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1 HB A'IALMI1 v OF CHRONIC I NFEC'l' l03S. 

I. I NT ODUGTION. 

The changes occurring in the red blood 

cells in infective illnesses are amongst the 

least carefully studied problems of haema tology. 

In spite of the fact that these anaemias are 

extremely common, it is diff icult to find adequate 

literature to make possibl even a clear descri p­

tion of the blood picture under these circums tuncee. 

Part of the difficulty ia due to the fact 

that anaemias in infections are grouped toge ther 

1th other anaemias under the vague heading 

"secondary anaemia", in which ma ny mechan isms are 

undoubtedly act ive. 

Another major source of confusion is t n e 

fact that in many of the cases in which "secondary 

an~eL ia" occurs, complicatin& factors such as 

haemo~rh~ge ·nd liver disease are not adequately 

dealt Jith. 

Furthermore, very few authors have set out 

to define the characters of the red cells and 

the anaemias in infections a lone, but have usua lly 

included such cases under the heading "miscellaneous 

Qna mi~s" in studies devoted to other problems. 
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Three main mecha ni sms operate in t ne ro­

duction of anaemi a s (~itts , 193' ; Vau han, 1934) . 

These are dysha.emopoiesis, ha emolysis ...t.nd 11, ... emorr­

ha.ge. All three mechanisms undoub tedly contribute 

to the resulting anaemias in infections. Ma ny 

infective illnesses a.re a.s s ociu. ted with haemorrhage, 

either lar&e, or sma ll a nd repeated. Haemolysia 

may a lso occur in infections. Treatment g iven 

for the infection may a lso influence the olood 

picture. 

In the present thesis a careful ' ttempt has 

been made to elimina te a ll such f a ctors a nd to 

study the influence of t he infect ion per se on the 

blood and blood-formin~ ti ssues. 

Thie has been done by studyini ca ses in Nh ich 

a ll factors other than the infection its elf, h ich 

are known to a ffect the red b lood cells, could 

be elimina ted by careful clinic&. ! and l a bori tory 

study of the cases. This progr amme unf or tun· te ly 

curtailed the number of ca ses suitable for study , 

but it was considered that accurdte s t ud i es on 

those ca ses selected in this manner v.ould contri bute 

va luable information about the roblem under con ­

sideration • 

.Most textbooks of haemat olo y clu s..J ify the 

a naemias of infections under the "t oxic 
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dyshaemopoietic 11 6roup . The red blood cells 

a re described as normo cytic or microcytio, and 

in eith er ca se the blood picture may be normo­

chromic or hypochromic. 

·.1 introbe ( 1930) in ea rly stud ies with the 

accurate apparatus designed by him, states that 

simple microcytic anaemias occur in chronic 

infections a nd intoxic· tions such a s bronchiec­

tasis, lun, abscess, unresolved pneumonia, typhoid, 

c,rdio-vas cular-rena l d isease and carcinoma without 

blood loss. 

Bri t ton (1936) agrees with these findings. 

He f ound that in chronic colitis, chronic chole­

cystitis, chrunic cystitis, toxic neuri t is, s ub­

acute rheumatism a nd rheumatoid arthritis {l ca se 

each) the a naemia was microcytic and normochrom1c 

in type. One case of ca rcinoma of the stomach 

showed a. microcytic hypochr omic naemia. 

Cassells (1938) in his miscellaneous roup, 

however, f ound a somewhat different picture. 

C lculating maor ocytes as those cells with a 

diameter greater than 7.25 mu. and miorooytes ae 

cells sma ller than ?.25 mu. in di ameter, he found 

thut 1 case of rheuma tic carditis, 1 case of 

pl a stic anaemia, 2 cases of maligna nt disease 

a nd 1 case of hydat id disease showed macrocytoais 

of 55 - 91%. In 1 oas e of rheumat ic carditie the 

cells were normal in size. 
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In searchin~ throu~h lists of blood counts 

in infective conditions, ana mi a s 1th a hi rh 

colour index are encountered not infrequently, 

e • • 1.07, 1.12 and 1.21 in ca ses of lobar pneut onia, 

1.33 in a case of bDonchopneumonia, 1.13, 1.21, 

1.23 and 1.33 in c~ses of otitis media and 1. 08 

in a oase of congenital syphilis (Ku elL~ss a nd 

La mpe, 1932), 1.1 in case of rheu[l].d.tic ca rdi t is 

(Ka to, 1940). Un ley (1943) a lso conf irms t he 

occurrence of macrocytosis in the a n~emi a ass ociuted 

with infection. 

The confusion in the type of case studied 

a s discussed above and in the results obta ined is 

apparent. 

Equal difficulty attends the sea rch of the 

11 terature on the mech""'nism of production of these 

naemiaa. Only a few studies have been devoted 

to thia problem. The most quoted paper is thut 

of Douglas and Tannebaum (1930). They divided 

their anaemias accordini to the icter ic index and 

the reticulocyte counts, the former beinT taken as 

a n index of blood destruc t ion ~nd the 11:.. tter as 

evidence of blood regenerat ion. They fuund in a 

heterogeneous collection of "seconda.ry" u.n...t.e , i as 

that the icteric index was low . nd the reti uloeyt s 

als o were low. From this they conclude d t ~t 

seconda ry anaemia ia the result of dimini s hed 
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production of blood by the bone marrow. 

Kugelm.ass and Lampe (1932), basing their 

conclusions also on a study of the icteric index 

and reticulocytes, say that infection depresses 

the rate of regeneration of haemoglobin and red 

blood cells, and quote earlier work in which it 

was shown that infections interfere with the 

activity of the intestinal mucous membrane which 

normally detoxifies or fails to absorb substances 

injurious to the bone marrow (Dragstedt, l924J 

Koessler and Hanke, 1924; Cannon, 1928). 

Robscheit-Robbins and Whipple (1936) in a 

study on haemoglobin regeneration in dogs rendered 

anaemic by bleeding, found that infection induced 

in the pleura inhibited the formation of new 

haemoglobin. Relief of the condition in the pleura 

restored haemoglobin production to normal. 

Vaughan and Saifi (1939) deny that there is 

depression of the bone marrow in anaemias due to 

infections, and state also that there is no evidence 

of excessive haemolysis in these oases, as shown 

by the normal urobilinogen excretion in the stools. 

They also found very little evidence of blood 

regeneration, but on the basis of the finding of 

excess coproporphyrins I and III in the stools 

conclude that the anaemias of chronic infections 

are the result of defective haemoglobin synthesis. 
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A few other studies of the anaemias of chronic 

infections contain relevant information. 

The fragility of the red blood cells in hypo­

tonio saline was measured by De.land and Worthley 

(1934) and Cassella (1938) in groups of "secondary" 

anaemias , and odd cases have been reported in other 

papers, e.g. Kato (1940). There seems to be 

agreement that the fragility is normal or decreased 

in "secondary" anaemias. 

The bone marrow waa studied by sternal puncture 

in 5 cases of "secondary• anaemia by Young and 

Osgood (1935). The oaaea were as follows:- leach 

of congenital syphilis, tertiary syphilis, Still's 

disease, acute nephritis and chronic nephritis. In 

the congenital syphilis and chronic nephritis 

marrows there was excessive erythropoietic activity 

of normoblastic type and in the remaining three 

erythropoiesis was normal in degree and type. 

Vaughan and Saifi (1939) refer to unpublished 

studies of their own in which they found at autopsy 

that the marrow was hyperplastic rather than aplastio 

in chronic infections. These findings are against 

the conclusion of bone marrow depression discussed 

above and more in keeping with the views of 

Robscheit-Robbins and hipple (1936) and Vaughan 

Saifi (1939). 

Gross, Sandberg and Holly (1943) estimated 

the iron and copper content of various organe 
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including the liver, epleen and stomach in 

chronic diseases accompanied by secondary 

anaemia. They found that the iron and copper 

content is never low, usually it is normal and 

frequently it is in excess of normal. This find­

ing is in accord with that of Robacheit-Robbine 

and Whipple (1936) in the experiment quoted above. 

They found that iron was absorbed normally during 

the inhibition of haemoglobin formation by the 

infection in the pleura. 

Stiles, Stiles and Kolb (1942) using the 

bromeulphalein excretion test demonstrated 

diminished liver function in caaee of low grade 

chronic ill-health. This depression of liver 

function in infective illnesses has also been 

noted by me (Berk, 1943), and by many other 

authors. 

Increased urobilin excretion in the urine 

has been detected in cases of lobar pneumonia 

(Curphey and Solomon, 1938) and in pneumonia 

and puerperal sepsis (various authors quoted by 

Vaughan and Sa.if!, 1939). Thia also has been 

interpre.ted as evidence or defective 11 ver function 

in these oases. 

The information collected from the literature 

on the cha.ra.ctere and mechanism of the changes 

in the red blood cells is obviously inadequate and 

difficult to correlate . The work reported in this 
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thesis was undertti.ken to study the anaemias of 

infections more completely and to attempt to 

reach a satisfactory explanation of the changes 

observed. 



MATERIALS AND METHODS. 

' 
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ll• MATERIALS AND 

l. The Ca.sea Studied. 

THODS. 

Great care was exercised in the selection 

of oaeea for study in order to exclude all 

factors that might have interfered with the 

blood picture. In the cases finally studied, 

the anaemia was attributed solely to the infec• 

tive process present. 

The following sources of confusion were 

avoided as far as posa1ble:-

l) All oases showing obvious deficiencies 

of haematinic factors were excluded. Thus no 

case where deficiency of Castle's factor may have 

occurred was included. Cases showing evidences 

of iron deficiency, such as glossitis and koilonychia, 

were not included. No cases with signs or symptoms 

suggestive of myxoedema or vitamin deficiency 

form part of this study. 

2) Idiopathic aplastic o.naemias or "refrac• 

tory anaemias" (Bomford and Rhoads, 1941; 

Davidson, Davis and Innes, 1943) were not included. 

Leukoerythroblaetic anaemias and aplenic anaemias, 

where different mechanisms probably exist, were 

also avoided. 

3) No haemolytic anuemias are included, 
-

although it is recognised that certain infective 

conditions may give rise to a haemolytic process. 
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4) All anaemias due to blood loa~, whether 

acute or chronic were exc l uded. 

5) Toxic anaemias followini irradiation with 

radio-active substances were not inoluded. 

The cases remaining after this selection 

are those referred to by introbe (1942) as 

•simple chronic anaemiasd. Further exclusions 

had to be made as followss-

a) Cases ahowin& obvious hepatic aisease, 

such as hepatitis, cirrhosis or IDl:4li&nant deposits, 

or cases with jaundice were not included in the 

infective group, because of the ill-understood 

relationship between liver diaeaee and ;..naem1a. 

b) Caeea with gaetro•intestinal pathology 

were excluded because or the many complicating 

factors introduced by such disease. 

c) Cases showing cardiac f~ilure and cases. 

of oedema due to whatever cause were excluded 

as well, except for subacute bacterial endocar• 

d1tie. 

d) Any case of toxic anaemia in which blood 

loss may have been a factor in causing the 

anaemia was excluded, e.g. ulcerative oolit1s, 

e) N'o caeee of anaemia due to nephritis 

were investigated, and furthermore all oases 

showin& clinical evidence ot nephritis, either 
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in lack of ooncentratin& power of the kidneys, 

albuminuria out of keepin& with the pyrexia, 

or casts in the urine, were excluded, again 

excepting subaoute bacterial endocarditis. 

f) No cases in which recent operation had 

been performed were included. 

g) No cases were studied in which drugs 

which might have affected the blood picture had 

been used, e.g~ the sulphonamide group of drugs. 

h) The youngest patient was a,aed 11. 

As far as possible a check on these poeai­

bil1tiea of error was made in those cases t:tiat 

came to autopsy. 

In spite of this very careful selection 

of cases, it was impossible to know the patient's 

blood. status Defore the onset of the illness 

causina the anaemia, so that this possible source 

of error has not been excluded satisfactorily. 

The ca.sea finally numbered 25, made up as 

followss-

Tuberculosis 13 cases. 

Pleurisy 5 cases 

Glands 2 cases 

Generalised 1 oase 

Glands+ Pleurisy l case 

Spine, lungs and larynx l case 

Spine with lumbar abscess 1 case 



Empyema + Lun11 

Pulmonary alone 

-12-

l caee 

l case 

Subacute Bacterial Endooarditia 

Rheumatoid arthritis 

Pneumonia 

Empyema 

Subphrenio abscess 

Empyema with Broncho-pleura.l 
fistula 

Lune abscess 

Chronic oeteitia 

Chronic eczema 

TOTAL 

3 cases. 

2 casea. 

l case. 

l oaae. 

l case. 

l case. 

l case. 

1 case. 

l case. 

25 cases. 

These cases constitute the central theme 

of this thesis. 3 cases came to autopsy. 

The relative smallness of the number of 

cases studied is attributed largely to the rigid 

care exercised in selectinc the cases. 

Other ca.sea are included in this thesis 

for special reasons which ~re indicated in the 

text. A numbered list of all the oases studied, 

together with the diagnoses is included at the 

end of the thesis in order to facilitate reference. 

The case numbers are adhered to throughout. 
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2. The Bethods of Investigation. 

The followina investigations were carried 

out in the ca aee studied. The numbers in bra ckets 

indica te the number of cases in hich ea ch inveeU.­

gation waa performed. 

l) Haemoglob in eetinution (25). 

2) Red cell count (25). 

3) White cell count (18). 

4) Differential white oell count (18). 

6) Reticulocyte count (18). 

6) Taraet cell count (17). 

7) Price-Jones curve (23). 

8) Haema.tocrit (25). 

9) Pla telet count (16). 

10) Hypotonic sa line fragility test (15). 

11) R1ppur1c acid excretion test (15). 

12) v.d. Bergh rea ction (18). 

13) Plasma bilirubin estimation (18). 

14) Urine urob ilin (qua lita tive) (l?}. 

15) Fractiona l tee.t mea l ( 12). 

16} Bone marrow studies (15). 

The methods used are deecribed in deta il 

below • 

.!l Haemoglobin Estimation. 

This was performed with a Dare baemoglobino• 

meter. Ne standardised instruments were avail-

able and the Dare was the beet of those that 



could be used. The probable accuracy of the 

instrument is referred to later. 

fil. Red Cell Count. 

Two dilutions were made from heparinieed 

venous blood in each instance. Eatimatione were 

repeated if the results obtained differed by 

" 
more than 200,000 celle per cu. mm •• A Turk 

countina on.amber waa used in almost the entire 

inveet1gat1on. 

~ hite Cell Count. 

This 11.e also performed on heparinised 

venous blood, A sin&le dilution was iw.de and 

counted in both chambers of the slide • 

.!l. Differential White Cell Count. 

Differential counte were performed on 

Leishman-stained films • 

.§1 Reticulooyte Count. 

The retioulocytea were stained. 1th brilliant 

cresyl blue 1n the followin& way. A drop of 

1% aqueous solution of brilli~nt creayl blue was 

placed on a elide. To this was added a smaller 

drop ot blood, about half the size of the drop 

of stain. The two drops were mixed toiether 

thoroughly with another elide and a smear was 

made of the mixture. Thia was a llowed to dry 
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in air and B then count rst i ned with 

Lei hma 'sat in. The slides w re .gain allo ed. 

to dryin ir. The numbe,r or reticulocytee per 

1,000 red blood eell.8 was counted d the result 

expre sed a percenta e. 

!) Target Cell Count. 

The AWllber of target oella aeen per 1,000 

rd oelle waa counted on either a Leiahman- or 

oain- tained ••ar. The count waa expressed 

as a percentage. Counts were de on portions 

ot th -11de where the cell.a were epread thinly, 

as recommended by Barrett (1938). Three main 

type• r target eels are seen (Barrett, l9aa). 

_. Celle with a centr l area of h emoglobin. 

Jl• Cells where the central di c or haemoglobin is 

continuous tone oint with the peripheral etaine4 

area or the red cell. 

c. Cella in wb1ch the cent l st inecl rea takes -
th form or a band ext nding from one 1de or the 

peri:ph ral etatne4 area to the other. 

Other typ a 0£ t rget cells were a-ea and 

are described later. 

!) Price-Jonee Curvea. 

Thin f'ilme of ill ry blood were used f'or 

th ur nt or the red c ll. di a.met era. Theae 

were sta ined by on ot two thod. 
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.!• In the earlier cases the method recommend• 

ed by Pr-ice-Jones (1933) was used. Thia oon• 

site of stainini the smear with Leishman' stain 

and then counteretaining with a 1% solution of 

eosin. 

~· It was found later in the investiiation 

that the Leishma.n's stain failed to fix the 

smear satisfactorily, since the counterstainini 

washed the smear off the slide. Thie was 

attributed to the poor quality of the Leishman's 

etain, replacements of which could not be 

obtained owin1 to wartime supply difficulties. 

After numerous trials of various methods, the 

most satisfactory was found to be stainin& a 

fresh film of blood with a 1% solution of eosin 

in methyl a lcohol for 3 ... 5 minutes and washin& 

with tap water. This method embodies the prin• 

ciplea of the Price-Jones method in a single 

rapid operation. 

A microscope W'48 arranied with the tube 

lyin& horizontally. and the light from an 

ordinary 150 watt lamp was projected into the 

mioresoope through a system of condensers. A 

prism placed over the eyepiece of the microscope 

reflected the image of the film on to a lass 

ela.b. The whole instrument was enclosed in a 

wooden box painted black , throU&h one end of 
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Which the microscope tube passed. The 

floor of the box was prolonied on that end 

to hold. the glass slab. Doors were arran&ed 

in the sides of the box to allow operation of 

the movin& sta&e, for focussing a nd for adjust• 

ins; the lamp. 

The magnification of the machine was 

adjusted by projecting a slide ruled in O.Ol mm. 

divisions on to a paper scale. The paper scale 

was prepared from the ea.me transparent ruler as 
" was used for measurin1 the cells. The tube of 

the microscope was adjusted so that the 0.01 mm. 

divisions corresponded to l cm. on the paper 

scale. The magnification wa.s therefore l,000 

timea and l millimetre was equivalent to l mu. , 

The film was then projected on to paper and 

the cells were traced. These were measured in 

two diameters with the transparent ruler mentiened 

above. The diameters were measured to the 

nearest 0.5 mm. ( o.5 mu) and the mean of the 

longest and shortest dia.metere was expressed 

to the nearest 0.25 mm. ( 0.25 mu). 500 cells 

were traoed and measured in each case and the 

results were subjected to a statistical analysis 

as described by Whitby and Britton (1937). 

8) Haema.toor!t. -
The packed red cell T@lume (VPC) wae 
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measurett by the inethod of· introoe (1929) 

using W1ntrobe tubea. Duplicate measurements 

were made and read to the nearest 0.5 mz1h ( 11"') . 

9) Platelet Count. -
Thia was performed aooordina to the method 

ot Dameahek (1932). It was found tna.t it wae 

satisfactory to use new slidee and coverel1pe 

cleaned with xylol. The f1n1er ia cleaned 

with ether and allowed to dry. A puncture ie 

made and the firet drop o~ blood wiped otr. A 

drop of the speciul fluid conta.1nina brilliant 

oreeyl blue ae eta.in, sodium citrate as anti• 

ooaaulant and glucose to make up the tonieity 

1& placed over the puncture nd the ringer 

squeezed aently eo that blood ent ra the drop 

of stain. The proportion ot blood to stain 

1a approximately 1:5. A portion of the 

mixture ia picked up on a coveralip. Thorough 

mixing of the blood. and et~in is acoompunied 

by aentle t1lt1nc of the coveralip, which 1a 

than pl•Ced on the slide. About 45 minutes 

are allowed to elapse before the count ie 

pert ormed. The number of platelets seen in 

counting 1,000 red. ·cello is recorded. The 

number of platelets per cu. mm. ia calculated 

by mult1plyin1 thia number 'by the red cell 

count in thoueunde, e.g. 100 platel ta seen in 



counting 1.000 red cells. Red cell count 

3,000,000 per cu. mm.. Platelet count 

150 X 3,000 =450,000. The normal figures 

obtained. by this method are 40 0,000 -

900,000 (Dameshek, 1932). 

]£) Bypotonio Sa.line Fragility Teets. 

Because of the larce number of investi­

gations undertaken on ma.ny of the cases it was 

not possible to perform a full quantitative 

rracility test. A r a pid qualitative teat was 

devised in order to overcome this difficulty. 

A SIW?LE QUALITATIVE TEST FOR ERYTHROCYTE 
FRAGILITY. 

Dacie and Vaughan (1938) in the paper 

describing their fra&ility test state that 

"the shape of the curve or span of resistance •• 

•••• ie without great practical signifiCcl.noe". 

Aleo, they sa.y that "it is not in practice 

very useful". The figure that is important is 

the u.o.F. (median corpuscular fragility, the 

peroentace of saline that causes 50% haemolysis). 

Normal M.c.F. liea between 0.334 and 0.398% 

IaCl. 

Fragility is 1noreaeed when the x.c.F. ex• 

ceeda 0.398 and ia decreased when the Y.C . F. is 

li.ese than 0.334. 
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It appears that in oat ingtances it ie 

eufficiant to know ~· ether the fragility liea 

within normal limits, or hether it is increased 

or decreased. The degree to which it ia inereaaed 

or decreased. does not seem to be of gr t sign1ti-

ca.nee. 

The felloirlng modification of the ethod 

or Dacie and Vaughan (1938) baa therefore been 

deTised in order to tell ether t e .e.g. i 

normal, increased or decreased. 

The blood ia prepared in the following 

way. About io cc. ot blood are wiibdraYm froa 

a Tein and placed in elelltl tube containing 

suffi.oient heparin to preTent clottin • Thie 

snmple ot blood is oxyg nated by placing it 1n 

a cylindrical glass separating funn lot about 

100 cc. capacity. Thie 1 rotat d. horizontal.l:, 

without a atopper, so that the blo~d preada out 

1n a thin fila on the sides of the ~unnel. Thia 

rotation ia continued for 5 Jtlinu.tea and.. O:Q"gen• 

a.te1 the blood to a &tandarcl degree of a turation. 

i.e. the Olf:Tgen tenai on 1a br·ought into equil1t,.r1wa 

with that ot the atmo•phere. A portion at 

the sample 1• uaed to fill lntrobe hae tocr1t 

tubea which are then centrttugecl at. 3.ooo 

revolution• per minute tor 30 minutee. A\ the 

end of this time the reading 1• made ot the 
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peroenta ge o! packed red cells. 

ti cc. of the oxygenated hepa rinised venoue 

b lood are pla ced in a oentrifuge tube and centri­

f uged lightly for a few minutes and a volume 

of pla sma ie removed so that it an haematocrit 

ere performed on the remaining blood the read­

ing ould be normal. i.e. correction is ma.de for 

ana emia . The amount of plasma to be removed 

from 5 cc. of blood is 5 - 0.11 x VPC%. This 

corrects the packed cell volume to 45.45%. 

This figure is .a suitable one for a normal 

readin • and at th~ s ame time keeps the cal­

cula tion of the amount of plaema to be removed 

reasonably simple. 

The solutions are prepared as followsc-

A stock solution ia aade up conta inina 20% ~pure 

dessicated NaCl. For the teat 6 co. (contain­

ing l gram of NaCl) is added to 95 cc. triple 

distilled water. This g ives a 1% solution. 

Two dilutions are prepared from this, one a 

0.334% and the other a 0.398% solution. Thia 

is done by t aking 33.4 cc. of the 1% solut ion 

a nd addinc 66.6 cc. of distilled water. Thia 

eives a 0.334i solution. The second dilution 

11 ma.de up or 39.8 cc. of 1% NaCl and 60.2 cc. 

of distilled water. These a re the stock 

solutions for the teat. 
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Tbe teat is performed as followsz- Using 

the same pipette 1 cc. of ea.ch dilution is placed 

in sma.11 tubes of equal bore and l oc. of distilled 

ater is placed in a. third tube. 1 drop of the 

blood prepared in the Wc:J.Y descr ibed above is 

placed in each of the three tubea. The to tubes 

oontainin1 the saline are placed in the refri• 

gerator for 30 minutes, then removed and centri­

fuged. The distilled water specimen is used to 

make up a 50% standard by takin1 o.5 cc. of the 

specimen and addin1 Q.5 co. of distilled water. 

This 1a done in a small tuae of identical bore 

with those oontainine the saline mixtures. The 

colours in the three tubes are compared and the 

tubes arranged in order of intensity of colour, 

Nine possible positions of the tubes 

exist (r1a.1). Let A be the tube with the 

o.334% saline and B the tube with the o.~98~ 

saline ~nd S the tube with the 50% atandara. 

The result is read from the position at s. 
The result is expressed aa the "traail1ty teat 

rea(iin111 whioh has been abbreviated to "F.T.R.• 

!• If A and Bare much lighter than S the F.T.R. 

readin& ia 1. 

1• If A ia just slightly lighter than s, the 

F.T.R. is 2. 

~· If A is identica l with S the ·F.T.R. is 3, 
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4. Its 1a intermediate in oolour between A -
nd B the F.T.R. ia 4,e, or 6 dependina on 

hether the colour ot S 1a aliptly li&}lter 

than that or A, intermediate in colour between 

A and B or Just slightly darker than B. 

A• It Sia identical with B the F.T.R. 1a ?. 

!• If S 1a li&hter than B the F.T.R. 1a 8 or 9, 

dependin& on how muoh lighter than Bit ie. 

The advanta1ea of thia method arei• 

1) Only 3 stock solutions are kept 1n te 4 

or 32. 

2) In doina the full test aooordtng to 

Dacie tJ.Dd "faughan ( 19~8), tbe same pipette e 

to be used for measurin& out all solutions in 

order to keep the volume oonatunt. In order 

to do tbia the pipette has to be oleane4 and. 

dried 'between each p1pett1n,. In the simple 

teat described only 3 tugea are uaed as acainst 

15 or more in the full test, i.e. only 2 oleanin&s 

re required as oompELred 1th 15 or more. 

3) The complete teat requires the making up 

ot standard.a rangina from o - 100~ .• In the 

i ple test only l at nd rd ( 001 .. ) 111 prepared. . 

4) Tho inform tion obtained in the simple 

t st ia a accurate 1n every ay ua, the full 

teat. a1noe all variables a.re controlled in the 

a me way. i.e. the oorreot.ions for oxy enation , 



temperature and anaemia ~re uaed. 

5) on completion ot the tull test, the reault 

is expressed aa the u.c.F. an4 th18 figure ia 

compared with the normal tiau.rea for u.c.F •• In 
V 

the simple teat the information is almost ae 

great, the only difference being that the .c.F. 
1a not obta1ne4 aa a figure, but directly as a 

compu.rieon with the normal. 

The tact that the formula tor oorreotinc 

for anaemia worka acourately and that the volume 

ot the cells 1a not altered by the simple remo•al 

ot plasma ia demonstrated in table I. Thia 

ahowa the reaulta of performing haematocrita on 

the blood sample after the remov~l o! the requisite 

amount of plasma. 

w Y• 

5 oaaea were studied in th1a 

TABLE I. 

Correction ot the Blood for Anemia. 

Caae. Original VPC . Vl'C. after plasma 
remov 1. 

7 ~3.0 45.!S 

8 35 .5 46.0 

26 41.0 46.5 

27 *r;4.o 45.0 

28 40.0 46.0 

*For polyoythaem10 'blood the formula ia:- to 
t, cc. ot blood add (0 .11 X VP - 5) co. plaama . 



The results obtained do not differ from 

the expected reeult by more than the 0.5% t hat 

ie the experimental error in haematoorit deter­

minations. The formulae correct accurh tely for 

anaemic bloods and for bloods showin1 readincs 

above the ideal normal value selected. 

THE Q,UANTITATIVE SALINE FRAGILITY 
TEST. -

When quantitative detail or the behaviour 

of the red oella in hypotonic s a line waa required 

the followin& method based on the Dacie and 

Vauchan ( 1938) modification of the Creed ( 1938) 

method was used. 

The blood was oxy1enated and corrected for 

anaemia as in the qualitative teet. 

The dilutions of saline were made up as 

followaa- From the stock 20% solution of NaCl 

a 0.5% solution was prepared. Usin1 al cc, 

pipette graduated in 0.01 co. divisions, amounts 

of 0.5% saline were placed into small test tubes 

of equal bore such as were used in the qualita tive 

test. Using the same pipette after cleaning 

and drying it, amounts ot distilled water were 

pipetted into the tubes • The quantities of . 
0.5% saline and of distilled water used are shown 

in Tal>le II. 
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TABLB II. 

Saline Dilutions. 

0.5% Saline D1at1l1e4 
(cc.) H2o (eo.) 

.oa .92 

.12 .88 

.16 .84 

.20 .so 

.24 .?6 

.28 .'12 

.32 .68 
.36 .64 
.40 .&o 
.44 .56 
.48 .52 
.f:i2 .48 
.56 .44 
.60 .40 
.64 .36 
.68 .32 
.72 .2a 
."16 .24 
.so .20 
.$4 .16 
.88 .12 
.92 .08 
.96 .04 
1.0 o.o 

Final Concen­
t rat 1 on(%) 

.04 

.oe 

.oa 

.10 

.12 

.14 

.16 

.18 

.20 

.22 .2, 

.26 
.28 
.30 
.32 
.34 
.J6 
.38 
.40 .,2 
.44 . ,6 .,a 
.60 

The final ~olume of tne content• of each 

tube waa 1 cc. fhe • line and water were mixed by 

in•ertin& the tu'bea. 

Triple 4ist1lle4 ateri1e ter aa p·repare'Cl tor 

intravenous injeetion was used throughout all fragility 

teats to avoid any trace of acid or bacterial 

contam.1nat1on. 

To each of the dilutions 1 drop of t.he 

prep.;.red blood wa& added by mee.na ot a cons.tant drop 



pipette TI"h.ich ctelive ... ed 2~ c.rops per co. 

Tl1e blood-'!'! l ne .mixtures were inverted a 

fe ti e Md then the tubes ere pl'".ced in the 

refriger tor for 30 minutes. At the end o~ 

this im the tub.es were emo ed cl centri.-

fuged lightly to deposit the unha.emolyoed red 

oell&, t he w 1 te cells, the platelets and red 

cell debr1 a . Th d.egre·e of ha. molysis ·hen 

re d age.inst the tan ares re ar d fro t 1 same 

lood. · 

T e atandarda er :pre r in the following 

ya- SU ce. of' d1at1lle4 .ter re sa.sure4 

out into a. t st tube, u.q ing the aw.e i tte 

a e ployed in ma.king u the sa 1 . dilutions. 

Into thi , G d:rop f the pr par d olood were 

pl.a ee :fr m t he constant d,..op p1pe.tte as wae used 

in a ding th blo d to th line ilution3. 

The te•t t lbe was i verted seTera.l ,4 i a and he red 

cells a.l.lo ~d to hae oly e cc :pl t ly. Thia 

solution represent 100% hae clyei • 

From· thia 1~. 20%, 30% etc. solution· 

ere de up as sho. in table III, the sa.a pip-

ett being u ed for o.ll pipetting • 



.. Ii-t I!I. 

Pr "' r ativl:l of ' n r Soluti on • 

Distilled 
20 ( co .) 

., 

.a 
• '1 
.6 
.5 
.4 
.s 
.2 
.1 
.o 

100% Solution 
( cc ) 

.1 

.2 

.3 

•• .b 
.6, 
.? 
.8 
.9 

1.0 

71nal Concen­
r ti on (%} 

10 
20 
30 
40 
50 
60 
70 
80 

0 
100 

In ma.king the re dings the tol1 1ng 

methods were used&• 

l) The higheat concentration of aaline in 

which baemolysia. •ccur.l'ed (min1mal saline r aiatance 

or AMrioan at.tthoral w a e aily eeen y holding 

the tu.oe up to the light an notin the firat 

tube in whieh any pink colour at all w a present. 

2) The point of c plete haemolssis (maximum 

ea.line reaiatance) waa determine by eoidna don 

the t t.ibes as they were be 1d again t o. weli-11t 

white oaexground. he button• ot doposit are 

~asily seen and these ere 1·01lowed don to the 

point at .rhich there was no longer any decrease 

in the size of tne deposit and the button waa 

con t tly the -· of saline showing thi 

he higheet O·once tration 

onstaiat d.epooi t was ta.ken 

to be the point. of 100% baemolyoie, the deposit 



oon is tin of' \l_ 1 e c l.ls • pl t l t:., an red cell 

de :ri. 

~} Al t un 

ata dard. • 

r mat h trd a ainet t 

,rom the f"ig1..i...res so obtn ned .s. r h wae 

cous t · ct d and tlie p rce tag• ot a line in whioh 

50 molysi occur ( .c.F.) a rad trom th.is. 

Th following f tures of t 1:.t'.l t st re recorded 

.. the percentage of sa line in hiah ba.e olysis 

co enced; the pe.roenta.ge or sal1ne in which 

baemolysie was co lete. a nd the •.t.c •• 

en dilution ta .li~e h i r th o.5% 

ere r q,uired,. the neces ary olutio s we.re me.de 

fro. 1% tH'Jlutton of' e.line. T e Tol1 

r~ ·, o ,n in tabl IV. 

.c,4 
• 6 
.ea 
.70 .,2 
.1 . 

IV. 

Dilutions ot Sa.1ine. 

Water Conoentrat1on. 
( oo. ) {%) 

.48 .52 

.45 .5 

.44 .5 
. 42 • 5B. 
.40 .60 
.. ~P .. 62 
.!6 .64 
.~4 .66 
.~2 .6 
.. 30 .70 
.28 .-,2 
.g6 .?4 

required 
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ll• Ui£PUrio Acid Excretion Teat. 

Thia s p rforned accor ing to the etha4 

of arron {1941). 

'l' _ night etore the test the p tien t 1• 

encouraged tQ t e plenty of flnids. On the 

mornin_g ot the teat, break.ta.st of toa. t nd 

co f'e ie i'Y n. One hour later th p tient 

i iTen 6 grammes of aod1wn benzoate 41 so1Ted 

in 30 ac .. of water. f'ol1owed by a glas ot water. 

The to l urine of the next 4 houra ia celle ctecl. 

a ecura tel:,. 

tfhe volume ot the urine ia sured and 

a 100 cc. ple is taken. l dro ot o ctyl 

aleohol is udded aa a r aerY&tive. 

of a: monium sulp t is dd 4 t~ the u.r ine to 

turat it. Than l cc. ot eoncentrated sulphuric 

acid. 1B added drop by drop, stirring the mixture 

well. 

The specimen la tilt red. the preci itate 

is collected, dri d and weighed. H1ppur1c acid 

excreted 1• equivalent to ( weight of preeipi tate 

x volume ofurine s ec1 en, divided by 100, and 

ultiplied by 0.6 2) gae. benaoic· acid. 

ll.~ Tan den :Bergh teat. 

Thie wa• perforiuecl according to the method 

,ot Be.elewood. and King ( 1931'/). 



13) Plasma l3ilirubin - tion. 

l?laaDLa bili:ru'bia was eattmat•d aeoording te 

th ethod of Baale•ood. and Xing (1937). 

li.) Uri!4e Urobil1n. 

A apeoimen o:f urine was examined spectro•eopl• 

eally and the preaence of the abaorptiora band ot 

urobilin noted. en no band wae eeen, a 'few 

drops of iodine were addecl to the urine to con•ert 

any lll'obilinogen preaent 1n urob1lin, and. the 

spectroscopic e.xalDin tion 1'&8 repeated. 

15 J Fraoti onal Teet lle&l. - --

Thia wae carried out in the standard way. 

ter ~a ting overnight• a Ryle sto ch tube waa 

passed nd the gastric contente aspirated. 300 mg. 

of caffeine o.1trate in SOG oc. af ter were 

given by mouth and speci na withdrawn from the 

stom"ch at 15 minute 1nterv ls for 5 hours. The 

sixth specimen s te ed .for acid and 11" n-one 

s present hi ta ine acid phosphate 0.5 mg. waa 

injeoted subcutaneously. 

The free acid a titrate with N/10 NaOH, 

using o fer's rea ent as indiea or. The reaulta 

were expressed 1n the u ual units, i.e. cca. of 

rvlO JraOH .required to neutra.liee th acid in 100 oc•. 

ot gastric Juice. 

and bile was noted. 

The ·presenoe of 'blood• mucus 
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!!) :Bone ){arrow Studies. 

Spectaena of bone marrow were obtained. by 

sternal puncture, using the technique of Bodley 

Scott (1939). Puncture was made oppoeite the 

second intercoatal space ancl between the midline 

and the lateral borcler ot the eternu11i. The -.rrow 

waa a pirated by gentle suction and. films ere made 

from tb-e aspirated teri l and at 1ned w!th 

Leiahman•a stain. It~ been found in thia 

laboratory that a piration should b-e attempte4 

a, soon as th nee · le is grip by the bone and. 

p ted 11.fter push1ns the nc-edle in a very 

short dia no. , t a. time, until rro Juice ls 

obtained. lt has been f'ound t.'b.at there is leas 

likelihood ot hitting a blood vessel nd aepirat• 

1ng neriphera.1 bl~od by using this technique than 

by ent ring the rrow cavity directly before 

aarpira.t1ng. 

The following count were •de on the 

marrow :tilmau • The red c lls precur ore wer 

counted. according to the clae 1:t"ication o:t" 

Davidson, Davie and Innea (1942,1943) . All red 

cell preoursors a.r·e called erythrobla.sta a.nd 

are divided into typ l, II, III and IV, 

corresponding to the galoblAat, e rly erythre• 

blast, late erythroblaat ancl normoblaat of itb,y 

ancl Britton (193'7). The rest et the marrow 

cell• were not. differentiated, but aerel,7 
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their total eou.nted. The co'liUlt waa continue4 

until 100 primitive red cells bad be-en counted. 

The non-recl-cell-preouraora included all nucleated 

cella that were not primitiYe reel cell aeriea, 

ancl degenerated cella ( Oagood. and Se man, 1944) .• 

It was thus possible to t te what percentage 

the red cell precursors formed ot the total 

nucleated marrow cella and alao the percentage• 

ot the four type-a of primi ti Te cell• recognised. 

All the testa were performed personally 

by the author. 
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A· Discussion of Technical Methods. 

h_) Normal Cases. 

The probable accuracy of the technical 

methods used for the estimation of haemoglob in, 

the enumeration of the red cells and the measure­

ment of the packed cell volume was demonstrated 

by a series of normal cases inveati&ated at the 

same time and with the identical techniques, 

solutions and apparatus used in investigatina 

the anaemias of chronic infections. Counts were 

performed on 6 nurses, 8 doctors and 6 patients 

sufferin& from conditions that do not affect the 

blood. 

The results obtained are shown in table v. 

Table VI shows the figures obt~ined in these 

normal subjects compared with published figures 

on normals in various parts of the world. 

It can be seen that the results obtained 

correspond very closely with the results of the 

other authors quoted. 

This study of norlll,.:;1.1 ca3es serves several 

other purposes. 

1) The reeu:!.te serve as a normal standard or 

reference for the inves t i1ations on the a naemias 

of infections .• 

2) It hae been established that tne normal stand• 
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ards f or a pe 'l'own are the sa le a.s those obta i n ing 

in other parta ot the world. 
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:!;!.) OxYgenation ot the Blood Ssm2lea. 

It bas been sh.own y numerous authors th&t 

the red blood cells in venous blood are l rg r than 

those inc pillary or rteri l blood, and also that 

they are more tr gile in hypotonic saline ( itby 

and Britton, l937s Cormick, 1942). A ama.ll aeries 

st cases was studied in order to f'in-d out the extent 

to hich venosity of the blood affects the packed 

cell volume. In addition comparison was md·e in 

a ~ew e aea between the volume of packed red cells 

ins cimens in h1ch hep rin and oxalate mixtures 

ere use.cl s a.nti-ooa.gulan. ta. It 1. said that 

neither ot these affects the cell vol e. 

The in•eetigation waa carried out in the 

following ways- 20 eubjecta, both healthy normal.a 

and patients with Tarioua disease• were used. A 

specimen ot blood wae ithd.ra from the aubjeut•a 

vein. One portion a addecl to a tube containing 

bepar in and. another ,aamp1e aa adde4 to a tube 

containing the oxalate mixture. 

The hepa:riniaecl apecilllen was oxyge.natecl lln 

the way described for the fragility teat. 

ne portion of the oxal ted specimen a.lso 

was oxygenated. 

Du.plicate h ematocrit deter inatione were 

made on the hepariniee4 oxygen ted specimens froa 

all 20 aea, on all 2 o lated unoxygenated 
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specimens, and on 7 specimens of oxygenated 

oxalated blood . 

The results are ehown in tables VII, VIII 

and IX. 

TABLE Vll• 

Haema.toorit Determinations on Samples of The 
Same Blood uain& Different Anti-coaeulants. 

Case. Oxygenated Oxygenated Difference 
Hepa.rinieed Oxa la.ted. t::! ;;., . 
Blood V.P.C. Blood V.P.C. 

%· %-

5 30.6 30.5 0 
8 35.5 36 o.5 

26 41 41 .5 o.5 
28 40 11 1.0 
32 49.0 50 0.5 
33 44.5 44.6 0 
37 43 43 0 

TABLE VIII. 

The Effect ot Oxygenation on the Haematoorit. 

Case. Oxa lated Oxygenated Difference 
Venous Oxalated % 
Blood. V.P.C. Venous 

,: . Blood V.P.c. 
% 

5 31 30.5 -0.5 
8 37 36 -0.5 

26 42 41.5 · -0.5 
28 41 41 0 
32 51 50 -1. 0 
33 45.5 44.5 -1.0 
37 44.5 43 -1.5 



case. 

2 
4 
5 
6 
7 
8 

26 
28 
31 
32 
33 
37 
47 
48 
49 
50 
51 
52 
53 
54 

TABLK IX. 

The Effect of Oxygenation 
on the 

Haematocrit. 

Bepa.rinieecl Oxalated. 
Oxygenated. Blood 
Blood V.P.C. v.P.c. %• 

,t. 

43.5 44 
35 37 
30.5 31 
2'7 30 
33 34.5 
35.5 37 
41 42 
40 41 
51 52 
49.5 51 
44.5 45.5 
43 44.5 
41.5 42 
40 41 
~6 38 
38.5 40 
46.5 47.5 
ll.6 12.5 
30 31.5 
40 41 

Difference 

o. f> 
2.0 
0.5 
3.0 
1.5 
1.5 
1.0 
1.0 
1.0 
1.5 
1.0 
1.5 
0.5 
1.0 
2.0 
l.5 
1.0 
1.0 
1.5 
1.0 

The resulta in table VII show that the anti­

coagul~nt used makes no difference t o the haemato• 

crit reading. The haematocrit readings on the 

oxygenated heparinised blood and the oxygenated 

oxalated blood are identical in 3 oases, no 

significant difference is seen in 3 oases, and 

in the seventh case the difference is just outside 

the range of experimental error. 
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It w11l be seen that there ia a distinct 

diff erence between the readinga on the oxygenated 

he rin!sed blood and the unoxygenated ox.ela ted 

lood. Thia Tar1ea tro.m 0.5% to 3%. 

Thia di~terence bet•een the haeaatocrit 

reading• on oxygenated and non-oxygenated apeci• 

men• talla within the range of experimental 

error in only 3 ina tancea ( 15~) • In the remain• 

ing 17 caaea (8ft%) a aignitica nt dit'terence 1e 

preeent - 1.~ in 8 caaee , 1 • . in 6 ca ee, 2.0% 

in 2 caaea ncl 3.0% in l case. The reading ia 

alwaye lower 1n the oxygenated aample. 

The d. itt erenc• in the aean corpuscular 

volume and. in the n corpuscular haemoglobin 

concentrationa that reault t"roa the 41:f'terence 

produced in the haeaatocrit reading by oxygenating 

the blood are shown 1n table x. 
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The mean corpus cula.r b.u.emoilobin concen tra­

t1on is affeoted toe · e extent (0 - 3% increase) 

by oxygenat1na the blood. The mean corpuacular 

volume result, on the other hand, is DJi.rkedly 

disturbed, the decrease rangin& from l - 4 cu. mu. 

1n 15 of the 20 cases and reachina on occ&.aio na 

as high as 18 cu. mu •• 

The importance of theee results liea in the 

fact that different deereea ot deoxy&enation of 

blood occur in different a~mples or blood. Thus 

in comparine results from different groups of 

cases and in the follow-up studies in the same 

patient it is necessary to standardise this varia­

ble factor as tar aspossible. The simplest way 

ot standa.rdisina the dearee of oxygenation is to 

brin& the blood into equ_ilibriwn with the atmos­

pheric oxygen which is virtually constant. This 

ia accomplished in the way described in the 

fragility test and oxygenated specimens have been 

used in almost every instance in this theeia. 

The results obtained confirm the fact that 

differences in cell volume in venous and arterial 

blood are due to a la.rae extent to differences in 

the oxygen saturation of the blood. Furthermore , 

since no difference is seen between the readinaa 

on oxalated and hepar1nised blood, it is likely 

that neither affects the cell volume. This 



identity 1n the behaviour of the oxalate mixture 

and of heparin 1s not disturbed by oxygenating the 

blood. 
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.Q) The Rapid Fragility Teet. 

The accuracy of the rapid fragility test 

described above as teated y doin& rapid and 

complete fragility tests on the same blood 

specimens. 10 cases were studied in this way. 

The results are shown in table XI, and in fig.2 . 

A close correspondence in the results obtained 

can be seen. 

TABLE XI. 

The Accuracy of the Rapid Fragility 
Test. 

Case No. u.c .F. F. T.R. Symbol in graph 
(% Saline) (Fig.2} 

• 10 0.320 1.1 D 
.... ~ ( 8 0.340 3.3 • 

(.) ~ ? 0.368 5 . 5 0 
~ . ll o.371 5.5 • g~ ( 58 0.3'73 5.5 X 

0 ( l o.3?4 5.5 I 
!; ., ( 60 0.380 5 .5 ' ..:lb0(53 o.388 ?.? () +) s;: 
•.-4 d ( 9 0.396 5.5 • • ~ J-4 62 0.408 a.a 1 

The value of the rapid fragility test is 

demonstrated in 22 cases in which it has been used 

{excluding the cases of chronic infections). The 

results are shown in table XII a nd in fig. 3. 
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The? normal ca.see all showed :fragility 

test readin&s within normal limits. 3 patients 

with diseases which did not distura the blood 

picture also showed readinas within normal limits. 

The 15 toxic oases tested are discussed later 

in detail. It will be seen that they gave results 

that were either normal or reeist&nt. Th1.1e 

corresponds with the findings quoted earlier. 

Three cases of leukaemia showed fragility 

within normal limits in 2 cases and increased in 

l case. This tendency tm increased fragility 

has been noted uy Heilmeyer (1936) and Singer (1940), 

and has been confirmed in more extensive studies 

ay the present author. 

3 cases of liver disease showed abnormal 

resistance in 2 instances. Both these ca.sea 

were jaundiced. This increased resistance of 

the red cells in liver disease and Jaundice is 

discussed more fully later in this thesis. It is 

well known that 1n obstructive jaundice the cells 

are abnormally resistant to hypotonio saline. 

2 oases of polycythaemia showed o posite 

results with the test. one being very resistant 

to hypotonic ealine and the other bein" fragile. 

Both these findings are known to occur (Minot 

and Buckman , 1923). The resistant case was of 

recent onset. The fragile case was one of 10 • 
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yeara duration in whom anaemia was now present . 

This case has been reported in detail by Ziady (1943). 

One case of Hcdgkin•s diseaae and l case of 

myxoedema showed no~ma.l fragility. 

One case of sickle cell anaemia was studied. 

This case showed the characteristic resistance 

to hypotonic saline. Thie case aleo has 'been 

reported in detatl (Berk and Bull, 1943). 

It can be seen that the rapid fragility teat 

giTee accurate and valuable in.formation . The results 

both in the normal oases 1:t.nd in the abnormal cases 

studied correspond closely with results reported 

in the literature ~nd in many of the cases the 

results are of diagnostic aignific~noe, e.g. the 

case of sickle cell anaemia . 

The relative ease and rapidity of the test 

taken in conjunction l ith the above facts make 

this simple teet a valuable addition to haema.to• 

logical technique. 
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!2,) 1'ar1et Cella. 

Ta.r1et cells were first described by Haden 

and Evane (193?) in the blood of patients iith 

sickle cellanaemia. They stated that these 

cells a.re never present in significn.nt numbers 

except in caaea ot sickle cell anaemia . 

Shortly fter this Barrett (1938) gave an 

account of the 'beet study to date of target 

cells. The main features demonstrated by him 

were the followinc: -

1) Taraet cells occur in many conditions, notably 

in o structive Jaundice, hypochromic anaemias , 

after splenecto:u.or and in steatorrhoea . 

2) Taraet cells cannot be seen in wet preparations 

of blood and hence are artifacts produced in the 

preparation of films . Greenblatt ~nd Kapl an 

(1943) in studies of the blood in postv~ccinal 

cla im that they were able to recognise target 

cells in wet preparations by dark ground illumi• 

nation, but their. photomicro·r~ph is very uncon­

vincing. 

3) Target cells are formed from bowl shaped 

corpuscle• which cc:e.n be se n it1 wet preparations . 

4) Target cells, because of their shape, are 

resistant to b.aemolysis y hypononic saline 

solutions. Furthermore,in the bloods in which 

taraet cells are found, the non-tar5et cells also 

are more resistant to hypotonic saline hc&.emolysis 
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than normal cells. 

Bohrod (1941a) found target oelle in the 

blood or patients, appearin& 3 -4 days after 

haemorrhage . He expressed the view that tariet 

cells are fortned in response to b.lood loss, this 

being the cause of target cell production in all 

cases. ln trying to account for the occurence 

of bowl shaped corpuscles from which target cells 

are formed, Bohrod (1941a) accepts the view of 

eidenreich and of Radash that the red cells 

normally circulate in a bowl-shaped form and not 

e biconcave discs. Bohrod suggests that as 

these cells are "resistant", they reta in their 

bo l sh~pe hen shed, and in smears -become target 

cells instead of biconcave discs. 

Bohrod (l94lb) also records the occurence 

of target cells in a blood that resisted lysis 

by 1% acetic acid used in countini v1hi te blood 

cells and that required a 3% aoetio acid solution 

to enable a white cell count to be made. 

Barker (1940) hae ~ecorded the occurrence 

of target cells in a case of microcytic hypo• 

chromic anaemia occurring in an early general 

pa.retie. 

Green latt and Kaplan (1943) found target 

cells in lar;e numbers in oases of post-vaccinal 

j aundice. 



Dameshek and his co-workers (1940, 1941, 

1942, 1943a) h&ve ~dvunced the knowledge about 

target cells very considerably and their work 

ha.a provided a. clue to the concept of the target 

cell that will be outlined later in this thesis . 

In the first paper on the subject; Dameshek 

( 1940) described the case of a patient of liiedi .. 
; 

terranean extraction who showed an unQemia 

characterised by the ecourenoe of large numbers 

of tare;et cells. In a later pa.per (Dameshek, 1943a} 

it was shown that a group of conditions exis t 

whloh Dameallek called the "Fam11ia.l Mediterranean 

O?al•Ta.rget Cell Syndromes''. The best known of 

this group is Cooley's anaemia. The underlying 

baeis was considered to be a congenit.al a.l:mormality 

in the formation or erythrocytes, whereby target and 

ov l cells were produced. This or· confirmed 

earlier studies by Wintrobe, Matthews, Pollack 

and Dobyns (1940) on the same group of condit1ona. 

Yore notable in connection with target cells 

in general is Dameshek's work on the relationship 

between the spleen and target cells. Singer, 

Miller and Dameehek {1941) showed in c~aes of 

epleneotom.y tor various diseases other than 

acholuric family jaundi~e (cirrhosis of the liver , 

leukaemia-i;i ,:tr&.uma. tic rupture, Gaucher• a disease, 

Werlhoff'e purpura.y acute haemolytic anaemia) that 
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one of the most constant findi~e present in 

the blood wae a.n abnormally high percentage 

of target cells. Miller, Sin&er and Dameshek 

(1942) were able later to prove the relationship 

further by producing target cells experimentally 

in animals by sp.lenectomy or simply l>y inter­

fering with the splenic circulation. In this 

last pape·r they point out that the target cells 

occur either because of the lose of the control 

over the hone marrow normally exerted by the 

spleen, or beoauee of the changes in the cell& 

in the peripheral blood. 

Relev~nt to this 1a the finding of Stephens 

( 1941} vrho demonatr&.ted in electropi1oretic 

studies that target cells behave in the same way 

as immature red oella such as reticulocyteo und 

normobl&.sts. 

The following obserTatione may be added. to 

those described above. 

l) It was noticed that considerable variation 

in the appearance of the central stained dot 

of the tariet oell oan be seen. The central dot 

varies considerably in size. It may be any 

size from very emall with faint staining, to a 

dot with a diameter half that of the red cell 

and dark staining. In some inetancee the dots 

are not circular, but tri~ngula.r or irregul~r in 
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ehape. In others there may be 2 or even three 

dote within the cell, the appearance then being 

unlike a target, but undoubtedly of the same 

nature. 

2) The outer ring of haemoglobin ID3.Y also vary 

considerably in thickness in different target cells. 

3) In view of the fact the target cells are 

artifacts produced during smearing, it was not 

unexpectedly found that very marked differences 

in the numbers of target cells were present in 

different p:...rte of the smear. Thie has already 

been pointed out by Barrett (1938) who suggests 

that more ,target cells are s~en in thin portions 

of the am.ear. This la.et observation was confirmed 

on the whole, although exceptions were encountered, 

e.g. case 49. in which the target cells showed a 

hip:her percentage in thick porti one of the smear. 

This unsatisfactory distribution of target cells 

makes all target cell counts unreliable. 

4) Striking confirmation of Barrettts statement 

that target cells are formed from bowl shaped 

corpus cl ee was seen in the case ot sickle cell 

a.nae?!lia. Here at one end of the film numerous 

cells were seen in which the peripheral eoainopllilic 

portion of the red cella wae sharply outlined on 

its inner aspect. In this part of the film no 

tareet cells were seen. In other pa.rte of the 





film no eucb cells were aeen. but target cells 

were plentiful (8.1%). It ia be lieved that 

the cells with the sharp inner outlines to the 

peripheral stained portion are bowlshaped corpus­

cles and the explanation of the phenomenon is 

suggested in f1g. 4. 

A similar sharp outline is usually seen in 

the inner border of the peripheral stained portion 

of target oelle (see fig. 4) and the central 

dot or dote are sharply outlined swell. 

5) It will be eeen from table XII i~at signifi• 

cant rises in the target cell count occur only 

1n those oases that show increased resistance of 

the red blood cells to hypotonic saline. Converse-

ly, almost all caaee that show resistant corpuscles 

also show increased numbers of target cells. 

Identical results were obtained in the cases of 

the anaemias of chronic infection (see later). 

Cassells (1938) has shown that all anaemias a.part 

from acholur io Ja1;1ndice and pregnancy anaemias 

show resistance to hypotonic saline • . 
From the above data it seems reason&.ble to 

conclude that the presence of target cells are 

of no diagnostic value, except that they indicate 

that the blood cells are probably reaietant to 

hypotonic saline. Further suggestions as to the 

significance of target cells in blood films are 

made later. 
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E) Factors that affect b l ood counts. 

Wintrobe ( 1930) hta.s given an account of the 

various factors that affect the red cell count, 

and other characters of the red. cell picture . 

Ot these the following are the most important:• 

l) Age. The normal blood picture varies 

with a ge. This factor has aeen excluded by 

studying only adult cases . 

2) Sex. - This produces very little differenc• 

in the charaotera of the red cells apa.rt from 

total number. 

3) Diurnal variation. This factor waa 

standardised in the present work by collecting 

all specimens for investigation at a fixed time, 

i.e. 11 o'clock in the morning . 

4) Exercise. 

pa tiente. 

All the patients were bed 

5) Reaction of the blood. This could be 

standc.rdised only as far us the curbon dioxide 

tension as concerned. This is accomplished 

during the oxygenation of the specimens. 

6) Barometric pressure. All the cases were 

studied at the Crocte Schuur Ho pital. 

7) Dehydration. Thia was not present in 

any of the cases studied. 

·a) ~·/eight, stature and surfe.ce area. The 

influence of this is nil according to .. introbe. 



!) Race and cli•te. European•, Cape 

coloured• and Bantu pa tients were studied.. There 

ia no reaaon to belie e that thia f actor per ae 

kea any diff.erence to the red eella, although 

other factors such aa nutrition l differences may 

be in-troduced. Thia ia considered l ~er. The 

cbangea 1n cllmate witb the ·d1fferen\ eeaeona was 

not controlled. 

In order to atandardiae the investigation 

as tr as possible, the following progr 

adopted. 

1. Sternal puncture was performed. -

e was 

.!• Blood. waa drawn from a ein into a hepariniaed. 

tube. Thia specimen was uaed for haemoglobin, 

red eel1, haematocrit, white cell eatima.tione,. 

fragility teat, T.d. Bergh reaction, and b1l1rubin 

estimation. 

!• From. a fingerprick the tollo ng preparations 

were mader -

a) The pr,eparation for platelet count wae made 

f'irat. 

b) Thin amea.ra tor target cell counts nd 

Price-Jonee curves. 

c) Brill.iant crea;yl blue a eara. 

4. A specimen of ur i ne waa collected for the urobilin -
test. 

ill these specimens were collected within 

15 - 20 minutes . 
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0n the fo,llowing day the hippuric acid 

test was performed and on the third day a 

fractional test meal was done. 

All wet specimens were dealt with within 

4 hours, the time durin" which n-o change ooours 

in the red blood cells with regard to their be­

haviour in hypotonio saline (Dacie and Vaughan, 

1938). Counts on rilms and Price-Jones curves 

were done J.a.ter at a convenient time. 

lt was considered desirable that all 

specimens should be taken at the same time as 

outlined above, so that the results would show 

the features investigated as they ~xisted at 

the same time. This makes permicsible, and 

much more v~luable, correlations betwe~n various 

data. Unfortullli,tely it waa not possible to do 

all the tests aimultaneouely, owing to the nature 

of some of the investigations. 
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!) Expression of reault9. 

Haemoglobin was expressed ae a percentage. 

100· Dare equals 16.0 grammes. In addition the 

reactina was atand rdiaed for working out the 

colour index by oonv rting the reading to a 

sc£le of 100%: 14.5 gr mmes , as recommended by 

• introbe (1933) and Whitby W'ld Br1 ton (193'1). 

Th figures recorded in the tables ·and text are 

the origin 1 Dare readings. 

Red Cell counts re expreaaed in millions 

per cu·o ic millimetre. 

Colour Index was loulated in the usual 

ay, using th h&emoglobin percent ,e corrected 

to 100 ha -·moglobin :::;; 14.5 r amnea. 

~hit! Cello unts were expresued a the 

number per cubic millimetre. 

Differential white c 11 count were reoord d 

as perc ntage of e oh t ype of hite coll pr sent. 

Volume of ;E!Cked eelle wa expreaood s a 

percent g • 

.Vean cor,;mecu.la.r volume, mean c Jrpw, cular 

haewoe;lobin and mean cor;euscular haemoglob in con­

oentr tion were calculated in the ueual y f rom 

h ha moglobin percentage• the h· emo lobin 1n 

grammes p r cent, the red c .ll count · nd the 

haema.tocr1t reading. 

Reticulocyte ~nd Target cell counts were 

expressed aa peroenta1ee of tne total red cells. 
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TJle rapid frasi~itl teat results were 

referred to ae F.T.R. (fragility test reading). 

When the full fragility teat was performed, 

the percentage of saline in which h~emolyeis 

commenced, the percentage of saline in which 

haemolysia was complete and the percentage of 

sa line giYini 50% haemolysie (KCF) were recorded. 

The hi1murio acid test results were expressed 

as "hippuric acid excreted equiyalent to x gms. 

benzoic acid". 

v.d. Bersh reaction results were expressed 

~s direct prompt positive with one or more plus 

aigne tc indicate the intensity of the re ction, or 

es feeble pro~pt positive, or a s negative. 

Where the d irect c- .d. Bergh rea. cti on is 
l 

negative, the result of the indirect reaction is 

reflected in the bilirubin eati~at ion. 

Bilirubin was recorded ae mga. 1~ unless too 

low to be read accurately. 

No separate eatim:i.tion of indirect-reacting 

and direct-reacting b1lirubin was ma.de. 

Urine urobilin was recorded as negative, 

fa.int trace, + or++ • 

The fractional test meal. The highest figure 

far free acid ie recorded in the tables. 

Priee-Jones curves. The mean corpuscular 

diameter, sigma a nd v were calculated from the 
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da ta. a.c.:co.cd i n~ to the method de.scribed. by 'hh i tby 

and Britton (193?). Hean corpuscular average 

thiclcnese as ca.lcul a.ted from the mean corpuscular 

volume and the mean corpuecular diameter. The 

dia.meter1 th icknese ratio was easily ca.lcul.cl.ted. 

M~ crocytoais dnd microcytosie were c~lculated 

after the dra. ·.ving of graph including the case 

s tudied a nd the two curves g iving the limits 

of normulity. 

·--
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The results of the inveet1ga.t1ona on the 

cases on chronio infAc ions are shown in tables 

X II to ~" I. A detriled analysis follows, 

-) 'l'l{lji . fUlillER OF ERYTHR OCY'.rES. 

The red cell oounta varied between 2.15 and 

5 .?l millions per cu . ww •• The distribution of 

.the red cell counts is sho n in fig. 5 . 

In over half the cases (60f) the red cell 

count lay between 3 . 21 und 4.22 millions, 1,e. 

the counta are mostly reduced by lesa than 1 

million. 24}: of the cases fall t)elow ;..; .71 millions 

and the remainder ( 16 ') eho· ed normal red cell 

counts. 

!?,) THE M.E O'lLOGI,r OF THE CELL$. 

l • Huemogl ob in read iPS e. 

These varied from 46% Dare= 7.4 graxr.t1 s to 

Fl'' Du.rec 13.0 grammes in the cases studied. 

The aistribution of the readings ia ehov.n in 

fig. 6. 

84p of caaea fall b€tween 46 and 67 1 •• 

10-~o, belo noroal. Tht ca.Gee &.r f a irly 

evenly ointributed over thia range, hioh thua 

seema to be the cot1n1on level of hb.emo~lobin in 
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in these an~ie11.ius. 

ly oe cur. 

Lc~er readings do undoubted-

2. The Colour Index. 

The colour index ranged from 0.64 to 1.20. 

The normal range given by Whitby and. .Britton 

(193'7) is 0.85 to 1.05. In the aeries of normals 

presented earlier the nornal range found wae o.ae 
to 1.09. The distribution or the readings is 

shown in fig• 7. 

Thus 11 oases ( 44%) show a low colour index. 

Another 11 cases {44%} show a normal colour 

index. The remaining 3 cases (12%) show a high 

colour index. To put it simply, a few cases 

show a high colour index. or the majority 

of cases, halt show a normal colour index and 

half a low colour index. 

~· J!ean C,orpuscula.r Haemo.;lobin. 

Tbis ranged from 20 t o 7 8 m.icrofoic.:rugraam1es 

with the following .istribution (fi,:; . 8). The 

normal ru.nges of' Wintrobe ( 1930) and of the present 

investigation are shown in vert ical 11 ea. 

'l'he results here are essentially the same 

a.a in the ease of the colour index. In 12% the 

Jf.C.H. ia ra.1.ieed. 

48t it ie retiUCed. 

In 40';; it is ncrrnal and in 

In onl, one ca.se is there 

a discrepancy between the colour index and the 

UCH , c.I. o.90, MCR 25 micromicrogrammes, both 
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theae readin~ heing v ry clo e to the lower 

1 Lni t of norlllc:lli ty. 

!• Mean Corpuscular Haemoglobin Concentration. 

This varies from 24% to 34%. The distribution 

is shown in fig. 9. The normal ranges of 

"introbe (32-38) and or the present investigation 

(31-37) are shown in the dotted lines. 

It will be seen that a low mean corpuscular 

haemoglobin concentration is an almost universal 

feature of these cases. 1his is soroe\hat aur-

prising in view of the fact t.nat ov r half the 

cases show either a normal or high c.;<;lour index 

and mea.n corpuscula. r h· ,emoglobin. The explana-

tion must lie in the f u.ct tr.w.t the cello are 

larger thun would be expected from tlle colour 

index. Thie s~ggeetion is borne out 1n the next 

section. 
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l• The Paoked Cell Volume. 

The resulte of th hae toorit determinwtiona 

tall between 25f and 44.%. Th distribution 

1a ohown in fig. 10. to ether with the normal 

ran e found in the pre ent investigation . 

As ia to be ex eoted most ~c.1.eea showed 

V?C readings below no~l values. oat cu.see 

ah? a relutively sma.l.l reduction in Vo, only 

2 ca s (a~) falling belo 3(J%. This ti!ld the 

tact that 5 caaee ehow nor al v· luee ia al o 

attribut~ble to the hieh me n oor Jusculur olume 

r ulta. 

_g. -.[can Corgup,culnr olume. 

The r~ngo or mean cell volumes io 70 to 

lZ~ cu . UiU .. The dis tri but ion ie ee n in f 1 • ll. 

tog tlier wi t.h t 1e nor l r · nge or •11ntrobe 

( 0-94) ~d uf t e present tudy ( 82-90). 

As ug eoted bove ~ d finite tendency to 

macrocyto is ae regards volu e is seen in these 

cases. 367 of the oa s how n 'CV' r ter than 

normal .. In only 3 oaso ( 12%) io the J 'CJV b low 

n rr.:r 1 c n d f hen to a rked ext nt only in 1 

A1aongst the 1~ ca seo ( 5Z:) O- O'-,ing u. 

nor~) rev t 8 a.re in tho U 1per hG,,lf ,,f t nornul 
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A tendency to large cell volume with UCV 

aa high as 133 ou. mu. is thus a striking feature 

ot the anaemia. in the oases of chronic infections 

investigated. 

The results correspond very closely with 

those ot Calder, Steen and Baker (1939). In 

286 cases of brucellosis they found macrocytosis 

in 108 instances. Hyperchromia {high x.c.H.) 

was frequent. Only 6 cases showed microcytosie 

and bypochromia (low M.C.H.). The M.C.H.c. 
was low in 68 instances. 

Haden (1932) retere to the results of 

investigations on 110 oasea of "anaemia due to 

qualitative defect of blood formation• and 

gives deta ils of 5 cases of chronic infection. 

The K.c.v. readings were 80,90,90,94 and 102. 

The u.c.H.c. was low in 4 of these cases. 

Tauber and Goldman (1935) describe a case 

o! tertiary syphilis with ma.crocytic anaemia, 

with improvement in the anaemia and dimunition 

in the ma.orocytosie under antisypbilitic treat­

ment. 

The tendency to macrocytosis is demonstrated 

further by .fig. 12. Here the MCV is plotted 

against the colour index. The anaemias of chronic 

infections are represented and the results from 

other cases are included. The details of these 
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cases are shown in table XVII. 

The 1raph shows that the anaemias of chronic 

infections are placed at a higher level than the 

miscellaneous anaemias and normal cases, with 

very few exceptions. 

Thus the anaemias of chronic infections are 

an exception to the rule that in most anaemias 

the colour index is a guide to the cell size. 

The latter point is well illustrated by the 

graph, where moat of the cases not due to chronic 

infections ehow either a macrooytic hyperchromic, 

a normocytio normochromic or a miorocytic hypo­

chromic blood picture. 

Fr•m this it would appear that for the degree 

of haemoglobiniaation aa shown by the colour 

index, the cells are larger than one would 

expect. Thie findine _goes with the low mean 

oorpueoula.r haemoglobin concentration found in 

these cases. The colour index ie therefore 

a poor guide to cell size in the anaemias of 

chronic infections studied. 

~· Kean Corpuscular Diameter. 

The figures for u.c.D. range from 6.573 to 

8.88? mu • . The distribution is seen in fig. 13. 

The normal range (Price-Jones, 1933) is indicated. 

The results for MCD are very similar to 

those for MCV. 9 cases show large MCD. 2 show a 
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UCD smaller than normal and 12 of the oases show 

a normal MCD. Again amongst the 12 cases showing 

normal MCD. 9 cases have an MCD in the upper half 

of the normal range. It should be noted however. 

that it is not the same cases that show an 

increased UCV that show increased HCD. The com­

bination of increased KCV and increased MCD 

occurred in 6 oases. In 2 cases there is a 

raised MCV and a normal MOD. In 3 cases there 

is a normal MCV and a raised MOD. 

The relationship between MCV and MCD is 

shown in the mean corpuscular average thickness 

figures and the figures for diameter-thickness 

ratio. 

i) Large Diameter Cells. 

It will be seen from table XlV and from the 

Price-Jones curves of the cases (figs. l8-40)that 

in addition to the frequency of high UCD readings. 

17 or the 23 cases on which the Price-Jones curves 

were done show cells falling to the right of the 

normal range. This ma.crocytosis as regards 

diameter varies from 0.2% to 70.8% and is greater 

than 12% in 9 of the cases. The distribution of 

large diameter cell percentages is seen in fig. 14. 

~) Small Diameter Cells. 

13 cases show some cells falling below the 

lower limits of normality (table XIV and fige. 18•40). 
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Rowever the percentages of such cells ia very 

small. The highest figures are 11% and 16%. 

One case shows 2.4% small diameter cells and in 

the remaining 10 oases the degree of microoytosia 

1s 1% or less. The distribution is seen in 

fig. 15. 

~) Vean Corpuscular Ayerage Thickness. 

The figures for mean corpuscular average 

thickness range from 1.611 mu. to 2.62 mu. The 

normal range is 1.7 to 2.5 mu. 

Vaughan and Goddard, 1935). 

is shown in fig. 16. 

(Price-Jones, 

The distribution 

In 18 of the 23 cases studied the UCAT lies 

within normal . limits. In 2 cases there were 

abnormally thin cells, and 3 cases show abnormally 

thick cells. Again it should be noted that these 

cases do not correspond with emall MCD or small 

MCV cases in the former, or large KCD or large 

MCV cases in the latter. 

1) Diameter-Thickness Ratio. 

More important than the absolute values 

tor VCAT is the thickness of the red cell in 

relationship to its diameter. This relationship 

is especially important in connection with the 

fragility of the red cells in hypotonic saline 

solutions (Had••• 1940) and is discussed more . 
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tully in that connection. The figures for 

the diameter-thickness ratio are given in table XIV. 

Normal diameter-thickness ratio (DaT ratio) varies 

from 2.4 to 4.2 (Whitby and Britton, 193?). 

The distribution of the DaT ratio results 

is shown in fig. 17. 

It can be seen that 20 of the 23 cases in 

whioh Prioe-Jonea curves were performed show a 

normal D:T ratio. The graph however also reveals 

that 17 of the 23 cases show a DsT ratio above 

the mid-point of the norm.al range (3.3) and the 

group as a whole shows some tendency to 

flattening of the red alood cells. The cells 

thus appear not to have ~ltered proportionately 

equally in all dimensions. 

~) Variability in the Red Cell Diameters. 

The figures for the variability in the red cell 
• 

diameters, i.e. the degree of anieocytosis is 

shown in table XIV. Both sigma and v are included. 

It will ae seen that in only l case is sigma 

within normal limits. vis within normal limits 

in this case and in one other. 

The degree of increase in both sigma and v 

is slight, and this fact is confirmed from a 

study of the Price-Jones curves (figs. 18-40). 

From these curves it will be seen also that 

1) The base of the curve is usually only 
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elightly increased in width. 

2) The height ot the curves is more or less 

normal in most of the cases. 

3) A few oases show considerable widening 

and flattening of the curve. 

4) In most of the curves with an increased 

MCD the whole ourve is shifted bodily to the right 

with very little change in contour. 

From all this it can be concluded that 

there is only slight anisocytosis in most oases. 
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.tl THE FRAGILITY OF THE RED CEI.LS. 

!• Hypotonic Sa.line Testa. 

The rapid fragility teat ·as carried out 

in 15 or the cases. or these 8 showed median 

corpuscular fragility (KCF) readinas within normal 

limits. In 2 cases the UCF was at the lower 

limit of normal and in the remaining 5 cases 

there was increased resistance to hypotonic 

saline (fig. 41}. 

It 1a apparent therefore that these cases 

show a marked tendency to have increased resia­

tanoe or the red blood cells to hypotonic saline. 

Thia is in accord with the findings of Cassells 

( 1938). 

~· Diameter-Thickness Ratio. 

The diameter-thickness ratios are repeated 

here 'because of the sugge t _ion ot Baden ( 1940) 

that the fragility of the red blood cells in 

hypotonio ealine is dependent upon the ahape of 

the cells, the important factor beina thickness 

or thinness of the cells relative to their 

diameters. 

Fig. 42 shows the result of plot t ing 

DzT ratios aga inst the F.T.R. (Data from table XVIII). 

--~ 
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TABLE XVIII. 

The Relationship between the Diameter­
Thickness Ratio (D1T) and the Fragility 
(F.T.R.) of the Red Blood Cella. 

Case D1T F.T.R. 

l 4.08 5 
2 3.70 5 
3 3.58 2 
4 4.14 l 
5 3.60 3 
6 3 .40 l 
? 5.26 5 
8 4.2? 3 
9 3.42 5 

10 5 .oo l 
11 3.98 5 
12 3.89 ·o 
13 :3.84 5 
14 2.59 b 
l? 2.84 l 

In general the Celle tend to be flat and 

to show increased resistance to hypotonic 

saline. However, in the detailed an~lysis 

in fig. 42 it will be seen that there is no 

close correlation between the DsT ratio and 

the MCF . In the cases with normal fragility 

the D1T ratio ie actually high in 2 cases out 

of 9. In the cases with resistant blood 4 

show normal D:T ratios and in only one of the 

casea are the cells flat. 

Therefore while the general correlation 

holds good, namely that the tendency to resis• 

tance of the corpuscles ia associated with a 
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tendency to flatness of the cells, there 

must be some other factor present determining 

this resistance to hypotonic a~line. The 

findings suggest that there is some a bn ormality 

in the cell envelope in addition to the cluAnge 

in shape of the cells. 

~· Target Cella. 

The reeulte ot the target cell counts are 

included here, because of the close correlation 

between resistance of red blood cells to hypotonic 

saline and the appearance of turget cells in 

blood films. This relationship has already been 

discuseed. 

The target cell counts were raised in 7 

out ot 17 cases. Singer, Miller and Dameehek 

(1941) remark that target cells are seldom seen 

in normal smears ut all, but fixed an arbitary 

limit of normality at 1%. 

It will be seen from table XIX and fig. 43 

that the target cell cowits are raised only in 

those cases that show MCF readings below the 

normal limits and that the highest target cell 

counts are found in the most resistant bloods. 



TABLE XIX. 

Correlation between the Number ot Target 
Cells and the Fragility of the Red Cells. 

Case 

1 
2 
:3 
4 
5 
6 
? 
8 
9 

10 
ll 
12 
13 
14 
17 

Target 
Cells (%) 

o.o 
o.3 
2.:3 

14.0 
2.1 
6.7 
o.o 
1. 2 
0.1 
1.2 
0. '7 
1.0 
2.4 
0.2 
o.4 

5 
5 
2 
l 
3 
l 
5 
3 
5 
l 
5 
5 
5 
5 
l 

While the target cell counts are not high 

except in l case, the presence of target cells 

form quite a striking feature ot the blood 

picture in these cases, the fnquency of target 

cells here contrasting ma.rkedly with the paucity 

of target cells in normal blood films. 
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,!) EVIDENCES OJ' HAEllOLYSIS. 

l. Reticulocyte Oounta. 

In 18 caeee tested, 6 cases showed reticulo­

cyte counts over 1%. In one of the Cti.see 3 

normoblasts were seen in addition in the peripheral 

blood. In case 10 the reticulocyte was normal 

l week later. In case 17 the reticulocytes were 

pereiatently r a ised until the patient's death 

4 weeks later, but the normoblaets disappeared , 

from the periphera l blood within a few days. 

The other cases could not be followed up. 

Thus it may be concluded that in most oases 

the reticulooyte count is not r a ised. Thia 

corresponds with the findings quoted ea rlier. 

Transient or more persistent r a ising of the reticu­

locyte count may be seen sometimes. Also, asso­

cia ted 1th retioulocytoais a few normoblaete may 

appear in the peripheral blood. Vaughan and 

Saifi (1939) also record the presenoe ot raised 

reticulooyte counts in some cases of chronic 

infections. 

Calder, Steen and Baker (1939) found reti­

culocyte counts of o.3 - 3.3% with a mean of 1% 

in cases of brucellosis. 

!• v.d. Bergh Reaction. 

The direct reaction waa uniformly negative 

in all l? cases in which the test was carried out. 
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This is eEl.sily ex )lti.. ined by t he f indine; e in the 

next section. 

~· Plasma. Bilirubin. 

An attempt was made to estimate this in 

17 cases. In 11 instances no colour at all 

developed on adding the alcohol and ammonium 

sulphate to the solution obtained in the v.d. 

Bergh test and thus no bilirubin was detected 

in these 11 cases. In the remaining 6 oases 

the colour was so pale that attempts to match 

this with a standard that represented 1.6 mgs. 

bilirubin per 100 co. were futile. Thus in 

these 6 caseq the merest trace of bilirubin was 

present. 

Plasma bilirubin therefore is very low in 

these aaeee . This is in agreeDEnt with all 

previous reporte on this aspect. Bernheim 

(1934) described 33 cases of secondary anaemia 

with hypobilirubinaemia. St. George a nd Brown 

(1925) found the ioteric index to range between 

1 and 3. Perkin (1927) found a serum bilirubin 

rang ing from l - 3.5 mgs. per 1,00)cc. in 

secondary anaemias. Calder, Steen and Baker 

(1939) in brucellosis found serum b1lirubin 

va lues below 0.5 mgs. ~ in 61% of cases, most 

of the rest of the cases ahowing lees than 

1.0mg. %· 



4. Urine Urobilin. -
The qualitative teat for urobilin in the 

urine showed that it was present in 12 of the 17 

oaeee in which 1t waa looked for. In 3 cases 

the quantity was sma.11 in amount but definitely 

more than normal. Strong bands appeared in 

the other 9 positive oases and in one instance 

it could still be detected after diluting the 

urine 8 times with distilled water. 

Thus urobilin is frequently found in the 

urine of caeea with chronic infections. Thia 

is in keeping with the findings or the authors 

quoted by Vaughan and Saif1 (1939) in more acute 

cases of infections 

The results recorded in this section ind1• 

cate definitely that no haemol;,bic process is 

present. The chief points against the possible 

preaenoe of hue~olysis are a follows:-

1) There is a striking absence of bilirubin 

from the plae1ll&. This in itself is aguinst 

haemolyais, but does not absulut ly exclude the 

presence of this process, since a normally 

functioning liver may be able to handle very 

large amount of bilirubin presented to it by 

the blood and not allow abnormal amounts to 

accumulate 1n the blood stream (Hench, 1940). 

However. in these cases the latter possibility 
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ie exclud~d since liver function is not normal 

(see below). 

2) The frequent absence of retioulocytosie 

is against a haemolytic process. It ia true that 

in some haernolytic co.sea e.g. blaokwa.ter fever 

in the early stagea (Blackie, 1943) and haemo­

lytic disease of the new-born (Kariher and Spindler, 

1943) there may be absence of reticulocytosis 

on accaeion. Also it may not be surprising to 

find no reticulocytoais in severely toxic and ill 

patients. However, the oases studied here were 

not severely ill for the most part and t he 

fre quency ot the absence ot raised reticulocyte 

00:.1.nta argues strongly against haemolysis. 

Two features have to be explaineda-

a) Urobilinuria is frequently present. This 

findine can be due to causes other than haemolysis. 

In these cases, in view of the absence of ot her 

features ot haemolyeis, it ie probably explained 

by the depression of liver function that is 

present, a nd thus cannot be used as an argument 

in f&vour of haemolysie. 

b} Reticulooytoeia and even normoolaatoaie 

doea occur in some ca ses. No sa tisfa ctory explana­

tion oan be given for this. One ca n only mention 

the fact that retioulocytosie, transient or 

permanent doee occur in other non-haemolytic 
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disturbances and even in cases of profound bone 

marrow depression auch as occura in some refractory 

anaemias (Bomford and Rhoads, 1941). A possible 

explan tion for the normoblastoais is discussed 

later. 

It seems reasonable to conclude that haemo­

lysis is not a feature of these cases. Q,uantita­

tive pigment studies have not been ffl3.de in the 

present investigation, but have been carried out 

by Vaughan ~nd Suifi (1939). Tney also concluded 

that there is no evidence of a ru...emolytic process 

in these cases. 
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!) OTHER ELEMENTS OF THE BLOOD. 

!• White Blood Cella. 

The white blood corpueclee and the platelets 

were studied in order to get some idea of the 

state ot function of the bone marrow in regard 

to its ability to form leukocytes and platelets. 

White cell counts are also important in inter­

preting the degree of erythropoietic activity of 

the marrow. 

The total white cell counts are given in 

table xv. These varied :from 5,900 to 24,200 and 

appeared to be dependent on the primary disease 

present. Differential white cell counts aleo 

appear to be dependent upon the primary condition 

causing the anaemia. Bo special studies were 

ma.de apa.rt from the enumeration of the white cells. 

It is obvious from the fact that 8 of the 

16 cases showed a leucocytosis, that the bone 

marrow is capable of increasing its output of 

white blood cells and thus there appears to be 

no depression of leukopoietic activity. This 

is in accord with what one would expect in the 

type of case studied. 

,g,. Platelets. 

The platelets were plentiful in all cases 

in which the count was performed (16 oases). Thie 



' 
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again indicatea no depression o'£ the ability or 

the bone marrow to produce platelets. 
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.i) THE BOltE 

The marrow oounta are shown in tig. 44. 

A atudy of the literature reveals conei~er­

able differences of opinion as to the normal 

percentage of erytbroblaste in bone marrow 

emeQra. Young and Oagood (1935) included die• 

integrated cells 1n their differential counts 

and found the erythroblaste to range from e.4 
• 24.2%. 

Hynes (1939), whose atanda.rda are the ones 

usually quoted by English authore, arrived at 

hie normal range by ueing the results of Young 

nd Osgood (1935) on 28 cases and adding 13 

oases of hie own. He excluded disintegrated 

cells and gave the normal r~nse a.a 9 - 30%, 

Kandel and Le Roy (1939) o.lao reviewed 

normal bone marrow different! l counts c1.nd 

etreas the extensive stud1ea of Segerdahl (1935), 

Her results abow a.n average erythroblast percen• 

tage of l2.B8 .-,1th a standard deviation of 4.39. 

Kandel and Le Roy (19!9) stute that their 

experience agrees well with tbat ot Segerdahl. 

O good in the moat recent review (Osgood 

and Seamen, 1944) again includes disintegrated 

cells, which form 12.8 • 31.Sf of the cells in 

marrow smears. Osgood and Seamen (1944) subjected 
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the available marrow differential counts of 

various authors to statistical analysis and found 

that the range of el')tthroblast percentage which 

includes 95% or normal cases is 3 - 21. 

Since disintegrated cells were included in 

the counts in the present investigation, the 

last figures have been adopted as the normal 

range. 

It will be seen that all the counts fall 

within the normal range of 3 to 21%. Eleven 

of the 15 cases show an erythroblast percentage 

in the lower half of the normal range. (Fig. 44). 

Vaughan and Saifi {1939) say that they have 

seen hyperplastio marrows in cases that died 

from chronic infections, but do not specify 

which constituent of the narrow is hyperplaetic. 

Here the erythropoietic tissue tends to be low 

normal in relative amount. If the bone marrow 

as a whole is hyperplaetio ., this might indicate 

that the erythropoietic tissue shares in the hyper­

plasia butt@ a relatively lesser degree than the 

other elements. Young and Oegooa (1935) found 

no depression of erythropoiesis in th1U.r ou.ses 

of chronic infection. The bone marrow picture 

is discussed in detail later. 

Hyperplasia. of the white cell forming portion 

of the marrow could give a false impression of 

underactivity of erythropoiesis and wice versa.. 
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TABLE XX. 

The Influence of Leukopoiesia on the 
Erythroblasts ot the Bone Karrow. 

Case % Erythrobla.sts W.B.Cs. 

l 8.3 6,500 
5 14.3 9,150 
7 3.3 7,200 

11 14.3 5,900 
12 11.1 9,150 
14 5.6 6,300 

3 4.8 13,250 
6 4.2 24,200 
8 5.? 10,400 
9 9.1 10,400 

10 5.6 11,800 
13 8.l 14,300 
15 16.? 10,850 

Taking the total count of the white cells 

in the peripheral blood ae an index of the 

activity of the white cell forming portion 

of the marrow, it appears that neither of 

these alternatives pl.a.ya a part in the bone 

marrow picture. Thia aspect af the marrow 

function is analysed below. (Table XX and 

fig. 45). 

l} In cases with leucocytosis ranging from 

10,400 to 24,200 the red cell percentage ranged 

from 4.2 to 16.7. 

2) In cases with hite cell counts between 

5,900 and 9,150 the red cell percentage ranged 

from 3.3 to 14.3. 



-81-

3) The absence of an inverse proportion 

between the white cell count and the percentage 

of red cell precursors in the bone marrow is 

Bh0111 in fig. 45. 

The type ot erythropoieais is shown by the 

differential count of the erythroblasta. It 

will be seen that the predominant type ot erythro• 

blast is the type IV which constitutes between 

58% and 80% of the red cell precursors. Thus 

the erythropoiesis ia normoblaetic in type in all 

the cases in which the marrow was studied. The 

erythroblaate all appeared normal in character 

and size in the smears. No actual measurements 

ot the red cell precursors were nade. 
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n) LIVER FUNCTIO. 

!• The H1ppur1c acid excretion teat. 

Thia was performed in 15 cases (fig. 46). 

In only 4 cases were narmal figures obtained. 

In the other ll cases the excretion of hippuric 

acid was below the normal limit and in 5 of 

these the excretion was markedly r .educed to 

below 2 grammes. In one case a figure as low 

as 1.2 grammes was obtained. 

Special care was exercised in the selection 

of ca.sea to exclude all possible renal disease. 

There was also no reason to believe that the 

abaorption of the benzoic acid from the intestine 

was faulty. The low hippuric acid excretions 

must therefore be taken as evidence of impaired 

liver function. The impairment of liver function 

in cases of low-grade chronic illnesses has been 

demonstrated by Stiles, Stiles and Kolb (1942) 

using the bromsulphalein teat. In this test the 

dye is injected intravenously and the amount of 

dye not handled by the liver is estimated by 

measuring the dye in the plasma. This test 

therefore eliminates the two possibilities of 

error discussed above. The results in cases 

comparable to those studied here confirm the 

depression of liver function. 
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E· Urine Urobilin. 

Urobilin appears in the urine under three 

circumstances:-

1) Very slight traces normally. 

2) After haemolysis. 

3) When the liver function is disturbed. 

The amounts of urobilln present were in 

excess of normal. No evidence of haemolysis 

was present in the cases. The presence of 

urobilin 1n the urine must therefore be inter­

preted as evidence of imp&.irment of the function 

of the liver in cases of chronic infection. 

The results also demonstrate the well-

known tact that all liver functions are not 

necessarily affected in any given case. (Table XVI). 

Thus in 2 cases there is a very low h1ppur1c acid 

excretion and no urobilin is present in the 

urine, while in one case with a normal h1ppur1c 

acid test, urobilin was found in the urine. 

Only two cases out of 17 in which one or 

both tests were performed showed normal results 

in both investigations. 

A• Clinical and Autopsy Evidence. 

Olinioa.lly, there is no record ot the state 

ot the liver in cases 13 and 15. or the remaining 

23 oases, the liver was not palpable in 17 

instances. 
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In 2 caae1 the liver was l fingersbreadth 

below the costal na.rgin, in 2 oases, 2 fingers 

down, in l case 3 fingers down. In all the liver 

was smooth and soft and the edge was not sharp. 

In the remaining case the liver was 4 

fingerabreadth below the costal nargin, firm and 

tender. This was case 17 with subacute bacterial 

endocardi tis, in which some cardiac failure 

supervened. No hippuric aoid teat was done in 

this case, nor was urobilin tested for in the 

urine. 

Ot the cases that died, 3 'f1ere autopsied. 

In two of these the liver showed fatty changes 

only, there being a moderate amount of deposit 

of fat in the periportal zones. In the third 

case (eubacute bacterial Endocard1tia) th~ main 

change was pa.eeive congestion . 

I have already pointed out (Berk, 194:3) the 

fact that the liver function may be disturbed 

in cases of generalised tuberculous adenopathy 

without anything more than fatty changes being 

demonstrable in the liver. Here too it appears 

that in chronic infections the liver function may 

be grossly disturbed without actual involvement 

of the liver by the infection, but merely as a 

toxic affect. It is known, too, that even 
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more severe liver involvement can occur, euffi• 

cient to be t~rmed "hepatitis", in cases of 

infection, e.g. it baa been found to be very 

common in cases of pneumonia in natives in 

Southern Rhodesia (Gelfand and Lewis, 1942). 

In such cases too, nothing more than fatty changes 

in the liver need be found. 

The exact significance of fatty change in 

the liver is in doubt. Much controversy has 

taken place a.a to whether the fatty chia.nge is 

degenerative or merely infiltrative and not 

indicative of any disturbance in the cells. 

Some oases off tty liver are called 

"hepatitis", e.g. the alcoholic liver is typi­

ca lly a fatty one. Also Himsworth and Glynn 

( 1944) note that in animals starved of carbohy ... 

drates a fatty liver results and this goes on 

to a fine diffuse cirrhosis . 

Thus one can only state the fact that in 

chronic infections fatty cha nges occur in the 

liver and liver function can be shown to be 

defective. 
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.!) GASTRIC FUNCTION. 

Only the secretory activity of the stomach 

was investigated. This waa done in 12 oases. 

Only one case showed complete absence of free 

hydrochloric acid in the gastric contents. No 

response followed histamine injection in this 

case. In the remaining 11 oases hydrochloric acid 

appeared in the gas trio contents. 3 cases showed 

some depression of acid secretion and in the rest 

the secretion was normal with one case showing 

hyperchlorhydria. 

The distribution of the types of acid secre­

tion ie in keeping with what is found in groups 

of perfectly heal thy people and thus there is 

no evidence or depression of hydrochloric acid 

secretion in these cases. Calder, Steen and 

Baker (1939) a lso found no achlorhydria in cases 

of brucellosis. 
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J.) FOLLOW-UP AND TREATUENT STUDIES. 

Only two cases were followed up, one of them 

having been placed on iron therapy. The position 

with regard to therapy is summarised by Vaughan 

and Saifi (1939) and needs no wnplifioation. 

"Trans:fusions, iron 'and liver therapy are without 

permanent effect in anaemias associated with 

aepsia•. Thia ie illustrated by case 5 in whom 

iron therapy was given for 10 weeks. During this 

time she also had treatment for the rheumatoid 

type of arthritis from which she was suffering. 

The blood was counted at interTala and the 

results are shown in fig, 4?, 

In 11 weeks the haemoglobin rose 7% and the 

red cells 670,ooo. There was no increase in 

the reticulocytea during the first three weeks 

of treatment, 

Ca se 4 was f .ollowed without treat.ment directed 

against the anaemia itself for 7 weeks. During 

this time the haemoglobin rose 6% and the red 

cell count 190,000. (Fig. 48). 

Thus these two ca sea remained virtually 

stationary des pite iron administration in the one 

case and treatment for t he primary condition in 

both cases. From the literature this appears to 

be characteristic of this type of anaemia. 
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~) KAIN CONCLUSIONS. 

In spite ot the small number ot cases studied, 

the following conclusions concerning the anaemias 

of chronic infections seem warranted by the 

evidence presented. 

l) The total red cell count shows only 

slight reduction !n most cases. In only one 

quarter of the cases is the red cell count reduced 

by more than l million cells per cubic millimetre. 

2) The haemoglobin shows relatively greater 

reduction, most readings falling between 46 and 

67;;t . 

3) The colour index and the mean corpuscular 

haemoglobin are raised in a few instances, 1.e. 

a hyperchromic anaemia l'IBY be found in casea of 

chronic infection, due to this factor alone. 

4) In about half the remaining o~see tbe 

colour index a.nd mean corpuscular haemoglobin 

are normal and in the rest they are below normal, 

i.e. hypochromic and orthochromic blood pictures 

are about equally common and account for most 

of the caaea. 

5) The volume of packed red cells tends to 

be higher than would be predicted from the haemo­

globin, red cell count and colour index fi gures. 

6)This ia explained by the fact that the 

mean corpuscular volume ahowa a marked tendency 



to be raioQd, figures above norinal being seen 

in o er a t h ird. of t ile oa ses. 

?) In a.ll caaes the ean corpuscul r volume 

is l a rger tha n would be - edieted trom the colour 

index 0::r ean corpus oular haemoglobin. 

8)1'he erythrocytes ahow a ai ilar tendeno;y 

to ha,ve n increased diameter, and 1n abou.t t••· 
fifthe of the case• the 41araet&r is abo•e normal. 

9) In keeplng with theae finding•• the Pr ice 

Jone• curY&s show large number• or macroc:,tic 

cells. ltiarocyiea are tew 1n nu:d>er. 

10) !be tbiokneaa of the corpus clea tall• 

wt thin n.ormal 1im1 ta in •oat of the eaae•. 

11) Takiag t.be abo"f'e tinclinga ln relati011 

to the 1'indinge with reprd \o •an cell diameter 

it ia to be expected that the cells would. tend to 

be flat. Thia ia borne out by the f'1gurea for 

the dlam.eter-thickneas ratio. 

12) The reel cella •how a degree or anisocytoai• 

that ia only .aligb~. 

13} The tra.gilit7 of the red oella ia frequently 

redueecs. i.e. there ia a tendency for the cell• t-o 

ahow abnormal ,res 1a tance to hypotonic .aal t eolutlone. 

141 Thie tendenc7 to rea1~tance on the part 

et the red blood cell• can be related in general to 

tbe tendency of the cella to be flat, although Aa 

1ndiY1dual 1nstancea the relationship is not 

alwa.ye cloa.e. 
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15) The preaence of' target cells, sometimes 

in hig h poroentage, forms a striking feature of 

the blood films in many of the cases. 

16) The presence of target cells in the blood 

films of these caoes is closely correlated with 

the resistance of the cells to hypotonic saline. 

17) There is no evidence of any ha.emolysis 

in these cases, as shown ay the low plasma bili• 

rubin content in the presence of poor liver 

function, and the usual absence of reticulocytosi1. 

18) The reticulocytee fffl.y be raised to a 

very small extent on occasion, either transiently 

or fgr longer periods. Normoblasts also may 

appear in the peripheral blood. 

19} The white cells vary according to the 

primary diaeaae causing the amemia. 

20) The platelets are nornal in number. 

21) Bone ma.rro studies show very little 

if any depression of the eryth:r opoietic function 

in these cases. The activity of the leukopoietic 

tissue does not affect theerythropoietic tissue. 

Th erythropoiesis is normoblastic in type . 

22) Depression of liver function is a very 

common finding in cases of chronic infections, 

as ahown by defective excretion of hippuric 

acid in the ~uick test and by the finding of 

excess of urobilin in the urine. 
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23) Clinically ~nd histologically no 

abnormal! ty or the liver is found other than 

fatty change. 

24) The secretion oL hydrochloric acid by 

the stoma.ch is normal. 

25) In the two cases followed up. the blood 

picture tended to remain stationary in spite of 

iron therapy in one case and treatment of the 

primary condition in both. 



DISCUSSION. 
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1!• THE UECHANISK OF PRODUCTION 

OF THE RED CELL CHANGES IN CHRONIC INFECTIONS. 

~.) JIISCELLANEOUS FACTORS. 

N• adequate analysis of the data with regard 

to factors such ae the age, sex, and race of the 

patients could be carried out because the number 

of cases studied was too small for this purpose. 

~· 
The distribution of the cases by decades is 

as follows,-

o - 10 None; 11 - 20 

41 -50 4; 61 - 60 

4; 21 - :30 

2; 61 -70 

6; 

3. 

31 .. 40 

It is unlikely that age would make a difference, 

exce pt in children, where the haemopoietio system 

is undergoing chang es and is 111ore lab ile than in 

the a dult. 

Sex. -
There were 15 males and 10 females in the 

aeries. Thie is in keeping with the f a ct that 

the hospital ha s a l a r ger number of beds for malea 

than for females. 

Race. -
It was considered unlikely that race would 

make a difference to the results, except in eg 

far as the Cape Coloureds and Natives belong to 
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a much lower income group than the Europeans 

and thus could 113.Te changes in the blood ante­

dating the deTelopment of the chronic infection, 

due to nutritional deficiencies. 

It was impossible to control this aspect 

of the casea. It may be mentioned, however, that 

the ca.seeshowed no clinical evidences of vitamin 

deficiencies . 

Duration of Illness. 

Thia factor does not seem to have been of 

importance in these cases from inspection of 

the data. In long st~nding illness it might be 

anticipated that o~ing to poor appetite and extra 

demands on met bolism, thet deficiencies may 

arise. However, as stated above no obvious 

signs of deficiency developed. 

Iron deficiency, ~hich might be ex lected 

to occur, is unlikely in view of the findings 

of Grose, Sandberg and Holly (194~ or normal or 

exceaeive iron stores in cases of chronic infec­

tions. 

The duration of the illness varied from 

2 weeks to seYen yeara, distributed as follows:-

2 weeke to 3 months - 14 cases; 3 montns to 6 

montha - 4 cases1 6 months to l year - 2 oases& 

l case each• 18 months, 2 years, 31 months, 

4-5 years and~ years. 



The Cnuae ot the Chronic Infection. 

In view of the suggestions made l a ter witb 

rega rd to the actual mecha nisms hereby the 

changes in the blood re brought bou\, and 

the demonstra tion by Kenkin (1940) tha t the 

chemica l substunaee responsible for the local 

non-epecif'ic and. do not depend on the type of 

infectio11, 1t aeema legitimate to group the 

rather diverse caeee studied together under the 

common headina ot anaemia due to Chronio infection. 

The State of the Blood. before the Chronic 
Infection. 

A.a has 'been atatecl aeTera1 times before, 

no control waa possible oTer this souree of error. 

From the olinioal histories it was not thought 

that any ill·•hea lth preceded the chronic 

infection, ttince all eases were perfectly fit 

until the onset of the dise se which brought them 

into hospital. 

Severitz of the Illness. 

This ia in a ny case difticult matter to 

sta te q ntita t1vely and to correl~te with other 

findinge. A rough guide to this question ia 

tbe termination of the illnes in dea th. 9 of 

the patients died. From inspection of the 

data there a ppe . a to be no a1gnitlcan\ differ• 

ence between the blood picture in these th.a t 
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died and those tht::l.t survived.. 
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!) Tim TYPE OF ANAEMIA PRESENT. 

Anaemias have Deen classified into three 

main types by Witts (1932) and Vaughan (1934), 

according to the mechanism ot production of the 

anaemia. 

l• Poathaemorrhagio AJ)&emia. 

Great care was exercised in the selection 

ot patients for study to exclude all sources of 

bleeding, either acute or chronic. There is no 

evidence that chronic infection in the cases 

investigated gave rise to any bleeding. 

Bleeding can complicate the picture of the 

anaemia in chronic infection, e.g. a case with 

pulmonary tuberculosis may show haemoptyeis, which 

may alter the blood picture in addition to 

aggravating the anaemia. Also in very severe 

chronic infections or in certain special types 

one of the features may be purpuric manifestations 

from toxic affects on the capillary endothelium. 

Haemorrhage from this mechanism may be sufficient 

to alter the blood picture. 

Haemorrhage may cause a reduction in the 

saline fragil.ity of the rec:l. cells, e.g. in 

pregnancy anaemia (Elliott, 1941) . 

The discrepancies between the f:imdings in 

this investigation and those of other observers 

may be explained in ~rt by the fact that JJLSl.ny 
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of the reported cases are such that they may 

easily have bled either acutely or chronically. 
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~- Baemol7tic Anaemia. 

The findings recorded here and those in the 
I 

literature suggest that no haemolysie is taking 

place in these cases. 

It is recognised however, that haemolytic 

anaemia may complicate the blood picture in 

certain cases, either due to chronic infection 

itself or to the therapy given for the infection • 

.§.• Dyshaemopoietic Anaemia. 

In view of the above, it must be concluded 

that the anaemias of chronic infecti one belong 

to the dyshaemopoietic group of anaemias. It 

is therefore necessary first of all to consider 

the various factors known to produce dyshaemo­

poietic anaemias. 

1) Deficiency Dyshaemopoietic Anaemias. 

~) Interference with iron metabolism. 

It has been shown in the literature that 

haemoglobin metabolism is interfered with in 

these cases. The finding in the present investi-

gation of low mean corpuscular haemoglobin concen­

tration in practically all the ca.see supports 

this view. The usual way in which haemoglobin 

is rendered deficient in any case is by inter. 

ference with metabolism of iron. 
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(i) Defective intake of iron. 

(ti) Defective absorption or iron. 

The findings er normal or excessive iron 

stores in va rious organs of the body (Gross, 

Sandberg and Holly. 1943) in chronic infections 

argues very strongly against the possibility 

that iron deficiency results either from 

deficient intake or defective absorption of 

iron in these oases. Defective intake of 

iron is easily remedied by iron administration, 

but this therapy exerts no or very little influence 

on the anaemia in chronic infection. 

One factor known to be of importance in the 

absorption of iron is the presence of hydro­

chloric acid in the stomach. Where gastric 

hydrochloric acid is deficient, iron absorption 

may be defective. In the cases studied it was 

shown that the secretion o~ hydrochloric acid 

by the stoma ch is nDrmal. Thus this f a ctor 

would not play any pa.rt in the a naemia under 

consideration. 

(iii) Excessive lose of iron. 

The large iron deposits aga in argue 

against the excessive loss of iron from the 

body in these cases. The absence of haemorrhage 

hae already been discussed. 

(iv) Defective utilisation ot iron by the bone marrow. 

The larae iron deposits in cases of chronic 
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infection indicate that in spite of the anaemia 

and deficiency of haemoglobin, the demand for 

iron 1a lees than the supply available. Thia 

must be interpreted to mean that the bone marrow 

ia incapable of using iron in the normal manner. 

This concept is analogous to the explanation 

advanced in the case of the haematinic factor 

in cases of •Aohrestic anaemia" (Israels and 

Wilkinson, 1936). 

The evidence thus points to the following 

explanation of the interference with haemoglobin 

forma. ti on, - It results from disturbance of the 

function of the bone narrow, as a result of which 

it is unable to utilise iron far the product! on 

of haemoglobin. 

The bone marrow picture is in keeping with 

what is found in iron deficiency anaemias only 

in so far as erythropoiesis is normoblastic in 

type. Iron deficiency usually leads to hyper­

plasia of the red cell precursors whereas here this 

hyperplasia is absent and the erythroblasts are in 

fact present only in amounts near the lower limit 

of normality. This finding UB.y be explained by 

depression of the erythropoietio function of the 

marrow in chronic infection. 

A further striking difference exists between 

the anaemias of chronic infections and. other 
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anaemias in which interference of iron meta• 

bolism occurs due to one of the first three 

mechanisms discussed above. In the latter 

cases the important features of the blood picture 

are hypochromia and microcytosis. It has ' already 

been noted that in cases of chronic infection 

only hypochromia is seen and miorooytosis is 

not a feature. In faot (fig. 12) the cell size 

in anaemias or chronic infections is al,:ays 

larger than would be expected if interference with 

haemoglobin formation was the only factor in the 

production of the anaemia. 

It seems therefore that in order to explain 

the cell size two mechanisms at least must be 

operative in theme cases. 

1) Interference with haemoglobin production, which, 

in addition to causing hypochromia, tends to 

decrease red cell size. 

2) Some other factor which tends to produce an 

increase in the cell size. 

The findings recorded in fig. 12 can be 

explained best by combinations of these two 

factors in varying amounts. Thus where the in­

terference with haemoglobin metabolism preponderates, 

the cells are mi crocytic ( 2 cases). Where the 

second factor predominates, macrocytosis is found 

(9 cases). Where the two factors are more nearly 
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equally active, the cells are normal in size 

(14 cases). The influence of each factor is 

seen in all oases - hypochromia of the individual 

cell !a seen in all oaaea and 1n every case the 

cells are too large for their haemoglobin content. 

The concept advanced here is supported by 

the f incl ings in cases of certain tropi c&.l nutr 1-

tional anaeI!lias to which the name "Dimorphic Anaemia" 

was given by Trowell (1943). Here the blood 

picture is macrocytic und hypoohromic and it has 

been shown that both iron and liver deficiencies 

are present. 

The theory is put forward therefore that the 

1.1.naemia. of chronic infection is also a dimorphic 

anaemia.. 
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b Interference with the l1Yer .t'iai.ctor. -
In looklna tor a cause .tor macrocytoeie 1l1 

any caae, attention is 1 ediately roeusaed. upon 

the liver. Calder, Steen ancl Baker {1939} 

auggeated that liYer disturbance reaponsible 

tor the chan.gea in the red oella in the caaea o.t' 

brucellosis that they 1.nYeatigated. They •de 

thia auggeation purely .t'rom the red cell picture 

and h&d no direct eY1dence ot a'bnormal l1Yel:' 

!unction. Kunger and Huddleson (193?} recor4 

the preaence of the *liYer failure• leucocytea 

ot Iaaaca in the blood 1D caaea ot brucellosia. In 

the preeent inYeatigation it baa 'been established 

beyond doubt th t the liver function ia def' ctiYe 

in cas-ea ot chronic in.tection. 

It aeema reason ble there.tore to suggest that 

tbia depression of liver- function ia the factor 

that is responsible for the macrocytic tendency 

aeen in the caaea ot anaemia due to chronic 1nfec-

tion. In addition, the data 1D table XXI nd 

tig. 49 are to some extent augge tive or an 

inTerae r laticnahip between tbe cell size and 

the hippuric acid excretio teat re ults. 1.e. 

the lower the h1ppuric acid tbe higher the mean 

cell vo.lume. 

It 1• net clear how Ter, bow liTer d1aecaae 

giTee riae to anaemia at any time, eapeci lly 
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of the ma.orooytio variety. One explanation, 

suggested by Wintro,e and Shumacker (1933), a.nd 

repeatedly quoted, is that there is failure 

on the part of the liver to store the 11 ver 

principle. Schiff, Rich and Simon (1938) dis• 

proved this idea by demonstrating that the liver 

principle is present in human cirrhotic livers. 

To overcome the latter difficulty, it ra.s 

been suggested that the liver has to alter the 

haema.tinic principle in some way before it is 

utilisable by the bone marrow. This function 

is thought to be lost in liver disease. 

Jlany cases of liver disease anaemia fail 

to respond to therapy with liver extracts, 

especia lly those cases with cirrhosis. In milder 

and easily reversible liver disorders such as 

infective hepatitis the response to liver extraot 

ma.y be good. This failure of response to liver 

therapy could be accounted for by the second 

theory mentioned above. 

HoweTer, as pointed out by many authors, all 

macrocytoeis is not necessarily related to perni-

cious anaemia. In fact the blood picture in 

ma.crocytio anaemia due to liver disease differs 

markedly from the blood picture in cases where 

the h.a.ematinic principle of Castle is deficient, 

in that there is uniformity of cell size which 

contrasts DJj.r kedly with the gross anisocytosis 
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aeen in pernioioue anaemia. Liver disease 

anaemias also 1&. ck the poikilooytosis chara.oter­

istic ~f pernicious anaemia. 

This lack ot identity between the anaemia 

of liver disease and that of cases in which 

Castle's factor is deficient has been stressed 

recently by Dameshek (1943b). 

Wint robe ( 1942) in his textb110 c .. lso draws 

this important distinction, and olassifiea the 

a naemias of liver disease under the heading of 

simple chronic anaemias. 

The association of a pernicious a naemia 

blood picture und bone marrow with cirrhosis of 

the liver ie rare, and was ~ound in only 2 cases 

out of a aeries or 386 by Ratnoff and Patek (1942). 

A reviewer of Mogeneen's book (1938) on the 

red cell diameters mentions that the 4uthor 

suggests tha.t the c~nges in the blood in liver 

disease arise in the cells ae they circulate. 

There is very little doubt therefore that 

liver disease is ca pable of giving rise to a 

macrocytio am.emia, but the exact mechanism of 

how this arises is completely unknown. Liver 

dioease may give rise to ma.orocytosis even in 

the absence of anaemia (Wintrobe and Shumacker, 

1933). 



-106-

£1 Other deficiencies. 

Other factors, deficiency of which are known 

to result in anaemia are thyroxin, the vitamins, 

and certain liver fractions which are not Castle's 

haematinio principle, which are extracted during 

the preparation of purified liver extracts. The 

only one that need be considered in detail is 

vitamin c. Thia has been shown to be defective 

in many oases of chronic infections (Parsons, 

1938) and in some instances the disease (e.g. 

rheumatic fever) has actually been attributed to 

vitamin C deficiency. It does not appear posei-

ble to consider this factor any further as no 

data are available, but this aspect merits further 

study. 



-10'7-

!!) Toxic Dyshaemopoietio Anaemia. 

Toxic !actors produce anaemia by depressing 

or interfering with bone marrow function. The 

known causes of toxic dyshaemopoietio anaemia 

such as benzol derivatives have •een excluded 

in the selection of the cases for study. 

The study of the bone marrow permits the 

following conclusionea-

1) There ia probably some degree or depression 

of the erythr opo i et i o func ti on of the bone marr·ow. 

2) The reticulocyte counts suggest that there 

is a diminished release of red cells into the 

circulation. This is also suggested by the fact 

that the red oeil.l count tends to become fixed or 

to drop lower in cases of chronic infection in 

the absence ot haemolysis of the circulating cells. 

This reduction in the number of cells released 

into the circulation TNJ.Y be greater than 1s 

apparent - this is suggested on the fact that 

the plasma bilirubin is extremely low in the 

presence of defective liver function, this feature 

indicating possibly that the rate of red cell 

destruction is actually lower than normal, even 

allowing for the reduced total red cell ma.as . 

The fact that the red cell a are reaistan t 

may also indicate that they are able to survive 

longer in the peripheral blood, although a 
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close correlation between in vitro teats and 

what happens in vivo is not always seen e.g. 

sickle cell anaemia and Mediterranean diaeaee 

cases show cells resistant to saline solutions 

and yet the cases show excessive ha.emolysia 

clinically. 

3) In the discussion of the fragility test 

results, it was pointed out that the alterations 

in red cell shape did not accurately explain the 

changes in resistance to hypotonio saline. This 

suggested that some abnormality of the cell eavelope 

exists. Thia abnormal! ty at the cell envelope 

may arise during the formation of the red cells 

in the DBrrow. 

From the preceding discuaaions the conclusion 

can be drawn that in infections the bone marrow 

is interfered with by the toxic process preaent, 

This results in depression of erythropoiesis and 

in inability ot the bone marrow to utilise iron. 

When iron deficiency exists the peripheral 

blood shows hypochromia. In such cases there 

may be reduction in the number or erythrocytes 

in the blood or the total red cell count may remain 

normal. It is not known what factors determine 

in a particular case whether less cells than 

norrm.l are released from the bone marrow or 

whether cells are liberated in normal amounts. 

----.. -· . 
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Where less cells than normal reach the peripheral 

blood from the marrow, iron therapy not only 

oorrecta the hypochromia, but restores the red 

cell count to nornal as well, so that the 

reduced liberation or red cells does appear to 

be connected in some way with iron deficiency. 

In chronic infections there is diminished 

release of red cells into the peripheral bloo4. 

Thia DBY be due to the interference with iron 

metabolism, however this factor produces suoh 

an effect, or to the depression ot erythropoieeis 

already discussed. 

The interference with liver function produced 

by the infection also influences the red cell 

picture, possibly through some action on the bone 

narrow. 
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Certain at the features ot the blood picture 

are not easily explained by the ·mecha.nisme 

dis cussed a.'b ove. These are the aacrocytos!s, 

the resistance of the cells to hypotonio saline, 

the increased numbers of target cells in the 

peripheral blood, and the flatness of the erythro­

cytes. Unfortunately these features a.re not 

sufficiently well developed in the cases of 

chronic inf .ection to be easily investigated by 

the methods that could be devised. 

Ca.see of jaundice show many features identi• 

cal with those seen in chronic infection (tables 

XXII, XXIII, and.xKVI. It will be seen that 

macrocytoais is found with normobla.stio marrow, 

liver and bile duct disease ia present, there 

is marked resie ta.nee at the red cells to hypotonic 

ea.line and target cells are seen in great numbera. 

The problem of explaining the cell changes in 

Jaundice is therefore very similar to the problem. 

of explaining the cell changes in ca.see of chronic 

infection. Since jaundice cases show the changes 

to a more marked degree, it was therefdre decided 

to investigate the problem in cases ot jaundice. 

This study is recorded in the next section. 
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.2.. Ta rget cells. 

~· Flatness of the erythrocytes. 
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D) THE RED CELL CHANGES IN JAUNDICE. 

1) Introduction. 

It is well known in obstructive Jaundice 

the red cells become larger than normal in diameter. 

The oell thickness does not increase correspondingly 

and my even become snaller, so that large ciiameter, 

flat cells result. Together with this, target 

cells appear in abnormal numbers in the peripheral 

blood and the red cells show abnormal resistance 

to hypotonic saline. The volume of the cells 

may or DBY not be increased. 

It will be seen that these features resemble 

those of the anaemias or chronic infection that 

were not adequately explained in the previous 

section. 

From tables XXII and XXIII below it will 

be seen also that the cause of the obstructive 

Jaundice is not important in this connection. 

These changes occur in jaundice due to extrahepatic 

biliary tract obstruction, e.g. as occu~ in carcinoma 

of the head of the pancreas, and also in toxic 

infective jaundice with an obstructive element 

as shown by the direct prompt positive v.d. 

Bergh reaction, and the clinical features ot pale 

stools and dark urine. 
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There are two chief ways in ·hich these changes 

in the red cells could arise. 

1) The cells delivered from the bone marrow may be 

abnormal in the features described above. 

2) It is possible that normal cells are delivered 

from the bone narrow and that these become altered 

during their life in the peripheral circuU;1.tion, 

The purpose of this portion of the investi­

gation was to determine which of these two possi­

bilities is the correct one, and t o attempt to 

reach a more detailed explano.tion of the altera­

tions observed in the red cells. 
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~) The Site at which the Changes occur. 

Information derived from four types af study 

lead to the conclusion that the changes in the 

red cells in obstructive Jaundice are the result 

of alterations occurring in the red cells as 

they circulate in the peripheral blood. 

!:) The rate at which the changes occur in the cells. 

Twenty three cases of non-haemolytic Jaundice 

were studied. In these cases the following in• 

vestigationa were carried outs- haemoglobin eeti• 

mations, total red cell counts, haema.tocrit deter­

minations, hypotonic saline fragility teats, v.d. 

Bergh reactions and plasma b1lirubin estimations. 

Price-Jones curves, reticulocyte counts and 

target cell counts were performed in some of the 

cases. In addition a careful clinical history 

was recorded to determine the duration of the 

Jaundice. The results are recorded in tables 

XXII, X.XIII., together with the diagnosis in ea.oh 

case. The Price-Jones curves of three cases are 

shown in figs. 50, 51 and 52. 

The most important features shown by these 

cases as far as the present problem is concerned 

is that th~ changes in the red cells are present 

in very srked degree as early a.e 10 days (case 

120) and 2 weeks (oases ~land 96) after the onset 
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of the jaundice. Furthermore, a study of the 

Price-Jones curves ohow that there ia only 

a slight. degree of anisocytoais. Sigma ie 

only slightly raised and the coefficient of 

variation (v} is only slightly above normal. 

The height and shape or the curves approximates 

that of the normal curves cloa ely. It appears 

therefore that the whole curve is shifted bodily 

to the right from the normal position. 59.2, 

64.4 & ?3.2% of the cells are macrocytic in the 

three oaaee respectively. 

It seems impossible that the entire cell 

population could be replaced in 10-14 days by 

new large diameter flat cells. The normal 

survival time of the red blood cells is about 

100 days (Mollison and Young, 1942}. Therefore 

in order to change the cell population the old 

generation would have to be killed off and 

regeneration would have to proceed at ?-10 

timea the normal rate. The blood, however, 

shows evidence neither or rapid cell destruction, 

nar. of rapid cell regeneration (reticulocytes 0.1 

- 1.8%) . In addition pigment studies done in 

cases of obstructive jaundice show that after a 

few weeks the serum bilirubin no longer rises. 

Ottenberg (194~). Part of the explanation of 

this may be diminished production of bilirubin 

due to decreased breakdown of red blood cells. 
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The resistance ot the corpuscles to hypertonic 

saline & lysoleoithin (Singer, 1940) haemolyais 

may be evidence supporting this suggestion. 
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.!?_) The revers1bil1 ty of" the changes. 

Case 99 was studied at intervals during the 

course of her illness. The results a.re shom in 

table XXIV and figs. 51, 53 ~nd 54. 

It will be seen that the blood returned to­

wards normal during the 10 days in which cell 

diameters were measured. Thie change took 

place gradually, the whole Price-Jones curve 

retaining its shape and moving bodily to the 

left. The fragility test curve moved steadily 

to the righ·t. 

The same arguments as those brought forward 

in connection with the rapid development of the 

blood changes apply here too. 
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.,2) Transfupi on of norGMJ. red cells ~nto A caae 

cf bctructive Jaundioe. 

Fat ien 1. 08 s lecte i'or hi-s stU:dy, 

becc:.uee her reel celle sh ed the most ma.1~k:ecl 

reaintune to hypotonic s· line i n the e1•iea. 

The ca_use l)f the jaundice was sho ,n a. t opera.tion 

and lat r at autopsy to be carcinoma. of the 

he d of the pancre&.s. 

After a 1n·elimin· ry investigation of the red 

cell, u e gi .n trunsfusion of 1200 co. 

of ' lood orn. 2 nQ t..al do 01'15. 

~ne in eatigc.tiona were repeated at inter• 

vala for 14 di ye following the r efu ion. Tbe 

results re shown in t~1)le XXV and fig. 5 • 

he gra;pl1a sno that t 

produce a considerable hump on t f'ragility 

cu-rve d ne immediat ly a~ter the trunsfusion. 

After t b ia th~ (,>urve rap dly I'f'turna tow. rda 

its l.Jretran fusion a pe an position . These 

ch."3.nges al'*"' reflected al o in the c» readinga. 

It will be noticed also that th se chan ea rllD. 

thf;ir oyole while t e tr nsf u ed calla remain in 

full n · bers in the reci ient'a blood. It waa 
int nded to follo the fate of the transfused 

cor:pu cles y the technique o;t iff"erenti l 

agglutination ( ollison nd Young; l 40). -un­
:fortun tely the patient belong d to Oro up IV and 

no nd N or Rh sera wer aTailable, so that 
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this part of the investigation had to be dispensed 

with. HoweTer, from the haemoglobin estimations, 

the red cell count!! and the haema.tocr1 t readings 

it appears that the transf used cells survived 

1th very little loss for at least a week, during 

which time the fragility curve more or less returned 

to the pre-transfusion position . 

Thill study shows that normal cells transfused 

into a jaundiced patient become so changed that 

after a little more than a week their presence 

as normal cells in an abnormal blood is not reoog• 

nieable. 
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d) The Bene )(arrow in Jaundice. -
The bone marrow wae studied by eterna l 

puncture in~ caaea. 

table XXVl. 

The c oun ta are ah own in 

The reeulta indicate that the marrow is not 

hyperplastic, as would be expected if the cell 

population was be.ing replaced r apidly. Further• 

more the marrow showa normoblaatic erytbropoies1e. 

An attempt made to measure the diametere t the 

primitiTe cells failed, but by ins pection ot the 

elidee it did not appear that the erythroblast, 

were l arger than normal. 

These studies also suggest that normal cella 

are deliTered by t h e b one marrow to the peripheral 

blood. 

The association of normoblastio marrow with 

macr cytic red cells is again worthy ot notive. 

Concl ua 1 on. 

From the evidence brought forward there 

aeeme to be little doubt that the changes f ound 

in the red blood cella in Jaundice result from .. 
alterations produced in the erythrocytes aa they 

circulate 1n the peripheral blood. 
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r :Lwesti a.tiona d.eaoribecl boTe 

indicate Lllat it is impoa ible tbat the abnormal 

red cells 1n Jauttdic re 'the reaul t of the 

delivery of abn01·mal red cells troa the bone 

marrow. The cells a1ready pre nt in the peri-

:pheral blood. at tbe on et uf t.ne Jawulioe a.re 

nged to large di eter fla~ cella, wllicm. show 

increased resistance to ~potonio saline, a.ncl 

ny of which are target cells. Any new cella 

de livered from the hone rro ina.y or wa.y nut 

be a normal. Studies of tne one rr ow ind 1 ca te 

that the llella deli ered are probably nori.alal. 

1urthermore, the re~ults ot the tranafusiou 

e.xpo· .. 1r4ent indicate t.aat ny cells put intG the 

blood. stream of a Jaundiced patient develop the 

sarue changes ae do the red cell• re$ nt in the 

bl od of the tient at the time tl1e jaundice atarta. 

Thi latter argument is very ~o«erful one in 

fai.ro ·r of the theory put forwal"d i1ere. 



po$ p+ p++ p+++ p+H+ 

A'~l<Jt,on.J"h,p_ -----------
q,,g ~A, LJ,-r,ct- ~ d. 
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~) The Role ot the Chemical Changea. 

The first suggestion that ariaea to xpl in 

the change• in the red a lla ie that the chemical 

chengee occurring in the blood ot patient• with 

Jaundice produce the alteration• in the re4 

cells. The eTidenee presented bel w euggeeta 

that this is so. 

~) The Direct v. d. Berah. 

It will be aeen from t1g. 56 that there 

ia no direct relationship between the direct 

v.d. Bergh test results and the median corpuscular 

fragility ot the cells. Resistant corpusclea 

are found eTen when the direct v.d. Bergh test 

ie only teebly positive and the obstructive 

element ot the jaundice therefore negligible. 

It ia true th&t the caaea of Jaundice due 

to obstruction, where the v.d. Bergh teat is more 

strongly positive, do tend to show a more narked 

rests tance of the red cell to hypotonic ea.line, 

the CF readings generally being below 0.300%t 

while the oases or toxic infective jaundice 

with a -,a atrongly positive v.d. Bergh show 

less narkedly reduo d lLCF readings, usually above 

o.300%. However, exceptions to this are nwneroua. 

Thus the resistance or the corpuscles does 

not bear an accurate relationship to the extent 

of the obstructive element of the Jaundice and 
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theretore cannot be dependent on thia f a ctor. 
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~) The IndiTidual Chemical Substances. 

Since the reaulta in the previoua section 

by no meana rule out the possibility that chemical 

changes in the blood are responsible !or t 

changes in the red cells, it was decided to con• 

sider each abnormal chemical constituent ot the 

Jaundiced blood separately to see it any of 

these could be responsible for the erythrocyte 

changea. 

The chemical aubatancea that require conelder­

ation are 3 in number - bile salts, cholesterol, 

and bilirubin. 

(1) Bile Salts. 

It haa been shown (Harrison, 1943J Ottenberg, 

1943) that bile salta remain eleTated in the blood in 

obstruct1Te jaundice for relatiTely short periods 

of time, returning to normal levels in about 

2-3 weeks. By contrast the ch&ngea in the re4 

cells continue tor many weeks, months and even 

for almost 2 years (22 months in case 103). It 

ia not likely therefore that the bile salts could 

be responsible tor the changes in the red cells. 

Furthermore, because of the well-known property 

of the bile aalta ot reducing surface tension, 

it might be expected that the bile aalta would 

cause abnorma.11 ty ot the erythrooytee in the 

direction of fragility ra ther than resistance. 
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Bile aalte ha.Te in fact been used as haemolytic 

agents in experiments by Ponder (1943) and ¥er, 

Birnbaum and Kligler (1943). 

(11) Cholesterol. 

Studies were mde of 5 caeea in which the 

blood cholesterol was r a ised. Table XXVII 

ahowa the results. 

TAB!& XXVII. 

Fragility ot the Red Cells in 
Hypercholesterolaemia. 

C ee D1agnoa1a, Plasma · .C.F. Span of' 
Choles- % Sa- Haemo-
terol % line lys1e 

% Sa• 
line 

53 Yyxoedema 270 0.388 .44 •• 34 
54 Xanthomat os ia '100 0.35'7 .42-.28 
75 l!yxoedema. 360 0.433 .48-.:58 
81 Xa.nthomatosie 35~ 0.3f>7 .42-.30 

117 Xanthomatosia 680 0.364 .40 .... 30 

It will be seen that raised cholesterol 

in the blood is not associated with abnorne.l 

reeistanoe o! the red blood cells. The KCF ie 

within normal limits in 4 of the caeea studied 

~nd is raised in the fifth case. caaee 54 

and 11? are particularly important in that there 

ia an isolated abnormality, the raised cholesterol, 

in the blood, the cholesterol la at a Tery high 

leTel and yet the MCF is normal. 

I 

!i 
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Ith s been hown t. t cholesterol ia an 

anti•ha.emolytio agent (Lee and Teai, 1943) and 
it has been suggested that the abnormally low 
blood cholesterol fowid in acholuric tamily 
jaundice ia the factor responsible tor the 
exoesa1ve haemolysia (Muller, 1930). However, 
most caeea of anaemia of all varietiea show 
abnormally low oholesterol levele (Kuller, 1930; 

Nayar, 1942; (ember, Bruger and Chassim, 1940). 
Host ot these anaemia.a are not of l:aem lytio 
type and are ae,sooiated with increased resistance 
of the red oella to hypotonio aline (Cassells, 
1938). 

The antihaemolyt1c action of cholesterol 
demonetrated in the work quoted above was in 

conneotion 1th haemolytic systems of the antigen• 
antibody type and. were not associated. with 

changes in cell shape or resistance in hypotonio 
es.line. 

Futtnermore. it has been shone perimentally 
that increased fat ingestion actually l · da to 
increased red cell destruction (Loewy, Freeman, 
ira.rchello and J'ohneon, 1943). 

The few cases with reaista.nt blood cella 
studied in th present investigation al o showed 
n ,or l or abnormally low blood oholeaterol levels. 
(Table XX.VIII). 
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TA13Llll XXVIII . 

Pla ma Chol-eat erol in Reaistent Bloods. 

0 e Diagnosis u. c.11. Plas 
% Cholee-
& l ine terol 

mg. 5' 

5~ Si-okle cell 0 .28'7 9-4 
anaemia 

9 Ca.rein oms. 0 . 240 202 
of the head 
of the pan-
oreaa 

116 Alcoholic o.zoo l~O 
c1rrhoa1• 
of the 
11:•er 

120 Aaute pan- 0.265 104 
creatitia 

It doea not. seem likely therefore that 

the raieed blood choleaterol of Jamiclioe la the 

d.etermWng taotor 1n causing ;red cell reeiatanoe 

to ~potonia aaline. 

( 111) B1lirubin. 

There is no accurate correlation between 

the KOY and the leYel ot bilirubin in the blood.. 

%he relationship is ahown in tig. 5?. 

In an :lndJ.viclual caae a.lao (Case 99, J'ig. 58), 

t here 1a no parallel between the C7 and the 

plasma biliru'b in level. 

Some case• ( e.g. nwnbera 51, 99 and 106 ) 

ehow practically only indirect reacting bllirubtn 
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and are t erefore ch mica lly lfk hatll!lolytio 

anaemia•, and yet ahow abnormally low MCF readings. 

It i a also obv i oua trom t be graph th,9. t 

ra1aed plasma bilirubin 1a not always associated 

with abnormal resistance of the erythrooytea 

to hypotonio saline. Thie finding oocure ot 

course in haemolytic Jaundice aa well • 



•l .... O• 

.,£) In V 1 tr o Exper !men ts. 

In order to test the effect of the chemical 

c nees in the blood in J·undice on the red cell 

fragility directly the follo ina experiment wae 

carried out. 

Blood•• drawn t'roa a oaae of Jaundice and 

aleo f'rOlll a nornal person of the same blood 

group. The blood waa centrifuged lightly and 

the plasma collected fro each apeoimen separately. 

The red c lla were washed i th normal saline until 

t y were free .from plas1 • The follo ing 

mixtures of red c lla an plasma ere then made. 

The proportions of cells to plJ...s .,,.~, equal in 

aob in tanee . approx.1!1)::i.tely e ual volume• of 

ch being used. 

i) Pa ient• s cell + ti~nt' plaama. 

11) ormal oella + nor l plasma. 

iii) P tient'a cells+ normal plas 

iv} Normal cells + patient's pla ma. 

These apeoimena were tb»roughly mixed y 

inversion and th n ere placed in n incu ator 

at 370c for l hour and then fr~ 1l1ty test, 

were pertorme4 on them. 

Two caaea were studied in thia ay, case, 

98 and 99, and the result a are eho,m graphically 

in figs. 59 a.n4 60. 

It can be aeen that the re ulta bt ined 

depend entirely upon the pr pertiea ot the re4 
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cello• since th c1.1rv of haem lys i is 1d ntical 

tor th . a.me c,11 1rr :peotiv of th pl 

in lieh they are u ended. 

There are two interpretation ot these 

reault. It 1a posaible that chemical changes 

in jaundiced. plasma do not alter tbe pro rties 

of the red blood cells and the abnor litiea that 

occur in Jaundiced blood are not reversed by 

puttin the cell into normal plamna. Thia 

interpretat1Qn ould u port th conclu ions 

re ch d above. The a cond po oi ility is that 

the ur tion of contact b t n C 11 and plasma 
a.y not l'ave been lon enou to a.110 • changes 

in th cells to occur. Thia ti e \lnfortunately 

could not be pr l onged , ince in or er to obtain 

accurate results infra ilit , e· ta, it is necessary 

to do the t st within 4 ours of ~ ing the 

blood ( oie and V ughan, 1938). 

sumed by the prepar ti on of t 

The time con­

sp ci · ens did 

not allo of longer oontaot etween cell nd 

plasma before perfor ing t e fra ility test• 

An ttem.:gt was de "-o ov ro thi 

difficulty by returni · th c ll•plasma. ix urea 
to the incubator at ~,0 c overnight. 

morning the degree of emoly ia 

he following 

s ob rTed. 

There was haemolysi in all speci na, l,ut there 

wae very uch ore he oly 1 in the 

containing tie normal cell• 

ec ns 



T i sp cimon~ cont ininc 1".i.e 1 .. i n t' s cells 

showed only aligli.t haemoly i • There as very 

little difference betwc n he t,;o pecimene 

containing normal cell • Likewise the two spec1• 

mens containing pa.ti nt'a oelle hoed comparable 

degrees of haemolyaia. Tlus h re also the results 

dep nded entirely on the properties or the cells 

and. were independent of which plasma the cells 

were suepended in. 

These experiments. wbil n t entirely ea.tie• 

factory, do tend to support thl conolueion that 

the che.nget; in the red c ll are not due to the 

ch mical changes that occur in the blood in 

Jaundice. 

Th resultij f the tr nsfusion experiement 

also tend to support the conclusion arrived at 

bove . It 1ill be seen that .7 d·y1 elapsed 

be ore the tr nsfused oella toQk on t e proper• 

tiea of the patient 1 a om cell&. It aeelfJ.8 

reaoonc1.1Jle to ha·ve expect d tl · t if the cmngea 

wee due to altered b l od chcnistry , the ol'ange 

in the tran•fused cells :nuJ. have occurred 

or rapidly, e.s occur in t e ca e of haemolytic 

ag nts added to tbe c lood tre~m (D me h k and 

Sah~~rtz, l 40) and in in viv te t (D~meshek 

and ·iller , 1943), ct.nd in the experiments on 

disc-sphere tranafor tione in th red cells due 

to alteration& in pH and a l bumin ( t'O ott, 1940; 
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Furcbgott and Ponder, 1940). 

Conclusion. 

The changea in the red blood oella in Jaundice 

are not ti..rought about by the abnor•l chemical 

eubatanoee in the blood. 
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!) The Role of' the Spleen. 

In coneiclering mecbanisme that cause the 

phenomena under discussion, namely thin corpuscles, 

with abnormal resistance to hypotonic s line and 

the appearanoe oft rget cells in blood smears, 

attention ia immediately focussed on the spleen. 

Singer, Killer and Dameshek (1941) have 

summarised the chart.gee in the blood following 

epleneotomy. The cbangea in the red cells may 

be deeoribed under three heading11-

1) Howell•Jolly bodie1 and normoblaeta appear 

in the peripheral blood. 

11) Target cells are aeen in smears, the red 

cells show abnormal resistance to bypotonic 

aaline, and there is diminished haemolysia. 

111) In addition less lysolecithin ia d monstra­

ble 1n the blood and incubation ot the blood f'aile 

to increase the lysolecithin content. 

i) The Howell•Jolly Bodie,. 

Certain ot the effects of splenectomy on 

the erythrocytes are attributable to a ~hormonal• 

action of the opleen, whereby it exerts an influence 

on the naturation ot the red celle in the bone 

marrow. Loas at the hormonal function reeulte 

in abnormal nuclear extrusion in the eryllhroblaats 

with the result that Howell-Jolly bodies appear 

in the blood and may persiat tor aa long aa 28 years 



.. 
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(Pepper and Austin, 1943). Thia 14ea of the 

hormonal action ot the spleen on the bone marrow 

is a reascma.'ble one, sinoe the effects are 

produced at a distance from the spleen and 

must therefore be mediated 'by some chenl.ioal sub• 

stance. 

The concept ot a hormonal aotion by the spleen 

on the bone marrow ie furthe~ aupporte4 by the 

leucocytosie and thrombocytoeia that occur 

after spleneotomy. 

That the spleen ia c pe.ble ot producina 

chemical aubatancea that are carried. 111 the 

blood. atream to exert their effeota on d1atant 

parte seem certain from the features of thrombQ• 

cytopoenio purpura atressed by l{a.cFarlane (1941). 

Me pointed. out that mere tying of the aplenio 

Tein at operation for thrombocytopoenio purpura. 

results in immed.iate dramatic cessation of oozing 

ot blood from the oper~tion wound. S0B1e 

auccesa has alao attende4 the extraction ot 

the chemical eubstance responsible for the 

effect on the capillaries and. pla teleta, although 

other attempte l».a.Te f a iled -(Rose and Boyer, l.941) . 

ii) Target Cells 1 Resistance to Saline Solu• 

tiona and D:b91n1ahed Haemolyaia, 

The appearance ot t rget cella and the <leTtlOp• 

ment of abnormal resistance of the red oella to 
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hypotonic saline could be due to abnormality 

in the deTelopment ot the erythrocyte• following 

splenectomy from loss or the hormonal tunction. 

From the data on the blood ot Jaundice caaea 

quoted aboYe; it aeema that thie ia an unlikely 

suggestion. 

A more probable explanation 1• that these 

change• occur in circulating cella a, a di eot 

result or the absence ot the spleen. Normally 

the spleen alters the character• ot the red 

cells oirculatina through it, ao that the cells 

in the splenio Tenoua blood are more spherooytic 

and show greater fragility in hypotonio saline 

than do cells 1n the s.plenic arterial blood 

(La.uda, 1933; Bergenhem and Fahreue, 1936; Heil­

meyer, 1936b), When the spleen ha1 been remoTed, 

it 1s reasonable to conclude that this action 

of the spleen 1& loet, and that the cells tail 

to become more spherooytio and fragile. 

There are two a chools ot thought concern­

ing the circulation within the spleen. The 

older theory, an account of whieh ie 

giTen by Beat and Taylor (1945), is that the 

splenic circulation may take one of two forms. 

Under conditions ot stress, when the spleen ia 

contr oted, the circulation ia a •closed• one, 

and blood paaee• directly from the arterial 

capillariea to the Tenoua ainuaea and thence to 
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the venoue capillaries and o to th splenic 

vein. When the spleen ia relaxed, the circula-

tion ie an "open• one. The red cells escape 

f'rom the aapillariee into the pulp, where they 

are held for some time• and it ia here that the 

changes deacribed above ooour. 

The second, more recent view wae advanced. 

by Knisely {1936a and b) a.nd is more generally 

ccepted (FahreJIS, 1939). Studying the splenic 

oiroulation in living anim:lls, he found that 

the oplen1c circulation 1a alwaya a "closed" 

one. The arterial eapillariee and in the 

venous sinuses and these in t~n continue into 

the venous capillaries. He found. that ther, 

are sphincters · t either end of the venous 

ainua. There ia a cyclio alteration in the 

atate ot the splen1c circulation through thia 

elosed system. The cycle co encea with 

closing or the sphincter t the venous side 

ot the a1nua. Thie result, in da ing up of 

the red cells, 11Jhile tbe blood fluid. passes out 

of the sinus into the pulp. 1'h1• process 

oontinuee until the sinu i dietended with 

red cells and then the sphincter at the 

arterial end. cloaea ~ The a1nua may remain 

filled in this way for anything trom a few 

minutes up to 10 hours. 
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le 1nus w, 11 de not allow red cell 

to s a Q t into the pulp. Kni ly ( 19 6b) 

shQwed that the appear nee of c 11 in the pulp 

is an agonal pb nomenon, occurring only 1 ediate­

ly prior to deuth nd never in th livin hea lthy 

spleen. 

Fahr ua (1939) ha au geeted that it i 

while the erythrocytes are held up in the spleen 

in thi way that they undergo the Change deooribed 

· bove, and speaks or t he sepa a.tor-re er voir 

function ot the pleen. 

Fahreus (1939) has allown that when blood 

i incubated in vitro t e cella become sphero­

cytic, and also show decre sed rouleau..~ format ion 

and 1.ncroaaett au :>onai n bili ty. T i . aha.nge 

is due in par t to change occurring in the cells 

pri~arily, and 1n part to changes 1n the plasma 

hioh a ffect the red oells seoondarily. The 

ohange in the plasma ooneists ot the f ormation 

of lysoleoith.in from lipoida by enzymatio 

ct ion. This process is nor1111lly inhibited in 

circule.ting blood because the red cells a nd plasma 

a.re in free oonte.ct with ea.ch othe • !'he red. 

cells preTent the change f'r om ocourr ing in the 

plasma and the plasm i nhibits t he alterations 

in the red. eel.la. 

hen the reel cells and. plasma ar a pa.rated, 

the7 undergo the changes deeorib d. When: they 



-139-

come tog tner aga1n ba.emolyaia may gccur. The 

condition in the spleen are normally correct 

tor this train of events, since the cells are 

separated off in the sinuses, while the plasma. 

1a probably kept eeparate in the pulp. When 

the two come together ag in in the eplenic 

veins, some degree of haemolysia ensues, and 

the cells oan be sho'Wll to be spherooyti c and 

fragil .. 

Aft r spl n otomy t r for, the cells fail 

to undergo the o angea de crib d and h emolye1s 

i di i 1 , 4. 

It ia necessary to coneider now why the 

cella actually become flattened after splenectomy. 

It ia not olear why abaenoe of the separator 

!unction ot the spleen should not result merely 

in cella that baTe the character• or the oells 

enterina the apleen normally in the aplenic 

artery. 

SeTeral facta auggeet that some mechanism 

exiate in the body normally tor flattening the 

red blood cells. These are aa f'ollowaa• 

a) On• striking evidence ia the eTidence mentioned 

aboTe that aplenectomy results in f'lat cells, 

and not normal cella. 

b) Thia auggeata that the spleen oonetantly has 

to act on the red cells and change them in the 
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direction of a re apherocytic form in order 

to maintain the cell in their •no 1• P•• 

c) Conversely. the f ct t t the s pleen ia 

constantly changing the erytbrocytea in thie 

direction suggests that so e mechanism must be 

tendin constantly to change them in the oppo­

ei te direction, since if thia were not ao the 

cell populat1.on would gr dually bee ore 

and ore spherocytic and no st t of e u1i1oriua_ 

auch aa 1• aee in the peripheral blood coul(l 

be established.. 

d) The abnormall7 epherocytic cells from the 

aplenic Tein are not recognisable in the pe.ri• 

pheral blood. 

One possibility that ariaee 1e that the 

cell• released from the bone ma.rrow are in a 

flattened. form and seume the •normal• shape 

after being acted upon b7 the epleen. Thia 

1a UJ'Jlikel7 in view o'! the evidence put fonrar4 

bove that •normal~ ce1la change to flat cella 

1n the peripheral blood. Such a aechaniam wou1d 

lo make it very difficult to explain the 

normal constant size ot the red. cells as .dia• 

cua ed. above. 

The possibility that the spleen acts 

aelectively on flat red cells is unlikely it 

Kniaely'a concept ot the splenic eiroul t ion 

ia correct, and lso in view of the fact that the 
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cells in the aplenio vein are not •normal" 

but spherooytia. 

There is no evidence t present to indi• 

cate wh&t this flattening mech nism might be, 

One factor that may be of 1 portance is the 

demonstration by Furchgott and Ponder (1940) 

that the arystalbumin of the plasma prevents 

the sphering of the re oells tha-t ocoura when 

blood ie- pl c d between two glass surfaces. 

Th s nt1epbering substanoe• are present in the 

blood plasma. 

It is suggested therefore that some mechan• 

ism far flattening the red e ll ex1ste. The 

sple 1 tends to make the cells round. The 

"normal~ state or th red blood cella ie the 

r ult of t equilibrium establi hed between 

the actions of these t ·o !)Otdng mechanisms. 

and the red oella are in oonetant state ot 

flux a regards shape, Thi• tate of flux 1s 

complicated further by the tact that the red 

cells become more epherocytic and fragile in 

venous blood 8114 then return to their •norm~l· 

atate in arterial or oxygenated blood, 

A:t'ter splenectomy the action of the spleen 

ia lost and the cells become fl t. Thi1 f'aot 

remain• true whatever the mechanism ot the 

flattening, 
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iii) Disturbed Lysolecithin Metabolism. 

It is possible that the reduced lyeoleoithin 

content of the blood after splenectomy is due to 

loss of the separator aotion ot the spleen 

whereby the pla .sma. ia separated off from. the 

red oell• and t~avereee tb.e pulp. Here there 

is normally a tormat1 on of lysoleoithin. Atter 

eplenectomy less lyeeleoith1n 1a form.ed. It 

is diff icult to underutandt ho\,ever, why no 

increase in lyeolecithin 1a a~en after inouba• 

tion of the · plasma in splen cto iaed p tiente. 

Singer, iller and Damesll.ek (1941), only speak 

of die turoed lysclecithin me bol iam .and do not 

oonsicie:r its m ehanl m W'1y further. 

he conclusion relative to he present 

study that m.y be drawn from the ab ve discussion 

is that the flattening of the cells after 

spleneotcDJ1 is dt1e to loes cf th separator 

function of the spleen. It seems eoncei vabl& 

that tbia separator function of the spleen 11J&Y 

be lost, without actual r emo• l. of the pleerh 

from disturbance of the normal Y ec~lar cycle. 

Thia poseib ili ty is au.pportt1d by th experimental 

etud1 of Ki.ller, Singer a.nd Damelehek (1942) bt 

whieh they produced t rge\ celle · tn the bloocl 

ot animals simply by interfering 1th the 

pl•nic circulation. 
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Since the pren nee o 

t 11 1nd_i t• that t • re 

tar3et lla 1n a blood 

cellt re flt d 
ar• re lstant t h;V o~cn1c aline, it y lo 
be u~ eated that th re• o lle 

indi te that the aple ic tunot1on is 1 turbect. 
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5) Summary ot the red oell changea in 

jaundioe. 

1) The red celle in Jaundice show certain 

changes - flattening, increaaecl resistance to 

hypotonic aaline ha.emolyaia and target cel1s. 

2) These abnormal features ••iult from 

ohangea brought about in nomal reel oella during 

their circulation in the peripheral blood. The 

cells released from the bone marro are probably 

normal. 

:3) The Chemical ohe.ngea 1n the blood 

in jaundice do not appea.r to be responsible for 

this alter t1on in the red blood cells. 

4) The ahs.ngea in the rythrocytee probably 

riae bee use th re 1a disturbance of the normal 

function of tbe epl en. This may arise because 

of alteration in the circulation through the 

spleen, whereby the oelle are not held up in the 

spleen and thus fail to undergo the ehangea 

round normally in erythrocytee in splenic venou.e 

blood. 
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!) POSSIBU ROLE OF ItYPOSPLENISB 

lll , 'l'BJ . ANAEMAA§ OF CHRONIC IfflCTXOB§• 

It l:aa already been pointed out that certain 

teaturea ot the red blood cellsin onronio infec• 

tiona are aot easily explained on the baaie or 
alteration in erythropo1e ia whereby abnormal 

oe l la are delivered to the blood. stream. 

It was alao noted that tbeae very changes 

that occur in chronic infection• also occur in 

Jaundice. The latter problem h&s been inveati• 

sated and the conclusion ha• been reached that 

the changes result trom interference with the 

:tunction1 of the spleen, and that this inter• 

:ference w1 th eplenic tune ti on uy occur secondari­

ly to abnorm.al1tiee in the liver and biliary app&• 

ratua. 

It ia obvious too, aa in the caae of ~he 

red cell changes in Jaundice, that if the red 

eell chansea 1n chronic 1nf ect1 one cannot b.e 

explained fully by abnormal erythropoiesie, 

then eome ot these change• muat occur in the 

peripheral blood. From analogy with the 

meehani am s uggee ted for the changes in the 

erythrocytee in Jaundice, it ie euggeated that 

in oaaea or chronic iru'eotiona there ia a.lao 

an upset or the fwiction ot the spleen. 

The possibility discussed above that 
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there is leea oe 1 deetruction than nor l 

i n c of chronic infection would fit in 

well with th1 concept ot underfunct1on of 

the spleen. 

There ar ,ever l waya in which thia upaet 

in the splen1o tunction could be broiaght about 

in caeea or ohron1c infections. 

l) The agent (see below} r•sponaible tor the 

other changes in ehronio infections 'fllj,y act 

on the spleen directly, producing alterations 

in ita normal T&sQular physiology. 

2) The change• in aplenic tunotion may be 

secondary to the disturbed liver function that 

ha been demonstrated in these caaea, Just ae 

in th oase of jaundice the abnornnlity ot 

aplenio function is likely to be second ry to 

the dieturbance of the liver .• 

There ie no ava ilable evidence to indicate 

which of these two meohaniema ie at work. 

It is possible also that interferenoe with 

splen1c hormonal f notion ie reeponaible !or 

the oooaa1onal normoblaatis1 that occure in 

chronic inf'eotions. Thi is suggested by the 

f ct that normobla toeia ie frequently aeen 

after aplenectomy. The idea 1• supported by 

the caae reported by van Buchem an4 Borman (1940) 

ot reticuloendotheliosia in which normoblastoais 

wae a prominent feature and in which autopsy 
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rev aled un a rup' ic pl en .eiclJ.1ing no more than 

6 grar:nnen. 

It ia interesting to apeculate as to how 

far a splenie mechanism aa suggested aboTe might 

account tor other ca.see with red blo<Xl cell• re• 

sistsnt to eypoton1o ea.line and "1th iner as d 

numbers of target cella. Singer, iller and 

Dameshek (1941) have already advanced this 

concept ot •bypoeplenism" and ita clinical 

recogn1 tion. It eeema at least possible tbat 

this concept will account for moet example•• 

1) Atter haemorrhage and other blood loaa 

target cell• are frequently seen (Bohrod, 1941). 

It 11 well known that after haemorrhage the spleen 

is contracted and thue the oirculation through 

it must be altered. 

2) In any non-haemolytic anaemia it ia 

likely that red aelle are not retained within 

the spleen, but that all available erytbro• 

cytea are kept 1n the circulating blood stream. 

5) In live~ disease with or without 

jaundioe, target cells are often seen. It ia 

well known that di turbances of the liver and 

of the spleen otten occur together and it 1• 

possible that the apleen 1e affected in 

theee caaee ot liver di sease here target cells 

are preaen t. 
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4) l)l the caeea of Jledi terranean diaease 

it ie poaaible that there ia aome inherited de• 

feet ot th• spleen and not of baemopoiesi which 

exPlaine some ot the phenomena observed. 

5) ln sickle cell anaemia the spleen is 

often atrophic and showa pathological changes 

long before this. Some detect ot the spleen 

may be involved here too. 

In the latter two inata.ncea it might be 

diff1a lt at tirat ight to reconcile th1a 

concept with the fact that there ia exoeesive 

haemoly 11 ln both these conditions. However, 

it is known tha.t epleneotomy f ila to relieve 

th haemolytic an em.iaa of both the1e iaeaeea • 

EO that the spleen eppeara to play very little 

role in the haemolytic proce s here. Also in 

sicirle oell anaemia the haemolysie proceeds 

unchecked eY n after the spleen baa atrophiecl 

to almoat nothing, and the Characteristic target 

cells and reeiatanc• to ypotonic saline may be 

seen hile the spleen is atill palpable clinically 

(Berk and Bull. 1943). 

A thod of investig tillg thia hypotheei• 

th t suggests itself' is to test the fragility 

of • e r d blood cells in the spl nic rtery 

nd in the plenic 'f'e1na t case• aho ing the 

abnornaali tiea under discussion. ormally there 
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is a diatinot ditf er IlOe betw en t.h e f'ragili-

t iea of the blood entering a m le aving the 

spleen, tb.e la. t t r l>ei.ng more f - g ile t, n the 

f ormer (Dergenhem and ahreua, 1936; He1lmeyer, 1936 

and Lau4a, l.933). 

l:f the spleen is not pertormlng 1 ta ngrmal 

:runction o:r changing the red cell abape towards 

the apherocytic aide~ t hen t h re shoqld be no 

difference between t . e fragilities of aplenic 

arteria l and v nout1 b lood. 

An e pportunity to oarry o t uch n in• 

•••t1.gat1on preaented itaelt at n operation for 

the remo-val ot the spleen in caae ot diterra-

nean diaeaae. Thie case was reported by Brock 

( 1944). Sample• ot blood were obtained from. 

the aplenic artery and fro \he aplenic Yein. 

The reaulta of the tragili ty teats on these two 

apecimena ia eh·own in 1'1g . 61. It will be seen 

that t he reading• are virtually identical. Thia evi-
4ence ia in keeping • ith t h Tiewe put forward 

abo••• 
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... ) THE fffi iroRAL 

It has been shown that 1ntect1QD.8 bring about 

certain of their • oC::lly effects through the 

agency or cl e tica.l su stances pro uce4 t th 

a1t ot th inf'la · ti n 

there into the blood stre 

dab er ed fro 

(Menkin, 1940). 

The sub tance ost fully studied to d te ie 

the leuoocytosia pro~oting f ctor. 

, iJ.11 on ( l9Z9) orking on r· bbi ts in 

which a constant level or 

by b le ding, demon st1· 

aemia w D intained. 

• rious bacteria ( tetanu , diphtheria, "'trepto• 

cooc1, staphylococci} depressed bone ma.rro• 

activity. Thia was eho"11 by reduced reticulo-

cytosis and tne f ct that less bleeding was 

required to keep the count constant while the 

toxins were eing administered. 

In the experi nt of Robsohe1 t•R bbins 

and Whippl (1936) ref rred to earlier it n.s 

shown that terile pl uri y induced by turpon• 

tine injections al Q inhibited the form .ion 

of ne hcl.emo lobin. Sine the eff c ·· occurred 

a.ta dist nee from the 1t of infection, y 

muet have been mediated y either an rvous 

or a humoral agency. In view of the ork of 

Kenkin the hum.oral theory seems the most likely. 

In both Uenkin'•· and 1hipple's experimenta it 
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ha been shown that the preaence ot neither 

bacteria nor their toxins are necessary for 

the production ot the hum.or l agent. The 

latter 1• a non-ap c1f1c product resulting from 

the tiseue breakdown that occurs with the in• 

tlammatory reaction. 

It aeema likely therefore that some abnoJ;'mal 

breakdown product or produota produced at the 

site of the inflammatory re ction and absorbed 

i nto a d carri cl by the blood etream are the 

actual me~ns whereby chronio in!ection bringa 

about be cha.-11.ge.e in the red blood cella. 

A. curi_o·us fe ture of the anaemia in chronic 

1nfeot1on is the i"ixatJ.on o the level ot the 

an emia over long per i oda of ti e bnd the 

dit:f'tculty in 1 taring. thia level by trana-

.fuei ono or hae · t inio ther py. This baa 

been noted by Vaughan and Saifi (19~9) and 

1a demons tr ted. in the t 10 cases tm t were 

followed up. It ie easily confirmed by ordinary 

clinical exp6ri:ence and by the tatementa of 

many auth s th t the grade of anemia ia 

usually mild . 

Gord n (19d1) has lo n oted that the 

one .._ rrow pro-ably oumea a tatio 1evel 

or n 1T1 ty. 

Thi tu.a.ti.on or th de ee of anaemia suggeata 



that thf} act 1v1 t y o! the n a c rro 

e , abnormally lo , level ot pr 

1 set at 

uo io 1n 

m c.h the ac.me way as the t -m r ure regulatory 

meehllniem ie aet to operate ta higher level 
than normal in infecti on. Thie fixation is 
probably brought about by thG h· oral Chan• 

1 m discussed. above . 
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Th con e t o t 1 meche.nitn!l o tne blood 

changes in chronic infeotion which baa been 

arrived at in this thesis DMY thua be eumma• 

riaed as followaa-

As a result of the infla.amatory reaction 
present in oa ea ar obronio infections, non• 
apecU'i abnormal producta of tissue breakdown 
are absorbed into the blood atreaaa. Theae 
produce many effect, which have a bearing on 

the blood changee obeerTed. 

l) There is interterence with the aotiTity 
of the bone marrow aa a r ault of which haemo• 
globin metabolism is disturbed by inability of 

the marrow to utilise iron an4 erythropoieei& 

is depressed. A• Q rea\llt of th1a interference 
with. marrow fwiction fewer el.la tb&n nor•l 
are r leased into the circulation and theee 

are 1nauffioiently ha.emoglobiniaed. 

2) Liver function ia 1nterfere4 with and 
thia may be tbe cause of the abaolute or 

relative .macrocytosis found. 

3) There 1a interference with the functions 
of the spleen. Thia ar1aea either dir~ctly or 
secondarily from the disturbance of l1Yer 

function. 

4) There is probably some •bnormality of 
the red aell envelope, but it ia not clear where 
it arises. 



Thee cgnibine to g1're the red cell 

changes in cnsee or chronic 1nteet1 on, which may · 

be e'Umlllariaed as f ollows: -

A• Hypoohrom:t.a. 

~· Jlaorooytoeie, absolute or relatiYe, 

.!• Target cells. 

!.• Flatneao of the erythrocytes. 

!'.• bn1'rm.&l reaiatance to hy;;ot onic so.11111e. 

Th oomblrtat1on t these features in a 

blood pictu:re le uuggestive of the presence ot 

a chroni~ infeotion. 





. -
1r, . 

1) !he li. tera tu:re on th • ot 

chronio infection b en vi eel. !her 1a 

c n id table ditferenoe or p1n1on 

orph l gio l te tur 

r rd to tbe pat o 

the blood. 

or th an 

1 ot h, 

to e 

nd with 

nae• in 

2) The caeea tu. 1 din thi 1nTeetig tion 

w r described n 

lit .. d in deta.11. 

3 ; nt,n mo 1iic tioc c ll tty ot ntc 

· i..11 e J.l:°~ 111 ty t t e, t: n intrvduc n 

eho~n ta give eccu~ e nu vaiuao.Le inrorma\ion. 

) A• riue of 20 nor ca. w r 

tu led 1n or er to tt,st t 

onnic l • tho4a ~•ploy d n4 t er • 
n r l tandarda Qf r t r nc • 

6) fbe i portunc t ~tund r ·1 in t 

xy n tenet on of bl vd ·.. p e in doi 

Th 

crit det rmin ·ion 

) l stud r turs t 

in unclue1on r 

b n r.up 1 1a 4. 

i• l' portech 

t •ir igni• 

i':1 n •e i thu.t t eir pr :;,en l Q4 ttl.m 

1ndic ta that the rd ell r r i nt to 

h _ oton1tJ a~lin • 

,) The pl~n ot i Teuti tion w d 1 4 

to li 1 to as fr as. saible ext an ou 



tactors whioh ini'l nae t ,. blood p o .ur .. 

a, Th fo lo.ing ~ere 1md to bP. tho main 

fe t res of the d oella in chronic i~fections:• 

.!· ha blood picture may be :c.rocytic 

hyperohromic , mao ooytic normochromic. normocytio 

normo ohromic, normocytic bypoohromio r icrocytic 

hyp chromic. 

b. On ana.lye iJ! of th individual ch&ra.ot.ers -
of the red cells i · wa. found tha. t hyooc omia 

of the indiv1du l c~lls 

f indiu • 

a an a l oat co~atant 

.2• l#rge mean cell vol.ume rearlir.igs a.re common, 

and if the cells volwne is considered in relation 

to th colour index, then a tendency to 1naoro-. 

cytosis in all cases becomes evident. 

_. The cells tend t o be flat. 

s.. ..here is a. uiark •d tendency for t red 

cells to 

a.line. 

o , a.bno mal resiotG.n.ce to hypotonic 

r. There is evidence that the erythrocyte -
envelope '11J24Y be abnormal • 

• Target cells re prea~nt in •bnorm~l 

numbers in the blcod filma or c s s of 1;..naemia 

due to chronic i nfection. 

h• There ia no evidance of b ernoly,..is in 

theae o sea, 1th ug a ell degre~ ot reticulo• 

cytoeie may be seen. Nor o lasts ooc i,i onally 

p~ei:ir in the peripheral 1)lood . 
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1. The change• in the white oella are depen-- . 

dent on the primary ca.use ot the anaemia • 

.1.• The platelets a:rre normal in number • 

.£• The bone .mrrow shows erythl'opoiesie of 

normoblaatic type. 

l• Liver function 11 Ter7 o•uonl7 depressed 

in oa.aea of chronic intecti ona, eom•t1mea to a 

very marked degree. 

,!• The aeoret1 on ot hydrochloric acid by 

the stomach 11 ~;~mal in theae ca1e1 • 

.!!.• The level of haemoglobin and red cell count 

tends to remain fixed in caaea of anaemia due 

to chronic infection and are not influenced by 

ny form or therapy. 

9. The following auggeationa are made with 

regard to the pathogenesia t the cnangea in 

the red cell•,• 

1) The bloo4 picture 11 dimorphic 1.e. 

there are two tactora at work producing the 

ohangea in cells eise and haemoglobin1aat1on. 

ii) There 1a 'interterenoe with the normal 

function of the bone ma row, ae a result of 

which it ia unable to utilise iron for the 

production of new haemoglobin and erythl'opoiesie 

is depr•saed.. 

iii) The factor causing the maorocytio trend 

may be the disturbance ot hepatic function. 
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iv) Depreeelon ot 11•er tunotion can ~eault 

1n acrooytos1• • but the aecmaniam t tbie 11 

in doubt. 

•) The flat.nee• •t the oell• with 1noreaae4 

re 1st.anoe to byp tonic • line net target oel.la 

in the 'blood, ancl the 11aor oytos1e lr1 aeeoc1a\1oa 

witb. noraoblaetio er7thropo1ee1• are no\ expl1• 

cable on tb.• d ta•~ llable at thia point. 

10. •01\ of th••• ol'araoter• ot the reel 

cell• in OJU:oon1o inf oti • whicb. are dtttioult 

to •~Plain ,ha.•e alilo be n d acrJ. eel in caaea 

ot non•haemolytio Jaundio. ••• f1 dlnga 

~e be n oonflnnttd. 

uob ore 

chronic int otioa. 

They are pr aen\ \c;, a 

1 J llnd1C than .1.n 

11. XnTeattga ion of , s c r-.catere 1n 

j Uftd1c• resul t$d in th toll®"ing c nclua1oru1 

b ing re ohecl. 

( ' ) The ohanse, ln the 4 oelle 1U Jaundice 

reeul t trom alt r tion, :in the r d cell• •• 

they o1ro~lat• in th r1ph r l bl 4 d 

not from the production -ot n 

7 the bone marrow. 

( ) Tb.e oi.naee ln t r eel 

account d for b7 tho ttect ot 

,cann t be 

ret ined 

h 10 l au'bet nc e in 3aW1di e, •1 • th bile 

lt, chole terol or 1l1rub1n. 
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(c) It 1e suggest d that the chan ee refJult 

bee use ot defecti•e splenic function. 

(d) The splenic function ia defectiTe probably 

beca.uee at di.etur ance of the ciroula t1 on ot t.ae 

blood tbrou8h the spleen. 

12. It ie suggested by al gy with caeea 

of Jaundiee that chronic infection leads to 

defeoti ve splenio funoti on, either directly 

or becau.ae of disturbed. liTel" :funet1oti. 

13. The chan~ea 1:n the red cells 1n chronic 

infection aro brought about by the absorption 

o-r non .. apeo1f'ic br.eakdo'Wl'l products of the 

inflammatory re ctloQ. 

14. These abnormal breakd wn products are 

absorbed irito t.he bloOd stream, in which they 

reaO.b the bone ma.r:ro , liv r nd pleen, &.rld so 

produce the effeets discussed, namely a, toxic 

dimorphic ythaemopoietio anaemia ~1th nypo­

splenis:rn. 



SUGGESTIOlfS FOR FURTHER STUDY. 
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VI. SUGGJi.STlO .. S -
Arising out of the work reported in this 

thes1a, numerous linea ot investigation suggest 

theuelvea. 

Kost important of theae is the question 

of defective aplenic function. The tirat 

eubject to tackle for confirmation ot this 

theory would be to atudy the aplenic arterial 

and venou1 blood, ae bae already been done in 

one ca1e of Mediterranean anaemia. It appears 

that it would be necessru•y to investigate the 

problem experimentally in doga. Lyeoleoithin 

metabolism should be investigated in chronic 

intectiona. 

The second striking auggestion ia that many 

problems of haematology lend themeelvea to 

study by the technique ot transfusion and 

!nveatig tJon ot the cell changes. The import-

ance ot ohangea in the red cells as they circu­

l~te in the peripheral biood are brought to 

attention in conditions other tb&n haemolytic 

anaemiaa in ~h1ch they have been extensively 

studied in recent years. It is suggested that 

it 1• important not only to follow the cells 

by Kolliaon•a diff rential agglutination tech• 

n1que, whioh only counts the cells, but also by 

fragility teats and by Price-Jones curves. An 



e pl o t e proble t · t y be aolv d 1n 

hi. y i th i or cyto is ot :;>er111 c i ::.us n to.ia . 

, other 1mp rt nt. h m tolo~i .l r blem 

t t r \lir 1nv tl· tion t ee tee m1 e 

1 t t of t e r t1 c ll c 

of liver dis ee un coomp n1ed y J undice. 

he n ml of uhronio infections t • 

lvc al u.ld be a bjtict c1 t o h1s etho o 

n ly ie . 

An oth r po 1 le line of investie tion 

in o the l ·nic unction i sug ested by th 

ork of . tson nd in (1 4Z). dr n lin 

1njeot1on y rel c lls fro t e uvl en 

ieh c be r co¢ru.Pcd ~n etu 1 din t he 

p ripheral blood by t chni ~a m 107 

in th1a inY at11at1 n . 

The survival tim of c lla tr n fused 

int n emi o caa • 1d of c: lle fro n mic 

tr fuee4 into nor l subJ ct ul 

lo g iv1: further inslght into rythrocyte 

meta oliem, e has l re dy b n <on i th 

c e ot obolur1c J und1 • y oie and 

lli on (19~) . 

in chroni 

inf" oti ons sboul .xt d d ·+o olocely 

lli d n emtaa ocwrrin • in 

nd inn phr1t1• • 

li nt 1e • 



In't' tigat iona hould be dir ot d 

towa.r4s 1solat1ng and identifying the hwnoral 

agent responsible for the ohangea occurring in 

the ulo din ohronio infections. Thia might 

profitably be approached ~long the lines 

auggeated. by Uenkinis investigations of the 

chemical rotor• conoerned in infl&.mmation. 
!t aleo ee me t'1 airable to investigate 

the role or posoible vitamin O deficiency in the 

anaemia. or ohl'onfo infecti on . 



Aat.CNOWLE.DOEJLEN'l'S. 
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THE AGE, SEX and RACE OF THE SES OF CRRO IC IDECTIOB. 

case Age Race Sex 

1 42 Jf&t.1Te ).[ale 
2 28 Ii t1Te le 
3 11 Coloure4 le 
4 63 Coloured ){ale 
5 56 European Fe le 
6 65 Coloured Bale 
7 so lJatiYe Fe le 
8 47 European Kale 

' 54 European llale 
10 16 Coloured Female 
11 32 Coloured Female 
12 49 European J,{ale 
~ 17 Coloured. :Hal~ 
14 33 Co1oured ale 
15 23 European Female 
16 23 Coloured Female 
17 33 Coloured :Fe le 
18 35 :European J.ta.le 
19 28 European P'e le 
20 34 Native Fe le 
21 26 lfa tive Fem.ale 
22 16 Coloured Jlale 
23 22 European ale 
24 65 Europea.a lt'ale 
25 49 European. • le 

• 
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i • -
1, '.,. bet eul ~leu l ef u on. 

i:: . Tuberou.l.ou:a glancla in t.he nec.k. 

··• Tu eroulous glands in he eek. 

4. uberculoua pleurisy. 

5 .. Rheumatoid arthritie. 

6. Lung abaceaa. 

'7. 'l'ube:rculo a or the spine, 1, 

e • .Empyema f llowing pneumonia 

• Subphrenic bl!oeae. 

10. Tu 6 culoue pleurisy. 

11. Rhewnato14 arthritis. 

am larynx. 

12. Broncho-pleural ti tula. f'ollo,dng pneun:tonia. 

13. Tuberculous spine 1'11 th lwn r bsceaa. 

14. Tuberaul us · leural effunion. 

15. Tuberculous empyema. and lunge. 

16. Tu erculosis or t e lunge. 

1'7 . Subacute be.ct rial end.a r it.is. 

18 . Suba.cute b c terial ndocarditis. 

19. Pnoum ni.a. 

20. Tuberoulou• pleur1a:,. 

21. Chronic ateitia. 

22. Gener a l18ecl tuberculoaia ( C se 5 reported o:, 
Berk, 1943, ). 

2-r. . Subacute act rial endooar itie. 

24. Tuberculous glanda nd pleurisy. 

26. Chronio eczema.. 

26. Bil abnormal found. 
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27. Healed gastric ulcer. 

23 .. .Norll.l-1 (nw:se) • 

29 .. Rea.led duod.enal 

30. Hypertenaion. 

51 .. lloma.l (doctor}. 

32. Normal (doctor). 

33. lTormal. 

34. Normg.l (doctor). 

35. form3l (doctor). 

~6. ori:nal (doctor). 

37. Normal (rm.rae). 

~a. Nor al {nurse). 

39. l'ormal (nurse}. 

40. Normal (nurse). 

41. Normal (doctor). 

42. Normal (doctor). 

43. llo1"14al (doctor). 

44. Normal (n.ur · e). 

45. llor al. 

46. Rypertensi,on. 

41. :Pel.70:,thaemte.. 

48. Soiatiea. 

ulcer. 

49. Cirrho:t1s of the liver. 

50 .. Cirt"hosi.8 ot t.he 11-Yer. 

51. Syphilitic hepatitis. 

52. Pernicious anaemia. 

53. }tyxoedema. 

54. Xanthomatoais. 
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55. Sickle cell anaemia. 

56 • .Polycythaemia. 

6?. Ho4gkiq'a d1aeaa•• 

58. Aoute monocytin le\llas.enlia. 

69. Chronic ayelold leukaelllia. 

60. Chronic lymphatic leukaemia. 

61. OhrOJliC myelo1d lewcaemia. 

62. lfonaal (nurse). 

6t. Cirrhosia of the liver. 

64 . Hepatitis. 

66. odula.r hyperplasia of' tlle liver wi tb. 

aubac:ute necrosia. 

66. Cirrhosis at tb.o liver. 

67. Scler.G4erJDa with liv r diee e. 

68. Cirrbosiu of the liver. 

69. reino1 of the b..ronchua. 

?O. Mutritional iron deficiency anaemia. 

l. Chronic uleer tive cGlitia. 

?2. Carcino:i1a ot the sto1a2.eh. 

?3. Haemophilia . 

?4. Pernicious anaemia. 

75. Jlyxoedema. 

?6. Ret iculoais. 

?'1 . Con•t.rict1v Peri rdi 1e. 

,e. Aeholu.r io Jaandice. 

?9. Cirrho•is of the liver. 

ao. Secondary aaroinom~to~ i a . 

81. l.anth.omato is. 
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82. SOU.t"VY • 

83. Pernicious anaemia. 

84. D\.lodenal ulcer. 

85. R•fraotory anaemia. 

86. Acholuric Jaundice. 

87. Polyoytbaemia. 

ea. Hodgkin' dia aee. 

a;. Pernicious anae ia. 

90. irrhoais of t e liver. 

91. Pernieiou anaemi. 

92. cute lymphatic leuk~einia. 

9~. ed1terranean an emi. 

94. Peni1oi~ue aria mi. 

95. Hepa ti tia aooompo.nying lo-bar pneumi,n 1a w1 th 

€ pye l&• 

96 . Stone in th comn on "hi le dvct.. 

97. Carcinoma of' the heod or the ncrc s. 

98. Carcinoma of t he h ad of the :pancr as. 

09. J.lcoholic he atitis. 

100 .. Cirrhosis of the liver. 

101. Hepatitis. 

10..,. rc1no of the he d of the pancreas. 

l Ot. Congenf l oblit ration of the bile 

duct-e ith o~ostr cti 'Ye biliar7 cirrhoai•• 

104 . Prlmary ~:roi1,om of t.fl liver with 

obstruction t the porta he tia. 

105. Oarcinom of the had o~ th 

. 06. Syphilitic he:r,atitia. 

ancreae • 



10?. Reticc loe 1 • 

108. Chronic 1ym,1ntic leul(· €l'a.1a. 

109. Aouto myeloid leukae 1~. 

110 .. Chronic lymph tic euka~mia. 

111. ~cholur1c · tndice. 

112. lfo·I · t1t1a. 

113 .. Stone in the co.rruaon bi le du .. t. 

114. ..aro1norlll of the he,1d 0~ the 

llv• Chronic ha-e1 lytio nnr:. e1 iA.. 

116. c:1 ·~r rmia of th t? 

117. "'tnn t h ~~ 1;o ·• 

118. Hopz:·,t;j tis. 

ll~. Repn t.:t t.1 • 

li 

1 20. Act t.o Ji; TH!r.c;.it.!t • 

., I". 

1 21. Ci r-rhosio of the 11.ver • 

pancreas. 

Srumnariea or the . n icnl e ur e of c",oes 

l - 25 h ve 'b .en lo gecl T itb t 

Univer ty or Ce.:p · own, f'rom :rho they y be 

ob inedl . • 




