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Abst r ac t 

Se rum conc ent r ation s of immunoglobulins 19G, 19A and 19M in 

258 h ealthy Et hiop ian school children and 82 healthy a dults resid­

ing in Addis Abe ba were measured by the r adial immunodi ffusion 

t ec hnique . The r esults a r e presented as geometric mean values 

in mg/100 ml a nd as percen t of the adult mean val ues. A statis - • 

tical analysis showed that the 19G a nd 19A concent r a tions at 

ages 8 and 7 r e spectively wer e lower than the a dult values . The 

infe renc e drawn from these r esults is that the 19G and 1 9A l evels 

do not r each the adult l e v el until a fter the age of 8 and 7 

r espective l y . In c ontras t the 19M l e vel was found to re ach t he 

adult l e v e l befor e the age of 7 . No truly significant differences 

we r e observed in immunoglobulin l eve ls which could be attributed 

to se x , intestinal pa rasitic infection or socio-economic status . 

The mean values for IgG and 19M obtaine d from this study were 

found to be higher than the r e ferenc e values being used in the 

country a t th e mome nt. I t is thus suggest e d that me an immuno­

globulin conc entration val ues obtained from this s tudy be used 

as r e f e r ence values until furth e r stud y is made and more r e fined 

r e f e r ence va lue s ar e set . 



1 . INTRODUCTION 

The measurement of immunoglobulins IgG , IgA and IgM in 

huma n ser a is a common proced ure in clini c a l l abora tories and 

is us e f ul bo t h for clinical and research purposes. Data provided 

by measurement of immunoglobulins a r e important for the diagnosis 

of different kinds of diseas e . But due to the fact tha t th e 

r anges of serum immunoglobulins va ry in populations of d i fferent 

countries , valid concluSions cannot a lwa ys be drawn from inter­

pretations of r e sults ; unl e ss the results a r e evaluated in the 

light of normal ranges of the populations under considerat i on . 

It is! the r efor e , import a nt for different populations to have 

thei r own no r mal v a lue s for r e f e r en ce . The obj e ctive of this 

study is thus to establish norma l val ues of serum immunoglobulins , 

namely I gG , IgA, and IgM, i n Ethiopi an school childre n residing 

in Addis Abeba. 

Like al l other norma l v a lues for physiolog ica l a nd biochemic a l 

para me t e rs , the e stablishme nt of normal values for immunoglobulins 

i n a g iven p opula tion is importan t from two points of view . 

First , suc h va l ue s a r e of clini c a l import anc e in the identif i c a tion 

of a bnor ma l i ti e s; and , secondly , i f the normal range s are fo und to 

be different from that reported in othe r countries thi s wi ll l ead 

to fur ther studies to elucidate the causes for the differences. 

The norm a l v a lues quoted most of the time for immunoglobulin 

l evels a re the normal v a lue s of Caucasians living either in Europe 
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or North America . But there is a high incidence of raised immuno­

globulin levels in Afric ans compared with Europeans or North 

Americans (17, 22 , 38 , 60, 77) . Therefor e Caucasian normal 

immunoglobulin values cannot be used for Afri can populations. 

Even the existing reports on the immunoglobulins of Africans 

may not be useful for other Afric an countries , for the very 

reason that conditions vary from one African region to anoth er 

bringing about differences in the immunoglobulin levels. It is 

thus important to determine immunoglobulin levels in healthy 

Ethiopian school childr en residing in Addis Abeba and elsewhe r e 

in order to provide normal values which will be used as reference 

values in interpreting quantitative immunoglobulin estimations 

of patients. 

Before going into the details of how this study was carried 

out, it may no t be out of place to give' some background knowledge 

of what immunoglobulins are and to further discuss why normal 

values for immunoglobulins have to be established . 

1 . 1. Immunoglobulins: St ruc tur e , Properties and Functions 

The word "immunoglobulins" (Igs) which was first proposed 

by Hermans in 1957 (34) has been given many different kinds of 

definitions. But the 1964 definition WHO (82) gave seems to be 

the most widely used. This definition of immunoglobulins 

follows:-
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"Immunoglobulins a r e prot eins of an imal origin endowed 

with known an tibody ac tivity, and certain pr o t eins r e lated 

to the m by chemical struc t ure a nd hence antigen ic specificity 

•• •• • ••••• ...•. .. .•••.. ....••.. Immuno globulins are not 

r estricted to the plasma but may be found in other body 

fluids of tissues , such as urin e , spina l fluid, lymph 

nodes , spleen, e tc. Immunoglobulins do not include the 

componen ts of the complement system. " 

The structure of the bas ic immunog lobulin molecule consis ts 

of f our polypeptide c hains , two ide ntic a l heavy chains and two 

identica l lig ht chains, joine d to eac h othe r by a v ari ab l e 

numbe r of disulphide bonds (s ee Figure 1). 

Five classes of immunog lobulins a r e commonly identifi e d in 

normal human serum b a s e d on th e h eavy polypeptide chain diffe rences 

(68). These classes are d es i gna ted by the l etters G, A, M. D 

and E pr e c e d e d by the abbrevi at ion I g , indicating their immuno-

globulin func tion or ~ -indi cating the ir e l ec trophoretic mobility 

a s gamm a globulins ( 82) . 

A sepa r a t e subdivision of human immunoglobulins is ma de o n 

the b asi s of diffe r e nc e s in the light polypeptide . chai ns . Two 

forms of light cha i ns a re recogniz ed and are iden tified ,as 

"Kappc" and "La mbda " chains . Immunoglobulins with " Kappa" chains 

a r e type K and molecules wi t h "Lambd a " chains are type L. The 

features th a t distinguish type-K from type-L a r e independent of 

th e f eatures that ident ify the long polypeptide c h a ins . Only 

-, 
1 
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one of the two classes of the light chains , K or L , is found in 

a given immunoglobulin molecule . That is to say some 19G molecul es , 

for exampl e , a r e type - K and others are type-L on the basis of 

the pa rticular light polype ptide chain they have. 

Each class o f human immunoglobulin can be identified by 

specific antiserum raised against it . These antise r a , which 

r eact with the specific antigenic d e terminants, also permit 

quantit a tive determination of each form of immunoglobulin . 

Each immunoglobulin h e avy polypeptide chain h~s distinct 

st ructur e , properties and biologic functions. Some of these 

properties of immunoglobulins IgG, Ig A and IgM a re summ~ rized 

in Table I . 

The following comments are just supplementary information 

on the properties and functions of immunoglobulins 19G, IgA and 

19M. 

19G:- i s th e only one of the five immunoglobulins known to 

cross th e placent a , (13, 27, 80) . The IgG molecules are act ively 

tr ansport e d across th e placent a and provide the n ewborn with an 

abundant supply of maternal a ntibodies for the first few months 

of the neonat a l period . 19G molecules seem to parti ~ularly 

a rise in response to soluble antigens , s uch as bacterial toxins , 

and usually appear after an initial r esponse of antibodies in the 

19M cl ass (39) . The neut r alization of the soluble products 

diffusing away from intruding cells seems to be l a rgely the 

~re rogat ive of 19G antibodies . In second a ry immune responses, 



I, 
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FIGURE 1 Schematic r€prl?!>en~otion of IgG molecule shttwing 1he 
relat i vely variablet=:land c on(;tant _regions. V~ and CL 
ar& variable and constant regions on the light chain. VHand eM 
spec,fy vor;able and constant regions on the neavy chain 

Both serum IgA and IgM have similar baSiic structure (':xc_,,1: 
that IgM has pen\americ iSunils) structure Joined by a sin9i e 
T- chain. 
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like ma l a ri a and he lminthic infection ! very large quantities of 

IgG are produced (61) . 

~- Unlike IgG, IgA does not cross the placenta; howeve r 

it contribut e s to the immunity of the newborn by virtue of its 

high concentra tion in the colost rum . Ig A' s most important 

con tribution to the immunity of a n individual is in th e e xt e rnal 

secre t ory system . It is vital in th e defense of the gut a ga inst 

the ent e rovirus (10). The ove r a ll e vide nc e collected by Hermans 

(36) shows that IgA plays a ma jor rol e in ac ting as " ant isepti c 

paint" of the mucous me mbra n e . It may function by cove ring 

parts of the s urface of pathogens and thus inhibiting the ir 

a dhe renc e to surface muc osal cells and hence the ir entry to the 

body. 

IgM:- This class of immuno globulins may be r egarded a s the 

most primitive of the immuno globulins (61); becaus e it is the 

first a ntibody that i s produc e d in r e spons e to an an ti gen in 

the primary immune r esponse , a nd bec a us e of the f act that in 

human gest a tion it is the first immunoglobulin to be produce d 

in the fetus in r e sponse to infec tions . IgM is the first line 

o f defense in th e syst e mat ic circul at ion , large qua ntities of 

which a re produced in response to particul ate an tigens like 

thos e of malaria , trypanosomi asis , helminths e t c . (39) . IgM 

in the circulation is c onfi-ned to it and has a major rol e in 

the protection of the same. It may also offe r the s econd 

humoral line of defense infue gut . 
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TABLE I 

Properties of Human Immunoglobuline IgG, IgA and IgM 

CLASS 

Mol e cular We i ght 

Heavy Chain Designations 

Light Chains 

Sedimentation coefficient 

Numbe r of Sub- classes 

r, ntigen binding sites 

Hal f life (days) 

Synthe tic r a t e gm/daY/70 kg 

% o f total immunoglobulin 

Ca rbohydrate cont ent 

I I Se rum conc e ntration , mg/100 ml 

, 
Placental Transfe r 

Cha r acteristic ant ibody 

Propertie s 

IgG 

160 , 000 

K(K )+L()..) 

7S 

4 

2 

18 - 23 

2 .3 

80 

3 

600-1800 

YES 

Precipitins 

a ntitoxins 

Complement 

fixa tion 

Late anti -

body 

The informat ion i n this t a ble was obtaine d from: 

19A 

170 , 000-500 , 000 

K (It) +L(>"') 

7S, 9S , 11S 

2 

2 

5 - 6.5 

2.7 

13 

10 

150 - 500 

NO 

Surface prot e c­

tion 

Secretory anti -

body 

Igl'o 

900,000 

KOO+L()' ) 

19S 

1 

5 (1O) 

5 

6 .4 

6 

10 

60 - 200 

NO 

Agglutinis 

Opsonins 

Lysins 

Compl ement 

fixation early 

on tibody 

Bel anti (9) Bowry (12) Dos gupt a ( 25) Roitt (68) and Fre e dman & Gold (31). 
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1 . 2. Normal Values of Serum Immunoglobulin 

Levels and Factors Affecting them 

As po i n t ed out earl i er in this paper , the establishment of 

local normal val ues of ser um immunoglobulin levels is indispensible 

for the successful detection of abnormalities. But the reported 

normal ser um levels ha ve shown considerable differ e nces from author 

to a uthor. This may be due to variations of methodology , selection 

of subjects , and standards used or variations of analysis of data . 

The various immunological techniques used for the assay of 

immunoglobulins by different a uthors could give differe nt results 

thu s leading to difference s in th e normal value s reported . Unless 

sera a r e ob t ained from subjects free of certain ac ute or chronic 

dise a se, for which immunoglobulins a re known to be affected , the 

results obtained will not be norma l serum levels. The commercial 

standard sera used by different workers could be different unless 

obtained from the same source . This will also con tribute to the 

variations of the r eport e d values . The r efore the main cause for 

the differences of the normal serum imm unoglobulin l evels r e -

ported by different workers , seems to be l ac k of uniformity. 

Other differences of normal values could a ris e due to r eal 

differences between populations. There a r e ma ny factors tha t 

affect serum immunoglo bulin levels and thus cont ribute to 

differences in normal values among populations. Some of these 

f a ctors a r e a s follows :-
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A. Environment 

The development of normal immunoglobulin levels is the result 

of host reaction to his environment . Observations on germfree 

animals indicate that these animals have very low levels of 

immunoglobuli ns (28) , and , therefore , it is believed that the 

environment al challenge is largely what maintains even what is 

called the "Normal" level. Environmental factors like seasonal 

variation , altitude , climate, etc . have been reported for 

affec ting i mmunoglobulin levels in different populations (2 , 60) . 

B. Di seases 

It is not surprising to note that it is typical for all the 

immunoglobulins to show elevations in different diseases , since 

most generalized infections provide multiple antigenic challenges 

through many routes (85) . 

Helminth and protozoal diseases like filariasis (18 , 16), 

schistosomiasis (6, 8 , 17 , 49), ascariasis (44), ancylostomiasis 

(61) , malaria (24 , 62 , 75 , 76 , 83) sleeping sickness (20 , 48 , 59) , 

Chagas ' disease (50, 58) and amebiasis (1) are said to affect the 

levels of one or more of the immunoglobulins. 

Certain bacterial diseases like pulmonary tuberculosis (54) , 

syphilis and yaws (51 , 84) and leprosy (61) are among those often 

reported to increase the immunoglobulin levels. 
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Other diseases like viral infections , liver diseases, autoim­

mune diseases , malignancies like Waldens t ron's macroglobulinemia 

etc . are known to upset the immunoglobul i n levels in man . 

C. Sex and Age 

The effect of sex and age on immunoglobulin levels has been 

a poin t of controversy over a long time . Some authors (15 , 66 , 71) 

have reported that females above the age of seven have higher 

IgM levels than males; others (14) believe that such differences 

do not exist . There is also no agreement among different authors 

on the age at which immunoglobulins reach their highest level. 

Many (4, 14 , 38) believe that immunoglobulin levels increase 

until the age of one year for IgM , 7 years for IgG and 16 years 

for IgA. Steihm and Funderbergh (74) reported that adult levels 

of the immunoglobulins are attained at the age of twelve. Again 

others like Buckley and Dorsey (15) stated that the immunoglobulin 

levels do not reach their maximum levels until the age of thirty. 

The effec t of r ace on the serum imm un oglobulin levels is 

also debatable . Buckely and associates (14) reported that no 

differenc es re l ated to race occur in the levels of immunoglobul i ns . 

However Shulman and Gi l ich (70) stated that for ages eix and above 

the immunoglobulin levels in Blacks were higher than in Whites . 
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1.3. Methods and Applicability of Immunoglobulin level Estimation 

The first at t empt to quantitatively survey ser um levels of 

immunoglobulins in disease was report e d by Hermans (35) . To date, 

var i ous immunolog ic a l techniques have been developed for the 

quant it a tive measurements of the th r ee immunoglobulins I gG , IgA and IgM 

( 16 , 29 , 30 , 32 , 33 , 41 , 55, 73, 81) . However the most widely 

used and the mos t economical ass-y at present utilizes the Radial 

Immunodiffusion t echnique (RID) (5 , 11 , 23 , 45). Of the number 

of RID methods that have been described (38 , 61 , 63) the method 

described by Mancini et al. (56) is the most accepted and 

widely used one . 

Applications of the RID procedure for the assay of immuno­

globulins provides data of clinical importance for many diseases . 

It is especially useful as a screening procedure in the detection 

of cert ain immunologic deficiency states, the dysgammaglobuline ­

mias , mult i ple myeloma , Waldenst roms macroglobulinemia and many 

other diseases which are known tou~set the immunoglobulin levels. 

McFarlane (6 1) in his excellent review of immunoglobulins in 

tropi cal countries , gives abou t twenty five different kinds of 

diseases in which serial estimat ion of immunoglobulins can 

provide invaluable diagnostic and prognostic information. 

As pointed out earl i er , diagnostic information obtained 

from the measurement of immunoglobulins must always be interpreted 

in relation to standard normal values . However , it does not seem. 
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justified to speak of normal human immunoglobulin levels that can 

be us e ful for all huma n populations. This is due to the f act 

that immunoglobulin l e vels a r e a ffect e d by changing and persist a nt 

environmen t a l factors , disease , et c . bringin g about wide r a nge s 

o f diffe rences among popul a tions . There fore for a ny given 

individua l living under p articular environmental conditions it 

is possibl e only to say wh e th er or not his immunoglobulin l e vels 

f a ll within the a verage r a nge of the popul a tion v a lu e of the 

region h e live s in (65) . Th i s n eeds the est ablishmen t of 

no r mal v a lues of immunoglobulin l e v e ls for a popul a tion in a 

r egion , a nd that is what this study is a ll a bout. 

I 
I 
i 
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mixture of an tise r a and special noble agar (SIGMA) was to b e 

layer ed . The proper a mount of antisera as determined by A. H. R.I. 

(0 . 3 ml for IgG and IgM and 0 . 2 ml for IgA) was mix,ed with 12 

ml of 2% noble agar in bar bitone buffer . The antisera- agar 

mixtur e was th en l a y e r ed on to th e pre - coated g l ass plate standing 

on a l e ve l ed surface and was a llowed to set . After the agar 

had set 13 wells p e r pla te were cut , using a templ a t e and ge l 

punch whi ch wa s a tt ac hed to a wa t e r vacuum pump wa s used to 

r emove the pieces of agar. Three of these wells were fill ed 

with 10 ml of the stClndard sera of known concentrations 

(dilutions) purchased with the antisera . The r est of tho wells 

were filled with 10~1 eac h, of different serum samples , and the 

p l aces were left in humid chambers for 48 hrs (IgG and Ig~) and 

72 hrs (IgM) to equi librate . Each plate was prepared in duplica t e . 

The plates which form e d precipitation rings after the appr opriate 

time , were washed in Ph osph a t e Buffe r Saline (PBS) for 24 hrs , 

we r e then pressed , dried and stained with Commasie Brilliant 

Blue . 

The di amete r s of the rings were measured with a measuring 

magnifier to the near es t 0 .1 mm. Each duplicate sampl e was 

measur e d and the two r esul ts we r e a ve r age d. A calibration 

curve was cons tructed for each plate by the least squa r e 

technique to fit a l i near regression line r elat ionship be tween 

the log . concentration of the st a nda rd sera, whose concentr a tions 
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MATERIALS AN D METHODS 

Subject s 

Serum s a mple s we r e. obtaine d from 340 (182 wal e s a nd 158 

f e ma l es) a ppa r ently healthy subjects r a nging from 7 - 47 years 

of a ge . 258 (114 ma le s a nd 144 f oma les) of thes e were stu~ ' nts 

going to six schools in Addi s Abe ba ; n a me ly St . Josheph School, 

Nativity Boys ' School , Na zere th School, Ye hiwot Berh a n School , 

Ye k a tit 23 and Medha neal e m El e me ntary Schools . The r e st of the 

subject s ( 68 ma les a nd 14 f e ma l e s) we r e a dult s ; t eac hers a nd 

oth e r pe r sonne l of th e six schools , Univ e rsity s tud en t s a nd 

st a ff . 

Ques tionn a ir e s we re di s tribut e d to al l the volun t ee r subj e c ts 

in which they a nd/or their pare nt s e xplain e d the ir health c ondi­

tion, f r om which the me dic a l background of eac h subj e ct wa s 

e v a lua t e d . Subj e ct s wit h illness for which immunoglobulins were 

like ly to be a ff e ct e d were e xclud e d f r om the s tudy . As we ll a s 

this , the subj e cts we r e int e rvi ewe d a nd the health of each 

individua l wa s judge d on the bas is of fr eedom from complaint s 

' of a cut e or chronic dis eas e and a bs e nce of obvious a bnorma litie s. 

The monthly income of each subj ect and/or tha t of his pa r e nts 

wa s r e corde d . Subj e cts were groupe d a .cording to the ir incomes 

a nd those with monthly income s of Birr 800 a nd a bove , a nd thos e 

with Birr 80 or l ess we r e chose n to be the groups to be c ompa r e d 

to s ee the possibl e effec t of so c io-e conomic status on immunoglobulin 
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levels . These groups , the two extremes , wer e chosen for compa -

rison in the hope tha t if a t a ll any differ e n ce exis ts it will 

b e clearly manifes t e d . 

S t ool s a mpl es were coll e ct e d from a ll the subjects in 

screw c a p bottl e s with 5% forma lin , a nd were e x amin e d for 

parasites using the Ritchie (67) conc e ntrat ion method . 

Serum Sa mple Collection 

2 - 5 ml of Yenous blood was coll e ct e d (dra wn) from one of 

th e a rms of each subject in a n e v a cuated venoj e ct tube by using 

a torniquet . The blood samples we re a llowe d to stand a t room 

temperature for a bout 4 hrs. to congulate . The tubes were 

c e ntrifuged a t 4000 r.p . m. for t en minut es and the sera we r e 

pipet t e d off and were immed iately s tor ed a t - 20
0

C unt i l 

analysis. 

Immunoglobulin Concentra tion Measurement 

Concentra tion of s e rum immunoglobulins IgG, Ig A and IgM 

were de termined by a modific a tion of (40) the r a di a l immuno-

diffusion (RID) method of Ma ncini e t al . (56) utilizing 

commercially a v a ila ble r a bbit ant is e r a specific to human IgG 

(Y-cha in specific); IgA (d.. - chain specific) , a nd IgM (+4- - chain 

specific) manufactured by Be hring Institute (Behringwerke AG, 

Ma rbug, w. Germany)~ This method, briefly , consisted of pre-

co a ting 8 cm glass plate with 0.5% agarose, onto which a 
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levels . These groups , the two extremes, were chosen for compa-

rison in the hope tha t if at all any difference exists it will 

be clearly manifes t e d . 

Stool samples were collected from a ll the subjects in 

screw cap bottles with 5% fo r malin , a nd were examined for 

pa rasites using the Ritchie (67) concent r a tion method . 

Serum Sample Collection 

2 - 5 ml of venous blood was coll e cted (dra wn) from one of 

the arms of each subject in a n evacuated venoj ect tube by using 

a torniquet. The blood samples we re allowed to st and a t room 

tempera ture f or a bout 4 hrs. to congulate . The tube s were 

centrifuged at 4000 r.p.m. for ten minut es and the sera we r e 

pipet t e d off and wer e immediately stored at - 20
0

C until 

analysis. 

Immunoglobulin Concentr a tion Measurement 

Concentra tion of s e rum immunoglobulins IgG , IgA and IgM 

were de termine d by a modific a tion of (40) the r adi a l immuno-

diffusion (RID) method o f Manc ini e t al . (56) utilizing 

commercially a v a ila ble r abbit antisera specific to human IgG 

(Y-cha in specific); IgA (d.-chain specific), a nd IgM (~-chain 

spec ific) manufactured by Behring Institute (Behringwerke AG, 

Marbug , W. Germany); This method, briefly , consisted of pre-

coat ing 8 cm glass pla t e with 0 . 5% agarose, onto which a 
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levels . These groups , the two extremes, were chosen for compa­

rison in the hope tha t if at all any difference exists it will 

be clearly manifested . 

S t oo l samples were collected from all the subjects in 

screw cap bottl es with 5% fo rma lin , and were examined for 

parasites using the Ritchie (67) concent r at ion method . 

Serum Sample Collectio n 

2 - 5 ml of venous blood was collec ted (drawn) from one of 

the a r ms of each subjec t in a n evacuated venoj ect tube by using 

a torniquet . Th e blood samples were allowed to stand a t room 

tempe r a ture for a bout 4 hrs . to congu1ate . The tubes were 

centr ifuged a t 4000 r. p . m. for t en minutes and the s e r a were 

pipet t e d off and were immediate l y stored at - 20
0

C until 

analys is. 

Immunogl obulin Concen tr a tion Measurement 

Concentration of se rum immunoglobul i ns IgG , IgA and IgM 

were de t e rmin ed by a modific a tion of (40) the radial immuno­

dif fusio n (RID) method of Mancini e t al . (56) uti lizing 

commercia lly available r a bbit ant isera specifi c to human IgG 

(Y-cha i n spec i fic); IgA (~-chain spec i fic) , and I gM (~ -chain 

specific) manufactured by Behr ing Institute (Behringwerke AG , 

Marbug , W. Germany)~ This method , briefly , consisted of pre­

coating 8 cm glass plate with 0.5% agarose , onto which a 
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are already known; and the corresponding diameter of the ring. 

These calibrations were used to estimate concentrations of all 

the samples. The detail e d procedure of the experimental work 

is found in Hudson and Hay ' s (40) Practical Immunology pp. 113 -

117. 

For comparative purposes 32 samples of serum we re randomly 

selected and the concentrations of immunoglobulins were deter­

mined by using both commercially available plates (Institute of 

Immuno1ogy and Virology, Torlak - Beograd) and plates made for 

this study. The r esults obtained in both cases wer e not signi­

fic ant ly different from each other. This proved that the quality 

of the plates made by the methods employed in this work a re as 

good as the commercial diffusion plates . 

Stat istical Analysis 

Da t a ob t a ined from this study were tested for logarithmic 

distribution by Davies (26) test. The result showed loga rithmic 

distribution . Therefore al l the values were log. tr ansformed 

and means and standard deviations were calcula ted for the 

logarithmic forms. The logarithmic forms were converted back 

to the original arithmetic form for presentation. Students 

t-test (72) waS used for the evalua tion of significance . 
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RESULTS 

IMMUNOGLOBULIN LEVELS IN NORMAL SUBJECTS 

The dat a presented in Table II show the concentrations of 

immunoglobulins IgG, Ig A and IgM in 340 apparently healthy subjects 

at different ages a s geometric means. The arithmetic means plus 

or minus the standard deviations (~ S.D) of th e individua l 

groups; the % adult levels and the absolute r anges are listed 

in Table III for compa rison with the geomet ric meansl 

Figure 2 depicts the geometric means and the norma l limits of 

immunoglobulins IgG, Ig A and IgM for diffe r ent age groups. This 

figur e shows the normal limits obtained by t a king the means 

! 2S.D . of the individual groups an d then the antilogs of the 

results, which a r e much wider than the r anges given in Table II . 

AGE EFFECTS ON IMMUNOGLOBULIN LEVELS 

The results in Tabl e II indicate that the IgG levels a t 7 

and 8 y ears of age are signific antly lower than the adult level 

(p ~0.001 and p~ 0 . 05 respectively). These findings show tha t 

the a dult I gG leve l is not at t . in ed until a fter the age of 8 

yea rs . The Ig A level a t the age of 7 ye a rs is also significantly 

lower ( p .~ 0 . 05) than the adult level; indic a ting tha t it reaches 

the adult lev e l a t this age an d a t a bilizes the re a fter. Th e IgM 

leve l a t 7 yea rs of age is not different from the adult l e vel 

showing th a t it re ac hes the adult leve l a t least before the age 

of seven . 
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SEX RELATED DIFFERENCES 

Ta ble IV shows the serum immunoglobulin levels in ma les and 

fem ales a t different ages . The re wa s no statistically significant 

difference (p~ 0 .1 ) in immunoglobulin levels that can be attributed 

to sex . However, as shown in Figure 3 , the IgM levels at a ll ages 

wer e found to be higher in females than in ma les. But these 

differences were not st a tistically s i gnificant . 

EFRECTS OF INTESTINAL PAR ASITES AND SOCIO-ECONOMIC STATUS 

The immunoglobulins IgG, IgA a nd Igm levels in individua ls 

with i ntestinal parasites are compa red to Normal sub j ects as 

shown in Table V. No statistically significant differences were 

observed between the two groups. As shown in Table VI immuno­

globulin l e v e ls in two groups of subjects with different monthly 

incomes (socio-economic status) were compa red and st a tistic a l 

analyses showed ha rdly a ny differe nce betwee n the levels of 

immunoglobulin~ of the gro ups, 

COMPARISON OF THE RESULTS OF THE PRESENT STUDY WITH OTHER VALUES 

Ta ble VII show5 the serum immunoglobulin levels in Ethiopians 

compare d with levels report e d in other populat ions . Conclusive 

it a t e ments c a nnot be dra wn from what is shown in the t a ble. The 

t a ble is pree ented only to show the differences and similarities 

of the va lue s b e twe e n popula tions. In Table VIII the norma l 

serum immunog lobulin l e vels reference v a lues being used in 
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Ethiopia at the moment a re compared with values obtained from 

this study. The ranges of IgG and IgM reference values were 

found to be lower than the results of this study , sugges tin g 

that these are not the appr opriate reference values for the 

Ethiopian population . Mean values and two different kinds of 

r anges of serum immunoglobulin levels in healthy Ethiopian 

subjects at different ages are listed in Table IX . These values 

may serve as reference va lues for Ethiopians . 



Number 
Age of 

Subjects 

7 16 

8 30 

9 31 

10 37 

II 37 

12 18 

13 32 

14 20 

20 
'r"BLw II 

Levels of Se rum Immunoglobulins in 340 Normal ,:,ubjects at different ages 

Level of IgG Leve l of IgA Le vel of IgN 

a 10 of a % of a % of 

Hg/I00 ml Aaul t Level Ng/IOO ml Adult Level Hg/I00 ml Adul t Le vel 

882 54 176 76 159 95 
(527 - 1476) (103 - 302) ( 98 - 258) 

1228 76 194 85 143 86 

(647 - 2333 ) (1l3 - 334) ( 81 - 252) 

1721 106 211 91 194 116 

(819 - 3613) (105 - 427) (128 - 293) 

1498 92 219 94 164 98 
(839 - 2674) (129 - 372) ( 98 - 275) 

1696 105 200 86 161 96 
(815 - 3531 ) (1l8 - 338) (100 - 259) 

2228 136 193 83 161 96 
(1221 - 4067) (123 - 304) ( 99 - 261 ) 

1684 104 226 97 172 103 
(1008 - 3382) (123 - 408) (106 - 278) 

1 460 88 252 109 179 107 
(781 - 2731 ) (153 - 408) (1l6 - 271 ) 

I i 

--



Age 

15 

16 

Adult 

(17 & 
above) 

Number 
of 

Subjects 

Level of IgG 

a % of 

21 

TABLE II 

(Cont ' d) 

Level of IgA Le ve l of IgN 

a % of a 70 of 

hg/100 ml Adult Level Hg/100 rnl Adult Lev el :4g/1 00 rnl Adult Leve l 

12 

25 

82 

1737 107 220 95 18.3 

(963 - 3130) (129 - 375) (103 - 325) 

161 0 99 225 97 176 I 
(1865 - 2998) I (135 - 375) (121 - 260) 

1620 100 232 100 1 67 

(885 - 2967) (141 - 386) ( 99 - 2bo) 

alrnrnunogl obulin l e vels are expressed as geometric means . The r a nge s g ive n in 

parenthesis , are obtained by taking the mean logar ithm :: 1 standard de via tion of 

the individual g roup and then taking the antilogs of the resul ts . 

110 

105 

100 

------
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TABL.i:: III 

Levels of "e r um Immunoglobulins i n 340 I'<orwal Subjects at diffe rent ages 

Number Level of 'lgG Leve l of IgA Level of IgM 

Age of 
5'0 of % of % of Subjects a a a 

i'Ig/lOO ml b.dult Level hg/IOO ml Adult Le vel Hg/I 00 ml Adult Level 

7 16 1073 .:t. 3bo 51 172 .:t. 99 66 177 .:t. 90 94 
(515 - 1567) (84 - 285) (77 - 377) 

8 30 1513 .:t. 1109 72 223 .! 124 85 166 + 106 88 

(515 - 5297) (68 - 631 ) (51 - 366) 

9 31 2170 .! 1284 103 247 .! 184 95 210 + 61 112 
<366 - 5297) (b9 - 624) (50 - 390) 

10 37 1755 .:t. 1027 84 251 .! 167 96 lil9 .:t. lIe 101 
(453 - 4295) (6b - 417) (62 - 600) -

11 37 2178 .! llb2 104 226 .:t. 109 87 11:.0 ~ 98 96 
<313 - 9289) (48 - 444) (74 - 562) 

12 18 2586 .:t. 1387 123 212 ~ 98 81 179 ~ 93 95 
(585 - 5675) (44 - 440) (62 - 450) 

13 32 2186 ~ 1317 104 267 .! 165 102 192 ! 101 102 
(41 8 - 6235 ) (98 .:t. 668) (94 - 425) 

14 20 1733 .! 1076 83 276 .! 136 106 195 ~ 95 104 
(478 - 4805 ) (96 - 551 ) (96 - 3(7) 



Age 

15 

16 

Adult 

(17 & 

above) 

23 

TABLE III 

(Cont ' d) 

i~umber 
Level of IgG Level of IgA - Leve l of IgM 

of 
Subjects a % of a % of a % of 

12 

25 

82 

Mg/IOO ml Adul t Level l'lg/l00 ml Ad ult Le v e l Mg/I OO rul "dul t Le ve l 

2010 .! 1276 96 245 .! 117 94 21 2 + 1 24 

(776 - 4805) (67 - 505 ) (67 - 502) 

1895 .! 853 90 251 .! 125 96 199 .! b4 

(611 - 4395) (67 - 574) (b3 - 399) 

2100 .! 1310 100 261 .! 146) 100 Hi8 .! 103 

(586 - 5333) (100 - 640) (61 - 535) 

I 

a Arithmetic means .! S . D. are presented here . The Standard deviat ions (~ . D) 
a r e the ac t ual S tandard deviations of the individual gro ups . The r a nges , g i ven 

i n par en t hesis are the actual observed ranges . Compar ison of this table wi t h 

Tabl e - I wil l show how much difference the Geomet r ic and Arithematic Neans have . 

113 
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1 00 
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FIG U R E 2 The bro.ken linesl---·) show the mean values 
obtained tr~m table ll. The bold lines show upper and 
lower bound[ies obtained by taking the mean log 
! 2S.0. 01 the indivi dual groups and then taking the 

anti logs of the results. This figure shows how wide the 
ranges of the Immunoglobulin l .. vel!> Q.re . 
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:rABL" IV 

Serum Immunogl l" bulin Levels i~ Hales and FeIJal es at different ages 

I 
Number of a a of Ij5J.1 in h.s(100 ",I a 
Subjects 

Level of IgG rng/l00 101 Level of IgA in !<Jg/I 00 ml Level 

. Age 

" 
Significance Signi fi cance 

--;-;, . 'f' .::llgnJ. lcarlce 

hale f"male halo Femal e ~ of diff-erence 1·1ale ,'emale of dil'f~r~nce lV1C11e r'elliale of difference 

b'8tween sexes between sexe s between sexe E 

, 

7 6 10 1111 773 h.3 . 137 205 ~ . G . 145 170 1'0 . 1:" . 

(828 -1490) (437 - 1364) (F ~ v . i) (70 - 272) (59 - 704) (1' > v.l) (95 - 226) (~9 - 290) (1- > 0.5) 

8 14 16 822 1746 201 189 N . S . 103 192 

(606 -1114 ) (909 -3353) (P"- 0 .001) (11 - 364) (116- )07 ) (P :> 0 .1 ) (60 - 154) (114- 322) (F ,: 0 . 005) 

9 [) 23 1137 1983 (p~0 . 05) 196 217 f. . S . 136 220 

(814 -1587) (903 - 4375) (;0,,0.05) (150 - 255 ) (97 - 483) ( p > 0 . 1) (91 - 205) (157-308) (p~0 . 005) 

10 15 22 2019 1867 206 227 1'0 . 5 . 144 180- N . S . 

(6 62 -1775) (1l00- 3168) (pc:o . ci05) (128-339) (130- 395) (p;> 0 .1) (82 - 253 ) (113-286) (P ,,~a . 200) 

11 18 19 1453 1802 N; 8 . 206 191 N.S. 143 180 N.S. 

: (1030- 2048) (736 - 4413) (p :> G.l) (118- 360) (117-311) (P _,:;. 0 .1 ) (92-222) (1l1- 291) (P>O.l) -

12 8 10 1673 2802 N.S. 175 209 fI .S. 154 167 N.:>. 

(913- 3066) (1716-4574) (F > 0.a5) (121- 252) (128- 344) (P > 0 .1) (91- 259) (106-261) (P.>0 . 5) , 

:13 17 15 1644 2105 N.B. 205 254 N . S . 162 184 N .5'. 

(831-3253) (1314 - 3370 ) (1";;'0.2) (117 - 358) (139- 467) (P>O .l ) (103 - 254) (1l6 - 293) (p'>0.4) 

I I I 

, 
, 



Age 

7 

8 

9 

10 

11 

12 

Number vf 
Subjects 

hal e F~male 

6 10 

14 16 

23 

15 22 

18 19 

8 10 

:13 17 15 

25 

TABL"; IV 

Se rum Immunogl r bulin Levels in Males and Females at di ff e r ent ages 

a 
Level of IgG mg/l00 lOl 

I';al& Fe mal e 
.. Signi ficance 
~ o,f diff~rence 

be-t wee n sexe s 

1111 773 

(828 -1490) (437 -1364) 

822 

(606 -lll4) 

ll37 

(814 -1587) 

2019 

(6 62 -1775) 

1453 

(1038-2048) 

1673 

(913 - 3066) 

1644 

( 831-3253) 

1746 

(909 -3353) 

1983 

(903 -4375) 

1867 

(llOO- 3168) 

1802 

(736 - 4413) 

2802 

(1716- 4574) 

2105 

(1314 - 3370) 

( P~ 0 . 001) 

(l'~0 . 05 ) 

(?,&0 . 05) 

(p~0.ci05) 

N.S . 
(p :> 0 . 1) 

l~ . S. 

(F >0 . 05) 

N. J. 

(F')'0.2) 

, , , 

Level of IgA in hg/l 00 ml a a 
Leve l of I.gH in h,,/100 ",1 

Femal e 

137 205 

(70 - 272) (5~ -704) 

201 189 

(11 - 364) (116-)07) 

196 217 

(150 - 255) (97 - 483 ) 

206 227 

(1 28 - 339) (130-395) 

206 191 

(118- 360) (117-311) 

175 209 

(121 - 252 ) (128-344) 

205 254 

(117-358) (139- 467) 

3ignificance 0ig nifica~ce 

of' dii'ft!rcll1Ce lV1d.le r'elliale of aifference 
between -"'s:e=-x'"-e::.:s=-t _ _ _ _ _ -t ____ -t- between sexe e 

i"l • D . 

(.i' > v.l) 

i~ . oS • 

( p > 0 .1) 

r..S . 
(p> 0 . 1) 

1< • S . 

(P :> 0 .1 ) 

N.S. 

(P .. :> 0 . 1) 

!'l . S . 

(? > 0.1) 

N.S . 

(p >0 .1 ) 

l't5 170 

(95 - 2~6) (~9 - 29vl 

103 

(60 - 154) 

1.56 

(91 - 205) 

144 

(82- 253 ) 

143 

(92 - 222) 

154 

(91 - 259) 

162 

(103 - 254) 

192 

(ll4- 322 ) 

220 

(157-308) 

1 80 

(ll3-28b ) 

180 

(lll - 291) 

167 

(106-261) 

184 

(ll6-293) 

I 

N . 5' . 

UJ :> 0 . 5) 

(p~0 . 005) 

N. S . 

(p .. >0 . 200) 

N.S. 

(P>O"l) ' . 

N.S-. 

(?.>0 . 5) 

. N . S . 

(1'->0.4) 

-'--1 



Immber of 
.5 ub ects 

Age 
l'lale , 'emale 

14 11 9 

15 8 4 

1 6 9 16 

68 14 

26 

TABLi: IV 

(Cont' d) 

La vel of Ifi,{l mg/100 ml a Le vel of IgA 
I-

~ :),ignif:w;ance 
I'lale Female of di f fe r ence IJJale 

betwee n sex es 

1283 1711 N. "; . 243 

(604- 2723) (1l88- 2463) (P':>0 . 2) (140- 423) 

1789 1711 1\ . 3 . 1 :>5 

(855- 3742) (1040 - 2814 ) (P ~ .. 0 . 5) ( 86 - 2(2) 

1833 1497 N.". 206 

(961- 3499 ) (826- 2714 ) (P.> 0.5) (146- 291) 

1176 1754 N . ~ . 231 

(1092 - 2888) (876 - 3513 ) (P > 0 . 5 ) (142- 37 6 ) 

a Means and ranges were eo t ained as i n fABLE I I 

N~ S . = Not Si gni f icant 

, , 

Female 

263 

(172- 402) 

269 

( 1~5 - 391) 

236 

( 133- 422) 

236 

(135- 41 0) 

in mg/1 00 ml a Level of Igi'l i n hg/100 ml a 

3 i gni f ican ce 
0f diffe r ellce hal e Femal e of di f fe r e nce 
between Sexes be t we en sexes 

N.:>. 158 210 i"f .s. 
(p> 0 .1 ) (102- 244 ) (1 45- 305) (1' :> 0 .1 ) 

1'< . ";. 126 220 

( p > 0 .1) (97 - 1 65) (126- 3b5) (1' > 0 .05) 

N . .s . 152 205 N • .:j • 

( P > 0 . 1 ) (99 - 233) (1 41 - 298) (P :» 0 . 05) 

N. "' . 162 1 96 N. S . 

(p > 0 . 1 ) (97 - 270) (128- 300) (P >0 . 2) 

- --
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ThBL", V 

Analysis of Immunoglobulin Levels in Individuals with Intestinal Parasites 

No . of 
Significance Signi fi cance .significance 

Type of IgG Level of diff . IgA Level of diff. 19B j"evel of diff . 
Parasite Parasitized Hg/l00 mla from Normal Hg/l00 mla from Normal H~/100 mla from Normal 

individuals Subjects SUb .iects .:iub.ie cts , 

.Ascaris 52 1665 N.B. 240 i' . cl . 174 r,. • .s. 

(885- 3130) (P .> 0.2) (154- 372) (P> 0 .1) (104- 293) (P.>0 . 5) 

1334 140 " 
, 

Trichl!.ri!i; 10 I< . S . 235 N . 5 . 1~ • OJ . 

(784- 2267) (p > 0 . 5 (157 -354) (P > 0 . 5) (105-189) (".>0.1) 

Ascaris 14 136<;. N . " . 217 ~ . .s . 185 N. S . 
& 

Trichuris (558- 3136) (F > 0.5) (138- 341) (P ~ ... 0 . 5) (114- 303) (1'>0 . 5) 

§ t rQllg;(l. Qides 4 1419 N. S . 304 N. S. 201 N . S . 

(656- 3074) (P>0 . 5) (249- 372) (P;"O.l) (153-263) (1':>0.4) 

Giardia 9 1199 l' . S . 239 N. S . 155 N. S . 

(627 - 2279) (P>0 .5) (159- 360) (p "> 0 . 5) (99 - 241) (P > 0 . 4) 

Normal 50 1374 214 172 
Subje cts (423 - 4464) (130- 353) (147-241) 

L 

~eans and ranges are obtained as in Table II . 
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TABLE VI 

Analysis of Serum Immunoglobulin Levels in Subjects' with Different Socio- economic ~tatus 

Family Income per month No. of Subjects IgG mg/IOO ml" IgA mg/IOO ml * * 

Birr 80 or less 57 1801 246 

(957 - 3392) (143 - 421) 

Birr 800 and abcve 57 1850 249 

(1045 - 3274) (156 - 382) 
Significance of difference N. S. N . .3 . 

F ~ 0 .5 P :> 0 ·5 

'All Subjects are of ages 9 and above 

"hean values are geome tric means and the ranges , in parenthesis , a r e 
oHained as in TABLi II 

IgM mg/IOO mI" 

176 
(1l0 - 283) 

164 

(104 - 259) 
N.S. 

P ~ 0 . 4 
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TABLE VII 

Serum Immunoglobulin Le ve l s in Ethio pians Compared with values in ot her population 

Number 
rteference Country Race of IgG Mg/100 ml IgA Mg/100 ml IgH fig/IOO ml 

Subjects 

A. ~egovia & Fishbein (2) Acapulco (~lexico) Hixed 38 1456 209 92 

(700 - 2520) (lol:l - 450) (49 - 159) 

Mi chaux (64) Congo Black 112 2151 H)9 III 

A . . Segovia & Fishbein (2) t-Jexico t Mexico }1ixed 30 (1135 - 5220) (70 - 400 (32 - 470) 

A. S~govia & Fishbein (2) Hexico, hexico l'lixed 38 1456 209 92 

city (700 - 2520) Clod - 450) (49 - 159) 

•• ells (79) New lluil1ea Non- v'!/atut 30 1549 215 238 

Aborigine (870 - 2560) (68 - 564) (66 - 575) 

'liatut 12 1919 146 476 

Aborigine (1370- 2640) (86 - 400) (tl7 - 1650) 
hcFarlane (60) Nigerian Black 65 3657 237 121 

(3097 - 3937) (157 - 317) ( 55 - 177) 
Avends and Gallango (7) Venezue l a Nixed 36 1647 285 74 

(1197 - 2222) (135 - 450) (35 - 210) 



Reference 

Bu. kl&y et al. (14) 

Allansmith et al . ---

The Present otudy 
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TABLe. VII 

(Cont ' d) 

Number 
Count ry ilace of IgG Mg/100 ml IgA Mg/100 ml 

Subjects 

u . S . A. "hi te 23 982 245 

Bl ack 7 1372 349 

(4) U. S . A. Hixed 315 1045 170 

(710 - 1540) (60 - 490) 

Ethiopiaa Black 326 1700 217 

(781 - 3613) (105 - 427) 

akll the values are adult values , but since no significant diffe r ence 

is found between the adult and children above the age of 8 in this study, 

the means and ranges age combined for the ~thiopian 3ubjects . 

IgN hg/100 ml 

75 

88 

90 

<37 - 261) 

169 

(81 - 325) 
, 

,] 
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TABLE VIII 

Comparisio n of Normal Serum Immunoglobulin Level rteference Values 

Being used in the Country at the Momsnt with Values Gbtained 

from this ~tudy 

IgG hg/IOO ml IgA Jlg/IOO ml Ig~l hg/IOO wI 

Currently used Re f erence Values a 800 - 1800 90 - 450 60 - 250 

70 - 280 

Values obtained f r om this studyb 781 - 3613 105 - 427 81 - 325 

(1700) (217) (169) 

aCopied from Central Laboratory and Research Institute (C . L . E. 1-) , llUmunology 

3ection Clinical findings rtcport Sheet . 

bThe value s in parenthesis are geometric mean values , of ages 9 and above 

for IgG , ages 8 and above for IgA,and ages 7 and above for IgM . The ranges 

are obtained as in 'l'"BLi: II . 

i 
, 
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TABLE IX 

Suggested Re f erence values fo r Ser um Immunoglobulin Levels 

in Healthy Ethiopian Subjects at different ages 

AGE IgG ~lg/100 ml a IgA Mg/100 mls IgM Mg/100 ml a 

, 

17008 217 169 

9 years and above (781 - 3613 ) 

<390 - 7588) (105 - 427) (81 - 325) 

( 52 - 862) (46 - 578) 

1228 217 169 

8 year s (647 - 2333) 

(340 - 4433) (105 - 427) (81 - 325) 

(52 - 862) (46 - 578) 

882 176 169 

7 years (527 - 1476) 

<315 - 2471) (103 - 302) (8 1 - 325) 

( 66 - 572) (46 - 578) 
I 

j 

mean values are expressed as geometric means . The ranges in parenthesis 

are Mean + 1 S . D. and Mean + 2 S . D. Obtained as in Table II and Figure 2 

respectively . 



DISCUSSION 

The data obtained from the measurement of concentrations of 

IgG , IgA and IgM show a rathe r broad range. Such results are 

expected . In f a ct the range of values for sprum immunoglobulins 

i n " normal" subjects is so wide that some times the diagnos t ic 

v a lue ha s even been questioned (70). However when these val ues 

a re presented in geometric means the ranges become narrower than 

the a bsolute r anges . For instance , the range of IgG level a t 

age 11 in Table III is 313 - 9289 mg/100 mI. The highest val ue 

here is a bout 30 times the lowest one . The same value presented 

as geometric mean ~ 2,sJ) would show a nar r ower range of 410 -

7062 mg/100 ml, and the highest value is only a bout 18 times th e 

lowest one. Therefore it is evident that the geometric mean 

~ 2 S.D . range is narrower than the absolute range. This 

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

extreme values . For reasons that will be explained later on it 

is more appropria t e to use the geometric mean than the a rithmetic 

mean in studies like this here and log t r ansfo r ming the values 

for st a tistical analysis is indispensable . Failure to consider 

these facts will lead to erroneous interpretations of both 

research data involving immunoglobulin levels and/or similar 

results used for clinical purposes. 

Table II and III a re bas ically the same except that t a bl e 

II presents the d a ta in geometric means and mean + S.D. whereas 
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Table III shows arithmetic means and the absolute ranges . Present­

ing both data is advantageous . For one thing the geometric mean 

is not a s wide l y known as the a rithmetic mean , and thus presenting 

the a rithmetic mean can give a better idea to one who is not 

famili ar with the geometric mean . The other thing is that the 

absolute r anges give an ide a of how low or high immunoglobulin 

values can be in normal populations. Understanding the lower 

and upper l imits of immunoglobulin levels in a popul ation is 

par ticular ly important while considering immunodeficiency cases 

like hypo - and hyper-gammaglobulinemia . As shown in Figure 2 

the lower limits of immunoglobulin levels a re less variable 

than the upper bounds . The possible explanation for this is 

the fact that there arc mor e factors which contribute to in­

creased i mm unoglobulin levels , like environmental factors , 

disease, etc ., than f actors which result in decreasing them. 

It is clear tha t one needs to consider both the means and the 

r ange s of immunoglobulin levels while considering clinical 

cases . Although the mean.! S . D. r ange , which contains only 

68% of the population va lue, is more commonly used than the 

mean + 2 S.D . which is said to include 95% of the population 

va lue (72) , since the values obtained from this study a re intended 

to provide base line data for levels of immunoglobulins in the 

country both kinds of r ange s are presented . 

The results of this study show that immunoglobulin l e vels 

are a ffect e d at certain ages . As evident from t able II the IgG 
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l e vels a t 7 a nd 8 years of age a r e only 54 and 76% of the ad ult 

l ~vel respectively . 

These are s i gn i ficantly lowe r than the adult levels. This 

indi c a t e s that the IgG l e v e l does not r each the ad ult l e ve l until 

a fter the age of e i gh t . The IgA level at 7 years of age i s 76% 

of the a dult l evel which is aga i n significantly lower than the 

adult level . This also shows tha t the Ig A level does not 

stabilize until a fter the age of seven . These two findin gs a re 

a lmost p a r a ll e l to th e results of the s tudy of Buckley et a l . 

(14) who r eported that IgG r eac hes adult l e vel at th e age of 

6 and a dult Ig A level is re ached and prese rved by age 7 a nd beyond. 

Others have v a riously stated that IgG r eac hes t he adult l evel by 

s t nd the 1 to 2 year (4), the second y ear (21), the third year 

( 8 1 ), the fi~th y e ar "(43), 15 th to 16 th year (57, 74) etc . I gA 

i s also r eport ed to r each adult level by 9 months ( 37) , 5 years 

(42, 8 1) 4 - 12 years (4) of age . 

At this point it is worth consideri ng why the r e a r e such 

diffe r en t reports. As po i nted out earlier in this paper , dif -

f e r ences could arise due to e xpe rimental methods employe d , type 

of standards used etc . But even if similar e xpe riment a l pro -

cedures a r e used , differences ma y still ap pear to exist due to 

the use o f different presentation and statistical methods . 

The r efore , for purposes of a ccura tely evalua ting im"munoglobulin 

l e v e l dam from abnormal populations it is necessary not only to 
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obtain absolute normal values, but also to analyze the data so 

that meaningful statistical comparisons can be made. 

Different authors (3, 4, 16, 46) have stated that immuno-

globulins do not conform to the normal Gaussian distribution. 

The data obtained from th·is study also showed logarithmic dis-

tribution when t es t ed by Davies (26) test . It is for this 

reason that the values obtained in this study Were log trans-

formed for statistical analysis an d that geometric means were 

us e d (47) . The log transformed values followed a Gauss i an 

distribution . In only a few previous studies (3 , 14) of immuno-

globulins were the data converted to logarithms . Unless data 

are approximat ely normally distributed and variances a re found 

to be approximately equal in different gr o ups, commonly used 

statistical techniques like th& t-test are invalid (47, 72). 

Lack of appropriate statistical analysis , such as the one mentioned 

above , is one source of the mistake made in the information given , 

particularly with reference to conclusion about ages at which 

adult levels for immunoglobulins are reached (14), 

The level of IgM o f the children at the age of seven is 

not different from the adult level , and this suggests that the 

ad ult level is attained at the age of seven or earlier. IgM 

st 
is said to reach adult level at 9 months (81) or at the 1 year 

(3). Although this study does not exactly tell when the IgM 

l evel reaches the adult level, the finding confirms the fact 

that IgM reaches adult level earlier than the other .two 



immunoblobulins . Further study has to be done to detect the age 

at which IgM level reach es the a dult stage. However the results 

of this study show that age distinction need not be made afte r 

the age of 9, 8, and 7 for IgG, IgA and IgM respecti~ely, when 

interpr eting r esults . 

Although the IgG level at 8 years of age and the IgM levels 

a t 8 and 9 years of age a r e significantly highe r in females than 

in ma l es; and the IgG level in males is significantly higher than 

in females at the age of 10 , the overall r esults of this study 

show that sex does not have a significant e ff ect on immunoglobulins. 

The IgM level in females is seen to be consis tently higher than 

in males, however this difference is not statistically significant. 

Some a uthors (4, 66) reported that the IgM level is higher in 

females than in males, Buckley and asso ciates (14), Johanson 

and collaborators (44), and Cejka and co-workers (19) suggested 

that there Was no significant difference between sexes. It 

therefore appears that immunoglobulin levels are possibly not 

significantly affected by sex and the va lues can be used without 

sex distinction . But the reasons for the differences of IgG 

levels at ages 8 and 10 and IgM levels a t ages 8 and 9 between 

sexes obtained here has to be e xplained . Since these results 

are err atic the only explanat ion which can be given now is 

probably sampl e size or other experimental errors; or else 

further s tudy has to be carried out and if these differences 

are consistent , then explnat ions have to be sought. Although 
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the IgM level differences between the sexes arG not significant, 

why such differences occur and whether or not these differences 

affect the immune mechanism of the subjects remains to be an 

open door for further investigation; 

Intestinal parasties are common inhabitants of the gut in 

normal children in the tropics . These parasites may bring about 

certain physiological alter ations in the body of the hosts . 

Immunoglobulin levels may a lso be affected by parasites. 

Johansson and associates (44) reported that immunoglobulin E lavel 

differences between Ethiopian and Swedis h children were due to 

Ascariasis in the Ethiopians. The results of this study do not 

show significant difference in immunoglobulin levels between 

subjects with Ascaris and the normal subjects . McFarlane (61) 

also reported that elevated serum immunoglobulin levels were 

observed in subjects with hookworm anemia . None of the subjects 

of this study was positive for hookworm . This is obvious 

because of the fact that ancylostomiasis is an occupational 

infection commonly found in moist agricultural soils . One 

would not expect that ancylostomiasis could be one of the few 

parasites that were found in the subjects of this study. There­

fore no comment can be made in relation to McFarlane'S (61) state­

ment. If int es tinal paraSites like Ascaris affected immunoglobulin 

levels there should have been significant differences between the 

levels in the 52 individuals whose stools were positive for Ascaris 

ova as compared to the normal subjects. The inference to be drawn 
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from this result is that the parasitic irifections shown in Table 

V do not affect IgG , IgA or IgM levels. 

Socio- economic status differences among subjects of this 

study did not show significant differences in the immunoglobulin 

levels . This finding ag r ees with the reports of Lichtman and 

co- workers (52 , 53) which asserted that gammaglobulin levels 

were not affected by social class (socio-economic status) . 

However the possibility r emains that this factor may playa 

rol e in affecting the immunoglobulin levels in association 

with o t her socio-cultural factors . 

As the aim of this study wa s to demonstrate immunoglobulin 

levels , the question of the effect of parasitic infect ion, socio­

economi c status , etc . needs further study. Ho wever, the immunoglo ­

bulin levels in healthy Ethiopian school children were not affected 

by sex , intestinal parasites, or socio - economic status. Therefore 

it is possible to suggest a working framework of reference values 

of immunoglobulins which can be used in Ethiopia and other a r eas 

with similar environmental conditions without making any distinc­

tion of sex , soc io-economic status, or parasit i c infection . 

The serum immunoglobulin level values for Ethiopians 

compared with values from other populations clearly indic ate that 

diffe r ences exist . For instance the IgG levels in Ethiopians is 

below the v a lues for Congolese or Nigerians. The high values from 

Congo and Nigeria may be due to the prevalence of malaria in the 
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regions. Thus Ethiopians living in the lowland re gion where malaria 

is found may have higher IgG values , probably neare} to the Nigerians 

or Congolese than to the values shown here . Direct e omparisons 

and conclusive statements cannot be made from these values of 

other populations for the experimental methods , choice of subjects, 

statistical analysis , etc . could be very different from the ones 

used in this study . However the comparison shows that simil~riti es 

and differences exist among values of different populations and 

thus the reference value of one region cannot be used for another 

one without discrepancies . Therefore the idea of establishing normal 

values for every papulation is not questionable. 

Finally it is important to comment on the normal reference 

values used in Ethiopia utthe moment , in the light of the findings 

of this study . The reference values being used in this country a t 

the moment for clinica l services a re quite diffe r ent from the 

results of the present study . The IgG and IgM v a lues of the ref­

erence are much lower than the values obtained from this study . 

No wonder, the so called reference values mupt have been 

copied from a textbook or commercial RID plates ' instruction 

leaflets , which show levels of Caucas i ans in America or Europe . 

Therefore, it is appropriate to drop these reference values 

and use the suggested reference values obtained from this study . 

Howeve r, as all the samples of this study were taken from Addis 

Abeba, more studies need to be carried out to find out whether 
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differences in immunoglobulin levels exist between residents of 

Addis Abeba and others living under different environmental 

conditions , and in the meantime the suggested normal reference 

value for IgG, IgA a nd IgM concentrations in Table IX can be 

used for the Ethiopi an population in Addis Abeba or similar 

towns of the same environment. 

• 
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