A Study of the Relationship of Carbohydrate Tolerance in Infection and

o the Erythrocyte Sedimentation rate with especial reference to Diabetics.
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1. INTRODUCTION.

The effect of infection on cerbchydrate tolerance is very variable.
Some infections lower the tolerance while others have no effect.

The bulk of evidence from the literature points, in the majority of
cases, to & lowering of tolerance both in patients suffering from diabetes
" mellitus, and in patients not suffering from this disease. A lowered
tolerance may occur in what appears to be & very mild infection with no
general upset but there may be no lowering in what appears to be a severe
degree of infection. The degree of toxaemia, a somewhat vague and wide
.term, does not apparently affect the degree of variation in response.
Fur;her evidence of the variablility of response is provided by the fact
that some workers have demonstrated & lowered tolerance in cases in which
infection was very evident while others have demonstrated & lowered
tolerance in cases in which a thorough search had to be made to discover
the focus of sepsis. However, as already stated, most authorities are
agreed that infection may play & part in lowering carbohydrate tolerance
and it is usual when dealing with diabetics to make a thorough search for
such foci of infection and this may involve numerous laboratory and radio-
logical procedures in addition to & full clinical examination.

The object of this work was to discover whether aﬁy relation could be

demonstrated between carbohydrate tolerance in infections and the
erythrocyte sedimentation rate (E.S.R.). If such proved to be the case,
then an appreciable amount of time and energy would be saved by the routine
carrying out of the E.S.R. test rather than the widespread search for foci

of infection and this would particularly apply to latent foci.



Put in another way, it was intended to investigate 1f those infections
which did not .cause an elevation of the E.S.R. also did not cause an
~alteration of the carbohydrate tolerance and if those which did cause an
elevation of E.S.R. also caused an alteration of carbohydrate tolerance.

6 groups of cases were studied.

Group(l) Diabetics in whom a focus of sepsis was demonstrable. This group
comprised 120 patients.

Group (11) Non-diabetics in whom & focus of sepsis was demonstrable.

This group also comprised 120 patients.

Group. (111) Diabetics in whom no focus of sepsis was demonstrable when they
first came under review but who later developed a focus. This
group comprised 4] patients.

Group (V) Non-diabetics in whom no focus of sepsis was demonstrable when
they first ceme under review but who later developed a focus.

This group comprised 44 patients.

Group (V) Diabetics in whom no focus of sepsis was demonstrable. T.A.B.C.
vaccine was used to pfoduce an artificial fever. This group
comprised 10 patients.

Group (V1) Non—diabetics in whom no focus of sepsis was demonstrable.
T.A.B.C vaccine was used to produce an artificial fever. This
group comprised 10 cases.

While the main object of the work has already been set out, several
subsidiary points were studied. These probed the questions as to:-

(1) Wnether infections have any permanent damaging effect on

carbohydrate tolerance in diabetics and in non—diabetics.
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(2) Whether certain organisms are more damaging than others to
carbohydrate tolerance.

(3) Whether certain organisms have an effect on a diabetic's
tolerance and no effect on that of a non-diabetic and vice
versé.

(4) Whether leucocytosis or pyrexia bear any relationship to
carbohydrate tolerance in infection.

The material for study was collected over & 2 year period, March 1947
toAJanuary_l949. The patients were drawn from & representative cross-
section of the communiﬁy, both from Glasgow and Ayrshire, the material
being studied at Glasgow Royal Infirmary and Ballochmyle Hospital, Mauchline.

All investigations were carried out by the author except for some of
the laboratory and radiological examinations. These exceptions have been
noted in Section 3 (Procedure of Investigation) and they were subject to
strict supervision and check. |
2. HISTORICAL REVIEW.

Infections and carbohydrate tolerance in non-diabetics.

The first mention of the subject ig by Buhl (l) who noted glycosuria'
in Asiatié Cholera. Glycosurie was also noted as occurring in diphtherie
by Hibberd and Morrissey (2) and in diphtheria, scarlet fever, typhoid,
influenza, appendicitis and other suppurative conditions by Cammihge. (3)
In none'of these works ig there any mention of the state of the blood sugar.
Hollinger (4) however, in his study of infections noted that glycosuria was
accoﬁpanied by hyperglycaemia and Hemmasn and Hirschmen (5) demonstrated a

lowered glucose tolerance in cases of lobar pneumonia and acute tonsillitis.

4.



The first evidence thgt different organisms may have different effects
was shown by Seitz (6) who studied 16 Streptococcal and 40 Staphylococecal
1nfe§tiona; he found a lowering of carbohydrate tolerance in the
Staphylococcal group but no impairment in the streptococcal group. That a
lowering was due to infection was demonstrated by Pemberton and Foster (7)
in a study of 60 cases of arthritis; they found that the removal of foeci of
infection resulted in the return to normal of a previously lowered
carbohydrate tolerance but there was no marked improvement in the arthritis.

Confirmation of a lowered tolerance came from the work by Castellaniand
Williemore (8) and Harrison (9) who noted glycosuria in malariajand in
carbuncles and gangrene by Cemmidge (10) and Higginson. (11) Olmsted and
Gay (12) found diminished carbohydrate tolerance in acute infections and
Tisdall, Drake and Brown (13) made the same observation in their study of
acute infective diarrhoeas of infants. Both groups of workers were using
glucose tolerance curves in their investigations. Boulin (14) found an
iﬁérease in the height of the fasting blood sugar as well as in tﬁe height
and duration of the glucose tolerance curve in infections. They did not
discuss the process of recovery and offered no explanation of their
findings.

The first indication that some infections may cause a raising of
carbohydrate tolerance came from the work of Hector(15) who demonstrated a
lowering of the fasting blood sugar in cases of severe diphtheria.

Sick (16) reported a normal fasting blood sugar in febrile conditions but
the curve was still abnormally high 4 hrs. after the injection of dextrose

and this can be regarded as a lowering of carbohydrate tolerance.
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Supporting the majoritylof wofkers was the work of Anderson and Schmidt
(17) who noted an increased blood sugar in various acutelinfections ©.8.,
malaria. Evans, Riding and Glynn (18) found & lowering of tolerance in
their study of oral sepsis and noted an improvement after dental treatment,
but they do not state whether or not there was a return to normal. That the
effect was temporary was the opinion of Thomson (19) in his cases of general
gepsis. Hollcomd (20) in 2 cases, one of infected teeth and the other of
sinusitis, found improvement of‘a previously lowered tolerance after treat-
ment. Pemberton (21) studying arthritic conditions found that 60% pre-
sented a delay in the time at which the glucose leaves tlie blood. Conper-
able results were achieved by Holsti (22) Fletcher (23) Warfield (24)
Hench (25) and Olmeted and Gay (26). Pringle and Miller (150) noted a normal
glucose tolerance curve after removel of foci of infection or on recovery
from arthritis. They concluded from & study of 100 casesvof arthritis, the
arthrit1§ being of various types that:—

(1) A lowered glucose tolerence is present in a large proportion:
of cases of arthritis and muscular fibrositis and is specially
marked in the severe infective type.

(2) The degree of intolerance is roughly proportional to the activity
of the arthritic process, using clinical standards to assess the
degree of activity.

(3) The tolerance returns to normal on recovery, the rate of return

to normal being most marked after the infective foci have been

removed.



(4) In cases in which there is a marked glucose intolerance and
no infective focus can be found, the prognosis is bad.

Contrary evidence was however, put forward by Schachle and Copemen
(27) in a study of rheumatoid arthritisj the initial and final curves were
similar even where insulin had been given with symptomatic benefit. Wieland
(28) and Geiger (29) noted hyperglycaemia with a rising temperature and a
subsequent return to normsl as the temperature fell and consequently related
the carbohydrate tolerance to the pyrexia. Williams and Dick (30) in an
exhaustive study carried out experiments to demonstrate the lowering of
carbohydrate tolerance in infections. They noted the most marked decrease
in tolerance in those seriously 1ll and particularly in those with compli-
cations. They concluded that a temporary glycosuria occurred in acute in-
'fections and contag:ous diseases as well as in experimental infections.
41% of acute infections had glycosuria if given sufficient glucose, but they
donot state the amount of glucose. The decrease in tolerance in their
cases could last for weeks or months; the return to normel could be hastened
by supplying insulin. Labbé and Boulin (31) noted glycosuria and a lower—
ing of tolerance in febrile patients mostly pneumonic cases. McLean and
Sullivan (32) found a decreased tolerance in encephelitis. tuberculosis .
meningitis and measles. That the impairment of tolerance may be evanescent
was shown by Kohn and Felshin (33) who in 1930, described a decreased sugar
tolerance within 2 days after a pneumonic crisis and the curve was normal
within another 2 days. Rabinowitch (34) reported on one case in which the
tolerance was lowered and he thought that toxaemia was more importent than

the fever. That there is great variability in response of tolerance to
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" pyogenic infectionswas the view put forward by Root of Boston (35);Picard
(36) noted a fasting hyperglycaemia in patients with carbuncles, furuncles
or abscesses. Nissle (37) found & normal fasting blood sugar in staphy-
lococcal and streptococcal infections and this again demonstrates how vari-
able the response can be. Schwartz, Highmann and Malekin (38) Levin and
Kahn (39) McGlossan and Holdin (40) Davis and Wills (41) reported a fasting
hyperglycaemia in such conditions as acne vulgarils, seborrhoea, psoriasis,
sycosis, eczema, dermatitis, rosaceae and urti?aria. Later studies however
by the following authors did not confirm these findings. Loeb (42) noted
it .only in dermatitis intertriginosa; Muller (43) Stricher (44) and Mat~
sumoto (45) found no increase. Schanberg and Brown (46) were of the
opinion that hyperglycaemia plays only a small part in the production of
cutaneous diseases. Fisher (47) studied 600 cases of skin diseases and
rarely found hyperglycaemia while Tamber (48) could detect no hyperglycaemia
in skin disorders. Mannino (49) and Greenbaum (50) detected no alteration
in carbohydrate tolerance and Rost (51) studying the common cutaneous die-
orders found no pathological curves. However, Ayrs (52) Usher (53)
Norducéi (54) Fugino (55 )+Campbell (56) found hyperglycaemia in skin dis-
orders. To demonstrate what variable results can be obtained Saneford (57)
. found that the fasting blood sugar was less when the lesion was weeping
than in dry lesions. Schmidt, Bastland and Burns (58) studied the effects
of pyogenic infections of the cellular connective tissues on carbohydrate
tolerance and in addition studied a small group of infective systemic

disesases and a number of arthritic and rheumatoid conditions. In the
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pyogenic infections 72% showed raised blcod sugars but very few glycosuria
and they concluded that the glucose renal threshold is raised during in-
fections. A second glucose tolerance curve done immediately on cure of
ths infection showed normal values. They do not state their criteria of
cure.

They noted that an elevated temperature per se does not result in
ralsed blood sugarsand raised blood sugars were also obtained when the tem
perature was normal. 3Bacteriological investigations were not made in all
cases but it was suggested that streptococci produce the greatest effect.
56°3$ of cases of rheumatoid arthritis gave high and prolonged curves.
Generally they thought that in the majority of infections of any kind, there
was & lowering of carbohydrate tolerance or at least in the rate at which
the sugar was removed from the blood stream.

Land and Downie (59) studied 7 patients during infections and in them
glygosuria wes® noted for the first time. They domnot state what investi-
gatiéns had been done previous to infection. Glucose tolerance curves
during infection showed a slight lowering of tolerance but they returned to

‘normal in a few months. The same authors (60) studied a further 7 cases
eg., appendicitis, carbuncle, cholecystitis and found a lowered tolerance
which later showed a marked improvement. They donot state whether in
these cases there was a return to normal, after treatment.

From this review of the literature we see that in such diverse infec—
tions as general septicaemia, skin diseases, cellular tissue: suppuration

and joint diseases, the bulk of the evidence points to a lowering of
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carbohydrate tolerance; this lowering is apparently temporary dut it will
have been noted that the return to normal may take anything from 2 days to
>3 months. We know that the range of normelity is wide and what may be
normel for one person may constitute a lowered tolerance for another. -
Thus to speak of a return to normal may not be strictly accurate since
there is no evidenc§ in the literature that the patients normal tolerance
was known before the onset of infection. /

While the evidence already presented shows that in the majority of
cases infections cause a lowered tolerance, it also shows that in some
there may be no alterationband it may even be raised.

Conditions in which LOWERED CARBOHYDRATE TOLERANCE occurs.

Lawrence (61) sets out a 1ist of conditions in which there appears to
be a diminished carbohydrate tolerance.

(1) Toxic and septic conditions, both acute and chronic. He makes
the point that a raised E.S.R. may point to ;n obscure 1nfection.’

(2) Endocrine Disorders (a) Thyrot oxicosis (b) Hyperpit uitarism

(c¢) Chromaffin suprarensl timours.

(3) 01d age: the blood sugar curve may show a slight hyperglycaemia
and a slow return to normal.

(4) Ovesity: tolerance is often lowered and returns to normal on
adequate reduction of weight.

(5) Previous starvation or carbohydrate restriction - in these cases
ketowuhiéis often present.

(6) Hepatic eg., hepatitis.
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(7) Carcinoma, renal disease and hypertension are spmetimeo associated
| with glycosurla.
(8) Nervous system lesions eg.,’cerebral tumour, cerebral haemorrhage,
skull injuries.

(9) Emotional.

INFECTIONS and CARBOHYDRATE TOLFRANCE in DIABETICS.

Claude Berngrd was probably the first to realise the harmful effect of
infection on é diabetids carbohydrate toleraﬁce. That diabetes mellitus
may be preceded by an infection is well-known. Peters (62) reported
several cases and Patrick (63) has given details of & case following mumps.
Rabinowitch (64) in a statistical study found 9 times as many patients with
gall-bladder disease, mainly inflemmation, had diabetes as had patients in
general. Lichty and Woods (65) noted that diseases of the gall-bladder
and bile ducts may later be complicated by "diabetes". They mention 3
‘cases who recovered from their "diabetes" and gall-bladder disease after op-
eration. None of these authors differentiate between & temporary heigh-
tened blood sugar and true diabetes. Graham (66) and Holcomb (67) reported
the frequency with which bacterial infection is the cause of the onset of
diabetic coma. Joslin (68) noted a history of antecedent infection in
15% of his cases‘of diabetes and Geyelin (69) relates 8 cases in which dia-
betes arose within 8 weeks of an infection. White (70) in a study of 100
A diabetic children found that only 2% did not have a history of an acute in-
fection preceding the onset of diabetes. Barach (71) in a statistical

survey -
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fouﬁd that diebetes was more commonly preceded by chronic tonsillitis,
typhoid and pneumonia, than were other chronic diseases. Bech and‘

_ Pollock (72) stzte that pathological E.N.T. conditions are frequently found
in diabetes but do not compare them with normals. That infections do pre~
cede disbetes was also the opinion of Dunn, Votcher and Woodmark (13) ana
also Foord and Bowen (74) and Warfield (75) who remarked on its occurrence
following acute pancreatitis. In a post-mortem study, Stansfield and
Warren {76) reported 2 cases of lymphocytic infiltration of the islets of
Langerhans. This and the history did suggest an infective origin.

Joslin (77) drew attention to the presence of infection in nearly every
case of coma in the pre—insulin era and he also noted that deaths from in—
fection in disbetics increased from 8°5% in the Naunyn ers to 26-8% in 1928.
Ihfection, not including tuberculosis or syphilis,was the cause of death in
126 of Warrens (78) 300 fatal cases.

That the influence of infections varles in diabetics as it does in
normals, was shown by the work of Lawrence and McCance (79) who described
& patient who required an initial increase in insulin dosage followed by a
decrease, but not back to original level, when sepsis became progressively
worse. Marble, White, and Fernald (80) stzte that in a well controlled |
diebetic, resistance to infection épproximates to the normel, and there i;
no alteretion in insulin requirements, bﬁt that a2 lessened resistance and
consequent increased insulin requirement, cannot be denied in the poorl&
controlled. MeBryde (81) noted the occurrence of relative resistance to

insulin in infections. But that this fect was not only due to infections
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was shown by its occurrence in uncomplicated diabetes, destiuctive pEficreatic
disease, other endocrine disorders, hepatic disease, acidosis, coma, disease
of the skin and cardiac decompensation. Boween and Kutzmenn(82) studied

84 diabetic women; 34 of these had infections of some part of the renal
tract, B. coli predominating. ©Patients often had no symptoms or at least
none that could be differentiated from their disbetic symptoms. They give
no control results and no results after removal of the septic foci. They
stated that insulin requirements did increase in those with infection dut

do not give the control figure.

A comprehensive study of the problem of insulin resistance in infec-
tions in Diabetics was carried out by Greene and Keohen (84). They studied
the problem by:-—

(1) Different types of infection or idiopathic fefer - 28 cases.
(2) Injections of foreign proteins — 14 cases.

(3) Production of fever by the cabinet method — 4 cases.

(4) Repeated histamine — 2 cases.

(5) TRepeated epinephrine — 2 cases.

The urine was rendered sugar free before any of the above were in—
stituted. They pointed out that the insulin requirement in infections was
not entirely uniform or predictable. They found that insulin requirements
did not develop in all cases of infection whether natural or induced, or
after - the administration of histaminé- or epinephrine. The occurrence
of increased insulin requirement was not related to sex, age, height,
duration of fever or apparent toxeemia. For some reason; the insulin re-
sistence appeared to develop more frequently in mild than in severe cases.

13.



Joslin (85) states that acute infections may cause a flare-up in a
diabetic condition with increase in the bdlood and urinary sugar and cause-

" .- a tendency to ketosis. He states that the more pronounced the infec—
tion, the greater is the effect upon the diabetic condition although a
relatively mild infection like the common cold may produce a noticeable
effect. In prolonged or chronic infections, insulin requirements may de-
crease as time goes on. The same author (86) states that infections of the
genito-urinary tract are too frequent in women and exemplify the suscepti-
bility of diabetics to infections, particularly to blood-borne infections
of the piogenic type. He suggests that more attention should be paid to
the presence of leucocytés in the urinary sediment, particularly in women
and each case should be investigated to decide whether any infection is pre-
sent.

From this review of the literature the fact that infections have in so
many cases been incriminated as preceding the onset of diabetes, may lead
one to assume that the infection has had a permanent damaging effect on the
patient's carbohydrate tolerance resulting in a lowering of this tolerance.
One might also assume from the evidence presented here that infections cause
a lowered tolerance and ketosis, since they are so often associated with
comatose states.

As in non-diabetics, the bulk of the evidence points to a lowering of
the carbohydrate tolerance in infections, but in some cases the infection
has no such effect. There does not appear, however, to be any evidence of

an increased tolerance in some cases as there was with the non—diabetics.

14.



ANIMAL EXPERIMENTS on INFECTION and CARBOHYDRATE TOLERANCE.

By injecting bacteria into the pancreatic duct, Charrin and Garnot (87)
produced glycosuria in 3 of 12 dogs. Rosenthal (88) fsund a severe dis-
turbance of carbohydrate tolerance in experiméntal diphtheria intoxication
and Tisdall, Drake and Brown (89) demonstrated the production, in puppies,
of a lowered carbohydrate tolerance when large doses of diphtheria toxin
were injected subcutaneously. That infections do have an effect on
insulin production was shown by Menten and Menning (90) who noted degenera-
tive changes in the islete of Langerhans in rabbits dying of enteridis—
paratyphoid B. infection and by injecting these organisms, the same authors
(91) found & mérked rise in the blood sugar concentration. Confirmatory
work came from Thomas (92) who showed that the same lesions from the same
infections can occur in guinea~pigs. As in humans the variability of re-
sponse in animals to different infections was demonstrated by Jeckwer: and
Goodall who noted a rapid rise in the blood sugar level of rabbits follow-
ing the i<v+ injection of some bacteria and no response with other bacteria.
Barber (93) observed a hyperglycaemia in experimental cholecystitis in
dogs, and Sweeney and Lachey (94) confirmed the production of a lowered
- carbohydrate tolerance in rabbits by the subcutaneous injection of diphtheria
toxin. They noted that as the toxaemia increased, the dextrose tolerance
decreased. They made a further study (95) and suggested that toxaemia
suppresses endogenous insulin. Sweeney, Barshop and Lobello (96) gave
insulin in increasing doses as carbohydrate tolerance decreased. They

studied 2 groups (a) Non-toxic rabbits and (b) Toxic rabtbits, toxicity being

+ Intra-venous.
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produced by diphtheria toxin. All they could conclude from thelir experi-
ments was that toxaemia interfered in some way with the function of insulin,
but not with ite site of action. The same authors (97) in a further study
found that in contrast to the results in non—toxic rabbits the theoretical
dose of insulin necessary to dispose of the increasing quaentities of glucose
was inadequate in the toxic rabbits. Lewrence and Buckley (98) found that
the action of insulin was inhibited by diphtheria toxin in rabbits and at
post-mortem they noted signs of over—activity of the thyrold and supra-
renals. Strauss (99) studied the problem by the use of streptococcal toxic
filtrate 1-v on rabbits. A standard carbohydrate diet weas used, since it
had been shown by Kaguera (100), Greenwold, Gross and Semet (101) and
Sweeney (102) that the carbohydrate tolerance is lowered by & low carbohy-
drate diet. Water was available since lack of water interferes with
carbohydrate tolerance as shown by Tisdall, Drake and Brown (89)‘and Sweeney
(102). The results indicated that the ability to remove glucose from the
blood was impared by toxesemia. They concluded that the carbohydrate tolerence
of rabbits is reduced by streptococcal filtratg and is also feduced by fast—.
ing but it is unaffected by streptococcal filtrate + erysipelas antiserunm.
Rosenthal and Behrendt (103) noted that the addition of pus in vitro
abolished the usual effectiveness of insulin in reducing the blood sugar in
experimental animels, but contrary evidence was provided by Delafield (104)
who injected dead organisms i-v into rabbits. He found that grem + ve
organisms produced no illness and no significant change in the blood sugar.

In 8 out of 12 cases, grem — ve organisms raised the blood suger, however.
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Supporting the bulk of the evidence was the work of Schwenther and
Noel (105) who noted a decrease in carbohydrate tolerance in rabbits follow-
ing diphtheria intoxication., Williams and Dick (30) studied the effect of
experimentally induced infections in animals on blood sugar curves and the
sugar content of 24 hr. specimens of urines. As in their observations on
human infections, they noted'a temporary glycosuria and a raised blood sugar.
Corkill (106) studied the actions of insulin in normal young rabbits and in
similar rabbits at an early stage of poisoning with diphtheria toxin. In the
ndr-toxlc, insulin did cause a deposition of liver glycogen in young fast-
ing animals; it did not produce its effect in toxaemic animals and there was
a consequent increase of the bldod sugar. Fetzer (107) carried out experi-
ments on the relation between carbohydrate tolerance and experimental
staphylococci infections in rabbits. They showed that animals given dex-
trose showed an increased resistance to toxins. Wein (108) showed that the
production of fever by B. coli has a ketogenic action on rats fed on a fat
diet since there is an increased excretionof ketone bodies in the urine
immediately after the cessation of a period of fever. During the fever,
there was an inhibition of the normal rise of liver glycogen. The same
authors (109) showed:- )
(1) Pever induced by the subcutaneous injection of B. coli veccine
lowered glucose tolerance in rabbits and rats. When glucose was
administered orally, the highest point of the blood sugar curve
was higher during fever than when the temperature was normal.

The return to the initial level was also slower. After i-v glucose
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the highest point was again higher, but there was no delay in
the return to the original level.

(2) The normal effect of insulin in producing a deposition of liver
glycogen in young rabbits was suppressed during fever.

Wein (110) carried out further experiments on eviscerated cats by in—
Jecting B. coli. When glucose was given i-v the effect of insulin in re-
ducing the blood sugar was less in an animal in which fever had been pro-
duced and the deposition of muscle glycogen was prevented. Thus the in-
hibition of insulin action during fever was not restricted to glycogen liver
function but was also related to muscle carvohydrate metabolism.

From the evidence presented it will be seen that as much work has been
done on the subject of infections and carbohydrate tolerance in animals as
in humans and with the same variable results. Thus, infections may cause a
lowering of tolerance, mey ralse, it, or tolerance may remain unaltered, but
the bulk of the evidence is in favour of a lowering of tolerance.
ERYTHROCYTE SEDIMENTATION.

Historical. The first practical application of the sedimentation

phenomena as an index of disease was by Fehraeus (133) in 1921. He establi-
shed the range of normals and the variations found in disease. Davig (134)
has outlined the various methods that are used. These are:-

(13 Cutler method.

(2) Rourke - Ernsterne. Both of these require readings at frequent
intervals and are generally too time consuming.

(3) Wintrobe — The main advantage of this method is that other blood

estimations can be made on the same sample of blood. The ansemia

correction factor has to be employed in this method.
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(4) Westergren: Davis himself thinks this is the method of choice.

(5)

He states:—

(ag A single reading at the end of 1 hour is satisfactory.

(b) It is less sensitive than the Wintrobe method to minor
influences. _

(e) Experiments have demonstrated & reduced susceptidbility to
anesemia and it is not worth correcting for anaemia of mild
degree.

(d) The operation is simple.

Lenzenheimers: In this the time required for a fall of a given
extent is estimated.

In all methods, all authors stress the importance of standardisatim

of technique. Banuch,Grigg and Guernsey (135) state that:-

(1)

(2)

A single reading at the end of 1 hour is satisfactory, provided the

tube used is long enough and therefore né undue packing of the cells
is obtained. They consider a Westergren. tube to be satisfactory.

Sodium citrate, heparin, potassium oxalate or Ammonium oxalate +

potassium oxalate are all satisfactory anti-coagulants.

(3) Routine correction for anaemia tends to over-correction.

McFarlane and O'Erien (136) state that potassium oxalate should not be

used as it causes shrinking and crenation of the red cells by increasing the

osmotic pressure of the plasma and thus inter feres with rouleazux formation

Sodium citrate solution introduces the dilution factor which is more marked

in anaemia because of ratio of eryth rocytes to plasma volume.

Davis (134) holds that the correction for anaemia factor has by no .

means gained general acceptance. The following objections to its use have

been raised:-
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(1) A1 methods of cdrrection are based on manipulgtions of ratio of
cells to plasme and this may interf§re with the underlying mech-
anism of sedimentation.

(2) The construction of correction charts is not straightforward, and
a chart is strictly valid only for & blood sesmple having the same
sedimentation rate and the same initial red cell concentration as
that used in the construction of the chart.

(3) Most of the data has been obtained from artificial ansemias and
therefore may not be applicable to clinical conditions.

From the evidence of the literature it appears that the most satisfactory
method both from the point of view of resulﬁs and from ease of carrying out,
is the Westergren method and no correction for anaemia 1s necessary.

Sodium citrate appears to be as satisfactory an anti-coagulent as any, and
the amount by which the sample is diluted remains constant so that comparable
results are obtainable. |

Cutler (137) agrees that the E.S.R. test is nonspecific and serves
2 main purposes, these being as & diagnostic lead and as a measure of in—-
tensity of disease.

In all cases in which there was an increased E.S.R. a destructive lesion
was noted after full investigations. An increased E.S.R. was found only
in destructive disease or in pregnancy. He also agreed that the E.S.R. is
& more sensitive index then the‘T P R charts or blood counts and changes in
theE.S.R. parallel the severity of the disease. The test hes certain

limitations, however, 'and these are:-
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(1) It is not specific.

(2) A normel rate is not conclusive evidence that there is no disease.
process. He found a normal rate in only 5 of 5,000 cases in which

there was clinical evidence of disease.

(3) There is an abnormal rate in pregnancy after the 3rd month.

Nichol (138) states that the preponderance of evidence indicates a
direct correlation between the concentration of fibrinogen in the plasma
and the E.S.R. Serum globulin also seems to have & definite relationship
and.an increased plasma cholesterol may cause an increased E.S.R. Whitby
and Britton (139) think that increases in plasma albumen, lecithin and
nucleoprotein retard the E.S.R. |

Nichol (138) gives the normel E.S.R. as 0-15 mm. in 1 hour in males
and 0 - 20 in females. Davis (134) gives the following Westergren figures:
3-5 mm. in 1 hour in males and 4-7 in femsales. Moon and Reimenn (135)
found that there may not be a return to normal rates until 1 — 2 months
after the acute phase of pneumonia. Therefore an increased rate may be of
no significance if there has been acute infection recently. Nichol (138)
studied the clinical significance of the E.S.R. and gave a resumé of the
literature. He states that Wintrobe (140) used the test routinely as a
diagnostic aid in the clinic at JohnsHopkins Hospital. He noted that in-
creased destruction of tissues caused an increased E.S.R. The test was
algso used routinely by Agnor (141) at the Joseph H. Platt Hospital.

Whitby and Britton (139) state that the E.S.R. is increased in all
condifions where there is tissue breakdown or when foreign proteins enter
the blood stream except for localised infections of minor grade such as
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chronic sinusitis and apical dental infection. The rate is‘therefore in-
creased in most infections and toxasemias, after injections of vaceine and
other foreign proteins, after operations, fractures, irradiation and in
cancer. Polycythaemia and congestive heart failure by reason of an in-
crease of plasma proteins slow up the rate. They found that fever, physi-

cally induced, does not affect the rate.

DIABETES MELLITUS.

Davis (134) makes the statement that the effects of diabetes on the
E.S.R. are too veriable to be of much clinical assistance. He gives no
faéts or figures in support of this statement.

Kremer (142) studied the E.S.R. in diabetes. He studied it becawme
there is a prevalence of low grade infections in diabetes mellitus aﬁd to
note whether diabetes per se had any effect on the E.S.R. He made 510
tests on 366 patients. One blood suger reading was taken at the same time
as the E.S.R. He questioned whether the commonly accepted focal infections,
employing the E.S.R. as guide, had any effect on the diabetic individual.
He concluded that the duration of diabetes had no effect on the E.S.R. nor
bad the level of blood sugar. As he found so many abnormal rates, he con
cluded that infection must be the cause. ' He had difficulty in isolating
the offending organism because of the combination of infections in many
cases. The following septic foci were studied:—

Teeth: Vast majority with bad teeth had a raised E.S.R.
Tonsils: 66% had a raised E.S.R.

Sinuses: 73°4% had a raised E.S.R.
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Chest: 19% had a raised E.S.R.

Gall-bladder: Vast majority had a raised E.S.R.
Renal tract: 50% had a raised E.S.R.

Joints: 84% had a raised E.S.R.

He did not correlate the E.S.R. with glucose tolerance and did not go
into the question as to whether treatment of these infections had any effect
on the sugar tolerance or the E.S.R. He quoted the work of Wesschink (143)
Remer (144) and Goedel and Hubert (145) as being in aupporf of the fact that
blood sugar per se had no effect on the E.S.R.

Trom the evidence, it is obvious that the most cormmon cause of a raised
E.S.R. is infection, and this infection may be of any system; dut in addi-
tion to the points already mentioned, a raised E.S.R., may be found in such
brain conditions as malignant glioma, metastatic tumours, tuberculoma, brain
abscess and subdural haematomata. It also may occur in any type of mali-
gnancy, large peptic ulcers, myocardial infarction, certain types of angina
and nephritis. It should be remembered tlt those disecases which cause a
lowering of the E.S5.R. may mask a slight elevation of the rate.

The E.S.R. is a valuable simple estimation provided its limitations are

recognised.

3. _PROCEDURE of INVESTIGATION.

This will be described in groups corresponding to those outlined in

Section 1. (Introduction)

In Group (1) These were diabetics who first ceme under observation as in —
or out-patients. Full clinicel examination was carried out and the follow-

ing foci were subjected to more detailed exsminetion for any evidence of
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sepsis. These foci were sinuses, teeth, throat, chest, urine and blood.
In many cases & source of sepsis had already been elicited from the history
and clinical examination. Emphasis during examination was always directed
to finding any septic foci, but even in those cases where & focus was evident,
further examination was carried out to demonstrate any hidden source.
Cervical, urethral and prostatic smears were only performed if the history
was sugegestive of any such infection.

The following were the methods adopted.
SINUSES: Eadi;ological examination and smears from any evident discharge.
In any case of doubt the patient was referred to an E.N.T. surgeon for hie
‘opinion.
TEETH: Radiological examination. Edentulous patients were included to ex-
clude any retained roots with attendant infection. If teeth were unhealthy,
clinically or radiologically, the patient was referred to a dental surgeon
for his opinion. To obtain the ’causal organism, the pulp of the tooth,
after extraction, was swabbed. There was great danger of contamination in
this procedure.
THROAT: A throat swab was teken. A direct film was stained by Léishmans
method to demonstrate any Vincent's organism and a culture was grown on
blood agar and Loeffler's serum. The finding of non-haemolytic streptococei
M. catarrhalis and stephylococci was not considered pathogenic, unless their
numbers were greatly in excess of normal.
CHEST: BRadiological examination. In cases of doubt, a laryngeal swab was
taken and cultured on L.JY medium.
SPUTUM: A direct film was stained by Gram's method and cultured on blood
:agar and L..J., medium.

+Lowenstein—Jensen. 24.



URINE: A catheter specimen was obtained from females and a mid-stream

specimen from males. Urine in the bladder is sterile in health and very
few bacteria exist in the urethra (146) Thus no ‘contamination ghould occur.
Midro examination was performed and culture carried out on bdlood agar and
McConkey's medium.

BLOOD: The packed cell volume (P.C.V.) and buffy layer (B.L.) were esti-
mated from the same source of blood using Wintrobe's method as described by
Whitby and Britton (147). The specific gravity of the blood before spin-
ning and of the plasma, after spinning were estimated by Van Slyke's method
as described by Dykes (147) Then, using the attached chart Fig. 1. in the
way described on the chart, the haemoglobin (gm./100 ce) haematocrit and
plasma proteins were calculated. The buffy layer as an ‘index of the
leucocyte count has proved remarkably accurate, particularly within the range
up’ to 20,000 W.B.Cs per c.mm. It gives slightly low readings above 20,000.

A differential count was done from the blood before spinning.
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Blood Wesserman and Kahn reactions: Both W.R. and Kahn reactions were

carried out using standard technique (146) If a positive result was ob—
tained and in all cases where the result did not seem to accord with the
clinical findings, the test was repeated.

BLOOD CULTURE: A general and streptococcal viridans culture were carried

out on all cases. The limitation of the test was that it was only carried
out on one occasion when repeat examinations mey have grown an organiem in
some cases where the result is recorded as negative.

E.S.R: The Westergren method using standard technique as outlined by Whitby
and Britton (148) was used. Blood was withdrawn at the same time of day,
viz., between 10 and 11 a.m. in all cases. The tubes were set up in stands
which were kept in the same room and in which the temperature was within the
range 65~75°F. During a warm spell of weather, the temperature was higher
then in the range and this resulted in an increased E.S.R. These results
had to be discarded. Care had to be taken that all tubes were perfectly
clean.

The E.S.R. was carried out when the patient first came under observation,
then at weekly intervals during the period of infection and at 3 months and |
in some cases 6 months after the period of infection. The point at which
the E.S.R. returned to normal was regarded as the point at which the infec-
tion was cured, provided there was no evidence of the septic focus dy other
means of investigation.

The above measures were carried out routinely on all this group, and

the following foci of sepsis were discovered in some cases in addition to

those mentioned.
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SKIN LESIONS: Staphylococci and diphtheroid bacilli are almost universally

found on the humen skin and the ssme bacteria are usually present in the ex-
ternal ear. In teking swabs from skin lesions, aural discharges etc.,
every effort was made to get a pure growth from the lesion and avoild contami-
nation.

Direct films were stained by Gram's method and cultures made on blood
agar and Loeffler's serum if this seemed advisable.

PROSTATIC and URE THRAL LESIONS: Contamination was avoided and direct films

were stained by Gram's method and cultures carried out on blood -ager.
OERVICAL SWABS: A swab was taken from the cervix or from the area from
which the ‘discharge arose, if this could be seen. No smears were taken from
the vagina because of the difficulty in interpretation. Examination was dy
the same methods as those used 15 prostratic smears.

The radiological examinations were reported on by a radiocloglst and‘ the

bacteriological exeminations by a bacteriologist.

PERIOD of OBSERVATION: »After a septic focus had been discovered, the patient
was put on a diet which was thought to be adequate for 'his  every-day needs.
The Lawrence line system of diets was used and these were prescribed in a
form which would also be appropriate for any other medicalv condition which
bed been found. The patient was kept on the same diet throughout the period
of obseﬂ;tion. After a preliminary two weeks of diet, the septic focus was
confirmed and bdlood sugars as noted in the following paregraph were

carried out.

The limitations attached to diet were concerned with observation of it.
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