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Abstract

Total serum proteins and its major fractions, albumin and globulins, were estimated in 700 infants from
birth to 18 months of age, in relation to age, sex and dietary pattern. The values of total serum proteins
and albumin showed a gradual increase with age. No difference was evident between two sexes. Serum
globulins, however, were high at birth and showed a decrease at the age of 3 months, after which they
increased and an adult level was attained at the age of 18 months.

Completely breast.fed infants had a significantly higher total serum proteins and albumin at the age of
3 and 6 months than artificially fed infants but no such difference was found in serum globulins level in
same age groups (JMPA 37: 251 1987).

INTRODUCTION

Undernutrition is the primary cause of high rates of infant and child morbidity and mortality in
developing countries. The adequacy of nutrition in infants is therefore, crucial to their well-being
throughout life. Infants, adequately nourished, achieve a normal rate of physical and mental
development whereas those inadequately nourished in respect to one or more nutrients, may experience
stunted growth and other biochemical changes associated with undernutrition. In this respect the
importance of proteins in world nutrition has been much emphasized during the last few decades with,
of course, the identification of protein deficiency condition, Kwashiorkor, to which infants being
weaned and young children aEe especially vulnerable. This form of malnutrition is probably the most
serious cause of ill-health in underdeveloped regions of the world,

Moreover, the rapid accumulation of paediatric literature describing the occurrence in children of

recognized clinical entity-congenital agammaglobulinemia1’2 has stimulated further research into
changes in serum proteins and its fractions, produced by other illnesses in patients in paediatric age
group. To investigate changes in serum proteins in pathological states in infants and children it is
necessary to first establish the normal range of values of serum proteins in healthy infants and
children*.

This communication presents data of serum protein and its fractions, albumin and globulins, in
specified number of healthy infants and children from birth to 18 months. Moreover, the study is
undertaken to establish a base-line for use in interpreting serum protein changes that may occur with
age, sex and dietary pattern.

MATERIALS AND METHODS

The study includes data on the fractionation of serum proteins of 500 healthy infants and children at
ages ranging from birth through 18 months. Random samples of 100 each of completely breast-fed and
completely weaned infants at age of 3 and 6 months were also collected. Random samples of 100 adult
males and females were collected and the values of total serum proteins, albumin and globulins were
determined and used as standards for comparison. The data were collected during year 1984 — 1986.
Although the subjects were apparently normal, the ‘normality’ of all subjects was checked by



determination of haemoglob in, erythrocyte sedimentation rate, and red and white cell count. If any of
these values varied markedly from the accepted normal levels, the subjects were excluded from the
study. Subjects with congenital diseases, skin infection or parasites in stools were excluded from the
study. Those included in the study belong to average socio -economic group.

Blood samples were drawn by venipuncture and, after clotting, serum was immediately separated by
centrifugation. When it was not possible to perform the tests immediately, the serum was stored by
freezing for not more than 24 hours.

Total serum proteins were estimated by Biuret method?, albumin by method of Daumas and Biggs6 and
total globulins by method of Goldenberg and Drewan’’ A Commodore Model 8032 computer was used
for analysis of data.

RESULTS

Data for total serum proteins, albumin and globulins in male and female infants are presented in Table
I, I, and IIL

- . TABLE -1
lotal Serum Proteins (Gm. per dl.) in Male and Female Infants in relation to Age.
Males Females
Agpe No. ol Mean sl No, of Mean SD
(Months) cases cases
New Born 25 6.38 0095 25 642 0.084
(6.24 6.60)* {6.30 6.60)*
3 42 6.63 (),082 42 6.65 0,087
(649 — 6.77)* (652 6.88)*
f 38 7.01 0,080 38 7.01 0.081
16.90 1.12)* 689 - 7.16)*
9 32 7.18 008 32 7.20 0,081
{696 7.32)* 698 — 7.32)*
12 40 7.29 0,112 40 7.31 0.097
(704 - 746)* (7112 - 750)*
15 3l 7.38 (0.086 31 7.39 0,073
{7.20 7.52)* (7.28 7.52)*
18 42 749 O 0s0 42 7149 0050
(7440 7.60)* (7.39 7.58)*

* observed range



TABLE - 11
Serum Albumin (Gm. per dl. ) in Male and Female Infants in relation to Age,

Males Females
Age No, of Mean 5D No. of Mean SD
(Months)  cases cases

Mew Bomn 25 393 0.099 25 3.95 0.092
(377 - 4.24)* (3.78 — 4.24)*

3 42 426 0.083 42 4.27 0.084

(408 — 4.49)* 409 — 4.50)* :

f 38 4.33 0,098 38 4.32 0.098
(4.14 — 453)* 413 — 4.52)*

9 32 4.40 0.142 32 441 0125
(408 - 48" 430 — 483"

12 40 4.49 0.124 40 4.49 0.125
4.6 4. 72)* .16 - 4, 72)*

15 k| 4.52 0057 bl 4.51 0.056
444 — 4.63)* 442 — 4.60)*

18 42 4.54 O06% 472 4 .53 0.071
4.30 - 4.68)* (430 - 4,697

*observed range




o TABLE 111
Total Serum Globulins (Gm. per dl.) in Male and Female Infants in relation to Age.

Males Females
Age No. of Mean SD No, of Mean SD
(Months) cases Cases
New Borm 25 246 0.032 25 249 0.041
(240 — 2.50)* 236 - 257
3 42 2.37 0.047 42 2.17 ).04
(230 - 247)* (228 ’3_45;' b
b i3 2.67 0.081 38 2.69 0.074
(2.52 — 2.85)* (252 2 B5)*
9 12 2.718 0.148 32 2.79 0,126
(240 -3.00)* (245 -2.98)*
12 40 2.80 0.154 40 2 .81 0,14¢
(246 3.04)% (2.50 - 3.04)* A
15 3] 2.86 0.043 31 2 .88 0,036
(2.76 2.94)* (2.80 - 296)*
18 42 2.98 0,072 42 297 D073
(2.80 - 3.10)* (2.79 J.lm*

* observed range

The data from Table I shows that the values of total serum proteins undergo changes from birth through
infancy, the mean value of total serum proteins at birth, being 6.38 + 0.095 G/dl for males and 6.42 +
0.084 G/dI for females. These values incr¢ase with age and a significant difference (P <0.001) in the
level of total serum proteins between new-born infants and infants of 6 months age is noted. This
difference becomes more significant (P< 0.0001) between infants at birth and infants at the age of 18
months. A level of 7.49 + 0.050 G/di for both male and female infants is attained at the age of 18
months, which is almost identical with the mean total serum proteins of 7.51 + 0.098 G/dI of our adult
value. No significant difference in total serum proteins is found between two sexes from birth through
18 months.

The data from Table II show that serum albumin in both sexes gradually increases with age. At birth,
the mean serum albumin in male infants is 3.93 + 0.099 G/dl and in female infants,3.95 + 0.092 G/dl. A
significant difference (P < 0.001)is observed between infants at birth and at the age of 18 months. A
level of 4.52 £ 0.068 G/dl for males and 4.51 + 0.056 G/dI for females is attained at age of 15 months
which is identical to our adult level of 4.54 + 0.070 G/dl.

When expressed as percentage of total proteins (Figure 1 and 2) mean values for serum albumin are
fairly constant (60 to 64%) in both sexes. No significant variation in serum albumin level is found
between two sexes throughout infancy.

The results from Table III show that at birth the mean value for serum globulins in male infants is 2.46
+0.032 G/dl and 2.49 + 0.041 G/dl in females. This value falls significantly (P< 0.001) in both sexes at
the age of 3 months. After this age the mean value slowly begins to rise, and at the age of 9 months, the



mean value for serum globulins significantly differs (P<0.001) from the mean value at the age of 3
months in both sexes. The adult level of 2.99 + 0.070 G/dl is attained at the age of 18 months in both
sexes. No significant difference is observed between two sexes in any age group.

The mean values of serum globulins are found to be fairly constant (35 to 39%) when expressed as
percentage of total proteins for all age groups in both sexes (Figure 1 and 2).
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Figure 1. Mean value of Serum Albumin and Globulins
expressed as percent of total proteins in males.
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Figure 2. Mean value of Serum Albumin and Globulins
expressed as percent of total proteins in Females.



TABLE - IV
Total Serum Proteins, Albumin and Globulins (Gm. per dl.)in Infants in relation to Age, Sexand Dictary pattern.

MALES
Completely Breast-Fed Completely Weaned
Age No.of  Protein Mean 5D No.of  Protein Mean SD Pvalue
{Months)  cases Fraction CASEs Fraction
Total G663 0,070 Total 6.52 0075 <005
Proteins 16,25 = 6.95)* Proteins 635 — 692)*
i 25 Albumin 4.24 0.050 25 Albumin 198 0061 <0001
(3.78 - 449" 354 - 412"
Globulins 2.36 0,039 Globulin 232 0042 N
232 - 248)* (230 _ 248)* e
T{!tgl 7.02 0,081 T al 6,90 0.08 <0.00]
Proteins (668 — 7.39)* Proteins bb66 — T05)*
b 25 Albumin 432 0.060 25 Albumin 4.20 0,084 <0001
(.12 — 4.59) 4.02 - 436) '
Globulins 269 0081 Globulins 164 0.070 NS
(256 — 2.83)* (254 - 2.78)* '
FEMALES
Total 643 0082 Total 647 0090 <0001
Proteins (642 - §92)* Proteins (6,29 — 680
3 25 Albumin 4.24 0.065 25 Albumin 4.11 0074 <000
(3.86 - 438" (3.72 - 4.28)*
Globulins 239 0052 Globulins 236 0.048 N.5.
(230 - 2.52)* (2.24 - 248)*
Total TO8R 0071 Taotal 692 0072 <0001
Proteins {6.84 142)* Proieins (6.72 - 711
b 25 Albumin 433 0069 25 Alburnin- 4.21 0071 <0001
(4,25 462)* .04 - 438
Globulins 271 0079 Globulins 212 (L0R2 NS,
(2,52 - 289)* (2.54 - 286)"

* observed range N5, = non- significant

Table IV presents the level of total proteins, albumin and globulins in serum of completely breast-fed
and completely weaned male and female infants at the age of 3 and 6 months.

At 3 months the mean value of total serum proteins is significantly higher (P< 0.05 for males and P
<0.001 for females) in completely breast-fed than in completely weaned infants. This difference is also
observed in infants at the age of 6 months (P <0.001).

The mean value of albumin is 4.24 + 0.05 G/dl in completely breast-fed infants at the age of 3 months
in both sexes, whereas the mean value of albumin in completely weaned infants is 3.98 + 0.06 G/dI for
males and 4.11 + 0.06 G/dl for females showing a significant difference (P < 0.001). This difference is
also observed between two groups at the age of 6 months for both sexes.

No significant difference is found in the mean value of serum globulins between completely breast-fed
and completely weaned male and female infants at the ages of 3 and 6 months.

DISCUSSION



This study reveals that the mean value of total serum proteins show variations with age. These results

support the fmdings of Metcoff and Store?, that the total proteins rise after birth, the adult level being
attained by 15 to 18 months of age. In our study the adult level is reached at the age of 18 months in
both sexes. The advantage of total proteins measurement, in serum, as a biochemical assessment of
nutritional state in infants is that it is independent of sex, although total serum proteins concentration
varies with age.

The albumin fraction shows no significant variations between two sexes. The results of our study

support the findings of others*®?, that the value of serum albumin varies with age. Mean absolute
values for serum albumin in our findings reach adult levels at the age of 15 months in contrast to that
reported by Trevorrow et al'® who found that adult levels are reached some time between 6 and 12
months. This may be largely due to different socioeconomic factors. It is interesting to observe that the
mean value for serum albumin, when expressed as percentage of total proteins, is! remarkably
consistent (60 to 61%) for all age groups except at the age of 3 months where this value reaches 64.2%

(Figure 1). The highest mean value of albumin at 3 months reflects a compensatory rise to offset the

fall in total globulins. This is almost identical to the findings of Oberman et al’. The most striking
changes, with age, are observed in the values of serum globulins. The level falls to the lowest at the age
of 3 months in both sexes after which it begins to rise slowly until the adult level is achieved at the age

of 18 months. These findings appear to be in agreement with those of Oberman et al’. The fall in the
level of total globulins at the age of 3 months is attributable to the catabolism of one of the fractions of
globulins —IgG, in view of its short biologic half life and initially low endogenous production. At the
age of 3 to 4 months the infants are, therefore, more susceptible to disease since it is at this time that
the immune system is depressed due to low immunoglobulins.

Total serum proteins and albumin levels significantly differ, for both sexes, between breast -fed and
weaned infants at the age of 3 and 6 months, whereas no significant difference is found in the mean
value of serum globulins. The difference in total proteins and albumin, in serum, may be due to the fact
that the utilization efficiency of proteins of mother’s milk by infants is assumed to be 100%, or due to
low quality proteins in artificial feedings.
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