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VARIATION IN AGGLUTININ FORMATION IN
MENTAL HOSPITAL PATIENTS AND ITS
PROBABLE RELATION TO FOCAL
SEPSIS.*

By F. A. PickworTtH, B.Sc.,, M.B,,

Director for Joint Board of Research for Mental Diseases, City and University
of Birmingham.

It is well known that injection of protein substance into the
blood causes the appearance in the blood of antibodies to the
protein. Injection of bacteria is followed by the appearance of
several kinds of antibodies, and the substances which produce
* clumping "’ constitute one, or rather two, of these antibodies.
The appearance of agglutinins in the blood following vaccination
or infection has been shown to occur regularly in such a large
number of individuals, and in animals, that there can be no doubt
that this production of antibodies is a natural phenomenon con-
nected with successful resistance to the deleterious effects of the
organisms. Non-production or abnormalities in the production of
agglutinins following injection of bacteria represents a pathological
process probably of the nature of sepsis.

The following figures illustrate the reaction of a series of mental
hospital patients to intravenous injections of T.A.B. vaccine.

Fig. 1 shows the average of 50 cases, and may be taken as a
control of the remaining figures.

Fig. 2 shows an approximately normal curve, and indicates by
lines below the scale that other Salmonella and dysentery agglutinins
are not produced. One would expect similar curves from every
normal individual.

Fig. 3 shows the reaction of another patient to the same vaccine
given from the same bottles and at the same time. I have asked
many eminent pathologists and bacteriologists why in this case there
is no measurable reaction to the Para. A and Para. B antigens which
have been injected, but it appears that the cause is not yet known.

Fig. 4 is of interest in that it shows that after an interval of
four months there was again no reaction to Para. B, even although
there was no doubt that the antigen of Para. B was injected into

* A paper read at the Annual Meeting held at Wakefield, July 13, 1928.
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the system. The same slide also shows the appearance of agglu-
tinins to Gaertner (G.) and Aertrycke (M.), whose antigens were
certainly not injected with the vaccine.

One individual, whose reactions to typhoid are distinctly ab-
normal, shows an exactly similar type of Gaertner (G.) and Aertrycke
(M.) agglutinin formation at an interval of five months (Fig. 5).

Fig. 6 shows the appearance of agglutinins to Aertrycke (M.) and
dysentery Y, but what is of greater importance is the rapid dis-
appearance of all the agglutinins within a few weeks. It may be
remarked that in a healthy soldier agglutinins after vaccination
often persist much longer than two years.

Fig. 7 is shown as an interesting result in which the response to
vaccination with T.A.B. gives an enormous amount of agglutinins
to Aertrycke (Mutton and Newport), and practically no reaction
to typhoid.

It is impossible to discuss fully the many problems which arise
from these abnormal reactions. They probably have a similar
cause to that which is put forward in connection with one of them,
namely the rapid disappearance of agglutinins.

It has been shown that injection of bacterial antigen may cause
a production of agglutinins for other similar organisms, although
the quantity is very small in comparison with that specific for the
bacterium injected. It is also known that the injection of a sharply
specific antigen such as typhoid or paratyphoid A may, in a person
who previously has a titre to another organism, cause the produc-
tion of agglutinins in a manner quite independent of, and without
affecting this titre. Further—and this may seem somewhat para-
doxical—the injection of an antigen, especially if less specific,
e.g., Para. B, may cause the appearance of agglutinins to a hetero-
geneous organism as has been shown in Figs. 4, 5,6 and 7. Itis
reasonable to expect that an individual who has had the mechanism
to produce certain agglutinins trained in consequence of infection
would, on any subsequent stimulus of infection of similar although
not identical nature, continue to produce agglutinins to the organism
of the first infection. However, this argument is probably fallacious,
since it might be that there remains somewhere in the system
organisms of the first infection which might possibly gain entrance
into the blood-stream when the resistance is temporarily depressed
by some other infection, or by injection of a not too dissimilar antigen.
Wright and Lamb found that infecting micro-organisms could
grow in such regions as a blocked capillary or lymph-vessel in which
antibacterial substances were absent or diminished.

Agglutinins may disappear from the blood in febrile conditions
caused by infection or chemical agents, although the irregularity of
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this phenomenon has given rise to some controversy. The records
of the medical history of the Great War show that after the height
of an enteric infection has been passed, the agglutinins to a hetero-
logous organism often fall to one-fifth of the original titre. Besredka
found that feeding animals with organisms a few months after a
previous vaccination with the same organism caused the titre to
fall from a high figure to an extremely low level. It is obvious that
previously high agglutinins may be reduced by the cessation of
production of the particular agglutinin, coincident with the process
of alteration or destruction of the existing serum-globulin, such as
occurs in fever, or in an urgent demand for the neutralization of large
quantities of other antigenic substances which have found their way
into the system. One of our own cases of suspected typhoid gave
only a trace of agglutinin (below 7 Oxford units) on two occasions,
but had a Gram-positive bacillus in the blood. Post-mortem, B.
typhosus, agglutinating in high dilutions, was recovered from the
liver, spleen, kidney and a nodule in the aorta.

The main part of this paper, however, is a consideration of how
the system may be invaded by organisms with the production of
antibodies for their destruction and removal from the system. It
is known that the upper part of the small intestine is sterile, and
that the colon type of bacilli are abnormal when they occur above
the lower part of the jejunum (1).

Knott, Bogendorfer, Gorke and others find that in cases of
achlorhydria the bacterial contents of the duodenum and ileum
tend to be fecal in type. ‘‘ The organisms normally present in
the jejunum evidently migrate to higher levels—a fact clearly
illustrated by the results of routine examination of specimens from
over 200 cases obtained vid the duodenal tube” (1). Arnold
and Brody note that in conditions in which the reaction of the
duodenum is neutral or alkaline for any length of time, the bacterial
flora changes to that found in the ileum or cecum. Abnormal
organisms in the upper duodenum undoubtedly occur in such
conditions as pernicious anzmia (2).

It is a common mistake in medicine to lay too much stress on
the exact type and variety of the infecting organism. Paratyphosus
A and Para. B are quite dissimilar organisms, but produce similar
clinical disease. Robinson tested 150 strains of B. typhosus sero-
logically and found that none reacted alike. Durham considered
that many varieties of the typhoid organism might be present in an
attack of the disease, and that the system, on recovering from one,
might be attacked by another. Mayer and Neilson state that a
person immunized against typhoid may become infected, and when
this occurs the bacilli may be so altered that they are not recognized ;
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however, such bacilli on gaining access to a non-immunized person
may regain the typical characteristics of B. typhosus. In typhoid
fever organisms are present continuously in the upper part of the
duodenum, where they may, and often do, persist long into con-
valescence, and it is surmised that organisms of the typhoid and
food-poisoning groups all possess this property of living high up in
the small intestine.

It has been shown by the analogy of feeding animals with pep-
tonate of iron (3) that the leucocytes of the intestines take up
bacteria in the same manner as they take up food, and transport
them to the liver and spleen, where, according to Adami (3), ‘‘ the
bacteria so transported multiply until the tissues react, causing
their lysis, and the liberated toxins then destroy the neighbouring
tissue ' “ They represent not simultaneous infection but
the summation of a succession of minute assaults on the tissues,
sometimes occurring in a few days or weeks, but often extending
over years.” Desgorges describes a similar process, by which the
bacteria find their way into the thoracic duct, and thence into the
blood. Tissue invasion and bacteriemia from high intestinal sepsis
therefore accounts for an urgent demand for agglutinin formation
through the presence of new deleterious bacterial protein.

An important connection between intestinal and focal sepsis is
apparent from the above, when we consider the probable fate of
some of the leucocytes whose function it is to procure food in the
manner described. In high intestinal sepsis enormous numbers
must be poisoned as they reach the intestine, following ingestion
of organisms, and probably never return to the system ; or if they
do they may die on reaching the liver. This may account for the
leucopenia in typhoid fever and pernicious an®mia, and for that
occasionally found in cases of mental disorder associated with
conditions of focal sepsis that would tend to cause leucocytosis, and
it may possibly account for the variations in the leucocyte count
in cases of mental disorder. There is an undoubted relation
between the leucocytes and the formation of agglutinins as shown
by Stenstrom, Moreschi and Howell. We have examined speci-
mens of feces from dysentery patients which consisted almost
entirely of leucocytes. We have, therefore, a possible explanation
of two important causes of focal sepsis, 7.e., a bacterizmia and a
depletion of leucocytes.

Garrod pointed out that * bacterial infections do not necessarily
cause disease; only when the body begins to defend itself against
attack does trouble arise.” Bacterizmia does not necessarily
involve a fatal septicemia when the bactericidal condition of the
blood is high for the particular organisms which are able to enter
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the blood-stream. Such organisms as are not immediately killed,
however, can exist only in a state of extreme inhibition such as
occurs when grown in immune sera ; but just as in the experiments
of Parish and Okell it was found that a non-fatal injection of strepto-
cocci plus anti-serum produced late secondary effects such as
purulent arthritis, so intestinal organisms in similar circumstances
may give rise to focal sepsis, as in typhoid osteitis and probably in
apical infection of teeth. The organisms are not necessarily all
pyogenic, or if pyogenic, do not always produce pus in a system
depleted of leucocytes in the manner described above. Another
important effect of high intestinal infection is that the individual
suffers from starvation, with its deleterious consequences, and
is supplied with bacterial toxin instead. Special food-stuffs, e.g.,
vitamins, may become useless by non-absorption, destruction
or excessive utilization, giving a condition worse than simple
starvation (4).

Fig. 8 shows dilatation of the stomach in vitamin deficiency—itself
a cause of high intestinal infection. Webster found that vitamin-
rich foad protected mice against typhoid: 159, only were fatal as
against 100%, controls. McCarrison showed that deficiency of’
vitamin B in wild monkeys rendered the intestinal tract susceptible
to invasion by bacteria. His description of the post-mortem find-
ings in such conditions might apply to almost any case of mental
disease. It has been our experience to find almost constantly
dilatation, ballooning, discoloration and congestion of some
parts (not usually the whole) of the small intestine, with thinning of
muscular coats and atrophy of the mucosa and the occurrence of
enlarged lymphatic glands, which leave no doubt that chronic
bacterial invasion from the upper part of the small intestine is
common, if not universal, in the acute phases of mental disorder.
Clinically it is known that undigested food may remain in the
stomach of insane persons for eighteen hours or more. The frequent
occurrence of delusions of poisoning further substantiates the theory
of gastro-intestinal sepsis; indeed the symptoms of delusions of
poisoning and of refusal of food should be taken as evidence of
disordered conditions of the intestinal tract, the subjective distur-
bances of which are dimly recognized by the patient.

Local damage to the intestinal epithelium allows the entrance of
other undesirable organisms or their toxins, especially B. Welchii
and the streptococci. The character of the normal intestinal
epithelium is such that there is a selective absorption of material
useful for food. When this epithelium becomes damaged then this
property must necessarily be disturbed, allowing the absorption of
deleterious products of bacterial action, which is without doubt
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detrimental to the generai health. If the products formed are
toxic to nervous structures, this will give rise to intellectual and
emotional deterioration or to specific nervous effects such as occur
with botulinus toxin. Bacteria interfere with the normal digestive
processes in yet another way by producing highly toxic products
by decarboxylating certain protein constituents, giving amino-
compounds which are amongst the most powerful pharmacological
substances known. For example, tryptophane by decarboxylation
gives the poisonous indolethylamine, whereas if it is previously
deamidized its products are harmless. Similarly the useful and
non-poisonous histidine on decarboxylation becomes iminoazoethy-
lamine, actually found by Boyd in the intestinal mucosa of children
dying from intestinal tox@mia. Chronic poisoning by these
products further weakens the resistance of the tissues to the
associated high intestinal sepsis. Bolton and Salmond describe
anti-peristalsis in the duodenum as a normal physiological process,
and regurgitation through the pylorus is not at all uncommon, as
evidenced by the traces of bile and even of pancreatic secretion
found in test-meals. In high intestinal sepsis the organism thus
obtains access to the stomach, and if vomiting occurs, even the
nasal sinuses may be reached.

That organisms of the paratyphoid (Salmonella) class occur in
mental hospital patients has been repeatedly emphasized in the
past, and this is all the more interesting in view of the findings of
Price- Jones. When a colony of rats is infected with Gaertner
bacilli, the survivors contain these bacilli in the spleen and liver.
After five months some Gaertner bacilli may be still present; the
rats appear healthy, but can initiate an epidemic of Gaertner if
placed with normal rats. Stewart finds Gaertner agglutination in
mental hospital patients, and many varieties of organisms of the
Salmonella (food-poisoning) groups in the faces.

i One organism .
Total . Mixed
Nt only agygluti- fpby
Organism. agglutinations. {‘a&g_ agglutinations,
]
Number, % E.\'nmbef. % Number, %
B. typhosus . . . J 353 115 | 199 65 154 ’ 50
B. paratyphosus A . .| 108 35 19 06 89 30
B, paratyphosus B . .| 155 50 48 1-6 107 35
B. paratyphosus C . . 45 b £X 1 14 0°S 31  §X6)
B enteritidss (Gaertner) J 141 46 70 2+3 71 2-3
B. aertrycke (Mutton) . | 114 37 55 1-8 59 i 19

This table does not include known vaccinated cases.

F16. 9.—Agglutination Results, 1925-1928. Total specimens examined, 3,074.
Positive, 916 = 29°89%,.
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Fig. 9 shows our figures for 1925-8, and indicates that 30%, of
specimens of serum from mental hospital patients agglutinate
pathogenic organisms of the typhoid-food-poisoning bacterial
groups ; of these B. Gaertner is very predominant.

A vicious circle is established when focal sepsis affects the upper
respiratory tracts, as, for example, in sphenoidal sinusitis.

Fig. 10 shows an infected sphenoid which is obviously continually
pouring out pus to be swallowed, thus producing local damage of the
stomach and intestine. Further, by local spread of toxins from the
sinus the pituitary-hypothalamic region of the brain is affected, one
probable effect of which, as occurs with temperature, fatigue and
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emotional disturbances, is a central inhibition of gastric secretion.
Organisms of the intestinal type are not uncommon in the nasal
sinuses, and the possible relation of these to intestinal infection is
shown by analogy with the following case: ‘‘ A well-built private,
wounded in the tibia in the Great War, contracted typl{oid in the
base hospital in Mesopotamia in 1916. He recovered, but became
a carrier of typhoid, in addition to which his wound did not heal.
He was invalided home and deteriorated to a physical wreck until
in 1919, when he was still a typhoid carrier; at an operation for
cleaning the wound of the tibia the an®sthetist insisted on the
removal of false teeth ; the man protested, saying they had not been
taken out for eight years. The anasthetic had to be administered
before the plate could be removed. The foul-smelling plate was
LXXIV. 49
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Radiogram of rats fed on a diet deficient in vitamin B,
showing ptosis and dilatation of the stomach.
Rowlands & Browning, * Lancet,” 1918, i, 180,

Fic. 8.

FiG. 10.
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sent in a sterile dish to the bacteriologist, who reported it to be
‘loaded with typhoid.’”

Inflammation of the sphenoidal sinus has also been shown to be
a probable primary cause of a diplococcal septicemia which produced
thrombosis of the small vessels of the stomach and the striking
hemorrhagic condition seen in Fig. 11. There were practically
no organisms on the surface of the mucosa in this case so that
there can be no doubt as to the cause of the condition being a
thrombosis of the deeper vessels of the stomach by a hematogenous
infection.

The two figures, 12 and 13, show these hemorrhages in different
stages of resolution, finally resulting in superficial erosions,
pitting and atrophy of the mucosa. It is remarkable that gastric
irritation was noted to be associated with mental disease by
Broussais as early as 1822.

Local damage of tissue in a patient with bacteriezmia may result
in focus of bacteria, which, even if dead, exert a deleterious
local effect and prevent rapid and complete healing, as in the
non-healing of the tibia of the typhoid case mentioned above. It
is submitted, for example, that should a person develop acute
sinusitis by infection with Pfeiffer’s influenza bacillus at a period
when there is a bacteriemia from a high intestinal sepsis, then a
chronic nasal sinusitis is much more likely to result than in a normal
person similarly infected with influenza.

The inter-relation between focal sepsis and the variation in
agglutinin-formation of the insane may therefore occur through the
medium of a high intestinal sepsis caused or induced by infection
with paratyphoid or food-poisoning organisms. Poisoning and
loss of leucocytes in the intestinal tract, a bacterizmia of intestinal
organisms, most of which are rapidly killed, and re-infection from
py®mic focal sepsis originally caused or initiated by the bacterizmia,
are highly probable factors in this relation.
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