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TIIURITY

The subject of immunity covers a vast field of work, a work
that I will endeavor to narrate in an elementary manner the doings
of the beneficial and injurious microbes and incidentally man's
strugele to obtain mastery over his mieroscopic friends and foes.

If one examines a drop of stagnant water under the microsco e,
it is found to contain minute forms of animal life, amoeba, and
minute forms of plant life, bacteria. On careful examination, the
amoeba are seen infesting and digesting the bacteria. Now, if one
killed the amoeba and again examined them, the living bacteria are
observed decomposing tre dead amoeba. It is evident that there was
something inherent within the living naked mass of amoebic proto-
rlasm which protected them against the bacteria. If a living pl nt
be carefully examined microscopically, its surfaces are found
covered with myriads of microorganisms, yet the living plant is un-
injured by them. If this same rlant Is killed aud !eft in 2 moist
rlace, the same pacteria guickly tear it to rleces. (n the skin,
in t'e upper respiratory passages, and in the alimeut ry canal of
man and animals are millions of different microorganisms, yet dw ing
life they do not attack. JSometting happens--we call it death-- and
the microorganisms cuickly enter all the tissues., If it is a friend
who i3 thus att.cked and we are far distant, we have to hurry to ob-
tain a last fond look before the wrecking crew tears the body to
pieces.

Then too, the g-rms which attack man during life are often
not the ones which attack the lower animals. Animals can drink with

impunity water infected with ty,kold and cholera, yet mau on drink-



ing similar wuater becom23 irfected. Fowls ¢o not sicken with aisiatie
cholera, nor rien with fowl ci.olera. Loopilng cough and dipktheria
are unknown among the lowei animals; &and hog cholera and Texas fever
a:re not among the human diseases. This power of resisting infection
in varying degrees is universal and is known as immunity. As may be
seen from the above examples, +this power is not absolute and varies
with different plants and animals and under different conditions,

but is possessed by z11 life in some degree; for the absence of im-
munity like the absence of bacteria, is incompatible with 1life on

this planet.



EISTORY OF IMMUNITY

Historically, the first reference to any attempt at protection
against disease by the use of hiological prodects was made by Lith-
iridates, who, it was alleged took small quantities d.ily of cextain
poisons "in order to rondes himself immune. It has also been a cus-
tom of hunters of certaln wild tribes to inoculate themselves system-
aticilly with snake venom to safequard the effects of snake bites.

Immunization, however was not rlaced om a truly practical basis
until the eighteenth century, although practice existed in tle kast
many years previously. Lady ..ontagu, the wife of the Ambassador to
Constuntinople peimitted Ler son to be ilnoculated agzinst small pox
with matter from variola pustules ind subsequently in 1721, intro-
duced the riethod in unglaid. Despite brilliant results that fol-
lowed, owing to the fact that althcugh 1t protected the inoculated
it did not prevent the convayance of the diseuse in virulent form
to the wuninoculated and it was finally prohibited by law.

2ixXty years later the attention of Jenner was (irected to a
peculiar diseise of the udders of cows, the hands of milk-men Dbe-
coming infected, would render them immune to small pox. A48 & resvlt
of his investigations, in 1796, ke inoculated a boy with "cow pox”
which inocvlation witk smaill pox skowed him to be immune. 1In 1798,
Jenn-r published his classical rveport, which was followed by a
svstematic and universal vicclination again-t tie world's preatest
scourge.

Almost a2 century passed before uny fvrther notable idvance oc-
curred in immunology. [t was 3 stimvlius ia t e field ol d-ctericlec v

which prorotsd rec.sareéh along this line.



3chwann showed tkLe rclationshLip between decomposition of or-
ganie pbodies and microorganisms. supplementing this was Pasteurs
work on fermentation and yeast fungus. In 1863, Vavaine demon-
strated that certain bacilli described in the blood thirteen years
before were the causative factors in anthrax. Thirteen years later
Foch succeeded in growing these bacilli on artificial medium in
pure culture and anthrax was reporduced in animals.

The next problem was to attenuate the bacteria, that is, pre-
gerve their identity and life, at tle same time reducing their vir-
ulence, so that inoculation weuld not result tfatally. In 1881,
Pasteur inocéulated sheep and rendered them immune with a vaccine
prepared from attenuated anthrax bacilli. It was not until 1885,
however, after much animal experimentation that Pasteur inoculated
the first human subject against rabies. Tie antirabic inoculation
has undergone no material change, although the etiologieal micro-
organism of the virus of this disease is 3till undetermined. As
a suprlement to the work of Traube and Gescheidlen, in 1887, Buchner
showed the srecificity of the bactericidal properties of blood s rum.

In 1888, Roux and Yersin, and Kitzsato discovered tre toxins
resrectively of diphtheria and tetanus. Antitoxin in the serum of
animals immunized against the toxin of diphtheria was discovered in
1890 by Behring. 1In the same year, with the collaboration of Kita-
sato, immunity was conferred on mice from the serum of rabbits in-
oculated witlh tetanus.toxin. wernicke in tke following year, im-
munized other animals with antidiphtheric serum. - Behring, however
discovered the whole priucecirle underlying serum therary and became

thereby its honored founder.



In the following year, skrlich demonstrated antibodies in the
gerum of animals inoculated with vegetable poisons, as ricin, abdrin
and crotin, and three years later, Galmette had similar resvlts
with snake venom.

It was recognized, even before 3ehring's discovery, that the
gserum of animals inoculated with certain bacteria possessed a spe-
cific anti-infectious effect or protection. In 1892, Metchnikoff
noticed a particular substance whick he called "stimulin", in anti-
bacterial sera, capable of stimulating leucocytes to increased in-
gestion and deatruction of bacteria. Upon this property of phago-
cytosis, Metchnikoff claimed that immunity derended.

vuring this time numerous forelgn albuminous substances utilized
for the production of antibodies and concertions of the nature of
immunity definitely distinguished two types active and passive. 3Be-
sides this, it was found that exotoxic bacteria were adaptable chief-
ly to passive and endotoxlic bacteria and to active immunization.

In 1895, the plLenomenon of bacteriolysis as demonstrated by
Pfeiffer dealt a severe blow to hetchnikoeff"s doctrine. The follow-
ing year, Gruber and vurham brought attention to the diagnostical
value of "agglutination of bacteria in thelr specific antiserum,
at this time widal described the use of sera in the diagnosis of tv-
phoid. This was followed up the next year by antityphoid inocu-
lation by wright. Freviously, Ferran and Haffkine La. dmployed
attenuated living cultures, prophylactically against cholera. The
work of wright was significant howevar, as he demonstrated that
antibodies may be produced oy inoculation with dead bacteria.

“'right trerefors enjoys tiie distinction of obeing the first to real-

ize that any bacterium responsible for a local disease and capabie



of isolation in a pure culture may be employed in the form of bac-
terial susyension or bacterin to cure the disesase it causes.

seven years later ‘right and Douglas slowed that phagocytosis
does not occur 3ave in the presence of serum, thus claiming a
specific sensitization of bacteria by certain suonstances to which
the name "opsonins"” was given.

The advances in serology at thls time were remarkable. 1In
1898, Belfanti und Carbone discovered that the serum of Lorses im-
munized with bplood of rabbits was very toxic for these animals,
The analogy betwsen these cytotoxins or cvtolysins and the specific
antibodies formed after bacterial inoculations was immediatelr re-
cognized. 3Bordet, shrlich :nd Horgenroth by their experiments de-
monstrated the rresence of haem~lysing in the serum of animals in-
oculated with red dlood cells <nd the ilnteresting .nd important
phenomenon of hiemolysis or solution of erythrocytes was demonstrated.

almost 2ll tissue cells were employed in research work for the
porduction of their specific antibodies. The name antigen waz ap-
rlied to these various heterogenous substances. Thus, leucotoxins,
spermotoxins, trichotoxins, lepatolysims, nephrolysisn, and nemro-
toxins, were produced and their indluence as 1 causative agent 1in
certain diseases oecame a subject of much scientifiec reserch. In
1900, Uhlenhuth employed therapeutically tke specific cytotoxins
for sarcoma and carcinoma in ratients.

The year 1902 is memorable in seroloty as 1t marks the discov-
ery of the com lereut-fixaition reaetion by sSordet ind Gengau. They
demonstrated that no haemolysis can occur if the trermolabile el-
em-nt of L iemolwysin o~ .b3orbed or fixed iu tle Interaction bet-een

antizer andé antivody.



fter the discovery of tre Treponema rallidum, ‘asserman, in
1906, put the complemcat fixation to a practical and successful
test for the diagnosis of syphilis, resulting in the ‘asserman re-
action., w~ubsequently, the principrles emrloyed in "assesman techknic
have been applies to many other infectious disesses, notable gon-

orrhea.
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Jarious exrlinations of the causes and rrocesses ol natural
and aicauired immunity have been ittempted. analvses of the body

sues and fluids Lave hesen made .nd numerous theories formulsted

w

ti
for the explanation of the rhLenomena. woome of tlese are:

1. The Oxhaustion Prheory -- thkis theory was formulited by
Zlebs, Hoch, uud Fasteur. These men tried to exrlain the clhinges
th.t oceur in the acculsition of immunity by assuming that during
immunization certalin substinces necesssry as food for the purasites
are used up. If the food neceszary for tre micro-crgsnisms 1is con-
sumed, the individuils acquire an imrunity to these organisms. The
immunity lasts as long as the food necessary for the par.:ites ex-
istence ind prodvction of the disease is absent from the body.

2. ThLe lioxious l.etention Theory -- Chaveau assured tr.t in im-
munization, bicteria rrodvce substinces th-t are retdained in the
body of ths im unized anim.l and individual ind prevsnt furtler mul-
tiplication of trese organisms. Trhese prodvets ' rotact tre body tis-
tues from furtrter in by that particul.r species of paris te 23 lo
a3 ¢ ie noxious 3ub3tunces remulin,

%, The Ghemical Thesry -~ In 1887, sev-ral scisntists, among
wi.om wer: salmon and -mitk, Foa .nd 3onome, noux and Jhamberlain,
cliimed thit imrunity could be rroduced not only by tle injection
of bacteria but also by tre iniecti~n of tic rroducts of oacterial
metapolism. _Lis resulted in the a3 :umrtion of thke chemical theorw
according to whkich the tissues of tle body .re cl.emically changed
during immunization.

. The Iumeral Thsory -- In 18#7, Fodor ochsarved th % the

pody fluids, exreci.illy tie blood of tle normal itundéividual or



animal, contzin csrtain elements by which they are able to destr

-

[

p.cteria. Jsuchner, Sehring, and Futthal later discovered that cer-
tain sera are able to destroy some sreclies of bucteria while lea-
ving otkers unkarmed. HNutthal firther discovercd that heatine
blood to 60°C. or above, destroyed this germicidal power of fresk
normal blood. <+hese substznces are called alexins. 1In 1888, Feri-

court and Kiclet ind ir 1489, 3stes and uepr demonstrated that
blood serum from snim=als that had acguired immunity to certair dis-
esses was injected into other animals, an irmunity to the same dis-
ease wa3 conferred.

3eghring and ¥Yitasito in 1890 reported successfvl immunizaticn
of rate to tetanus by injection of blood serum from rats immunized
to tetanus. +«rom the work of these investigators develored the
humeral theory of immunity.

In 1491, Fhilsalix and Vertrand discovered that if a large an-
imal as injected with suolethal doses of cobra venom, this animal
produced substinces that neutralized venom of the cobra. This pro-
tective substaince was called intivenin,

5., Barlich Side Chain Treory -- this tlLeory is the basis for
our prescnt view of tie meckanism of tle defenses of the body
against disease., It iIs surported almost eantirely by experimental
evidence. It 1s imrortant to realize that the interaction bet een
antigens and antibodies is of chemical nature, that is, the antibody
does not desatroy the antiren but forms i ckemicul combinztion with
it.

shrlich conceived of < body cell consisting of a nrelsus uron
which its 1ife depends 2nd number of processes or "side ¢hains”

carable of combi:iu ith foodstufis for ¢ netrition of the cell



and with foreig: tancs nt I injurious to itT.

fLese side chains or processes were termed recertors. Zack re-
ceptor had a special affinity for a certain kind of foodstuff or
toxin. vertain recertors are common to all cells whkile others

are found only ir -recial cells. It is also selieved that cer-
taln receptors are not normally present but are Torrmed by the stim-
ulation of certain toxins.

The toxic molecule consists of two groups, the Laptorhore
group whkick binds it to tre cell recertor and tle toxorhore group
which beara the toxic properties. When the receptor combines with
tle toxin molecule, the cell throws it off into circulation =nd
similar receptors are iormed to take its rlace. 3ut trese receptors
Iare formed in excess and the cell throws these off into the cir-
culation where they unite with correspounding toxic molecules in tle
circulation.

There is a receptor for each rarticular for cof toxin molectl e
Thus the tetanus toxin combines only with the svecific recerter rro-
vided for it and will not unite with those intended for the diph-
theria toxin.

shrlick's theory at first only coversd the simple unieon of
toxin with antitoxin but was later extended to exrlain the action
of more complex antibodies and is nov bellieved to completely cover
all forms of antlizen-antibody action.

6. metehnikoff's Theory of Fhagocytesis -- The French school
of immunologists headed by metchnikoff believed tre whole rrocess
of ingestion and destrvction of invaiding disease producine agents
by leucoeytes 2nd certain other bodwvw cells. T:is is known as the

phagoertic or cellular th=ory of irmunlty. .t first this tr.eory



was believed to op:ose ti:t ol Lirlici's s.de cizia theory but
tr.ey are not considered so now because 1t has been found that to
some degree one process depends on the other, and that in some
diseases Dotk processes are very active while In others one may
take the leading role, oJome diseames do not stimulate any activity
on the part of the other, that is, trey are not f llowed by a con-

dition of irmmunity.



TYPES OF INMMUNITY

Immunity can be either natural or ac-uired. I will first dis-
ecuss natural immunity or that immunity acquired at birth.

katural immunity is of two types: Congenital Immunity or that
acauired from the mother; and Inherited Immunity or that which is
a part of the germ composition of the living embrro,

luany infants show a3 resistance toward certain diseases because
of antibodies accuired from the mother during uterine life. For ex-
smple, babies often have considerable amounts of diphtheria anti-
toxin in their blood passed to tkem from the blood of their mother,
Similarily infants may rossess a srecific resistance to other dis-
eases to which the mother is immune. This type of immunity tends
to disaprear after one years age.

Inherited natural immunity concerns those individuals, who, a-
part from this natural imrunity acquired from the mother inherit as
a part of their constitution varylng degrees of natural resistance
towards infection. If we finé that there are marked differences
among different races and groups of. 3ome species and among individ-
uvals of the same race.

Inherited natural immunity is further subdivided into gspecies
immunity, racial and group immunity, and group immunity.

3pecies immunity is the diff-rence in the susceptibility of var-
ious species. In general, cold ilooded animals such as fish, frogs
turtles, are not suscertible to diseases common to warm blooded an-
imals,.

Physical imperfections such as deviated nasal septum, flat

chest increase lizbility to infection. <~ ur nornal resistince is af-
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fected by rrrsiolou: el tte of the body. any infection is like-
1y to be more severe duriug pregnancy, for example. ilalnutrition,
fatigue, worry, overexertion, exposure to wet and cold, alcoholism,
preexisting weakening diseases such as cancer, diabetes, leukemia,
measles, influenza, or tuberculosls also exert an influence over
susceptibility. age is an important factor, most diseases occurring

petween the ages of one to ten and among the very old.

scquired Immunity: Successful resistance against germ diseases
derends upon the develorment of a syecific immunity, associated with
the appearance in the blood of so called antibodies which act upon
the germ or its toxin. This specizl resistance is acquired as a re-
sult of natural iafection or by one of tke artificial methods of
immunization and is rrobably never inherited. ’

Acquired immunity, whether caused by a previous natural at-
tack of the disease, or artifiecially by the inoculation of bact=ria
is always strictly srecific, that is, the rrotection exteuds only
to the particular disease which has previously occurred or whose
germs have prsviously been injected. An attack of scarlet fever,
protects only against scarlet fever but not aga nst measles or
any cther disease. Inoculating an individual witk tyrhoid baecil-
1i protects him only against typhoid fever, but not against dy-
sentery, vlague, cholera, etc.

Bdefore examining into the nature of this very specific form
of immunity, it will be well to call attention to certain impor-
tant mea:us by which the vody defends itself against bacterial in-
vasion in general.

ot tre:d are 30 comerluice that tleir sigulficanece iIs of -



ten overlooked:

(1) The protection afforded to the body by the unbroken skin
is undoubtedly one of the most important means of defence. It is
well to remember this, and especially to bear in mind that we say
"unbroken" skin. In the sterilization of the skin prior to a sur-
gical oreration a great deal of harm is sometimes done by too vieg-
orous scrubbing or the arplicaticon of too cconcentrated disinfect-
ants.

(2) A similar protection, though less powerful is afforded by
intact and healthy muccus membranes, 4ny condition injurious af-
fecting these renders the body more liable to bacterial invasion.
This is well illustrated by the frequeney with which an attack of
measles (which affects the mucous membranes to a marked degree) is
ti.e starting point of other infections.

(%) The acid gastric juice undoubtedly destroys large nurbers
of baeteria wi.lch are swallowed. +Jisorders of digestion may,
therefore constitute the deciding factor in determining & bacterial
inv&sioh especially of the intestinal tract.

(4) Fresh blood serum is able to kill a considerable number of
bacteria, and this, therefore, constitutes another mode of defense
against bacterial invasions.

(5) Tie white blood cells, or leukocytes as trey are called,
aprear to be designed especlally to destroy invading bacteria. This
process has already been discussed under phagocytoses,

(6) Still another mode of defense is seen in what takes place
in abscesses. .hen these are examined, it is found that the body

has built a wall around the infected area, thus shutting off the



bacteria and thesir voisnuov: products frem trhe rest of the body.

(6) The body temperature is a factor in resistance to disease.
Fowls whose temperatures are higher than that of human beings
(42°C,) are normally resistant to microorganisms causing plague and
anthrax, Fowever, if z hen were chilled by immersion into cold
water, it would become very susceptible to anthrax.

Variation in susceptibility to diseases have been observed in
different races and groups of the same species, This is known as
racial immunity. It is c¢laimed that Algerian sheep may be pasteured
with impunity on land so thoroughly infected with anthrax bacilli
as to be deadly for the common breeds of sheep. Field mice are
very susceptible to glanders whereas white mice are immune. The
black rat is more resistant to anthrax than the white rat.

Racial immunity is also perceptible in man. It is generslly
believed that the negro, nskimo, and american Indian are more s -
ceptible to tuberculosis tlan the white man. However, according
to Carrol, the white race is more susceptible to yellow fever than
the negro and that among the latter, those living nearest the
equator are less suscepiible than the more northern races.

Smallpox which is so highly fatal among sSome races, is consid-
ered a relatively mild disease in Mexico.

Differences of susceptiblility of different srecies to tuber-
culosis is especially interesting. Fish have a form of tuberculo-
sis which is not transmissable to human nor will the human tubercle
infect fish. Hens and other birds have a spontaneous disease very
much like tuberculosis in man but avian tubercle bacilli probably
never infect human beings,., Iian is susceptible however, to tuber-
culosis infecting animals but not to such a degree as to the human

type of germ, Rabbits and guinea pigs are both susceptibel to bov-



vine trpe Ht r bbits are more resistant thun pfulnea rigs to huran
typse.

1t is general knowledge that some families or members of a
family contract all communicable diseases which they come in con-
tact whereas other individuals of the same family or race escape.
When & town's water supply becomes infected, some individuals con-
tract disease while others escape. This is known as individual im-
munity. dome individuals seem to be naturally resistant to skin
disorders common colds and other familiar diseases. This natural
vesistance of some individuals may also vary from time to time de-
pending upon the season of the year and changes in the physical body,

laboratory animals suck as rabbivs, guinea rigs, etc., on
which most experimernts are conducted show very slight in individual
variation., In fact, the uniformity of reaction on rart of the
guinea pipgs of similar age and “eight agalinst measured quantities
of bacterial toxins make .t possible to use these ai nals to stan-
dardize antitoxina. <+this has led 3ome scientists to believe that
there is no individual immunity. ‘hat is claimed by some as nat-
ural individual immunity, they believe 1is really an acquired im=-
munity resulting probably from & earlier slight unrecognized attack
of the disease. Hecent work has proved that iudividual immunity in
cases of dysentary and twvrhoid comes from a previous attack, It is
quite likely that a3 tke subject of immunity oecores better under-
stood it will be found that the majority of all rerorted cases of
individual immunity to the communicable diseases come from missed
mild cases.

Treie a.e, howev r, ecleir CLy ¢ of ipdividual immunity due

| ?

to age., Threre are certain diseases classed a3 children's diseases



to vidual scows greatey Imnuillty =t cune agt

another, such as ringwoim, uijuotleria, and scarlet fever,



VACCINGSS AND IMMUNE SERULS

Physicians and nurses have a tendency to confuse the terms "vac-
cine"” and "immune serum," any produce of this nature being spoken of
as a "serum". Vaccines and immune serums differ in thelir fundamental
basis, method of production, and type of immunity that they bring
about.

A vaccine is the causative agent of a disease (bacterium, toxin,
or virus) modified in such 4 manner that it is incapable of producing
the disease but is able when introduced into the body to elicit the
production of srecific antibodies against the disease.

Tre use of vaccine for the purpose of causing people to have
mild attacks of a disease began among the ancient Chinese whose cus-
tom it was to place in thelir nostrils a scab from a smallpox sore
thus vaccinating themselves against the disease in its regular form.
fn Zngland in the 18th century, Dr. Jenner developed the method of
using the scab from a person who had the cowpox and it is from this
source that we get the name, vaccine coming from the Latin fvaed.nia"
meaning cowpoX. |

Vaccines are always antigens; i.e. they always produce an active
immunity. They find their greatest usefulness in the prevention of
disease., Important vaccines are those for tie prevention cf smallrox
typhoid fever, and rabies; toxin-antitoxin and toxcid to prevent
diphtheria, toxin to prevent scarlet fever, and the recently intro-
duced toxoid for bringing about a more or less permanent immunity to
tetanus. 4ll of these except scarlet fever toxin are the causati ve
agents of their resrective diseases so modified trat they are no

longer able to ca se the disease but are still carable of rroducing anf-



bodies against it. Instead of modifying scarlet fever toxin itself
the dose is modified, that is, it is given in a series of doses so
gmall that tlhey are not injurious.

Vaccines are prerared in a number of different ways depending
upon the type of vaccine. A bucterial vaccine is a suspension of
killed bacteria in normal salt solution, killed by heat or by a
chemical disinfectant and preserved by & weak germicidal agent,
guch as 0.5% phenol or 0.25% tricresol. a4 culture of the bacteria
is grown for a short time (twenty-four to forty-eight hours). If
grown on slants the bacteria are washed off by swab and sterile sol-
ution of 3aline., The number of bacteria in sach cubic centimetear of
the washings is determined and salt solution is added until the de-
sired nuuber per cubic centimeter is obtained. The bacteria asre kil-
led and cultures are made from the finisled product to see that the
bacteria are dead., The theory lwuderlying the use of bacterial vac-
cine .s that the: increase piagoc tosis and cause tissued not invol-
ved in the diseass to produce antibodies, Bacterial vaccines are
of three types, autogenous, stock, and mixed stock vaccines.

Autogenous vacclnes are prepared ifrom cultures of bacteria is-
olated from the patient to be treated and are far more effective
than stock vaccines for many conditions having the =2dvintage of
using the particular infecting strain of that individu:l and com-
munity. They have tle disadvantage 2t times of being more virulent
cultur-s with - greatsr ciance of & prouounced reaction and leuce
reguire the use of sSmaller initial dosage tuan in the use of stock
vacein:s. They also have tle disadvantage of the delay recuired for
pieparation.

3toeck vaccines are vaccines made from laboratory stock cultures



The beat kn wn sad rrooadl most efficient ln use is the trrhoid
vaccline used in tie rrorkrl.ctic inccul.tion agaliost tyricid fever,
Ynoyn a3 tie Rawling str.in of tk: tyrkoid bicillus. "= Fark

3ty .in of diphktieria bwcillus las for 7ea.rs been used in ti =2 produc-
tion of imrunizing .gents against dirhtreria. .among the various
trires of stock vaccines are t.ose rrerared for t.e rrevention of
whooping cough, chkolera, rplague, and the pyogonic cocel (starhylo-
cocers and streptococcus), pneumococcus, colon bacillus, infleuenza
baecillus, gonococcus, meninogococcus, etc. The stock vaceln s are
declining In favor and only one is now widely and successfully used
tvphoid vaccine,

smallpox vaccine is rrerared by the inoculation of female
calves with cowrox virus, Tre abdomen ic sraved snd rendered sterile.
It is tlhen scratched with 3 needle in many rlaces just deep enough to
bring 2 little tlood. The virus is ruboced into tre:e scratches. 5
tl.e end of about six days the z2bdomen will be tiickly broken out with
vesiclas which contain the modified virus used for vaccination. Thress
vesicles are orened, using asertic technic znd a sticky exudate is
removed, mixed with four tires its weight of equzl rarts of pglycerin
and water containing 1% rhenol for rreservation., Tle vaceine is rur-
ified, tested to determine if it i3 cf sufficient potener and ster-
ility and i3 ready for use.

Pabiss vaccine is p:repared from the brain and srinal cord of
rabbits suffering with rabies., The rabbit is lnoculated with rabies
and kert unnder the best ol sanitary conditions. Just hefore its
desth it i3 chloroformed ind 3rinal cord removed under asertic oo n-
ditions., Tre cord is cut into 1ieces and dried over an appropriate

drying arant or subjected to clerical treatment. Tarts of 1t are



so treated for oue day, other parts for three days and so forth up
to eliglteen days. Ileces of cord whick rLave dried or been treated
long are injected L -podermically (after they have been mixed with
watsr) to the patient, followed at daily intervals by cord which
has been dried for skort r time untll eventudally the catient is re-

ceiving cord which has been dried for only one day.

an immune serum is the serum of =n animal that has been Lighly
immunized to an infectious disease. 1Its characteristic feature is
the antibcodies trhat it contains. Tmmune serums bring about only ras-
sive immunity, this being dve to tlie antibodies they contain. Im
mune serums are specific in thelr action bringing about an immunity
to no other disease than the one for which they are 1_epared.

antitoxins are immune serums preprared against extra-cellular
toxins. They have no aicticn of the bacteria that rroduce the toxins.
Tie antitoxins trat have been used longest and Lave saved most lives
are those agiinst diphtheria and tetanus. Both are prepared in the
game generial way. 7The bacteria are allowed to grow in a liguid med-
itm until the medium contains a large amount of exotoxin that has
bzen thrown off by the bacteria. They are then separated from the
toxin is found to pe of suitable :trength, horses are immunized a-
gainst it by beginning with 2 small dose and giving several injec-
tlous increasing the dose at each injection. T"hen the antitoxin
production is at its ieight, the horse is bled and the antitoxin
strength of the blood serum i3 tested. If the servm is of suf-
ficient strength it is furtler refined and rurfied for use.

Jince antitoxin can be prerared only against organisms rro-

ducing exotoxins and s.nce few organisms produce exotoxins, the



number of antitoxins is limited. &an antitoxin against the toxin of
scarlet fever streptococcus is being used with considerable success.
Tre unit of measurement of scarlet fever streptococcus toxin is
known a3 the "skin test dose" (3.T.D.) which is the smallest smovnt
trhat 7ill cau.e a reaction when injected intradermally into a sus-
ceptible rerson.

3otulinus antitoxin has been used vith good results. Rerorts
seem to indicate the erysipelas streptococcus antitoxin is of bene-
fit. all antitoxins shcould be given early and in sufficlent amont

because they cannot repair injury already done.

Toxin-antitoxin is a mixture of diphtheria toxin and antitoxin
with a slight excess of tkhe former. It is used for producing a per-
manent immunity to dipktheria but cannot be used to rrevent the
disease 1in those already exrosed as it takes three months or mom
for the immunity to become comrletely established. The treatment

consists sf three injections given at weckly intervals.

wnother tvpe of serum used in tle treatment of disease is
thiat used in convalescent serum therapy. [t consists of lnjeeting
the whole blood or serum of a pe_son who has recsntly recovered
from a disease, into one ill of the disease (as a therapeutic mea-
sure) or one exposed to the disease (as a preventive measure). The
theory on which this type of therapy is based is that the blood of
the convalescent patient contains antibodies, and tlese antibodies
confer a passive immunity upon a person to whom tke blood is given.
This type of therary has been used with good results in measles,

poliomyelitis, scarlet fever, and 'robably mumps.



HYPERSuNS ITIVENS3S

Allergy and anaphylaxis have a very definite connection with
immunity. If a small amount of foreign protein (blood serum, egg
white, ete.) which within itself is not poisonous, is injected into
a suitable animal, the dose will be without noticeable effect;
but if a second injection is given after an interval of ten to four-
tcen days severe symptons or even death may occur. This condition
is known as anaphylaxis, The first dose is known as the sensitiz-
ing dose, the second dose is known as the provecative dose. 'hen
the injections sare given 4t closer intervals, immunity instead of
anaphylaxis results.

Certain people exhibit unusual manifestations upon coming in
contact with substances, usually of a protein nature, that have no
effect on the average person, HFor instance certain persons have
asthma upon coming in contact with horse dapder, feathers, etc. A
great many have hay fever upon coming in contact with rollens arn
others have skin eruptions or asthma after eating certain foods.
Such diseases are known as allergic diseases and the condition of
increased susceptibility wnderlying their ocecurrsnce is known as
allergy. Substances that are capable of pringing about the aller-
gic state are known 48 allergens.

s~naphylaxis and allergy are fundamentally much alike if not
identical. For this reason the term hypersensitive.ess, which in-
cludes both anarhylaxis and allergy has come iato general use. 3y
hypersensitivenes: is meant & condition in which the affected per-
son exnibits a marked reaction to substances that have no noticeable

effect on a normal individval of the same species.



The phenomenon cof anaphylaxis may be best demonstrated by giving
& guinea pig 2 small injection of horse serum and at the end of tewu
to fourteen days giving a second but larger injection. ithin me
or two minutes the pig will pecome restless and exhinit difficulty
in breathing which progresses to frantic activity with extreme dys-
pnea, followed by death from respiratory failure. The autopsy re-
vesls the lungs of the animal to show a remarkable resemblance to
those of a percon with astima. If & rabbit is used as the test an-
imal, death is due to circulatory failure, and in the dog, the symp-
tons are referable to the gastro-i testinal traet failure. The
gsymptoms of anarhylaxis derend on the speclies of the affected ani mal
and not on the substance that brings about the anaphylactic state.
another phenomenon relating to anaphylaxis wkich 1Is significant
and important in the relation to blood transfusions. If the blood
serum of in animzl sensitive to some foreign protein be injected into
a normal animal and =fter an interval of from five to eight hours the
normal animal 1s injected with some of the material to which the
first animal 1s sensitive, anarhylactic symptoms will oceur. This
is known 28 passive zanaphylaxis. The passive transfer of the hyper-
sensitive state assumes considerable importance whem it 1is realiz ed
that tlie use of 4 hyperseusitive donor fo: blood t.ansfusion may
render the recipient hyperscnsitive. wolnce several days must elajy se
atfter;trle sensitizing materlzal muzt ve of a protein nature; and since
anaphvlaxis 13 speciflce =na ma, be passively transferred,; does it
not seem reisonable to oelieve th=t .narhrlaxis is due to antibody
formation and is closely related to immunity? ouch i3 believed to
be thLe case,

several theories lave ween iv.r.iated as to the reason anarhy-



lactic shock dev=lops in one case and immunity defelops in another
case under very similar circumstances. According to one thLeory,
the zntivodies responsible for anaphylaxis split tlzaitigen into a
poisonous and a nonpoisonous yortion, and the iolsonous portion
brings the anaphylictic symptons. sccording to another tie-ry, tre
intipodies resronsible for anaphylaxis are not cast into the blood
stream, as are those responsible for imrunity, out remain attached
to the bouy cells where the comoination with antigen takes pluice
and tke injury to cells broucht apout by the combination leads to
the anaphylactlic manifestations, dAcecording to still unotler theor:
wrether imvunity or (naiphylaxis 11l occur is a matter of speed, a
slow convination of atioody and intigen leading to immunity whil e
5 rapid one leads to “naprhylaxis. iatever the mecl::ism may be
it i3 believed that the sensitizing dose of .ntigen leads to the
production of antibodies remarkable :1like if not identical with
thec:e resrousinle for imrunity, and when the zntiren is again int ro-
duced into the pody the antibod es combine 1ith it to rrodvce ana-
phylactie masnifestations.

sany conuitions uek . asthma, hayfever, serum sickness, ur-
ticaria, and rther llsiglic skin disess s, :ngicneurotic edema, and
cert in druveg idios nerasies .re palizved to bLe of allergic ori~in.,
The fund.umert .l origin of illergi-: d4iffers in no way from anaply-
lactic reactions excepting that seusitization ocecurs nuturally in-
Stead of being induced artificlally. The tendeney to allergic dis-
eases 1s not inhsrited 3s may e seen by the individuals on one
family all of whom may be zllergic to diff:rent rroteins, but the

state ot hypersensitiveness may ve inkerited.



2llergens may rcach the body by wiay of the respiiatory or
digestive tracts or b~ transmission tkhrough the placenta. The res-
“iratory tract is the most common method. In some cases, passive
sensitization may be transmitted the mother to the child in utero
via the plzcenta. Like immunity of the newborn this type of sen-
gsltization does not last long.

ag8thma is an allergic condition that is most often due to ani-
mal hair, feathers, or dsnder, house dust, food bacteria and cer-
tain insects,

Hayfever is due to sensitiveness to pollens. To ve of impor-
tance &8 = hay iever producer a [ lant must porduce = light dry pol-
len thaut is easily carried a long distance by the wind. This ex-
cuses ooth goldenrod zund roses which Lave b en accorded an unearned

distinetion as eause of haytever. Zarly spring and early summer
hayfever is most often due to tree pollen =:nd the more late sumrer
type is due to grass polleuns.

Serum Sickness is a type of allergy res ltlng after the ad-ih-
istratio. of immuue serums. It is common aud its manife tations
are unple .sant but seldom dangerous to life. It usually begius from
eight to twelve days after the ilujection of an immvne Serum and 1is
characterized by a skin eruvtion, swollen, ainful and stiff Joints
enlargement of the lymph nodes, leucoprenia, a.d decrsased coagula tio.
o1 oh- olood. It is believed to be due to the zction of antibodies
formed in the early days after the injection on a part of the serum
$till remaining in the body.

Hypersensitive reactions are of use in the diagnosis of sus-
ceptinility to various diser~-=., This may be demonstrated 1ln the

use of the 3chick test 1o:r oipnta ria, the Dick test for 3carlet



Fever, and the Tuberculin test for Tuberculosis.

The pur:cose of the Schick test is to determine whether a per-
son has sufficient divkhtheris antitoxin in Lhis blood to render him
immune, It is used to detect those wno need active inmunization and
to determine whether active immunization has been effective. The
test is performed b, injecting a minute amount of di.htheria toxin
introcutineousiy.

If the person's blood contains suflicieant antitoxin to rrotect
him again:t diphtheria no reaction will occur. If insufficient ant.
toxin is present, a reddened area will urcear at the site of inecu-~
lation within tweuty-four to thirty-six hours, and ersisting for
four or five days.

The Dick test iz t¢ determine susceptibility to ssarlet fev r.
It 1s performed by injecting between tle loyers ~f the 8kin of the
forearm < small smount of scariet fever toxin so diluted that ons
3.T.0, (skin test dose or tiie amount that will eo se an inflammatoxry
reaction when injected into the skin of & susceptible person) is in-
jected., In the imwmune persons the antitoxin in the blood neutra-
lizes the injected toxin and wuo reaction occurs. In susceptible
persons no antitoxin is present, and the toxin attacks the cells
aroung the site of injection, producing within tw-aty-four hours to
thirty hours an 2rea of infizmmation ana r:dness of the skin.

The tuberculin test is oceaslionally used in huwan being but
is almost exclusively used in the testing of cattle for tuberculosis.
4 small amount of tuberculin is injected subcutaneouszly into the
individual or the ainimal and careful record of the temperature 1is

kept for the following loir . TIf there is a sicnificant rise in



‘temperature, it indicates that the individual is tuberculous.

The Von Pirquet test counsists of the iuntrolwction into the a-
brazded skin of 2 small amount of "01d Tuberculin", a product made
by eXtracting and conceutrating .n old culture of tubercle baecilli
in glicerin broth. If the skin wiers the test is made turns red,
while the control test spot remains essentially uncioanged, it means
that the person has or has had tuberculosis infection of some gride.
If both spots are unchunged, it mezns thuat the ratient has not had
the disease. The test must uve considered as veing of value but as
not veing final in aceuracy.

The Mantoux test 1s being used more snd more for the :urpose
of diagnosing e:rly tuberculosis in children. 1t cousists of in-
jeeting a small quantity of 4 dilute solution of "Cld Tuberculin”
into the sup.rfieiil layer ol the skin. =Redness and swelling about

the site of injection indicates a positive.reaction.



IMMUNLTY

Immunity plays a vital role in the life of every individual
whether he or she may realize it or not. Constantly each onses of
us is coming in contact with destructive organisms , which were
it not for the immune bodies and propertiss of the body would
probably cause severe illness if not death.

The mortality of those diseases treated with vaccines a nd
serums has been reduced unbelisvingly and with the advent of new
gserums and bacterial products of immunization, scientists are

coming nearer that goal of "prevention or & cure for every disease”.



