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bstract 

Se rum concentra tions of immunoglobulins I G, IgA and Ig in 

258 healthy Et hiopi a n school children and 82 heal hy ad ul s resid­

ing in Addi s Abeba wer e measured by the radi al immunodiffusion 

t e chnique . The re sults a r e presented as geomet r ic mean values 

in mg/100 ml and a s pe rt en t of the a dult mean values . A statis­

t ical a nalysis showed that the IgG and IgA conc en t r ations a 

age s 8 and 7 r e spectively wer e lower than th e adul t v alues . The 

inference drawn fro m t hese result s is that t he IgG and IgA l evels 

do not reac h the a dult l e v e l un ti l a fter the age of 8 and 7 

respe ctive l y . I n cont r as t the IgM l e v e l was found t o re ach the 

adult lev e l be for e the age of 7. No truly significant diffe rences 

wer e obs e rve d in immunoglobulin levels which could be a t t ributed 

to s e x, intestinal pa r a sitic infec tion or soc io -economi c stat us . 

The mean v a lue s for IgG and IgM obt a ine d from this study were 

found to be h i gher than the r e fer enc e v a lues being us ed in the 

country a t t h e mom ent . I t is t hus sugge st e d that mean immuno­

globulin conc e n tr a tion val ue s obt aine d from this study be used 

a s r e f e r enc e v a lue s until furth e r study i s made a nd more r e fin ed 

refe r en ce va l ues a r e s e t . 



1 . INTRODUCTIOI 

The me a sur ement of i mmunoglobulins IgG, I A and I gM in 

human s er a is a common procedure i cli ic a l la ora ories a 

is use f ul both for c lin i c a l and rese a r ch pur oses . Da t a provided 

by measurement of immunogl obul i ns are impor ant for h e d i a gnosis 

of diffe rent kinds of dis e ase . But du e 0 th e f a ct t ha t t h e 

r a nge s of s e rum immunoglobul ins va ry in popul a tion s of differen 

countrie s , valid conclusion s canno t a lwa ys be dra wn from in e r­

pretations of resul t s; unl ess the r esults are e va lua t e d in h e 

light of normal r a nges of the popul a tions und e r considera tion . 

It is , ther e for e , import a nt for diff e rent popul a tions to hav e 

the ir own normal v a lue s for r e f e r enc e . The obj e ctive o f this 

study i s thus to es t a blish no rm a l va lue s of serum immuno lobulins r 

namely I gG , Ig A, and IgM , in Ethiopi a n school ch i ldre n r e siding 

in Addis Ab e ba . 

Like a l l othe r normal values fo r physiologica l and biochemical 

p a r ame t e r s , t he es t a blishme nt of norma l v a lue s for immunoglobulins 

in a give n p opula t i on is import a nt fro m two points of vi e w. 

First , s uch v a lue s a r e of clinical impor n c e in the identific a tion 

of abnorma liti e s; and, s e c ondly , if th e norma l r a nge s are found to 

be differe n t from t h a t r e por t e d in othe r count r i e s this will l ead 

to furt h e r studie s to e luc ida t e h'e c a us e s for t he diff e r ences . 

The n ormal v a lue s quot e d mos o f the t ime for immunoglobulin 

levels a r e the normal va lue s o f C ucasians livi ng e ither in Europ e 
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or North Ame ric a . But there is a hi i nc i dence 0 r a ised mmuno -

globulin levels in Africans comp red i h Eu r o ans or o r h 

Americ ans (17, 22 , 3 , 60 , 77) . The re or e C uc a s ian nor mal 

immunoglobulin value s canno be used for Afri can populations . 

Even t h e existing r eports on th immunoglobulins of Afric a ns 

may not be us e ful for othe r African countries , for h e very 

r eason tha t conditions v a ry from one Afric a n region to a no h e r 

bringing a bout diffe r ences in the immunoglobulin l e ve ls . 1 is 

thus i mport a nt to dete rmin e immunoglobulin l e ve ls in beal hy 

Ethiopia n school childre n r e siding in Addis Ab e b a a nd e lsewhe r e 

in order to provide normal v a lues which will be us e d a s r e f e r e nc e 

values in interpreting quantitative immunoglobulin estima tions 

of patients . 

Befor e going into the details of how this study wa s carrie d 

out, i t ma y not be out of plac e to g i veo some background knowl edge 

of what immunoglobulins a r e a nd to fur h e r discuss why norma l 

v a lue s fo r immunoglo bulins hav e to be e st a blished . 

1. 1. I mmunoglobulina: Struc ture ! Prope rt i e s a nd Functions 

The word "immunoglobul in s " (1gs) which wa s first proposed 

by Hermans in 1957 (34) ha s been given many diff r e nt kinds of 

definitions . But the 1964 d e finition WHO (82) g a v e s eems 0 be 

the most widely used . This d e fi nition of immuno lobulins 

fol l ows:-
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" Immunoglobulins a r e pro eins of an 'me. ori in en 0 cd 

with known a ntibody a ctivi y , and cer in pro e i 6 r ela t e 

to t hem by che mic al structure nd h nce an i genic speci ici y 

•. . .. . . •. . ..... ~ ... .. ~ . .. .... . . Immunoglobulins a r e not 

r e strict e d to the plasma but may be found in oth r body 

f luids of t is sue s , such as urine , spinal fluid , lymph 

n ode s , spl een , e tc . Immunoglobulins do not include he 

components of t he complemen t syst em . " 

The structur e of the basic i mmunoglobulin molecule consists 

of four polype ptide cha ins , two identical heavy chains and two 

ident ica l light cha ins, j oined to each other by a v a r i ab l e 

n um ber of disulphide bonds (s ee Figure 1) . 

Fi v e cla sses of immunoglobulins a re commonl y identifi e d in 

norma l human s e r um ba s ed on the h eavy polypeptide chai n differences 

(68) . The se cla ss es a r e des i gnated by the letters G, A, M. D 

and E p r e c e d e d by the a bbr e via tion Ig , indic a ting heir immuno­

globulin func tion or ~ - indic a ting t he ir elec rophoret ic mobility 

a s g a mma globulins (82) . 

A s epar a t e subdivision of human i mm unoglobul i ns is made on 

t h e ba sis of diffe r ence s in the light p olypeptid e chains . Two 

f orms of l i ght cha ins ar e r ec ognized an d a r e ident ified a s 

"Kap~" and "Lambda" cha ins . Immunoglobulins with "Kappa" chains 

a r e type K and mo l e cules with " Lambd a " cha i ns a re type L . The 

f eatur e s t hat dist i nguish type - K f rom type-L are ,independent of 

the f eatures tha t ident ify the Ion polypeptide chains . Only 
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on e of the t wo classes of the Ii ht cha o s , or L s fo 

a given immunoglobulin molec ul e . Tha is o B Y some I G molecules , 

for e x a mpl e , a r e t ype - K and 0 he rs r e ype - L 0 th b sis of 

the pa rticul a r light polype p id chain they h a ve . 

Each clas s of human i mmunoglobulin c e . en tifi by 

specifi c a ntiserum raised a ainst it . These a is e r a , whic 

r eact with the spe cific antigenic de t e r minan s , also p e rmit 

quantit a tive de t e r min a tion of e ch for m of immuno obulin . 

Eac h immunogl obulin h e avy p olypeptid cha in ha s distinc t 

structure , prope rties and biolo ic fun ct ions . So e 0 these 

properti e s · of immunoglobulins IgG , I A a nd I Mare summr rized 

in Tabl e I . 

The fo ilowing comments a r e just supplementary informa tion 

on the propert i e s a nd functi ons of i mmunoglobulins IgG, IgA and 

IgM . 

·IgG: - is the only one of the five i mmunoglobulins known t o 

cross the pla c ent a , (13, 27 , 80) . The IgG mole cules a r e a ctively 

trans port e d a cross the pla c en t a and provide th newborn with an 

a bundant supply of mat e rnal a ntibodi e s for the first f e w mon ths 

of the ne onatal period . I G molecul e s seem to parti ~ ularly 

a ris e in r e spons e to soluble antigens , such as bact eri a l toxins , 

and usua l ly a ppe a r afte r an initial response of a ntibodies in the 

IgM cl ass (39) . The neut r aliz tion of h e soluble products 

diffusing a way fro m intruding cells seems to be l a rgely th e 

r rerogativ e of IgG a ntibodies . In secondary immune r esponses , 
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like malari and helmin hic inf ctio , ve ry lar iee 0 

IgG a r e p roduced (6 1) . 

~- Unl ike IgG , I A do 8 no c ross h e lacen j ho e v r 

it con tribut e s to t he immun i y of the new or y virtu 0 it s 

high c oncentra tion in the co os rum . I ' 5 most import nt 

contribut ion to the immunity of an individ a is in h e xt e rnal 

s e cr e tory sys t em . I is vital i he defe se of h e ut a ins 

the en t e rovirus (1 0) . The ov r a ll evidence collec ed y He r m n8 

(36) shows tha t IgA p l ays a major ro l e in a cting as' isep ic 

pai nt" of the mucous me m r a ne . It may f unc tion by covering 

parts of the sur f a ce of patho ens and thus inhibiting t heir 

a dh e r enc e to surfa c e mucosal cells a nd henc e their e n r y 0 he 

body . 

I gM: - This class of immuno lobul ins may be r e garded as the 

mos t p r imitive of the immunoglobulins (61) ; because it is he 

first a ntibody tha t is produc ed in respons e 0 an ant i en in 

the primar y i mmune r e spons e , a nd bec a use of the f ac t ha in 

h uman ges t a tion it is the first i mm noglobulin to be produc e d 

in the f e tus in r e s ponse to infe ctions . IgM is the firs line 

of d e f ens e in the systema tic circulation , large uanti ies of 

which a r e produced in r esponse 0 par iculate an ti ens like 

those of mal a ria , trypanos omiasis , h 1m in hs et c . (39) . IgM 

in the circula tion is confine to i a d has a maj or r ole in 

the protection of the same . I m y lso offer he s e cond 

h umo r a l line of defens e in e u . 
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TABLE I 

Pr operti es of Human I mm unoglobu i ne IgG , IgA 

CL ASS 

Molec ular Wei ght 

Heavy Chai n Des i gnations 

il'ight Chains 

Se diment a t ion coeffic i ent 

ll umbe r of Sub- classes 

I ~ntigen bindi ng s it es 
I 
, HRlf life (days ) 

I Synthetic r a t e gm/ day/70 k g 

I % of total i mmunoglobulin 

I 
I Ca rbohydr a t e cont en t 
I 
I 
I I Serum concent r a tion , mg/ 100 ml 

I Fle,cental Tr ansfer 

I Char act eris tic antibody 

I 
Properti e s 

IgG 

160 , 000 

K(K )+L ) 

7S 

4 

2 

18 - 23 

2 . 3 

80 

3 

600 - 1800 

YES 

Pr ecipi tins 

ant i t oxins 

Compl emen t 

fi xa tion 

Lat e a nt i -

body 

g 

170 , 000- 500 , 000 

K Ot ) L(A. ) 

7 , 95 , 11S 

2 

2 

5 - 6 . 5 

2 . 7 

13 

10 

150 - 500 

o 

urface prot e c ­

t i on 

Sec r e tory an i -

body 

The infor mation i n t hi s t a bl e was ob sined from : 

Ig I 

900 000 

K (. ) L(» 

19S 

1 

5 (10) 

5 

6 . 4 

6 

10 

60 - 200 

0 

Aggl u i nis 

Opsonins 

Lys ins 

Compl ement 

fi x t ion early 

n ' body 

Belanti ( 9 ) Bowry ( 12 ) Dosgupt a (25 ) Roi (68) a nd Free dman & Gol d (3 ) . 
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1 . 2 . ues of Se r 

Le v els and Fac tor s Af 

As pointed out earl i e r i h's p a r , he es lis me o 

local normal v a lues of serum immunoglo ulin e ve s is in is ensible 

for the successful det ection of b orm liti s . Bu 

no rma l serum leve ls have shown conside r able iffe 

he r orted 

om au hor 

to author. Thi s may be due to v a ri ations of me hodo 0 y , selec ion 

of s ubj e c ts , and standards us ed or varia io of a lysis of da a . 

The v a rious immun ol ogical techniques used for h S8 Y of 

immunoglobulins by diff e r ent author s could ive diff r n res 1 s 

thus l eading to differences in th e normal va lues repor ed . Unless 

s e ra a r e obtained from subjects free of cer a in ac ut or chroni c 

disease , for which immunoglobulins a r e known 0 e a ffect ed , he 

results obtai ned will not be normal serum l ev e ls . The commercial 

standard se r a us e d by different workers could be diffe r en unless 

obt a ine d from th e same sourc e . This will als o con ribu e 0 he 

varia t ions of the r e port ed v a l ues . Therefor e t he main c ause for 

the diff er e nc e s of the normal serum immunoglobulin le vels r e ­

port ed by diffe r en t worke r s , seems to b e l ack of uniformi y . 

Othe r d iffe r e nc e s of normal va lues could ar ise due 0 r ea 

di ff e r ences between p opulations . Ther a re ma ny fac ors ha 

affe ct s e rum immunoglobulin levels and hus contribute 0 

di ff e r enc e s in normal values a mo n popula ions . Some of hese 

factors a r e a s fol lows : -
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A. Environm en t 

The developme n of nor ma l imm 0 ob e I s is I e re a ul 

of hos t r e a ction to h i s e nviron n • Obs rva ion on er fr ee 

an ima ls i nd ic a t e tha t hes e a ni a s hav ve ry 10 le ve ls of 

immunoglobulins (28) , and , the r lore , i is b ic v e t a he 

environme nt a l challenge is l a rge ly wha t m in ains e ven Iha is 

called the "Norma l " leve l . Environmen al f a c ors 1 0 k seaso a 

variation , a ltitude , clima t e , e t c . ha v e bee n r e p or ed for 

a ff e ct i ng immunog lobulin levels in differen t pop ul ions (2 f 0) . · 

B. Diseas e s 

I t is not surprising to not tha t it is ty i cal for all the 

immunoglobulins to show eleva ions in differ ent dis eas e s , since 

mos t gene ralized infections provid e multipl e a nt i g en ic challenges 

through many rout es (85) . 

Helmin th and protozoa l dis eas e s like filari asis ( 1 8 , 16) , 

schistosomias is (6 , 8 , 17, 9) , a sc a r i sis (4 ) a ncy l ost omi as i s 

(61) , mal a r i a (24 , 62 , 75 , 76 , 83 ) sle eping sickn e s s (20 48 , 59) , 

Chagas ' disease (50 , 58) an ame bia sis (1) a r e said 0 a ff e c th e 

levels of on e or mor e of th e immunoglobul i ons . 

Ce rtai n bact e r ial diseas es l ike pulmonar y ub e r c ulosis (5 ) , 

syphili s a nd y a ws (51 , 84) a nd l e prosy (61) a r among hos e of ten 

repor t ed to incre as the i mmunoglobulin l e vels . 
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Ot her di eas es lik e vir n e c , li v iee 8 , 

mun e d i s ease s , malignan c i s like alden r on ' s m ero 0 ulin 

e tc . a r e known t o ups the immu oglob lin 1 v 15 n man . 

C . Sex an d Age 

oit:!-

Th e e ff e c t of s e x and a e 0 'mmunoglo ulin levels has been 

a po i n t o f co n troversy ov e r a long 

hav e r e port e d t ha t fem a les above t h e 

I gM levels tha a ma l e s ; o th r s (1 ) 

i me . orne au hors 

e of sev n ha v 

eli e ve t h t such 

hi her 

iff rences 

do n ot e xi s t . The r e is als o n o agre emen amon di ferent u hors 

on the a ge a t whi c h imm unog l obulin s r a ch hei r hi h e s lev 1 . 

Many (4, 14 , 38) be li e ve ha t i mmunoglobul i n levels increa e 

unti l t h e a ge of one year f or IgM , 7 years f o r IgG and 6 years 

for Ig A. St e ihm a n d Funde rbe r gh (74) r por ed th t a dult levels 

of t h e immunoglobulin s a r e att a i ned at he age of t welv e . A ain 

othe r s l i k e Bu ckl e y a nd Dorsey (15) sta e d tha t the immuno lobulin 

lev e ls d o n o t r each the ir maximum leve ls until the age of hir y . 

Th e effe ct of r a c e on t he serum immunoglobulin lev els is 

a lso debata bl e . Bu ckely and a s s oc i ate s ( 4) r epor ed ha no 

di ffe r e n c e s r e l a ted to r a c e occ ur in he 1 v e ls of immuno lobulins . 

Howeve r Shu l man a nd Gi l ich (70) sta t ed that for es ix an above 

the i mmunoglobuli n le vels in Blacks were hi her tha in hi es . 
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6 5 

82 

21 

A LE II 

(Con t I ) 

gG Le el of Ig· 

, 
of a -J> of a /0 a 103 

ml r\ ul Le vel "g/lOO Inl A ul Le vel .'lg/100 J1.d 

1737 107 20 95 l83 

(y63 - 130) (129 - 375) ( 03 - 325) 

1 10 99 225 97 176 

( 865 - 299 ) (135 - 375) (121 - 2bO) 

1620 100 232 00 167 

(885 - 2967) (1 1 - 386) 99 - 2(0) 

a mmunog1obulin levels are expre ssed as geometric means ~ The range s given in 

par n hesis , are obtained by t a ~ing the mean logarithm ~ 1 stan ard deviation of 

he ' ndividual g rou and then t aki ng the antilogs of the r esults . 

of 

10 

i05 

0 
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'rA 

L s of ru I ruunogl0 ulins in 340 orillal u jec 5 a iff r en ages 

Le vel of Ig Level of Ig'1 

a % of a 50 of 

I' /100 ml Level hg/l00 ml Ad ul t hg/ l00 m evel 

7 073 3~0 51 172 99 66 177 + 90 -
(.? 5 - 1567) (84 - 285) (77 - 377) 

30 513 0 
.. 

223 124 85 166 + 10 88 
(515 - 5297) {68 - 631) 51 - 36 ) 

9 31 2170 .:!: 128 03 2 7 ~ 184 95 210 + 01 
066 - 5297) ( ~9 - 624 ) (50 - 390 ) 

10 37 1755 .:!: 1027 84 251 ~ 167 96 Ib9 .:t 118 101 
( 53 295) ( ~ - 417) (62 - 608 ) 

11 37 2178 ~ 1162 104 226 + 109 87 I bo + 98 ~6 

0 13 - 9289 ) (48 - 444) ( 74 - 562) 
12 18 2586 .:: 1387 123 21 2 + 9 81 179 .:t 93 95 

(585 - 5675) (44 - 440 ) (62 - 450) 
13 32 21 86 ~ 1317 104 267 .:t 165 102 192 + 101 102 -

(41 8 - 6235 ) (98 .:: 668) I (94 - 425 ) 
14 20 1733 + 1076 8) 276 .:: 136 106 195 + 95 104 

I (47 8 - 4805 ) (96 - 551 ) (96 - 387) 
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1 

ul 

ov ) 

23 

T BLE III 

(Con I ) 

vel of IgG .um r 
0 % of % of 

':;u J a 
C 5 

j·g/l00 ml l'g/100 ml dult Le vel 

1 2 2010 1276 96 245 + 117 9 212 .:!: 12 -
(77 - 4805) (67 - 505) ( ~7 - 502 ) 

25 1895 + - 853 90 251 + 125 6 1 + b -
(611 - 395) ( 67 - 574) ( ~3 - 39 ) 

82 2 00 + 1310 1 00 261 ..:t 146) 100 Hs8 .:!: 103 -
(586 - 5333) (100 - 640 ) (61 - 535) 

a 
r ithmetic means + S . D. a re p r esented he r e . The S t andard deviat ions ( ' . D) 

r e the actual Stan ard deviations of th e individual groups . The range s , giv en 

i n parenthesis are he act ual observed ranges . Compar ison of this t a ble with 

Ta le - I will show how muc h diffe r ence t he Geome tric and Ar ithematic ~eans have . 

7b of 

1 

113 

06 

100 
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£1 G U R E 2 The bro.ken li nes(-H .) show the mean value s 

obtained from tab l e U. Th~ bold lines show upp rand • lowe r boun dr ies obt a i ned by tak i ng t he mea n log 
~ 2S.0 . of t he indiv i dua l gr oups a nd then t o ing the 

a n ti logs of the r su i t s . This Igu re shows how w i de he 
ranges of the I mm unoglobulin l vels ctre . 
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mmunoglobulin Levels i n Indi vi duals 

~ignifican ce 

I Level I g evel of dif . 
/loo mla from Nor mal } / 100 m.l a from l ormal 

Sub'ec s ub ' ects 

52 1 5 N.S . 240 .1.4 • ;3 • 17 

(885- 3130) ( . 2) (154-372) ( . 1 ) (104- 293) . 5) 

10 1334 fj . S . 23 1 • S . 140 I • . 
(784- 2267) ( p /' 0 . 5 (157-354) ( P > 0 . 5) (105-1 89 ). ( .> 0 .1) 

1 136<j . .::) . 217 1 • .s . 185 1 • S • 

Trichur i s (558-3186 ) ( p ;> 0 . 5) (138-31t.L) (p >0. 5) (114-303 ) .C ~ 0 . 5) 

St~ongyl oides 4 201 ~ 

• i:> • 141 9 N. S . 304 N.S. 

(656-3074) (p> 0 . 5) (249-372) ( p ~ 0.1) (153-263) ( P:> 0 . 4) 

Giardia 9 1199 i~ . Q. 239 N. S. 155 N. S . 

( 627 - 2279) (p > 0.5) (159-360) (p ;> 0.5) (99 - 241) . (p> 0 ·. 4) 

lormal 50 1374 214 17 2 

. Subje ct s (423-4464 ) (130-353) (147-241) 

a jv e a ns and ranges are obtained as i n Table rI". 
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I 

Ing/l00 ml · 

1 s a 57 1 0 2 

( 957 - 3392) (1 3 - 21) 

00 a C'v 57 1850 2 9 

10 45 - 327 ) (1 56 - 3 82 ) 

.:> ifi ca c of iffe r e n ce • Li • 

p ~ 0 · 5 > 0 · 5 

• 11 6u je c ts are o f a ge s 9 a n a bove 

• • ~an va l u e s a r e g e omet r ic me a n s and t he ranges , in par enthesis , a r e 
obt a Oned as i n TABL~ I I 

/100 1ll1 · * 

176 

(110 - 283) 

16 

( 10 - 259) 

p .> o . 
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II 

, h values ~n 0 

r Co r y ace I / 100 ml I . g/ 00 ml Ig', ,g/ 100 ml 

ishb n (2) l co (t-.ex ico) l' x e 38 1456 20 92 

(700 - 2520) (108 - 450) (49 - 1 59) 

( ) Congo Black 11 2 2151 Ib9 1 1 

ego Fish e i (2) t- x ico , Nex i co !' i x ed 3 0 (1135 - 52 20) ( 70 00 0 2 7 ) 

go i 'a & 5 n ( 2 ) ' ex co , ?-exi co Hix e d 38 1456 20 92 

city (700 - 2520) (l.Od - 450) (49 - 159 ) 

5 (79 ) e \ ' uinea on - atut 30 1549 215 23 8 

Abori gine (870 - 2560) ( 68 - 564) (6 ~ - 575) 

. 'atut 1 2 1 91 9 146 47 8 

Abori gine (1370 - 2640) (86 - 400) (~7 -1 650) 

a rla ne (60) Ti gerian Black 65 3657 237 1 21 

0097 - 3937) (157 - 317) ( 55 - 177) 

en s an Ga11ang o (7) Venezue l a Mixed 36 1 647 285 74 

( 1197 - 2222) (13 5 - 450) (35 - 210) 
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1 

(C o ' d) 

r 
~ o n ry ac g t-lg/100 ml I rl • g/1 0 ml 

,hi e 23 82 2 5 
l ack 7 1372 3 9 

( ) u. . 'u xe 31 5 1045 70 

(710 - 1540) ( 60 - 90) 

E hie ia 
a 

Black 326 1 700 2 7 

(781 - 36 3 ) (105 - 27) 

a 11 the v alues are ad ul t v a l ues , bu t s i nce no signi fi can t difference 

is faun between th e ad ul t and chi l d r en abov e the age of 8 i n t his - t udy , 

t h e me a ns and r a n ges age combined f or the ~ t hiopian 3ubjects . 

Ig J / 00 ml 

75 

88 
90 

<37 - 261) 

1 9 

( 81 - 325) 



C r e ly se fere ce Valuea
a 

ue 0 tai e from this study 

3 

g/lOO ml 

800 - 800 

781 - 3613 

(1700) 

00 ml 

90 - 50 

105 - 427 

(217) 

60 - 250 

70 - 280 

81 - 325 

(169) 

1 

aCopied f r om Cent r a l Laboratory and Res ear ch I n s t itut e (C . L . R. I . ) , Ilumuno l ogy 

3ection Clinical finding s rtcport She e t . 

bThe va l ues in parenthesis a r e ge ome t ric mean v alues , of ages 9 and abov e 

for I gG , ages 8 and above for IgA , and ages 7 and abov e f or IgM. The r a nges 

are 0 tained a s in ThBL~ II . 
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TABLE X 

Su ested Reference values fo r Ser um I 
e 

i n Healthy Et hiopia 

AGE I G ~lg/100 ml a IgA / 00 ml g , / 00 1 

17008 
217 9 

9 years and above (781 - 3613) 

(390 7588) ( 105 427) 325 ) 

52 - 862) 578) 

1228 2 7 

8 years (647 - 2333) 

(340 - 4433) ( 105 27) (8 325) 

(52 - 862) 578) 

882 176 1 9 

7 year s (527 - 1476) 

<315 - 2471) 0 - 02) (8 25) 

66 - 572) 78) 

mean va lues a re expressed as geome tric m n6 . Th r an sip r nth s 

a re Mean + 1 S . D. and Mean 2 S. D. 0 t in d siT 1 II 

respectively _ 

Fi r 2 
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DISCUSS IO 

The da t a ob t a ined from the measur me of co io e of 

IgG , IgA and IgM show a r a ther bro d r n e . Such r eaul a e 

expected . In f act the r ange of values f or s rum immu 0 10 ul i ns 

in " normal" subjects is so wide ha s ome i mes he i g os ti c 

va lue has even been questioned (70) . How ver wh n hese e s 

a re presented in geometri c means the r an es b co 0 arro r h n 

the absolut e r anges . For instance , the r nge of IgO l ev 1 a 

a ge 11 i n Tabl e III is 313 - 9289 m /1 00 mI . Th hi hes val ue 

here is about 30 times the lowest one . The sam va lue p es en t ed 

a s geome tric mean ! 2SD would show a narrower r an e of 4 0 -

7062 mg/100 ml, and the highest value is only a bout 8 times he 

lowest one . Therefore it is eviden t t ha t he eome r ic me n 

! 2 S. D. range is narrower than the absolute r a n e . Thi s 

h a ppens because the geometric mean is not very much f e e e by 

extr eme va lues. For r easons th t will be ex l a ined 1 r on i 

is more appropria t e to ,us e t he geom tr ic m a h 

mean in studies like t hi s here and 10 tran sformin 

he r i hme c 

he v 1 e s 

for st atistic a l analysis is indisp ns bl e , F i lur e 0 consi r 

the s e f a cts will lea d to erroneous in t er r et t i ons 0 bo h 

r e searc h da t a involving immunoglobul"n l evels a nd/ or r 

results used for clinical purposes . 

Tabl e II and III a r e basic ally he s ame exc ep h 10 

II presents the da t a in geomet r i c me ns d m A S . • her s 
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Tab l e III ~hows arithme t ic me ns h bsolu c 8 . CIS 

ing both da t a is advant ag ous . For 0 e e ric 

is no t a s widely known as t he ar i hme i c h me n , s pr B 

the arithme tic me an can give be er i e 0 0 e ho is 0 

familiar wit h the ge ome tric mean . The 0 r hin i s ha h 

absolute r anges give an idea of how low or hi 10 ulin 

val ues c an be i n normal popul a tions . Un er s ower 

and uppe r limits of immunoglobulin levels i i s 

particula rly import an t while cons idering immunod icie cy c Bes 

like hypo - and hyper-gammaglobulinemi a . As sown i i re 2 

the lower limits of immunoglobul in level s are less v rO a bl 

than the upper bounds. The possible expl an i o fo r this is 

the f a ct tha t ther e a re mor e f actors which contribu c 0 in -

creas ed immunoglobulin levels, like environmen t 

disease , e tc., than f actors which r es ul t in d crcasin th m. 

It is clear tha t one nee ds to consider both the mea s and he 

r a nges of i mm uno globulin levels whil e consid r in cli ice l 

c a s es. Although the mean! S. D. r ange , which co oi 5 only 

h 

n 

68% of the population value , is more commonly us 

mean + 2 S ~ D . which is said to include 95% 0 h 

va l ue (72) , sinc e the va lues obtained fro m th is s u 

to pr ovide base line data for l evels of immuno lobu 

country both kinds of r ange s are pres ented . 

a en e 

The results of this study show that imm no 10 

a r e a ff e ct ed a t cert a in age s. , As evident f r om 

5 h 

1 1 

II h I G 
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l e vels at 7 and 8 ye a r s of a e ar e 0 y 54 

l e vel r espec tively . 

d 76 of h 

The se a r e signific antly low er t h n h~ n ul le els . This 

indic a t e s that t he IgG level do es no re ach e v 

a fte r the age of e ; gh t . The I All 7 ~ g eve a yeA e is 76~ 

of the a dult l evel whi ch is again si nific ly 0 r he he 

adult l evel . Thi s also shows that the I A 1 vel does no 

stabiliz e until a ft er the age of sev en . These wo din S are 

a lmost par a llel to the r esults of the study of Buck Y t 1 . 

(14) who r eported t hat IgG reaches adult l eve l a he e of 

il 

6 a nd adult IgA level is r eached and preserved by age 7 nd b yon 

Others have variously st ated tha t I gG r eaches the a ul leve by 

s t ; nd 
the 1 to 2 year (4) , the second year (2 ) , the third year 

(81) , t he fiIth year (43) , 15 t h to 16 t h year (57 , 74) c . IgA 

is a l so r eport ed to r each adult level by 9 mon hs (37) , 5 years 

(42 , 81) 4 - 12 years (4 ) of age . 

At this po i nt i t is worth consider ing why her e r e such 

diff e r en t r eports . As pointed out earlie r i this aper , i ­

fer e nces could aris e due to experimental me ho s emp oyed , y c 

d d d t But even if similar x erimen 1 ro -of s t a n a r s use e c . 

cedure s are used, differenc es may sill r 0 xis ue 0 

the us e o f differ ent presentation an s a is ieal hode . 

for of accura t ely e va l tOn Ther e fore , purposes 
mmuno 10 1° 

leve l data from abnormal populat ions i t is n eessar y o o 1y 0 
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obtain abs olut e nor mal valu s , 
5 0 a 

that me aningful sta tis t'c al ... camp riso c 

Di f f erent authors (3, 4, 6, 46) have s 

gl obulins do not con f orm to the nor al Gaus i a i u ion . 

The da t a obt a ined from t his study also show o ar1 hm'c i8-

tribution when t ested by Davies (26) t es . I i or is 

r ea son t hat t he values obtaine d in this s udy w r 10 r s -

forme d for st a tistical analys i s and tha c m 5 

Ga 66 ' n us e d (47). The log trans for med values follo we 

distribution. · In only a f ew previous stu ie 

globulins we r e t he da t a converted to 10 ri hms . 

) 0 immu 0 -

n eas 

ar e approxima t ely normally distri buted and v ri an c s r e 0 nd 

to be approximately equal i n different r oups , c omma ly us d 

st a t ist ical t echniques like the t - t es t are i valid ( 7 , 72) . 

Lack of appropriate st atistical analysis , s uch shone m n ion d 

a bove , i s one sourc e of the mistake made in he i ar m tio 

particularly with r e ferenc e to conclusion 

adul t level s for immunoglobulins ar e r eached ( 4) . 

The l evel of IgM of t he childr en a he a e 0 

not different from the adul t level , nd this au 

adul t level i s a tt ained a t the age of s even or e r 

is s aid to r each adult l evel a t 9 mon hs (8 ) or 

Although this study does no ex c l y el l whc 

l evel reaches the adult level , t he f' din can r 

that I gM r eaches adult l evel ear lier ha e 0 

w 'ch 

even i 

h h 

cr . 

h 
6 

he I ' 

c ct 

o 

ive , 

ee r 
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immunobl obulins. Further t udy has 0 b 
on o d c 

a t which IgM l evel r eaches the adu 
5 a e . Ho he 

of this study show tha t age distinc ion np d 
o m f r 

t he age of 9, 8, and 7 for IgG , I A and I 

interpreting r esults. 

respe e i e y when 

Al t h ough the· IgG leve l at 8 years of e nd e I e Ie 

a t 8 and 9 years of age are signific antl y hi h r 

in males; and the IgG level in males is si ific a ly 'sher han 

in females at the age of 10 , the overall r suIts of his 5 y 

show that sex does not have a significan t ff c on i m no 1 ulins . 

The IgM level in fem ales is seen to be consis en ly h' her han 

in mal es, however this difference i s not statistically si nifiean 

Some authors (4, 66) report ed that t he I level' hi her ' n 

females than in males. Buckl ey and associates (14) , Joh nso 

and collaborators (44) , a nd Ce jka and co-wo r kers ( 9) s es ed 

that the r e was no significant differe nc e betw en s x s. I 

therefore appears tha t immunoglobulin level r e pOBsi y no 

significantly affected by sex and the val ues can b 

sex distinction . But the r easons for the dif f r e ces 0 I G 

levels at age s 8 and 10 and I gM levels a t ag B 8 a 9 et cc 

sexe s obtained here has to be expla ined . Since h r au 

a r e erratic the only expl anation whi ch c n ivan 

probably s ample size or other exper iment 1 rror 0 

furthe r study has t o be carried out d i h se d' f 

are cons istent, then explnations have 0 e 0 ht . h h 
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t he IgM l~vel ~iffgrenc~s be ,wee I; r 110 C 

why 8uch differences occur and whe har or no hee enc 

af f e ct t he i mm une mec hanism of he subj c s 0 be n 

open door fo r further i nves tigat ion ; 

Intestinal parasties are common inhabi Ante of h u 1.n 

normal children i n t he t ro pl.' cs . Th ' ese par S1. 8 m y br i bou 

cert a in physiologic a l a l te r ati ons in h body 0 e hoe 8 . 

Immunoglobulin levels may also be aff ected by par aei e • 

Johansson and associ a t es (44) r epor ted ha i nunun gJ..o.bou.)..i..n 

di ffe rences between Ethiopian and SwediB children were ue 0 

Ascari asis in the Ethiopi ans . The r esults of is st dy do no 

show significant differ ence in immunoglobulin levels 0 wo n 

subjects with Asc aris and the normal subj ects . cFarla (1) 

-a lso reported t ha t elevated s erum immunoglobul i l evels wer 

observed in s ubjects with hookworm anemia . one of h subj c s 

of this s tudy was positive for hookwor m. This is ob ou 

be c ause of the f act t hat ancylostomiasis is n occup tionRl 

infe ction commonly found in moist agricul ur 1 oils . One 

o h fo 
would not expect tha t ancylostomi asis could be 0 

par asites that were found i n the su j cts of his s u y . 
Ther -

fore no comment can be made in r elation 0 
cFa r a n ' e ( 1) s 

men te If int estina l par asi tes l i ke Ascar is 

should have been si nific an diffe r ncee e een h 
levels there 

52 individuals whos e s 0016 w r os t' ve fo 
lev e ls i n the 

jec s . The i f r nco () drR 

ova a s compared to t he normal su 
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f rom this r esult is tha t th ' , e p r a ~ ~c in ee io s sho Ta 

V do no t affe ct IgG, IgA or IgM lev 1 e s . 

Socib~economic stat us d~ff 
~ erences amon su jec s of h's 

study did not show signi fic ant d;ff ' 
~ er ences ~n e immuno 10 ulin 

levels . This finding agr ee s wi th the re por s o f L'c rna 8 d 

co-workers (52, 53) whic h asser ted tha gammaglob lin lev ls 

we re not a ffected by social class (socio - ec onomic s au) . 

However the possibility remains tha t thi s f ac or may pl y 

r ol e in affe6ting t he immunoglobulin levels in aS80cia ion 

with othe~ socio~cultur al factors . 

As the aim of this study was to de mons r a e im uno 10bu1in 

levels~ the question of the effect of parasi ic inf ction 80cio-

e conomic status, etc. nee ds furt her study . However , h imm 0 10-

bul in levels in he althy Ethiopi an school childr en w r e not 8 f ec od 

by s ex, int~stinal parasites, or so cio-economi c s a us . Th re f ore 

it is possible to suggest a working fr amework of r e er ence values 

of immunoglobulins which can be us ed in Ethiopi a and 0 her a reas 

wi th similar environment al conditions without maki g any dis inc -

tion of sex, $ocio-e~onomic status, or p r asitic infec ion . 

The ~~rum immunoglobul in l evel values for iopia ns 

compare d wi th value s from othe r populations clearly in ica e hat 

diff~rences~xist. For inst anc e the IgG le ve s 'n E ' opia s i8 

below ~he values for Congole s e or Nigerians . The hi h v 1 es fro , 

Con go and Nig~ ri a may be due to the prevalence 0 m 1 r ia n be 
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regions. Thus Ethiopians l iv ing i n t h l owlan i on he r1 

is found may have higher IgG va lues , pro bably n h i ge 

or Congoles e than to the values s hown he r e . r isone e ;, 

and conclusive statements cannot be made rom h s Iu B of v 

other populations for t he experimental me ho , choice of subjec 8 

stat is ti ca l analysis, etc . could be very di f f erent r om he 0 eo 

used in t his study. However the comparison s ho ws ha s 'mil r iti B 

and differences exist among values of differ ent opula io s a nd 

thus the reference va lue of one r egion canno t b use or ana her 

6 

one without discrepancies ~ The r efore t he i dea a s abl i shin norm 1 

values for every population is not ques tionabl e . 

Finally it is important to comment on the normal r ef r nee 

values used in Ethiopi a a t the moment , i n t he Ii ht of he f indings 

of this study. The reference value s bein g us ed i n his coun r y a 

the moment for clinical services a re qui te di ff ere r om h 

results of the present study. The IgG and I values of he 

e rence a r e much lower than the values obt a i ned f rom hi s s udy . 

No wonder, the so called referenc e va l es m u~ hav ee 

tb k 'o~ commercial RID pIa es ' i ns ruc ion copied from a tex 00 

show l eve ls of Caucas i ans in Am er ic a or Eur o e . leaflets, which 

l.· t l.·s appropria t e to drop t hese r e f er ence val The r efore , 

!-

s 

and use the suggested r e fer enc e values ob t a ined r om his s u y . 

all the samples of this st udy wer e Ho we v er, as 
aken f r om ddi s 

nee d to be car r i d ou t to fi nd ou Abeba , more studies 
he her 
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r egi ons . Thus Ethiopians livin in h h r on 

is fo und may have hi gher I gG va lues , probably n 0 

or Congolese t han to the values show here . rec 80n6 

and conclus ive s t atements cann ot be mad rom h s v lu 8 0 

ot he r populations for t he experim en t al me , choic of subj c 6 

s t a tisti ca l ana lysis, etc . could be very of erent rom h 0 eo 

used in t hi s st udy . How ever the compar ison s OW8 he sOmil r i i B 

and differenc es exist among val ue s of dif f eren opl.l.la io s nd 

thus the r efe r ence va l ue of one r egion canno b used or ana her 

on e wi t hout dis c r e panci e s ~ Ther efore the idea 0 s a lOshin or 1 

values f or ever y popula tion is not questio abl e . 

Fi nally i t i s important to comment on the normal ref r nc 

values used in Ethi opia a t t he mom ent , i th Ii h 0 he in in s 

of this s tudy. The r e f er ence values bein us ed in his coun ry a 

the moment f or cl i ni ca l s erv ic es are quite dif ere rom h 

r esults of t he present st udy . The I gG and I values of h 

er en ce a r e muc h lowe r t ha n the values obt ained f rom his s udy . 

No wonder, the so ca l led r ef er ence va l es m S hav bee 

copied f rom a t extbo ok ~~ commercial RID la Sf i s ruc ion 

show l evel s of Caucasians in Americ a or Euro e . 
l eaflet s , which 

!-

l.°t l.° S appropria t e t o dr op the se ref r nc Ther e f ore , 
v 1 s 

r e f er ence values obtained am h s s u y . 
and us e t he s uggested 

of this st udy ere aken fro ddis 
However, a s all the s ampl es 

carri d out o Cn a e h r 
Ab e ba , more s tudies need t o be 
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differences in immuno globulin levels exis b n n e 0 

Addis Abeba and others living u d r if er n ironmc 1 

conditions , and in the mean time th 6U es d r _ renee 

v a lue for IgG, Ig A and IgM concen t r a io s i e IX e n b 

used for the Ethiopian popul ation in Ad is Abe a or s i mi r 

towns of the same environment . 
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