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Summary 

Serum a-fetoprotein (AFP) levels were monitored in 32 normal 
babies consecutively from 2 to 3 days, 2 wk, and 2 and 4 months 
after birth. In addition, serum AFP concentration was also mea- 
sured in 116 random specimens from infants with normal liver 
enzymes and 10 infants born immaturely. Results were combined 
to establish normal AFP levels for infants at various ages. Serum 
AFP disappeared rapidly after birth. We found that it was not 
until 8 months of age that the normal AFP level in infants 
approached adult level. The half-lives of AFP degradation were 
estimated to be 5.5 days between birth and 2 wk, 11 days between 
2 wk to 2 months, and 33 days between 2 and 4 months of age. In 
contrast to earlier belief, we felt that some AFP synthesis still 
exists after birth; however, the rate of synthesis may also decrease 
with age. 

Speculation 

Our results favor the view that some a-fetoprotein (AFP) syn- 
thesis exists after birth. The rate of synthesis is slowly decreased 
with time. Any factor affecting the rate of synthesis may influence 
the serum AFP level. The wide range of variation in serum AFP 
levels in infants of various ages indicates that there must be more 
than one unknown factor affecting the AFP serum level. The 
normal range wil l  be narrower if these factors become known. By 
using our age-dependent normal AFP serum levels, it would be 
interesting to see whether differential diagnosis of neonatal h e p  
atitis from biiary atresia can be improved and whether infants do 
have higher and more frequent elevation of serum AFP with 
hepatic disorders. 

In adults, the measurement of serum a-fetoprotein (AFP) level 
is useful in the diagnosis and treatment of hepatoma, teratoblas- 
toma, and a number of liver diseases (3. 10). However, because of 
the lack of reliable normal values for infants, the diagnosis of 
similar abnormalities in these patients is more difficult. At birth, 
the average AFP level of cord serum is several thousandfold 
higher than are adult levels. These levels progressively decline as 
the infant matures (7, 11, 12) However, it is not precisely known 
at what age the serum AFP of infants reaches adult level. In 
addition, the rate at which the level declines with age, as well as 
the various normal levels during that period, are also unknown. 

Several investigators have attempted to distinguish infants with 
neonatal hepatitis from those with biliary atresia by measuring 
their serum AFP level (2, 7. 12). In this regard, a single normal 
AFP level was used, although the infants varied by several months 
of age. It is possible that this differential diagnosis may be 
significantly improved if more reliable age-discriminated normal 
AFP levels were available. In our study, we monitored the serum 
AFP levels of 32 normal babies consecutively from birth to 4 
months of age. In addition. AFP levels were determined in 116 
random serum specimens from supposedly normal children with 
normal serum liver enzyme activities to establish acceptable upper 

normal limits for these older infants and to determine at what age 
they fall to adult level. 

MATERIALS AND METHODS 

Capillary blood specimens were obtained from 32 normal babies 
consecutively at birth and at 2 wk, 2 months, and 4 months of age. 
An additional 116 random specimens from infants less than one 
year old with normal liver enzyme activities were also included. 
Ten additional serum specimens were obtained from normal 
premature babies one to two wk of age. Informed written parental 
consent was obtained for the 32 newborns before participation in 
the study. Additional 116 serum samples were obtained from 
healthy infants and children primarily admitted for elective sur- 
gery who were undergoing routine preoperative laboratory eval- 
uation. The tested liver enzymes included alkaline phosphatase, 
lactic dehydrogenase, aspartate transaminase, and gamma gluta- 
myltransferase. Concentration of serum AFP was determined by 
a double antibody radioimmunoassay with a sensitivity of 2 ng/ 
ml. The assay requires only 50 pl of sample. The AFP standard 
was calibrated against the International Reference Preparation 
72/227. Inasmuch as most of the infant serum specimens contained 
much higher AFP concentrations than adult samples, proper 
dilution with phosphate-buffered saline containing 1% albumin is 
required before the assay. The extent of the dilution is age 
dependent and should be such that the concentration falls in the 
middle range of the AFP standard curve. All specimens were 
stored at 4°C and assayed within I to 2 wk. 

RESULTS 

To demonstrate the rate of decline of AFP in individual infants, 
four levels of serum AFP of 32 normal infants at 2 to 3 days, 2 
wk, 2 months, and 4 months after birth were plotted and connected 
by straight lines. The result is shown in Figure I .  To accommodate 
the wide range of AFP levels and to facilitate the estimation of 
half-life of AFP, a semi-logarithmic plot was used. The half-life 
of AFP degradation [which is the time interval corresponding to 
a decrease of log 2 or the time at log (AFP) concentration at day 
zero/2] can be estimated graphically. In general, the rate of decline 
was most rapid between birth and 2 wk of age. The half-life of 
AFP degradation during this period was estimated to be 5.5 days 
according to first-order kinetics. The rate of decline decreased 
between 2 and 8 wk of age and further decreased after 2 months 
of age. The average half-lives of AFP beween 2 wk to 2 months 
and 2 to 4 months were 11 and 33 days, respectively. 

Individual serum AFP levels at any age were found to be highly 
variable. No correlation between the level of AFP with birth 
weight, sex, gestational age, type of milk feeding, presence or 
absence of jaundice, etc., was noticed. For the majority of the 
infants, the rate of AFP decline was very similar. Consequently, 
an infant with high levels at birth usually maintained relatively 
higher levels of AFP throughout the entire period of early infancy. 
However, deviation from the normal pattern of decline was also 
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Fig. I. Serum AFP levels of 32 normal babies measured consecutively 
at 2 or 3 days, 2 wk. and 2 and 4 months after birth. 

observed in small number of infants. The reason for this deviation 
was not clear. 

To  establish normal AFP levels for infants at various ages and 
to determine at what age their AFP levels approach adult level, 
the values used in Figure I were replotted in Figure 2. In addition, 
116 random specimens without elevated liver enzymes along with 
the 10 samples obtained from premature infants were also in- 
cluded. Because there was only a limited number of specimens for 
any defined age, they were divided into several groups, namely, 
premature, newborn, from birth to two wk, two wk to one month, 
and monthly thereafter. The need to separate the infants before 
and after two wk of age is due to the rapid decline during this 
early period. For any individual infant, it is a p p ~ r e n t  from Figure 
I that a very large change of AFP occurs over the first 2 wk of 
life. However, further refined grouping of these results may not be 
practical because of the large variation of the normal levels at any 
age of the infants. 

The results presented in Figure 2 indicate that after 8 months 
of age AFP level of infants have reached adult level. The average 
normal serum AFP level and its standard deviation of each age 
group are summarized in Table I. Because our results show no 
difference in AFP levels between infants after 8 months of age 
and adult, only AFP level up to 8 months are listed. We have 
measured AFP level in 50 normal adult blood bank donors. The 
average serum AFP level was found to be 4.7 + 3 ng/ml. The 
value of mean plus 7 ?tandard deviations was plotted in Figure 2 
as u p p e r  normal limit. 

DISCUSSION 

It has been reported (8) that serum AFP disappears from blood 
2 wk after birth. Most likely it was due to the lack of sensitivity of 
the technique they used that levels below pg/ml range could not 
be detected. Masseyeff et al. ( I  I )  first demonstrated the gradual 
decline of serum AFP postnatally using a sensitive radioimmu- 
noassay technique. Their results indicated that it may be a year or 
so before the infant's AFP level approached that of adults. How- 
ever, because of the limited number of random specimens included 
in their study, no reliable normal levels could be established for 
infants. In this study, we report AFP levels in 148 serum specimens 

P N = 2 w > 2 w I  2  3 4  5 6 7 8 9 1 0 1 1 1 2  
AGE (months)  

Fig. 2 .  Serum AFP levels of normal infants and infants with normal 
liver enzymes. 0, serum AFP levels of 32 normal babies which were 
plotted in Figure I; 0. AFP levels of 116 random specimens. Serum AFP 
levels from I I premature infants are also included. Dorred line. normal 
upper level for adults. P, premature: N, newborn; <?w. newborn to 2 wk: 
>2w. 2 wk to one month of age 

Table 1. Average normal serum A FP of infunr.~ U I  various ages 
~ 

No. Mean 5 S.D. (ng/ml) Age -- -- 

Premature I I 134,734 + 4 1.444 
Newborn 55 48.406 f 34.7 l X 
Newborn-2 wk 16 33.1 13 + 32.503 
2 wk-l mo. 43 Y3452 + 12.610 
I mo. I2 2.654 5 3.080 
2 mos. 40 3 2 3  + 278 
3 mos. 5 X X  + X7 
4 mos. 3 1 74 + 56 
5 mos. 6 46.5 5 I Y  
6 mos. Y 12.5 5 9.8 
7 mos. 5 Y.7 + 7.1 
8 mos. 3 

-- 
8.5 + 5.5 

~ ~ 

from infants between birth and one year of age. Our results 
indicate that AFP levels in infants reach adult levels by 8 months 
of age. It is interesting to note that higher levels of serum AFP 
may be seen in pediatric hepatic disorders (3, 9) than adults. 
Moreover, Abelev et al. ( I )  found that the production of AFP after 



toxic injury to liver cell was more easily elicited in young animals. 
Therefore, it seems that the normal AFP levels provided by this 
study should improve the diagnostic value of serum AFP mea- 
surements for infants under one year of age. 

We also hope that the age-dependent normal AFP levels pro- 
vided in this study would improve the differential diagnosis of 
neonatal hepatitis from biliary atresia. Differential diagnosis be- 
tween extrahepatic biliary atresia and neonatal hepatitis is difficult 
either on clinical or biochemical ground. Andres et al. (2) proposed 
that serum AFP levels greater than 35 pg/ml in infants 1 to 4 
months of age could be used for the diagnosis of neonatal hepatitis 
whereas values below 10 pg/ml in infants under 4 months of age 
be used for the diagnosis of biliary atresia. Johnston et al. (7), on 
the other hand, indicated that AFP concentration greater than 10 
pg/ml favored the diagnosis of neonatal hepatitis especially in the 
first 10 wk of life. It is apparent from the values listed in Table 1 
that using either 35 or 10 pg AFP per ml for the diagnosis of 
neonatal hepatitis in those age ranges would undoubtedly yield 
many false negatives because the normal AFP levels in both 
groups of patients are much lower than the cutoff levels used. On 
the other hand, using 10 &ml to differentiate neonatal hepatitis 
from biliary atresia in the first 10 wk of life (7) would probably 
yield both false positives in infants less than 2 wk of age and false 
negatives in infants between 2 and 10 wk. 

The half-life of 5.5 days estimated by us for AFP degradation 
between birth and 2 wk of age is in close agreement with reports 
from other investigators (5, 6). However, we found that the 
degradation rate decreased considerably after that initial period. 
It was pointed out by several investigators that there was essen- 
tially no synthesis of AFP immediately after birth because of the 
rapid decline observed in serum AFP postnatally (5.6). However, 
our results shown in Figure 1 indicate that a small amount of AFP 
is continuously synthesized. By following the serum AFP level in 
each individual infant, the rate of decline of serum AFP does not 
follow a first-order kinetics for the entire 4 months after birth. If 
the rate of decline is only controlled by AFP turnover rate, a 
semilogarithmic plot would have yielded a straight line. Therefore, 
it is most likely that some residual synthetic activity exist postna- 
tally. In rat, Colguhoun et al. (4) also observed a biphasic pattern 
of AFP disappearance from the circulation of the neonatal rat, 
indicating possible continued AFP synthesis after birth. In our 
case, the amount of AFP synthesized may not be significant 
compared to the amount of AFP in the serum of infants during 
the fmt 2 wk of life. The rate of decline is therefore equivalent to 
AFP turnover rate. However, within 2 wk after birth, the serum 
AFP level is much lower, and the rate of AFP decline is no longer 
controlled by AFP turnover alone. Instead, the small amount of 
AFP synthesized begin to affect the degradation pattern. This 
effect becomes even more apparent after 2 months of life when 
the residual serum AFP level approaches adult level. This explains 
the result of a curved line instead of a straight one as we show in 
Figure 1. It should be noted that even the rate of synthesis may 
decline slowly during the first year of life. After 8 months of age, 
only trace AFP synthesis exist. 

Similar to what was observed by Masseyeff et al. (1 1). we also 
notice a wide range of variation of normal AFP levels in infants 

at all ages. This wide range of variation results not only in 
considerable overlap between normal levels of different age 
groups, but also in large standard deviations as shown in Table I .  
We hope that additional unknown factors affecting AFP level will 
be discovered in the future, which should help to narrow the age- 
dependent normal AFP values and further improve the diagnostic 
value of measuring AFP in serum. 

By monitoring the serum AFP levels of 32 normal babies 
consecutively from birth to 4 months of age and by measuring 
AFP levels in additional 116 random serum specimens from 
supposedly normal children with normal serum liver enzyme 
activities, we have established normal serum AFP levels for infants 
from birth to 8 months of age. The serum AFP levels are age 
dependent; they gradually decline as infant matures. It was not 
until 8 months of age that the serum AFP levels in infants 
approach adult level. The rate of decline of serum AFP also 
change with age. The half-lives were estimated to be 5.5 days 
between birth and 2 wk of age, 11 days between 2 wk and two 
months, and 33 days between 2 and 4 months. The change of the 
rate of AFP degradation indicate that a considerable amount of 
AFP synthesis exists after birth. 
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