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and disease (Ngu el al., 7966; Steihm & Fudenberg,
1966; Palma-Carlos et al., l97l; Blaese et al., l97l;
Scott & Rasbridge, 1972; Lai & Van Furth, 1974;
Dasgupta, 1974) for the same populations show that
the immunoglobulin concentrations are raised in
certain infections and diseases.

Apart from the reports on Africans, there has
been little interest in the level of serum immuno-
globulins in populations living in the tropics. Indeed,
this blood parameter had not been investigated in
normal Malaysians prior to our preliminary studies
(Yadav & Shah, 1973,1977; Shah & Yadav, 1973)
although the population, especially in the rural
areas, is subject to various endemic tropical diseases
and parasitic infestations. Thus, the aim of this
study was to determine the normal serum levels of
IgG, IgA and IgM of Malaysians from the urban
region (Chinese, Indian and Malays) and compare
the data with that from the Orang Asli (Malaysian
aborigines) who live mainly in the forest and are
of a different socio-economic milieu.

MATERIALS AND METHODS

Blood Sarnples
Blood from normal young adults aged 11 to

20 years was obtained from male and female students
at iwo schools in Petaling Jaya. One ml of blood
was drawn by antecurbital venepuncture into a

2 ml disposable syringe and allowed to clot over-
night at 4'C in the syringe. Next morning, the
seilm *as separated from the clot by centrifugation.
Sera from adults aged 21 to 50 years were obtained
from healthy blood donors through the courtesy of
the Blood Bank at the University Hospital, Petaling
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INTRODUCTION

GAMMA-GLOBULINS consist of 5 major class
of immunoglobulins (Ig) which are distinguished
from each other by their Heavy chain immune
specificity. fn serum, the IgG makes up about
70 percent, IgA about 1-20 percent and IgM about
1-10 percent of the total gamma-globulins; IgD
and IgE are present in trace amounts. The physio-
chemical characteristics and the biological properties
of these immunoglobulins are now fairly
well understood and have been discussed in several
reviews (Cohen & Milstein, 1967; Tomasi & Bienen-
stock, 1968; Franklin & Frangiore, 7970; Bennich
& Johansson, 1970).

There is a trend to study the levels of the
immunoglobulins in various populations in order
to gain a better understanding of the biological role
of the immunoglobulins and also to derive the normal
limits of the serum immunoglobulin levels. It is
widely reported, chiefly as a consequence of results
derived from work on ethnic Africans, that hyper-
gamma-globulinemia is a common feature of popu-
lations in the developing countrics of the tropics
(Turner & Voller, 1966; Michaux, 1966; McFarlane
& Voller, 1966; Rowe et al., 1968; Samuel et a/.,
1970; Higashi & Chowdury, 1971; McFarlane,
1973; Zegers et al., 1973). Implicit in these obser-
vations is the suggestion that elevated immuno-
globulin levels in the tropical populations is due to
ihe prevalence of viral and bacterial infections and
othei parasitic infestation. A comparison of serum
immunoglobulin levels in health (Claman & Merrill,
1964; Fahey & McKelvey, 1965; Lichtman et al.,
1967; Allansmith el al., 1968; Rowe e/ al., 1968)
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I^y^. The serum samples from Orang Asli were
obtained via courtesy of the Gombak Orang Asli
Hospital, Selangor. The sera were from non-
patients u'ho normally accompany the sick member
of the family to the hospital. The 1846 sera used
in this study were kept frozen at -20'C until
required.

Preparation of immunoglobulins
The rabbit H-chain specific antisera to IgG,

IgA and IgM ll'ere preparcd in our laboratories
following previously described techniques (Yaerman
et a|.,1963; Fahey and Mclaughlin, 1963;. Briefly,
the IgG u'as obtained as follou's. The precipitate
obtained at 40 percent Ammonium sulphate satura-
tion of human serum was dialy'sed against 0.01 M
phosphate buffer (pH 8.0; overnight at 4"C. A
10 ml aliquot of the dialysate protein was applied
to a fractionation column (2.6 x 30 cm) containing
DEAE-cellulose which had been equilibratcd with
0.01 M phosphate buffer (pH 8.0) at 4'C. The
same buffer was applied to the column at a flow rate
of 15 ml per hour and the eluants collected in 4 ml
fractions (LKB Ultra Rac Fraction Collccter No.
7000A). The IgG, the purity of which was attested
by Ouchterlony's (1968) double diffusion and
immunoclectrophoresis (Scheeidegger, 1955), was
eluted from the column as a single peak at optical
density 280 nm with 0.01 M phosphate buffer.
The fractions containing the IgG were pooled,
then concentrated to a final volume of 4 ml by
negative pressure ultrafiltration using visking cellu-
lose tubing (8/32" pore diameter less than 10,000
daltons) and store d at -20"C in aliquots of I ml.

For preparation of IgA, 30 mls of pooled human
serum was diluted nine times its volume with 0.02 M
phosphate buffer (pH 6.0) and dialysed at room
temperature against 2 litres of the same buffer which
was continuously stirred. At the end of 2 hours,
the bufler was renewed and dialysis continued for
another 4 hours. The fine precipitate formed in
the tube was removed by centrifugation and saved
for isolation of IgM. The supernatant was concen-
trated to 30 mls by negative pressure ultrafiltration.
Then an equal volume of 0.1 M ZnSOa was added
with continuous stirring, and precipitation was
induced by raising the pH to 6.85 by dropwise
addition of lM Na2CO3 at room temperature. The
precipitate was removed by centrifugation, and the
supernatant was concentrated to 4 mls at 4'C by
negative pressure ultrafiltration. The solution was
freed from zinc by addition of I percent (w/v)
trisodium EDTA salt and dialyse,d overnight against
0.01M phosphate buffer (pH 8.0) at 4'C. Then a
2 ml sample of the solution was applied to a DEAE-
cellulosc column (1.6 x 23 cm) which had been

equilibrated with 0.01M phosphate buffer (pH 8.0).
The column was eluted by gradient elution, made
up of 200 ml of initial bufi'er (0.01M, pH 8.0) stirrcd
by magnetic stirrer in a beaker connected by a

siphon to another vessel containing 125 ml final
phosphate buffer (0.3M, pH 8.0). A flow rate of
l5 mls per hour was maintained through the column
and 3.4 ml fractions effiuents were collected with
the aid of a fraction collecter. The protein concen-
tration was estimated by measuring the optical
density at 280 nm in a Beckman Spectrophotometer.
Two protein peaks were obtained and the fractions
under the first peak were pooled and concentrated
to a final volume of 10 ml. The precipitate obtained
by a|o/, ammonium sulphate saturation of the
solution was dissolved in 2 ml saline. Further IgG
contaminants were removed by treatment with
0.5 mg of rabbit anti-Igc immunoadsorbent (Avra-
meas & Ternynck, 1969). The IgA, purity of which
was checked by immunodiffusion tests, was dialysed
against saline at 4"C and kept at -20C in aliquots
of 1 ml.

The euglobulin precipitate obtained from the
preparation of IgA was dissolved in 10 ml saline,
and dialysed against 0.1M Tris-HCl buffer (pH 8.0)
at 4"C overnight. Precipitate . formed during the
dialysis was discarded by centrifugation and the
supernatant used for the purification of IgM. The
protein sample was applied to a Sephadex G-200
column (2.6 x 190 cm) which was equilibrated with
0.1M Tris-HCl buffer (pH 8.0). Eluates were
collected at a flow rate of 15 ml/hr. in 5 ml fractions
and the protein concentration estimated by reading
the optical density at 280 nm. The fractions under
the first peak were pooled and concentrated to 10 mls
by negative pressure ultrafiltration. The proteins
precipitated with 40o/o ammonium sulphate were
dissolved in 2 ml saline and dialysed against 0.01M
phosphate buffer at 4oC overnight. The 2 ml
sample was then applied to a DEAE-cellulose column
(1.6 x 24 cm) which was equilibrated with 0.01M
phosphate buffer (pH 8.0). The column was eluted
by gradient elution with 160 ml, 0.01M phosphate
buffer (pH 8.0) as initial buffer and 80 ml 0.3 M
phosphate (pH 8.0) as final buffer. Three ml frac-
tions wdre collected at a flow rate of 15 ml/hr and
the protein concentration was estimated at optical
density at 280 nm. The fractions under the second
peak were pooled and concentrated to 7 mls by
ultrafiltration. Then, Potassium bromide crystals
were added (24 gm/100 ml) to give a density of 1.2.
The solution was centrifuged at 105,000 g for 24
hours in a Ultracentrifuge (Beckman Spinco Model
L, Rotor Type 40). The lipoproteins contaminants
which formed a top layer were pippetted off and the
remaining solution dialysed against saline. The
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purity of IgM was attested by immunodiffusionand aliquotstf I ml kept at -20bC.
Preparation of antisera

The antisera was made in Ncw Zealand whiterabbits (2-3 kg) obtained from Central AnimalHouse of the University Hospital. The rabbitswere maintained on animal feed pellets and waterad _libitum and grecn vegetableJ provided twiceweeklv.

An emulsion made with 0.5 mg of purifiedimmunoglobulin in I ml saline wal mixed withequal volume of complete Freund's Adjuvant (DifcoCo., Detroit, U.S.A) was injected subcutanlouslyat 6 to 8 sites on the dorsum and flanks of the rabbii.Subsequent multisite injections were routinely doneweekly, in incomplete Freund's Adjuvant. 
- 

Afterthe 7th injection the rabbits were 
-bled 

regularlyfrom the marginal vein of the ear and the serumprepared from the blood was stored at -20'C in5 ml aliquots.

Anti-IgG sera specific to the heavy chain wasprepared as follows. To a 50 ml aliquorof anti-IgGrabbit serum was added I ml of pooled SephadlexG-200 Fractions of peak I (chiefly IgM and someIgA) and precipitate fo.mei after 3"0 minutes atroom temperature and overnight at 4"C were removedby centrifugation. The proiedure to remove lightchain cross-reactivity was repeated, usually two tothree times, until no furthei precipitate occurred.The anti-IgG so obtained did not not cross-reactwith IgM and IgA and was used in the Mancini's(1965) quantitation procedure.

- Anti-IgA and anti-IgM were made specific forthe heavy chain by the addition of edrd serumimmunoadsorbents (Avrameas & Ternynck, 1969).One gram of the insoluble immunoadiorbent wasadded to 10 ml each of anti-IgA and anti-IgM rabbitserum. The mixture was gently stirred ind incu-bated at room temperature for 
'l 

hour and at 4oCovernight. The procedure had to be repeated onceor twice, with a fresh batch of immunoadsorbentto make the antisera H-chain specific.

Quantitative Determination of Immuno-globulins
The sera was assayed for immunoglobulin G,A and M by the single radial immunodiffusionmethod using agar diffusion plates incorporatingimmunoglobulin H-chain specific rabbit -antiseri(Mancini et al., 1965). To 100 ml of barbituratebuffer (pH 8.6, ionic strength 0.1) was added 0.5 gmsodium azide to prevent bacterial growth, 6 gmspolyethylene glycol to stabilise the agar and enhance

precipitation, and 3 gms of agarose (Sigma ChemicalCo., St. Louis, U.S.A.). The agar u'as heated withconstant stirring and upon going in solution it wasdistributed into 20 ml McCartney bottles and storedat 4oC. The required amount of solidified agar wasmelted in a boiling waterbath and then cooled to55"C. The antiserum after appropriate dilutionwith barbiturate buffer (1 :6 for anti-IgG, I :4 foranti-IgA and anti-IgM sera) was brought to 55"Cin a water bath. Equal volumes of the agar andanti-serum were mixed and quickly poured usingpreheated pipettes into special moulds consistingof two glass plates (7 x 10 cm) held 1.8 mm apart;the moulds were placed in the vertical positionuntil the agar solidified. Circular wells were punchedin the gel using a gel-cutter of 3 mm bore. In eachagar plate, l0 pl of appropriate standards (obtainedfrom World Health Organisation), control and testsera were placed in the wells and allowed to diffuse] days in anti-IgG and anti-IgA agar plates and5 days in anti-IgM agar plates. The average readingof the diameters of the precipitation rings *eretaken at 90' with each other. Observations forstandard immunoglobulin were plotted on semi-logarithmic scale and the concintration of theimmunoglobulin in test serum was determined fromthe standard curve and expressed in mg/100 mland also in International Units (I.U.) per ml.
Estimate of the reproducibility of the techniquefor the quantitative determination of immuno-globulins in our laboratory was obtained from thevalues observed on one control serum included ineach antibody-agar plate prepared on different daysusing different batches of antisera. The coefficientof variation found was 3.5 percent for IgG, 6 percentfor IgA and 6.8 percent for IgM. Thus, the variationwas small and comparable to those reported byothers (Kalff,1970 Maddison et aI.,1975).

RESULTS
Immunoglobulin G levels in serumNormal leoels and distribution: The mean serumIgG levels of 445 Chinese, 409 Indians, 635 Malaysartd 217 Orang Asli of various ages is summarisedin Table I. The mean serum IgG concentrationof females is not significantly different from that ofthe males for each of the age groups tabulated exceptthat of the 11 to 15 years age group. In Chinese,Indian and Malays the mean IgG level of femalesis significantly higher (P < 0.01, P q 0.05, P < 0.01,respectively) than the mean IgG level of the males;in the Orang Asli there is no difference in the serumIgG levels in the sexes of this age group.
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The frequency distribution profiles of the serumIgG levels for Chinese (Fig. I), Indian (Fig. 2) andMalays (Fig. 3) aged 11 to 50 years'show a similarrange (700 to 2350 mg/100 ml) and mode (i151 to1300 mg/100 ml). In the Orang Asli (Fig. a)the IgG levels are more broadly distributed,with a wider range (851 to 3250 mg/100 ml) and themode is widely spread (1451 to 1900 mg/100 ml).About 13 percent of the Orang Asli have IgG levelsgreater than the highest level observed in the other3 races (Fig. 4).

160

140

120

100

80

o
g r00p
.zo.s 80

o

obu
-o
E
1z40

20

0

a
o
€60
.zDc
;o40
o
-o
E
azZ0

.!4 60
o)p
iao
.E

-20
o
E
lz0

100

80

CHINESE
N=445

7oo- 651- lOOl- l15F 1301- l45F 160l- l75l- l90l- 2051-iio i6oo tiio tsoo tso 1600 17so 1900 20s0 2200
2201-
2350

Serum IgG corrcentrotion (mg/100 mt)

Frequency histogram profile ofthe serumIgG levels in the Chinese.

MALAYS

N=635

7oo- Est- lool- n51- l3o5- l45l- l60t l75l- 1901- 2051- 220t -050 to@ 1l5o t3oo 1450 16@ 1750 1900 2050 2200 2350

Scrum IgG concentrotion (mg/l00mt)

Frequency histogram pro0le ofthe serumIgG levels in the Malays.

0

Figure 3:

Figure l:

ORANG ASLI

N=217

g
o
Eoo':E
.9

o40
I
E)z?O

INOIANS
N=409

700- 851- l00l- 1151- l3ot- l45r- 1601- 175F 1901- 205i- 220!-c50 lo00 1r50 t30o 1450 1600 ,750 t900 2050 2200 2350

Scrum IgG concentrotion (mg/100 mt)

700- 85F
!50 rm

tmr 1t5t r30- 1451. r50F 1751'ris 1300 1450 1500 lrs 19@
1$1. 2051-220f 235f 29-2651 2801_ 251 310!2o5o22oO 2350 2500 2650 28m 29S 3100 3250

Scrum lgG concentrotion (mg/100 ml)

Figure 4: . Frequency histogram proffle ofthe serumIgG levels in the Orang Asli.
Age oariations: In the age groups between 16 to35 years there is little difference in the serum IgGlevels of the 3 urban races, Malays, Chinese andIndians (Fig. 5). The mean IgG levels of theMalays aged 1l to 15 years is higher than the Chineseand Indians of the same age group. Among peopleaged 35 years and older, the Malays have highermean IgG level than the Indians and Chinese. Incontrast to the urban races, the Orang Asli havethe highest IgG levels at all ages between 16 to40 years; in the 11 to 15 years and 41 to 50 years
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group but these levels are significantly higher
(P < 0.05) when compared to the levels in Chinese
or Indians of the same age group.

Racial differences.' Analysis of variance of the total
mean serum IgG level for the four races shows that
there is a significant difference (P < 0.01) between
the IgG concentration of the Orang Asli and the
IgG concentration of the 3 urban races. The total
rnean serum IgG levels do not differ significantly
(P < 0.01) between the Malays, Chinese and Indians,
but the total mean serum IgG of the Malays is
significantly higher compared to the Chinese at the
5 percent probibility level. There is no significant
difference 

-in the mean serum IgG levels of the
Malays and Chinese adults but a significant difference
(P < 0.01) exists between the mean serum _IgG
l'evels of the Chinese and Malay young adults.
Thus, the significant difference, observed -in the
total mean serum IgG levels of Malays and Chinese
is due to the variance ofthe mean serum IgG concen-
trations in young adults.

Immunoglobulin A levels in serurn
Normal leztels and distribution.' In the Indians and
the Orang Asli the mean serum IgA level is not
significantly difierent in males and females of the
ug:" gtorrpi studied. In Chinese and lVlalays the
females liave significantly higher (P ( 0.01) serum
IgA levels than males when all age groups are con-
sldered; in Chinese this sex difference is mainly due
to the age group 16-20 years and in Malays it is due
to the ige"group 11 to-15 years (Table III). The
frequenry distribution profiles of the serum -IgA
for the three urban races of the age 11 to 50 show
the range between 80 to 440 mg/100 ml; the mode
is at 161-200 mg/100 ml for Chinese and Indians
and at 127-760 mt/100 ml for Malays (Figs. 6,7, 8)-
In the Orang Asli, the IgA levels are broadly- distri-
buted with u rang" of 161 to 680 mg/100 ml and a

mode of 321-360- mgl100 ml. in 18 percent of the
Orang Asli the seruh IgA levels are greater than
the highest level observed for the 3 urban races
(Fig. e).

Age oariations : The mean serum IgA level in the
Oiang Asli is higher than the levels observed in the
three urban racis for all age groups investigated
(Fig. 10). The mean IgA levels of the Indians aged
iO io 35 years is highei than the IgA levels of the
Chinese and Maalyslf the same age Sroup' Of the
four races, only in Malay and Chinese young adults
have a signifiiantly higher (P < 0.01) mean IgA
level than ihe levels of adults of each race; the mean
IgA levels in young and old adults are of--e-qual
magnitude in Indians and Orang Asli (Table IV).

Racial differences.' Analysis of variance of-the data
shows thit a significant difference (P < 0.01) exists
between the ser"um IgA levels of the Orang^Asli on
one hand and the serum IgA levels in Chinese,
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Figure 5: Changes in serum IgG levels with age in- Chinese (9), Indians (x), Malays (A) and
Orang Asli (!). Bars indicate standard
error of the mean.

The mean serum IgG levels of young adults
(11 to 20 years) is not significantly (P q 0.05)
different from the mean levels of adults (21 to 50
years) in Chinese, Indian and Orang Asli. How-
ever, in Malays, the mean serum IgG concentration
of young adults is significantly higher (P < 0.01)
than those of adults (Table II).

Table II
Mean Serurn IgG levels in Chinese, Indians,

Malays and Orang Asli

f Mean + standard deviation in mg per 100 ml.
Parenthesis indicates number of observations.

r Significant difference (P < 0.01) between young
adults and adults of each race.

Age (years)

Race

Young
adults
(11-20
years)

Adults
(21-s0
years)

Total
(1 1-s0
years)

Chinese 12s7 +s23t
(re4)

1 301 + 369
(2s1)

1282+443
(44s)

Indian 1277
(1

+373
18)

1287 +290
(2et)

1284:L316
(40e)

Malay 1363+277*
(242)

1311+323
(3e3)

1 331 + 280
(63s)

Orang Asli 1758+496
(64)

1 830
(1

+719
s3)

1 809 + 662
(2r7)
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Table IV
Mean serum IgA levels in Chinese, Indians,

Malays and Orang Asli

f Mean * standard deviation in mg per 100 ml.
Parenthesis indicates number of observations.

'* Significant difference (P < 0.01) between young
adults and adults of each race.
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Age (years)

Race

Young
adults
(1 1-20
years)

Adults
(21-s0
years)

Total
(1 1-s0
years)

Chinese 206+701**
(1 s3)

r84+72
(31 3)

l9l +72
(466)

Indian 223 +74
(110)

221+80
(280)

222+78
(3e0)

Malay 207 +67**
(1 16)

180 :

(2
+80
i10)

188+77
(326)

Orang Asli 384+100
(68)

401 + 101
(1s1)

396 + 101
(219)

Figure 7: Frequency histogram profile of the serum
IgA levels in the Indians.
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serum IgM level of 201 Orang Asli studied, no
statistical difference was observed between the
values for females and males in each of the age
groups listed and the total for all age groups
(Table V).

The distribution profiles for serum IgM concen-
tration in Chinese, Indians and Malays show that
for the three races, the levels range from 35 to
420 mgl100 ml with the mode at 106 to 140 mg/
100 ml. The serum IgM levels for Orang Asli
ranges from 71 to 490 mg/100 ml with the mode at
217 to 245 mg/100 ml. In 3 percent of the Orang
Asli the serum IgM level is greater than 420 mgl
100 ml which is the highest level observed for the
urban races (Figs. 11,12,13,1+).
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Indians and iVlalays, respectively, on the other hand.
The higher mean serum IgA level of the Indians
differ significantly (P < 0.01) from the mean serum
IgA levels of Chinese and Malays, but there is no
significant difference (P < 0.05) between the mean
IgA levels of the Chinese and Malays.

Immunoglobulin M levels in serurn

Normal leoels and distribution.' In the Chinese,
Indians and Malays, the females have significantly
higher (P .- 0.01) serum IgM levels than males,
in all the age groups studied. In contrast, the mean

Figure 11 Frequency
IgM levels

histogram proffle ofthe serum
in the Chinese.
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Age oaiations: The Chinese, Indians and Malays
have almost similar serum levels of IgM for the
various age groups studied, but the mean IgM level
of the Orang Asli is significantly higher (P < 0.01)
than those recorded for the urban races. The mean
serum IgM levels drop from about 180-200 mg/
100 ml in the three urban races at 11-15 years of
age to about 140 mg/100 ml at 41-50 years of age
(Fig. 15). The young adults of Chinese, Indian
and Malay have serum IgM levels which are signi-
ficantly higher (P < 0.01) than those of the adults.
In the Orang Asli, the young and old adults have
serum IgM levels of similar magnitude (Table VI).

Racial differences.' Analysis of variance for the
total mean IgM level of the four races shows that
although there is no significant difference (P < 0.01)
between the total mean IgM levels of the Chinese,
Indians and Malays, the total mean of each of these
races is significantly lower (P < 0.01) than that of
the tbtal mean of serum IgM levels of the Orang Asli.

Figure l5r Chaages in serum IgM levels with age ia
the Chinese (g), lndians (x), MatayJ(!1
and Orang Asli (7\). Bars indicate stan-
dard error of mean.

Table VI
Mean serum- IgM levels in Chinese, Indians,

Malays and Orang Asli

f Mean ;l standard deviation in mg per 100 ml.
Parenthesis indicates number of obiervations.** Significant difference (P < 0.01) between young

adults and adults of each race.

Age (years)

Race

Young
adults
(1 1-20
years)

Adults
(21-s0
years)

Total
(1 1-s0
years)

Chinese 1 67 + 601**
(208)

147 +47
(2e2)

1s2+57
(s00)

Indian 768+62*)
(1s2)

145 + s0
(340)

152+55
(4e2)

Malay 770+63**
(86)

154+61
(308)

157 +62
(3e4)

Orang Asli 232+74
(60)

252+77
(141)

246+77
(201)

6'.t



and these high levels may develop as a consequence
of regular antigenic exposure to recurrent parasitic
infections or other antigenic exposure. The Orang
Asli had significantly higher serum IgM levels than
the other three urban-residing races.

The urban-living Malaysians, in contrast to
other populations living in the tropics, like Liberians
(Capuiinelli et al., 1972), Nigerians (McFarlane
it it., tOlOl Bantu and Pygmies from Congo (Sim-
beve, 1970) and the Africans of Senegal (Lamy,
1966), Ta;zanians (Nantulya & Lindquist, 1973)
and the Watut and non-Watut aborigines of Papua
New Guinea (Wells, 1968), have significantly lower
immunoglobuiin levels, especially that of IgG and
IeM. Indeed, the urban Malaysians possessed
iimunoglobulin levels comparable to those reported
for populations of tho temPerate region,.for example,
the-B;itish (Rowe et al., 1966), Americans. (Fahey
& McKelve!, 1965), Belgians (Veys & Claessens,
1968) and 

-resident of Lisbon (Palma-C.arlos &
Palma-Carlos, 1971). Although Malaysians in
general are subject to various tropical diseases, the
ielatively lowei serum immunoglobulins in Malay-
sians miy be attributed to the better hygienic con-
ditions of the urban group studied.

The serum immunoglobulin levels of the Orang
Asli are comparable to the levels of the Watut and
non-Watut a6origines, the Liberians and Tanzanians,
and higher than the levels of the Indian p-opulation
(Seheal & Aikat, 1970; Samuelet aI.,1970; Dasgupta,
igZ+I ana the Caucasians of the temperate regions
(Fahev & McKelvey, 1965; Steihm & Fudenberg,
i966:- Veyr & Claessens, 1968; Palma-Carlos &
Palma-Cailos, 1971). It is apparent that tropical
populations, especially those living in unsanitary
ionditio.rr and 

-lacking regular medical care would
be subiect to high rate of parasitic infections and
their sirum immunoglobulin levels are likely to be
elevated.

The jungle-dwelling Orang Asli, c-ompared to
the urban-living Malaysians, have significantly high
levels of serum IgG, IgA and IgM. These elevated
serum immunoglobulins in the Orang Asli have
been attributed 1o prevalence of parasite infections
among this community (Yadav & Shah' 197.7)- but
direci evidence is not available. Consolidated
results of surveys conducted in the Orang Asli show
the presence of 22 helminth and protozoal parasites
(Dunn, 1972). The main parasites in terms of
potential pathogenicity and prevalence (percent in
p arent hesis) ar e E n t amo eb a his to ly tic a (3,2'/.), Giar di a
iamblia (11.1%), Ascaris (38.1%), Trichuris trichuria
(55.4%); hookworm (72.8%) and others (32.2%).
in addition, filiarisis (Ramachandran et al., 7964),
Malaria (Bolton, 1972) and leprosy (Bolton, 1968)

DISCUSSION

In adults a correlation between age and serum
IsG levels has not been demonstrated in Caucasian
Almericans (Steihm & Fudenberg, l96pi Lichtman,
1967; Allanimith et al., 1'968), and Africans (Rowe
et al., t968a). This lack of correlation between age

and immrr.toglobulin was also noted for-^IgA and
IsM (Lichtm-ary 7967a; Rowe el al., 7968; Kalfr,
tBZOl.' Similarly, in the four Malaysian races, each
of tire three serum immunoglobulins were not
correlated with age, for the age group 11 to-40 ye,ars'

Th"r" *u. no di"fference in the serum levels of IgG
i., the vor.ts adults (11-20 yrs) and adults (21-50
vrs) in ih" ihit..., Indians and Orang Asli, but in
'tvIit"r. the young adults had higher levels of serum
IsG ihan adults.- In the Orang Asli, there was no
dTfference in the serum IgM and IgA levelsof young
adults and adults indicating that scrum lmmuno-

"i"S"ti" levels varied little between the age of 10

io 50 vears. In the Chinese, the Indians and the
Urlrri. there was a decline of serum IgM and IgA
i"r.fJ ii'r adults but in the Indians the serum IgA
levels did. not show any variation between the ages

ib to 50 y"ut". Adult ierum IgG levels are attained
in Cur"atiu.t Americans at age 11 to 20 years (Steihm
& Frde.tb"tg, 1966; Allansmith et al', 1968) bt
.i-il"t *o.k"iot Malaysians has not been reported
(Yadav & lYngkaran, in preparation)' However,
irom the forefoing it is clear that adult serum
immunoglobuliir levels are attained at 11-20 years
or earlier.

Females in many populations have been reported
to have significantly t igne. serum IgM levels than
males (But"terworth e, al., tgtl; Grundbacher, 1972;
Ro*e )t al., 1968; Rhodes et al., 1969; Maddison
et at., 1975] Allansmith et al., 1969; Kalff, 1970)
and ihis difference becomes appare nt in most
instances after six years of age (Butterwotth et al',
i967; Attun.mith ei a1.,1969i. A sex difference in
the level of serum IgA or IgG has not been generally
observed. In Malaysian females of Chinese, Indian
and, Malay origin, the serum IgM levels were signi-
n"".rtlv hieher-than in males but in the Orang Asli
a sex'diffirence in the serum IgM levels was not
Dresent. Grundbacher (1972) has suggested that
ih. X-.h.o*osome of man carries genes with an
efiect on serum IgM concentration but the obser-
vations do not exclude the effect of hormones
(Washburn et al., 1965\ or other factors associated
iittr tt" sexes (Yadav and Shah, 1977). Ttre lack
of d.ifierence in serum IgM levels of males and
females in Orang Asli and occasionally in other races
(Norbere. 1961 ; Alarcon-segovia and Fishbein,
iSZO; nicktey & Dorsey, 1971) has been attributed
to hish serum IgM levels which masks the difference
(FahTey & McKllvey, 1965; Veys & Claessen, 1968)
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are common in the community. In African races,
elevation of serum immunoglobulin G, A and M
levels is associated with malaria (Abele et al., 1965;
Tobie et al., 19661, Targett, 1970), with filiarisis
(Miclraux, 1966), with amoebiasis 

'(.!,bioeye 
et al.,

1972) and, with tuberculosis (Malomo et al., 1970;
Fahey, 1965). Studies on the changes in the levels
of serum immunoglobulins before, during and after
infection by human and simian malarii showed a
direct correlation between the rise of malaria anti-
body_production with increased serum IgM, IgG
and IgA levels (Abele et al., 7965; Toiie et al.,
1966). At present there is a need for similar investi-
gations in the Malaysians.

It has bjen clcarly established in animal experi-
ments (McDevitt & Benacerraf, 1969: Benaieraf
& Katz, 1975) and there is some evidence from
man that genetic factors play an important role in
the development and dynamic maintenance of serum
immunoglobulin leve-ls. For instance, a higher
serum IgG,. IgA and IgM levels have been obseived
in negroes in contrast to white Caucasians living in
similar socio-economic environments (Lichtiran
et a1.,1967; Karayalcin et a1.,7973; Maddison er a/.,
t97s).

Our studies show that Malays (Yadav et al.,
1977) and, Orang Asli (Yadav & Shah,'1977, and this
communication) living in the rural areas have high
se-rum immunoglobulins because of the prevalenie
of parasites in their environment but Milays with
better hygenic conditions in urban areas have low
normal serum immunoglobulin levels. We have
no information from Orang Asli who have moved
to urban areas but hospitalised pregnant females
have lower serum immunoglobulirr levels than non-
hospitalised females (Shah, 1975; Shah & Yadav,
1977). These observations suggest that in Malay-
sians, environmental factors are chiefly responsibie
for the high serum immunoglobulins found-in rural
Malaysians.

and Malays were of equal magnitude for all age
groups but the serum IgG levels were raisJd
(P < 0.05) in the Malays and the serum IsA levels
were raised (P < 0.001) in the Indians. For the
age groups studied an association between the mean
immunoglobulin level and increasing age was not
noted. Females had higher serum IIM-levels than
males in _Chinese, Indians and Maliys but in the
Orang Asli there was no sex difference in the serum
IgM_level. There was no difference in serum IgA
and IgG levels between the sexes in all four races.

In general, the serum IgG, IgA and IgM total
mean levels of urban-residing Malaysians ire com-
parable to.the levels reportedTor Caucasians residing
in countries of the temperate regions. However,
in the Orang Asli, the thrie serumlmmunoglobulins
were higher than those observed for populitions of
the temperate regions and the serum ievels of imm-
unoglobulin are comparable to those reported for
populations normally living in the tropicai regions.
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