wath termmyvan ST, 2
rmo1da for S TEdys Of this geoep teo had untow ind mstrointestinal
ffeuts

In companng our prebmimary results of tetracychine combined with the
water «oluble vitamins and previous studies with tetracycline alnne, 1t noakd
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TasLe 1
Crinicat Response 1o TETRACYN ST

Response.
Average |y
» e o of lays
e Brested! | emsday | trenel| g, {1 fu
Ractory['O0 1%
Acute pharyngitzs and tonsiihitis
Streptococel 5 1520 35-7 5
9 g
I ary ngotracheobronchitis {no culturc) 2 20 512 2
Pneumonia
Pneumococcic 2 20 710 2
Bronchopneumoma (no culture) 2 2
ral 2
Uninary tract mfection .
1
£ ¢olr 5 20 10-14 5
Ps aerugimosa 1 '
Proteus ulgaris 3 1)1
Soft tssue infection (S aurens) 1 20 7 1
Cellulitis (no cultures) 5 20 710 5
Pyoderma
One culture—S  anrens 3 1520 810 3
Soft ussue abscess (mith I & D)
albus 1 1520 7 3
S anrens 1
No culture 1
Periapical tooth abscess (no culture) 1 20 14 1
Total 45 3|1 r

not alter the chnical or antunicrobual effectiveness of the contamed tetracycline
The responsiveness 1s comparable to our previous studies® with tetracycline
alone and to those of other nvestigators @ ® It 15 to be noted that the virah
preumonas did not respond  Three patients with urtnary tract infections, tno
with Profes and one with Pseudomonas aerugisosa had recened, on previous
occasions, all of the broad spectrum antibiotics singly or ;n combimation The
mfecting orgamisms were resistant to all the broad spectrum antibiotics One
patient with a Profeus infection, however had a successful chmcal course, be-
comin asymptomatic and afebrile, and with a diminishing pyuria, 1n spie 0
persistent posittve unne cultures for Prolens wath demonstrable w uifre 1&
sistance to tetracycline  The patients with acute chinical tllness resulting from
either indefinable or sensitive pathogemc orgamsms responded satisfactonly
within 24 to 48 hours  In these patients »ith acute 1llness, there was po mc\'
dence of a better response or of a better chnical status at the conclusion ©

therapy than would be expected with Terramycin or Tetracyn alone of for

nd
ner
1oty

the indrcated prolonged period 1n order to evaluate drug intolerance e
er:

nine of the patients had no untoward effects and four had complaints e
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Tapte 2
Ustonanp Frrecrs of TETacys SF Turary
20 OD

Length of time a fm 0 stered 5-14 days
Total number of pat ents treated 53

|

Noa fverse effects 4
Gastro ntestinal comy la nts
Anoreta { 1 (lay 5)
Avorex 2 and bulky stoals 1iday B
Nausca an i vom t ng 1(hy3
AY fom nal cran 1 an { eru tat on | 1(hyd
- - —_ — e

teart fajlure  She refused all therapy at the end of the fourth day, but we-t
on to a chnical remission It 15 our distinct tmpression that we dealt w; % 5
pauaity of complunts i view of dosage an | tength of time of drug adm =« n
tion
\lthough acute vitamin detrciencies tave been further imglicated 1 41
anorectal syndrome thereby compliating antitiotic therapy, no sat [
- [ DU U ) . K

'

" - RS 1ullstny g ey
parcaterat tetriescine Sulfaent med eation could be secrpeat .y
t 11 sluce the comy lants noted Yo
\group F 0 pattents (see Tary 3 overe treated wopy g
B v Rf o2
wolay frdtolddus Of hiproup (8o bnd unton; o
fMecta
In compart . our yrelmimary results f tetraend e
\ater < luble sitam ns n d previous stufes with tetegrn . o ¢ 1
Liee  wm
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TAsLE 3
LNTow arp EFrecTs oF TERRAMACIN SF Tuerapy
¥

Length of time admimistered 5 14 days
Total number of patients treated 10

Results
o adverse effects 8
sastromtestinal complaints
Nausea and mulky stools 2 (day 9

a

eem that a low of signtficant untoward effects were noted Is
ecording all of these reactions, we encountered 7 per cent adverse effects of
soth positive and probable cause due to the medication

It 1s our mmpression that a higher inaidence of reaction occurs 1n patients
reated with Tetracyn or tetracycline alone than when combimed with the
sater soluble vitamins A much larger series, however, must be mvestigated
inder comparable conditions  TE this should hold true, 1t would be of sigmf
ance m the prolonged therapy of such protracted disease states as ulceratne
ohitss, recutrent urinary tract infection, chrome pulmonary mfections, bactenal
ndocarditss, osteomyeltis efc  The significance 1n these conditions where
wtntton has already been threatened 15 apparent

Summary The combination of water soluble vitamins wuth tetracycline of
sxytetracychne has been administered to 63 patients Prelmmnary findings
ndicate a lower mcidence of side reactions, but this must be evaluated m
arger series  Whether or not the addition of vitamins contnibutes to the
timate recovery of the patient and 1s a factor i the total body economy
hould be further investigated
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Tapie 3
Ustowarp Lrrecrs oF TERrauycry SF THERARY
Dosage 2gm daly
Route oral
Length of time admimstered § 14 days
Total number of patients treated 10

Results
No adverse effects 8
Gastromtestinal compla nts

Nausea and mlky stools 2 (day )
seem that a low d of 1 effects were noted T

recording all of these reactions, we encountered 7 per cent adverse effects ¢
both positive and probable cause due to the medication

Tt 15 our mmpression that a higher mcidence of reaction occurs in patien!
treated with Tetracyn or tetracyclne alone than when combined with tt
water soluble vitamins A much larger series, bowever, must be mvestigate
under comparable conditions  If this should hold true, it would be of signt
cance in the prolonged therapy of such protracted disease states as ulceratn
colitis recurrent urmnary tract infection chronic pulmonary infections bacter:
endocarditis, osteomyelitss, elc  The sigmficance 1n these conditions whel
nutrition has already been threatened 15 apparent

Summary The combination of water soluble vitamins with tetracychne ¢
oxytetracychne has been administered to 63 patients Preliminary find
indicate a lower meidence of side reactions, but this must be evaluated i
larger series  Whether or not the addstion of vitanuns contributes to
ultimate recovery of the patient and 15 a factor i the total body economy
should be further 1y estigated
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NUTRITIONAL DEFICIENCY AS IT PREDISPOSES TO
INFECTION AND THE ROLE OF
VITAMIN DEFICIENCIES*

By Rubén Lopez-Tocat
Depariment of General Pathology Unwersity of Hatana Medical School Hovans Ciba

Since 1945, n association with Spies and Stone mn Birmingham, Ala, and
with Garaa Lopez, Milanes, Diaz Tellechea, Reborado, and Arambury i
Cuba, I have been studying nutnitional defictences  VWhen I was mnvited to
submit 2 paper to the conference on which this monograph 1s based the ques
tion immediately tose m my mind “What should my contrsbution be?' I
decided that 1t should be none other than a discussion of the relationship be
tween deficiency diseases and the incidence of infectious drseases in some of
the patients we have been able to study over a long period of time

Introduction Time was when the field of nutntion mvolved Lttle more
than the question of prescribing a well balanced diet  Since then, this field
of hnowledge has not only grown remarkably but has hecome an actual science
as intncate and intnguing as any other branch of the absorbing complex of
sciences that man culs medicine  One of the most important recent steps
made 1n the field of nutrition has been, 12 my opinon, the involvement of ths
field in other spheres of medical science This development by no means
should be considered strange, as 1t has been impressed on the mund of every
medical student at least since my earhest day s at medical school, that a human
being 1s an entity and that we must consider 1t 1n that light and try to solve
its mysteries accordmgly It 15 the nvasion by nutrition of the field of &
fectious diseases that I shall consider 1n this paper  Much notable work has
been done 1n establishing the relationshtp between nutrition and infectious
diseases but 1n my opinton 1t 15 the work of P R Cannon and his collaborators
followed shortly by that of Berry and Sptes and some others, using exper
mental amimals, and that of Woh] and his co workers, on human beings that
established the basis for well directed research mn this field Ve have comed
long way since then, and many additional facts of sigmficance have been
brought to light

One of the concepts m respect to the role of nutrition n mfectious diseases
on which much work has been done 15 that of antibodies Cannon and his
co-worhers! demonstrated that when hypoprotememia 1s produced 1n exper!
mental ammals the production of antibodies 1s diminished  This seems natura!
1f we accept antibodies as globultns modified by the presence of an anugen
These authors postulate antibody mechamsm as the heystone of acquired
resistance  That the infant's resistance 15 greater in eatly Ife 1s something that
has been observed by everyone and the reason for 1t 1s supposedly the prote
tion conferred by the mother’s antibodies at birth  Tn 10 years of ohsena
tton, Hess” venfied that the inadence of pneumonia among 1200 mfants under

*The work descr be 1 o th 3 paner was performed on the Spet al Ward for C1 n cat Rescarch Depattmeat of
General Pathology Un sers ty of Havana § hool of Med cime 1lasana Cuba nd

1 The author wishes 10 exp ess his grat tude to Professors Gu Hermo Garela Lépez Fermando [ fanés o "
Carlos}l DiazTelleches ol the rot £ ¢ smand d scust o
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1 year of age was 3 times as great 1n those 6 to 12 months old as in those under
6 months of age  Studying 150 pellagrins Riddle, Spies and Hudson? found
that Staphylococcus anrens and Streplococens hemolyticus, 1solated {rom cheilotic
and ocular lesions, disappeared followmg nboflavin theripy  They noted
also the disappearance of Vincent s orgamsms found m oral lesions wnder
nicotinic acd therapy  They found in previously deficient patients, that the
complement titer and bactencidal actinaty of the blood returned to normal
levels as the diet improved  Berry Davis and Spies ! working with rats
found a deterioration of various defense mechamsms tn amimals fed a diet
similar to that of persons in an area of malnutntion  They did not test this
diet 1n order to study 1solated elements since single deficiency states seldom
occur 1n Nature In conclusion, they postulated the working hypolhesls
that resistance te certam bactenal may be by
nutrition  Patients with vanous diseases were studied immunologically and
chemically, for antibedy response n relation to dietary supplementation
by Wohl, Reihold, and Rosc ® In 102 patients a common factor was hypo
albuminemia  These authors found an appreciable impirment of production
of antsbodies that was increased under dietary protemn supplementation but
the 1mprovement was not enough to reach the titer observed in subjects with
normal blood protein values recensng the same antigen stimulation
Undoubtedly, protems are not the only factor ivolsed in antibody forma
tion or in the general defense mecharasm  There have been contributtons to
the literature on the effect of some blood cells and other body cells and of
vamins minerals and caloric intake on these mecharisms  Tately it has
been found that the complex action of the endocrine system will of necessity
be linked with al} these factors for the role of the system 15 integrated with the
adrenal medulla the hypothalamus the antenior pituitary and the adreno
cortex under stress situations  Moreover some nutrients are required by the
glnds—vitamin ¢ forinstance by the adrenals
Robertson and Tisdall * n an excellent work which has become a classic

gave a diet made deficient 1 one nutrient at a time and a measured amount of
Salmanella tvphimuriuns o a group of rats and to a controt group  In this
experiment they proved that a low 1ntake of a number of sitamins a low intake
of mmerals and 1 change in the quahity of protetns can 1l lower resistance 10
wfection  The increased susceptibility of ammals deficient 1n vitamin \ was
mentioned long ago by (stellanos and Beato * whe desenbed the influence of
the uitamin on fat metabolism cpithelal efements opsomic mdex and the
reti ylocndothelial system as an explanation of the protectine action of the
sitamm Ten years after Castellanos Leak® commented on some effects of
\itimins Land D as for example d hed Lod

diter anjection and the duereased leved of the blad m the presence of wfections
phenoment which he astnbed to the mechansm of vicery stortge and not
L thee destrzetion s was supined previously  Levenson e al ? carmed wat
1tudy based on the role of <ome vitamins and conclude! that large doses of
weerbic acxd thimine nboflan and meotinie aad may senve 1 useful
1 urpose in the case of acutely 1l people  Only 1 verrago Sebrell  stated that
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the control of mfections, of transmussible diseases and of materno mfantile
mortality, the decrease of which can be attributed at least partually to the
mmprovement of nutrition, has resulted in a high longevity of the general
population

Of course, not everybody 1s agreed on the defensive role of good nutrtion
m combating nfections Contributions disproving this theory have been
numerous, and we accordingly find papers emphasizing the fact that nutntional
deficiencies augment resistance to infections and, on the other hand, other
papers concluding that resistance 1s lowered when the nutrients m question
are added to the diet

Schneider, who ably explained these contradictory posstbilities, summanzed
examples from the literature as follows the severity of Plasmoedium lophurae
infection in nboflavin deficient chicks 1s decreased and the seventy of the
infection 1 niboflavin deficient birds 1s 1mcreased when rtholavin 15 admms-
tered #  An ascorbic acid deficiency 1 monkeys depresses the usual course of
Plasmodium Enoulest nfection, while supplementation with ascarbic acd
results m ncreased parasttetma and death Schneider himself found m
mouse salmonellos:s,™ that withholding fat from the diet results m icreased
survivorship, and that adding fat results in decreased survnorship  He gives
a final answer® to the conflict of opinons by saying that sometimes duet does
not affect our resistance to infectious diseases, but that 1t has this effect chiefly
1 the laboratory and sometunes  the outside world  The vast bulh of the
expenience of the outside world 1s that diet does affect our resistance to w
fections

Tuberculous nfection, of course, has been a cause of dispute m conmection
with the action of nutntional deficiencies Many valuable works have 2p-
peared on this subject  Getz ef al ,** for tnstance, have reported studies of a
group of 1100 nontuberculous men observed over a period of years showing
an icidence of 28 cases of tuberculosis These patients showed lower levels
of vitamun A than the rest of the group

Ancel Keys” has stated that, in the case of tuberculosis, undernutntion
seems to mcrease susceptibiity and decrease resistance But for neither
ammals or man 1s there good evidence for decreased resistance or ncreas
susceptibility 1o infectious diseases n general that may be atiributed o
undernutrition  Where reasonable samitation and epidemic control 1 mai
taned, infectious diseases other than tuberculoss present no special diff
culties

Commenting on the argument that poor nutrition 1s accompanied by poverty
poor samtation, 2nd poes housing, Tisdall® recalled that m Great Braai
during World War II, housing deteriorated markedly while nutrition was at
a lugher level than bejore the war The prevalence of tuberculosis did not
increase to any appreciable degree  In contrast, the Germans, who long were
considered to have a racial resistance to tuberculoss, have suffered sice then
not only from poor housing but also from poor nutrition and the madence of
tuberculosis has soared  Nutrition mn postwar German has had 2 profow
effect on resistance to nfection
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About 15 years have elapsed since the fundamental works mentioned at

tools for work mn this field and we hear new explanations of means used by
the body to obtain cnergy from basic foodstuffs  We even take into account
new philosophical conceptions such as the 1deas on resistance and susceptibility
expressed by Schneider !

Malersals and methods 1t 1s well to emphasize that what I describe 1s
based purely on climcal ebservation of deficiency diseases m Cuba

The patients under study constituted a large contingent of undernounshed
people the majority of whom were patients with sprue and nutntional mac
rocyticanema A munority comprised cases of permcious anemia hy pochromie
anemia pellagra anemia of pregnancy berbeni and so forth in the erder
mentioned  Vitamin deficiencies of every hund were present in the patients
n the more complex cases their symptoms mingling with those of the mam
dsease diagnosed There were cases of nutritional macrocytic anemia that
also had signs of riboflavin deficiency and of thiamime deficiency  One patsent
had sprue and peilagra and another was a chronic sprue case that developed
anemna of pregnancy Most of the patients were underneight  The records
of the whole group were ntegrated with those of 180 patients whose records
we took arbitranly from our files The total comprised 123 males and >7
females their ages rangmng from 14 to 84 years (for details see T1BLE 1)

These patients were studied from many different ponts of view but enly
those aspects important to our present purpose will be considered here 1In
addition to the history the physical examination and the usual laboratory
and roentgen ray examunation other procedures were used to study these
cases n accordance with the climeal data recorded for each group As the
complete records would be too long to hst such data will be mentioned as
need:

Wath a few exceptions all of the patients had a history of eating food that
contained Little or no ammal protemn  Such a diet common in the mral areas

AUTRITIONAL DEFIciency Patiests

Mandagnoss Numbe of 2 es
Sprue 0
Ms x € outr  nal anema 52
T'n ueanma 10
b lagrs s
1 pochrom c anem 3 [
Anem 1 of ] cegnanc 1
Ter ber 3
Aribotlay nosis 1
S ckle cell anem a ¥

z
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of Cuba, ligh n carbohydrates and fats, and low i protemn and vitamums
we regard as a factor of Importance 1 the development of sprue (FIGURE n
Many patients suffering from this disease were placed on such 2 diet and nore
developed a remission 2 These foods were also combined 1n the same pro
portton as 1n the diets of the patients, then dried and fed to young white rats
at a proper relative level of werght 2 The rats had an arrested sheletal and
somatic growth, pnapism, testicular atrophy, arrested spermatogeness, and
alopecia

Clinical signs of avitaminosis were present 1n no less than 80 per cent of the
total number of patients, and a majonity of them showed an appreciable loss
of weight

Serum protemn levels were below normal 1n almost every patient, as formerly
noted 1n a study of 121 cases of sprue,! of whom 80 per cent had total plasma
protetn levels of 6 gm or below, 3 gm being the lowest level

In every case of sprue,” and mn a high proportion of cases of nutritional
macrocytic anemi  roentgenographic studies of the gastromtestinal tract
with special search for nutritional disturbances, showed pernictous anemia
and even m those malnourished patients with no speafic chmet) patterns
the symptoms were those of nutritional deficiencies ™  These symptoms ar¢
intestinal segmentation with alternating intestinal spasm and dxhlﬂ(l"’“
mtestinal hypomotility, and signs of the “stack of coins” and of the "¢z
wheel ™ Luen though these symptoms may be present In every chsease that
may produce submucosal edem?, 1n these c1ses 1t 15 logical to accept the nutrt
tional etiology

A search for bactena and parasites™ of the mtestinal tract was also carned
out on matenial aspirated through a Miller Abbott tube and m material tahen
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by curettage from the intestnal mucosa by means of rectosigmoidoscopy
Parasites were also looked for 1n the feces of every patient

Cardiols g showed cor ding results 1n 2 few cases of
benbert** An electrocardiographic survey was made In 50 per cent of the
cases of sprue,? we found low voltage and QT iatenval prolongation  These
T DR a0 L a R

glucose tolerance tests, efc  showed ther results n accordance with every
one of the diseases explored

Irom these data we have come to the conclusion that all of these patients
were affected by nutntional deficiency diseases of many kinds  Swmce one of

patients have developed later has been treated by us but the patients have
received of course the help of other specialists in diseases other than those
within the field of mnternal medictne  This h1s offered us the opportumity of
knowtng what has happened to these people 1n addition to illnesses directly
attributable to a nutritional deficiency which many of them have suffered for
years with frequent relapses

Resulls  Among our 180 patients many have had infectious diseases that
occurred through the peniod of observation but only episodes occurnng duning
relapses of their nutntional deficiency have been taken into consideration 1n
the statistics heresn gven  All diseases suflered i times when no symptoms
or signs of nutnittonal deficiency were present have Leen ignored Minor
mfections suffered by everybody, such as the common cold, were not taken
mto consideration  Under this plan, the following incidence was noted
pleurtsy 3 cases evudatne pulmonary tuberculosis 8, pneumonra and bron
chopneumoma 7 pulmonary abscess 1 sinusiis 3 unnary nfection 1
bacillary dysentery 1, tuberculous lymphadenitis, 1 The total pumber of
bactenal or viral infections 25> i number among, the whole group of 180
patients represents an ncidence of 138 per cent  Analyzing the etiology of
these Infections we can divide them into two groups tuberculous and non
tuberculous as in TasLr 2 and ascnibing to the former group the cases ¢f
serohbrinsus fleurisies whose etiology was demonstrated and 1 case of tuber
tulns { the lvmph nodes this infection reached a total of 12 cases or 66
Inr it of e 180 patients analyzed  \ontuberculous infections totaled 13,

r 2 per cent The distrilutin of these infections among the diffcrent
definency discases under study as may be <cen m TamiF 3 showed no «peciat
predilection for any of them being more prevalent in those diseases having
the higher number of cases even though permicious anerma had a hugh et lence
compared with that of nutritional macrocy tic anemia cases

Intestinal parasitic ova cvsts or adult forms were present in the feces of
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TABLE 2
Infections bacterial or viral Number of caces | Fizentazedd
1 vudative pulmonary tuberculosts 8
Serofibrinous pleunsy 3
tuberculous lymphadenitis 1
12 66
Pneumonia and bronchopneumonta 7
Sinusitis 3
Tulmonary abscess 1
Urinary mfection 1
Bacillry dy sentery 1
13 72
25 138
‘TABLE 3

DISTRIBUTION OF BACTERIAL OR VIRAL INFECTIONS \PPEARING 1v LAVERY
EFICIENCY DIsFASE

Main diagnosss “umber of infect ons

cocomonnmR

Nutrinional macrocy tic anema
Permicious anemia
Hy pochromic anemia
Pellagra
Anemuz of pregnancy
enben
Sichle cell anemiz
Anboflavinosis

61 6 per cent of the group, as recorded 1n TABLFS 4 and §, which shows a gh
percentage of intestinal parasitic mfestation

Comments  On reviewing the data collected, some climcal facts become
more relevant as, for instance, the distributton of infections No specid
infection was observed  In regard to the prognosss of Infections i our patients
1t 15 to be emphasized that any patient adnutted to the hospital with an in
fectious dise1se and exhibiting symptoms of a ses ere relapse of their malnourish
ment had a poor climcal course  An esample of this was a case of bacillary
dysentery a patient who suffered from evitus letallis 1n spite of treatment, 8
did one of the cases of pulmonary tuberculosis, though 1t should be saxd that
this was before the discovery of streptomycin and the newer chemical coﬂ;
pounds so useful i the therapeutics of tuberculosis On the other h:m([
clinical signs of augmented resistance to ifections were exhibited by most o
the cses when we had the opportunity of obtaming better nutrition for them
Improved nutrttion 1n addition to combating the nfection, as shosn by
wmprosement of the general state and a decrease of the symptoms of mfmw;‘!‘
was accompamed by reappearance of the appetite, an ascension of the weig! )
curve, and d of climcal symp of nutritional defictency A
this confirms, I think, the expersence of all clinicians
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TasLE 4
IxTesTINAL PARasiTIC INFESTATION

Number of cases

m | £f16

Pazas tes found
tscarts 1 mbricordes
Aecalor americant s
Trach s track ra
Fndolimax nana
Endumocba colt
Strongiordes stercoralis
Grardia intestinales

Chilomastiz mesmili

TaBLF >
InCIoPNCE ¢ InFECTIONS In FyERY DFprcieney Distase

B2 lary

™
_ Gy rans
T m, st momay e’ LD

5] rue 6 3 2 1 1 1

Nutritionat macrocy t € anem a 4 3 1

Pern c1ous anemia. 1 1

Tellagra i

Analysis of TARI T 2 shows an maidence of 13 8 per cent of miectious diseases
w this group of 1¥0 persons dutieg, @ penad of {rom 6 manths to almext 10
years the average penod beng & years 1 have not the pertinent data to
express the relationship of this percentage to that of a group of normal people
of the same ages and general conditions but of T wete obliged to state my
opimion, T should say that this percentage scems somewhat higher than that
i nermal persons The madence of nontuberculous infections resembles
more or less that which occurs in normal people  Then the responsibility of
the augmented general percentage 1s lad upon tuberculosis which had a hiph
meidence f we comprire our figures with those appearing In statistics of the
general population  In Cuba the madence of this disease 13 16 per cent
according, 1o the data | have been able to oblamn  In the United States the
madence is calcutated from 0 > to 1 per cent  Dunng Worki War 11 1 the
United States # 18 million men were examined for military service and of thes
Utal 201 out of cvery 1000 were found to have <ome form of tuberculosis

Atcut one thiet of those rejected had the disetse 1 an active phace which
makes 1 percentage af 0 7

Intestinal parasitism had a Ingher percentage than that found 1n a suney
wready mentined carned out by Mitines and others of our group  The
rcords of mans of the patients <t Tied by this group correspond i thus respect
1) those of our present group of patents A1l of our parasitized fatients
miroved 13 did those n the above mentioned group unler ap; rop mate
therapy and the clinical ugns of their deficency diappeared  Thewr appetites
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mproved they ganed weight, improved in other respects and, i the cases of
anema their blood reached normal levels  All of this improvement folloned
despite the fact that no antiparasitic therapy was used In no case did the
parasites disappear from the alimentary tract The hypochromic anemia
cases showed also the same degree of 1mprovement without treatment of the
parasites

- “vation of

at Jugher

than that observed 1n normal persons

Infectious diseases having an etiology other than tuberculosis did not seem
more prevalent m these patients than 1n other persons

Tuberculosis had a morbidity higher than n the general population

Clinical treatment proved more difficult i all mfectious diseases when
severe undernourishment was present and less difficult when nutritional
treatment was added to specific therapy

Symptoms of nutritional deficiency disappeared under appropriate therapy
despate the presence of intestial parasitic infestation
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NUTRITIONAL PROBLEMS OF' SURGICAL PATIENTS

By Jonathan E Rhoads and Chatles E Alexander
Schaol of Medscine Unisersity of Pennsshama, Pliladelpha, Pa

Cases of starvation 1n the United States at the mddle of the 20th century
are largely surgical Such nutnitronal deficiencies are rarely due to lack of
available foodstuffs in the environment, but rather to a series of condstsoned
deficiencies m individual patients  Thus, starvation may be conditioned by
carcinoma of the esophagus or other obstructing lesions of the ahmentary tract
Tt may be due to the rapid growth of 2 tumor that parasitizes the food supplv
of the body It may be due to overactivity of the endocrine system, with
elevation of the basal metabolic rate  Acute infections with fever may step
up metabolic or chronic suppuration may drain anay protein,
as 1n the case of surface burns or chronic drating sinuses  Intestinal fistulas
may shunt needed nutriment to the outside, or a deficiency of digesti e enzymes
may permut food to run its course through the alimentary tract unabsorbed
and be lost m the feces Hjpermottlity with diarrhea may have a sumilar
effect  Such patients pass through a series of screening evaminations, and
many of them reach our surgical wards n the hope that obstruction can be
relieved, fistulas closed, or suppuration controlled

White surgical methods can often help 1 obtamng these objectives, the
immediate effects of preoperative treatment, of operation, and of postoperatine
care may tend to accentuate these defiaits  Furthermore, surgery 1n stsell 15
a form of trauma, and 1t often precipitates the catabolic reaction cl:ssmal_l)l'
described after long bone fracture by Cuthbertson and his associates 1 1033

The first three accompanying tables illustrate some of the mitrogen lossts
measured and reported 1n the literature I do not have comparable data for
any of the other classes of food  In the first are compiled data on preoperatnné
losses,?? 1n the second, losses of blood dunng operation, and, 1n the third,
certain estimates of the further losses m the postoperative penod

An important aspect of such cases 15 the mterference with the progress of
surgical patients that may result from protein deficiency ~Lxamples of this
have multiphed, and half a dozen are hsted 1n TABLE 4

Certain patients undergong gastroenterostomy uscd to develop persistent
vomiting due to failure of the new stoma to function The transfusion O
such patients often changed the picture withm a few days, so that gastre
emptying was prompt

In the experimental laboratory, Mecray, Barden, and Ravdmn®’ found an
tnverse relationship between the serum protein level of dogs and the gﬂs"“i
emptying time after gastroenterostomy  Turthermore, this finding was P
lmuted to fresh postoperative ammals, but was found to obtain n some ?P‘v’
ated upon a year earlier and, finally, tn T d ammals 8 T
obsersations by Barden revealed that the effect was not hmited to ﬂwsmrm\rr
but was mamfested i the small intestine too, where the time for the hcndlﬂ
the water banum meal to pass from the pylorus to the cecum was sharpy
increased by hypoproteinemia

268
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TinLe 4
DENONSTRATED DancERs OF HyPOPROTENEMIA
)3 ’ N
@1t
g v

t . '
(6) Decreased resistance to nfection

levels by the rdmimistration of Iyophilized dog plasma on the day the tet
wound was made led to prompt wound healing with a normal histologic ap-
pearince * Somewhat surpnsingly, a similar effect followed nfusions of gum
acacia ™ It 1s not known whether this 1s a physical effect, or whether the
ac1cia permitted the bady to draw further on 1ts attenuated supply of serum
protein

Another effect of hy poproteinemia 1n dogs concerns the formation of callus
aiter expertmental fracture of the ulna, as v1suahzed by sertal rocatgenographs*
Whereas callus formation was virtually absent m hypoprotenermc dogs for
60 days considerable callus formation was evident i 39 days m the contra
lateral ulnas of the same dogs the following year, when proteins had been
restored

It has long been hnown that chromically hypoproteinemic anmmals usualh
have reduced plasma volume, so 1t was not surprising that Ravdin McNamee
hamholz and Rhoads'® found that hypoprotememic animals required an
average of only 26 cc /kg blood loss to produce a degree of shock that was
brought about 1n normal animals by the loss of 45 cc blood/kg of body weight

Of particular mportance today are experiments done on the relation of
hypoproteinermia to ressstance to mfection Doctor Paul Cannon,® of the
University of Chicago, showed that, 1 the rat, the build up of the antibody
titer to sheep red blood cell antigen was sharply retarded i the ‘hypopro-
tememic ammal and that restoration of this capacity required feeding com

¢ch as zemn or gelatin
In pattents were made at
hold, and Rose 7 where it

was demonstrated that the response was sfower m hypoprotememic patients
How general a phenomenon tlus ts has not heen demonstrated It was of
interest that many of the individuals suffering acute malnutnition 1n concen
tration camps during World War II did not succumb to infection but appear
to chmicians to be quite resistant  Dossibly, some natural selection of the
more resistant indniduals had already occurred by the end of the war, though
this was not felt to explain the observatsons

Ross and Robertson' showed that the resistance of rats to a Salmonella en
terthidrs mfection was lowered not only by protein deficiency, but alse by cer
tain vitamin and mineral deficiencies as well 5

There has been a considerable amount of work reported in the literature ©
the fast 10 years on the question of a possible increase of mfection among the
malnourished  Certamly, 1t has been a climcal impression for generations
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that this eccurs The British Medscal Research Council®? reported 1n 1931
that mfections were greater i an Afnican tnbe that hyed princpally on cereals
than i one 1n which there was a large intake of meat  Benditt? has shown
that tno weeks on a protein deficient diet must clapse before hemolysin titers
ns
mer
pleen

\Vaine? reported a decrease of several enzyme proteins in starvation with
the exception of the cytochrome ouidases  Work on such a basic level should
prove fruitful in the future

Tn 1951, Schneider® questioned the general acceptance of the hypothews
that susceptibility 1o fection was tocrensed by poar nutnon  He stated

The time honored vien that malnutrition decreases resistance has recen ed
some support, but 1s confronted by a substantiat bodv of evidence i which
malnutrition ncreases resistance  Indeed for the same divease virus pnen
monitis of muce, the same deficiency (pyndoxine) can operate both ways, de
pending upon its duration  Metcoff¥ goes so far as to doubt an increased
madence of infection 2 poorer antibody production and an impaired bone
marrow actmity s undernounshed rats  Delaunay and assocrites® provide
an excellent discussion and bibliography of hos a deficiencs state may diminish
or increase the sensitity of an orgimism to pathogens  Chandler™ has
reviewed the problem n parasitism  Schechter” reviewed the report of a
team of physicians 1n Warsaw 1n 1942 He noted that there 1s not atways an
appreciable mcrease mn epidemics of infectious diserse 1 wartime starsation
Commumity sanitation 15 <aid to be the controlling factor  He contrasts the
conditions 1n Warsaw and the clean anies of Helland and Austria

To cansider a practical nutritionat problem wn chnical survery one might
think of 1 patient with a pyloric obstruction who might well reach a surgical
wenvice after a consierable weight Joss due 1o anorexia and vonuting A
period of gastric suction to empty the stomach of accumulated debris adds us
bit to the process of starnation  Then when operation 1s done, 00 ta 1 (00
< of blod may easthy be lost and the operation s <apable of mitiating 2
citabolic response of consulerable preportions  Unless methods capable of
correcting this dehaency are brought mto pliy the anastomosis may fail to
function the wound may possibly dehisee, and various infections may super
vene a squence of cents that complete a sort of vicinus cirele, 25 these
com) ianens tend to interfere further with nutntion

In 1 effort to <ee what correlation there might be between hypoprotetnem:a
vl postapcrative infections: we have reviewed the charts of a wenes of general

urpical patients at the Hovputal of the Unnersity of Pennsylvama, Fhila
delphia La  The basis of selectinn of the cases for stud) v shown i TaBLE 5
e 1ower imit of pormal tahen was 6.3 gm of proten per 100 mi, and the
scries was dinided into a  normal * control group and a hypoproteinemie group
on this basis (Tamt 6)  The infectious compheations are grouped as wound,
unnry tract resperaton tract and miscellwevus N\oninfectious complica
ttons were ot consudered  The incudence in e1ch category 15 shown in per



272 Annals New York Academy of Sciences
Tarte §
PosToreRAT E INFECTIONS aND HYPOPROTENENI
Hospital of the University of Pennsylvania

Cr ter 2 for select on of cases
138
n
Those not operated on efe 2
Patients included 1 analy sis 102
TavLe 6

PoSTOPERATIVE INFECTIONS aNp HYPOPROTEINEMIL
Hospital of the University of Pennsyhama
Criterson of hypoprotesnensa—scrum protewn (s p)y <63 gm /100 mi

No of patients 1n hypoproteinemic group 2
No of patients in control group (s p > 63 gm /100 ml } 60

Tantr 7
PosTOPERATIVE INFECTIONS AND HyroPrOTEINEMTA
Hosprtal of the Untversity of Pennsy lvani

Class ficat on of infect ons Contral gronp | HILENT
- e
Wound 150 286
Urinary tract [} 142
Respiratory tract 0 93
Miscellaneous 17 95

(Mult ple s tes of nfect on in the same pat ent were counted separately wa th s table only |

centage for the two groups in TABLE 7 It must be emphasized that this ¥as
not the mcidence of complications among all patients but merely among those
who had serum protein determinations recorded and who met the other 1¢
quirements for mnclusion m the series

The statistical analysis of these data 1s shown 1 TsLE 8 using only those
cases with clearly defined infecttons and those who seemed clearly unafflicted
with nfection  The chance of the correlation betwcen Jow serum protemn and
nfection being unrelated was less than one m 1,000 {T1nLE 9)

Unfortunately, there was an mtermediate group of patsents who ran ex
swe fever or leuhocytoss or both, who were suspected of haying an infecton
but in whom thes never became mamifest !

Even if we assume that all of these in the control group were infected and
that all in the hypor group were unmfected the probability that
the correlation between the two groups 1s due to chance remains less than one
n 100 Ths is set forth in TasLE 10

ces




Rhoads & Alexander Surgical Patients 273
Tante 8
POSTOPERATIVE INPECTIONS AND 113 POPROTEINEMIA
Analysis of Results

; o of patents
Controf Group I
(4) No nicction J I

(B) Possibe wnfection 6

10) Dehmte nfection 10
Total «
Tow Proten Group

¢A) No nfection 12

(B) Possitle infection 7

(K} Defnite nfects n 23
Total 42

Taztr 9
TosTOLLRATIVE INFECTION AND HyPOPROTEINEMIA
Chy square Values and Probability of o Dfference Betwecn the Groups

Detie te
N inlecton Delin te
Control S5 3390 10 20 02) 51
Yow protem 122200 230299 Iy
36 33 o
TRl e g <o T T T
3 Thd 'Sl fred” ted valuos
4
Tancr 10

PosTOPFRATIVE INFECTION An HYTOPROTELEMI
1t square Values and Prol a1 shty of o Difference Between the Groups

Nosteton  Nefin e por
Centead 443700 16 (22 95) o0
Tewgreten 192595 23 (16 03) FH
63 3 102

O a2 3 prbably <ot
Int are pred ted values
«et

While these byures weuld ndicate quite strongly that a corrclation exists
how wan we nterpret such a correlation®  Does the hypoprotememua lower
the resistance to mfection®  Does the infection lower the serum protemn®  Are
both changes hikely to oceur from one or more common causes, such as extent
of patholog, extent of operation, length of anesthesia or the like? We
attempted to teduce the chances that the infection lowered the serum proten
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level by dropping out cases in which infection was known to exst prior to the
protein determination, but 1t 15 not possible to elmnate subclimcal or pro-
dromal stages of infection

In general, hypoprotememia and infection tended to be more common
among patients requtring the more extensive surgical procedures  We cannot
Attempt to interpret the significance of the correlttion found among the data
We believe that, to conclude from them that the hypoproteinemi was the
etiologic factor responsible for the infection would not e vahd even though
eventually, 1t may be shown to be true

In discussing these data one may well 1sk why so much attention 1s focused
on scrum protein concentration as opposed to total airculating albumin, estt
mates of antecedent protemn loss, efc Serum proten concentrations were
selected because they were available on many charts, whercas the more ref ned
measurements had not been made often enough to permit this type of study

Trom a practical standpoint, restoration of nutrittonal deficits m surgical
patients 18 of paramount 1mportance

In too many of these cases, the oral route 1s not immed:ately available be-
cause of local disease or recent op on theal rytract T
correction must usually rest on intravenous methods and after operation,
these may often be supplemented by feeding through tubes placed in the
jejunum exther directly (Jejunostomy) or through the stomach (gastrojejunal
feedings) The expenence of Riegel and her associates® would ndicate that
food was a iittle more effectively used enterally than parenterally ~Trans
fusions of whole blood and plasma still play a basic role in the correction of
hypoproteinemua and should not be lost sight of, especially as means of cor
recting the most pressing deficits of many of these cases of conditioned protes
deficiency among surgical patients

Mineral and vitamin deficiencies may be hard to recogmize but, as a sule,
they are easy to correct by the intravenous route when the oral route 1s not
available

Summary

Severe undernutrition 1s frequent among patients referred to surgical clinics

Operation tends to accentuate protemn deficiency There 1s some evpen
mental evidence that protein deficency lowers certain of the defenses against
certain nfections

The incidence of infectious postoperative complications 1s correlated with
serum protein concentrations below 63 gm /100 ml  The probabihty of this
correlation being a matter of chance 1s less than 1 per cent in the series analyzed
It 15 not possible to say from our chnical observations, however, whether the
rediaced protewn corcentrations are cansally telated to the hugher wmadence of
fectious complications

The effect of hypoprotememia 1s to ncrease the chance for a vanety of

~operative and postoperatin e difficulties

s, It 15 thus of tremendous importance to find ways of giving surgical patients
}xmcxen! foodstuffs by the sumplest routes available, to supply ther unusual
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icvel by dropping out cases in which infection was hnown to ewst prior to the
protein determination, Lut 1t 15 not possible to ehmnate subclimeal or pro
dromal stages of infection

In general, hypoprotenemia and infection tended to be more common
among patients requirng the more extenstve surgical procedures  We cannot
attempt to interpret the significance of the correlation found among the data
We believe that t concude from them that the hypoprotemnemia was the
etiologic faclor responsible for the mfection would not be vahd even though
eventually 1t miy be shown to be true

In discussin,, these dath one may well ask why so much attention 1s focused
on serum protein concentration as opposed to total circulating albumin, esti
mates of ntecedent protem loss, efc  Serum protein concentrations were
selected because they were available on many charts, whereas the more refined
measurements hud n t been made often enough to permit this type of study

Irom a practial tindpornt, restoration of nutritional deficits 1n surgical
pitients 1s of parimcunt importance

Tn too many of these cases, the oral route 1s not 1mmediately asaifable be-
cruse of local discase or recent operation on the aimentary tract  Preopetatne
correction must usually rest on intravenous methods and, after operation
these may «ften be supplemented by feeding through tubes placed m the
Jepunum erther directh (jejunostomy) or through the stomach (gastrojejunal
feedings)  The experience of Riegel and her associates® would indicate that
food was 1 httle mare effectively used enterally than parenterally Trans
fusions of wholi 1100t and plasma still play a basic role i the cotrection of
hy poproteincmit and <hould not be lost sight of, especially as means of cor
recting the most | resaing deficits of many of these cases of conditioned protem
deficiency 1mony, wurgical patients

Mineral 1nd sitamin deficiencies may be hard to recogmze but, as a rule,
they arc easy to correct by the mtrayenous route when the oral route s not
avatlable

Summary

Sever undernutntion 1s frequent among patients referred to surgical clmics

Operation tends to accentutte protemn deficency There 15 some expert
mental esidence that protein deficiency lowers certamn of the defenses agamnst
certain anfections

The meidence of infectious postoperatne compheations s correlated with
serum protein concentrations below 63 gm /100 m1  The probabihity of this
correlation being 1 matter of chance 1s less than 1 per cent n the senes analyzed
Tt 1s not possible to say from our chinical observations, however, whether the
reduced protein concentrattons are causally related to the higher mcidence of
tfectious comphications

The effect of hypoprotenemia 1s 1o mcrease the chance for a vamety of
operatin e and postoperative difficulties

It 15 thus of tremendous importance to find nays of gning surgscal pattents
sumlclcnt foodstuffs by the simplest routes available, to supply ther unusual
needs
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CERTAIN ASPECTS OF DEFICIENCY DISEASES 0! THE TROPICS
AND TREATMENT OF SOME RELATED INTECTIONS

By Elmer H Loughlin and Willam G Mullin
New York Vedical College and Tlower and Fifth tremye Hospsiols Meu York N )

» A surpnsing panorama of food deficiency diseases has unfolded 1 the
tropics and, consequently, the importance of the classic deficiency diseases has
gradually waned in most areas The symptom complexes anising from 2n m
sufficiency of food are considerably more inclusive and far mare widespread
than such restricted deficiencies as berben, pellagra, scurvy, and fickets
They may vary according to the kind, degree, and duration of the isufficiency
from mld latent conditions through progressive stages to extreme inamtion
on the one side and severe protein malnutrition on the other, or they may
have overlapping grad from to protern mal They are
influenced by age and sex, by certatn anthropological factors, and by such
stress factors as pregnancy, lactation, and ntercuerent infection, as well as by
geographical location  They are so intricate and diverse that they might have
been woven by Arachne, and so wnclusive that they mught have beea contrised
by Dido

Until recently, these broad syndromes were scarcely noticed by workers in
the fields of nutrition and tropical medicme, whereas deficiencies presumably
caused by the lack of single factors received emphatic attention during the

A ph - FR—.

o rant cloc

of other vitamuns, an even larger number of medical papers appeared  How
ever, scienttfic facts then had replaced speculation and fancy It nould b2
improbable today that the term “protein” would be conferred on 2 dls\ﬂ(\.
similar to “Limehouse”” 1n London, nor 1s kwashiorkor heralded as a “menxce
1n banner headlines of today's newspapers as pellagra was 1n the newspaper
headlines of 40 y ears ago, although protemn w1th 1ts ammo 2c1d components and
associated factors, 1s certanly more important, and kwashiorhor more ravag
ng, globally, than pellagra
E&llhaughym!erest m the problems of tropical nutrition hnf beer: a“alltegtcﬂ
A be
+ aed

51ck,uand that their hives usually are regulated by tradstional customs adnd‘f;i
rehgious and trbal taboos and superstitons It should be apprECl-’ltlt ; "
that anthropopsychic disorders, resultmg from malnutntion 1 €ary o
parasitic nfecttons, and subsequent endocrine disorders, contribute m«e\a
bachwardness, their seemung Jow order of intelligence, and the underdc\hmﬁ
ment of the regtons i which they live, and that this apparent infersonty 9!
not be considered solely dysgenic

Since the notian that the fetus 15 merely parasitic an

276
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mdepcndrnﬂ) vi s mmher was discarded, it 1s now becoming evident that
al factors 1nfe nd alo affect

the unborn child long before st takes 1ts first brcaxh Thus, like specters, these
factors haunt it virtually from conception through a todsome, inglonous,
and fast withering hfe to the grave  If 1t were possible, it would scem timely at
this pornt ta inquire of the human 7y gote of the tropics, Quo tadis?™

Although 1t 15 essential to consider the reciprocal depende.nce of anthropologs
eal factors, nf and mal as causatne of tropical defictency syn
dromes from the prenatal period onward 1t 15 nevertheless fundamentally 1m
portant to consuder the maternal arc of the nutnitional amit before progressing
to those of the infant and child 1 urthermore, since the mother ts an integral
part of the tropical communtty except for apprectable differences during
early childhood, pregnancs, and lactation she 1s influenced by the same factors
that affect other adults in the same envtronment  Therefore, to provile an
casier comprehension of the maternal role in tropical nutrition as well as to
avoid duplication the aforementsoned factors and their effects on adult tropical
indigenes will be evaluated collectnely and the notable exceptions as they
pertain to the mothers will be mentioned or descrihed bretly

The natite tropical mother already mav be gravely deplesed by nulrttional pri
talton acceniuated by overwork and parasitic infection and therefore, 13 physically
unprepared {o take on the exer gravwing durden of preguancy and lactation I the
Jace of ncreased nutniiional demands by pregnancy and luctation the tropreal
mother, unlike many of her temperate zone counterparts sellom gets a specral
supplementattms of her diet and tustead certamn Jugh qualtty foods are made
tnaratlable bv seasonal defictencies or may be interdicted &y luboos

“r el eoelu e oar

35 to 56 per cent of the League of Nations standard? and 10 many impoycnshed
parts of Asia Africa Central Amenica and the West Indies, they are equally
low 790 On most of the T'acific slands where the traditional diets consist of
fish bananas, breadfruit tavos sweet potatoes yams, fruit, green vepetables
and cocoanuts there is little evidence of deficiency diserses 1t In certam re
wions of Centril Amenica although the diets of the children may be markedly
dencient both in calories and protemn the diets of the adult agricultural workers
whe srow their own food are comparatively adequate  (alore, total peotein
cilium ron tiamune and pron requirements are met, but intakes of
sumal yrotem vitrmun A nboflian and aseorbie acid are much lower than
0 mmeaded ¥

Sin ¢ nee Wb staple £l of more than Balf of the world populaten and
1) plies at i3t 0 per cont of 1heir dnly calonies it 1 undoubtedly the feoc
mntceresl  In Imfie (lant and Southeast sy the datty diet t« based on
rive Tut §wadsof ammal ongin are nerbble  In other countries of th ¢ trof s
nee mu be completels ¢ parths rephced by legumes mare an 1 root crops
In some countnes 1t i grown mn imited amounts and mas be <aved for speciat
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feasts while, n others 1t may be smported and thetefore, may be too expensne
to clude as a staple of the diet* In regions where rice 1s the staple of the
diet, malnutnition 1s prevalent, and 1t 15 m these places that nutntion can be
matenally improved through the use of supplementary foods such as milk ¢
The methods of preparation of nice for eating are also witally important from
the nutritional aspect  Because of the peculiar harvesting and storage prac
tices, rice 1s the only cereal that 1s regularly washed and coohed 1n water
before 1t 1s eaten  Ranganathan ef o/ found that losses from raw rice due to
washing and cookiag amounted to 15 per cent of the calores, 10 per cent of
the protein 75 per cent of the wron and 56 per cent of the calcium and phos-
phorus * while Swaminathan" found that up to 85 per cen* of the thizmine
also was lost Although rice entichment programs have been successful 1n
reducing bersbert substantially m certatn parts of the Phihppines where ths
d disease was p lent, they are considered by some tigators to
be impracticable for large scale application

Food plants 1n different parts of the world may vary considerably n bio-
logical value  Dean has noted that maze, which usually has a Jow lysime
content and a lysine methiomne ratio usually of 2 3 i Guatemala has a sult
lower content of methonine and the ratto accordmgly 1s 4 2% Tn most areas
of Central America matze 1s not only low 1n lysine and methionine but is es
pecally low 1n tryptophane  The deficiency of the latter amimno acid accoum:
principally for the low biological value (usually below S0 per cent) of mauze ™
Tortunately 1t has been possible to develop new genetic vaneties, some with
adequate tryptophane and macin contents as well as bly adequate meth:
onine content ¥ 1% 12

Moreover, n the regions where total mtakes of protemn are low, this de
fictency usually 15 aggravated by exceptionally low mtakes of ammal protem
although 1t 1s appreciated that high quality protein alone 1s not a substitute ioz
an adequate quantity of total proten  In Chma, there s only 5 gm  of anims
protein available datly per capita  This figure 1s matctied by that of 9 gm 2
India and 4 gm m Java and Madura? Similar lon mtakes of ammal pro\-
temn are the rule in many parts of Africa, Central Amenca, and the ‘\t:d
Indies®10 2 #1 2 Tn a survey of four Nigeran tribes Nichols™ calculat
that one tribe—the Dakarkerr—consumed daly only 2 gm of anumal proten
per capita  They offset this low ntake of protem of _guod quahty, ho“de“:'
by consuming a large quantity of vegetable protein, 85 gm per capita ; 4 >(
Another tribe—the Isohos—consumed only 46 gm total of protein dm!y\f\;
capita 20 gm of which was of amimal origin Incidentally hrpa!on;t\l’sﬂ in 13
noted 1n 9 per cent of the Dakarkerrss and 1n 19 per cent of the Isokos i
per cent of the former had ascanasis whufe 31 per cent of the batter were e
ta be wnfected with this parasite  In some parts of Africa, cattle are ;0;151(
asmeasures of wealth and except for special feasts, are not slz\ughl;rt Id?:m e
In many other parts of the tropics, the peasants he cattle T“ sel i
them for their onn food requrements 5 and 4 ozg r:‘x‘re iy
lakes, where fish are eaten ammal pr ‘Eﬂm.q“"?“e:uml atens
higher and deficiency diseases are 1 <cept occasionall
where transportation facihits ehc aexcep
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for imported expensive salt or dried fish  Pond culture of fish is being at-
tempted 1n some countries to eluminate this inadequacy. .

In parts of the tropics, the e weight of cattle does not exceed 430 to 500 1b
and the output of milk dunng a seven to eight months lactation does not
exceed 145 gal  Where better supphes of milk are available, peasants usuaily
prefer to sell the milk when possibie while, m other regions, because it 1s so
highly contaminated, severe gastrowtestnal infections frequently result from
feeding 1t to infants In some areas, according to Davies*® 1t 15 given to
some adalts as a lavury food, and the idea that children, and pregnant and lac
\ating mothers tequire extra fond 15 alien to African concepts  In stil other
areas, no milk 1s gnen after weaning® A formidable obstacle in some coun
tries where mith 15 available 1s 1ts cost, and i those countries where 1t 15 dis
tributed free to mothers and children, 1t can become a senous financial burden
to the government ™ The substitution of dry shum muik has been attempted
Deficiencies can result, how ever, nhen such milk 1s the principal or sole food of
the nfant {eade sufra)

Dean® has observed also that i Tast \frica, food habits have changed i
some parts because local supplies of certain foods have become echausted,
and that changes m agricultucal schemes are brought about by the discovery
of a new preference, by necessity, or by the completion of a government agn
cultaral plan  He ds that a F t

PP S - '

t crop-

- . . R . LI v
"

When planming to unprove the nutation of trapical mdigenes or to corvecs
chronic protein malnutrition, 1t should be noted that dried nulk, stored 1n cans
nn the shelf at ambient temperatures for one y ear, may lose three quarters of its
hiological value  Ths l0ss 1s in amino acids—~some of these acids are destroyed
and others become biologically wnavailable—and i certain vitamins, particu-
I.,xrl)‘ myndoune  Children fed chietly or exclusinely on one of these millg

o Mlqmnu;l » auang the culivating and har

quired to tol in the helds with primitive and

|m|1lut‘1n\ mmplements from erly morning through the heat 0(‘(\\e day ];n

rm:‘c Lzm this work 1> done after only a hrtle sueetened coffee of gruel has

x U <n upon ansing The meal of the d

Prepmans g 1y 15 not eaten until evening

wept for the first month or | i

wually does ot exempt them f ition 1o the miomuon
rom ths duty [ addition t '

ended 1 s strenuows worh, the aalt o ghr ottion {0 the calanes ex

Aesling «eons women are e
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feasts while 1 others, 1t m1t heame 1

to include as staple of
diet =

t ot I wasted and cooked 1y wager
b s i eaten Ranganathan o al found that losses from ray nice due to
washing and coolune amounted to 15 per cent of the calories 19 per cent of
the protein 7, per cent of the 1ron, and 54 ber cent of the caleum ang phos
phorus 8 while Swaminathan!t found that Up t0 85 per cent of the thiamne
also was lost Although nice enrichment Programs have beep successful 1n
reducing beriber; substantially 1n Certain parts of the Thilippines where this
deficiency disease Was prevalent, they are considered by some nvestigators to
be impracticable for large scale application

Food plants 1n different parts of the world May vary considerably m bio-
logcal valye Dean has noted that maize, which usually has a low lysine
content and a Iysine methiontne ratio usually of 2 3 4 Guatemala has 2 sulf
lower content of methiomne and the ratio accordingly 1s 4 218 Iy pnoct areas
of Central America maize 1s not only low 1 Iysine and methionine but s es
pecally low 1n tryptophane  The defictency of the Jatter amino acid accounl:

P

principally for the low biological valsa ¢ « w1t
.- '

Morcover 1n the regions where total intakes of protem are low, this de
ficiency usually 5 aggravated by exceptionally low intahes of ammal protem
although 1t 15 appreciated that high quality protern alone 35 not a subststute for
2n adequate quntity of total prote;n Iy China, there 15 only 5 gm of amimal
protein available daily per capita  This figure 1s matched by that of 9 gm m
Inda and 4 gm 1 Java and Madura * Sumilar Jow intakes of ammal pro
temn are the rule 1n many parts of Africa, Central America and the “tzt
Indies 010 20 21 o0 " "0 survey of four Nigenan tribes Nichols® caleulate
that one tribe—the Dakarkerrr—consumed daily only 2 gm of amma prote
per capita  They offset tis low 1ntake of protein of good qualty bo\:];‘”tf
by consuming a large quantity of vegetable protein 8> gm per capita ; )r
Another tribe—the Isohos—consumed only 46 gm tota! of protein dml}“l:s
cpita 20 gm of which wag of animal ongin Incidentally h!p:lton;flﬂ znd ;
noted 1n 9 per cent of the Dakarkerris and in 19 per cent of the Isohos s
per cent of the former had ascartisis while 31 per cent of the lntter \\er«;l i
to be fected wath thys parsite  In some parts of Africa, cattle are m;]rloml
s measures of wealth and except for special feasts are not slaughtzrtgldzm e
In many other parts of the tropics the peasants sell the cattle [an "smﬂs 'ond
them for their own food requuements  In coastal strips and a Of" e uth
lakes where fish are eqten anmmal protein and tohz pll':)tze;n"ml;‘ (‘:um] ares
higher and deficiency diseases are less common ¢ % :ocms onalls
where transportation facilities are lacking httle fish 1s eaten evcepl
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for smported expensive salt or dried fish Pong culture of fish 15 bemng at-
tempted | some countnes to ehminate this wnadequacy

]? ports of the tropics the live weight of cattle does ot exceed 450 to 500 1b
and the output of ik dunmg 2 seven to exght manths Jactation does nol
esceed 140 gl Where better supphes of milk are available peasants usually
prefer 1o sell the mlk when possible while 1n ather regions because it 1§ 50

1 [
the mfant (zude nfra)

Dean® has observed also that m East Africa food habits have changed 1m
some patts because local supplies of certan foods have become exhausted
and that changes in agncultusal schemes are brought about by the discovery
of 2 new preference by necessity or by the completion of a government agn
cuoltural plan  He recommends that a famune resistant crop—cassava—or

f

Lista yent iemperatures for one year may lose three quarters of its
bolog calvalue  This 1oss 1s 1 ammo acids—some of these acids are destroy ed
and others become biologically unavaiable—and m certam vitammns particu
lale\y pyodotine  Chldren fed chuefly or exclusively on one of thess w W

u g vulls are considerably lower than estimates

based on avetage consumption of the famly or community  allowances

should be considered for losses of nutrient content of foods durning cooking ¢
In many tropical countnes depencing on lncat a- s

sistence 1t 18 the custom of

pensable to food production

VESUINE SCAsORS wOmen are  uu v1 1w Lol i the bells ¢k -

wefoes -

~ome |

leen t

B

v Wit U4y 15 Dot eaten unul eve

L Sr:hﬁan;) *nd lactation except for the first month or {wo after partun‘::l%
}e“:ké »cihnm exempt them from thus duty  In sddition 1o the calories ex
It 11 this strenuous work the adult 1n the tropies particularly when
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exposed to the direct rays of the sun and sweating heavily, my lose in evcess
of 4 gm of mtrogen daily via the shin'® It would be interesting to speculate
on the ammo acid pool mitrogen balance, and arculating proteins during
work under these conditions

Although mntestinal helminths and other parasites affect young children more
severely than adults (rde 1jra), n those areas where these infections are
prevalent and consequently intense, the pregnant mother may manifest not
only the residu effects of such childhood imfections but also those of a current
helminthiasis—if severe with accentuation of the evsting malnutrition

These dictary privations are further accentuated by crop fattures caused
by drought and by the seasonal reductions between harvests—the hungry
months  when dicts may be reduced to levels of Jess than 1 000 calories datly
—substantially below the local energy requirements particularly those of the
pregnint or lactating mother  The deleterious effects of such dietary prna
tion on maternal nutntion dunng the hungry menths or during crop fa lures
are not limited to just these periods  On the basis of observations on Africans
m whom after prolonged periods of protein starvation 1t was found that ade-
quate diets for at Jeast three months were required to attain mtrogen balance ®
1t 35 obvious that these penods of aggravated maternal malnutntion may extend
well beyond the haryests

Dnerse taboos are encountered in various countries of the tropies and
although some may be beneficial many are undoubtedly detnmental to good
maternal fant and chifd nutntion * In India, according to Rao? dietan
defictencies are common among nursing mothers and children of even upper
classes because of religious restrictions  Protein of animal onigm g meat
fish or fertihzed chichen eggs 1s not eaten by orthodox Hindus  In many
regrons of Africa where tribal taboos forbid mothers to et certam fish eggs
and chickens the diets are made additionally defectrve n protein *® while in
others the pregnant woman s allowed to eat fish ¥

Deficiency diseases of adult tropical indigenes may be latent and only become
manifest clinically under stress Pregnancy and lactation are stress factors
that 1 tropical women commaonly Aecentuate and bring to light the nd cations
of malnutntion including anemia hepatic disease edema and even cardiae
wsufficiency

The principal deficiency anemias of the tropics are 1ron deficiency, or hypo-
¢hromic microcytic and megaloblastic macrocytic  Iron deficiency of e

(Heamuc mucrocytic aneme may be the result of (1} sufficient hetarv 1on
L 5 an shean e harthea oF

fection {diserse) csophageal varices assocrated with sChnstos Mty
cirrhosis and portal airrhosis
ore

“These nemus occasionally are so severe especlly when there 15 m!

{ trans
e factor responsible eg hoohnorm disease and pregnancy tha
g e . d  The majonty of these anemiat

fuston of blood may be urgently requiret o
however will respond satisfactorily to won therapy and an adequate \"‘\:‘3“ o
protem especially when the responsible factor ¢g hookworm s T8
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elmnated A great deal of discussion has been centered upon hockworm ane

mia with same investigators asserting that iron alone 1s sufficient to produce
and maintain cute, while otbers contend that wron atone wilt not provide cure
and that, m order to maintain the therapeutic eflects of won, the mtahe of pro

ten must be adequate or the hoohworm burden must be removed or sigmfl

cantly reduced 20 3"

Megaloblastic macrocytic anemias are (1) those prohably caused by the
dietary fack of such extmnsic factors as folic and folinic acids vitamin Bie
and other B complex vitamms as well as protein™  and mclude {a) tropical
m.ncxocyuc anemia and (b) dimorphic anemia 2 vanant of the former due to

n d {2) those ly caused by smpawed absorp-
tton of extrnsic factors and include (a) anerma of sprue and (b) the anemia
accompany ing pellagra, which also may be due partly to a lach of extrina fac
tar  Diplyilodotirsum latum (fish tapeworm}) anemia 13 confined chiefly to the
Baltic Littoral, over 70 per cent of cases being reported from Tinland 13°

‘Tropical macrocytic anemia s the verm conferred Ly Wills on a megaloblastic
anemia observed in indigenous populations of tropical and subtropical ¢l
mates 4 This anemia ongmally conwidered to be associated only with
pregnancy has been found to occur m nonpregnant somen as well as 1n men
It can be distinguished from permicious anema which it closely resembles by
the fact that achlorhydra 15 no more frequent than 1t 1s m the rest of the
local population, and spnal myelopathy does not occur  The stress of the 1n
creased nutnhonal requirements of pregnancy 1o somen 1n whom malnutntion
15 fatent or immnent probably may be sufficient to precipitate mamfest anemia
In Costa Rica, a severe hypochromic macrocytic (dimarphict anemia 1 fre
quently observed, and 15 considered to be due to mafnutrition muluple preg
nancies and hookworm disease® Similar cases have been reported from
Africa

Tropical hemolytic anemias, including those caused by infections such as
malaria and Bartonella and the hypersplemsm assotiated with hala azar and
schl!msom\:\S\s (Bantrs s}ndmmcl as w el as the famuhal hereditary michle
cell state are fi or by protein
and won deficiency

In many countnes as cluldren grow nto adolescence and adulthood they
continue to mamtam diets silar to those on which they previously developed
fwashiorhor ™ A hmh mculence ni protein malnutntion m children usuaily
dicates nd of the peneral ® I
many wnstances the diets of adu(u are observed vo be poorer 1n that they are
defiient 1n calonies as well as protein Then as a consequence of iliness, in
tection pregmancy Iactation of prolonged severe exerhion (long treks), acute
fwashiorhor may be precipitated i the adult™ % In certamn regons of
South Amenca Central Amenica and the West Indies however the diets of
aduits are better quabtatinely as well as quantitatnely @ = @

Lesions of the lver with severe chrome proten malnutrition (kwashiorhor)
can owcur m adults (Davies™) and i lactating mothers? These lesions
resemble the fatty nfiltration and necrosis cellular infiltration and fibirosis
ohserved tn the livers of younk chaldren although, probably 2s o consequence
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of conditioning during acute attacks of hwashiorkor 1n childhood, there 1> a
greater degree of fibrosis  Pancreatic sclerosts due to periacmal, peritubular,
and peniductal fibrosts 1s observed m adults, and associated atrophy of the
enzyme secreting glands of the small intestine result further m disturbed du
gestion and attendint impaired absorption  Gillman and Gilbert® reported
that fatty Iner disease occurs much more frequently m acute pellagrns than
wn ather members of the genezal population in South Africa and that, in petlagra

lnver in aduMts 1s doubted, 1t 15 generally accepted that adult tropical ur
rhosis, which 1s indistinguishable from Laennec’s portal cirrhosts as observed
1n temperate zones 1s linked with chromc protein malnutrition 8 7 2 & 4 8%
It would appear that kwashiorhor, after it has been cured, does not inevitably
lead to continung curhosis if the diet remains satistactory {in many places
this 15 unbikely, tde supra) and archogenic factors or substances are not
prevalent? ®@  There 1s no significant sex difference 1n ctrrhosis of the et
as encountered m Africans %

The wcreased frequency of cirrhosis of the hner 1 certain tropical ateas nas
noted many years age Rogers® i 1911 reported that cirrhosis of the hner
among native Induns in Ceylon was observed i 69 per cent of postmorten

examinations and thus was seven times more frequent than curhos:s r‘Eu
. ~ PN - Tanatehlan

terial infection and tovins absorbed from bonel weze etsological
factors m the production of the cuthosis In the hight of present-day knowl
edge, however, 1t 1s probable that chronic protem mainutrtion accentuated by
chronsc dysentery was the basic causatne factor Almost 40 years Jater,
Fernando® found the madence of cirrhosis 1o be still hygh m Ceylon {death
rate for cirthosis was 22/100,000 m Colombo (1949), and 195/100 000 1
England and Wales) Of 192 patients with hepatic ctrrhosis 24 had tonic
currhosis and 168 had Laennec’s cishosis It was considered that Laennecs

cuerhosts, in most mstances, was the consequence of malnutrition e s
maln te e

ohic €
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thosis resulting from increased aron intake and storage under the term  hemo

chromatosis’ Walker and Arvidsson * after studying iron  overload 1 the
South African Bantus, have concluded on the bass of microscopic examination
of lver tissue thatiron overload n the Bantu does not lead to cirthosis and
that hemochromatosis 1s distinct from siderosis — They point out that n sidero

sis1n the Bantus pancreatic pigmentation when it occurs 1s only shght that
hepatic fibrosis 15 often absent that diabetes 1s rare and that mhemochromato

s1s_1ron storage even early 1s parenchymal

Anomalous serum proteins are found over most of the tropics with total serum
protein values of the indigenes being the same or greater than those of their
temperate zone counterparts  Before modern electrophoresis techmiques were
used for determiming the patterns of serum protemn fractions some tny estigators
sought to show that there was no close relation between malnutntion and
altered serum protemns It has become evident since that total serum protein
values are deceptive nasmuch as the progressive decrease in serum albumin 1s
often coupled with an appatent compensatory wcrease 1n gamma glohulm In
malnutrition excluding the d of certam g hy
pergammaglobulinemia s thought to be due to liver damage Alterations o(
the serum protemn with lowering of the albumin fraction have been reported
from diverse parts of the tropies * * * & Although 1t has been decided that
hypoalbuminemia and the hunger edema of Europe were not closely asso
aated 1t has nevertheless been considered highly probable that there 1s an
almost invanable relation between hypt)a\bummeml:l and edema n protemn
malnutrition as t occurs n the tropics 7 ¥ & &

‘Tropical ulcer and are 1} d 1n impor enshed
areas It 15 probable that the conditions leading to its development are those
associated with poverty tiz malnutntion dirt trauma and invasion by
common shin bactenia fusiform bacilh and spirochetes  The estent of the
causative role of malautrition in the deselopment of tropical ulcer has not been
determmed It 15 recogmized howeser that protemn malnutnition materially
mterferes with healing  In Uganda Ioewenthal® observed that tropical ul
cers did not occur n natives who consumed milk and meat  Rao® reported
that troprcal ulcer was most common i those areas of India where malnutrition
and anemia accentuated by malana and hookworm were prevalent especially
on the tea plantations in Assam®™ and on coffee plintations in Svuth Afnca #
Tropieal ulcer became €ven more prevatent during World War T when poverty
and fond rivation wersened 1n Caleutta™ ™ Pomndexter considered that an
wmsull ciency of protein and vitamins was 1 factor in determining the chromeity

ftropcal uicer  In Huti we observed that where there was a heavy seasonal
ramfill munutntion diet trauma and wnfectt ns were the principal factors
that acted jomtly to produce the ulcer as well as to contribute to the chroncity

wd extent *  In patients with extensive chronc ulcers the malnutntion was
y ted by <vep g, of protetn nch <erosanguineous
fuid from the base of the ulcer

Stnce the fetal ecor omy 15 dependent on 1] ¢ stalus of malernal health the vnfant
born of a malnourss] e matree traprcal mather 1s likely 1o be tmmature and under
seight The tropical wfant endosced with only meager resources 1s ¢
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wsmcal where a of merciless ads 15 15 duailng of
Thus shortly after beguning its mundanc extslence, 1l must compele for survival
where only lhe most tenacious can surinie

An opportunity to observe the effects of maternal nutnitional privation on the
economy of the fetus was provided by the recent war in Lurope  In W upper
fal, Wert Cammne 1L L T
by
not
wen - -
birt
Uganda, birth weights were found to match those of European babues, whereas
w the Congo, they were reported to be 400 to 500 gm less In India, bith
weights of infants of malnounshed mothers averaged about 700 gm Jess than
those of babies of European mothers ¢ In parts of Central America, children
born at term are usually premature in appearance ¥ Similar observations have
been made in India and other parts of Asta where maternal malnutntional 1s
prevalent  Although it 1s usually impossible to ascertain the length of gestation
1n tropical countries, 1t 15 generally recogmized that these low birth neightsare
not necessarily due to p 1ty but rather to y

Despite the fact that native tropical mothers may have lower serum albumm
salues than their European counterparts, the serum albunun values of Afncan
infants match those of thewr European contemporaries® The values of all
of the constituents of blood serum, particularly vitamin A and carotene, were
lower 1n newborn children 1 Guatemala City than those of newborn children
m the United States ™

Although anemia 15 usual 1n malnounished tropical mothers the hemoglobis
values of newborn infants in East Africa are comparable to those of European
newborns * 7 It 1s mconcewvable that severe anemia 1n the woman “nuli!

reflected in the infant at burth, anemia may become mamifest at a Jater date
when deficient fetal 1ron stores (a result of maternal deficiency) are not ;lldl;.
quate to hold pace with rapid growth during the first several months of hfe el
Contrary to previous notions, the quality of breast mulk of malnaun{s

mothers in the tropics, except for a igher fat content 1n some parts of Al nc'ﬂ
compares favorably with that of their and European c st
Jelliffe™ 1n 1952 noted that the breast milk of Migerian mothers had an a\e“ xlln
protein content of 104 (range 059 to 1 76), despite poor duets 1171,adeq‘\!n en
protein, and he confirmed sumilar observations made by Trowell™® L;fl "
In 1948  The breast mulk of Indian mothers of the poorer class in the M Sls'an
whose children were suffering from kwashiorkor, was found by Shﬂnz\_ﬂ "
and Ramanathan® to contain 1 59 per cent of protein compared to :‘ lml"¢t
cent in the breast mith of healthy mothers dw-l ;;gl per c::: Zfe :;c;“:;’ﬂl 00
and 261 mg per cent of cystine, compared to mg

mg per cent, respectnely  Walker, Arvidsson, and Draper®® _asceﬁal;l‘f‘s'}l;’:‘;
the breast milk of 31 poorly nounshed, 190 average, and 45 well n
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South African Bantu mothers, eating diets based on maize, bread, and legumes
did not dsffer matenally from that of therr Amenican and kuropean counter
parts except for 2 lower content of vitamin C and macin  In places where bert
ben1s endemuc the breast mlk 15 also deficient 1 thiamine

Although the nutritional status of the mother 1s often poor, tropical ifants
usually continue to grow satisfactonly during the early months of breast
feeding and growth weight curves are comparable to those of infants i the
Umted States and England? ¥ 0 8 At six to eight months, sometimes

1 ’

sutable  Diarrhea which frequently results from such supplementary foods
accentuates the insufficiency of the det

- . roportionately higher re

Dean'® points out that
ely with growth dunng
these early months since the infant recenving an adequate quantity of breast
milk will continue to grow satwsfactonly although there 1s no corresponding
increase 1n the available quantity of breast muk  The optimal amount of pro-
temn required for satisfactory growth 1s not known according to Dean  On
the basis of zone ds however the of protem
increases from a probable amount of 13 gm daily (supplied 1 1200 gm of
breast milk) providmg a protein hg ratio of about 2 1 at five to six months
1040 gm at two years to 50 to 60 gm by seven years and 70 to 90 gm there
after 1n a good mixed diet with two-thirds 2mimal protein and one third plant
proten Tt 1s apprecrated that 1n many underdeseloped countries of the
tropics the daily protewn tntakes do not cxceedLSO gn and often are no mare

mestigations in Central Amenica *® * based on studies on child feeding with
plant protein made by Dean® in Germany would seem to show that an ade
quate quantity of protein from any source provided the mtake of calosies and
certan vitamins 1s sufficient 1s more tmportant than the amimal protein content
of the diet

N\utnti nal denciencies in tnfancy and childhood usually become manifest
1t ¢ time when the <upply of breast mik 1s fashing and supplementary feeding
whetgun A rding to Brock and Sutret 7 the most serious and widespread of
these vutntion il disorders 1 hwashiorhor which 1s alse known i varous
parts of the world as  sindrome policarencial ifantst  culebrila and
excupt for pigmentary disturbances as  disfrofia de farmwacer®  dystrophie de
fartnense  and probably  Mehlndhrschaden  hwashiothor 1s defined as a
nutrttional disorder associated with a low protesn diet oceurnng particularly
during the age period between si¢ months and five years It 1s apparent that
the term ‘protewn ' 15 not restrictive, and that the deficiency must include B
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wnsmical emironment where a succession of merciless adversarses 1 aualing o
Thus shortly after beginming ats mundane evistence, 1t must compele for surtnal
where only the most tenacious can surune

An opportunity to observe the effects of maternal nutritional privation on the
economy of the fetus was provided by the recent war in Europe In W upper
tal, West Germany, lthough average barth weights had been reduced shghthy
by 1939, there was a further dechne of 210 gm by 194>  This reduction was
not as great as that 1n Rome i 1944 and 1n Vienna 1n 1943, where birth weights
were 400 to 500 gm less than m preceding years® Unfortunately, recorded
birth weights are not available for much of the tropical world In parts of
Uganda, birth weights were found to match those of European babues, whereas
in the Congo, they were reported to be 400 to 500 gm less In Inda, birth
weights of infants of malnourished mothers averaged about 700 gm less than
those of babies of European mothers ¢ In parts of Central Amenca, chldren
born at term are usually premature in appearance ¥  Similar observations have
been made 1n India and other parts of Asia where maternal malnutnitional 1s
prevalent. Although 1t s usually imposstble to ascertain the length of gestation
1n tropical countries, 1t 1s generally recogmzed that these low birth weights are
not necessarily due to prematurity but rather to immaturity

Despite the fact that native tropical mothers may have lower serum albumn
values than their European counterparts, the serum albumim values of Afncan
nfants match those of ther European contemporaries ® The values of all
of the constituents of blood serum, particularly vitamun A and carotene, wert
lower 1n newborn children 1n Guatemala City than those of newborn children
tn the United States™

Although anemua 1s usual 1n malnounshed tropical mothers, the ‘hemoglobin
values of newborn 1nfants n East Africa are comparable to those of European
newborns 7 % It 15 inconcewable that severe anemia m the woman would
not affect the blood of the fetus, and 1t 15 highly probable that women with
very low hemoglobin values usually do not conceive but that, if they do they
will abort Though a low maternal hemoglobin of the mother may not be
reflected 1 the mfant at birth, anemia may hecome manifest at 2 later date,
when deficient fetal 1ron stores (a result of maternal deficiency) are not ?sd:‘
quate to hold pace with rapid growth during the first several months of hfe e

Contrary to previous notions, the quality of breast mulk of mzlnour;s £
mothers 1n the tropics, except for a higher fat content 1n some parts of Al nfg
compates favorably with that of their American and European COU'““P:; .
Jelliffe™ 1n 1952 noted that the breast milk of Nigerian mothers had an z\e[ e%ﬂ
protemn content of 104 (range 059 to 176), despite poor diets u;gadeqUuﬂanda
protemn, and he confirmed similar ohservations made by Trowell™ n 'gl e
11948 The breast milk of Indian mothers of the poorer class 1n the Nil L'sm
whose children were suffering from kwashworkor, was found by Shrm\;a '
and Ramanathan™ to contan 1359 per cent of protein compared o 12 l{:;
cent 1n the breast mill of healthy mothers, 304 mg per cent of methion
and 261 mg per cent of cystine, compared to 291 mg per cent and 1:?
mg per cent, respectively Walker, Arvidsson, and Draper®? ﬂsce‘i;al:f\(ril:h:d
the breast milk of 31 poorly nourished, 190 average, and 45 well n
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South Afncan Bantu mothers eating d.ets based on marze, bread, and leguraes,
dd not differ materwally from that of therr American and European counter
parts except for a lower content of vitarun Cand nsactn I places where ben
bert 15 endemic, the breast milk 1s abo defictent in thamine

Although the putnuonal <tatus of the mother s ofter poor, tropical mfants
usually continue to grow satisfactords dunng the early months of breast
feeding and growth weight curves are comparable to those of mfants i the
United States and England? ** '* % 4t six to eight months sometimes
eather, the growth of the tropical infant begins to lag behind that of the tem
perate zone infant indicating that there 1s probably an insufficrency of breast
milk and that foods grven to supplement the mfant’s diet—chiefly carbohy
drate and at times, adult foods sath curry and spices-—are madequate and un
sutable  Diarthea which frequently results from such supplementary foods
accentuates the msuficiency of the det

It 1s achnowledged that the young infant has a proportionately higher re
quirement fof rutrogen than elder children and adults  Dean pornts out that
the mutrogen requurements must dunsmish progressively with growth dunng
these early tmonths since the infant recenving an adequate quantity of breast
mik will continue to grow satssfactortly although there 15 no corresponding
increase m the avadable quantity of hreast muUk  The optunal amount of pro-
tein required for satisfactory growth s not hnown according to Dean  On
the basis of temp zone lards however the of protein
mereases from 3 probable amount of 14 gm daily (supphed w 1200 gm af
breast mulh) providing a protein kg ratio of about 2 1 at five to six months
to 40 gm at two years to 30 to 60 gm by seven years and 70 to 90 gm there
after 1n 2 good mused diet with two-thirds animal protein and one third plant
protein It 15 apprecusted that, 1n many underdeveloped countries of the

been settled whether anumal protewn 1s indispensable for growth Current
nvestigations in Central imerica ™ ¥ based on studics on child feeding with
plant protetn made by Dean® 1n Germany would seem to show that an ade
quate quanttty of protemn from anv source provided the intake of calories and
certawn vitamins 1s sufficient 13 more important than the ammal protem content
of the diet

Autntional deficiencies n snfancy and childhood usually become manifest
at the tme when the supply of breast milk 1a failing and supplementary feeding
wshegun  \ccordin, to Brock and Autret,” the most serious and w1 lespread of
these nutritional disorders 15 hwashiorkor which 1s alo known in vanous
pasts of the worll as  suidrome p licarencial infintsl  culebrilla and
exept for pigmentary disturbances as  distrafiz de farmaces ' dystrophie de
tartneuse  and peabably  Vlehlndheschalen  Kwashiorhor 1s defined as a
nutritiontd disorder aseoctated with a low protein diet occurning perticulacly
during, the age penod between s months and five years It 15 apparent that
the term  proten s not restrictive, and that the deficiency must include ¥
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complex vitamins, vitamm A 1n some areas and, possibly, vitamin € InJocali
ties in Haity, where hwashiorkor was prevalent, we were im pressed by associated
vitammn A deficiency, particutarly among adults Furthermore, the syndrome
15 not nuted to these age groups n Central America, cases are seen n children
through 12 years' and, m Africa, adult cases have been reported and the pathot
ogy has been described 4

It has been generally accepted that kwashiorhor 15 the result of prolonged
consumption of a diet that 1s deficient n protein, as well as other essential
factors, and i which the proportion of ammal protem 15 low while that of
carbohydrate 15 usually high  Such diets have a low protein calosie ratio and
a very low ammal proten calone rato  In Central Amenca, Autret and
Behar'? found many cases n shich the calone intake had been madequate
from an early age and 1n which there were mamfestations of undernourishment
aswell as of malnutntion  In Djakarta, where rice 1s the mamstay of the diet
and malnutrition 1s prevalent, Qoman® has observed that mabgnant malnutn
tion (washiorhor) 1s the result of a reductton of total calones and total protein
with animal protemn absent or mmmal

The intake of food 1s aggravated by anoreua and occasionally by vomitmng
and the digestion of food and absorption of nutnents are hampered by dur
rhea  Of these three symptoms assoctated with the syndrome, the Jast named
desenves spectal mention, since most of the children with kwashiorkor hase
diarrhez  In some cases, diarrhea occurs as a consequence of alteration of
pancreatic and wntestimal enzyme functions and must be viened as a result of
the protemn deficiency  In other children, dharrhea can be ascribed 1o parasitsc
ot bacterial mfection or to an unsuitable diet  Tn the opimion of Autret and
Behar, ! parasitic and other infectious diartheas are most common 1 Centeal
Amenca and frequently preciprtate a true deficiency disease m children who
already are on the verge of malnutnition

At ths stage, there 15 decreased utilization of food, partly due to atrophy
of the acim of the pancreas and of the enzyme secreting cells of the small
testime,* # and to consequent reductron of amylase, hpase, and trypsn
1n the small intestme @ % 5 In children that recover but probably have ad
ditronal attacks of the malnutntion syndrome, fibrosis or sclerosis of the
poncreas 15 wsual m later hfe  These pancreatic and intestinal lesions are
coupled with atrophic changes m the parot:d and Jacnmat glands, and ate
viewed as the primary lesions of kwashiorhor 20 # They are atiended by the
charactenstic fatty infiltration of the cells of the penphery of the liver Jotnales
1y mphocy tic mfittration of the portal triads, and a thickemng of the seiculum
10 the same part of the Jobules ¢ ¥ Thece early changes of the h:t‘r ,;ue
followed by d fatty infil which prog mac ar
direction, cellular necrosis, and collagemzation and fibrosis of the thlck@:\ﬁ}
rettculum 1 and around the portal trads—the so called “stellate fibrosis” o
Davies® Davies sieus the “stellate fibrosis” as the stamp of Lwashiothor
which, although 1t 1s not found before the weaning penod, 1s common subse

uently
4 Tn two other widely separated regtons of the tropics, other [nrms]vf n::rd'
iomal fiver disease occurrnng 1n fants and children have been descrll
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serous hepatosis in Jamaica, i the W est Indres, by Hill,® and hepatic circhosts
n infants and young children 1n Indi and Ceylon  This currhosts apparently
1s encountered as two cistinct types (1) a portal cirrhosis of the Laennec type
and (2) a form of bihary curhosis first described by Gibbons® 1n 1891  The
latter usually 15 rapdly progressive, commonly affecttng children one to three
years of age of middle and high class Hindu famiies  Both are frequently
accompinied by jaundice and are fatal  The role of viruses and of Escherwchia
coli 1n the etiology of the latter 1s uncertain ® ¥

Malnutriion and tnfections 1 the tropics are v iseparably hinked and make 1p
e warp and ueft of the fabric of disease of many tropical sndigenes

Tropical infections contrast with those of temperate clunates 1n 5o far as more
of them are caused by animal pnmsxtcs Although many arc caused by the

sime that produce chmates and
susceptibility to these as well as to ammal parasites are more profoundly in
fluenced by ecologic and factors and by natural

racial nhented and acquired immumty
Fien though protein malnutnition 1s generally accepted as the fundamental
determinant 1n Lkwashiorhor and although acute bactenal or viral infection
especially pneumonta bronchits and diarrhea can precipitate the syndrome
there 15 no unammuty of opinion regarding the role of parasitic infections
Brock and Autret? pomt out that hnashiorhor occurs Among Africans in Jo
bannesburg the mujonty of whom have never been exposed to such tropical
as malana s filanasis leish and ancylos
tomuasis  They refer to [ latt and McGregor (foc ctt) who emphasized the
mmportance of parasitism particularly matara in the Gambia and to the fact
that the age of maumal meidence of hnashiorhor and the age of relatne
absence of immumty to malaria are the same  Brock and Autret conclude
whereas tropical parasites are probably always contnibutory to the etiology
of knashiothor tn the arex surveyed and may sometimes play and important
part at 1s hkely that the dietary factor 1s always dominant  Autret and
Behar  m discussing the ctiology of sndrome policarencral infanti o Central
Amenca state that while the ctiologicat influence of intestinal parasitism may
be admutted st should be regarded as an wndiect or secondary cause  They
also call attention to the f1ct that mjudcious yermifuging may precipitate the

heln nths parts Clarly Iscarts fimbricordes play a symificint role i aggravat
ug ks rhor i many areas of the tropies  Imvestigators in India have
tressed the mterselation of malnutntion and infection particularly malara
and hookworm infection 7 They cons der that while malnutnition pre
d sposes to nfection infection ts 2 con ittemng factor that aggravates the
nutntonal deficiency  In Indoncsia ? the prevalence of hookworm diserse
tmony, 1ndigenes with indications of protun malautrition has led to encrgefi
programs to combat this pirsitism

Withams calls attention to the f1ct that ascariasss 1s common n many frarts
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of the world where hwashiorkor 15 found and 1s an important factor 1n a large
proportion of the cases of this syndrome % She beheves that too Little attention
has been directed to the devastating effects of ascanasis, and notes that one
or tvomale fscaris in the intestine of a young infant, though they may produce
no eggs and therefore remamn unrecognized, may create havoc 1n the digestne
svstem and even cause death Ve think that infections with wirgin female
Iscars, which may be more prevalent and possibly more serious than male in
fections, can also be nussed, since their hizarre eggs exther may not be recog
mized o1 are not recovered in the yields of some diagnostic techniques %1
Villiams also pownts out that i areas where there 1s a high incidence of ascana
s1s, even though the adults may harbor them 1n apparent symbiosis, the effect
of Iscarts on children who have not yet acquired an immumty 1s guite differ
ent  When a child develops an acute febnle 1llness (1ide supra), the ascands
often depart via the mouth nose, or rectum and, 1n chrome disease, they may
already have left before the child 1s brought for exarmnation  Ascarss, thete
fore, may be a factor m a case of kwashiorhor although all the worms have
departed  Infections with .iscarts may deprive the host of nutrients by high
metabolic requirements {40 per cent of dry weight 15 protemn formed from
essential amuino acids and content of thiamine, macin, pantothenic 2c1d, pyn
dovine, and vitamin By 10 the worm’s tissues 1s high), secretion of trypsin in
hibitor (for protection agamnst dissolution i 1ntestinal canal), mechanical
interference by heavy worm burden, mucosal irntation and increased secretion
of mucn, and, 1t times, fever and diarrhea J
In

In two rural areas of Haiti, where malnutrition was prevalent, we fauM‘
ta b

In localities 1n Hait, however, where vitamin A deficiency and protei s
trition were prevalent, we found that ascariasis was uncommon and that the
imcidence of all ntestinal helmmth infections was less than 6 per cent  On the
other hand, we noted that intestinal protozoan infections, as well as malaria
were common The ncidence of Endamaeba histolytica infections was 45 per
cent, and of Grardia lamblia, 33 per cent

Hookworm usually does not sigmficantly affect the child who 1 )omégcr
than two years mnasmuch as infants and 3 oung children are seldom etpasehlto
infection tntil they crav) or toddle m spots wnfested with Jarvae  Loughlin
and Stoll (1946), however showed that severe and even fatal houk\mtr(n dlsi&?::
1n young children and wfants 1n an age group considered yelatnely free re

disease has
n, could be contracted from formtes *  After hookworm
nfection, could 4 amlavawed by increased protemn

hoakworm burdens
Increasing the need
ten

d by ntertering wuth food and pro
um atburmn lesels andI (h:reb)
7,07 1n a study of the bload pro-
! found that the blood

for y;rotem for blood regeneration an
intake, may further reduce already low ser
precipitate or aggravate edema® Trncao el ai
tems 1 cases of ancylostomasis i Portuguese Africa,
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albumn was relatively lowered and that the gamma globulin was at least 50
per cent higher than normal ~ The close association of hookworm and pellagra
n Egypt was pomted out by Khalil,'® who found that pellagra was six tumes
more common 1n hookworm patients than 1n the general population, and by
Robertson and Doy le,™ who observed that 46 per cent of 300 hookworm pa
T,
! ‘ 0 g ' 1
may reduce the abilicy of the African 1nfant to withstand mfections such as
hookworm ascariasis bronchitis and pneumoma to which 1t 1s exposed  In
holoendemuc regions Garnham'% remarhs that children almost from birth
are 1n contact with the malanal parasite and that, apparently due to passne
mmumty acquired from the mother the mnfection rate duning the first two or
three months 1s only 10 per cent whereas half of the mfants are infected by the
sixth month and practically all are infected by the ninth month  This apparent
relative immumty 1 breast fed mfants also may be due to an anuplasmodml
effect of mlk, symilar to that d d by A
bergher mfectmns of milk fed rodents as confirmed by others ' The reduction
m the quantity of breast mulk at five to six months (ttde snpra) may be asso-
cated with this significant nse in the incidence of malarial infections at that
tme  Since the metabohic requirements are raised by fever due to malaria as
well as other infectious agents 1t 1s highly probable that latent chromc protein
malnutnition can be precipitated into manifest hwashiorhor or that once
established, the Jatter can be aggravated
Broch and Autret 7 Autret and Behar '® and Thompson?' have called at
tention to the nterrelation of kwashiorker and diarrheas of protozoan ot
bactenal ongin  Although the protozoa giving rise to diarrhea are not spec
fied we should suppose that most cases are due to infection with Endamoeba
Instolytice  Grardia 1ymblia also can cause darrhea as well as steatorrhea and
A eghelyi™ has stressed the assocition of steatorrhea and impazred absorption
m gardasis
‘The mechamsms whereby kwashiorhor and other multiple deficiencies are
precipitated by diarrhea are ntricate but may be constructed as follows
the hurned passage of food through the intestinal canal interferes with &
gestion and absorption of nutrents and results 10 increased loss of nutrients
tncluding B complex vitamuns as sell as fluid and electrolytes, anorewia Linuts
the intake of nutnents fever with these nf ravates the
diminished intake and increased loss of nutrients by rusing the protemn wita
min C and B complex vitamin requirements intestinal irritation ulceration,
and bleeding incxlent to the mfection cause losses of fabricated protem 1 en
smes muan exudate and blaod the feeding of starchy diets that are sull
further reduced 1n clories agrravates 11l of the aforementioned frctors untl a
wvere multiple deficiency syndrome 1s finally reached
These views regarding the role of parasitisms in precipitating or aggrasating
lthcency dieases are not without expenimental support  Chandler,'® on the
baws of amimal and human nvestigations, has remarked that the physiological
welfare of the host 1 1t contnibutes to the balance 1n host parasite relations,
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1s particularly affected by dict He considers that the diet, under certamn ar
cumstances, infinences the abikity of the host to develop specific immumty
1 infections diseases, whether caused by bactern, protozoa, or helmmths
Poor diets, particularly those deficient 1n protem or contalning proteins of poor
biological value, eventually will interfere with the production of antibodues
that are modified globulin formed from essential ammo acids  When gronth
and antibody production must compete 1n a malnourtshed and parasitized
young ammal, both arc adversely affected and, unless this is corrected by 1m
proving the quality of the diet with regard to 1ts content of biologically good
protem of by removing patt or all of the parasite burden, the young anumal 1
unable to survise because there 1s insufficient material to supply both

Interest m the association of parasitic infection and malnutrition has been
active for many years (trde suprg) It was astomshing, however, to find a
reference by Sambon (1908) to the Ebers papyrus wnitten in 1550 B C , 1 which
the dea disease, an endemic anemua, was ascribed to an intestinal worm—the
Heltu norm ™ While, i 1906, Shipley and Tearnsides!"t remarhed that it
135 1n children who require every gram of their food for growth that the loss
ts apprectable, and that we have passed from the d1y smce Jordens i 1803
{loc ent) called intestinal worms “the good angels and unfailing helpers of chit
dren

The treatment of helminthic and protezoan infections, when they are as
sociated with severe chronic protem malnutrition (hwashsorhor), has generally
been dered as y and even until the mal bhas
been significantly improved  This trend 1n therapy has evolved from the fol
lowing premuses (1) infants and young children suffering from severe malnu
trition that 1s associated with parasitic infections, particularly ascanasis
hoohworm, amebiasis, and malaria, seldom tolerate commonly used parasiti
ades, (2) treatment of parasitic infections without stmultaneous improsement
of the diet does not ameltorate the mamfestations of malnutrition, (3) the belief
that certain deficiency diseases can be cured by merely supplying the deficient
substances, ¢ g , hookwotm anemta “cured” by admnistration of tron, (4} the
comparatively high percentage of cases of malnutrition in which helmnthic
and protozoan mfections are not found at the tume of examination, (5) the
unavailability of efficactous nontowic parasiticides, (6) the falure to sreahize
that such parasitic mfections mtensify the effects of the deficiency of vitamins
and other nutrients, that “‘nonspecific stress” reactions resulting from combrned
mfection and defictency can cause adrenal cortical changes, and produce
changes in those organs with high metaboltc actnaty, especrally the small tn-
testne and Inver

The ly used Jes (. oif of chenopadi carbor
o 1
tetrachloride, emetine, certam 8 lines) have la\:_ peuti .x:::fzs

even 1n persons who ar
fore, that such tovic dr
infant or young child
and purgation are also preseribed to complete the treatment with :x-rctl-s:‘l
anthelmmtics  Nevertheless, despite the mtroductton of new p:xm;m -
agents—mcluding the broad spectrum antibiotics oxytetracychne and te!
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eychne, the and newer 4 1 of the
aforementioned towuc drugs are still being used in many areas either because
they are readily avadable, are mexpensive, or because workers in the tropics
are more farmihar with their use
Williams®® has remarked that although ascarass 1s prevalent m parts of
the world nhere hnashiorkor 1s found the ascands already may have departed
from the mtestinal canal of the sick child before 1t 15 brought for examination
In these cases, even though the imnfection may be tntense enough to aggravate
the dietary insufficiency ot to precipitate a severe state of malnutnition, the
1 of the p and the 15 generally overlooked
Thus the absence of Ascars 1n such cases does not lessen the need in other cases
for treating ascanasis when 1t 1s associated with malnutrition, provided an ef
fectne and nontovic drug 15 avaitable  Other severe helmmthie and protozoan
wnfections may be sumlarly regarded
It should be realmd that, when malnutritien has resulted from dietary
y d b; even though the depletion caused by
the parasites may be severe, the entire picture of malnutntion cannot be entirely
reversed by merely removing the parasites  Thus treatment of the parasitism
and simultaneous improvement of the diet are required to amehorate the mal
nutrition  Although the anemia of hookworm disease can usually be corrected
by gwving won 1t has become evident that unless a sigrficant pact of the haal.
worm burden 15 remosed  the relief 15 only temporary and cannot be maintamed
after the increased ntake of 1ron has been stopped
Tropical caused by and some bacterial
parasites may be manifested either as chronic or as acute or fulm:nating dis
eases  In these infections pacticularly when they are chromic and are asso
ciated with chronic malnutrition there 1s sufficient time for senous deficiencies
of the I complex vitamins and of vitamin C to develop  Although it 1s not
generally realized, there is reason to believe also that many of these cases
have to a stag to the phase of the general
adaptation syndrome” (ielye) Wb o Iy 1 under these conditions that the
treatment of parasitic infections assoctated with deficiency diseases should be
directed toward (1) speedily correcting the proteir malnutnition and’/or
undernutntion (2) rapudly arresting the critical depletion by parasitic mfec
tion(s) with orally or parenterally admnistered efficacious nontovic chemo
therapeutic or antibiotic agents (3) correcting the depletion of thiamtne, certain
B complex vitamins and vitamin C that has resulted from infection as nell as
from dietary deficiency, and the conscquent “nonspecific stress * reactions caus
wg adrenal cortical damage, and injury to those organs with high metabolic
activity especally the intestine and the lner It thus would scem to be 2
sine gua nots that these vitamins should be administered simultancously with
antiinfective therapy and not delayet until later when further systemic and
mtestinal depletion undoubtedly will have occurred
Beginmung in 1950 we have had occasion to study dehiciency diseases and 1n
terrclated parasutic infections m the hepublic of Hut - Although Haite 15 com
paritisely small—less than 11 000 square miles 1n arca—deficiency diseases 1nd
parasitisms are not unvarying throughout the country  Contrariwise, they
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differ according to localities or regions as they might be affected by topical
chimatic, environmental and, possibly, by anthropological factors  Conse
quently, it would be mpossible, after surveying a few hmited areas, to generahze
about the diseases affecting the entire population  In certan localities, chronie

prevalent, at least 75 per cent of the natives being wfected  In others, hook
worm disease 15 2 problem and, in still others, both of these parasites, as well as
Trichuris, are prevalent  In certain localities where chronic protem malnutn-
tion and vitamin A deficency are common, less than 6 per cent of the natves
have these helminthiases, ' ' + ' ' . -
and 33 per cent respective .
tions of prevalence Bac
treponematoses—yaws and pinta—vary 1n reglonal prevalence or distribution
In a locality where vitamin A deficiency 1s common, pinta 1s prevalent while
yaws1s rare  Tropical ulcer also 1s regional 1n 1ts prevalence (1tde supra) and
15 found frequently i areas where yaws s prevalent  Although the treatment
of these diseases in Hait1 o ly must be individuahized ding to the
kind of deficiency and parasitism, the objectives outlined above, nevertheless
have continued to be generally applicable  Accordingly, we have treated mal
nutrition and,/or und ntion d with hookworm, malana,
amebiasis, yaws, and tropical ulcer, and have used certain new chemothera
peutic compounds and broad spectrum antibiotics as anti infective agents

iscarigsis  In the treatment of ascamasis assoctated with malnutrition,
we have found certam piperazine compounds, including diethylcarbamazine
(Hetrazan) and piperazine calcrum edathamil (Perin), to be mnocuous  These
compounds are highly effective, are avarlable 1n syrups, and, with regunens of
either one dose (45 mg /hg body weight) of piperazine calcium edathamil, or
four single doses administered on consecutive days (each dose, 15 mg /hg)of
diethylcarbamazine, up to 94 per cent of Ascarss are expelled These pipera
zines seldom cause towic reactions, but these reactions, when they do occur,
are usually mild  Duetary restriction, fasting, and purgtion are not required
to mcrease their effectiveness or to dimmish therr toviaty %1

Hookworm The piperazines are not effective i the treatment of hook
worm  However, Crystouds Anthelmmntic (hexylresorcmol) can be given with
comparative safety to children who can swallow pills  Two or three doses gwc‘n
several days apart (0 1 gm for each year of age thro:lgh 10 years to th‘e i.‘du,f

. I . : . i '

! " .

A empty, \t should preferably be given with water in the morning and food smiu:l:
be withheld for several hours Purgation 15 nat required 1n the treatment
hooksn orm with hexylresorcinol s ateeal

v | .
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can be administered 1n single doses W e have found that a single dose of hy
droxy chloroquine (Plaquenil) caused 2 prompt clintcal response and a rapid
dsappearance of the parasitemia 1 ficiparum malana Y% These doses
ranged from 10 gm for children less than siv years and 15 gm for those
letneen 6 and 12 ycars to 20 gm for adults A single dose of hy droxy chloto-
quine has been found to be effective 1lso 1 the treatment of vivax malana '7
Under circumstances where oral admmnstration 1s impossible, by droxy chloro
quine can be admmistered parenterally m single doses of one sixth to one third
the amount given orally

Pynimethamune because of pDSSlb]e folic acid ant2gomsm V%1% and certain
8 are not rec d for treating malana m debihtated
anemic and malnounshed ndnaduals

In a recently published paper ' we discussed the use of the broad spectrum
antibiotic oxytetracy cline (Te(mm)cm) n the treatment of some tropical

diseases including amebiasis cestain b the shigell donmanu
sis. le) 1 hia venerea the yan
and pinta—and tropical ulcer (k)l:lmc) clioe has been used 1 Hait1 to treal
amebiasis, yaws pinta tropical ulcer Iymph venerel

(granuloma nguinale), and certamm helminthiases including enterobiasts
Although lhe fxrst four are commonly associated with deficiency diseases
anosis and usually ate not causally related

An earler subslanlnl part of this program wnas designed to study the efficacy
of oxytetracycline in the treatment of yans amebuasis and tropical ulcer while
lately the program has been expanded i its therapeutic aspects to include
tetracychine (Tetracyn) and oxytetracychine and tetracycline combmed with
Stress Formula (SF) vitamens such as Terramycn SF and Tetracyn SF re
spectwvely

Dosage of Oxyietracychne and Tetracyclne  These antibiotics are usually
admimstered orally as follows to children less than 5 yearsof age 10gm daily
1o children between > and 10 years 1> gm daily to those more than 10 years
and to adults 20 gm daly Of course the dosages are modified according
to the infection being treated In amebiasis and donovanosis these doses
are usually admimstered once daily for 10 consecutive days  In yaws pinta
and tropical ulcer they are gnen once daily for five consecutne days In
enterobiasis a seven-lay remmen 1s used and in lymphopathia venerea, a 28
day regimen 1s apphed  Under certain aircumstances where parenteral ad
munstration 18 cansidered necessary  ovytetracycline and tetracycline can be
effectinely a lmnistere 1 by intramuscular mjection m the following doses for
any  f the above pert xis or until oral administration can be instituted children
s than s vesrs 1] 180 my, mjected once daly  chiliren between yant 10
veir Nbm. mye ted once duly children more than 10 years and adults 20
my mjected one dulhy

Four capsules of Terramyein SI or Tetracyn SI contamng 10 gm of the
antittotic also supply the following amounts of water soluble Stress I ormula
sitimins 10 mg of thirimine 10 mg of nboflavin 100 mg of nemamide 20
mg of calcium pantothenate 2 mg of pynlowne 15> mg of folic acid 4 meg
of vitamn Bis 300 mg of ascorbic acid, and 2 mg of vitamin A Thus ux
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capsules {15 gm of antiiotic) will supply one and one half times the Stress
Tormula, and eight capsules (20 gm of antibiotec) wilt supply two tumes the
Stress Formula
Amebrasss  Osytetracychme has been found to be a consistently superor,
relatively nontovic, safe therapeutic ageat in acute amebasis ¥ 35 Unlike
some arserucal pounds and hal d hydroxy lines, oxyteteacychine
s rapudly effectual in controthng diarrhen and eleranating Endamorba histolyfica
from mtestinal ulcers and the feces, and does not require prelmunary control
of the diarrhea with emetine to be effective  Consequently, emetsne, which
15 contraindicated 1n young children and 15 laghly touc for debiiitated and mal
hed duals, need not be ad Tnasmuch as ovytetracyine
has been found to be more effectual than ether chemotherapeutic drugs and
antibiotics 1n the treatment of shugell and since d diagnosis
may be impossible 1 areas where amebic and bacdlary dysenteries are both
prevalent, the use of this antibiotic 1s currently recommended for treating acute
£ A 3 vs -

avehone o~

o prelunary mvestigations of the comparative efficacy of ovy tetracychne
and tetracychne we find that these antibiotics have essentally the satae
clinteal effect in amebuasis when cases are obsers ed for periods of six weehs post
treatment  As a consequence of expertments shovwang that a combination of
equal parts of ovytetracy cline and tetracychme produced a fourfold increase
wnhtbatory effect on E Justolytica 11 viiro, over that obtatned when exther anty
otic was used singly,” we were prompted to inestigate this synergism chn
cally In 14 patienis with mntestal arebiasis thus far treated with a combina
tion of equal parts of oxytetracycline and tetracyline—the total dose of both
anttbiotics betng the same as when either 1s used singly—we have observed no
relapses dunng six weehs posttreatment periods  Inasmuch as antibotis
vaoow = . By »

ten malnutegtion and they wmtenstly the sesenty of the latter by fever and
aporenia  Malnutntion and anemn commonly accompany late yass, par
ticulrrly when fabricated protein 1s tost m the serosanguneous find that seeps
from large ulcerous lestons or when destructne lesions miohung the oral
cavity nterfere with nutntion  Oxytetracychne, admnistered esther orally
ar patenterally has been found to he highly efficacious  the treatment of both
trte and early yans ¥2  The rapud response of early yans 1o o5y mnt)chl\ﬂ'

T

and face {(gangosa) deforming osteopeniostitis, gummas and extenstie ule
festons of the extremities 1s arrested with one or tso and, occasionally,
coutses of oxytetracychne therapy as outlned sbove Treatment of
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lesions of late yaws with oxytetracychne not only directly improves the nutre
tson of the mdividual but also improves the physical condition of the adults
$o that they can agam become | roductive members of the commumty Al
though we have obsersed Janseh Hercheimer reactions, particularly 1 wnfants
and young children treated with procawne pencillin, we have not encountered

malnutniion  The fact that such reactions do not occur with oxy tetracycline
therapy 1s especially 1important when considering the treatment of yaws asso
crated wath Jatent malnutrition or with manifest knashiorhor

Tropical ulcer (phagedemc ulcer) We previously have mdicated that the
treatment of tropical ulcer should comprise systemic as well as local measures ™
The former ncluded a diet hugh 1n calories high 1n protem content and having
supplements of B complex vitamuins and witamm A Antumcrobral therapy
systemically admunstered nas considered optionzl but i Haity, where yaws

- - — s .

@ andam

10 the base and margns of the ulcer It was noted that scute ulcers reacted
mad ae e CRES ]

neamntl tn A

winin six to eight weeks  lhose patients with very extenswve ulcers that
had farled to heal completely with this therapy nevertheless were sufficiently
improved to be able to return home and resume gamnful work

Terramactn SF and Tetracyn S The comparative efficacy of ovytetra
cychine and tetracycline v hen administered singly or stmultaneously tn the same
capsules with stress formula vitamins 1s being currently mvestigated in amebia
s18 yaws pinta tropical ulcer donovanosis lymphopathia venerea and
certain helminthiases  As noted before amebmsis yaws pinta and tropical
uicer m Tai are commonly associated with deficiency states malnutrition
and/or un i or These Il ytetracychne and tetracycline

— hemc n Tad

W

th

asu w
Although the numbers of cases af mdwdual diseases treated wath otyteira

«ycline alone tetracychine 1lone oxytetracychine with stress formula y ifamms

a;ul tetracychne with stress formuly sitamuns are still too few to draw more

hon e

i
auvdlilages of terramyan SEoand Tetracyn ST are factual advantages (1)
ulcerous lesions of late yaws and troj tcal ulcer nhen treated with these ant)
biotic stress formula combinations manifestly heal more rapidly than when

.,
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capsules (15 gm of antibiotic) will supply one and one half 1imes the Stress
Formula, and eight capsules (20 gm of antibiotic) will supply two times the
Stress Formula

Amebiasis  Oxytetracychne has been found to be a consistently superior,
relatively nontovie, safe therapeutic agent 1n acute amebiasis ™ 3 Unlike
some arsentcal ds and hal d hydroxy ) oxytetracycline
1s rapidly effectual in controlling diarrhea and eliminating Endamocba Iustolytica
from ntestinal ulcers and the feces, and does not require prelimmary contral
of the diarthea with emetine to be effective  Consequently, emetine, which
1s contratndrcated in young children and 1s laghly tovic for debulitated and mal
nourished individuals, need not be ad 1" Inasmuch as oxy cline
has been found to be more effectual than other chemotherapeutic drugs and
antibiotics 1n the treatment of shigelloses™ and, since differential diagnosis
may be impossible in areas where amebic and bacillary dysentenes are both
prevalent, the use of this antibiotic 1s currently recommended for treating acute
infectious diarrheas assoctated with chronic protemn malnutntion (kwashiorkor)
Recent short term observations 1n South Afnea hayve disclosed that tetracy cline
may be as effective as oxytetracycline in the trestment of acute amebiasis
In prelminary snvestigations of the comparative efficacy of exytetracycline
and tetracycline, we find that these antibiotics have essentially the same
clinical effect 1n amebiasis when cases are observed for periods of six weeks post
treatment  As a consequence of experiments showing that a combimation of
equal parts of oxytetracychine and tetracy cline produced a fourfold ncrease m
ihitory effect on L Justolylica, 113 1iro, over that obtained when either anti
hotic w - 2 4t ben el
cally
tion of |
antibiotics being the same as when either s used singly—vwe have observed no
relapses during six weehs’ posttreatment periods Inasmuch as antibiotics
have hittle beneficial effect on hepatic amebiasts (hepatibis and abscess), chloro-
quine (not emetine) 1s the recommended drug, particularly for malnourished and
debihitated adults, and for infants and young children

Jaus The early lesions of yaws frequently are associated with chromic pre~
tew malnutnition, and they intensify the seventy of the latter by fever and
anorexia  Malnutrition and anemia commonly accompany late yaws, pif
ticularly when fabricated protetn 1s lost in the serosanguimeous fluid that serpi
from large ulcerous lestons or when destructie lesions myolving the oral

cavity interfere with nutrition  Oxytetracychine, admimstered enher onally
€ e 0 £ 11 ees cuntha treatment of both

! to ovytetracychine
ever, subsidence of
ponemas from the

surface lesions, as determined by phase microscopy, = anu 2 rcmnrk;\‘ble ;::1
provement of appetite  The progress of destructive lesions of the oral ‘r:m“)s’
and face (gangosa), deformung osteoperiostits, gumm1s, and extensn cuu c‘hm
lesions of the extremities 15 arrested with one or two and, Dccasxon: g(, o
courses of osytetracycline therapy as outlined above Treatmen
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lesions of late yaws with ovytetracychine not only directly tmproses the nutn
twon of the 1ndividual, hut also improves the phy sical condition of the adults
so that they can agamn become productive members of the community Al
though we have obsers ed Jansch Herxheimer reactions, particularly n mfants
and young children treated with procamne permcithn, we have not encountered
such rexctions from oxytetracychine therapy We have seen such reactions,
when they are accompanred by a sharp lebrile response and anorewia precipr
tate a severe deficiency stale or aggravate an alteady mamfest chronwe proten
malnutrition  The fact that such reactions do not occur with ox; tetracy chine
therapy 1s especially mmportant when considering the treatment of yaws asso-
aated with latent malnutntion or with mamfest kwashiorhor
Troprcal ulcer (phagedemc ulcer) We prevwously have indicated that the
treatment of tropical ulcer should comprise systemc as well as local measures ™
The former mcluded a dret hugh n calories high 1n protein content and having
supplements of B complex vitamins and vitanun % Antmicrobial therapy
systemmcally admumstered was considered optional but in Haitr shere yaws
18 endemic oy tetracychne was admimstered according to the dosages used
1n the treatment of late yaws Since ulcerous lesions of lite yaws had re
sponded so fasorably to topically applied oxytetracycitne systemic therapy
#as supplemented with daily topical appheations of erystalline ovytetracycline
to the base and margins of the ulcer It was noted that acute ulcers reacted
promptly to combined ovy tetracychine therapy and to improved diet and that
healing was complete within two or three wechs  Chronic ulcers however were
notably slower in their responce with half of the ulcers healing completely
nithin six to eght wechs Those patients with very extensne ulcers that
had failed to heal completely with this theraps nevertheless were sufficienth
mproved to be able to return home and resume gainful work
Terramyctn SF and Tetracyn SF 'The comparatnve efficacy of oxytetra
cychne and tetracy chne when admsmistered singly or simultaneously 1n the same
capsules with stress formula v itamins 1s being currently tnvestigated in amebia
s jans pnta  tropical ulcer donovanosis lyrophopathia venerea and
cerlain helminthiases  As noted before amebiasis yans pinta and tropical
uleer m Hait are commonly associated nith deficency states malnutrition
and nr undernutnition These antibiotics—ovxytetracycline and tetracycline
when supplied 1n the same ctpsules nith stress formula vitamins have made
1t possit le to determine whether there are definite advantages to administering
the required and or previdusty deficient vitamns at evactly the <ame moment
1 the antibotics
Mthough the numbers of caces of mdinidual diseases treated nith oy tetra
+ hne alcne tetricycline alone oxyvtetracycline wath stress formula vitamins
and tiracycline with stress formuls vitamuns are still too few to draw more
tha generafized conclusions 1t mihit be prsaible nevert! cless to extrapolate
Jrom the to1a) number of ryses of all the discases trexsed thus far - Prebmman
observations hsclose that what were consxlered mitally 1s hypothetical
advantages of Terrimyan SE anl Tetracyn ST are factual advantages (1)
akerous lesions of hte yans and tropucal wlcer whea treated with these antt
biotic stress formula combinations mamfestly heal more rapiify than when
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only the antibiotics are admmstered (2) ulcerous lesions of the large mtestine

either antihiotic to indviduals with deficiency diseases associated with infection
provide a safe balinced combination of these essentinl substances—a fact t] at
may be critrcally important in the treatment of infections when they are asso-
cated with hwashiorhor (4) the stress formula vitamins exlubit no patent
mhubitory effects on the antiparasitic activity of exther antibiotic when they
are used to treat the aforementioned infections (5) the absence of notable tovc
reactions 1n 134 cases of bactenal protozoan and metazoan infections treated
with Terramy cin ST and Tetracyn ST mn New York N Y, as well as m Hatr
15 noteworthy (6) there 1s no apy ff 1 the ant bal activity
of erther Terramyein ST and Tetracyn SF
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Puerto Ricans and much more meat It s therefore no longer a medical
problem but a sociologic one of the very first water’



NUTRITIONAL DISORDFRS IN BITHARZIAL CASES WITH
HIPATOSPI ENIC AITECTION

ByA H Motss A Fr Morry M Ruarrag, \ I1 Dirs sap
M Hasnew
Rasr 11 \ims Taenlty f Vedr me Catr 1 expt

ova of Bulkar.ia deposited 1n portal tracts  Parenchymatous changes occur
in these formations very late (FIGURE la)

Although most Egyptian peasants do not consume alcohal they are fre
quently subject to nutntional-defictency diseases as their staple diet consists
of carbohydrate mostly muze and their deficiency s conditioned by a heavy
parasitism and by chronic intestinal infections accompanied by intermuttent or
prolonged diarrhea  Their nutritional deficiency 1s also precipitated or aggra
sated by hepatototic and antibactenal drugs used mdiscriminately for treat
ment (FICURE 2)

It seems that patients with hepatic bilharziasis are vulnerable to virus hepa
tiis becomng fected enterally or parenterally during the course of anu
Dilharzial treatment (£1cLRES 3a b and ¢)  Such multiple etiological factors
lead to a camplicated type of arrhosis m addition to the predominant bilharzial
one

A unique opportumty was seized to study the nutnitional aspects of three
types of hepate fibrosis and cirrhoss in a group of 96 {atients living on the
same diet and 1n the same environment  The etiology of hepatic disorders
as based on h | grounds ! was parasitic in 40 per
cent nutritional in 32 per cent and viral wn 28 per cent all having unnary or
ntestinal types of hilharzial infestation or both

In alt of the cases studied special stress was placed on the nutnitional
dehiciency disorders as manifested cimeally tiochermically and radiologically
In ad ltin histopathological changes in the kver were studied through needle
bropsics

Cases m the prefomna Hy nutriitonal group were charactenzed by

1 High et lence of restunl an i recurrent symptoms of pellagra (80 per

unth endenuc parotitis a few cases having enlarged lacrimals as well anbo-
Havin wis without circumeornenl jection and vitimin \ deficiency  Peniph
el neuritis s ted in most of these cases (Fic Lrr 4a)

? Ere quen v of maderite and severe anetmia or prolonged diarrhea

t Hylber w vln e of hepatomegahy with smaller <pleens 1n only 5 per

i Ashrunhen night | be of the liver with moderately enfarged spleen was

noted

4 Early ap pearance of anacarcy affecting both upper and lower extremities

1n 1 an effusion 1 one stic of the ) lcural cavity

(» Hiher imcidence of en erinmal imbalance i the form of dwarfism 1

Wt
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antilisnt, alopecia of the trunk 2nd pubic areas, as well as umlateral or bilateral
ynecomastra? (FIGURES 4b, ¢, and d) In one case, gynecomastia became
aore apparent after Puadin treatment administered 1n the hospital

(6) In two cases, hypervolemia was noted, with engorged nech veins i the
bsence of congestive heart failure or emphysema



(7) Mimimal symptoms and signs of portal hypertension whether mam
fested by dyspepst1, hematemcsts, or dilated abdomunal vens

Bioch ity and radilogically, the group <howed

(1) Agher inaidence of hypoall and a low } lobin percentage
conditions that are easily corrected by diet The dysprotememia could be
differentiated in theee groups, as shown in TABLE 1

(2) Liver functions are less affected in the viral group and simulate thewr
condition 1n the late stages of hepatic bitharziasts  They showed nuld hypo-
glycemia with relative msulin resistance, indicating earlier impairment of the
carbohydrate function of the Iner® (FIGURE 5)

(1) The 17 ketosteroids were found low 1n all cases, while the effect of
adrenaline and of the ACTH fest on cosinophnls excluded primary hypoad
renalism? I strogenic inactination is dependent on the availability of the
sitamm B complex and <o 1s markedy more defictent in this group than in the
other twa groups

(4} No hyperbilirubmemia was met sith, a condition that is constant yn the
viral geoup and terminal i some of the bitharzial groups

() Asate fluid 15 Tow 1n protein content and spwcific gravity, as well asin
ellulir count which contrasts with the higher izures for both 1n the other
two groups

(6) Hypochloth dria, which responds to histamine, and deticient pancreatic
Juices? as cxamined by a modified Miller Abbot tube after myection with
Prostigmin,? are higher in incidence than the other groups  They show marked
improvement aftes prolonged dietetic therapy, especally when vatamun A 1s
wcluded
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i .
FIGUSE3  (a) Postinfective hepatst s circhosis 1n & case of bilbartias s

(7) A percutaneous lienohepatography* showed mulder grades of portal vemn
dilation and hinking of the vplenic vein (FIGURES 62 and b)  Visuahzed col
laterafs, however, were not met with i this group, while the intrahepatic
portal venules were constantly filled, a condition seen tn Jate bilbarzal cases ¢
The portal circulation time 1s not differentsal, as the presence of collaterals
compensates for the delay in cases with portal hypertension  Hiatus hernia
was found 1n the chromc ascitic forms of the three groups (FIGURF 7a}

(8) The ntestinal pattern, aithough slghtly affected in the three groups
was more apparent i the nutntional cases ? with 2 return to normal mn the cases
followed {F1GURE 8), affecting mamly the junction of the jejunum with the
ileum

9 hea was mild and infr but no case of megalocytic anemia
was met with in esither group

(10} The incrdence of tonc jaundice after Diodotrast mjection dunng the
recording of henohepatographies was found! to be commoner i cases with
parenchymal liver damage

Summary and discussion  The findings deseribed above clanified vanations
m the chnical picture and the course of endemic hepatic bitharziasis among
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c

FiguaE 6 (b} L ver hepatography 1 natnit onal cases  (¢) Monv sual zed portal venules ia 1 er 051
barzial cases  Collaterals are seen

mullion peasants are so treated yearly 1n Egypt in accordance with the obhga
tory scheme of the antibilharzial campaign

In cases having chinical nutritional deficiency diseases with viral of bilharzial
liver, the absence of fatty hepatic changes could be explamed as follows (1)
the diet may be deficient in certain vitamuns, but sufficient 1n Lipotropic factors,
(2) a lack of nicotime acid may block transformation of cholme into betaine
thus blocking the transmethylation function of cholme but accentuating 1ts
lipotropic function and (3) a substarvation diet, as i cases with prolonged
diatrhea 15 less apt to induce hepatosteatosis than 2 partsally deficient det
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k U S
Fucer? (s Hatwsherma %) Esophageal erxuna blareal ae

in conclusion, the above studied cases could be grouped nuintwonally as
caes m which (1) nutnitional deficiency sas the chief cause of liver imvohe
ment, (2) hepatic mvolvement mcapacitated the patient economcally and
Daced him on a lower nutritional rating, (3) hepatic disease or portal hyper
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tension nterfered senously with digestion and absorption (4) the liver, as the
heart of the metabol¢ processes showed the effect of acute or chromc mjury

1 1ts nutnitional function
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ALTERED PROG\OSIS IN THE DIABFTIC WITH INFECTION

By Herbert Pollack
College of Physicrans and Surgeons Columbia Unrcersity New York % ¥

Elsewhere 1n this monograph Doctor Jonathan Fvans Rhoads has presented
an excellent discussion on the problems concerned with nutrition 1n relation
to infection to surgical conalescence and to other chimical aspects of nutn
tional disease as seen i hospitals  Most of the work that he has presented was
based upon expenmental work both in humins and 1 anmals

We have m our medical pmcnce a nalumlly occurnng classical example
of this rel of to bility to nfection
e diabetes mellitus  Lattle attention has been paid to this interpretation of
these phenomena by vsrtue of the acceptance of traditional authonty The
other aspect of the problem of the refation of infection to metabolism 15 dra
matzcally presented 1n every case of ketotic acidosis precipitated by an infec
tion  This 1s a vicous cycle which must be understood

Many readers will recall that before msulin and even m the early mnsuhn
era when regular insulin was first introduced statements nere made that

creased concentration of sugar 1n the tissues was the cause for the severity
and frequency of infections  This nas d ctum  This we accepted and no
body questioned it The professor said so and that 15 the way 1t went The
wtroduction of regular 1nsulin enabled us to contral the blood sugar levels to
some extent This limted control of blood sugar concentration did not make
very much difference tn the frequency and severity of mfections  Carbuncles
of you will recall were very common n the days of regular wsulin  Death
rate from sepsis was hugh in sp te of the fact we could control the ketosis and
acidosis associated with the infection  The mortahty rates ran as high as
50 per cent  With the introduction of protamine zinc msulin however the
whole p cture has changed  The long acting msulins have completely altered
the prognosis of the mfection in the diabetic  As a matter of fact whether or
not the patient has glycosuria or ngudly controls the glycosuria the immediate
effect of the Jong acting insulins is essentially the same Ve know that these
people on the so called free duet or free glycosuria group frequently have blood
levels up to 300 mg per cent with gly cosutias 1 the order of 100 gm a day as
shown by Tolstor 1n his excellently controlled series  Exen in Tolstor s group
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did eccur 1t was quite severe Tl ¢ typical type of tuberculos s 1n tl e diabetic

i the prensulin and early msulim era was the so-cafled galloping consumption
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fidence 1n the use of msulin was gamned larger and larger amounts of food were
prescribed  The basic concept of undernutrition however persisted The
attention of the physictan was so sharply focused on the control of the carbo
hydrate phase of the condition that he frequently lost track of the over all
contents of the diet and the state of nutntion of Ins patient It was eas er to
control glycosuria with imited food intakes than with expanded diets  Fur
thermore the majonity of pat ents being treated for diabetes in the early msubin
days were elderly people whose requirements as will be ponted out later
ae FROU T -

It 1s amomatic that good health 1s dependent on optmum nutntion In
order for the individual to have a sense of well being and be able to carry out
his daly work the food mntake must assure an adequate supply of nutnents
from calories to trace elements  Vanations 1n the bedy s ab hity to store cer
tamn of these essentials fead to 2 necessary m:ugm between mimmal daily re

and actual In addition one must provsde for
mereased needs mm 1mes of metabohc stress  The d atetic as 1s well known
1s pecubarly subject to these metabolic stress periods  The probiem s to set
up recommended allowances of nutnents for the d abetic and to educate the
phys cianin theiruse  This will msure greater resistance to infection




RECAPITULATION AND PROSPECTS
By Howard A Schneider
The Rockefeller Insiitute for Medical Reseorch, hew York, A 1

Nature, to be commanded, must be abey el
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Seven years have passed since a conference was held m the Uted States on
the topic of nutrition and mfectton  On that occasion, at a meeting held i
" by

Minneapols, Minn , by the Soctety of A Bactensol was
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what different and more heterogeneous base, concerned less with experiments
and weighted more with chintcal expeniences and epidenmological concerns
I thank 1t 15 also fair to say that this conference itself was an experiment, almost
a “prehiminary expeniment ¥ And, bke an evperiment, 1t was the test of an
hypothes:s that, m turn, rested on certain assumptions  Now, no one 1 these
papers has explicitly saud that this was so, 2nd my mention of assumptions 15
an yninvited assumption 1 tself 1 find this necessary, however, m order to

P the rather h contents of the papers presented here

That the papers presented are a heterogeneous lot 1s, I thmk, almost an
ustonical necessity, for it 1s now more obvious than ever that there is no clear
and simple connection between infection and nutntson that has won unnversal
assent  Certanly the experimenters were aware of this lack of assent before
begmning their work and, now that ne have studied thetr reports, assent %
Inching still At best, I am afratd, we have made but a beginning

A moment ago, I spoke of an unspoken hypothests that brought us together
for a fresh wrestle with this recurring hope and problem I think that the
worhing hypathesis in these papers has been that, by a re-exarmnation of the

re csammation  Unfortunately, no matter how mettculous this examination
mught be, 1t does not necessanly follow that a meantgful connection with
another disapline, the study of mfectious disease, 15 thereby established
No, hike so much else in science, w¢ are confronted sth an ad koc necessity of
searching for eudence of the supposed connection between nutsition and
fectton  On such an occasion, plausibility 1s not enough, the construchion of

possible and laby rmthine connectrons is not enough, onty proof will suffice
The strategic basis of modern nutntion rests on the operational consequences
of the differences between plethora and deficit m the nutritional entronment
The evperimenter atranges these differences, the chacan and epidermologist
assess them as they make their appearance In the natural world Wath few
the ¢ b to this h have leaned tonard the vien

SClatk, P F etal 1949 Racteriol Rvs 13 99
3



Schneider Recapitulation and Prospects 315

that m stnving for an abundance, n the nutritional sense, we are on the side
of the angels, and that, when we come to contemplate the consequences for
infectious disease of this abundance, enly the happy end of an ncreased rests«
tance confronts us Now, as experimenters in this field have been aware,
this just 15 not so Tor example, students of infectious disease hase long
recogmized that 1 viral diseases 1t 1s only the well nounished host which has
matumal susceptibility, and 3t 15 the malnounished host which has an enhanced
resistance  The nutritionist must realize that 1t 18 an 1adequate view to con
sider the host as a fortress, staving off tnfectious invaders, and that nutntion
can strengthen the metaphorical walls, heighten the towers, and remnforce the
gamson  To believe this would be to fall into the anthrepocentniaity that
students of wfectious disease have long abandoned  If nutritionists wish to
make an effective contact with the study of infection, they must recognize
that the reasons are clear and cogent for regarding infectious disease as an open
ecalogical system 1n which the opportunistic forces of evolution lead wfectious
agents to occupy, frequently only temporanly, the ecological niches which the
hosts provide  The satisfactory nature of this ecological miche 1s thus equated
with suscepttbility, and nutrthon, then, 13 as posttnely impheated in sus
ceptibihity as 1t 1s implicated i these papers with resistance
T think there 1s one more hidden assumption 1mphat 1n many of the papers
presented here  This 1s the silent acceptance of the myth of panresistance, the
idea that “resistance to infection” 15 a status embracing resistance to all i
fections  That this has been shown to be not only a myth, but an mcorrect
myth, we owe to the geneticists who have clearly demonstrated, by mnbreeding
and selection, that 1t 1s possible to assemble into one and the same host sus
ceptibility to one disease and resistance to a second  This means that 1t must
be anticipated that in relating nutrition to infectton there must be introduced
some notions of specifictty, 1 ¢, specific nutrients must be examined 1n relation
to speafic wfections In my wview, the papers in this mopograph do not
adequately reflect this necessity
Somuch for general comments  Let us now turn to some of the papers them
selves Among those addressed to the effect of nutrition on nfection, T think
five call for more than general comment  Doctor Hull's paper on high vitamin
Jevels and the resistance of chicks to fowl typhoid 1s illustrative of the dif
ficultses 1n expersmentation n the field of nutrition and natural resistance to
ifection  The vanance encountered tn experiments of this kind demands 2
more complete statistical analysis than he has provided As his successive
experiments show, more analysis 1s needed of the vanance usthis his expen
mental groups before we are justified i placing any reliance on the differences
between groups  Indeed, 1n some of the later experiments some of the ongmal
diflerences have not been duplicated, or are reversed
The paper of Doctor Rhoads on the association between hypoprotementa and
Postaperative Infections ts an interesting attempt to probe chimeally the deas
of Doctor Paul Cannon, so frequently alluded to by many speakers at the
conference  Doctor Rhoads s on sound ground 1t seems to me, when he points
to the necessity of adequate restoration of protem i the surgical patient for
good surgical reasons I concur also i his reluctance, bowever, to conclude
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that the higher ancidence of infectious comphications s causally related to re
duced protemn concentrations  Now that Dactor Rhoads has led the w ay, we
may expect some defimitive studies on the matter It 15 to be hoped that such
studies will be designed to test directly the effects of vanous proten intakes
that are referable to punified protewm, such as casemn, m order to avord the
ambiguity of concomutant variations i the intake of other, unknown sub
stances

The protemn question Jeads naturally to the question of antibodies  Doctor
Axelrod’s thoughtful paper, by restricting hus analysis to specific nutntional
entities and to specific antigenic processes, has made a specific and important
contnbution  If, as Doctor Axelrod has beautifully demonstrated, some of
the vitamins are ivolved 1n antibody biosynthesis, one 1s tempted to inquire
(1) whether this 1s an effect on the hinetics of antibody formation and deficient
amimals are merely slowed, but not stopped, and (2) whether deficiencies at
levels hable to be encountered 1n human populations arc likely to affect antibody
synthesis significantly  Doctor Axelrod 15 of course, quite correct n caution
ing agamst 2 too facile transposttion of his results into terms of the actual m
fectious disease  Indeed, 1t may well be that his methads may find their most
important use in the understanding of the intnicate processes of protemn syn
thesis

In addition to considening the effect of nutrition on infection, there has also
been some consideration of the effect of infection on nutritional status It
would appear, from the papers presented here, that in the prolonged episodes
of parasitic nfestations (infections?) the burden of disease increases some of
the nutritional demands of the host Doctor Suzman’s discussion brought
forward some interesting data on the precipitation of nutritional deficiency signs
by infectious epsodes It 15 apparent that the whole subject needs more 1n
yesfigation

No modern discussion of mnfection can be complete without consideration of
the antibwotics  As the paper of Doctor Milberg and Doctor Michael pomts
out, the prolonged use of antibiotics 1s not without nutritional hazard due to
diarrhea and anorewa Tt would seem that the climician would best insure
that these drains are compensated  The alleged effect of such supplementation
1n reducing the madence of undesieable adverse effects of antibiotic therapy 1s

n doubt
The participants 1 this conference are indebted to Doctor Runsell for a
v

lems These nutntional problems of electrolyte bajance, prulein catduu =
el ate probably best met head on, as nutritional problems 1n themselves  But
1n ali candor, we still lack evidence that the nutritional manupulations thus un
dertaken enable us to enter by the back door, 5o to speak, and that these
manipulations by mdirection via the mimicry of those end eflects of the endo
crines, which are presently known affect the issues of susceptibibty and

resistance to mfection
Tt has probably struck the reader, as I am sureat has the participants that



Schnerder Recapitulation and Prospects 317

n strking out to encompass the subject of these papers in 1ts outline some
details here and there have been lost from sight  This may well be true  If
this has occurred 1t 1s probably due to the fact that when nutnition seeks to
effect a junction with the problems of infectious disease 1t must take mnto
account the fact that the feld of ifectious d seases has a well estabhshed sys
tem of values a hual order of that are as im
portant and effectrve ways of coping with mfection  High in this hierarchy
for example are vaccination chemotherapy and antibiosis  On the face of
things as they are now 1t must be adm tted that nutntion finds a Jower and
lesser place in this hierarchy

Indeed as our knowledie of nutrition and metabolism has grosn we have
been struck by the growing interrelatedness betneen 1ts various 1tems 1n the
' . 1

! ' L
think we shall also be anare that value judgments will have to be made and
we shall msist on the ble and from the demon
strable but trivial

In this search for vahid bases of our value judgments I think that nutntion
15ts would do well to recall the great lesson now receding i the history of tt err
science  That lesson of 40 years ago was that nutnition was net then and
may never be a closed deductively formulated science Forty years ago
chemsts wrestled with the problem of a diet supporting hife and growth and
found the solution to their problem not in quantative manipulation of the
items they hnew but tn an appeal to the natural norld for new qualitatnvely
important sems the vitamns  Lest we commut the same blunder and the
ultimate nuttitional heresy let us beanare that nutntion embraces the whole
world of natural foods and let us remember that there may hie in waut for us
new nutritional entities that 1f we but properly seek them out majy well be
the real bndge 1nto the world of mnfectious disease  Let us at least ask the
question

F nally 1n such a clouded crystal ball as hes before us i these pages I think

waters















