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I N T R O D U C T I O N. 

Sickle cell anaemia has long been known to be a congenital 

haemolytic anaemia, but the nature of the inherited defect in the eryth­

rocyte and the mode of inheritance have only recently been elucidated. 

It is now known that sickle cell anaemia is caused by homozygous in­

heritance of an abnormal haemoglobin, and that its he1:erozygous canbin­

ation with nonnal haemoglobin re5Ults in a "carrier" state in which 

sickling of the eeythrocytes can be demonstrated, bu~ there is no as­

sociated disease. These discoveries led to biochemical and genetic 

investigations o! other haemolytic diseases and the discovery or other 

abnonnal haemoglobins wl. th similar modes of inheritance. Already 

identification and characterisation ot abnormal haemoglobin variants 

have permitted the analysis of a number of previously obscure s,ndromes 

in tenns or chenical substances and underlying genetic £actors, and 

"order is beginning to dawn in a field previously consisting or haemo­

lytic curiosities" (Zuelzer, Neel and Robinson 1956) . 

The historical survey in the first part of this thesis shows 

the gradual unfolding of knowledge about the presence of an abnormal 

haemoglobin in this disease, and the fillip this discovery has given to 

workers in many fields, including medicine, genetics, biochemistry and 

anthropology, to yet further research. Only the salient features of 

the early and recent developments have been reviewed, and no attempt 

has been made to cover completely a subject which has become a focus of 

interest for many disciplines and the literature on which is now 



vol noue, This thesis shows also how the discovery or t'bis abnormal 

ha o lobi.n 1 d to tho discovery of ful't.her bnorm.al. h oglobins, 

resulting in the recognition ot the nature of the detect in the er,th• 

i-ocyt in other inherit.d anaemias. and deals specific&l.17 with one ot 

these, haemoglobin O, heteroz;ygouely in combination with hamoglob1n 

s, and in the hcnozygo,uJ stat., There is a survey of tho incidence 

and di tribution ot the sickle cell and h ogl.obin O traits in Atri.ca 

to indicate the expected incidence of di ea.sea associated with the, 

Knowledge of haemoglobin C is so recent and reports U.e 

clinical manifestations, especially 1n Africa, so tw, that the need 

tor intonna.tion concerning it is obvious. Regarding sickle cell anaemia 

there have been nwerous reports on the clini al manifestations, espec­

ially 1n the American lite:rature, ouring the past to:M.y years, and most 

aspects ot the disease have been minutely e in • !etc althcmg,h tt has 

long been recognised that the disease is congenital rad that symptQl'ta 

and signs are usually manifested early in lite there have been relat1vel3 

£• papers published which devote panicular ttention to the disease in 

children+ In. Africa so tew caaee of sickle cell anaemi had *n 

reported prior to 1950 that B.ap r (19.50) x.pnasaed doubt as to llbether 

the consequences of homozygous inheritance of th eiekllng ene were the 

s e in indigenous African as in American Begroes. Su equent naporta 

have shown that when the disease ie sought fol' at the paediatric, a.go 

level, it is found to occur in a tNtqU~c7 Which accoS"do with that. 

e,q,ec in terms ot the genetic theory advanced b7 Reel (1947, 1949, 

1951) and Beet. (1949). Most of these Nports have, however, eontl"1bU• 



ted little to knowledge ot the clinic manifestations ol sickle cell 

an a as it occurs in intanc1 and childhood in .A.triea. Th re is 

thus a gen ral need for attention to be focu G on sickle cell an-

ia as a paediatric problem, and in frica, need .for sp•cific in• 

fo tion about the manifest tione ot the di e as een a trust 

baclcg und of chronic protein undernutrition, debilitating trop:toal 

dise ea, and primitive social ayst 

by .modem thought and practice. 

as ret l rgely unintluenc d 

3 

The cond part of this thesis dea with the clinical mani­

festation ot these three di sea es in igerian children. The mat rial 

which forms the basis of this study va.s c pUed fr a study ot case 

reeord on, and pereonal ob ervations ot, 84 ilc.ir n with th se 

(7S c s,a of sickle cell anaerni , S ca.sea ot sickle cell• 

ha oglobin C dis e, and one case of h oglobin C disea e) aeen tn 

tba ent ot Paediatrics of the University College lbspital,, 

Ibadan, 1geri • With the except,ion ot 7 cases of sickle c ll anaemia 

the diagno is w in every case confi ed by p r electropb.oresie of 

the h oglobin. 'J.'he eai-lieet. ca.a record dates ck to 195~h MY own 

observations were made between October 1955 and Movembe:r 19~. OUr 

tU1dinga are comp red with those p;>rlted in children and adults by 

authors eleewhere in Africa and America.. difte fices erge fr 

the canpari on, b ·t the most striking are th e r lating to the bone 

c gee shown radiologieall7 il'l sickle c ll an ta. l:k>ne 1 iona 

occurred mor frequ ti,, in our s ries than i.n other reported eriee 



and many cases sbawed J. ions 'Which have only r eJ,y be n repoNd. 

One patient with sickle cell anaemia tw.,w chan a not ~reviouel.7 

describe 

It is hoped that this present tion will help to fill 1n • e 

ot the gape in oul" knowledge of the natural hi torr of these diseases 

and th ir clinical manif eetationa. 



A T I 

-·-------
Period 1910 to 1920 

porbd, • b7 Vaehbllm in 1911 an tha ot.ber \>7 Cook and Hey-el' 111 

that when a p of the pa id•• b 

with a 00.,.,.lip which WU tbm Malftd ,ound tti. Id.gee with 'fUelin .. 

a IUol"klid tMnue 1n thlt mnbff of eiokleci ei,thl'oo,t.M waa •vic:tent 

5 

oet. of 

atan 



Ka*'>h (1922) ct•uribing tM fourth Ntpol't;ed ••• ot 

Him! tc•• AnMd.a." u.,.s t,lte a. tiekl.1 otll • ....,,. .. tor the t!Nt 

'"-• lllok 1n 1923 present.ct l4 •11.- o ..... , bUt t\ it ·~ r,­

a ""1dT oft.ti. Heorclt tht.l an11' 2 ot tht•• wn oate• ol lfiokl• O.U 

.,.._ta Md tht '"' wtte --,1 .. Of the tl'&t.t. TheM wa, It. \hat, 

6 

-._. ~••r, no noognlt.ion ot the olev dl.*'inatiori be\weeb th• 

two o itua.. Ina ht• t.U,, .-t.wU. .. , el:1n1oal. ob .. na,1on1 am 

upenacta with '\a c,-th,ooJt.• or patient. with aickle cell ana•ia, 

Jilek (l.~) tonoludtd that•~ •ll ana-ata was• not._. cH•­

..... ~ in the l•sn> ,.., tiu.llllit\eel m accordanu with K«l• 

chlian 11w an · ba"l'tng u it. oauM • inbeNlllt d4ttect. in the Nd blood 

otlle. He dlillone\nted, u1s.n, a..i •• (191?) t.eetmiqu•, \hit in 
I 

eealad ao n PNJ)al'l;ttou, .S.~ 1n.,...• piogrusiflll' at tint• 

but U •• ~tiOlll u. lc-,pt, tor em.e tine (3 to 4a daJW), lht 

O.U. ~ to a ~eal. to•• Ht also ah:Mtd bit a1cklAcl. p...._ 

pafttiOU Wh'Jll1 kept ~ ttw daric: Nftli't.ed to apheneal toiu vithtft 2 

dan, lih.., caitftl J)Npe&\iona kept, 1n Iba licht. took bail 3 ·to 

,o <Sat• ~l'gc> *• .... ~. -... obteff&tion# ~Jll ..S.t. 

e:&plall&t. '(1!1• 1n 'tbe ... Je• folillt....-0 and .olc (l92J ), CID t.bt 

baeu of a stutV" of OM lar&• ftmil.71 ro<lto.d ap - tor 9-k•• 
rl• ot tb• ~tanM ot ti~ and Olucs.d \ha th• oond&IS. 

.. to&~t .... 

--n:noic.r tt. al (1924) hid 8tNt• • t.h• ~ ot• 



OU~ Of eiclcl• cell ana•ia and C t 1a eiN tor 

l'1n the diaease to th41 atwnt,im ot th• medio&l roteaeion a.t. 

1 WN alao the first. to NCO .. t t. the ia 1• 

h,_u6J ic in on ni but 1n -- with flick t!M,y' .... ~ of 

aid•red the tonaer to tHt th4i lat•nt and lat. r \ ao ve tom. 

ot ... dlana•• 

Cooley ed 1- (1926) and 111m an Olll•• 

duNd • term, •atcklMnia" tl'ld 11a1ckle HU tl'&it" reepeo lq]J' 

to '- d:,aptolllat1o caM• 1bQi,ing tbt e1okl.i phenm111011. Th•• 

t.blt ol'dinar., SIIDH and-. oonaiat.at. 'Vi health · 1 g life. 

In 192? 111m and ·G!U.1 8h 7 & eerie• ot oaretul]J 

ocnlllat.d experiaet,, \iaing a 111AU g111 o~ llOUllted an a miel'0-

1eope eta , in whicb & cbop ot blood _. a:.POtJ• to AOIUI ••, 

that atcklJ.rtg onl7 oo°"" when globin 1a in the cett; etat,•, 

fld.a obHl'fttlon provi an explanation tor lllnel.•• ea.rliar tind• 

inga, and Tided the baa1a to, •&IIT t~e eubstKlltftll.1 ewl• 

Yed bJ' otb•r worbra to <lecnat.ft.te a .oklin«, oriftr • w 
(1930), ttl.abo tin on the woralc of tabn and G1ll.Npie, id 1n 'dw 

ahowed that. lood oollected t'1'Cla a 1t 1a hie 

TIIIOUI at.a.el• had been induced for ti•• minute., vb• •...i.d w 

• e«•l"al.1p -. in IIIHl '• technique, ai..,w a natl.7 c.leratad 

i. ot sioklina when ccrapa.Nd vith control• aolleoted without. 

YtllOUI •t&eilt 

7 



Cooley and Lee (1926) were the first autl:K)r1 to suggest the 

anthropological signific8Z).ce of sickling, when they asked "Hight men 

working in Africa, where the· negro atraine are atill well separated.• 

perhe;pe find a tribe .in which 1iokl&aia is the rill•, and trca which 

the condttion was imported into tlrl,.s country (America)?"• By a cu­

rious chance, in the 18118 ,ear, Archibald (1926) reporled the .tint 

case ot nekl• cell anaemia found on the ilrioan continent, Hi.a 

patient was an AJ'ab youth from the SU.clan, hawff'er, not a negro. Al­

most twenty :,ears w.re to el.apse betore thfl •dark contiM11t• made any 

further oontributione to the literature. 

This period thu• made the fol.lowing contributiona to lmo• 

ledge of ickle cell ana..ta,-

8 

In medicine - an awareness ot the treq.imc7 of the oe-nr­

renoe of the diaeaae J added information about its clinioal apresaion, 

espeoiaUT recogn.1.t.ion that the an&ellia i_a haeo].ytic in origin; llW 

tee!miqu. tor d•on•trating sickling; and recognition of the differ­

ences in the manifestations of the sickle cell trait and the anaaaia. 

In bioohtmietr7 - the denonatration that siclcling oocn.trs 

when haemoglobin i• in the reduced. stat•, 

In gen et.ice - proot that eickling is an 1nheri ted phenocu,non 

transmitted by a dominant gene, Th• exact mot» ot inheritance was ill 

understood. 

In ant.hropolog - a rete:Nnce to th• possibility that the 

gene tor lickl.ing was imported 1.nto America .from th• Ab-1.can continent. 



IAl&.W.1& th1' peri•d there vu a rapid. ot the literature 

and b:, lffl aoN than 140 pu.bll t.:tona bad 

pe&Nld (Oigp and Bibb• 19'9)., leporta oonnd. JUrJT ae • of tbl 

dl ..... , but · •nl tht• waa a ~ of 0C11eoli tion and •~· w.,u-

9 

ticm t taota and. 14.u P11t fol.Wl'd 1n the pl'ff»u• ~. trnd 14th 

th4t ~ti.Qn -of work publiahed b7 SbeftlAn 1n 1940 ( ... below) ·no u.jor 

adTancN towards adJ ratt.ndin& ot the bu1e bl t t. di••"• 

h tollow1nt aaapte1 have "'1 ho- tr thl llk ture 

to indicate the natuN tn<t aoope ot 1.nnatip.tiona urina i. period 

IUM!1llfl rwviW, tn 19)2 Andenon and,..,.~ tt. clillleal ic-

1n t 49 oasu of eiota. oeU MIiii& that had ap and la tl:MI 

11 \U9 eddtd obaerntiaM 6 nw ..... t>iao il (1933) 

in a 8UJ'ft1' 1a feu1111 which inol.udecl 2,5'9 arc-, found tl• 

8 ;J eent. ot t.be1r subject• ahand he t i. '!'beir t1ndinp 

were t.he etrongeat ffidtru,• up io tat date ot the ••Hntia.l.17 ~ 

leis na: ot tbe t.ft.it, end the7 aphA!Md that 1n tJ1e1r' ~ 

ience the tnit never n ri.M to 81.ekl• c.ll &n-.1111 Vario\a tMr 

than (cited by r liu 1951) ~ 8\lffqa to teniine tha 

1940 • 

e.c ate d.t.ta • owed that st ll,990 •earoea teated V.la. pc-

oat (89, cu•) th<Md th• V&S.t, vhU• 2;a67 vhtk Amerioan, 

thin.• Wff only 4, ,-~ Who ckled an of tbt .. 3 ...-. •xio&n•• 



10 

h .. :result. .._td to plao. be,on dou t, th• obe fff.ticn origino.ll.J 

b7 ok (1923) that •iok:1t.n1 is a p peeul1a peoplta 

of lepo t,nNPl'J'• ~ .. (19:36) ahond that wbln nal.e4 let 

~Uona of blNd ._,. ... 1UdJ\g slide• pNY.t.ou~ \N•ted. w:l.\h 

bril.JJ.lm\ oram blue, ••tbTlme bl.111, JUUi gNt1Q or IOd1• qcmld•, 

aiokling oonrNd. a.ore n.p1dl7 thin*• tb• alldff vere etftated. 

AND& (19'5 • 1911 > aacS lllahl•, m.ae w1 mu..,1.e (1940) h11•becl 

int uon·about • oenbNY&Nlillal' lNioae \bit. ov ta •1ekl• 

..U uaa1a. Thi latt.!" autlwl'I e elude4 boa a at.udJ of ,1 .,. 
that inwl._.t. ot then•~.,.._ ie ill aiokla ..U •· 

&1111a. DJ. ucl 111,b (19'9) fl'GII penanal mtd7 of 4? pt;t.1tat4 

• ......, of the U.teraw . • pt&bU.bN ... iled wo.-toa &boll\ Ill• 

llo,pboloa, t.nd ~ ot th• ~ in eiekle ..U .,.., .. 

ln t.be ... )'Ml" Btan\Sng (191J) ..... t.4 tba\ 1iok1Ad ft1lj tl'Clll 

,.._. ld.t,ll tba tziut, OJ' t.h• anamiA dO nit, tol'a ~ nraa,\n 

uNd1-.nted after .,. bourt 11.e 11011-.lokl.N. oell• boa \ht -.. 

911b3ec\t ton 10\ll.NUX and QdSa1 :t. 1MM and oth• NJ>Oit• did taQOb 

to ~ cl1n1oic,.1 to • o1euv urad.,..tandJn.g l t.h4I 1Uiniteatat1ou 

ot the fln...ta and the t.Mt\ in Aar1oa. 

In 1940 .... ~bli~ th• JIMUlt• of .,..,._ t •• ca 

blood pat1•• with a1ok1e "11 •••' • Pel"Nlla wt tlMf .u ... 
k1- ..U N.1\, lfll fOW'ld that •1cklin& 1.nort&e" pro ••1ft11 with 

low..S oqa- '1maione and Iha~ oeUa t t. • Ullit ~ •• J.owtp-

oz.ra- tena:L , to -1.okl• ti. Ml.le ot the anam1 sta\414 ill 

wu.r , Nd oelle 1n ·uoiw. oeU an..,ia ahow liolclin& lll1lah moi-e 



11 

ptQtct1co.....-1oal <litterenett b4it"'*1 h• e;,thro ... 

•i de 11 and "- ,1okle t. Invotigatol"a 

b-.i awa.r. ot t• dilfi in the clin1 

ot the trait an th• anaoraa, bu\ pr.lo!t to belman•e 

coe• 1n dllll(irut\ratitia &n1' oonau.nt diffven • 

ot the em o;vt•• in htl t oond.1.t1ona. 

brtfcl 1941 to 1950 

toH thia pea-1ed thlN had belll ll\t.J.e int.Na\· •bole la 

aiekl.e O.U ... 1a b7 wa'ktn in AMoa. fancs.,t.\k (l95S) NlWII•• 

tin on thie tut skw•t .. tt la Jaok ot int4tne\ t1 t. ._,, INl'"­

prial. , , ft WN •ttieient --.. \ explain ttMt .-roua oaaea 

•entee• ..,. net qui~ t'Ol" nb\le hMiu.\elo • ..,....,_, by 1950 

a mlllber ot npott• c,n th• 1noidenoe of aieklina vari.ou&t Abi ... 

em:lllllll.tl• Md ~. (8- IIMUon _ 1ne1<11mk an d11tribU.t ia 

of alekle cell and globul Ct.nit.a 1n Atl'iaa) • 

....,.t tht earli•t ftPQl'ia wtre tho• of 1th (194J ), 

&Yw (1944),. ,Udlq et. al (1946}, fMl WNt. Abio&J -.,J.1b 

(194S) an ._ (1946 l)ftd 1947) r.- Jut &trl.iaJ and il _ (194,a) 

frequtllOJ", .and to. aoet . · upt Ullllined the ineidenoe vu h1&f*' t;t.80. 

t t 1n rl.oa. Uaing data av&Uabi. at t ti.t, (1950) 



•• :t.s t. n•ber of~ with tht alokl.1.ng tn.l\ 1a Atr:loa 

to 1n the nei :bo\ll'hood of 40,000,000. PIii' bn-1 he ~ 

tha lit. ... tuN • the oocurnoo• ot a1&kla oell w•1• 18 ri.M 

and .., able lo tincl i.. t.h• 100 ..... NJIOnN• t whloh •• 

12 

u lftlD (tiohlb&14 1926 )1 Ml .... Aalait lndiMa (ldk Bull. 194' 1 

end Wrigh\ and,._.. 1949), 11114 a Whlt,e th Atnoali 

(U-.... 194,a,) On the buu of,._. obNffat.ion• he oonoludacl 

\ha\ 1iok1A, •11 111M1ia dep91da nol ~ en t.he uhilt. to vhi 

tM I 1a pNNDt in a oa1ttm:lt1, bid, aJ.1o Ga th• eDIID to whioh 

Mb!xtUN with othu a-ah ~. h• oOOGMd, d that ti. 

di, .... ia aoN iaJ,ort.ani 1n th• U111ri a.,..o t. la t.he nat.1• 

At • Th'" tindinp aad eonol•n•• ._.. tol&ll7 opPo* to tilt: 

hnothNi• tor b• 1nhwitan• ot •iaklA NU •••1• t rwarcl b7 

... 1 (1947}. (he "1.ov). 

•tv.dl' ot tbt t.na•1n1cn of baluaHllia, p M ttrilwi •ndtt.-

to 811pport ti. hypot.Mtii \bat the .U to111 of he di ..... (thala•• 

1...S. llitaoJ"} .ia d.1w to !Mte 17go81t7 to-, tact,o wbioh w 

•78CMll rttult.e bl t\tll-blCMl tbalueaa1.a (t.Mlu•••i.a uj •J ._1 

(194'1) ·~ t.hat • 11.mn.v hypotbiMia a1gb\ 'be applioab1" o ttt. 

at.i. ..U pbaalftOft# and in 1949• elaboating th.la, he Pl'IAn• 

ted t.a 1ffliob IIIP ,t.ed ·th• bJ'po MG.I t.h&t. ti. aJikl• oell tn,1\ ii 

mt hat.ero117gou1 inhetihnOtt t a .taotor oh vhc ~ n-

1\ll.ta 1n .akle nil ana•t.a, {1949) twl1ed t.he ,-.tiaa ot 

aiekling 1n faaU.1• t t.». WA \:nb4t t t~ in Jlorthlm Bhodelia .. 



13 
In•• inatanot the t•U.1 t.1'M enowed that.. both p~ • amt .tx ,~ ... 

gt of a .fatal ou• ot •1ckle "11 ana•:ta aho•4 tlM tftdt.t BNt, 

mplo)ing the a>aloa of thl inkeritan.w ot tb:ilu1U111a 1n 1ntupre­

t1ng hie &din , 1Ugtattd a 1.laU.v I\VpothNu to tbct pt1.t foi,,ard 

\,7 f-1., Of YhDM •n rut ......... , mad hi.a fmdmp and OCl.1tl•• 

e1oa•, 1n OCl'!lltO!'l vi\b tbo•• ot ....,1, ct.Nne ONdit u orJ.1a&1 obaezo... 

vat1crte ot gnat •1t1nift.oaa•• hel•• 'tNWk 11 •1P•iall7 Nl&l'kabla 

1n tha\ 1\ wu oarried ou\ 1D an ~ Nlll0'4, tra all JIOQffl faoUi­

ti••, -, priaiti• people,, an mi<lw md1t.ioaa wbioh gro183¥ 

,xa rated tn d1ttioult1•• no a.111 eoo•~ ua •, inwat.tptue 

ot tJd.t na\uft., 

.lecl&uN of th• ma.U n'IJIIDW ot-... ot siulM Mll ln"8ia 

a-epol'ted fNll Abie• \be ti.017 of hallovgoait,7 ei.Okle MU ~­

Htned 111 eut.t.ed to oondttion1 in Uriaa and pq riN to tb• opini(m 

~ ~ · a (19'<>} that the ccn•Cfl__. ot hgaoS1gofd.\1 •N 
prob&b11 d.ttff9ftt. in Atri.ta and ADl•io&, and that •i.Olrl.• ..ii ana•t.• 

we p babl7 a l&Oft uriou pN>bl• in Aaericll hen Sn ~ W• 

w1ll "tvll o th.ta •8'1on lat.I'. 

Import.ant -4'ft.ntff ""meammila oooull*ins in tlNt n..14 ot 

biotbaiA:7• a\eoft et al (194') 1D e. par on •i,. •i&m-t1-U• ot 

thl ,-1· y- of e1ckl• call• in t.h• blood ot nwboa W&At•• reaol'de4 

tha\ 1ttklin1 teat. • newt>om Want• and t.htir 110t.tiln llb.Olftkl ti.t 

the ra~ of s1okl1.ftc cd the ptl'o«it4lge ot aickled O.U. vu pater 

1n tbtl aotbml than ii. · ab1•, Thi th_.. ehDtlld 84 w 100 ,.- ._, 

e1t~d Mll1 wh:UAt th• babiH •bowlfd onl7 O.S to 29.S Ptr o-' t:loklUlS• 
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In one intent on awial teat• ware don•, th• PeN•n ot 

v,thl'oOJt,ea ahowih& 11ckli.ng a;,:'adu&ll.y Cl'e&Md til the and ot· 

o! • am • C";Ythroc,Ytea e NMnO o! 

tvwwi ... bUl!lOglobiD 8ll heMe in at.e th• role 0 

• ph•omenon. 'l'hia waa the lirs\ m•ntian ot t as· ru . 

t aiekJ11i1 is Nlattkl to th• }lbJlioo-obemieal ropel"ti•• ot ~ 

az, t,a Pauling et. (1949) 4-ona~& that t.l 

aulllQM,,.1-QQin ot penou 'Wi b t,.hl llilkl• ..U t.rai\ o • NP6 a~ 

~,.\t.• b:r •i.ot,ophonale. The ou• -.a a n 

to ~11,11,1. .ad1ill.t, halll.oglobin (hMao&l,obia ) , wbile t.ha her vu 

a pi'ffioua~ un denut:t..4 p1,unt. vtdch the 

h--.,gl io (h&..,globin I). htuau lt'itb aiokl• NU -.--..ta ,mre 

•hNl to haft onlt a nonaal ba4JDoclobha red blood c,Ua. 

It.. WJ I lilhecl hat ti. piMr.\CIINaon of 1okl.1Jla "'9];111111 

tilt inbwit.anM ot an !l?92!MA ~&lobia, an \ha t ciJ.tf•Nnoe 

1n the be dour of ~ in the trait. mt anas1& obae ed b7 

~-~ (1940) nault.l h'Oll ditteNOO'• t.he it of• • 

Mil 1*1raoglo 1n ui · • wyt.broCT'4t• in the two condit.1.c:ma. 

&nd hi• oo-wor: n (1949) • ated • of ot 

batllO:LJ 1e ~ be _ _.._ to~ tb• NDN ot 

aw~a~hMJaaOglobinl+ 

beff bioohtaioal obee" ;t, 

bn>othe•ie f r tbt ~ of inheriT.aU'l4- ot the aicklint pbctamenon. 



The postulated 11hete:roz7gotee" were found to possess two co :ponenta, 

the one nozmal and the other abnomal, 1n their red cells, while the 

" 
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•hanosygotes" were shown to have only the abnomal canponent. The bio-

chemical and genetic observations thus reinforced one another and as 

Zuelser, Jeel. and Bobin1m (1956) point out •lot only did the electro­

phontio analysis provide an objective baai1 tor the diatinction, tor­

merli scnfthat uncertain, between sickle cell trait and sickle cell 

anacia, it also prcnised to give insight into the mechanieme and 

qwmtitatiw aspects ot a human gene with an appreciable trequenCT, 

thus lending itself to the exploration ot fundamental problems in 

human biolo~. 

Well.a and Itano (1950) found that, oart.r&r7 to the atatem.ent 

by Pauling et al (1949) that sickle cell haanog].obin is round in the 

pun torm in sickle cell anama, an electrophont.ically normal haemo­

globin, amounting to 5 to 20 per cent of the total pipent., 1s tound 

in the u,ythrocyt.ee in certain caaea o! aickl• cell anaemia. Thia 

•nonnal• traction was subeequentl.y sm111 to be foetal haemoglobin 

(Singer 1951 ). 

further investigation ehowed that the ditt•rence bet•• 

sickle and nonaal haemoglobin is located in the globin portion of the 

haan.oglobin molecule. Peru.ts and Mitchieon (1950) ahowed that wb(treaa 

the solubilit7 ot reduced nomal haeoglobin ie about half that ot 

o.x:,-normaJ. haanoglobhl, the solubillt7 of reel.lead sickle ceJ.l hasn.o­

globin ia only one hundredth that ot the oxy-S pigment. 'l'he7 sug~ated 

that sickling is caused b7 "c17Stallse.tiorft of the sickle haemoglobin 

with.in the erythrocytes. Harris (1950} lent support to this view by 
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d•onatrating that in higbl7 ccncentrated sol.utiona ot reduced sickle 

haauoglobin 11 tacto1d" formation could be seen with a phase microscope. 

Tactoida are composed ot long, thin, rod-like particles which have a 

paralltl and equidistant arranpatnt. (Sin~r 195'1). Th• tactoida 

found in the reduced sickle haaoglobin ahond a at.rild.ng reaemblanc. 

to intact sickled erythrocytes , and Rama ccmcluded that sickled 

cell, represent haeoglobin tactoida , 1l1ghtl7 distorted and Yell" 

b7 the liait.ing cell membrane. 

Thea• obael"Y&tions on the characteriatica of sickle cell 

haemoglobin did much to clarify the physico-chanical aspects ot the 

sickling phencaenon. •Th• consequence, of the ct.tondt7 ot the Nd 

corpiaclee for the affected individUal, and the di.f'terencea between 

the carrier ot the trait and the patient with anaeia, vthralgia and 

various other man1te1tation1 ot sickle cell disease, could now be in­

terpreted in pbyaieo-ohanica.J. te:nae. It became clear that in sickle 

cell trait, where abnozmal hamoglobin is in a mixture with norm.al 

humoglobin, the concentration ot the form.v 11 inautticient to pro­

duce actual sickling in vivo , except under Tery ,mueual circumstancea. 

Coneequentl.y the anomaly i1 o:rdinaril.7 without ettect tor the indivi­

dual. In liekle cell anaemia on the other hand , where ill (or moet) 

ot the ha«lllOglobin 1a ot the abnonia.J. riety, lowering or the mqgen 

tension within the physiologic range can and doe1 produce sickling in 

vivo. IntraTUcular sickling 1a associated with a aho~ing of the 

life span ot the red cell.a and with vascular occlusion and the 

ensuing S)'Jllptoms typical ot the diaeu•" • (Zuelser, Reel and 



ina<m 19S6). 

ltano d IHl (l9SO) ilrfeat a t 111•• oh 

tbBN oomra.d m• 1llON ohUdnn vit a J1M11&i.o. 

vh.1. 81ek1• cell ane•la, b t wu ot lee• MYeri • 

hrt,httt, in .uh ot theM t-111•• the •J"lthrocrtff of 

poe11t. ootWI induo.S to •tokle, a 1tai. ot attaire t ~ 

with tbtt 

("11", 

thtai .for the Srlheritance t nokl• cell anMlli& 

1949 ). .... 1 on hi 

ot Vie atteoted ehUdrtm ~ 

globln a ftlW o J)Ollllll\ whi h lliaMt. -. a IIOJle poe1tl " · tOG 

tblll -1.thel' DONal. or aickle nU th• •n.,. «a · ct 

17 

NNnt. in • MUI o1 non .. iokling J)IH.Ot.e. 

1,.ano Ml ( 9SO) o olu hoa nnl. • of n ti 

\ a Prt'Y1owil7 !'led pa>tein OClllJXll'Mlftt f ditferirig ill -1, .... 

eiOkle 

o.U anaaio in Ti ,, i• NMnt; :ln nai rable bl 

the• CQ'\ea ot •naitt indivi la. Other obsenat.1on• i-

:anDonent ia in ffd ". (See 

too •>• Th•ir tamil7 •~ iea indicated that it. vu vi\ed 

.. 1f • to. IS.all• •• 

1 tifittd U nMIIOltl:Obin 0. 
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Th• dtn'el.opatn\e l"ffDrded 1n th• Jrffi•• <1e0aa 

nw i- he ot 1.nY .. t1aaua11, lnbodlleed nw oano.,te 1n • c;1.u. b1o. 

.-u.8''7 and. g1n..,1oa, cl poled n• prold-. It is ot • r1al 

U.•ntor. tlla\ tbl lalt tw ,_... haYe wlt.ntt••ect a ._ le ~h 

of the 11._.turt on aan7 upeote ot lielcle oell Nida end th• 

o w •b1aoglobinopathiea•. M nw infw\ion •PJ)N.1'11, ndd1na 

t. Ml'ftt.ion• tad reaol'dng old Pf0b1-•, nw bl.la 

pnNn~ t• 1\arther Nffaroh. • aooount tbat fol.law• 18 thll!Pt 

ft a .,.... of the _,.. pol'\ant. HOfflU• ttrc ia 

t. \ and inftlft ation 1n ~ lut ..._ ,ean. It. vUl be pre-

oiated t. ta detail tac Nri.w • • 1copa ot the 

p.Nellnt wl'lc:. pi'-t oon&tderl'bl• OTerlap, 1t, wUl ~ o •le:at 

to eonaider .a.no• &tr he tolJ.wJng h a .. 

b1Hhtll1~17, poetic• and tJll'o log. In ~r to a i du.fl 

nptti 10n, elinie&l upeo\a :t"e bee Ollitt.ed ae thlr;r are COY•Nd 

in th• NOOrld put ot th• t aia. 

aaott.r l'll6l. ka.11110globin, which tuil.1' etud1e1 euntlM! •• in• 

hel"i\ecl aa a shlple Nenal1an. domhun , and which • ine4 

vitb ftOJIM1 hMmoblo 1n results in u,a tcaa\l oarritlr tate in 



which \h4t ff,Y'th,oo,t.M do not, •1.okl• but ha'" a hi J.noidll'lc• ot 

target oelll. Combination of thie 11Naoglob1n, whic tbey *'-tei"Ntd 
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to .. bMDO lobift 1II, \fith .S.okla •ll hullo ob1n, Nmlt1 in• 

dlat.Snot baaol.nio a)'lld.Jtald, clllilar to but ailder 1n ite manllesta .... 

thm• thaft· td.ekla o•ll aaaada. (Jlaaoglobin +II vu atbN«tU•\17 

dui.gnat.ed bw obin C al'ld the 41-aN reaulting fl"OII l\1 omt,in.. 

aUon with .S.ekl• cell haaloglobin, aiokl• c•ll-ha1110globia C d!eease.) 

Wi t.b th# diacsOY•"1 ot a thil'd abnonul. h&4llO obin b7 Xte.o 

(19'1), in a white .lll-1ean latl.71 it bee&• clear t'.ha\ a •taadfutd 

ar•"• ot MlletlOlatau• ror the abno1'18l. h&aotlol>ina,.. daainble to 

a"fOid cCllfuaion b&Md to1*1¥ on t.efmi.nolocioal gl'OUJlda. It wae MCOl'­

din 17 -...w th&t bMltoal,d>ina be 14-tUied ~7 let.tan ot the 

&l.plabe\1 in ol"c»r ot thei,. d1aooffl7, tht later••• k1ng applad 

to noaal t.d.\ll\ ba.tllOgloh!n and t-bt lettw •r to foetal bumoglobin, 

\bl onl.7 ...._,tioo "1111 11.okl• o.11 bMIIOglobirl, wh1e,- aoCON.mg to, 

lhi• Nhell& •.IIMld. 'b6 deei_.1*1 "'98 , but 1n pnotio• le 8f•l"N4 to 

u haeoglob •s•, !MN 11 tbua Mtao'1,ob1n •B•. (Cont••• 

on IJNao .ob!n, J.v.1..i (Ohdtua), 1953 a IIMt b). •••1 (19J') 

CIClll&llftt.ina on th!.• 11Jlrteja of w-.o1&ture at&tul• •The chief 

d1ft1crult7 with t.bl• eohen !a that .it. did not antioipate the \«mpo 

t d11ocw•" 1n tN 11•14• Thu• ti CJ& hapPen \bat. • .-.."1 a~pa 

ot 1nT .. "1&&t<,n td.U in~J)llndlnt.l.7 d•84t1"11MI d1tterent nw hMIIIOglobina 

uaip t.M ... let,tu ~ NOh. Thu• tar • tlW and btalt.hy ex• 

ohange of toiwaticm in ~ ft•ld baa .-!n1111Md thia •~ al oan­

f\la:Lon•. 87 19'6 .S.gta ftdeiita of noru.l. hualog'Lob:tn had bNn dQ .. 



rib I Ti.s.; llllmoglobina S, 0, D, I, , H, I d J (lttl 195&• 

LeJmnn 195 , ldift n and tehllalll 1956); and MY•ral ao~ ft · ta 

"" in e••• ot inYNtipticm l1Nl l 56). 
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Jn 1953 I Al.W&J' Ind ward deHl"ibN S1 ou• h-glob 

C db 1J'l • tour ,-v old •po bof, later Bann et. al (1953) 

Md t.T1n et (1953) NOOrded otMr 1na'8n•• ot ballN1, humo-

ol>Sn C di._.. 1 Aae.-loan h8J'C*-. The eU.nioail 1tturt all 

t.heN ..... na the ot a ail hMao 1a wit, • enar,,epl.J 

Ibid a p •Jilin• f tarse eel.la 9tain tuu t 

lood.. hmil.1' et1l • ahOwN t at pruenoe of naa110, 

which it t u a Mtn-1.lan in&Qt.1 an 

md 0on1.,- (19g) ehond \tat. 2 

f("Olf -- •hcnlt , .U. 1t wea ot •n­
oount.e 1MOft8 .500 White AMl'ioa.n1. Lllhl1111 ,._ 

ted hi -~ in 1 y of • Gold 

Coal\. ia,.. th• t1rat r.oord ot. ita occunenoe out.•- • • tlldt. 

l'1aa. 

o ai.oal and. gtnet1oal 1n .... , at.to t tbtt abn htano-

lobin1 1 to thl QlldeqtancU:na of the taoton -lftd th• a.tio­

lo ot atypioal .... t atekl.a ..U .... 1a. The 

\aneolle inherltancMt ot baeogl.obtn1 and C JIOdlt1ee the alJnt-1. ex-. 

of the 

thalu,uda lioklAW o•ll ane• with NMlltar.\'\ HYtN ha l,t,to 

•Jn ... ... ( owll et l soj :tur a\ l 1952,. ka 
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et. al 1952, Beel et al 1953, Edington and Lehnann 1955(b)l. I~ secs 

sirabl.e thererore to indie te the relationship of thalassaemte. to 

th!J ha globinopa.thies~ In thalassaemie. no abnormal. hae:m.oglob1n hatl 

been onstrated but the "A• gene (i.e. the gene for normal adult 

haano lobin) is al.tered in such a manner as to lower haemoglobin A. 

synthesis. Heteroaygous inheritance of the thalassa.emia. and nol"ltal 

oglobin genes results in a moN er less s-,mptomlesa carrier sta.t.e 

(analogous to the sickle ee11 trait}, but homozygous inheritance ot 

the altered A gene re$ults in a severe progressive hypoeh:romi.e an ia 

witbM iron deficiency {Lehmann 1956, ZUelser et al. 1956 ). 

'lbalassa.mi.a-sickle cell dirfease. t.~alas&a.ania-haemoglobin. C: disease 

and thalassaemia.-haemoglobln E disease have been reported. (.Rev:temi 

by ~elzer et al. 1956, Lohmann 1956) .. 

table I, taken f:roni Lfthmann (19;6), shows t.n, known baamo­

gl.obin combinations which have been described since Pauling et a.'l. 

(1949} initiated the stu~ ot the a.brloma.l haemoglobins by demonstra­

ting a haemoglobin abnormality in sickle cell anaemia.. '!'he presen.ce 

of foetal haemoglobin in m&n1 . or the oon,inations shown call-s for an 

explanation o! the role of this substance in the haemoglobinopathiea. 

Prem 50 to 85 per cent ct the haemoglobin in newborn infants is 

or th .foetal type. van Korber (1866) and Yan Kruger (1.887} (cited b7 

Chemof't Singer {l9S2)} demmstrated that haemoglobin from i,laestal 

blood exhibits a much greater resiatanee to denaturation by alkal.1ne 

reagents than haemoglobin !1'0111 e~es of normal adults. Alk&U 

NSistantchaanoglobin is al.ways encountered in sickle 
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S1*1A, oell anNll!A 
1otl• eel.1 \ 

)Uo~o,rt,ie 01 ...... 

Raatlr:>ttlobln Odin e 
JIMIIO lob1n C ir&U, 
!Mlloelobin c-~ a 
tickl• otll.-bumoglobin C 
di•• 

ftlflDOglobil'l n diteu · . 
HMlao obin O tm\ 
!tiekle cell aeo lobin u ..... 

II r (t.l'&OU oooulon41F) 

(A)I T P (20 • 40'I, P, aR 4 toun j 

d.teeaM 
tNdt 
~ll.t.HMlll• 

ill fft.oee ot an 1-11.k.t hatlllOllobvl o I' NGHttJa" in noaa.l 
! , lrtdi v1du&l•, &n4 in •J.&a••d• or ( · lJniu• 

~lllOfl) 

O..tioal 1»•1 t.101\ no\ 
olaritl.•4 

ft ' 

·- Obin t \riait 

HUM o in di ·ae. 

!tlt• lo ebnonlal ..-.oglobln hu bit• W'ld 1D tul.uP.erd.a-. Tht 
lnta T tutect 1n tJMt Yb.la i.• u. &!!!! I tbalueaerata 
onl:, an •• • nt•Nmff to • naal fiieiio in, 
Two other e.bno.rmal hatmoglobins, I and M, bav~ lJso been dis­
covered, bUt th(l:i.r cbaract.riea.tion 18 no\ yet complete ( riti h 
Medical Journal 1957). 
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eell amania and thalassa.emia major and 80!!8times in other haemolytic 

disorders (Singer 1951). Normall.7 moat of tht foGtal haemoglobin 

present at birth has disappeared b;r the fourt.h month ·ot IU., wt tra­

ces may persist into the third year (Chernoff and Singer 19.52). When, 

howe't'er• there is in infancy a d'imini.shed production of h globm 

the faculty for pz-oducing haemoglobin F is maintained and may parsiat. 

into childhood or even a.dtlt life. 7!1is happens in the haemoglobino• 

pathies and eanet:unes in other blood diseases. Thus. whU hamogl.o­

bin F is in itself innocuous. ita presence in the erythrocyte atter 

early intanc7 in any appr ilable quant.i. ty, is usually ind· cative of 

me blood disease (Lehmann l9S6) • 

.Among the techniques used in the identification ot abnormal. 

haemoglobins electrophoresis remains the most important. ut the need 

tor loying other techniques la well Ul.uatr ted b7 tre diecover:r ot 

haemoglobin n. which on eleetrophcresis have exactly like hamoglo­

bin S, but differs in its solubility proper~:, and is not aSS-OC1ated 

with sickling (Itano 1951). Similarly. haemoglobins A and F show 

appra,dmately the same elect.rophoretic mobility but differ marksdl.7 

in their response to alkaline dena.turation.. 

Beel (1956} lists the toll.owing techniques that ha be«l 

applied to the characterisatic:m of the abnomal haemoglobins,-

(l) Crystallography 

(2) Solubility studies 

(3) Amino acid analysis 
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( ) JelfflOJ!.00,0aJ. 9J)Nltio1.t7 

(5) Stab ' , h .... iobtn in • 

( ) 

(7) 

(ti) 

idtnt.iti• 1oQ ot 

"t't&in "ainialli .t.and& •• vUl ta-.. 

oriw .... 

ff JJ. .. \ CJ£ & 54¥""- J"ti'e .... l&DGPl1T.ftl.Y-

00l'IPU"llb1- to tJie loo4 V,OQ 8-f•NnM JAU~tol"7 • 
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In 1951 1"1 publiahed t.he f1 din ot an vesti · on ot 

75 reds undertaken to deon_,.te the ?'lhel'i o• of the aick-

h on, vi b paniaul.ar reteNnce to •iekle C9l • 

• rault,e ah.ow t.t. th.a armer <>f the aasoc:Lat.u,n ot the tra:tt 

lt• •ia within tam111es1 an t. ropol"tiOne t theM tw ... 

t.1\1 , •re t w1 th the for the 

inherit of sickle cell ana•u. t ti rward b:, ill •lt in 1949 

by Beet in the • ear, In test• on 94 pe.rente 

ot chU with sickle cell IM«!l1a he tound t it, 93, and 4 

ah1 Nn ot unions in which • pa bad aiekle eell anallai& sho 

the t it. 1 .. 1 touod 2 no t1on to the Nle t, th p ta of 

a Ohild with sickle cell anatmia, r ne p&Nnt. ot a c Ud with the 

t aiokle. fie 111 . sted ti» tollowin po11ibili ie - ez... 

lain thUr oocUrNncea-

Or 

(l) t, 1n oemin indiVicluale b:> are beteroz us 

tor the a1o l :.g gem, 

~•s•ion. 

g.- tau to 

(2) That t le t r 1e n t. iolo ic !. 

(3) Tb t what an t is 

ac ally d e to the int • 
far sicklin th a yet un own OP 

enetio factor . 

(4) That the ap tl,y n al t(.) ctuall.1' 

• 



the~•• 

Jn tile lld.t-4 tai. ot Aael"ioa IINl•• work vu 

nga u omtinaatloa ot tJII hJpo*Mau ot bamos~ ai't7 in 1ickle 

"11. •aeia. 1n ltn•, on the otlllf' band. t _.. •• ocnt1 nble 

\rown7. Raper (19'0) •at.1.aated that ••zreu in _ Urd.t-1 

t.atee of .. rioa tbt ratio of aiok1- cell W«Dta to •iokl.• cell 

trait. waa about l to 50, in lf1"1ca ~ aftilabl• m •• • ~ted 
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a n.tlo ot leM thaa l per 1,000., '•lu.rt• d J)hr1• {1952 a a­

b) 1n awrn JU.afl'ia, •d JMa& (19Sl} 1n Ugaad&, ••P la])lll'• 

obNffaUoae. .u. armot.at 1n tbll \lell llldioal JOIU'll&l (19.52) 

'"1ew1Jlg 1.bl poeit.1on in Atrioa, pomt.ect ou\ t.hat. the inoid411u• o t 

the \ni\ w OD1111W1it.1.•• uapliecl a 1Nqaeno7 of gotM of 

l te 6 r, -', and 7t'\ t,he ~ in~ or •iekl• eell 

•••1• waa ch 1•• t.ha. 1 ))tr oent.. It -. •UMMted that • 

po••i: le cr.planatio al ~ • a tb nte of Afl"ieal'l bollol7I • 

1n infmq, a ~in\ wh1ob lwl. (l9Sl.(b)) bad. e&rli• eJCpl$S~ 

tm 11 .... ,11a, •• ot bit aor, n oond1t1of1• 

1n .-rl.3' llt• en (itnca), st ot tbt eildNft ue •11•1nat.ed v • 

cp1te ywq,, eltb• Sn OonNq.t&M of a ti--.o ic oriaia or oau.• 

of intel'CnJJTtmt ...... " 

ta 19Sl ,. • c. X..bott.-t.grand J)llbliehed \hltJt a:.pel"l.o• 
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r eported on 88 cases seen an.ongat infants a.nd young children at the 

Red ~088 lbspital oTer a period of 3 years. The results of their 

inTe1tigat1on into the genetic• ot the inheritance of sickle cell 

anaemia were in complete agreeent. with Neel' s hypotheeia. They also 

found that the clinical picture presented by their pat.1enta dittered 

fran that recorded in America, eapeci&ll.7 in respect or the age in­

~idence. In -Leopoldville the u,t. ll&jorit,' ot oaaee occul'l'ed in 1n .. 

fancy and "fff7 earl,Y childhood while cane over the age ot lO years 

ven b&rdl7 eTer enoountH•-1. The progreaaive disappearance of the 

eyndraae in ohildhood wa, ahown to be di.le to a Tery high mortalit:, 1n 

the fint two y.ar, of lite. (Xn Allerica the disease occurs through­

out childhood and adoleaoenoe into early adulthood) . In later pub .. 

liationa Laabotte- Legrand (l95S a and b)1 on the buia ot a study' of 

300 ...... , ccntinl4td their earlier obsenations. Jnm1nation of th• 

parent, ot their cues showed that of 297 JROtti.n tested for sickling 

294 weN poeit1.,., whUe 2.S9 ot 277 of the supposed tathwa el.so showed 

the trait. Of then 300 casea l!D had dieciJ and 80 per oent ot the 

deaths had occurred before the age of 2 1'1&n. Poy and londi (1951 

and 1952), ·Foy et al (19'1}, Vand•pitte (1952 and 195S), llltton (1953) 

and Welboume and Raper (1954) lent support to the Tiew expresNd by 

J . & c. Laabotte-Legrand that when sickle cell ana81lia is aougbt tor 

at the paediatr ic ltY"el it oocure in the trequenc;r expected. Poy and 

lond.1 (19.52) in a eVYey- in Portuguese last Africa found in two tribes , 

the llalmaa and the llakondae, sickling ratn ot 38 per cent and 40 per 

oent reapeotiTezy. Among 210 ~ple 1.xam:tned thel'e veN 82 positive 

-



tor aJokHn, and 9 ot then•~ t d to n atckl• •ll ana-.ta. 

Of th ... 9 He1 8 ....,. \mder 2 year-a of· • Yan pitt.e (l9SS) 

OOlllllClt an 261 C&Mt ot 11okl.• aell •MIit.a diaoo'l9nd. oYV e. 

P•riod ot 2 ,eara ilt.&t.eae "the Wanta omaU.t.llt.ed he _.,oP1'7t 
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.. tbe7 dio he ••ri.tNI of Llllbot • 1-grud. OU' ldeet. pat.tent 

vu 23 YRNJ w .. is..w \bat 1n Urtu., about one e1okle oeU 

111'11•:la \iet ill a hlmdN C naeh that 

Aeoepting th&\ the ntult• pulia11M b7 the &11ihora 4t·ted 

abon an "l)ntaen\atr1v. ot the •it•tioft in UJtlaa u • wml•• a 

nw Nbl•, of JW.r'1tl11&r int•Net. to ~ieiet.1, ;preMftt.a it.Nlt .. 

If al • ..U &nMmia n•ul.U t h:lllosnoua tanoe of a 

,_. *ioh ill tu ne\ u.Joiaity ot 1n~.- S.. let 

obUdbtta.rin J>t*J1.od• tbe study' lo• ot MIIOS7&0i.• • d N1ul.'t 1n 

a dia1nitt.h1ag 1no1cklnM ot th• ae• 1n tht. p\llation at l&r. ., atl<l 

1ft in trtoa 91.oklin tnqu o1•• ot +.hi -o ol lS to ,0 _. ••t 
-4 ft haYe been O MJ"Ytd in 1IArt7 CCIIIIW\1 t.Ult In -ld.rlg & 

«-Mftio \icra for the t ot the alokl oell trait, la 

Afde& t.h.,. &N two obri.oua al.tematiYH1 b7 no • 111&tualq 

enlus1Ye. Th ... two elteinati••• an pit.h11.y •tai.ct b7 1 .. 1 (19'6)1 

"One OCNl o tbe one bed., loo to what haft bNll flllled 'autabl• 

PD"'• Thia alteffll.ti-.. apl. \Son i• off•Ncl b7 balan lJOl.7-

ao , i.e. a lit.uation vheNin ti. heteroa,i i. t r th• oatil04!"' 

gl.obin &a• it .repl"O ~ ot.1•-11' -.peri.or to •1ther hCIIII.OQ'. t•"• 
It wSl.l b• Heallecl that. tM pannt• of ohlld.ND with 



sickle cell anaemia reported by hel (l9Sl) and La.mbotte-Jaegrand 

(1951 and 1955) there were cel"tain exceptions to the rule that both 

parents shoV the trait, and it was suggested that these. exceptional 

ca.aee might represent the oocu1N111ce of gene mutation (leel 1951). 

ltiemaux (1952) on thtl baeia ot a genetic inwstigation d owr 200 

famili•• in an ethnic group with high sickling frequency concluded 

that loss of hcraos;rgotea is caapenaated tor b7 a 1••1 of mutat.itm 
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of nol'll&l to "S" gen.ea greater than any mutation l«el knc:,wn to mm . 

H:19 studies also indicat•d that the frequeno7 ot tba mutations ia 

Wl.uenced 01 the line of deecent, in other words, that tm 18'1el ot 

m.utatim is gaieticall.7 detenllined., He ocmpared this finding vtih 

the intluence ot line of d•acent, established by Morch, on the lefll 

ot gene mutation in ohond.rodystropey, Vandepitte et a.1 (195S) 

wotld,ng in Leopoldville in the Belgian Congo, found among a. total 

of 233 mothers of patients with sickle c.U anaemia 2 who showd no 

h&1110globin &bnol'1lalit7, Calculatian.s baaed on the aasmiption that 

both thee• casee indioat•d mutation• of the 1ickle gene NTeal a 

ve'r7 high rate of mutation aa judged by usual human mutation rates, 

but onl.y' an:,rc>Jdaatel.y one tenth of that necessary to offset natural 

•election in a population with 25 per cent sickling. They concluded 

that "the available data do not support; the hypothesis that in t.h(!) 

Belgian Congo mutation alone is reei:onsible for the frequenq of 

the sickling phenomenon., alth>ugh the possibility that a relativel,­

higb mutat1on rate ia a contributor7 factor in the maintenance ot t.he 
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, .. tNqU&cy camot be denied•, 

TM •'Vidln4• for flnl&ncM polJ'taorphie• hu Netfffltl.y bMn 

rm-...d by 1"1 {l9S6). ut..r o&Ntltl •val.uation of ttw ltnowP. facts, 

be .x,re•... t.h• opinion tt•t "'he l,uJ.k ot the ertdtno• voul.d eugpet 

t.batr Ule «-- fn'fl.enei .. t.N -1.nkined \hr'Ol balaaotd pol)':ac)rpbi•, 

tbo\'t aueh NIH1n• to N damt tc, eat.a'bll* W• pointtt• 

Jt, ie bQ'ond tM MOP41 of' th11 ~ to attGpt to •~ th!.• 

wide, o()m}:ltx and oontl'OftJtri.al eubjeot, but. one upac1t of it 1n1a\ bt 

aerrt.iomd+ X Ntv to AWAcm•• Ja&l.Oia f11pothMU (Allieon 1954 a, 

b Md.•>• MOJI' to the awauanc• ot llll••'• publiaatl-., '&Mt 

(194'7) end !n1a (19$2) bad not.cl that th• spletrA 1'4~ 1ft •1el4-. 

1-•da )M· ~ thin io Aon.,.icklv.1 and Bntn related thi& fiod• 

illg to a dUfvential auoeptibilitT to snal.lu1ia, a om ept 'Nhich 

:AJ.alOD later aplo7ed in hie hYPothe•t., 1&1'11• •••t. (1946) had 

hind tit• cp .. iSon ol ll&l&l'UJ. ---,t1t.illt.7 in nla\ioft to th• 

pe,Nn\agt· ot po1itiw antan tor ul.ari.a tt»m t.tokl.,., 

dm'ing th• t.!a• of th6 ,._ vhen iJ'lnlllliuion ot malana ve.e at iu 

lo1illt5\. 811 tindSnp wn not,, h.owvv• 1tat1-'ic&Uy •1gnl.t1oan\ 

and he NfR1nM from dz-.v.t.na .-.,- o~olunons l'l'al th-. 

Allllldl (1954b) noud the a\rildng correlation hewed ti. 

inoi&mol of the si61cle oell t,~&$.t d Ublldal •v•ri t.:,- in poilltll&-

1.ce Po\&PtJ• 11gb trait t~uci .. tend to ocou:, in ~Nld•i.o 

n~ ~. tn QP,~ta11Y induced •&larla he fcaJid tlia\ 

llekl.eN fll"e ta 1•• "180•]'\ll>l• theft non-aleklvt. lnoaullition 
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of lS non...ioklert praduce4 olblioal taalaria 1n 341 'tlhil_. in a. o~ 

able 'llP cot licklen aalarla vae only induoed :1; 2 and it wu 

t.hO\lpt tbat th•U 11111Ue1M.\ion8 ot tbt diaease WM l••• nftN 

tun ttwr WN IIIIODg t.M Dm-111...... llt a1io t, ba\ aon, Cthil-

dND Mlari•l p....St.a.111& ...... 1ft higher ~q Sn non...reicklm. 

thait 11*1.-.,. Of 4i' thildNl wttll the ~• rt., ,,._.. Nat had 4-M• 

IJl.ftbh ~f.Mda, vhil• in & fP'OllP of 247 nar."'4icklen 4S.? ,-. 

._ had aaluia. 1fOJ!i th• .. ttnd otbw olt111t'ft.tiont ~ tffloludtcl 

t.bat ~ . t• an .11llE"~. f¥toP1 det.-,ain!!I th• he9ffl!& (t.f, ~ht 

•.~ oeU l£!&t., 111d •«a•lted \hat. \he ~ •t.tect o the fi~kle-

14M tr.~7 ta pradtltid by• dittel"'et.ial mo"alitT 1ft ohil~ •. 

411tacm111 ~a hYJ)o\bHis at.it'!t\tlated e,riei re.bltt ~ •tilt 

and c~ to.,..,,.. S.Wral .uthon, including Raper (1954 aud 195;) $1\d 

~ 1954,. and i.....,. llnd ~ (195'),. J)ttbJJ.1 tinditlp. whtoh 

ar. in hl'Md genwal. ~, "1\h ... ot 11llaon '• o~tc1ona; 

btlt -...ra1 otherl:, inel.lidlna ._", Sl'Ua and y (l9S4), Arch1.baltl 

ell~, (l9J5), r,1-' al (19,5), ia\erpret.ed \h.-lr findmga 

1n U"la.,. not lllPpGl"~ ittt top,ttt,eu. ~. a.a end 

~ (19,s) att~tti to ~eat llll•••• obNJ'Yat , on th• ,e:L-

atlTfl ... · UftUttl of 1'1~ -'" t'1 n-ciclclen t. ct;ttriJuntl&l 

IIUt.ri.a• The:,- ~• U tub.1"1.• 16 !ll.trl.o 

the t.fl.it ~ eel all of 'lf'fflll Wft latO'llll Mt 

po#d to Th•7 t--d t!lat in the 

,t V!'Gu sb>WIICI 

••.tout.tlr ... 

-eio14en elintaal •!.aJi• 
and pug!.\ 4-~tlt• WN •l.1 tJ.y lllGJ'it ' d t an in •iokl.C'8, but 

oonoluded at tla• d.S.tterenc• ob•wed we.Nt f do.ibttul a1gn1ti~. 
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Aocoi-dmg to Beel (l.9~). vbe> auat b4 Ngudld u • &'111~ 

it7 aons aen•t1cl1u1 the ul.&l'ial bypotl•n• ht.a att&itt• •tdl!ol«it 

pree\ige to •?'rant. tu.rt.her intaaiY• •tu¢1 to validat.41 or i.nvalldat• 

it. le otters the •uae•t.ion, ~ .. tha\ oih• pqy•iologioal dU­

feNn ... ot lmpott'8q to aanftl.1 in addition to a.ala.rial. •eoeptt ... 

bil1t1• rill be tntowit.et'ed in •llloidat..tng ti. rol• ot balNtOfMl polf• 

aorphia in llldni.ainina the high eiekllng t 4'Mi• Mlcc,.mt..Nd. 3A 

:itriaa. 

third poaat: l• •cb&ni• wta reb7 hit.ti aickling !NqU.tnci•• 

aight be ~ned in Atrtoa bu been avggetted b)' ldin,taa and 

.klr:Am (l9SSa)- Their a;q,•:rienot in ~ Gold Gout iudie6t4t8 th&iii · 

aickle cell ana-.ia co•• n6t, ~• oa.rr, he gloGlq' rogno,1• ..-,... 

all¥ auga-•t.M tt'Oll t.rriQn eo.il'O••• ooa fO O&IU1 appe.Nd,~ homo• 

anoue for batao&l,obin s, ·11tbich thay 111,d obeWve.d 1n i,.nona nU peat 

inlatacy, tbare WN two e&aee who WN OQll.ple't,el,y •,aptoal.e•• fhe7 

tuggut.d tbentol"e t.bat. \be IUMYal ot "1.&t.i.Yely hftaltb7 banoW ••• 

aq be a ;,ottnt tutor· .bl taaint.a.inl.na hi tl'&it. trequenol• 1a certain 

P«>Pl••• In a lat.er publieation t.• ,_. au.t · ra ( affl tetaarm 

{l9S5bJ) NJ)ONd t .t . tUl'the.- 1nv••V at.ion ot he two "81m tcuJAaa 

ham.i..globin S homoQgot•aa ehowd bat the7 ..,. tact. b•l"O!IJIPbtl 

tor the aiokJA call gene &nd • thalut&Gda.-like gene. They did not, 

howvw • retrooi tb•ir earlar 11JC&••t.ion re rdioa 1.he aain~o• of 
' tokling t qucmcias .in Uri.ca. a.po~, ll*Oa -1.IIWh-. in atnoa t.rldi-

cat. that $lr'rival of tti;\~tiv•.11 he&lt.b¥ h Zjgoteaa 1- not a factor 

l.n maint.aatna aiokl:Sng trequeno1... Lebmam and. po (1956) tOUlld · 
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no r the 

t a e1ckll n.te ot 39 er o ~ t. 

( 954} point•d out tht.t b•sides et1c o lidaa-

t ens, t othe~ ta tore ••t be t.iten into aco01Ult wh o~siQl"'ing 

tlla 1nc1de~ ot tM tickle o•ll g,ne 1n populat.1ona,. n ~-

•• tbropolo oal vation t tlw 1'""11'"""-• 

2. Soc ological tactcre. 

n the la.ttw ht po nt. out h 

&1'9 toun t . ocially lowe 

t • P.1 

lther · 

ot the 1'ore1tt. 1n 

livµ11 aa att a r 

thllt bi ••t e 1ckl ra tea 

or a latio • ":tn Africa 

, 1101 or Ugirl._. vb> 

j 1l t Acbdllll, the aocie.l cammm "'1, 

• n, tblt am.on ot tho gen,, 1Jnilarl$ t.he One were t, ell.l'N 

or the Turks until recently. Thu& people a~ tensed to li'f'e -.m-. 
una.bl to tnvel, 

th 1r ore ol"'tu te net ™• In' rN~• vhf.ch u uall !()• hand 

1n • d 1dt elnYe-llk• con t1on in lU ,a1te11a "- important 

faetor t rodac a iJh 3ickl.1n t~. 

17 1n the hieto17 ot the 1aooYeJ7 ot sickle cell ema 

1t. wae neo ieed that sickl ie •• t.i&l.17 a Jfe ro e aracteri&tic, 

(lllok 1923) m:l &l.t.b:Ngb report• occaaional of its occur-



canpletely 

eonatrati 

belief 

no 
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ol •.. i..mann and Clltbuah 1952, IAtaann 1954). TlW 

hi h sicklin freq11enca1 in f'l"ic justi.tl. ttw, 

sickle cell ph-.naunon to 

lavea orig;lnating trara .Ur:t.oa. 1'he • ot Of"i of 

• friaa 11, ho•Ter, not. yet c ea.tt, and baa 

ti n of t int.e at. to tbropolo • • 

l 52 Lehmann and C)itbueh the lood ot cer-

t l ri ea in Southem India to collect e.ta. hich i t 

sup tute the idA ot a raaia.l link be "11 frioa and 

Ind1 , ha betn !Ng a b1 ••ven.J. le at,. 

Their ngs were ot atart.ll d ekl - in 

thr• of the horiginal. V•ddt tri. a, and Sn • of theae, thl 

Irul.&1, the incidenff wa.a .30 per eent, a ti er th that- hill 

oet Atl"ioan populat\Onth load .at!ona, 

on the o er ·, o & low cid«lce ot the eau• chl'Omo• 

••• ( ) vhioh oocure 1n h1 trequtnc7 throu u fl"'i in the 

, . • :tit ra t• reted heir 

indicatiq of an Indi&G ldgration to trica 1n 

pl'ehiatorio t.SJH•, a migNtiio Ul t .. l"•••rae dir t.ion •• in 'ltl• 

llkel.7 in Viw of tbt nr,- low incicle oe ot the Jlh0 ( cDe) ch oaaae 

1n the po11 Gallin• ltemative terpret o th .. 

fin · • au ted at the time •n 
l, at the 1iokle oeU 

the two o,ntinflftt.• 

2 • th t the P«>Pl•a in India d l"ic inherited • 



etctu geM ll"CIU CCIM!on, non•Alrican, c atora 

( Ptti h Medical JOUl'l'la.1. 1952). 
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A aho:-t while latu inveatige.tian ot a J./Vt.JV.&Pti n group in southei-n 

rabia t ettmolo 1c l tatv•• simil to thON of the aboriginal 

.q,s 1nwstiga.ted in India ehowtd a 23 per c.-t in enoe ot s!ek• 

11:ngt a t're~ncr of the Kho(ol>e) cbroaolOld higher t.haa that. 

tain in In a., bttt low•r than t.ltat 1n Africa (Lehaam 1954)• TbeM 

-~-~~ a.coo •ll w1 th the nypothl•ia that the sickle c.U gene 

vaa int .. uoed into triea- via tM f~ land brid in the viein1t,7 

ot 

oont1nent. 

Ob••ffl tione <Xl tbt d11tnbuttcm n .Urioa o.t the tt11'l'thom 

seba oattl.•, b.U••4kl to hav• b"n intm oed via. ou.them Arabia b)1 

Indian• and Arab•, lands 1nd1reet rt to th• hypoth•sis t t.ht 

intl'O. ot.i ot th• uickl.At c•ll gene into Atrioa (B in 195.la.). lt 

has bNn tJtown th& t. the ca.tti. ente Urioa in uaotJ.y tha Gpot 

tna t mi l'&t.1on t.bwl tool( two .route, ·• vestvants to the et coatb 

a~thw&rda to the Z-b•st River, lihich 1 t did no Cl'Oae ( Bn~ 

19S3). 8r in eta, 111• tt pohiblt th t t" $icklAJ ceU .atnt 

wu atl"ibut•d 1n Africa by ·tu eustodiana of th• sh rt,horn 0.tm n 

Aaons thole who dit&gMd, '4-tb th• hypoth••i• for tbe 1.ntro­

dueti.on ot t-bl sickle •U i•• t . m India into Urioa Wzte Foy and 

K<mdi (1952) &l1d Sinpit (l9S4). Stn r postulates th t the gen.a 

could haft J.r1een 1n oetra.l ttnoa 4 a ad tl"CIC1 tb.-. over thl 
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ntihent -.heNYer thlll •1egro• migrated or •• c• ried ott 1ft 

o ti t,". HI au geate that the s1okle a•ll gene waa 1ntroduoed 

into India y .Urioan el.aves, and tctatiYely eXJ)la.tns tbt tind.1np 

ot I.ehmanft an Cut.buah (19'2) b7 inwking the nn,oth•ais ot a eeleo"" 

1ubee t.b' eappear in 'mix.ecf I OOIIIIW'Jiti•••. ( a 1954). 

Sin r•• "t'1Mf a.c~ vi th the olaalioal omoapt. ot aickUug a 

bein~ •8"11tiell1 • negro ch&raot.tri9tio whi411 wae trUbetant-iated bt 

report.a bo all aour-., until Lthllann . 01tbueb rt..d thcr 

finding• ln Wbateftl" thl final out.oan. of 

inYNt1gat1cn of th• eiokling phencaenc,a, it. 111 a t that 1n the 

pre.-t, et&te of ou .. knOlfladp it. 18 no l.onga w.lid to \J.N tioklir!I 

u a t ow ot Afrioaa anoestr.,. 

flw. nri&billty ot e1clcl1ng fN~ci• oaa tribal groups 

in Bu Afl"ica hub.- reg· rd u hav1n ellmological. eignituanc• 

b7 't'&li.oua authOl"e (lAblaann 1954, te!a and &apv 1949, lt:11 et. al 

1954), but ii. v1ll. N&dil.J' be Hen t • , il AUi•n•a maJ.ar1a h,po­

th•1• 11 coi'NOt, and litklina htoidenaea can be explain-4 b7 po•iti•• 

.. leo\io in ta'YOff ct htterou tu, the Nlati ve o1denMt of the 

a1.i. ••ll • 1n populat.1.ona aa7 of ve17 -..11 talue 

•• 1ndioaton ot tribal rela.tionahipe (Mouran\ 19S4). Thou balanOed 

pol.yaorpbi• 11&1 account tor a l'elAtivtJ.7 hi ll'e!f!!!Cl of the gtne 

it ••not• of oov .. , &eeount. toi- th• ~1Sj\n t the emt. 

Antbro logical. 1 tere1t in the oth.r om.al baalo,Ilobine 
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oentNe ohiefl1' on the 41.tterent.ial distl"il>ut.ion of the haaaoglob!n 

variant, onget th.• tua.an r. • le II Mt.a out the lfOrlcl die-

tl"ibutton ot .hUlo lobina s, c, 0 L The oU.r abno h•~,_ 

~obin1 haft on]¥ been N,POJ"ted in ieol.at.ed !•1li•• ant an no\ 

abOlftle •It 1e ftl7 apparent t.hat- the 1 itlllaiff at ot • diaf.ri-

. uticn ot t.bltN haemoglobin trait.a cannot h•lp but, provid• Womation 

of ti,opologic tnten•t • bUt. eq11allt ap uet, tb&t at pNINllt 

tht ••• tluid1 t7 ot t.mu h\ b t'eq>ir vhtch araoteri••• OUI' 

th1nk1 bout the 1oc:he11Jtr;y and genetioe ot tM haao lobuan. 

(ZUelav, lee1 and lobin8on, 1956 ). 
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( len otberwi• :t.ndi.eated, the i nfoma.tion giv-. 

1n the table \411 be toand 1ft tbe NYiew of 

Mourant, (1954), tetaami (1956) &nd Z\lelhr, •"J. 
811d bina(rl (1956) ). 

TroJ?ical ilrt• 
lirt.n and rn .Amer.tea Caa11 peo le ot ••aro 

anoeetr,) 
South India 
Southem Arabia (LIia~ l95k.) 
Oe~ai.n H4Mti.tt.rNn•an oountriea 
Jladagaeear (Brain 19 ) 

weg.u--~ Al n .. 
South Abica 
lorth Amtrlca (leglOlla) 

llol'th W.et Xn,t 
txlo1e.iid r.po • boa lorth ••rtca., Algien, 
an,atn cd Turn,- ot obin o in tvtdt.!t• 
falili••) 

Busa 
8111\ 
Indon••ta 
C.Ylort 
llal.Qa 
India (Beau. 1) 
IOl'tb America (1nfrequ.an ) 
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t it aa reoorded u to 19S4 ia to be to d 1n OJ:o. • s. Mouraat.•• 

book •TJw Ole ributian or th• 11a11an .Blood Ol"OV.pa (1954). Report• 

tl'Oal ilrioa, c1t.d y the author, gift aioklin• tnqu.eneie1 tot> oftr-

200 population unite trca all pal"k ot th• oant.inent. H fiprea 

will not be Npl'Oduc h_.., but the •ral tt.ro ot stributioll 

of the eickle call t.mt. that ••r • fl'CII a etud7 ot these l 

acuaeed. Th• study ot hael\oglobin C is ••1"1' reoent,, and ropel't 

on 1te inolctenoe in AMca are onlT begiani to e:rge. I · v. 

ttu1Nfon NJ>irGd\leed all the tigurett which haft bNn publuhed b:7 

'WVioua au.thon t.o date {Tabl• VI • will Hent th ... 

ocaparati\'el7 tw 1n mab•r, but alrMd7 a pattem ot • l"i tion 

1• 17 d.1.1Nmib1e. • vill h veto wa1t further inYeatigatione 

to ti or fttut• the•• euly ilipnasicnl. 

Th• S1okl• Cell Trait. · 

ln Africa Horth or t e Sahara ... rt e1ckl1n ii virt.ual.17 

&beet. It ia found onl.y WnQ.UentlJr 1n pa who have 8.1.tnbtu.:re 

ot legro lood. •imilar It-ti tion p • outh of the Z l>es1 Bi wr. 

1n lout tl'i I Uta.an (194~) tound one *1ckl• q 403 antu 

................ nect, lll• in Town .lan.cbowits et el (1952) to the tr it 



in only o.58 per c t ot l,SS.5 Oape ickl baa 

not observed in ttmen (Griffiths 19.53 and Bud.t.s..Oleen and 

The •tckl• oell trait i t.hws v:i?'tu 

the Uni o! 

haaoglobin 

~ 1955). 

WU in roduo.4 i. 1iO Atri ( :t;l-0 •en 

ln t teat of A.Mesa, 1 ••• 

only enoaunt. , but the in id• ce 

ehowa intere,ting Y!.da.t1one, esp.oiaJ. whtll w c Jl&" est and 

et trioan t tT1toriff. / 1n W•st Ucl.ca (inelu ing ti. 
( 

Ii r.ta, b1a, iffN t.on.•, tht Calae a, NUb To la.rid d 

riqwl .. Ouin.a) there apl,l41an to be .., 1.tri ti.on or t.~ 
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•iaklAt otll trait h))O~ t'NqUeno1•• an • io 20 por 

ent 1n st popilat1om-. To daW the lowen n hiput t encl. 

tound in ••t Uri &N ) tr cen\ in itugu.•• 
Guill• ( f.nncaao •t 1950) and 29. l per otnt 1n 124 nativ.e of th• 

I 
Hen • tr.1. 11'1 Sieffa Leol19 {Alliton l.9S6 >•/ ln no d in 

the whol• ot st A.trio,. hai.• th• ickl.e ..U ti-&it. not. been fQlnd, 
/' 

/ In l&et Atnca v.t. 'f'ariatton, 1n sickl.in tnquenoi • are encounteNKi 

tl'OII tl'i trib•, 1n T tribe• 11clclin ie virt ll:, ent, 
I 

while in others the incid.nce exoffda that •ncountered in eat Atri<'a, 

n.&&-. .... ..- 1• ot t sickling fNI • oi•• giflll tor, pulat. a in t.he 

Moan \errit.ori• of Upoda, Xenya, tan a, Hort.hem 

Rhodesia, 11,ualand d Poit. • • last Africa ( ourant 1954) a 
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tha.t 1n rt.ain 

the 

oxen ' g t p r .... ' ... ablae JJI dIV ~ po ul.at. 

t 

ding 

t.rica.n t.rr1 to iea nt8J)eti n , 

their eio ins fz,aqumciea, an ~l• 

r :-i.torl• • 

It will 

5.3 per cent ot t populatioa ah.cw ioklir.g trequenoi• bet.wen 

10 cent . while in lut Africa anl,J St,. ) per ~ of t 

tion ahov tnquanoi•• abon 10 per oent and as has al.l"Mdr 

23. 4 r Otnt. ot • laat African - l•a ah.w vil'tlU!ll,y 

·rtalona 

dat.t. on b 

the 

eapeoi 

babil1ty l•'tel at rhich \ha .. mrnNti,aion• are acce 

.l'l"Ol"$ d O't'ffl pa f tJ."i 

in 

rNepect,1.v. ot the 

ploy • It ia p ably t 

d r• hical iatribuUon, 

• c,i it.tc e• of 

1a io$.l 

te . ... 

r-espon1 le for awked 
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TABLE llI ... POPULATIONS LES GROUPED ACCO DIG TO SICKLING FREQgENCIES 

Percenta e Sickling in Population 

0 to 2 to lO to 20 to 30 and 
2 lO 20 30 over uthors 

- 1 - - - rowell & Muwasi (1948) 

l 6 6 lO l Lehmann & Raper (1949) 

lO 6 3 ll 5 lliscn (1954) b. 

16 7 ll 8 2 Joy t l (1954) 

- - 1 2 - Mackey (1949) 

- l 4 - - Bet (1947) 

3 6 2 2 ... Brain (1953 ) b. 

30 26 31 23 8 otal all author 
(23 . 4%) (20. 3%) (24.3%) (25. 7%) (6. 3%) 

Total of all samples • 128. (Fi re in brae ts indicate percent e ot 
this tota!J; -

TABLE V - COMP RISO O SICKL G INCID C 3 IN EAST D AFRICAN 
POPULATION SAMPLES. 

Percent g Percenta.~e of Population samples 
Sickling .Eat Africa West Africa 

0 to 2 23 . 4 o.o 
2 to 10 20.3 14.3 

10 to 20 24.:3 51.0 
20 to 30 25. 7 34.7 
30 to 40 6.J o.o 
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T!BLEIV - POPULATION SAKPLBS GROUPED ACCOJlDING 'IO SICKLING FREciJENCIES 

Leone, Po11,ugllese 

ercenta ekling in Population 

20 to 30 and to 
2 

2to · l.Oto 
0 30 over Authors 

-

l 

.. 

-
-
l 

4 

l 

-

l 

l 

3 

l 

3 

... 

l3 

. 2 

1 

l 

l 

2 

l 

11 

0 7 25 17 
(14.3J) ( 51%) (34. 7 ) 

... 

-

-
0 

Trincao et t (1950) 

Gosden Reid (1948) 

Colbourne et (1950) 

Findla7 et al (1946) 

ldington (1952) 

a (1944) 

Ad.ameon (1951} 

ll.ulphreys (1952) 

Jellit • & Hun, hreys (l9S2) 

"th (1943) 

ill1eon (1956) 

ldington & Lehnann (1954 and 
1956) 

alters & Lehmann (1956) 

Total all authors 

Total ot all a plea a !t2.:. (Figures in brackets indicate percent& 
of ~his tot ). 
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th4 t re io • 

l to • a. IJowdle, ot t • nt ot Mo d.fte, 

$ Town, tor ae,1atanCM1 with etati t cal an ses. 

-" ..... """latio • based ~ the t 
&ti~ (See appendix I) 

l. ein iet.r•• F teat, t c 

t 99.9 r,v cent en.a.int 

p 

le ftrianc to Africa 1 

in abl e lo: a 

t 

b sa l• varianee tcr t Atri • 1. • , 

that 1i kl.u 1 . snor• !!!!HI dietri uted 1n th• 

l tte:r th the to er 

2. , :ng tu ent t • teat ( the nlu to t wi h 1'75 

wu 3.1309), \h• ' 

inc den· • 1clUina 1, Nahl' in 

found t o be accept&bl 

at :rob&bili . level of l per • t.. 

he ec,17 th t the ickl.. cell trait ent..nd &tl'ioa IND 

t: • at. pNa.d weatwa.rds an • ~ (lAIIDaun l9S2 an l9S4 )1 

an the PT that he 1n Bast. Atri.c d 

•pre 1110• ( in . 19$4) .. both iilll)l.1' t.hrlt h9 wae p a-1\ i& 

Salt trioa ...-11 .. than 1n at; lfriea. Tb ... theoriee have bNn 

att1'fflftrted, in pan t 1.-.,t.., b arpnente bu6d on the occum.mo• of 

ve17 hini 1ckl1ng tN oiea tn eert.a.1 1'Ut Afr can tribe • • 



have eeen, ho\fllver, t.hat t.heff samples not represe tiff of 

o,t. s.tione 1n &&st Ah'ioaJ in fact, t.he7 np:-.sent. only 6., 
i o the total (Ta.blct1m and V ). ln our pr.sent skt., of 

'1"8.llt~ about t.ht l'acttoN that. determine gen• requenciett, .an4 

the ro of m&l..a.ria in d•teminin.g eiokling trequenclee. • must 

esist the ten.ptation to dewlop etrona at cbaete to tbeori•o, 

ttract :v. thouth tti.y ·may be, 'Which utlli•• ~1ckllng tnquenoiee 

to laia the origin and apread or tha ~ 1 Ul'io-. :tt 'Will 

45 

rta lJt b ••en thf.t tht \Ulitonn diatntiutton a.n the hi Jiff ow-13. 

t ot 11 ckl.ing 1n Weet. Atrioa gb\ • interpreted aa 1nd1ca .. 

ting that the .,ene, has had a lon r peno 1n which to oeoon• eat.ab­

liehed w a.in equilibl'i• than !t lqa in lut. Africa, acd bu• 

migbt. 9UUUt that. -,,read aight have be«1 - eat to Butt rratho 

than th• N'f'ene direction, u ,suggested. tehlann (19S2 and 

1954)~ Singer (l9S4) and Brain (19S3), It ia interest.in to note 

th•t the IU.TW tiger, whi.oh ap,-ra t,o a DO lea• etteoUv• natun.l. 

l>~tiw to ldp•t1on t.harl the Zamb•l liffl'1 bu not, affected th• 

eick:l.ing hequtnoi•a U) ••t Atrica1 despite the tait the.\ it li•• 
dinet.J.y 1n the path 0£ th• last tc W.et migration propoNd 'tq t.bt 

authora cited. a'bov• .. 

f'1; I "1tfflf8 the areas in t d at trica whidb have 

b J and the migration 'N>Ut-e ropoAd bJ tehnann for tbe 

int.!'iO cti ot t sictd:b,g gene into Af'lii a. · inMt sbOWa the 

aicklinS treqwmci•• tn populations ( expNe as a . ere ta • ot the 



~ ZIIST 11,1t1c1t 

III loft.ff' 11,AICA 

d~ 
0-.l. £-II 1•-,1.0 .CO-lo +'Ill 

PEllCENTlltJE S/CK~S 

Rout.. of n,"I· .t,.,, 
propo..,c{ ':<f .«MMl'llt 
for bht. 1ntnuiucbo,, al 
the s,cl</ms 1'"~ MS 

fl"lt.lC/1 ~ 

~~ ~~1 
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tot sarnpl•) in the two territories. 

The material presented in part tw or this thesis was col ... 

lect.ed in Ibadan, which lies in the eatem region of Nigeria. Re• 

ports show that bout 20 per cent or more ot the population in this 

re ion siekl (Ivans 1944., lfunlphreye 1952, Jel.lilf• &"1.d Humphre79 

19521 Walters and ~l'mann 195'6) . Recent woric h&s cont'i:nned the 

earlier :-.port of Jelllff·e and H:umphreya (19.52) that a.pprox.1Jna.tel.y 
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2S per cent ot the inhabitants of Ibadan show siekllng (Ge.rlick 1956). 

The l:faanoglobin Q Trait 

Tabla YI Sll.1111tl.la.11Ses the ineidenc• and distribution of 

haemoglobin C in Africa. It will be , .. n that the trait has been 

tound 1n the West African territories ot the Gold Coaat , lfigeria; 

Sierra Leone and the Gambia, but in none of the last African terri­

tories on which report.s are available. 'l'he highest incidence has been 

r •oord.ed in the ortbern. region of the Gold Coast, where ld:irtgton and 

Lehnann (1956) found 20. 1 per cent ot 283 ereona examined exhibited 

the trait. In the Nat of the Gold Coast approxim.a.t.el)" 10 per cent. 

of the population show tha trait.. lepons indicate that there is a 

d_ecreaaing gradient of frequency in West Africa, in 11 oirections, 

as one move a.way from the Gold Coast.. In ligeria Walters and Lehn.ann 

(1956) found in 944 Yoruba.a examined, living .est of tbe River Niger, 

&."1 tneidence ot 6.1 per cent, whil• among the Igal.a liv1ng only 400 

mi.lee aw , but. la.et of the river, the trait was absent. Figure 2 
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(1954) ., 
( th) (19 ) .1 

( ortb) (195) 28'3 

Gold t l~ l .9 

2 7 5. 

) (1956) 944 .1 

) ll956) lS5 

•• Ul1 < 19S6} 21 4 • 

( { 95) 141.2 1. 

( ) {19S) 446 .9 

209 .9 ) . 

(1955) 7S 0 

(l9SS) 100 0 

(l9S) '13 0 

(1955) 0 

in a 

( 
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5 . 

t ft-.~c;y &di t in est Afr1 

The int9l"Pret&ticn ct these o servatiof'• . tiJt awai \fther 

inveeti , tion, ut 1t e ci Ukel,7,. at. least, hat tbe expl e.ti 

,- b t-. t th• -.ogJ.oM. C gene e.ro e •"'ere th rt9r.ion ot 
th Gold eo s and h a i e.t.ed th • e oe, l'ftnCe t 

o lob.in O in o th A.f'l!,ica (8 1955) d Al r1 {Po~ier et. 

alt.en, 19%) ean .. aounte t or 
imp rt t.io of s:te.,w:, t a. It 

i lcnOlffl t t. the int. a venv r at the •• J Bi beeck, im• 
p.o i 200 11.&ve1 t~ a\ Atrica in th• HTIWnteenth centur.r 
(Alllaan 956). 

Xt. hat •e IU es\ed bat the lob C • Jai t. 

ha,... &l'i.ffft b;r a muta.ti0t1. ot th• aiekl.ing (Mouftrll 19S4), and 

Walt.,.. and x..halann (l9S6) &av• 9'i ted that t.be to v a t con-

tv a be\w MJ.eet:1-q ,van · i,mo hia ) ~ 

thua be destine ultia&tely to Npl&c• tilt lat\e.-. Theft Uon• 
are hi conj ot l t• r •ttlu: "1ll haft to await ch 

fur ut. it. 1ntereet1n now t.h&t ington 

~j-.&IJ {l9S6) hav• fO".m t inYene relationship ot e 

genes iil t 1n th• ut. <J pe.rin ttol'them 

and South• ti-1bee hey fo ti th&~ while t • tAt'!!:I: atmo gJ.o. 

bin inoideinoe (1••• plu• C) wu a,pproxiia6"411T ps, 
the to llbo.ed a hi .•r 1nci(len" ot hNrlo lob C than , ue the 



t!l.in d in tbe la.t i&t- . able \rlI 

I 

them 

orthem 

• 

C 

19, l 9. 

. 7 ;u., 
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ei~ ind· gs. 
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THB CLINICAL ¥.ANIFEST TIONS SICILE CELL A, 
SICKLE CELL-HAEMOGf.OBill C IltSEASE D HAEMOGLOBIN C 

DISEASE IN NIG Am CH.IL • 

Introduct.i 

This section deals with t.be detailed clinical and haama.tolo­

gical etady ot 75 cues of sickle cell anaemia, 8 cases of ickl cell-
globin C disease, and o e case of h gl.obin C diseas , seen 1n 

the ehildren•s department of the Uni rsity College Hospital in Ibadan, 

ig ria. Our ohsel"'Yations are CCII.pared with similar studi reported 

he u.s..A. and certain A.trica.n territories, in particular the 

studies of J. & C. Lambot.te-tegrand (1951, 1955& and b) from the Bal-

gian Cnn , and t.hose of J$di.ngton (l9SJ) Ecti.ngton and Iebma.m {1954) 

f the Gold Coast. 

These observations were made during a period t1hen th clinical 

department., of the Uni versit.y Colle , Ibadan• were in t poftl'7 JI" 

'J7 cot& available to cope with all admissions• which in 1956 totalled 

ssions t.h&rerore restricted to tho ca.sea ur-
g l.y in ne ot 8 eei l care which coul d not. b elven at t?e out-

patient or ellnie level, and the patients admitted had to be discharged 

at. the lii st possible moment. 'lhese eondit.i.oru,, coupled with the 

avy outpati nt attendance, over 200 daily, limited the scope ot in­

vest.i ion and the time available for full doc 
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Jt.rweTei-, repeated obnrvationa on th• • pati.! t, over pdod of · 

t..im. • poeeible a clearer appreciation t the m ite tat1on.1 ot 
the diae&te than would have bfll'l achieved t a t.ud;r ot 84Ua11m 

• 

~ 7~ .0!'-9.•! ot ~cklf e&ll an~ presented repi-eeent tbJ 

at,jori.ty' ot, but not all,, the oasta of thla diaeue that have been 

aeen in the UdNrl' • department . Selection baa bean ba ori 

(l) ti. ~t.7 with which • tabl11hed ( 

•ttng been cont b7 til per el..ctrophoreaia of ti. 

nat1110gl(>bin) find 

(2} the anil.abUit7 ot •d•qu. te ncom. 

40 at1 ta wre a ttted tor t"'a et ~ ore t , and col• 

ltlllrt,iftl.7 t.hq represent S9 1ssione. The 3S ... which were not 

it.tld \11\tff •Mn 1n the out tient depariment o:r at •P"i&l ell 1 

to d. ca•• of e1ckle cell &n84111a.,.... ret•rre The majority, 

were at*l repe ~ over a per1 of,...._. monta'l•t din U •• 

then was cont.innoue toUow up 0'1'er a •l"lod of more than on• year. 

Table VIII ehowa the patieta grou d accol'din to vheN tbq wen 

exam1tuKl, the total er of obaewa.Uone on tub up,. d the 

t l1llllber ot ob .na.tioru, on all pat1ente 



lBL v-m ... 00 G ·rtm: NUMBER Ol" 0 
• CYI§ 0 V SIC@ Cl&LL 

-When ., ., 
'" 

O\ltpatierl't nt 

al'Cl (acmisa1 •> 
Clinic onl7 

Clinic toll.Qw up on 30 
pati u cha~ f 
the wvd 

l'tlllber 
otO.fN 

l4 

l«J 

21 

{30} 

7S 

54 

THE 
IE 

llua'bW ot 
I 

~ael"V'at!onf 

41 

S9 

190 

)lS 

605 

( lor the purpo ... of this tabl• each adad.asion, irNe ctiw t 
1t1 tion• bu een olassitied ae "one obaerY&tion • 'l'h• actual 
n•bw ot ob1enations 18 much la!' tit _ indi.Oated, • • " 24 
which is ~nnt u one obN?"Yation was an inpatient for a o -
t1nuou.• period ot U mositbat during which 1!WlT «orAin :tJ.one ,,,_.. 
Ill • ) 

conditions whicb. w ha:ve ~eoognieed date, and in every • di.a -

•• individual o • hiatori 11 be pre en f\tll. 

The note all -ot the dieol'<lere in anitestationa ot disue• ae a.tt butable 
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h OZ)'1 

betel'Olly •fort~ gene and a • de'te nin unNlated red 

oeU at>normality u 1n sickle cell-haemoglobin C di.-. 

:rded u a 

of th 

tione b&e ahown that they ..,..,. hetel"OIY t• tor th• s am• and 

gene te 1n eome othtl" Nd cell &bnol'lk&lity thus exempl111 

of a1ckl oeU di•MM and 9.21 the trait.. (anJ.th and C n1 "f 19~4)+ 

actert,tic pi• 

sod•• ot t•nr, pain and. other e,snp • which ooeur in a sociat~ 

with aiolcl tmia, 1rNepect1 ve of lfbetber these are a.saociatAd with 

increaeed ha.emol.7aia o'f' .not. 

Ha obin were u ll7 est. ted ua 1 .. ia .a.o. 
0.l'tlT w Pbotometera, but s e e taatione Na.a.de with AhU. 

bMDOgl.ob-1.nometera. Thin bloo ti 8 we.re ata1n9d with Leia fi9 

e.n thick tUJU (for rlal par. tee) with '1eld' t stain. 

rttal. ration• atained vitb brillian CNaJ'l blue ( dri.ed alooholio 

110lut.tons) were • fol' reticuloeyte det•1'11n&tion9 ( and 

rittcxt l9S3 ). S1ck1J.n WM teat.Id tor by - 1•1 teohntqu• e.ncl 
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a usm a r hl.Y ared 2 per cent olutio of tabisul-

phi e . ilter er lectro ho oglobin aa rfo 

er 

hnique ot i th d Co 1 (1953 ) . 

by th Biur t ethod u in 

tion 

photo-electric colo et r . 

Li r function tat included th l turbidity, zinc ulph t t idity, 

b li in, all 

d by a dard techniqu•, 

C WR.BS OF SICKL 

c - All our patients w re e - a. The jori y belon ed to the 

Yo in tea in th W stem re ion of 1 er • Th re 

Ni eria) 

al 

ich ives the ex incidence of c 

that th r are no grounds tor this 

IX - ICC.IC 
• 

utho 

ri ). 

ea. It ab n su d t t 

a.le (Di ond 1945), but T 1 IX, 

r ported b:, a tho • 

L PO isD BY V. ous 

se lea 

300 145 155 
37 27 10 
63 39 24 

24 24 
20 17 3 
75 .'.33 42 

To 1 543 2 5 2SS 



57 

- • ia t ot at 

3. t t 

tirat 
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J. (19551>) 

at • 300 

• 1.4 (l 

• 4.7 in 3 • 

the tir l 

AG£ G.llOUPS 

0 .; ' I 'T 

I s.o 

•~ 
4 - .. :129 

'1. ·I ;; .,; j IZ9 

0 10 20 30 50 

J'£U£HYAo.f OE' CASIS 



• 

0 

• t e 

0 

l'fltCE.NIA6.E Of 

CASIS IN £ACH 

:AG£ GROUP 

081 int 

- .MQlilntS -Y.EAJLS---

I\SSi 

t t .. • 

a o cie 

in 

PAESINT IIVIESTIGATION (NIGIIUA) 

LAMBOTTI - LEGRANDE (1956 r.) 
C'alLGIUM CONGO) 

C 8 t a 

58 

et 

on t t 



{ 

h 

3 

s 

-

l 

• 
• 

5 •• 

() t 12 a. 

C { a..,..,.,..,T_. 

ne 17 abravs 

2 

6 

'J 

9 

' 

pi • ortl7 

(t t di 

u • •• 

' 

5 

!ld 

ey,, in • 

13 

6 

9 

u 
0 

T 

7 

; 

s 

5 

• rlier in 

• 1 

c• t 



60 
The a at vhioh patit)nte preaent tor- medical treat ent IMlSt 

obViou ly l>e l gel.y 4,;iete .ed by tba a.verity ot th•ir ISYtlJ>tc •• 

It. is pr o.ble that .i'a.ot.or-. such aa poor aoo o-eoonOJllic cCt1ditJ.ona, 

tropical 1.nlect1ona1 aal.n\ltr1t.ioll and bad sanita.Uon, 'Which aH pze­

val.ent in t.ropic Africa, affect pat.ienta 1n web a va:r u to accel• 

•r&t.e th• dSfelop1ent oft.he di..... d NIUlt 1n treatm.-.\ being 

required at an ea.tiler a• than bi the u • • A. D1.tt•nncea in the 

in.c1~• in th• elgiaQ Con a.nd 11ger1.a oe:nnot., howeYer• be readily' 

ui,lained by enYU"Olllenta.1 taotora, aa con.ditiona an simila.r in th• 

two t.rrl.tori••• It bu been eug~•t•d t.hat aalUia a.y aot u a 

"trigger' factor 1n pr•c.ipttat.ing ori••• of eickle cell au&allia 

(lclington 1953 ). Bruc...Cbwatt (1952) ahowed that in int te in a 

hl'penndell1c ma.J.a.r1ou1 rea th• aean paraait• nte riff• tl'Oll about 

2 per om\ at, 3 month, ot a to SO~ cct at one ,-u. Reference 

to tigun 4 will lhov that 1n the Belgian Con aoN ahUdNa prestmt 

with 1ickle oell anaemia betwnn the •• of 3 ontha and l ~ than 

at other period. lri apit• t th• caaent ucle b7 the Larabot.t.,. 

1.$ anat (1951) that malaria are to be untmportant in tl'leui 

case,, the ai1ailarlt.7 ot th• age at which their, as•• pNaent.ed and 

the e ct f1rat infection w1 th 111&1&ria repo b7 ruce-Cbvatt. 

uggeet• that aal&ria should be ooneideNd u a poasible tacto1> in 

deteminin t at wbicb aicJwa C$ll MIid.A presante in th• !el• 

lationehipa 

ie that same ot their cue• wer. ax.nples ot priaa.17 malari.al anatrllia 

1n none with the sickle cell trait. It bu bftl'l found thai ~ 
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clinica.1 and ha tolog1¢&l findings 1n intante with al.anal anaemia 

(m h or mt.bout he sickle eell trai ) o c:Wse]J' resmble thO • 

ncounteN.\d iekle c•ll an.Ulli& (Jlendrickee and Kin l9S7 J+ Hone 

of Lel!bott~gr de aerie& wre oontimed b7 •l.a ropboi-etic 

etu.'11ee or the hMllloglobin. 

Sl!f't9!1ATOLOGT 

Medical biatori.ea in primiti•• eociet.1ea, ••Pecial.17 in 

paediatdo pn.ct.1ce., at'$ not.oriouel,y li&bl•• '1'he av•ra igerian 

mother 11 not a .flrJ' good w:l.trut1e i her etory ia uaual.17 1.nnuenoed b7 

preco cei.ved notions ot the rel ti. •e portano• of aymp s. ia1ble 

evidenc• ot dia~u•, such aa swelling or tormit7 d t.ro-

1nt atinal disturbance•, aaor• eenoualT reg than a.oat other 

• • For example, a ohUd lfith t.ub411"'C'Uloue apinal disease will 

1elda be brought tor t"*ataent. cl.l:rina tha p-1,od when pain , is the 

dorlnant a tom, but, the occurr.mo• of defo1"d.t1 or interi'erence 

;!th locomotion 14.ll um1allJr l)t"i!Oipit.ate a via.it to the coctor. The 

hlato .. ., ven will generally only incl "awelling ol th back" or 

"not welldn ., d pain may not- e ••nt.1oned at. all, or even be 

direct. queet1onirig. hen queationecl man:, moth.era vlll adlnlt 

that the child has h d e,mpt a that they think w1ll 1• • th• doctor 

d den.7 that it ha.e had othC"s that eetm to impl.y ne li nc• on their 

part, without. rega £or th• truth. Th••• tacts should b• borne 1o 

lnind vhen nsicbttting the aymptGlll tolog described in the tollowin& 

eection 
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b11toq ot tevef! as an aid to diagnosis ia negligible in ou, eaaea 

• almost all patient• atten&g t.he paediatric outpatient ~t 

1n Ibadan will v• a hi•to17 ot fpe. 

!!a.in in the limb• - All ».port• on td.ekle cell anaani• emphulee lid> 

pain aa a comon pNeffflting 1,111ptoa. The inten it,' of the pain VtU"iea 

eoneiderabl3 lrm patient to patient and also at different times in 

the earae pat~ent, Scaetime1 it ~ \a little more than vagu• dla­

ci fcrt or a mild arthralgla, while on ot er occasions the intenl1t7 

1• eo great a,; to oompl•t•1Y incapacitate the ti t . Pain may be, 

genenli.aed w l.ooaliQd to particu.la.r llmba or specific join'te. Hot 

~nfNquentJ.T paiA commence• 1n on• eit•, subside.a the~ and then 

appeara eleewhere in e. manner NIIJ1nieoent. of the •!lit.ting• pains ot 

a.cute meuma\ie teTe.t. In g,nual, howvv, unlike 1n rhel.na.tic tf!fff1!, 

pain 1• seldOA confined to JoiJ'lts, but tends rather to be diatrd.bt.tted 

in ,relation to hon••• 

1tl our ••ri•• Umb paill inONaetd. 1n trequenv in the latter 

halt of the f1r•t aeoacltt. Thi• av, how•••r • simpl.7 be a renecUon 

ot t.he grwate.- ability- of the oldtr obildNn to man their s,mptazu, 

Sftl!:M8 ot .th• ]Jabs• !hie COIIJ)lAint ns encount.red in Z9 ot 0\11" 

patient•, The swelling wu not diffuse, but. tend-4. to be locaJJ.sed 

to the dot'eUJn ot the feet. ti. proxJ.mal part• ot the fingers, am1 

a.round Joints, an<l th• di'ltribution vu often s tnoa.l. thia 
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.tindin will t>• de1ol"l.bed in re det.aU later. 1 rt tl"Oln the 

tambot,te-Legrandea (19'1)1 who t~ obuned d. atre•• th• impo~ 

tanae ot tbi• man1teetat,ion of tickle oell anaaia, no of.her authon 

ha.Ye nponed thie e,aptaa •• a prainent. feature ot t diaMM. 

Anorexi An voadt1E$ .. Anor-.xi.a wi~ Or' without Y ting WU COIi• 

plained of b7 4l a cent ct our patitmte. U8l1tJ.l)- it occurred !n 

association lQ.tb the cri.••• ot t,be diaeu•• and often it n,ceded the 

onHt ot other • ptomt. cott •t al (1955) stat•• • ha•• ob••rftd 

that. -,oru:ia1 .,.~ in the ab1en4t ot etrable infection, ie often 

ti. ro rmm.et ot cnata •Pitod•• and mq p • by da.)ta or weekl the 

mo~ dr'alll&t1c on .. t, of patn"• Oui- axperi.enc• hu been that ant.>l"Uia 

••T penitt att,r au otber 1,- • ot a crieie haYe subei ed, and 

while it le.eta there~· alwqa the. po1eibil1t7 of a. relapse. 

Abdoll1nal -.ws - Very few chllc:1.Nn below • ot 2 are P"'* 

••'kd wit.h thi1 aJllli)t.oa, but ovez- the ot 5 years a th1rd of all 

p ti.eta oomplained of abdcmin&l ateneton. Olten the Nntt not.ed 

that ...utn. wa• a aooiat.d wi.tb eplflllOllegal7. In 80l!e ot t. e• 

caae1 it ae o1>Tioue that the "•ellinc" diat.urb~ the parents aoN 

than it did tbe child. A a ce tbl lorubu AN v.r, "belly e acioue" 

and l&inta such u fi""1dl1ng of the abrlo "an trequent11 ul vit.h 

1n childNll enjoying reuonably good health. 

indicate t t lxicaina.l diatfll\a1on, w1 th or 

a. feature ot the H&M• 

st reports 

thout.. vi c• • 17, ill 
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~~~!;...P!t!l=:!! - bdoad.n l pain ocourre oat treque tl.1' be "8-en the 

a. • of 3 an 6 yean, art.er which it decline 1n frequency-, The 

MTel':1.t7 ot the p in Taried troa n.gue d1 ton to ere epilOd a 

et1m.e1 local-

ind to the liver or spleen. Scott et 1 (19.55) tound bdominal pai 

to be a teatu.re at the s)'m.ptmat.ology in 75 per ce t ot their cuee 

Hnted. betwaen the ~a-• ot 2 end 8 yean. 

~~~•:!t• .... Diarrhoea ocourr94 in l8 per cent or our tients, ttte 

hH'ri.ea\ incidence be:lng 1n the tir.t 2 years of life. Thi.a finding 

re.tlecte t.he high :incidence ot diAr'l"l'IHal diao •rs 1n the child po -

lation generall.T nthet than lll7 epecial ttndenc:, to diarrhoea 1n 

aioklam1ca 

§J!ptollta referable t.o ti. ••nt.Nl nenous !l•t.• - n be:r of pati.-ite 

complaine ot va.riou.a ~ptoae Ntet'aba to the central ne~ ant•. 
'theN 'Wft&• 

1. •tuJ'ba.noet ot c<11foiouan••• ( which included 
oonw.leion• in 4 paticta) and other epieod• 
descr1bed ae ta:!ntin II OJ' •collapse•. 

2. W.sordera ot sleep. 8 Uente c: laine of 
aomnol oe 3 of inaannia. lt. ie probaba 
tb&t the latter IJJllJ>tcla wu Nd b7 restles '"" 
n••• du to pdn ntb11• tban 07 a central etfeot.. 

3. S.adacbe • 

.:-;:;;;;;:;;;;;.;•."- ... Grover (1947) lina •• t.he six main 

Pl"8M'lt*1b748 adulu v:Lth alokl• cell atn1 hi• coaiplaint waa 

pnaent 1n 12 ot our cu••• In 1tn• .,.... tbe a,pp&Nnt wakneas was 
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simp13' a di 1.ncUnation to u•• Umbe that wttN intul. tn otbei-1 

there wu real lo•• ot atrength. In youn U who bad tt • 

otf their lege• it was oft.en ditticult to deci • ether pain e>r 

W1Rt.U1ff8 bad cau.-d tJie to 1top walJdng. 

Other !l!Ptom•, ... Othff a,1J\ptoma occu1 ll1 encountered were 

irl'itabilJ.t.7, tiredne••• ep1etaxit, bleeding , " urine• and 

1n 44 ca._ 

included in the er1••• Of th• l4S chU born into these t iliee 

29 h K. Tb• o~- of d•ath ...._ no\ known in th• ma ol'.2.ty., but 

in 4 cuea tt .... d .,,._Y likely that th• deceue had h sick!• 

cell anaellli Amon ti. 116 liring then WN with sickle cell 

anMlld.a, 4 of llbcat aN not inohtdad th• pre t review. !h• N• 

m&ining 6S children w•re i-eportecl to be 1n good ealth. Ve17 few 

parent wre umn1ned tor sickling, but ll tho•• who wre h~ 

the trait. In onl.7 3 ouea WN both parent.• ed. 

'!:He£ - •• Jud 

ater or lH•I" •gN•• lJ'l the yollft r 
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AGE 1NCID£NC£ oF SIX MAIN PHYSICAL SIGN S 
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spleens. Bel.ow 

t.he a of 3 the incidence ae only SO r cct but Oftl' t.h1s e it 

per oct. Soott et al (1955) toun that alter 6 )'e&re 

ot the epleen te d.eollaed in their ser:L • and tb and Conl.«v" 

(1954) repol"t.1 "Th• aple•n in patient• 1th sickle oell anaeia 1a 

past \he tint tw ,e ra ot lite and ha never 

up ot paticts 

with the ••aa•n. Tbtir experlenoe contrasts sharply with our own and 

that of ton (19S.3}, vho found that 55 per cent ot his c ea on the 

Gold Coast, the ajority o••r the age ot 10, had epl.enomegal.y. It 1• 
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tfept •S!ll .... The liver wae tnlar d in 61 per cent ot ous,t pa.tlenta, 

ta, a in ti re 8 th• incidence Ya.r1ed fro 48 per cent under 2 

ar• ot to 100 pe!' cent be'twNn the g•s of and lo. Scott et 

1 (1955) found htpatomagal.y' in onl.7 about 40 pei, cent of their cases, 

with a inci ence between 3 and 9 years. I •era show• 

vari o s 1n. sis• fl"Oln time to tm, but there no constant r., ... 

lationahip between this finding and any other tea N ot t e disease, 

ln gen al, ~ he aim• 1ncnased with a • 

Jandice - Jaun c• oen eaailJ" be ov•rlook in rkekinned people. 

b 11b diac.oloUl"&t.ion of the 1clera 

tion ot • p&l.ru or th• hands cauP<l b7 pa:ba oil, a constit.u•nt o t 

the staple diet. ot Ni eriane,. it trequcmt.J.y encountered in our prac­

tice. i ... factor• ooinbined to make the det.ct.ion ot jaun.dio• 'ffl'7 

dittieult., but in '6 per cent of our cuea it wae unniist bly 

present. (SH e41Ct1on ou li"r- function t•ta or biliNhin levels). 

The incidence ot jaundic. •••ed to inoreue with a •• oott e.t al 

(19 5) repoPt. e. airnilar finding b t tb owrall cidence of jaundice 

in their ••rl s lower- th 1n ours .. 

L1mb nell;ipg• - Included 1n this t• ~ ry ar. all p•.ripheral mard ... 

feetaUona ot sickle c•ll ant.em!.& a8*)ciated ld.th httlllng, but. aclu­

din o.dau. tl"all •ne.-.1 causes. 38.6 pre,. etnt of OlU" cues -11owd 

llm.b ne.llinga or on• t1))9 or anoth•l'• elow the of 2 an above 

the ot 8 m.ore than SO per omt of patient.a weN affected, but as 

9 the anat<111ioal dietribution ot the swellings varied 

with • !be aracteri.at,ic lesion in the ,oun r patient conaiated 
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i,n t •• t awel.Unga were aseoci& ed with tion. ( i-t.her 

her olo l.cal db ct riological finding int e 

c ea 11 be iven later). Piguree lO d 11 aw be typic ppear-

caa in the h te t respect1velJ',. In the ol • at1 ta fin• 

din Y riable. ellJn et es olv 1 o ted joints 

sue a.a knee or elbow,(••• ti • 19)i or ere pre ent ovff lon 

bon a in tio to derl)tin p tholo • 
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1'he high incidenc of swell s or the h ds an teet 1"ecorde 

1n the ti et two y · ot lit in frica, but not usu.al.17 r ported by­

.American autboi,s, may be related to a custom th :t i almost univer l 

in t,ropi l Ai'rica. l ref• to th ann in which frican othen 

carry their children. 'ihe usual practice 1a for the child to be placed 

a.st.ride wi 1'b ts le circlin her waist. The 

position is maint ined by a cloth which velop ost, or the child, 

exclud the head and neck, and is tied across the other•s cheat d 

bd en. In thi position the child's llrnba are pinioned to the mother 

and re ubjected to stead)' pr e e which probably alightly 1.'Upaira 

t peripheral circul ti.on. ch impa.i ent, wll11 of no consequence 

in no l children, might be eufficient in sickle cell an ... -­

provoke int vascular sickling in the e.xtremities, ·with resultant 

capillary blockage, tissue d ge and reactionary lling. 
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pa .c sl ems - no cardiac sign.a were detected in .37 peF cent 

of our c •e d i ncl d ca omegaly, u rs • 

'fh ee ot cardiac involnment. incNaa with a , 50 r ctn 

o ta ov•r 6 ,ears bei affecl;ed. S:tmil r findin in ehildnn 

by oot.t et (1955). Various tbore, olud g 

line (1942) end Smith and Conley (1954) report c diae abno:-

aalit7 as & f eatV. of alJaoat all aci.llt O&MI Of aickle C ll • 
• 

In contrast• 1ngto.n (1953) toun it. 1n onlY 25 per c«it ot hie cases 

on t e ld Oc>ut. Lambott•-Le 1n found cardiome 17 fNquentl.y in 

t.beir Hrl.ea ( int.an a), but; do ot qiote 

• , ee;ntoq Int11ctioo - apiratol"Y inteotion was eaent :in ls. 6 ·per 

tnt ot our cases. ign• vari~ t "scattered r 1 t.o evtdenc• 

ot ic conaolidation. . at Amert n authors 

vol ent a fN ent CUi"Nnce in sickle cell atmia. 

Oonl•Y (1954) entt npaticita with aiekle cell emia not in• 

13' develop episodes of eumonitie not a citica.U:r ttribu-

table to infection, in so. trcm pu ... 

Table lllI c N our tindin ld. h tho1e of Scott et 

al (195S) in 63 rican childNn, an . ldington (1953) 1.n 20 oldttr 

chU ta on the Gold Coa.tt. 'rhe N rt of t 

Le andea (1951) ChU 1n t dee ot pnmi"G 

phy ical s1 a 
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Jiutrit.ion - t•nnce to t'i • 12 will abov t • maj rl y of ou.r 
pati.nta ere un enreigh.tJ aca• grosa]Jr so hen ~ wi b sc;. -

ta laid wo fol' i'nallah ah ND ( hel n l 54). The «>m• 

••r, ie not val1d beC&Uae o the vast oc1 l, ec omic, 

em nd enetio dUteNnoea n 

with the we~his of no l eri child o Ua.r es would 

uaetul, but untortuna.te thia info tion 1 not at prea t 

vaU le. alt.ere (1956) 1n • SU."87 1n ll b11 a 1°f,-pical Yorul> vu-
l .• in 

r' 
i erio., to th• av N. • 

ars old s about 20 

at ovtr a(I'• S the weight deficit 

th this •• 

wi in the "no 

ht or no ch l 

0£ lieh chUdND 

It 

t al • aa 

are our 

tau 

of 

nu.triticn, th ~orlt7 of our ti1nta e 

r" na lJ' nll nouriabed. A•st• ent ot nutritii by standard& ti -

li to u in ad!m eed ·it th inte- enc b d on wei t on,. 

A t w tient 

enc of aehiorkoit. 

re 

(1951), 

a: t.hors, il'Jclu i 

n on (1953), 1 h 

a:Lnour • ed nd one ehawed 

Wi.~aoi- ch {l94S), 

Conl~ {l SI+), h e escrl. 

c ract. r:l.stic habitu in adults lf.L sickle cell _._ ... _a,. Th tea rea 
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lbs. howi ; 

inal 

wit.h ked p enoe of 

the ri t frontal o (F1g. l?) . Anoth•r unusual tindins t.h.it. 
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or a pi "hot cros tt akull cau ed b et.rie l e in o! 

tron l a.n p&rl.etal bones. 

Clu bin5 - Pinger clubbing vu not•d 1n 4 t.ien a, 1n none of wh 

d1dwe t end.enc• of any of • diseases with which clu: bing is 

associated. It was PNSWHd that clubbing 

F • 21 ehowa clubbing in one 

of our patients. l b :vt not ancounteNd i+epo~s of clubbin in the 

U ture oonaulted, but during the coure• ot a vieit to our ctepart,-

ment, Col. J., alt.en_. to ell"' Hotor of •• c. reaea.Nh in Weat 

Atr:tca, CC111mm.ted that. he d found instances of olu bing 1n as•octa.­

tion with a1ckl• cell IMl'lia. 

,.o .• remai. aged 10 ,a. (lo. 21) 
Clubbing of the fingers in ickle cell 
naemia. 
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Le,a Ulcers ... Two tienta had ulcers er,. ir l• but in n•i ther coul d 

th • re ed aa a ecific ma.nites t i ons ot th• disease. In on• 

ulce ti occurNd in saociation vita Jl,.'-U.l1.•c:a wo infestt.tion and 

in e oth• the ulcer was an acute laion, i inch in 

vmm tirat ..-n, whieb healed rapidl.7 with no apecial tna t.. Le 

ulcers have not b•6G report.e ae a f e&ture ot aickle cell anaad 1n 

childNn {Scot.t et al 1951 and 1955,. taabot.te-Le an 19Sl), though 

thq .,. emmao!fll.1 found in adults w.itll the disease l Viev f'f Mu , lies 

1951) 

C.tral lerYOue Szstem ,Involvement -

to d.1eturbancea ot conaciou,:m.t • and 

terence h&• a.l!Md1 been made 

p 1n the section on s ptcana-

tolo • our own. obse.rratione co finned their occunenee. Other si s 

ot tr&l ne!'Yous in'VOlvcent wre intNquent. One patient manifested 

pa,chotie b1haVioU1" dufina & period ct crilia. s • bM • ~tuaed1 

uncoope tivt an with~, and f e to t • indulged 1n ti.ta ot 

unco t.rollable 1creadn1 and. 0171n • She ev«1t.uall1 recovered f\:tU 

c of her mental tacultt.e,. One patient. d•velope puruJ.ent menin­

gitia with hem1 leg!&, and ot.h•r d pronoun ••ingi , unaaaoo:ta­

ted with pat.hologioal change• 1n tlt• oeNbroepi.nal tluid. It U inter-

eatins to note that the Lambotte-X... c:Mte report, haemoph1lu m•ning1-

t1a u a not uncc:iinmcm te inal event in infants in their serl•a• 

Rl&he•• Diggs an Oilleapie {1940), Arena (1939), several. otb er 

th.ore (cited b1 :r. , liee 1951) have reported t.he frequent occurrence 

of cerebral complicat.io a such aa ' b 1-gia, a hasia, eonwlaione 



85 
in in ickle c•U anumia, u otbera, inclu ing oott 

(1951 amt l9SS) d 1n,ton (19S3), :v• foun c,rebral. plication• 

t infrequ n . 

eralia eno thy. 

on. pa.t.ient d a 

ins ( •Fi• 19). :rn ·add1tion 

a of tuberculoue gland• in the i :ht u:Ula and 

anot r bad cernea.l adenopa.tby assoc ted w.!tb septic •calp lesion. 

ou.r tindln are in striking con raat. wit.b moat American report:•, which 

~end to RNSB ph denopathJ as f eatuN or the di ase. 

aa than 3 • PH' cent. to ONt th 9 g. I" c.nt. Table 11V 

hows t • percent of patient howin various ba obin l8t'el 

on first. txaminati.on. 

XIV • H.AIKOGLOllltl ON fm&T --- 67 C OP 8ICltl 
CEJ..t. J.MIA, 

Ju j 

1-'•rcen.t.a o t patients 

t.•e than l (20S) , .. o 

3 to 4.4 (3~) 25. ) 

4. 4 to S.9 (4G.) 22.4 

;.9 to 1.4 (50 ) 2,., 
7.4 .9 (6oJ) 18.0 

8. 9 to 9. 6 (651) 6.o 
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In eral anaemia was more severe in the younger patients. 

Anal.7aia of the tigures shown in table XIV in relation to age stx>ws 

that wberea.a 66 per cent of Cllses under the e.1..re ot ; year had ha.$mO• 

globin levels below 5. 9 &• per cent (40l), only 33 per cent ot the 

older childi-en were 1n the ame rAhge. As the first viei t was often 

precipitated by an exacerbation in the severity ot the dise se, it 

will be apJ)!U'ent th.at findings on first examinaticm do not necessanl)r 

ren.ot the usual state of at.fain 1n these patients. our olinic 

follow up studies showe<l that. in the majority the haemoglobin was 

maintained at between 7 and 8 g. per cent (45 · to 55%) but some patients 

tended to aintain aligh tl.y lower levels . Sometimes values as low as 

6 g. per cent were discovered 1n patients reporting for routine follow 

up who c plained of no a,mptorna referable to anaemia per se and who 

ahCMed no other evidence ot exacerbation of the disease. 

Patients varied 1n their ability tom intain their haemo­

globin ln ls. The fa.ct that 35 cases l"f.tquired no e.dmi sion to~ tr n.,. 

fu$1on indicates tha.t in i:nany there exists a satistactory balance be.,. 

twen haemolysie and er,throcyt.e nplac ent, with maintenance of the 

haemoglobin at a fairly constant level for long periods. Some patients, 

howev , show•d periodic falls in !wmloglobin to lav le which required 

to corrected by transl'18ion. The ~ te of tall varied conaiderablY'; 

1n same t ewe a gradual decline over a period of weeks, while in 

others it occurred within days. 

\ 



87 
'?here was no constant relationship between the degree ot 

anaemia and other fJ111iptoms auch e.a fever and limb pains. Many patients 

who observed during crises of acute pain showed no appreciable in-

crease in the severity of their anaemia. Conversely, exacerbation of 

anaemia was sauetimes observed in patients who ware relatively syrn.p­

tane tree. The haemoglobin levels in case 72. shown bel.otl 'Wel"e recorded 

durif'8 period td'len no specitic ccmpl.aints were made. Uespite the 

rapid tall in haemoglobin level he appeared to b quite well, and a 

ambulant except when administration of blood trane.fusion necessi ta.ted 

his detention in bed. 

The following b ogl.obin levels of individual patients 

illustrate ecme of the points mad• above:-

l. A.J. ,~a•ri•s Mo,, 6} F. Ase 10 ,l!!}! 

Date ft>, I• l?!r een~ Comment 

20.12.54 

23. 1.-;s 
15 • .2. ,S 
1 .. 3,55 

26. 4.;s ,1. s.s; 
20. 2.56 
l.4 • .'.3.56 

s.6 
8,0 
e.1 
7,7 
a.6 
6.1 

6.S 
9.6 

oebie dysentery, Treated 
with emetine. NOT tranetused. 

Defaulted from clinic torr 9 
months 

ta.et visit 



2. o. • (eerie• Nq.- Wt) It. !«• 1.8 ontps., 

te -
12.3. 56 
13.3. 56 
12.4. 56) 
19. 56) 

23.6 .. '6 
6. 5 

4.8. 56 
s • • S6 

te -

!?• 8• per eent 

s., 
u.s 

Hb . not reoolded 
but comment "no 
obrtoue palloJt". 

4. l.l+ 
9.6 
5 

10. 35 

BR· S! er cent. 

i..a 
?.5 
e.1 
6.1 
4.4 

10. ,6 
7.4 
4.1 

u .a 

tnt 

'tl'anstua.d 
Poet-tranatu.e1on 

Tl'&nafule 
Po•t-tnnatueion 
Tre.natuaed 
Poat-tranatueion 
(last 1Nn) 

lt will be eeen that whlNat (1) re no nna-
tuei.on over a perio of 16 ont • (2) required 
t.l'lllefusion• a.t inwrv u of mmtha Ol' ilMke, and 
(3) required thNe tranatusiona in one rnonth, the 
aeoond and third being only l2 daya apart. 
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l . Appearancea Jn . stained f · e ot PoriP!'!•ral. bloc • The red cells 

were nonnocbtmlic or slight b chro c in the majori , but a tw 

t eel.la en nuoleatett 



eeythro~ytes were present at some time or another in tbe majority, 

and in some the latter predominated in the stained film. Sickled 

cells were present on direct examination in 22 eases (29 per cent) . 
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2. Appearances in sickled :preparations - In specimens prepared 

by Fmmel ' s (1917) technique or using 2 per cent sodium metabisulphite 

the erythrocytes showed many bizarre forms, but a constant feature 

was the appearance of long taperin filaments which projected fran 

the sickled cell.a. These structures have been reported by most 

authors who have studied the erythrocytes in sickle eell anaemia, and 

a.re clearly depicted in drawings made by Bnmel in 1917. They are 

currently thought to represent haemoglobin tactoids, which form when 

sickle cell haemoglobin is in the reduced state. (See Part One, 

page 14. ) Pigure 22 shows the red cell appearances in sickled pre­

paration,. · 

Pig. 22 - Red cell appearances in •aickled" 
preparations . Note the variability 
in shape and the long projecting 
filaments . 
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no r • • • • sult 

• 0 0 
• 44 0 0 
• 5 
. 3 12 l4 
• .32 25 33 
. 2 4S 
. 24 5 
• . 1 92 
. lO 

• C 

I, 

o. o. 

4 2.9 7 9.7 s 9.3 21 12.0 
6 7. 7 2 .o 
1 7.1 3 1.1 

6. 3 4. S 
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* 1 :..;:::;;.:__..;.;;; ....... • .. l.e.o;;.;t ... ro,.P._ho __ N,.a.1_a_o_t __ th_e....,. .... o ... gli...ob ...... in .... - Diagno • 

ot ickla cell an ma wat confirm • 1n &! cues. the 

remainin 7 ca••• WH not teated in .:La wa,y. 

• e bone marrow - The bone marrow vaa examined in , cue, only • 

The icture pre .. irt.ed in 4 wae that of ver, act.i.Ye eeythropoieeia with 

mark no oblaetic ~luia. Th• it.e U "curaora d e1a-

oc a presented no on• cue there was no 

eVidence ot inoNUed eeythropoie1U. 

cell oc:ntnt tn OUJ", C4"e, lt will be • t.M.t that ajority 

leuooo,tosie" The hi val I ncol"dK are in[!~, bowevei-, dUe to 

the Pl'eaence of lar • nttm.b•n ot nucl.ated ~roo,te1 in · y of 

tance nuehated eryt Qcytea conetitilted. 

IIU)l'e thsrl 4fJ eent ot the tot 1 red cell count. It would be ~ 

oo mot tbua to re a.rd these findings aa repreeen in& the •total 

hucleated cell count rather than the t.rue leucocyte count. D1ftenn• 

tial count ha.red that eftn in the youngest tiente, the anulocyt•• 

ild gree of eosinophilia was to in p t.i nt.s. 
lt. ia 1Dtere1t.ing to note that. Henlereon (quoted b cott et, al. 1951) 

toun eold.nophilia 1n 4S ~~ ent of '4 ce.aea ot sickle cell auaem1-. 

' * -. are ind.ebted to Mr. J,. Oarliak, who vu enpged in ~dalt 
.research on antbropologieal aspects ot t abn al umo obine, 
tor tumishing t.be reaulta ot th•• inve1tigation1, which v.re not, 
ro tin pertonaed 1 o\U" Ngular laboratory em.cu. 
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.:..kull - r findin s vere simil to tbos 

T& 'OU ttx,ra, incl uiin Match and 

Mar 11• ll951). The feature, c---..., 

l. Widening o! the diploe 

( 948), aatt 7 (19~), and 

tered were, -

2. Thinning of tht outer table 

3. lncr$&1• in the thialme•• ot the trontal an 
p ri.•tal bon.e. 

• •por&O" atuN ••peci&U)t noticeable 1n the trontal region on the 

lat•raJ. rtw. The "hair on end" ap ar&n.ae produced 7 t'&dial. align• 

m.e.nt ot he bone trabecul lf&8 en.count Nd in only 2 patients. Th• 

r la ive inf'req.i,ncy ot ti finding, ch eo occurs 1n ot r h -

olytic . , 1.n our ea ea, is n keepin with the r&port ot the 

authors c ted · ove; but. ldington (195.3) found it th camnoM5t 

io&d1o1oglc l re t.u.re in hi• aeries~ 

aimilar f ind1n baa 

been :reported. bJ lA ant and all {1948) vho attri tecl the a an.nee 

to one necrosis loll.owing infarction. •To er kull" produce raainly 

b:, thickening or the parietal ne ha.a been report bf Match and 

KOrllAn (J.948). Thia tind1ng was pr ent, thou not marked, in (111.e r:l 

our ca.sea. iguNa 29 t 32 are pl•• ot 11 ppearance 

encounte • 
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One patient, cea .. 21) had. wr., vi.despread bone involvement 

and e~ most ot the radiological t•aturea esor1 d 1ft. the preceding 

aNUons. In addition t.o th••• ah• bad1-

1. O.atructiw changes in the body of the 8th 
dol"aal Ten.bra. 

2. Pathological 1looatJ.on ot the ri ht. hip. 

3. PathologieaJ. fracture• ot the !tit tanur 
and left. tibia. 

4. Suppurative art.hri.t.ie ot t.1- l•ft 1m .. as-
tooiat.d with •• deatl"Uoti ff ch •• tn 
t.ti. adjacent enda ot the temUJ" tibia. 

All in:ve1t.t tlol'UI in thi, cu• indioated that tbe 1,a1ona ha resulted 

prl.mar1l,y from aickl• c.U an&411Dia. In the knff an the hip, hoWYer, 

the piotun wu eompllcated bf infection. Pigurea 47 to SO illuet.rate 

• ot the bone changes ••tn• lull account ot the clinical findings 
in this patient will be found in AP r.dix II . 

Pathological. chan •• 1n the apine 1n sickle cell anaania wen 

ti.rat report,ed by Le1"7 and Sohn&bel (19)2) , they wre aubetqu~tl.1 

repol'ted b other auttr.>r., inolu 

(1949), Wie;btt and Th PICll (1950) and •a.Pillfftli•• (19Sl ). 1'he change• 

re rted b7 these author& went• 

1. IncNaM tr'an1lucency with praainence ot the 
t.rab,culae. 

2. crease in the he1 ht wit-h increa e in th• 
width of the vertebral bodiea, acaet.ilan 

saociated with •cupping" 1n nlatioD to t • 
in't4trvert.ebr&l duce. 
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Ost.ei 1a in Sickle Cell Anaemia. 

Suppuration ocourred 1n st10ciat1on lrlith bone le ions 1n 7 of 

our c ea. In 2 no organism could be recovered from the pw,. In 2 

others mu:ed organiem wen grow on culture - a. coli and Streptococci 

1n one and Staphylococcu• p:yogenea and B. coli in the other, The 

remaining 3 patients W$Nt infected with etraine ot salmonella. 

ickle cell anaemia, ••en in the abaence ot detectable infec­

tion, oan .masquerade as oeteanyelitie. Cne of our tient.a was ret rred 

to us as a case of "unusual osteitis with aevere anaemia" .. Th& X•ra;vs 

how•d a large infarct :reo bling a Brodi•'• ab cess 1n the lower end 

of th f ur. In aevval other t1enta he canbination ot tever. loc l 

pain and swelling, leucocytoais and r diological changes in the bones, 

strongly auggeited oste1tis, but investi tion showed that 11 thee 

findings ~ attributable direct].y to ickle cell aemia, 

Salmpnell& osteitia ia a nre clinical tity; by 1950 only 

19 c s h d been recorded in the world literature (Wigh anc1 peen 

(1950). Pat.tents With siokle c•ll ana ia, however, aM11 to be peeu ... 

llarl.7 suscept,ibl• to this compl1cat1on, 1.natances h ving been Nt,o:'t 

by several authora, 1nclud1ng Wigh and 11\ompscn (1950), llenbopn et 

el. (1955), Cole (19SS), and Vandepitt and Oy (l9S6). The le.at. ma, ... 

t.ioned autmre cite S case• 1n infants e over period of lesa then 

2 ye rs. One ot the eu.thora Nviewing the epi ioloa of (? lmonellA 

1ntections in the .Belgi Congo referred to 14 almonella oultures 



i lat d tro oat my litis in p tienta with sickl. cell Gnail!lUia... 

Figun 51 and 52 ow the bone cha.n 1n two ot our patient • l'.t will 

b• e th :t. radiolo ic ly the l aion r. ble tho• in \UlCompllcated 

sickle ll ana ,• both in nature d diet bution. e inter c 

• to b th t almonella becom establ1a d in it s p,avioU.$1.y 

d 

an 

e by p tbolo ical oce esp liar t.o sickle cell &natttl!a. 

Cole (1955) est. te that oat is 1s about 7S times o 

a. . 

Right Lett 

Fig • . 51;• • Ag 1; months. No. 67. Infected with elm n.ella 
group • x ... r ta.ken 3 eeks p:Nvirusly had eh oft 
ti su.e sw lling, The x-~a.y pre ented owas­
lii t hand - deetructi e ch.an in th• first 
p · l haJ.an~e ot index 11 middl fin rs. 
Lett - similar chtng&s in tom.in· l phalanx ot th , 

ddle phalanx ot ring and prox:.tma.l phalanx ot x ti en,. 
c aonl>•d rea. of tr n luc cy was present in the 
ft r iua. 



Liver , ctiea, Testa. 

Pif • 52. • 9 mmth&. • ?) • lii ect4Jd with almonel a rit dis. 
'1'to J.ar: e as or destruct.ion are 
visible in th lett d • J.•r y& 
ot th., t, et. o in 1~ . ent of 
both first. and t left fifth m•ta­
taraals. '?be ban were ollen 
and te 8l'" t showed. o change 
in the bon s. 

bleXlll.II ah.owe•• , liWl' tunct on 

ea. Table XIX eb:>wa t.est and liw:r a1eee recoi-ded in 18 ot our 

the :results of aini1J.ar investigati in 15 rican il 'td.th 

sickle ( ••11, Conley and rthl'o , 195.3 ). Comp ing 

the tab e it will be se-,. that 1n 

re t t' abno 11 t.y t an the eric 

ts our c ea shoWed 

The older pati ts in 

our eri . ave more abnorm l result th th 7ounger, t the n • 

bers in• re too all tor definite conclusion to be drawn. 

r in 

ratio we e imon finding. pa.ri m of these result witb those 
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Notes t.o Table XVIII .: eee next page. 

Alb. • Alb en Glob. • Globulin, both expressed in g,, per 100 mis. 
Bilirubin expressed in mg. per 100 ml. O = 'direct reacting biliru 1n. 
A/pho . • Alkaline phosphatase. • • = lin Annstrona units. 
T.T. a Thymol turbidity. · · 
ZnS .. T. =- Zinc sulphate tu:rbidit7, 

* Re le biopsy showed cirrhoei of the 11 ver. 
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:ABL AD LI 

• T.T • 
o. Yr. unit • 

7 8 2. 6 3.1 o.e 15.8 I) - .s .... 0 
2.4 2.6 o.9 17.0 D - u..o - lO 

10 - - .. 4.1 1) .. 6.S - 8-

17 , - - - 15.0 D 9 12.0 12. 
2. 3 7.4 3.0 6. 0 

27 3.0 4.3 0.1 1.2 0 20., 6.0 - 1-8 

21 10 r 1.7 6.0 0. 2 .6 n 33. 6. 5 19.0 0 

28 lO M 2.9 3.3 o.81 6. 5 D 13.9 5 -1.2 l .o 9. 6 lJ . 
4.4 4.3 1.0 4.0 21. 9 1 5 13, S 

34 9 - - a. D 45.7 s.o 10. 6 - - 25.0 D 3).0 14.2 1 .4 - - s.o D 35.2 4. S -- - 0.45 22.3 ;.2 -
38 1 4.4 3. 5 1.2 0.2 30.0 3. 5 1., 

*39 6 M 2.9 3.2 o.9 , •. s D 37.9 5.0 -
41 1 - - 1.2 20.9 4.0 - 0 

' - - - u.o D 10. 5 3.0 7,0 4-6 
60 s F 1.9 4.7 0.4 5.6 D 2e.o 14.0 1 .6 

5.9 D 54.0 u.o l4 

7 1. 4. 0. 43 3.0 D 21 . 9. 19. 2 10 ... 2.2 21+.s 6.9 14.0 lO 

3 3 - - - .. .30.; - - 0 

64 6 - - J .) 12 2. 5 10. .. 
4 - - - 4.3 D 18,9 4. 5 u .o 1-4 

70 l , - - - 0,45 - ? 8 s.6 0 

71 9 ) .O 3.7 o.s1 2.56 i> 23 . 9 1.6 .3 2 - .. 1. ; 2 .) 1.5 ;. 8 



118 

e e Proteins /Phoe. .t. Li r 
Yr• ilb. Glob. /G , .. U 1t • 

1 4.0 2.6 1.5 1.1 (o. s) 7.6 0 to 5 

12 H s.1 2.7 1.9 2.9 (1.2) 6.7 4. 5 0 4 

11 p 4.8 2. ; 1.9 2.7 (l.2) 9.12 1.2 0 2 

11 , 4.7 2.3 2.0 2.0 (l.4) 9.1 4.J 0 to 2 

5 4.4 2. 9 1.; 2.2 (l.5) s. 1. 5 0 

6 ' 4.9 2. 3 2.1 1.s (o ) 1.0 6.4 0 to 1 

10 M 4.4 3. 5 1.2 2.9 • ... 0 

14 M s.o 2.1 2.4 2.2 (l.j) 7.7 1.3 0 to 3 

9 5.3 2, 4 · 2.2 2,3 (l,l) 12. 2,8 0 to 2 

ll 4.7 2. 8 l .6 2,7 (1.4) 10.0 1. 0 to l 

15 4.8 2.8 1.7 1.3 (0. ) a., 1.4 0 to 1 

8 5.0 2.4 2.1 2. 8 (1.2) 9,4 6.4 6t 0 

12 4/J 3.5 1.2 8 (3.4) 15.2 6. 4 

4.0 4.7 0, 85 1.6 (l.O) • 4,8 2 to 3 

4. ; 2.7 1.6 4, 6 (2.0) s. 3.0 l 6 

Al .- Alb n Glob= Glo lln, both xprees in g. r 100 ml. 
111rubin ap SH in • pr 100 1. D= direct re ct.ing bilirubin. 
/ ho •• lkalin• phoaph t • ' • IS Kin A t unit • 

T,T. = 1 turbi ity. 
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in a rev! of liver tunct,ion 1n 50 cases ot sickle ctll &na.e:Jll.a 

report•d eimil r findings 1n wany of th•ir o der ti ts ( a.inly in 

the third and .tourth decades)., 

!!:lagl and Zino Snlphate Turl>iditz '1' ts .... our resulta went bi · ly .. 

no l when judged by European etandards. j d b7 standards 

t Ui to us in Ibadan, haweYeJ>, t 7 ahow a lesser tun, tr 
the no 1. Th aver ge valu tor the zinc lphate t.urbidi t.y wst 1n 

normal lt. Nigerian& is s.s aclaga.n units, wit.ha r ng,e of I, to 14 

units (Edo i 1956). ThJmol turbidity en to raised also. We 

not in quently encounter childr ,in whom the" is no ft'ridence ot 
h patic di who gi -ve valu•• up t.o unit:•• However, even Gl'l 

judg d b7 these rel&XH looa;L tandarde1 a e ot our p tiente gav: 

bno l nsults, 

-~ .. ""'. ,..]JtaJJ.qe, Pho&Jlh ~ s1 _.. 24 est ' ationa ·gave abno ally bish values 

in all but 3 instances. Caution muat. be exerc! ad in interpret,ing th.ta 

finding s high level aN commonlJ' encounte d in children in Ibadan 

even in th absence ot clinical 1vid•noe of hep tic dysf'unotion or bone 

dis e such as rioket.e. 

Lt.ver Bioesz - . One tient who presented 'With a la t nder liver 

whioh simulated amoebic liver ab cs was ubjected to needle b!ops,-. 

th• hietolog1c l report ea.d tollowea- 11Tb ~ o sist• of a 

number ot pieces ot di$0rganised liver- ti sue. Liver celle largely 

i- lseed by eomect.ive tissue cell and there is h av, deposition ot 
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bil pi. ~pbooytic infiltration 1s p aent. On the whole 

t appeara.n •• sug st cirrhosis the t:.han h tit.is'. 

Cmmnent on liver tunetion teats ... While it must ~ acae tedthat indivi­

dual te ts have little value aa ind.ice of ll r tuncti , our re ulta 

a whole in conjunction with liv r. si • indic t. that 1n 1 

patients the di i1 associated w1t.h hepatic dy function. 'l'hi& tin,. 

ding · in k ping with that ot urtten, Con1 a.nd Berthrong (1953) 1 

adults in the U.S.A. Th e authors con<sluded that the llwr d:lsoro.er 

was &J?!Citic which could not be 

bowed that hepatic 

severe impa.i nt of blood suppl,7 dye ct o pro ably resulted f: 

from the combined effects ot 

l. AnaG1111a 

2. ckling of erythrocyt a in the hepatic sinusoid 

3. Obstruct.ion or sinusoids by kuptf r cells i!f.>r ed 
w1 th phagocytosed e~<>cyt.es. 

Cu-.rhosis wa. present in 4 of the c es th t e to autopsy and ot rs 

shcwe orphological evidence ot liver cell injuey. 

c on th others in the u.s.A., not <1 scrib hepatic cty function 

U C teatur• ot tne di$ea e in tho tiret decade ot 1Ue1 but it 

1a inte ting to note that on of their e 

6 y Hold,. 

ith cirrhos1 was onl,1' 

Th• diet of t.he g n•ral 1 • rlan popula.tion is gro 17 .. 

tici t 1n 1mal. p tein and also lacks adequ te non imal ,J'Otein 
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(Woodruff 1951). It is gene~allJr accepted that ehronio prot.ein de­

tici c7 impairs 11 r tunotion and. ay 1 ad to diff'u , h• tie 

fibro is. The likol.y e,cplenation tor the ee.rllttr onset ot hepatic 

dysfunction in our ca.se-s is that chronic protein def1e1 ncy renders. 

the organ more susceptibla to dam. , and thus aceel ratts t~ 

p t.hologice.J. procesaea ot the disease • 

.Pl~ :srJi! • Bone of ·OU' pat.tents pre ed orrr ss ~ ~-

1t.1e ~ ~ chqes ateo iattd with jaundice. The epecUio #-&V• 

ity ot the unne, hoWV4tJI'; t.n those cases 1n which estimations weft!J 

mad•, tended to be low, fflpotthenuria bas re . l'ted. 0; eon&tant 

findtng 1n m.ckl.t cell-~ and other variant, ot siek1• cell disease 

(Scott. et al l9S5,, Keitel et al 19S6). It haa, a.lso been found kl 69 

per cont ot persons with the aickl call trait (K it.el et al 19S&). 

Painl•as haelaturl UDafltl()tUted with ot.h 

1s relativel.7 trequtJ11tl7 found 1n ick ic (&m.t.h a.ad 

Conl 19S'+, Vend.el' 19SS,. Good\dn et al 1950)1 but the vaat. ma.,<mtt, 

oeCIU" after the tuet decade ot lifi • ueports also 1nd1ca.te 

th t h tUf'ia oocUJ-s 11.0JtG INquently in asaociatrion ·w1 th tbt d.t:Jkt 

call trait and G1okle cell•baemogl.cbin O dis _ t~ with sickle cell. 

Smith and Ocml.q . (1954) N;>OrCi a peculiar nspb.rittd 

Mcll 8'/3 lead to ur~e. arid death ln aickle cell anaet-. ftd.1 

• 
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.~!9!1osi !RS .~1914! 9!,11 Anaf!!t - 2e pat!tUts had tu1*rmtlJ.n elda 

t.esta per!o d by th• Heat technique. There were, 6 positive reaetors 

Tabl m gives the ntlua.nt details 1n these cases. It will be eGen 

that onbt l eases shelled uneqaivocal evid.ence ot act.1ve tuboNlll.ods 

on .invest:l.gatton1 but it is ll.kel7 that case S also had active disease 

when ho first pJ'astm.\ed tor treatment. 

it hi • Aee\lft~ tt.at.uiica, bovever, are at present not ava.Ua\>l.•, * 

It bas been repo~ed th1t.t ?)l"flffll with the ickl oeU trait Ql1d $iokle 

cell anMbia ehow a hi&h•t incidence ot t various toms ot tuhel'Cu• 

l.oals thrm do persons who do net Ghow the sickling phenmenon (Weist 

a Waif 1952, Weiss and Stethel" 19S3). Our ~n, st.on is that tubel"­

euloaie is at leas\ a.e. C()Wtl()n 1n tiente with eiekle cell anam1a u 

in othem atttnding boeplt$.l1 but. definite conelu :tone about the 

rel.AtiV$ frequenoy rill ht.ff to wait f'urt.ber inveeti t1on. 

* A small study of th• incidenot of positive tuberculin reac­

tors among children attending our outpatient department was undertaken 

durin& 1956. Results obtained 1n 350 children showed the tallowinga-

Age under l ,ear 4% positive 
n l to 3 rears 141 " 
u 3 to 6 " 23% " 
n over 6 years S3J positive 
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PROGNOSIS. 

Only J ot our p tiente a.re known to ha: died. In all c1 th 

oocu in aaeociatJ.on with acute ha olytic crises, but 1n one t 

pictur COillplicated b7 severe ch pnemnoni.a. The age at de th 

re 18 month$, 6 J"flVt and 7 ,ears, a ctivel.7. The fact tba.t mJi1n7 

p t1 ts def ult•d trcm the tollov up clinic m it impossibl to 

sea protPos1s accurately. Since departu fr Ib field 

wor er hao been employed to tn.ee caees vhiob nave been lot sight ot 

!or riods of 6 months or <>N• So t 10 patie t, have been t 

U alive and rel.ati'Ntly ·81JIPtom t (Tompkins 19S7). 

Edington (1953) and ingt,on (1955 ) have iiuU.• 

ca. tb t. on the Gold Coa.e\ rognosie 1n ickle c 11 ana ia. is eimil r 

to that ported by Am rtcan authors, any patients surviving into t 

se ~ third d £0'..irth deeadts of lite. In eontr t with th.es• 

author, the tambot.te-Llgr&ndes (l95Sb) report that among 300 ~es 

8 lg1an Congo o a period ot 6 y ra, 150 had ed, of 

vhain per cent were under 2 1• rs of age. They on t say, howver., 

that the a verity of the disease and th rlttk or ta.tal outc , dee e 

with • 

Pro osis in the Sa•• tribe in s~ fl"i.ca appe ·e to be 

irn!lar to th t reported 1n the Bel Con (Le aim d ,.. 1951,), 

but g the Luo (Allison 1956) and th Bu da (Jacob l9S7) su~val 
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into lt life of haemoglobin s homozygotes is approxaately 20 and 

14 per cent :nspecti~l.7• 

'th r sons tor the ditte ee in pro oaia (l) 1n th firat 

2 ro ot lite in the Bel ian Congo and We t Africa and (2) betweEm 

tribal in Ea t Africa are not at all clear, but it s ems like-

· ronm tal rather than 

re on le. 

O\lr find.in in re ct of 

etioally determin ta.ctore an 

ah that the numbera ot 

pati ts eaenting foJO tr• tment decrea d in succ din age grwp .. 

It remains to e wheth r a risin ruoi-tali ty or a decre 1n the 

severity ot sympt.om,s account.cs tor r number ot older children 

e • cot.t et l (19.55) founu an inverse rati.O betw th clu-ono­

lo cal ,,e ot their pa.ti ta t inci enc of hopital adlaie .. 

1 s, and attributed thie f'inding to "t ttenuating nature ot thl 

dis as it increaeing gen. The impression gained from our cases 11 

that the severity of th• ana dee · sea with a • but other findings, 

aueh • liver d7st\J.nction and crises of pain tend to increase with age. 

~er .t'ollow ~P •ill, however, be ~l"ed ~fore th • impl:"ePions 

ean be conti ed. 
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Thei:te is no specitie ol" cure.ti vs t atment tor sickle cell 

a. 

Blood transtue1on - :3 5 patient·, we:re trwtueed, 9 of the twice or 
, more· o t .. Tranufu.oionu were tun1an, g1¥ only' when the haemoglobin 

1 v l tell below 5.7 i• per cent (40%). Thia policy wa.e dictated b,­

expediency in the tint. instance, bUt expi.,rience has shown t.ha.t. theee 

patiente do not require traru,.t\lsion' when their lev:el of haem.oglobitl is 

high r unlesa theN is thct added compUcation ct intc,c-t.ion or a,ve:re 

pain. It 1a prqbabl• that, the hazard.$ of mult.iple transtusion.1 ta 

ou nigh the po sibl• ben•tit that, l1Jigbt. aecru.e tl'Wll maintaining the 

haemoglobin at ne r normal levels. Wherever possible 11puab-ins'', as 

opposed \o "cut-downa0 , Wtft u$ed when giving blood. Pt'esena.tion of 

accessible veins is ae imp()f't.ant in these cs.see as 1n person• td.tk 

ha phili. 

Antimal sr:f,f4U • It ha.a, been &l.>.ggestd that maJ.ari may a.ct s a precip. 

it Ung factor io the <ktvelopnent ot crises ot sickle coll a.nUt'.llia 

(Edington 19S.3, Colbouffi• tmd B4~ton 1956). Most. ot our pe.tient.t 

pres•nting with feve:r and pain were given an\imelU"ial drugs evtn 111 the 

absence of d.emonetrable parasit.acda. Not intrequ.e.nt;b" their adminia ... 

tration 
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rt il1t7 ot pto during oriae makes it impossible to 

sesa the role played by antimalArials. 

Antibiotic; - ,0 patients %*ece:ived penioillin, 9 chlorcmycetin, $ 

aure cin d 5 streptomycin,. In WlllJ' the uae of tibiotics waa 

dictated by recogni able Wect1on such osteitis, pneumonia and 

diarrhoea., but in othetl" they wen ua :p1r1oally during ori ea 

t sw~ption that yat;)toms ight. have been precipi tat•d b;v Weotioih 

Man patients in the wt, group appeared to be improved by tbeu-

dministr tion, 

Aqalpsic cetyl alicylic acid alon or inc bination with cod ine 

was frequently pre cribed tor pain. Results neFal.ly we · poor, 

thou slight rell r vu affo eel t.o • • O<: aional.ly pethid1ne had 

to be used when othez- easures t&'lled to relin sev• pain, 

qorti m ... 4 pat1 ta were ai"n cot1,i n• to coot.rel severe pain md 

n l 1n the ectr itie • 2 showed drama c improv ent 1 one wa 

not i.nlprov and the tou::rth develop euppuration 1n the art ctt>d arts 

and purol:ent meningitis. Suppur tion following cortisone mq ha; een 

lJ' coincidental but th kn auec ptibillt1 o! th e p ti tt to 

intection d de that caution be exercised in using the dNg. Scott 

et al (1951) repon A.e.T.H. and cort1 on• to b belpt'ul adjuvant, to 

blood transfusion in the control ot 

E!t! • Attention to the di \ wu an obvious necessity 1n ·OlU' casee .. 

AU patient re advi eel to increase their protein intake, and some ot 
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th outpa~iente reetived a. daily ra.Uon of milk supplied by the h04))1tal. 

Ha.n7 received vit in eupplemeite, calcium lac to and ter,rous sulphate, 

none ot \dlich ueem.ed to have at11 et.feet on the clinical course ot tho 

1. ;ntue1on of qe?t,traq-:-£mctose solution - cott t al (19;5) end 

Jenkins, eott and. Fergu. on (l9S6) have reported the use of 6 per cent 

dextran with ; per c•t frt.tctos• as a aubotitute tor blood transhaion 

in crlaes or sickle eell anaemia. or 9 pa.ti ts treated tbWJ • 6 sh/Ned 

definite improvaaent of symptCl!ls. An interesting and im.pol'tant obser ... 

~ation in th•s cases ns \hat the administration oft.be dextran,.. 

trueto , mixtur,t {flliVtn intra.venous]¥) wae followed by an increase in 

the tot.al 499 of eireulatin, b&e:1\0globin. Jenkins et, al (1956) sugge.at 

that t..'tis change resulted froa mobil1aat1on of er)"t,ht"OC)'t s tl\"apped and 

ste.gn&ting in organ dapota and/or all peripheral vessel.sit They fur• 

ther po,tulate that infue1ons of dutran mq also be beneficial ~ 

ex ?'ting a "protein spa.ring1t effect in relationship to liver function. 

{Observations on plasma -line and plama proteins in th•ir patients 

showed that the total pl&Ga pntein mass was greater than nomel, des­

pite norm.al cmcentration of pl a. p..-otein pe!" unit 'VOlume ). 'l'he 

n'UZSlber ot case.e reported is mnall but. indiea.tions are t.hat the intr ... 

venous i.nf'usion of dext.ran•fi"Uctos.e solution will find a useful place 

in the management of crises of sickle cell anae:ni , peci.a.117 u 1\ 
~ ·,, 

avoids m.a.ny- of the hazards of multiple blood tran11fusiono. 
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2. Priscolin- ... Stai th et al (1953) have reported dramatic relief of 

symptoms following the administration of Priseoline in crises o! sickle 

cell anaemia. Their results offer indirect support to the theor.v that 

much or the pathology of sickle cell anaemia results from vascula.r 

spasm (Kimmelstiel 19413) . 

3 . Cobaltous chloride ... CobaJ.tous chloride has been used in an attempt 

to reduce the anaemia ( Grose et al 1955, Scott et al 1955 ). Results 

show that following an initial rise the haemoglobin level talls to bel.c.M 

the pre- treatment level. ~evere toxic reactions to cobalt a.re reported, 

an interesting late effect belng thyroid enlargement with hypothyroidism 

(Gross et al 1955). 

4. Splenectamy - It is generally held that splenectomy does not benefit 

patients with sickle cell anaemia, but sane authors have reported 

beneficial effects . Shotten, Crockett and .u3avell (1951) and Leavell 

(1954) report that patients with massive spleens are usually benefited 

by splenectamy. The former authors also record a case with .:f'eatures of 

hypersplenism. which was dramatically improved by removal or the spleen. 

we have not employed splenectcmy as a therapeutic measure. It 

seems extremely unlikely, however, that spleen size could be used as a 

reliable indication for splenectomy in our eases. 
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'tHE CUNIOAL • 

Al houdi the indica.t1ont Uat aickle cell-ha globin 0 

d1sell$e is by no means rare in Afrtca and America, relatively tew cases 

report4td. Sch ll and cOinl y (l9S6) nre able to find only 

71 lea of thie syndrome in th• 11 h l.an age liter ture. The 

clinic manitesta.tion1 ot tbe di se have been very well desor!bed in 

8$ l American ports, notably thoae ot th and ConleY' (1953 d 

1954), but :reports trora African aou:rcea, wit.h one exception (Edinghcn 

and Lamann 1954) have not includfld etoils of clinical findings~ Up 

to the present the syndrome bas not been described in Afric childn)n 

and American reports con\ain references to very few patients seen in 

the first decade of lite. It has thus been thought worth'tfhUe to pre­

sent the individual caae h11tori.ea ot our 8 patients, ell of whatt wre 

under th a ot l.O ,ears, 

Q SE REPORTS. 

l. T.A., (O.P. No. 26,027); a 4 year old lorub girl, when tirst een 
complain d ot pain and S'Welling in both GlbOW's haematuri , ot 
.3 days• duration. Sh• bad had no previous t.ta.oka of a aimilv 
nature. On examination aha vas woll nouriati.d, and a.part tl"Oll 

et ical, fusito , ten r inrell1ng or both elbow joints a 
palpable spleen, all syst s ere nom.al. Haemoglobin ll.1 g, per 
c nt. White eell count 201 500 per c.mm., ot which 87J wete pol.J'­
orphonuclear leu.cocytee. The urine contained Nd cells and a 
oderato numb r or P12• cells. Culture of th urine shOl't'8d a l"OWth 

or QOlitorm bacilli. No sickling of the red cells was s n 1n a 
ata.ined film ot periph•ral blood, but a sealed moist p paration 
sh ted 100% eickllng after 24 hour .. Tnere was reduced oanotic 
fragility of the red c lla, and paper electrophoreeia of the ba.emo-

obin owed siokle•haenogl.obin C. x-r y u.amination of toth 
elbows shcMtd no bone bnormaliey. he wa.s gi 600,000 unit of 
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procaine penicillin dailJ' fo:r one week a an outpatient• and s:,mpt a 
dually subsided. When seen fort.night lat r she was Q'lllP tree 

and no abno alitiee w•re detected.. he ha.a not been seen a1ncth 

2. x.o,, (O.P, c:>. S269), an 8 year old ?orub girl, gave a. hietory 
of intermittent pa.in and Stfelling or the right log a aociated with 
t er for 3 years. There were no other complaints, Bel" patents 
1rere bot.h alive and well .and a. younger sister was in good b$&lth. 
Two older siblings had died but the causes of death we not knmm. 
On examination ahe was tound to be well nourished 311d the mucor,ae 

U coloured. Apart t'J'l'Om sl1ght tend.em se and nodular1t7 ot the 
subcutaneou eurtao• or the lower halt ot th right t.ibia and a 
palpable spleen, physical e ine.tion showed nothing abnozmal. 
Ha globin we.s u.5 g. per cent.; sealed oist blood prepa.n ... 
tion showed lOOS sickling in 24 hours, d cell oamottc fragility 
w normal., and papsr electrophoresis of the h oglobin hawed 
eickle-h lobi.n C+ X-ray examination ot chest, l s and banda:-
Ohest - lung tielde clear, heart normal, cal.dtication present in 
glands 1n right. hil " teg and h de ... no bony abnormalit)" 
ewcted. Kahn test neg ti ve. Oeepite the b ence ot ma1an·a1 

paraeites trotll the per1phett&l blood film he w s iven cbloroqu1n 
0.,2 g. twice daily tor 2 days. Two weeka later she still complained 
ot fever and pain in. the leg, but in the following week s ptom 

b i d. When next seen 3 weeks later, she complained ot pain 1n 
both arms, hut there were no signs of local int'l.4mmation and her 
eneral co di ti.on wa unchan d. She has not attended since. 

3. R.A. ,(l.P. No. 343), a 6 year old Yoruba girl, p aented with 
biatory of severe colicy hdominal pa.in of 4 days• du tion. At 
the onset of the pain ehe bad ~ited cop1oual1, but the rearter 
vomiting did not. OCcut'. The pain was intermittent and eo eevere 
th she 11 dcubled upn during bout • BQwel act,ion had be no 

t.U the day befo.re admission, since when she had en constip -
• Then, were no other 81111PtQc:ie. Prior to the onset of the 

pain she had been in good health. oth parents and one younger 
sister wel"S aliv ond w ll. On examination she appeared very ill. 
She was pyrexial and the pulse rate s W per minute. Thar was 
no pallol" ot the mucoue men l"e.nes, but the ecler • wel"e eligbt]J,' 
jaundiced. fh re pirato17 and cardiova cular systems ere no 1. 
The ab en was g.roesly distended, and there was tenderness in the 
epi.ga.strio and Pel'iumbilicaJ. regions. The spleen was palpable .3 
fin rbrudtha below t,b costal margin and was non ... tender. Rbcte.l 
ex.amination licitvd tendemese 1n the paucb of Douglas but no 
otb 't' no ality. .Haemoglobin waa 10.as g, per cent and the 
1d\1te c ll count 10,200 p,r c. • , . with 71% poJ.3morpha, 221 

hocytes, 6% monocytes end lJ eoeino hils. There uere no 
a arial parasttes in the peI"ipheral film. A straight. X-ray ot 
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the dotnen taken in th• erect. position eho gr sl;r d1&atended 
loop ot b l w1 th fluid J.evele. In spite of the spl oine al.1' 
and slight jaundice, the c~ical pic:tu:re e ulate4 a 0 aurgical 
acute domen" and the sU?"geons were consulted. i'ter length7 
disc e1on it was decided that tti. evidence of int eti rial obstru.c .... 
tion was so striking that laparotomy wD.S obllgato1"7. At l.¢lparot-

the lar bowel wu found to be gro 1Y distended end the 
esentenc landa were arged, many showing aU petechial 

h orrba 1. There w a no other p tholog1c l lesion, Post­
operatively the haemoglobin level tell aharpl.y, and on the second 
day it was 4. 9 g. per cent. The white cell count. rose to 30,,200 
ut a d.ilterent1al cell count aho d that .50 per cent. ot the 

nucleated cells were of the 4 U s•r1ee. A ttJW &ickled eryth-
rocytes we observed in the stained pre tion. Using 2% sodium 
m tabiahlph1te, marked aickllng ,1th fil i, was dGlllal t:rated. 
Osmotic fragi 11 t1 of tho red ~ells was gN tl,y reduced and paper 
el otMphoresia ot the b cg,1.obin hOW'ed eickle-ha.emogl.obill c. 
A blood tra fusion was enc d1 ut b au e of as ere py.rexial 

action occurring alter a.boUt 20 ml. h d been 1'"'1, it was 
discontinued. Subsequent progra • s uneventtul. The t perature 
subsided, the haemoglobin lev l ~se spontaneo-usl7 to 8 g. per oent. 
o the ninth pot-operative day, and the ab 1.nal \fOund healed 
well. There w e no recurrence of nain or vomitin • When seen 6 
w eka aft.er i sicm she was in ood. he th, ,mpto fNJe, the 
mu.cows membranes ll coloured, d the~ ao no jaudice. She 
h not ftported baok tor further f'oll<M up. 

4,, s.s., (o.P. o. 27816)1 5 ,eaz- old loruba girl, presented with 
abort history. of teve:r, lose ot wei ht and pain in the left sS.de 
ot the abdomen. TheN ere no other complaints. , She had been in 

health prior to the onset ot t s• t1ympto s. Her p&Nnt.a were 
llv and well. Then Vi:t. one other ch' · ~ alive and two had di • 

on examination ahe was found to be well nourish d, weight :JS lb 2 
ozs., mucous m. rl:lllee ell coloUNd, and t re was no jaundice, 
The spleen was e~y palpable, but there we no othet abnormal 
findings. globin was l2 • 5 g. pctr c t. A se ed o!.st blood 
prep t.ion showed u1okl1ng ot the rad cells with canty filam · t, 
to ti.on.. The o .otic fragillt7 ot the red cells was re d. 
Paper el«11tropho a1e ot the haemoglobin aho d aickle-haanog:lobin 
c. There w re no mal.a:r:l.al ras1 tea d onetrable in the peripheral 
blood film. She was given Nivaquin ir1c&lly and obe..rved tor 4 
veeka. Her a~ptcms gradual.1.7 sub ided, here has be n no 
turth follaW' up. 
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S, o.A. , (O.P, No. 282lS), a 9 year old Yoruba 1, oo ;plained of 
pain 1n both le , fteeting clitfl.3 the ankles d he right knee, 

a.in been preeent ror I+ day and vu eevere enough to F•vcmt 
he• from •al.king, She. also complained o t ano xia. 4 monthrs 
prertou ly she had experience airnil pain in thft arm.s. Th re 
were no ot r symptoms and her pa t hist.or; was of · ood h 1th+ 

r p nta and two siblings re alive and ell. On e !nation 
she ,lender, but. hel" neral nutrition waa tau>, The mucous 
m br. were well coloved. The apex. at. was 1n the 4th inter-

c just xt rnal to the d-clavicular line, and an pioal 
eyat.olic mumur was ea.&117 audible. The lung i'1 lds waz,e clear. 
The le«i just palpabl • The liver w s not enlal"ged. Th 
right knee joint. was swollen and ender and thei-e appear d to e 
a l et uaion into the joint. The ankles ppeared to be normal. 
An X-rq of the right knee eb<Med no pathologic l ch gee. Using 
~ sodium etabistllph1t• sickling of the d cell.a wae demonstrated . 
The o tic tr gtl1t7 vaa reduced (initial 0 . 40, final 0.1;) and 
paper el.ect:rophoreais or the ha oglobin ehowad eickle•h .-:lobi.11 o. The ltah:n. teat wa ne tive. he wu given t.J00 ,000 units ot 
p n.leillin dail.y' as an outpatient. 4 day later she wae much 
better arrl was w: lking. 9 days later she ain complained o! pa.in 
in th legs• an on e:xar.dn ti.on the :r t. ankle vu t d to b 
eli ly swollen and Ye'/!1 tender. Sh rece1 cl 3 e inject.ion 
ot procaine penicillin and improqd r. pidly. rlben s one w 
later she was symptom tne d a.ocor ing to the moth r plqing 
noima.117 w1 th other childNn, She h s not been seen since. 

6., R. A. (O. f . No. 10154). a 7 y ar old toN girl , pl'$aented with 
a.no , fever nd jaundice ot 7 daya • duration. Sh had had a 
e.iniUa.i- episode one year previously. On ~nation she was: 

yrulel nd l" nutrition t"OOd, h r ight be ing 4'.3 lbs. She 
diet not ap ear . ill. The mucous branes we ell coloured, but 
there as definite aclen.l jaundice. 1he h rt, and lun t-e 
nomal. The 11 vet wa p&l.pabl 6 fing rb:. dtha below the coatal 
m gin. 'nle spleen wa.a not palp ble. 1'he h oglobin e lJ.11 84 I • 
per c n.t, and the nticulocyte count was l.S ·per c t . ed lls 
showed marked anisocytoaia and ther. weNt numerous target cells, 
The dift rential white cell count shove 281 polymo he, 66 
l.ymphocyt~s, 31., monocytes and 3% osinophil • The urine show d 
an e.xc ot urobilinogen, but no bile pi . ente were d teoted. 

e se proteins w re, - alb 3 ,.2 • per 100 l . , lobul.in 
5. ; • per JOO 1, an alb en/globulin ratio of o. ss. erum 
bilirubin level was 5 mg. p&r 100 ml. and the Vandenbergh test 
a•e a di · ct reaction. Tbymol turbidi t7 aa 13 units. ieklin 

was di nstrat.ed using 2J eodt metabisulphi te; the erythrocyte 
o otic lity wae mark-1].y reduced; at¥i paper •lectropho ie 
of t ha lobin ahowd sickle•h o lobin e. A di sis of 
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~tit.is occurring in a patient with sickle-h oglobin O d:ioeaee 
vaa marlt. Ov•r the next 6 weeks sympt a ual.1$ eub 1ded, 
j undice be cam leas marked but n ver di p .a · d canpletelr, and 
the 81.sse of the liver Nmain•d the same. She det~l.ted trcm the 
clinic an4. has not been seen again. 

1. o • .H.,. a 9 y a old loruba girl, presented with pain ,in both legs 
d. , s attecting chi•tb t~ joints, but not associated with S.JV' 

ling. She had lost weight. and was subject. to occasional 
attaeks of fever. Sho also com~ of ano X'S.a. The e s,mp­

had been present for 2 months. She bad previoue]V been in 
d health On ~tion her ight, was 46 lbs. 10 cm. $be 

w slender and hel" a.i'mlS and legs a d di roportd.onateJ.1 
long. Her lingers were long and tapering. L l' lordos:t.s was 
~lgg1u·a.ted and the abd en appe d slight.ly dist.ended. (See 
Figures 53 a and 'b). The h rt., chest, abdome'l d ~ 11J of th9 

r1,g. 5la 1,. 53b 
Abnomal habiius in eickle cell-haeaoglobin C 
dis aae. lote:-
l. The thin, disproportionate~ long limbs 
2 . The long tapering ting rs 
3, Slight. u:aggez-ation ot l bar lordosis 
4. Slight abdominal distension. 
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skull, long bone and. ban and te t v aled no abno aJ.1t1 •· 
The op,lobin wu 10.36 g,: per cent, a a ed moist blood 
p tion ehowed marked 1cklin after 24 houre. The tubel"-
ouliu skin test was neg ti • Paper lectropho aie of itte 
h oglobin ah01;ted sickle-haemoglobin c. S,mpto s •bsidtd 

teneously duX"in the following week and sbe vaa not een 
in until 2 months lat r en ahe pres t d with pain in the 

right le and a and teveir tor one day. Physical find mga were 
a stated a ove except tbat the spleen now pa.l ble. 1'he 

haemoglobin had tall to 8.28 g. per c nt. The white ct!lll co t 
was 12, 700. Tht :red c•lla we hypocbromio and n rou& target 
c lls res • z,yrnptans gt'adu&l.ly subsid dover the e,ct. 2 
weeks, th spleen was no longer p lpable; and the ha ogl bin 
et to it p vious ln 1.. She ha Nl!lained ympt t 

aince. 

e. rt.A., (l.P. No. 145.3/56), a 4. month old toruba girl• had been 
ll until 5 days before admission, when she developed lever, 
arrhoe • ulceration of the outh, a slight cou , and lling 

of the d ht. elbow and right foot. r appetite :r ained good, 
but despite a good 1.nt,ake r;1he had l st, veight. 'l'he fever and 
swelling ot ihe el.bow d became pro ssi vely worse. Her pa-

nts tlti'O oldet' b:rot.hC"G ere al1w wll. on exanina-
tion she :ppeand 111 and ap-.theticJ the mucous m bra.nee wer$ 
very p le,, but there w&a no j \lndice; the outh shoved herpetic 
ul-eerative stom titieJ she was pyrexial and there was mar d 
tachycardia; the het.irt. vu nomaJ. and the liv r nd spleen were 
not palpable, monchi were heard over both lung fields and thei­
w res ttered c pitations over the left lung. Tb re was a 
1 r , ten:ter, w , fluot t lling owr the outei- side ot 
th right elbow. The right ankle was sllghtl.1' ollen and tend .-. 
I- a of the el beh'il$ and teat show no eVidence ot bon pat loa • 
The haem lobin wu ;.32 &• per c t; white cell count 17, SOO with 
72% pobmorphs, 2~% l:tmphocyt.es, 11 monocyt d 1% eoainophile. 
The r"ed celle showed poikilooJt,osie and anieocytos1o nd all ght 
po].yebr 1 , o.nd th r wre n erous t t e lla. Jlo m.alar.1.al. 
araai tes re seen in th perlphe 1 blood ti • Si 11.ng a 

demonatr.t.ted using 25' sodi metabisulpbite and electropho:resi 
ot the haanoglobin sho sickle-ha oglob1n c. Progress,... S 

n penicillin and i vaquin O, 2 g. t.wi daily for 2 dq • 
swelling on the right elbow was inci ed and thin yellow pus 

was found,. which was st .rile on culture.. Se sumitted for 
idal. teat tailed to gglutinate any Salmonella suspensions. Htt 

condition 1mprov.d rap1dl7J fever subside4 and hff weight rose 
f l.J.. lb, 12 os. on admis ion to 12 lb. 4 01. at the end of th~ 
tiret k. Th• ha oglobin r ont eouel.y to s.1 • per cent 
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in the same P'~iod and the llrnb swellings and ulcerative stcmatitis 
reeolved. She wu di$charged from hospital. on t.he seventh da.J, but 
retumed 3 days late;r with fever and pain and awelBng of the r,tght 
ankle. Sh• wae pat baok on penicillin, but. 5 days later< wu still 
P)'l'Uial and the 'White cell count wu 23 .400 r c ••• Ohlo~­
tin vu then pr.acnbed.. When next eean a week later, improvement 
wae obvious, and a.pa.rt trom. alight thickening ot th• eon. t1stm• 
around the right elbow I eh• appeared to be nomal on physic.al 
examination. The haemoglobin was 7. 4 g .. per cent. 2 weeks later­
the haemoglobin wae 11,24 &• per cent, the weight 13 lb. 2 ~ •• all 
~igne of local Wlamtnation had t'eaol.• d, and she wu 1n obvious 
good health, She is still under observation and is progressbt(J 
aat1td'aetorily. 

TfU>le XXII euttllli&r1se.s the uin t1ndings in ou:r cases. It Will 

be seen that the eymptaa.tology was aim1lar to that in sickle oell 

anaemia, but phyaical examination revealed tar tewer abnomAl:ltiee. 

AAA and Sq ... The av~• age•• 6 years a.a compu-ed with 3.e yaan in 

the sickle cell anaemia group. American repo~s indicate that the vast 

aajori.ty ot patients with siokle cell-h emogl.obin o disease an diag. 

noMd in adult life, but Smith and Conley (1954) record that 7 ot thei.r 

patients cavelo~d symptGels in the tirst. decade ot life. 

All ou~ patients wen temal. Ro dttferenc& int.he sex inci­

dence hes been recorded b1 other authors, including Smith and Conlty 

(1953 and 1954). Kanney et al (l.9S3), Neel et al (1953),Kapla.n e\ al 

{1952). It is pr,obable that. ouP finding has been determined J;mrely by 

chance. 

~m,atomt - Pain felt. ti tber in the lJabe or the abdanen waa the canon ... 
" i 

eet p1"8senting sj1m.ptan. Pa.in was generally leas seven thila tm.t 

enooun\end 1n a1okle 4Gll amsia, but 1n one patient. (Case 3) 
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.1,JW;mu.1~ pa.in wae more severe then in any or the sea of aicl<le cell 

anai • In 4 caa•e pain was associated with swelling of joints 

over bclne .. but in none ot these were the feet o bands inwlv. • 

Other eymptcaa inclnd d fever (5), anorexia d vcaiting (4), 

jaundi {l), and. haene.turia (l). 

~trition and !f!!?i~~ - Nutrition was good 1n all except ca e, who 

rkedlJ und ftl&ight when first a • After trea ent, he.waver, 

her weight ec n0!'1110.l.. Onl.1' on• p t.ient 8hwed abno~ habitus 

(See t • 53) N$Cbling that s en in sickle cell a. Smith and 

Conl (1954) record a ai.mila.r t:inding 1n one ot their caoea. !bes 

author report that most adult timts with ickl.e-oell-haemoslobin 

C di have a rathez- etcclq buUd without leg/ runk dieproport1on, 

~!W - 6 tienta had palpabl• spleens b t in onq one did the 

epl extend more than ne tingerbreadth b low the eostal margin. 

galy very much le s marked th 1n the corresponding 

oup with icicle cell an a. Our findings 1n this reapeot are the 

reve ot tho recorde by 1th and Conley (1954) in their C<m ... 

at1ve &tw:qr of the netic val!'iante of ickle cell di ea.a. lf, u 

h n uggeat d earli•r, malaria is cauaa]:cy relat d -to the massiv 

eplen e lJ' found in many of our oaaee of sickle cell a., t)W!' 

findings in sickle cell-haanoglobin Odis aso would sea to imply 

that th e p tienta are less wso~tible to malaria. Thi !a highl;r 
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conjectural, but it ia int.re1ting to note that. non• ot the &ickle cell-

b globin C group d malarial parasite demonstrable in their peri-

ph blood tilm • 

Liver - Only one patient had el . d liwr. The clinical pictuN 

in this caae w indietilguishable from cute vil"al hepatitis. pato-

e l,1' ie an infrequent t.Lnding in sickle cell-h.aemogt.obin C di ae• 

and cwere hepatic d1stunot1on ha not been recorded ( th m con1e1 

1954). It s unlikei, t.heret • that, the liver f'indin in thie 

patient wen a. direct coru,equence ot the di.seas•. 

J undice • 2 patient, we jaundiced. In one it was assoc1at.ed with a 

evere h 1Yt,1c crisis and in the other with hepatitis. 

~~One patient had slight oal'di ega.JJ, associat d with an apical 

ystollc mul'!mU". The rest. showed no cardiac abnormalities. Apical 

systolic murmurs are occ~aiona.U.7 report d in Giokle cell-h oglobin 

0 disease (Scott and Jerud.na 19S5, 1th and Conley ,954) but in , 

entr 1, re l"t,$ indicate t t abno l rd1ae eigne a.re very much 

• 

~ ewe,J.l!!!BQ - 3 t.isnts had ewollen joints (elbow, ankles and 

ees). 0.Se patient had alight nodulal"ity ot the s\i>cutaneoua surface 

of the right tibia. In all c s swelling vu UD&$ ociated with dio-

logi eYidence ot bone dis e. In one p tient ( sa ) · el.Ung ot 
the elbow was associated with sup tion in the euperticial. ti1sues 
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outside the joint. Pus epiratAJd vas sterile on culture. 

Urine - Oqe tient had frank painless haamaturi • In apt;t.e ot the 

tact thats. coll was isolated ()n cultur it. ia likely that the ha a­

turi resulted trom eiekl&sd& r tiler t.han infection. (See page 122). 

logical findine. 

}fa,moglob;J.n - Haemoglobin levels were generally within the range e.n­

cau.ntered in noxm.al 1gerian children. In 2 cues. however• tJle lffel 

tell arked.ly during criaae, but in both sub8equentJ.y returned to 

normal without the aid of blood tranatu.s.ion. 

1!7l:ty:ocztes ... Sickling vaa emonatrable 1n all patients. Osmotie 

fragility of the er,throei"t,e$ was t'fduced 1n S ot th 6 eases tosted. 

Our ords on the Nd coll appeuancea in sta.ined tilma ot ,mripheral 

blood incomplete, but in 3 cases tar t. cells were recorded a.a 

b in prominent. f'eatUl'e ot t.be blood picture. All available report.& 

indi te that a high percente.s• 0£ tara•t eel.la (up to 100%) 1• en 

invariable feature of &ickl oel.1-haanoglobin C dis ea. 

1.euco&t,!a - White cell counts in 4 patl.enta ranged tro l.01000 to 

20,000. In 3 the granulooytes edaninated, but in one there were 

661 )J,npbocyte•, 
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et pathological changes were det.eeted in any bone• .l•ra1ed.. 

The onl.7 striking skeletal lttlion ,,;hich has been reported is a.vucv.141" 

necrosis of the h d ot the temur irnilar to that s en in !.egg-Pert.beet 

diee ( e7 et al 19S3, 1th and Conley 1954-). his finding a 

pr ent in ; of "' ith ~ Conlq•a patiente 1n one ot th it was 

bUat ral. Ava.scular necroaia ot the t oi-al head has also been des-

rlbed in 6 patiente with sickle cell . ana a (Tanaka et eJ. 1956). 

Wi \h 2 eptiona all aa. a vi th this com.pllc ti.on have be over 20 

y old. Ssnith and Conley cord a case in 'Which s~tome tint 

occurred at lO years of a.ge and 1'anldta et al found it in a boy ot 13 

There wer no deaths. Crises wen u ally ildeit and le 

troqu t than in sickle cell anaemia. but in 2 e es ( os. 3 and 8) 

crisis w aseocia.t.ed wit.h g:reve illnese. B tween criso these 

ppear to enJ01 no l heo.ltb. our findings show that t.hct 

--... 1ate proano 1a 1n eiokle cell oglobin C di is vary uch 

better than in sickle eell anaemi • Prob bl.y this 1e true or t 

ult te prognosia ae well. ngton and tehnann (1954) have reported 

a patient in whom e,mptcme, which st~rted 1tt infancy,. graduall,Y de-

creased in seventy, and ev.ntu.olly di ppea. d t age 30 year 11 1.ve 

later ld S)l\ipta::istot ap red in ssociation with pregnancy. 
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Smith nd Conley (1954) hant reported 2 pat-1en who 

tJ>ee into the seventh decade t l1te. Thea l'Elporte contina our 1::a ... 

pNssi that sickle cell-haemoglobin C dise se 1 caapatible with 

ood he ltb and longevity. 



!able XXIll campans our findings in ickle cell a~i and 

ickl.G cal.l-h oglobin C disease. It will b 

y ditferencea but it will lso be 

mainlY due to var1 tions in the i~ it or th 

that the ups 

·nt th t th ft• are 

,mptoma an 

drme cSJt usu ·l]J' 

be co sed ~linical.17, an intermediate group, co rising mUd c us 

ot sickl cell anaemia. and c es ot sickle cell-h .o lob1n C dis se 

with se re anitestations, tic probl e which can 

nly be re. olv.d bf leotroph tio etud;y ot th hatm glob1n. In 

ener l, the globin level and t or absence of swelling• 

or the ands and teet and r . diologic&l hon• changes were our st 

roll l clinical criteria tor ditt rentiation. It • a l1keq that, 

in vi or t.he uperlence of others (Rann y et al 1953, Neel et al 

19531 -.......Las,,...,n a.nd ahmarm l9S4• ·th and Conley 1953 and 1954) 

age of tar et celle bl tho ri• 

in our cases would ssist conaiderabl.7 in th clinical 

ditt• ti tion or thee• ayndrcm •• It 

ti nt with sickle cell-h oglobin 0 

t 

eYer, proximat thi ligure, . 

shown that alzn()st all 

e have mON th SO% 

13, it 
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HOMOZYGOUS HAmCGLOBIN a O!SEAS. 

re have been tev reports .ot this it(Qdrome. Only castt 

haa be«i rted. pr•rlously trca Africa (Edington and UJhmann 1951.),. 

Table mv lists the tindings in 11 reported c ea. It will be seen 

that th on ~ ption all reported ca ee have been e.dulte, t.h$ 

ajority over 30 years of age. 

A.A., (Cl le No. B.101), torub, t le, go 6 Jars .. When ti.rats en 
sh• plained or eou.gb and fever which had been present for man,- ekl .. 
Th no ot r cmplaints. On examin ti.on she was found to he well 
nourished and normally developed (weight 47! lbe .. ), the mueou membranes 
were well coloured ar..d her- general oCl'ldi tian wae good. Shot.tr glands 
we palpable on both a:idea 01• the n ck and in both gl'Oine and exillae. 
The ca.rdiovaacular s;vat cl abdan w re normal. There re bi• 
lat l rhonohi wdible t.h:rou out both lun with persist nt $tic 
crepit t1ona at both bases. Tb tuberc;ulin skin t st v s ne tive, An x... of the Cheat ahcwtd only slight basal oonse tion. o other in• 
veat.i at.ions re done at. the time and ah wast.re ted tor a. respir :t,017 
intaction with ulph ezathine. She was seen veral t-ime in t.be n xt 
two ontbs and though the cough rsiat d au chest. ei~s · pp red 
and subsequent X•r .,, were c l.etely no al. he va.s next een 6 months 
later, when sh complained. ot 

1. Pain in the rigbt kftee, which she attributed to tall 
one month prev:l.ouel.7. 

2. riod1o attacks of abd na'J. pain not saociat d with 
bowel distul"bance. 

3. Slight cough. 
4, Passing round worms. 

E::lta:min tion showed no abno t trcn 111 ht, spl6 J.y. ·x-raya 
the kneu, skull, hand feet eh<Med no thologioal eh gea. The 

oglobin was 10.S 8• per C t, White eell eount lJ,400 with )S: 1.y ... 
orpba, 38J lymphoeyte1, 1n eosinophile and 7J onooyte. Thero were 

0.5 reticulocytes and a. t1t.a.ined tilm of p i her l blood eh · d many 
t rg t cella. Th• red cell could not be induc to sickle. Pa elec• 
trophora ie or th h oglobin show oglobin c only. 
Prot2::!,!,t- Sh• was gL · an a.nth$lnd.nthic end eJQ>elled asoarldes. 
'llwo aks later she still oomplainsd of pain in th knee nd we.a limping. 
A tw aept.ic superficial akin l.«tsione .._ PNJ nt a.row:id th• ai'tect«l 
knee ut the tJ no evidence ot bone o,.. Joint invol • Procaine 
penicillin was escl'ibed and when nut a WMk later ehe w 
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T L XXIV - FI DI ms I 11 REPO D C SES OF HO OZI OOUS HA o-
GLOBIN O DISEASE, 

uth mptans Splee Liver Hb.g.% Reticu- Target Osmotic 
ors locyt s Cells r lit 

r . b. c. 'a. 

( ) 4 Haematana + 9.8 o.s-1.2 +++ Reduced 
right eye 

(b) 35 F Joint pains 5 ems. 10.0 .3 • .3 100% Reduced 

{c) 41 F Fatiguability ++ 9.6 ++ 

(d) iddle M Joint pains 12.s ++ 
a d 

(e) 24 F il 10 ems +++ 

(f) Joint and u .o 60-90% 
abdominal 
pain 

(g) 57 M Cardi C ++ ++ Not 1.2 
failure , t:riasnic 
alcoholic 

( ) ~ Pneu: onia 6 s . 3 cm. 10. 9 + Reduced 

(g) .34 M 11 Dizzin ss' 8 • 13. 4 2. 2 + Reduced 
Dyspnoea 

( ) 24 F zziness 4 • 10. 6 4.2-5. + Reduced 
Pain in knees 

(h) 39 F Anaemia of 2 fb w 4 tb . 8-14, " 2. 2 ++ Reduced 
pregnancy 

(a) Spaet, Alway and Ward (1953) 
~b) ney, Larson and cCormack (1953) 
o) Levin et al (1953) 

(d) Edington and L hmann (1954) 
(e) or n, Bowles and Harris (1955) 
(f~ rris , quoted by Morgan t al (1955) 

~~) Hartz and Schwartz (1955) 
Ric (1957) . 
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S ie tUl under s•n tion. 

(Eosinophilia baa not been npc:,rt.ed 1n h globin C disease. It 1 
pro able t t 1n thia patient it was lat d to the h aV7 infe ta .. 
tion with earie lumbricoideaJ . 

S2!2!1!l~t - Ha oglobin C dieea.a is an inherited ha i,t1c dr · e 

s t re :rt. d only 1n Negn,es. . Symptom · are u ally mild, ut r 
be s®t. Th moet f quent compla.ints are p in in t joints d 

!&ti, 1l1t:,. The most eonatant. finding on examination is spleno-

megaJ.T 11 1oh may be wry marked. The usual ha.anatologi - 1 £1ndings 

re liat bel.Olf "" 

1. Ana.mi .. Jaild oi- absent. 

2. Tar t cell.a .. inva.rie. l:; present and usuall,y ver., 
num roua {up to 100%) 

3. Reticuloeytoe:ta - mil or absent 

4 roc,te o otio !ra.gili ty - usually reduced 

5. Erythrocyte eiokling ... nevei-

6. trophor •i• - ba oglobin C only. 

pl"o osi appears to e v ey od. 

gl.obin C trait is p,e ent in high frequency in west 

Afrlea and it ifs likely that there are inany C homo y otee in th 

.cranara.1 population. '!'he low n,.port.ed inoid • ot haemoglobin C di.Sease 

prob l.y only renectrs the taot that any c aes remain y.mptom free or 

t wl th euch Ud manifest; tion that. the:, an o rloo in a 

populat.i 1n which aplen egaly and mild anasnia 
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DISCUSS t 2 N, 

Vandep1tte (1955) hae estimated that in every generation of 

Negtioes born 1n Africa mo¥"e than a million die of sickle cell anaemia. 
. . 

Observed tacts 1n the Belgian Congo ccord with t:Jtis estimation and 

our experience in I\>ada.n . agreee wit~ thts. The 75 cases which have 

been deacl"i ed are not the only examples ot this syndrome whi.ch 1'18 

have seen. C se ael.ection tot" thi presentation was based on absolute 

certainty ot diagnosis and th~ av 11abil1ty ot ad.equate caee records. 

Ibadan bu a population of. at le st halt a million, ot whoa 

approximately one quart.er srow the sickling tra.i t. In such a popula­

tion the incidence of sickle eell an&.aia can be eat1me.ted at 15.6 per 

thousand birt.ha (Vandepitte 1955). It 11· hardly surprisin therefcN 

that the disease ia trequentl.¥ •een_, and probably many, more cases will 

be diagnosed as medical services expand to cover a wider ection ot the 

population and awareness of the incidence of the di ea.e• ~ in the . 
ranks of the medical profession. 

Our experience is veq dittererit from that of Jellitte and 

Jbnph:ries, 10, working in the s e locality, reported in 19521 "lt 

has been our experience that in Ibadan examples o t sickle cell anaemia 

are definitely unccmmon, especiaU,, when eonai.dering the la.rge pool ot 
ickl es present in the area". (Jellif'fe and Humphries, l9S2b). 

1'h likely e,;planation tor the discrepancy b$twe$n their tindmgs and 

oun is that we were more advantageoue]Jr placed in respect. ot sta.tt 
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and labo toey eel"'V'ices than the, were. ·1t ehould be noted t.h t 

eickle cell anaemia accounts for only relative].y all pel"Qentage 

of everel.y anaemic children seen 1n Ibadan. ?Alring 1956 223 sev rel.7 
a.n.Ml:aic children were admitted to our wat'd. As Jellitte and HUmphl'iee 

themselves ·o served, the ave~ ga ha.emo lobi.n level of children between 
the s ot 4 months and 2 years in Ibadan ics probably between SO and 

60 r c nt. Against noh a backgto\Uld the diagnosis of sickle cell 
an.a a, in the absence or ad quat, clinical and labomtoey facilities, 

'Y understandably be over-looked. 

01.tr ~1 ee 1n Ibadan strongly reinf'orc e the obeertrati.ons 

ot the tambotte-Legrands (19Sl and 19S5 a and b}, Vandepitte (195$}, 

Foy and Kondi (1951) and othen, that 1n Afrioa. sickle call a.naemi is 
a diaeu• ma.1.nl.7 ot Wancy and Childhood. Thi$ is attested by the 

f aet that. during l95S only 6 case of the dise&ee were se 1n the 
dult edical. rds, when about ten tim thie number were Hen 1n 

the chU.dNn•a ward. This fact. 19 still not generally appreciated., 

principally because we have been conditioned to think of the diseas 

1n e ot the e~ienc• recorded in America., raainly in adults, but 
also becaus the, clinioal picture ot sickl cell anaemia in African 
children as ~t lacks definition, and cl.inieiane have little to guide 

th in their efforts to diatingu1eh the disease tro the many otb:$1 

cau es ot anaemia in the African child. 

h t are the salient features of the di ease in Africa end 
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th t sickle cell anaemia in Iii l"i children unde!' &f.s'1 

10 years i eb.aractel'ised by frequent pi.so ot ! Yer, limb pains 

often associated with intlammator.r swel.l.ing9, d ftri.ous gastro,,. 

intestinal canplaints, including · nrexia and vdlliting_. abdom1nal 

is conatantl.y found., 

but varies in sever.tty. Hepa.to-splenotnegaly is p,l"&lumt in about 50 

a.re seen in the earl:Y 19ars or lite. Marq patia'lts ha.,., 

ca?'\'.li gal.1' and cardiac tnU1\UUrs, and the i.ncidtmee increases vi th 

• lM.dence of hepatic dysfunction is latively trequent in tho 

latter halt of the first decade. Bone changes detnonatrable radiologic­

al.17, which are · tt.ributnble to marrow hyperplasia an<i infarction• are 

by suppuration.. Some 

pat.ient.s show an abnormal habitus. Leg ulcers do not- occur. lplph• 

adenopatb,v is rare. 1.he typical ha atologiea.l findin are not!mO·­

etmx:dc or bypoohro c anaemia. reticulocytosi and other' md.ence 

of acti.ve erythropoieeis, pol.)morphonuclear leucocytosis~ tar t and 

sickl d eel.la in stained peripheral ti , reduced o tic fragility' 

of the ~yt~s; and all erythloeytes 

y showing long tapering filament • 

be induced to sickle, 

It is obvious that or the clinical te tu.res list.ad 

o.ccur in number of unrelated conditions prevallmt in tropical Alri .. 
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'l'heir occurrence in non-eicklen cal.le for no ccrmnent, as routine 
sickling tests readily eliminate this sOUl"ce of contusion, In chUdren 

who have the sickling trait e.nd who p eent with dieeas s aasociated 

with ana.cm.a, epl.enomega).Jr, etto., dilferentiation i less e.sy, but 

without the aid of subtl• ha tologv moat cases can still b 

dii'terenti te. Among the most valuable aids to clinical diagnosis 

the 'rhe toidff mani!esta.tions of sickle cell ana ia (limb paine* 

joint awollings, swelllnga ot hands and t et, ea!'diac sign&) feature 

prominently. This is an Afri.ean paradox. In America, dittere.nti tion 

ot sickl cell a.emia from rheumatic fever and other rheumatic di -

orders con ti tu.tea a very probl • In tropical Africa rheum.a tic 

dioo era are ver,- rs.roly seen, Dur.in, my 14 month in Ibadan no 

instance o! a rheumatic diaeaae wa recorded. ttftbeumatism" in an 

e.nclS!IQ.. c Atriean child, 1n our experi ce, is Virtually synonymous with 

aickl eU dise •• In particul r the evelllng or the handa and teet 

in th very young is an invaluable e.id to dia.gnoai • In oases where 

cl evi • ot eickle eell an 1a is not adia.t l;r &P. a.rent• 
diagnosis can usually be made by observing the COUl"Se of the diS$&8t 

a noting the response to treatment.. Male.rial anaemia durmg the 

.... 

tirst 2 years ot life in children vi th the sickle cell trait can c lo ely 

simulate sickle cell aria ie., but obeervation of the response to anti­

malarial drugs will usually solve the oblm. A equate treaunent 

ot the malaria leads to rapid impro ent ot the anaemia, the ha o .. 

glo in level uau Uy being restored to ne r nomal levels within a 

m tter ot weeks (Henciriokee and Ung 1957). 
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In addition to th• £ongoing• we h ;ve found radioloato.al. 

.--. .. t.ion a ver:r ust.tul a.id t.o agnoei• 1n many c , 
Ra '°1.o l ditterentiat.ion of t, carri.en 11ctd.e 

ana.-i.a uy pNsent d1t.f.'1oult.1es, but uwally th• 

1n peripbe l ti pe t NUOft• 

ably ccur&te diagnoeia, Where doubt p niate and f'acillt for 
•l•otro · tic a.ti.cm are not v: in ti.on ot the hon• 
m&n"OW cl~ aaawi-. Ith recentq b ted 
t t, in ale · • c-3.l anaetiia rcw ?Pt tiona oonetantl.7 9hw 
...,..,,, ...... - · u.es;narmu.a.tJ.or.s of h globin t1l.81lenta clos the 
b).ood•to ing lement , se n roua as to look: liq 

m c lia lVAn ttte, 19$5). 

tt• tiati.on df •iokl• cell a from it 
ant, ickle cell haemot).cb1n C dinaae, hu lt 1th el • 

re w1ll not be dluc,u eed tul'th • 

pan.eon of OUl" findings those of other 1n A.f ioa 

er.loan uthon 1n ickle cell 
ana 1a showe the tollawin difte ncest- In Atrica the a 
severe ptcma a earlier, an tend be re • re, the in• 

ci ce of eplen eg is hi rand ap tend to be lar r, 
evidence ot hepaUo dysfunction generally 

oceul" t. earlier , lmb swellinge • peoial.ly those involving 
the hands d f \,in the eu).y ot 11.t•, . n on wbt 
they ar.. J.y npol'ted t>v ncan tho , radi.olog1c rod ce 
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of bent involvE1Dent. is ore frequent, and ultimate prognosis e.pp re 

to be infinitely worse. 

Thee• differences in general renect th more rigorout con­

ditions in Africa but c•:rtain featu1es of the disease, 

ay be attributabl to speoitio environmental fact.ors. 1'le robable 

role of protein detio1$nCY 1n deter.nit1ing the age at onset ot l1Yel' 

dyet'uno~ion has bten mentioned,. and reference has also been mt.de to 

the possible role of o. particul.at fl"ican custClll in causing the occur­

rence of svellin ot the hands and teet ( see page 7 5). A hifll tn• 
eidence of b&.eteri 1 inteotiona and en · c m laria. are two tn'V'iJ>on .. 

mental tact.ors which contribute coneiderably to tnorbidit,- and o:-tal­

it7 1n AMca. The possible e!t'ecte of these on the coune and tnnni• 

testations ot eiok1e ceU anaemia can only b dttel'4\ined in th• light 

of our kn.owled of the basic mechani unde~lying the manitestatd.ona 

ot the dise •• Let ua there.tore briefly review current knowledg• at 
the pathogenesis of the lesions in sickle cell anaem:la before retutn-

1.ns to the consideration ot the role of intect1on and malaria 1n the 

dis se 1n At'l"'ica. 

Mttcbani under1l?:;ng the clinic l manifestation ot sickle cell anaem1a, 

The di covery of an abno 1 h globin in sickle c ll 

naem:ia and analysi of its peyeico-ch«nical properti a have helped 

to clarity t chant or the iekllng phe enon and pe tted 
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clear d1fferent1 :t.ion ot the sickling trait, thtl aemia, and allied 

syndrcllles. There are ~till, however1 many fe tures of the dieea e 

whioh, even in the light ot the recent r · l!U'kabl advances 1n know­

ledge, have no cert in explan tion. 

Ith s b en clearly danonstrate that the erythrocytes of 

p~aon with eioklo cell anaemia have&. greatl.Y diminished lifespan 

in vivo. (Sinpl'" et al., 19481 Singer, Motulaky and Wile, 1950). 

The reason tor the increased rate ot destmet.ion haa, however, no\ 

yet b en satistactori.1¥ explained. An attempt has been. made to ex­

plain this finding b7 suggesting that maasiv intravaecular aickling 

occur in areas where 0X3"gen tension is low and sickled o Us 111:paet 

in capillaries, with aubaequen\ v cul.ax- occlusion and ultimate lysia 

of the &ickled c lla. Aa Singer (l9Sl) and oth rs have pointed out-, 

while vascular occlusion undoubtedly occUN, this mec i cannot 

xpl · th sustained BU& ia in p tienta who ain tree of eVidenoe 

ot v cul.ar occlusion.. Our ow findings show clearly that while 

ane.em,3.a was a constan and unNmitting teatu of allour o ea, many 

e~ no evidence of~ cular occlusion, Fut'ther; it has been shown 

th t prol.on d ~x,;-sen inistr ti (80 to per cent, for 8 to 

20 ) ecreases the deg~ ot intrava cular sickling but does not 

r du t rate of haanol)rsis in ai.Okle cell anaemia ( einhard: et al., 

1944). It obvious tha s • other m• ant must. be in1JOlved in 

ery&hl'Ocrt.e deatruct1on. lt baa been postulated that an addi t1onal. 

extrinsic or intn-er:,throoytic factor which al contributes to pre­

matur diainte gration ot th embroc;y may be present in sickle 
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cell lllla111IU.a (Singer, Motulsk:y d Wile, 19:50}. Tosi.eon et al., 
(cited bf Dac1d. l9S4) have shewn that. deoxyg ated ickle cell.$ q11ick­

lr lose major anounts ot potassium and gain substantial auount ot eo,. 

di , , ile sickle trait cells beha" nonnal.11. Da~i• (1954) 8UlJ sts 

that these changt:e mq depend on actual dam.age to the cell inerr.bra,u, am 

tate • "If this ia , th1a work then Pl'Ovides eVidtrice or add!-.. 

t.ional and perhaps all impo»tant mechani ot cell di atructton"• 

Fro time to time exacerbation 1n th severity ot the anaania 

ma,- occur. Singer et al., (l9SO) distinguish three mechan.1 

ana c crises t:raY be produced 1n sickle cell aemi Qt'ld ot r b -

l.ytic syndranes, vu., . 
1.. The N plasti.o" type caused y ta.ilure ot 

erythropoieai&t. 

2. i'he hyporha olytic type produced by an 
abrupt incr a e in erythrocyte destruction. 

3. Th ttaplastie-hyperh em.o .. ic• type which 
results trom canbination or (1) and (2) 
above. 

'l'hese authors described 2 ca.oos ot sickle cell a.n~a in which severe 

aplaetie crises developed 1.n aaeociation with acute respir, tory int c­

t ion. Chernott and Joeepbson (1951) have also r ported aplastic or1-

ses in 4 children with sickle cell an.-..~. In 3 erisi wa preoip1 ... 

ta.ted by upp r ruph-atory infection and in th fOJrth by inteotion 

with Sal-uonella cholerae-suis. plastic cri 1 in sociation with 

int ction ha al.so been desatlb din heffditary spherocytosis (various 

authors cited by Dacie, l9S4). The rapidity with which an 1a develops 
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when erythropoiesi faile 1e direetl.Y proportional to the lUesl*) 

o t t l"Ythr()cyte. 

It 1a important to re lise that exacerbation in the severity 

of tho ww..~a ma,- occwr in the abs nee of any incr•ase in the S$Ver. 

ity or oth8'" mard.i'eatationa of the distaa,, end conversely that 

,.clinical crises" of limb pain, abdcminal pain, fever, etc. mar oecwr 

without increaee in seventy ot the aiaemia,. Diggs (1956) reoentl.7 

reported findings in l.66 patients with sickle cell anaemia seen 1n 

747 "ollnieal crises*' • . He rec.o:rded that there vu !!2 evidence ot a 

mor $8Tere anaemia during or .following cri ea as canp ed with the 

valu s for erythrocytes and bilirubin previous to c.tise, Similar .... 

ly there no significant Change in the reticulocyte count, the 

nucleated red cellt, th percentag ot sickled cells o~ the excretion 

of uro illnogen. He concluded, "The concept of a tiu.mo1Ytic crisis 

in sickle cell anaenie 1 a myth which should not be perpetuated ill 

th 11ght or pl'"eaent knowledge". Thia is an ext.rem, View hioh has 

not ~ into account the expeJ>ienee recorded by other worke:rs 

(s argolics 1951, Sing$?' et al., 1948), but .tht ta presemt.ed to 

sub tantiate it are impressive, Our own finding$ show that *'clinieal 

eri es" often occur in the abeenee or exacerbations of the e.e:nia.., 

but in patients the two ooinci • Available data on our patients 

do not rm.it an opinion as whethe!l incr · se in anaemi.a w e re, 

ot due to t porary bono rnarrov aplasia or to hyperh . ly:,ta, 

but 3 pa.ti ts who died were thought to have died in "haemolytic" 

crises. An implication inherent. in the la.ck ot correlation between 



11 cllnical0 cries and Henaemio" cri sis th t diftennt m ehani 

ar involved 1n their pathogenesis. 
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It bu been presumed that the clinical anifeatationa of 

eiekl& oel.l anaemia, other than thoee referable to ane. a per se 

and eam satory hyperplasia ot erythropo1etic tiesue, can all be 

attributed to intrav cul.ar sickling and the consequences thereQt. 

AsSUltling that these are the only factors involved in producing the 

protean manifestations of the disease, " are still faced with the 

question, wby uo periodic e.x.a.oerba.tiona ot intravasoular sick.Ung 

occur. There is reason to doubt the validity of the prersumption 

t t intrav :ular ckling ia the sole cause of the cllnical man1-

testati011$ peculiar to sickle cell aiseaae. Prolong•d mcy-gen admin• 

ia tion during criaea of pain has ~en 8h01 not to reli M s,mp­

tom.s ev though it decx. $8& 1ntravaacular sickling (Reinhard et 

al. 1944). elstiel {1948) did careful. pat.h>logieal exanination 

of eas of stckle cell an ia which had succumbed in crisis fol• 

lowing ch:>leey•teotamy • He found multiple large foci ot ischaanic 

necrosis in the inwrnal organs, including t.he brain, liver and 

ki eys. These lesions •re not associated with any organic changes 

in the vascular tree. In particul.al"; thranbi were not observed. He 

reviewed the lit ature and foW'ld that, 1n contrast with cur-rent 

opinion, there wae a lack ot correlation between parenctcym toll$ neo­

roeis and evidence of mechanical vascular occlusion. On \he basis of 

these findings, Kimmel:,tiel postulated that the crisis of Qickl• cell 
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an constitutes a etate ot shock or pre- hock, initiated by ta.otora 

which d re oxygen tension in th peripheral blood). P r.1.pheral 

va~ oocur1J as a compensator., Mchani to maint in nor.na.1 

bloo pressu • He suggest that vascular spa may les.d di ct].y to 

1 cha · c neerosie or may be followed by capilla.ry ila.ta:tion and 

stasis. .During this phase ot failure or the peripheral circulation 

capillaries becane packed with sickle cells. He believes this phenan.­

en.on, 1. e. capillary engorgement Id.th sickled eella, to be th ~sult 

rather than the cause of staeie,. 

Cert.ain clinical observations offer indirect oupport tor the 

b1PQthesis that va.ecullU"' ape.mi aybe important factor 1n the 

pa.too esia or the lesions in sickl cell anaemia. Smith et a.J.. 

(1953) wc,re able to afford dl"amatic relief of aymptans during cris-e 

by adninistering the vasodUator Pr:1.scollne. Oar own observation ot 

bUate:raJ, e etrioal peripheral lesions are ore easil.7 explicable 

b1 tnvok1ng the concept or vascular sp followed by c ptllar.r 

bloc b7 eickled cella than b7 eillpJ.¥ tmbuting them to diffuse 

intravucular sickling d6penda.nt only on reduction of haemoglobin 

within the physiological r~. The observation recorded by rk d 

Bull {1943} that crises seemed to ocour in a.saociation with cold 

weather in their' patient, may also be attributed to alterat;J.ons in 

vascular t.one induced by cold. Fux-ther, it can be P<>$tula.ted that 

relief or eymptomo dl1nng c:rioea atfo d b7 tht intravenous inf'ueion 
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ot dextran-trnctose solution (Jenkins et al. 1956) may have cane about 

thrmgh decrease in v eular • _ :following incna.se in blood volume. 

The alte:mat1va explanat.i.on that the oalut..ion had a direct inbibitol"1 

err et on intr·:vascular sickling seems very eh less likely-. 

side tion or the theory ot cular up aa 

in tho ne-sis of crises and iseh ic lenon in sic cell 

~~em:J~a. Should this pro correct it vill p vi.de a ra.ti al basis 

for t. ,y { epecial.17 .for the reli f of pa.in) dur· g eri • It 
may also indicate additional ccnstitutional cell. 

tevar the mech~ invol-4 in J:,1."0ducing th& cri.Bes o~ 

pain and tte iacbaemic leoiorm may :final.Jy prove to , we will s.tUl 

be £ wit.h the problc of detezmining the r. et.ors tba1; preeipit.ate 

th • When dueussing exacerbations in the severit: r ot tho 

ana,emJ..a_ , ention was mad or the role o! infect.ion in prod cin 

pressio of rytbropoiesia. Further eons:id ration of the role ot 
infection in sickle cell anaemia fol • 

Role 0 ection in sickle eell anaemia. 

.ta.et point to an incre ed SUJ ceptibili ty to cteria1 

infect.ion in aickle call ansm1.a .• er1-c aut a. 1ncludin Scott. 

t al. (19Sl and 1955), report, uppel" p1r tory infection treqwmt. 

concadtant or eri The inei e of osteitis n atckle cell anaemia 
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ia ver, much .higher than in the general population. 'lhe Lambotte­

Legranda (1951) report influenzal meningitis as a frequent teiminal 

event in their cases, A peculiar suaeeptibillt;y to S&lmonella oete­

itis has eJ..ao been demonstrated, The JJ.kel.7 explanation tat' these 

findings appetu"S to b• that vascular &ta.sis and !oe1 of isch&lndc 

necrosis, which occur 1n eiokle cell ana.snia, otter ideal sites tor 

organians to lodge in and multiply. Transient. bacteriaemia, which in 

no al pei-sons 1e usua.ll)" without sequel, asB\ID.es veey mueb. gnVer 

significance in sickle cell anaemia, Our experience with Salmon•Ua 

osteitie in s.i.cklo cell anaemia retlects this. M&n7 strains of Sal ... 

monelle. abound in the Ibadan area and oa.n be recovered from a nwnber 

of dcm stic anim.a.la and from lizards• which appear to be more muneroua 

than human inhabitants 1n the town. Enteral. infect.ions with salmonella 

are encounteNd at. all ages, but osteitie 11 rarely seen except. 1r1 

~ickle cell anaema. 

AN there anr reasons tor beli•v.\.ng that infection ma, pre,. 

c1pitai. "clinica1n Ci"isea:? Tho re are detin1 te theoretical grounds 

for auggesti.ng the pos1d.bil1t;r, 'Viz., 

1~ Infection inoreaeea oJeyJ~en utilisation in the 
tissues 
(a) 1n local intlanraatory reaction 
(b) b;y caue ing Pl1'~a which l"a.1.se, the basal 

metabOlic rate. 

2. In£•et1on may be a.t1eociat.ed with widespread 
alteration in vascular tone, namel,1 arteriolar 
constriction and venous dilatation (Best and 
Taylor, 1951). 
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The combined effects of these changes e.re tc produce exacti, t.he 

conditione postulated to account tor crises 1n sickle cell anaan!a. 

OUnioal. observations lend support to theoretical considerations. 

Case 21 (aee Appendix ll) had ·trequent crises during perio48 when 

infection waa ffldent. Antibiotice appeared to afford relief durlng 

cri. es in eome cases even in the absence ot d onstrable infection. 

seott e~ 1. (l9Sl and l9S5) have stressed the frequent association 

ot spi:rato.ey infeotion and criees, Infection should t!llS be !'$• 

garded a likely •trigger" factor in preei.pit.ating crises am 
isohaemic lesions in sickle cell anaemia. 

Ibadan baa a. ve17 high incidence or bacterial disoasea 

due mainl.J' to unfa.Votuabl.e enVironmental factors such as ba.d san1ta .... 

ti.on, poor general hygiene and vast natural reservoirs of infection 

in th animal population, Solae o'f the ditterenoes between our cases 

und tJioo• reported b~ Amencan autho>:a, 1n partioulai- the high inci ... 

denoe of bone infarction in our eel'ies,pl"Oba.bl.y result tran dltter ... 

ences 1n the incidence of infection. 

Recognition ol the senral wqa in which infection may be 

deleterious to the patient vith sickle cell anaemia., rte., 

l. by causina aplastlc crises. 

2. by complicating 11ehaemic leeicns. 

3. by precipi ting uclinic 1° crises 

tnuat infiuenee our management, ot th(t disease, especiallT where en• 
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vironment pi-esents the unsatisfactory features found in Ibadan .. The 

routine use of antibiotics during crises and long term prophylaetie 

chemotherapy (similar to that employed to prevent relapses in rheu­

matie f eve-r) are measures which might, f avoura.bly influence the course 

or the disease. 

Sickle cell anaemia and malaria. 

Much attention has been devoted to the role or malaria in 

deter.nining sickling .frequencies in Africa (se.e Part One), but the 

effects or malaria en the clinical course of sickle cell anaemia have 

received little attention. 

What is the incidence of malaria in sickle cell anaemia'Z 

10 o.f our cases (13 per cent) had demonstrable parasitaemia. This is 

a much lower incidence than is .recorded in the general child popula­

tion in the We stem region of Nigeria, where approximately 76 per e1mt. 

of children between the ages of l and 10 years show parasita.emia 

(Walters 1956). Our findings in respect of spleen size (eanpared 

with American reports) and apparent response to antimalarials might, 

ho\i&Ver, be interpreted as indicating a higher incidence of malaria 

than was denonstrated by examination of the peripheral blood. 

Halma may cause severe anaemia by ha olysis. It m~ also 

cause depression o! erythropoiesis (stitt 1945). Knisely and Block 

(1942) cited by Edington (1953) have described massive intravascular 



aggl.uttnati in vtvax and talei. malaria., wit.It lo tissue anox-

--1.1, resulting cl: ping of el')'tbroc,te • 'Ibey eri.bed a eaee 

of ckl& cell anaa:aia 1n vhich this oceuff9d. It i& 

that any of these PJ' eesses will serious consequences 1n 

sidtl.e cell a thln in no al rsona. 11191r ecrnbi d ftecta 

lldgttt be disastrous. Edington. (1953) believes that cri.se ot sickle 

eell unci~.a are precipitated b malari.a.., baa obsened that 

eris occur more fn t'.13' during the time of the year when malar-

ial sion 18 t its height.. It should be not. d• however, that 

in the Gold Coast, where tb se obsern.tions were ma.de_. malar­

ial t ~ sion occun during the cold rairq season. 1hi rm. s 

the stioo vb.ether the crl.ses gttt. have bee related to the in-

tlu ce of t ve&ther r ae or to 1nurcurrent respiratory infec­

tions., Mcb tend to be pl'4Walant. during winter months. 

Then are SJ'O ds for contending that penoca with sickl# 

eell anallliU·& are probably less prone to infection d 1 ts 

e equ-oneea than normal perso • Allison st.19ted tbtlt the 

siekling trait confers an advant ainat malaria (see Part One). 

It is reasonable t.o presume that. in sickle cell anaemia, where a.U 

or most of the haemoglobin ia of the ns• type, resista.."lCe tom.al.aria 

will be even greater. A varisble percentage ot foetal bael:K>globin ie 

p t in sickle eell ana i.a.- It. i believed that t ~e ot 

thi pt t in the ~- or no l newo b bi.es m,q account 

for the tact th t aal.aria ia extNmelY :in the first ot 
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life., in children born of infected oth with ':f'T pla.c tal 

hvatt 1952 l, 1be p nee of foetal gl.cbill 1ft 

Bi s arJSal.a ma,' thus also lp to prevent malaria. Furtl er., 

B&p,r (1956) h reported that h h nevez- countered cerebral. 

with the sickle cell trait ltbou it not 1nfnt­

licate& malaria. in children wi tbout the trait. 

sent. state of our knovl o etin1te conclusions 
can be arriv.ed at about. the role, of malaria in sickJ.i eall anaemia .. 
The relationship between t. two conditions offers fascinating 

subJ et for fut.ure clinical l'GSMl'1m. h possibility that malaria 

mi b e. r e-tor in t.he les favourable pl'O~o a or sickl cc,U 

anaem1.·. a in Afriea hould borne in mind and bould inf'lu 01.U"' 

Finally f• words abo t oglcb.in C and the dis see 

ci ted with it inhorltan .. Knowl ot h globin C i ve17 

recent,, but. already the pattern ot its distribution in Atri has 

sketehe globin c trait has round 1n cpi high fre-

ey in er.al tern tori s .rest or the ver Ni in We t Abica. 

'to date the hi est incid ce a been recorded in the Col.d Coast. 

(Pa.rt One. }. F: our knowled o£ t.be distr.ibut.im ot 
the sickle and b oglobin a gen and their e ot inhen.ta.nce 

we can ee the incidence ot d1 by oeygoua lnheri.-

t-ance ot tl'Mtr or the heteroa.."'80US combination ot t two. It can 



:f&6 
ase!W'm9d that si ekle cell-haemoglobin C ..u.::i;qiw.~ 

h C disease st be rele.tivelY in st tri , .t 

reports of ir elinieal recognition a.re still very few. 'fhis 1 

understandable. Tb dis ses in d.r 115ua.l. fom cause relativoq 

1ittle disability• S)mptaas as a ?Ul.e an not. dramatic and clinical. 

!lllimpressive.. Se against the Afrlean background with 

its high incj_mmce or disease vitb extra ant pathology it 1s h 

surpri · that case are overlook • 

C s occasionally p a.r::ima.tic s,mptoma,, p.ic-

t ie very ailldlal" t;o that ot sickle 11 ana , and ecythr 

eyte ickling occlll'8 in both condit,iona, the to er may readily be 

conf'u th the latter. 

Th characteristic ha tologieal findings which oee1.Ur in 

se>dat1.on Iii th haemoglobin C aNC-

1. A h1dl incidence or target. cell 

2. educed tic tr lity of ti erythrocytes. 

-rlirle-u <:ell& occur in a n er of other -eond.itions. including 

tla.JiaSltaa:nl.a (target-cell an }, ai.dcle cell , and cirrm~is 

or the liver. Their oeeurnme in association 

not ecificall.y related to th!a pi t in the war 
sickling i to h globin s. r, although not epecitic for 

h g].obin C _. bi inc ot t t cells di c in any 

patient. in fri. should put one in d ot t assoe-

iated ld.t ha globin c. As prm.ou ]J' &ent.ioned, the percenta. 
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of t cells in aiek1e ell globin C di .is almost. in-

variab~ abo-ve 50 per CSl while in sickle cell a: • it rarely 

approac li !igure (Smith and Conl 1954). In this connection 

it. is in sting to note thai Edington (1953 ).reporting sielde 

cell II in th Gold Coast, recorded ver., high incidence of 

'tar t, cells in many of bia cases. I~ a llnl.y, in vi of tbe 

kno hi incidence of h oglobin C in this $ and the ta.et 
that any o! hi ti nt.s were l'elat.i el t.o, .-!, , w1 th light 

or abs tan ~ at e ot the 

sickl cell-·, ..... - ...... globin e dis • Diagno is 

leetro or the he. globin. 

re in fact 

not conti ed b)" 

Oi!ti ces in the elinical. ifute.tions ot sick cell 

C111G.u.u.o. and sickle cell-haemoglobin C die• at.tribut.able t 

dift'erenee$ in th quantity of Bickle cell h globin in tte eryth-

rocytes in' the two condition • In th to er ldler all or mo!'lt ot 

th h lobin i8 or t st • intra cuw sickling and the 

thereof oceu!' very ch mo readilY than in t latter. 

In h<mlt0Zlri?Ollta haemoglobin C di.a sickling doe not occur 6 but. 

od.ic attacks of ild arthral.gia 

and oec ionall.7 a.bd.omi.nal pain. re th is clear indieatim 

tha,t the manil'estationa in sickle cell.........,~~ ma7 in lve other 

ban s than Sntravascula:r sickling. 

origin and significance or h globin C in Africa 

s sugg sted th t the ham,u-. 
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globi.n C a1ght arisen by muta ion tl13 sickling 
l,t 
v o ant 954) and that it might confer a bett r eeleetiv a ... vant&ge 

than t s in lat.ion to a1ari ( · l.956). 

a.emonstr _le ala.rial p 

c.ell..-naa:oogl.obin C di 

geation it is interesting to no 

or the pa ti.en s with sickle 

w re to d to have para ites. .1pli 

izes ord in the two -co diti in our s, C 

t ra, also provide groun for-

that. these findin have llt.tle or no statistic 



SUllHARY. 

1. !be s qucee ot events, following the .tint description ot 
sickle cell anaemia~ which l to the dis<:0 or' the abnoimal 

h . globins am their mode or inheritance is described. Recent. 

t. and new probl in m~cine~ biochem.stey. genet.ics and 

nthropology lllhicb followed discoveries are brietly 

2. The incidence ot th• sickle c ll and ha globin a trait.Bin 

Africa is descri 

Africa. are compaNd and it is ah0\111 th t the sickle e .11 tr4it 

18 more evenly distributed and it overall frequency is h 

1n .91.Jt than in East Africa. 

3. Clinical. findings in Nigerian chUdr vi.th sickle e ~ an em.ia, 

eickle-cell ha oglobin C di~ease and homozygous ha glo 1n e 
are described. 

Data presented on 75 c o! iekle· ceU an a include 

swliltCXD&:t.ologr. pbyeical signs. nut.rit..1on ~ ha.bit.us, haema­

~ological find1v.ga. radiologioal tindin , liver ft.metion• 

urinalysis, relationship to tuberculosis• prognosis and treatment. 

The finding have been c red in relation to 

vvuim.wi'VY. Vi th those l"&CO 

in America. f,fany dilte.r 

and 

the 



t,,, 17 0 
• aweUinp teR in chU 

in nrl7 ~ ot Ute 8nd ot radiol.o al bone cben in 

eral.ly. 

hiatorle ot ildNm vi sickle cell . .....naemoglobin C 

dUJN::• are ~ . • cliaica.1 pi · i :x.Bllfl!tll end 

~;paireu 14th that ot ck1.e c hi 

or Litir:1'!'BL cells in c1wt ll ru· mmo&tobin c di 

u 

5. l 

other repoftlid ~es are a ri • 

Jlmil:.HAtol08f.cal tindin 

h1 iw!1.aet11ce of aicklo cell 

l'Hlml~ or tba 

in the continent, t Un1cal picture in 

cbihlren and 1 ditteren t1 tton t otb to ot 

'lhe probable . 1niag the C.u1~-. 

iontJ ~ tbe end t. onset ot crlees;1; 

the intluonce of enri.ronment t.lIG coarse ot • d i ease. 
wit epecial tennee tc the role ot baete Wectlan end 
.11,1-....-..-.1.-~ also disewt In t.i t. 1a a bri 

discuaeion of ttt. incidimca ot di ·.ated vi.th 1.14eoo-

lobin O 1n Uri.ca,. 1r ellnlcal itest&tiona. ee-

peeiall.J' t.he hi_, incidence ot. ta cell.a~ the .relat.1m-
b1p ot b . glob!n C and aa.1.4ri.a. 
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The variance for East Africa was tound to be 

13 .66 and that tor est frica. 39.81, indicating that the mean ::tick­

lin frequenc7 for West Africa ie eignii'ica.ntly greater than that for 

East Atl"ica. 

Both ot these statistical procedures, it can be seen, assune 

that the between smnple V'oriance is the sole source of variance, ott 

that the within sample variance about the true pereenta • tor each 

population i nil. The numbers ot cases examin d in each a ple were 

lar enou h1 it wa.a felt, to ass e that their within s le variance, 

while undoubtedly present, made negligible contribution to the total 

vart ce. 

This analysis also presumes that the between sample percen­

ta ea in each p)pulation are dietl"ibuted. no ally. 
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APPENDIX II 

Case Repgrt - Sickle cell anaemia with unusuol bone changes. 
( 

P.o, (Case No. 2~+, a Yoruba girl aged 10 years , was under observation 

in the children•a ward for- a continuous period ot 14 months . Shew 

admitted with tbe following co plaints: - Pain in t.he left knee tor 6 

ontha, swell.in ot the joint !or 2 ontha , and loss of weight. ove~ 

tho 8 periodJ p in and awelling of the left ankle for 2 weeks and 

slight cough tor l week betot-e admission. When first examined she -was 

cbeertul and co-operative and display d nol'ml l intelligence. She was 

very ciated and howed slight pallor ot th mucous membranea, with 

ight cleral jaundice. The heart w enlarg d, the apex beat bein 

in the 5th lett interspace outside the midclo.vicular line. A sort sys­

tolic mul'!IIUr was heard all over the praecordi , but was maximal 1n the 

pulmona.r, area. .c.G. showed no abnormality. The lung fields were 

cle r. 'nl ab en wae slightly distended, ut the liver nd spleen 

were not palpated. ( Th 11 ""r lat r 1:> c e palpable 2 fingerbreadtha 

below the costal margin, but t no time was the epl en felt) . The 

o tral. nervous system was normal. EKtremit.iea - there wa clubbina of 

the tin rs. The left hand showed lling over the proxjznal. phala.n es 

or the 4th and 5th f'ingere and the mid.ale phaJ.&nX of th iddle tin r . 

Bo elling w d tected in the rigbt hand. The left knee wa.e swollen, 

wam and tender, and ther wu a all effusion. 'lbere wa.a gross limi­

tation of mov a1t, the joint t ding to be hel.t fixed in 1300 ot tlexion. 

'l'he l ft ankle w swollen and t.nder, the swelling extending to the 
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doreum of the foot. 4 small su~i'ici l disch rging sinua wu present 

ov r the medial malleolus and was thou t, to be the track ot guinea 

worm, secondarµy infected. 

Radiological findipgss-

Chest • lnn fields clear. Large globular heart. The transverse 
diameter ot the heart shadoli wae greater than h&U' the diameter 
of the ch at. 

kull - ked inore se in the di.ploeic spaces in th frontal and 
parietal regions. Th bone presented a it pongytt appearance. 

Banda - left ... destruction of the cortex and medull and proximal 
phalanges of the 4th and 5th fingers • with pathological frac­
tures through both, Expanaion of the middle phalanx of the 
iddle finger with destruction of the centr l trabecu.lae, 

Right - all "erotic area in the middle phala.n:x: or the middle 
finger-". 

Latt knee ... s,novi l thickening and ares ot rarefaction in both 
feoral cond',Ylea. S1mil8Z" reas of rarefaction in the lower 
third or the shaft ot the £emuzt. (A p tholo le l tr. cture 
developed in th lower third or the femur at later date). 

IAttt 81lkle ... multipl ~ea. of rarefaction and periosteal reaction in 
the lower ends of the tibia d fibula, A pathological tr c­
ture waa visible tlm:>ugh one ot th sites or rarefaction in 
t tibia. 

Labo:ratorz ,finding: ... 

( or convenience of preunta.tion re ult of inve ti tions 
done over many months will be arieed here). 

atology - on admission the haemoy).obin was 7. 4 g., per cct; 
i-etic.rulocyt.ea 4 per cent; eickling teet poeiti ve using 21 
soditcn metabieulphiteJ red cell osmotic tr ilit7 was 

duced (initial 0,4, final 0.15); the stained perlphe~al 
f'ilm howed nucl a.ted red cells, target cells and a tw 
1ckl cells. The erythrocyt a re slightly by chrctrle; 

filter paper electrophontais ot the hasnoglobin showed only 
gl.o in SJ 12 per cent. of the h o obin w of the 
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to tal type; the white cell count w 16,600 with pol1tnorph 
86J, bmpbocyt.ee 101 and eosinopbils 4%; the humoglobin 
l val varied considerably during periods of crisie. Fran 
time to time the level dropped aharpl,y, etiJnes to below 4 
g. per cent., and .had to be corrected by blood transfusions. 

Bon marrav differ ntial cell count -

Blast cells 
Neutrophil prenyelooytes 

" myelocytes 
•• etamyelocytes 
" adults (unsegnented) 
11 " (ee ented) 

Eosi.nophil myelooyt,s 
11 adults 

Lymphocytes 
h-o-e throbj.ast 
Basophilic normoblasts 
Po]Jrchranatic 
Pyknotic 
Plasma cells 

ff 

le s than 

less than 

Seruia prot ins ... initial findings were, - Alb 1n 3. 0 g. par eent; 
globulin 4.9 g. per eent, albumin globulin ratio o. 6. After 
a oet y in hospital th valuea were,- Albumin 1. 7 • 

r cant, globulin 6.o g . per cent, albumin globulin ratio 
0. 2a. 

Two detenainations of the serum calcium, inorganic pho phoru and 
phoaphatases which were done during the period when bone lesions re 
ost marked gave. the following results, -

C lei 
Inorganic phosphorus 
Alkaline phosphat se 
Acid phosphatase 

8.8 and 8.9 mg. per 100 ml. 
.3 . 9 and 3. s " 

20. s and 17, 5 K.A. units 
1.0 n 

Urine ... A ma.ll quanti t7 of albwnin was sanet.1.mes present, but a.ll 
other findings, including estimations of the urinar, calcium 
( lkowitch) were normal. 

Kahn test - negative on two ocea.sio • 

Tu rculln akin test - repeated on sever l occasions, gave equivocal 
results. 



187 

F ily studies - Both parents d 2 siblings showed the sickling 
phenanenon. Electrophoresis of the haemoglobins showed the.\ 
uhe p en.ts and one sibling h d the sickle cell trait,. The 
other sibling had sickle c ll an • · 

Man eent and promss 

Despite the ''doubtful" tuberculin reaction, the bone ch&n 

e ini tia.l.ly r arded s being tu. rculoua in origin, and treatm 

with st pt ycin and I .N. H. w • tarted. Penicillin was lso d ven 

urin the ti t eek tor the oellulitie arowtd the left ankle. 1.be 

but apart from this no response to trea. tm t was noted. The diagnoi.d 

ot tuberculo ie complicating sickle cell an was reconsid r and 

it was decided to eek confirmation by histological examin tion of 

bio sy apecim ns obtain~d · tz-o the kn nd c rt&in bone. The 

hietologic l ppearanc•s were ae follows:-. . . 
left knee .. "Th• specimen shows a subacute or chN>nic 

inn tory condition without specific f tu.res. Pla a 
cells pitedaninate. Scanty Jl.l& eel.le were seen but no 
or isna11 • 

Bone tram middle phalanx of left middle finger - "The dee lcified 
tissu consists ot bone fral!Jil t and anulation tissue. 
Th latter is inf'iltr-ated with l phocytes and plasma cells. 
1bere is no evidence ot tuberculosis11 • 

Biopsy of an area of rarefaction int• left tibi shewed similar 
features to those recorded · hove. 

Following on the kn e biopsy the joint bee e Wected and 

sup:pur tion sued. St.a.ph11Dcocous pyogenea and colitom. organiena 

ere i olated trom the pus. In spite of the u • of broad spectrum 

ant1biotics, blood tra:naf'u iona and adequate local treat.m nt to the 
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joint, suppuration cont~ued for about three months. f.Uring this 

period she had frequent c:rieea or stmtre pain in the limbs and joints, 

ewing!.ng pyrexia, and an increase in the severity of the anaerniA. 

Cessation ot suppure.tion was accompanied by improvement :in her general 

condition. At a.bout this ti.mo she oompla.1.ned of pain in her spine. 

Physical examina.tion showed no evidence ot spinal disea e, but X-rays. 

showed destructive changes in the body of the 8th d real vertebra and 

general osteoporosis of the spine (see Pig. 48) . It should b• noted 

that streptomycin and I.N.H. had been continued, even though the diag• 

nosis ot tuberculosis had not been •stablished. 

During the 8th m.onth in hospital she again atart.ed having 

fever and frequent episodes of pa.in in the limbs. Dl.lring one ot these 
' 

episodes ehe showed signa of peripheral circulatory collapse, became 

ment lly contused and was ve't"f restless. In the weeks that followed 

she became psychotic. She was withdrawn, unco""°pe,U\itive and contused, 

and frequently indulged in uncontrollable screaming and crying. Her 

general oondi t1on deteriorated ra.p1dlJr. No complaints could be 

elicited, but from her behaviour it was obvious that she was in con­

stant pain. 

During the 9th month a large abscess which bacl been previous,17 

o••rlook d was detected in the right sacro-U1ac region. It was im­

mediately incised and a lU"ge quantity of pus relea.aed. organiema 

similar to those preViously isolated from the knee we!"$ grown on cul ... 

turo or the pus. X- rays of the pelvis showed gross osteoporosis of 
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ll b e and structi ve ch n s in t.he right cetabul , ausoc:iat 

w1 th p thological disloc tion or the hip {Sf:'• Fig. 49). The same 

p tte of ev ts that had occurnd in association with eu.ppara.tion 

or the e joint was repeated. Pue continu to discharge from the 

or sev r l ro.ontbs, and during this time !ever d crises of 

limo pain const.a.ntly recurred. When the suppu~ ti.on ev tual.l.7 ceased 

she show d elov but steady impro ent. 

Between the 12th and 14th ontha after a ion , pppical 

·nation of the che t, heart nd abdomen shoved findings similar 

to tho record don admi sion. Her tal tate had return d to nor-

mal d no abnottnalit7 ot the c tral nervous e7st s d tected. 

'11 ].Jmph glands in the axilla., groin and n ck re sll htl.y enlarged. 

In the Urnbs, finger clubbing was or marked than it had been origin­

ally, but the bone lesions in the lett hand, lett ankle r gion and 

left knee had healed. l• ye or th spine showe little chan from 

th p vious appe ranees. It h not be n possible to reduce the dis­

location o! the right hip joint. Her appetite w vor cioua and she 
' 

g ined weight rapidl.7. She had oecaaional episodes or fever and limb 

pain, uch less frequently than beto • Du.ring the 13th month deep 

jaundice w noted. Liver function tests done t this t showed:-

e albumin 1. 7 8• per 100 ml., globulin 6.o g. per lDO al., 
Albumin globulin ratio 0.2a, total serum bilirubin s.6 mg. r 
100 ml., f which 6. l mg. w ot the direct re cting type, 
th3Jnol turbidit7 a.6 unit,a, zinc sulphe.te turbidity 19 units, 
a line phosphatase 33. 6 K • • unite. 

Jaundice subsequently cleared. ' The liver function test.s wer not 

peat d. 



When la.st een she was in rea ona.bly od h al th and was 

bein detained in hospit 1 chietl.y bee use ot the de!ormity of th 
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ri ht hip. The ha oglobin level had become stabilised at about -8 g . 

per c nt. 

CO!nl!1ent - In the absence ot evidem,• to the contr r:r, the bone 

lesions have b n attributed to sickle cell an · a complicated by 

secondal7 intection toUowing the knee biopsy. During the periods 

when active infection w prennt, cri s ot limb pain ere ver, 

!reqUent and the an emia was worse. The mech&ni s underlying the 

eris ot pain in sickl& cell e.na ia are not understood. Finding• 

1n this tient su est that infection may be n import nt ta.et.or. 




