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Prothrombin Deficiency of the Newborn. 

ALEXANDER RANDALL, IV, AND J. PERLINGIERO RANDALL. 
(Introduced by P. Gyorgy.) 

From the Nutritional Service of the Department of Pediatrics and the Gaslro-Intestinal 
Section of the Medical Clinic, School of Yedicine, University of Pemsylvania, Philadelphia. 

Many of the recent studies on blood coagu- 
lation have been concerned with the nature of 
prothrombin, its composition and the inter- 
relationships of the various coagulation com- 
ponents that affect its conversion to thrombin. 

Quick1*' a t  first claimed that prothrombin, 
as determined by the one stage method, ap- 
peared to be composed of a t  least two com- 
ponents which he designated as A and B. His 
original work was soon supported by other 
investigator$-j who reached similar conclu- 
sions. Seegers, Loomis, and Vanderbilt6s7 
have since prepared prothrombin that is elec- 
trophoretically homogeneous and have there- 
fore rejected the multi-component hypothesis. 

A number of recent studies, in particular 
those of Fantl? Quick: Ware,l0 Murphy,ll 
Owren?*J3 Munro14 and MacMillanlj are 

1 Quick, A. J., Am. J .  Physiol., 1943, 140, 212. 
zQuick, A. J., J.A.M.A., 1944, 124, 734. 
3Mun1-o, E. L., Hart, M. R., Xunro, M. P., and 

Walkling, A. A4., Am. J .  Physiol., 1945, 145, 206. 
411Iunro, F. L., and Munro, M. P., Am. J .  

Physiol., 1947, 149, 95. 
ri O'Seal, W. J., and Lam, C. R., Am. J .  Me& 

Sci., 1945, 210, 181. 
6 Loomis, E. C., and Seegers, W. €I., Am. J. 

Physiol., 1947, 148, 563. 
7 Scrgers, W. II., Loomis, E. C., and Vanderbilt, 

J. M., Arch. Biochem., 1945, 0, 85. 
SFantl, P., and Nancc, M., Nature, 1946, l s ,  

708. 
9 Quick, A. J., Am. J .  Physiol., 1947, 151, 63. 
loware, A. G., Guest, M. M., and Seegers, 

W. II., Scieae ,  1947, 106, 41. 
11Yurphy, R. C., Ware, A. G., and Seegers, 

W. H., Am. J .  Physiol., 1947, 151, 338. 
E Owrcn, P. A., Lancet, 1947, 1, 446. 
l3Owrm1, P. A., The Coagulation o f  the Blood, 

11Munro, Y. P., and Munro, F. L., Am. J .  

1.7 XacMillan, R. L., Science, 1948, 108, 416. 

Oslo, 1947. 

Phgsiol., 1947, 180, 409. 

of special interest in that they present evi- 
dence of other new factors important in the 
conversion of prothrombin to thrombin. Ware 
et have been able to prepare a g l h u l h  
of high purity 'that both accelerates the pro- 
thrombin conversion and increases the yield 
of thrombin. 0wrenl3 has described a new 
and highly purified factor that also acceler- 
ates prothrombin conversion. I t  has not 
been settled as to whether or not this factor 
is identical with the substance described by 
Ware et al. MacMillan15 has presented ex- 
periments showing that the blood of di- 
coumardized patients is deficient in a factor 
that is different from that described by h e n .  

In the present work an attempt was made 
to determine whether any of the previoudy 
described factors are concerned with. the pro- 
longation of prothrombin time observed in 
the newborn infant. 

Subjects. Twelve full term infants, under 
5 days of age, whose plasma exhibited a pro- 
longed prothrombin time were selected for 
this study. Neither mother nor infant had 
received vitamin K and none showed clinical 
evidence of hemorrhagic phenomena. The 
method employed in the evaluation of the de- 
ficiency leading to the prolonged prothrom- 
bin time consisted of the addition t o  the in- 
fant's plasma of other plasma or serum known 
to contain or lack certain components. The 
plasma or serum added was chosen from 
groups of subjects as follows: 1) Plasma from 
1 2  normal adults, (also used as controls in 
the prothrombin determination). Plasma 
from 6 normal adults stored for various 
lengths of time. Serum from 6 normal adults 
similarly stored (Series 1). 2) Plasma from 
6 normal infants whose prothrombin times 
were within the normal range, and who had 

16 Ware, A. G., Guest, M. M., and Seegers, 
W. EL, J .  Bwl. Chem., 1947, 169, 231. 
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PROTHROMBIN DEFICIENCY OF THE NEWBORN 217 

not received vitamin K (Series 2) .  3 )  Plas- 
ma from 5 adults who had received diooumar- 
01 for thrombotic disease but were otherwise 
healthy (Series 3 ) .  4) Plasma from two adults 
who were suffering from liver disease (Series 
3 ) .  

The prothrombin times of the 
various plasmas and plasma mixtures studied 
were determined by use of the Quick method. 
Details are given in a previous paper?’ The 
values given represent the averages (in sec- 
onds) of at  least 3 determinations. Stored 
sera and plasmas were kept in a refrigerator 
at approximately 5°C for 18 to 190 days, as 
indicated in Table I. 

Results. I t  will be noted that when the 
plasma of infants with prolonged prothrom- 
bin times was mixed with the plasma from 
normal d u l t s  in the proportions recorded 
(Table I, Series 1) a considerable shortening 
of the infant’s prothrombin time occurred in 
each case, even though only a relatively small 
amount of adult normal plasma had been 
added. When the infant’s plasma was mixed 
with adult stored plasma or serum a similar 
and in some cases, a more marked decrease in 
prothrombin time occurred. Plasma of infants 
with normal prothrombin times (Table 11, 
Series 2 )  also decreased the prothrombin time 
of ‘the infants with abnormal plasma but not 
as markedly as did the adult plasma. Finally 
when the plasma with prolonged time was 
mixed with plasma of dicoumarolized adults 
or of those with liver disease (Table 11, Series 
3 )  a variable result was obtained, but usually 
the decrease in prothrombin time was slight. 

Discussion. Restoration ob prothrombin 
times in the foregoing series of experiments 
demonstrates that more than a deficiency of 
prothrombin is involved, at  least insofar as 
this is indicated by the one stage method. 
Considering the mixture described in the first 
experiment (Table I, infant KO. l) ,  through 
the use of plasma dilution curves, the total 
theoretical prothrombin content of the mix- 
tures may be calculated by adding the pro- 
thrombin contributed by each of the 2 com- 
ponent plasmas. Because of dilution, the 

17Randall, A., IV, and Randall, J. P., Science, 

Technic. 

- - - - - ~  

1948, 107, 399. 

adult plasma (assumed to be 100% before 
dilution) contributed 10%. The infant (con- 
taining only 20% before dilution) could con- 
tribute no more than 18%. The final mixture 
would be expected to contain the sum of the 
contributions by each plasma., or 28%, and 
the expected time would be 32 seconds instead 
of the observed 23. This discrepancy is even 
more obvious in the second infant studied 
(Table I, No. 2 ) .  This infant’s plasma, hav- 
ing an extremely prolonged ti’me, could con- 
tribute practically no prothrombin, and the 
calculated clotting time of the mixture would 
be that of a 10% dilution of adult plasma or 
60 seconds instead of the observed 28.5 sec- 
onds. Similar reasoning applied to the other 
subjects is given in the column (Table I )  
marked “calculated”. That more than a 
simple deficiency of prothrombin exists is 
further substantiated by the demonstration 
that the plasma of infants, normal by the one 
stage test, proved to be less effective than 
adult plasma in restoring the prothrombin 
times of the deficient infants. 

The evidence here presented does not sup- 
port the conclusions reached by Quick: ac- 
cording to which the plasma of these infants 
should be deficient in the component he desig- 
nates as prothrombin A. If this were so, the 
plasma of patients receiving dicumarol or suf- 
fering from liver disease should restore to 
normal the prothrombin time of the plasma 
of these infants. This was not evident in the 
seven instances studied. 

Further, deficiency of  quick'^^?^ labile fac- 
tor does not seem to be the basis of the de- 
ficiency seen in the newborn, because stored 
plasma, in which this factor is either absent 
or greatly diminished, proved to be as ef- 
fective as fresh plasma for restoration of the 
prothrombin times. 

Finally, and perhaps most significant was 
the demonstration that stored serum, from 
which prothrombii, thrombin and fibrinogen 
would have disappeared, was also effective in 
bringing the prothrombin times of deficient 
infants to normal. 

It would appear from the foregoing that 
the prolonged prothrombin times frequently 
observed in the newborn, when measured by 
the one stage technic, cannot be adequately 
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explained as a deficiency of prothrombin itself 
or of any of the classical clotting factors. 
Rather it would seem that ‘the newborn in- 
fant is unable to convert prothrombin to 
thrombin with the same speed and efficiency as 
the normal adult. This view would also 
explain the discrepancy observed in studies 
on such subjects in the past when their blood 
has been examined simultaneously by the one 
stage and two stage technics. Our experi- 
ments indicate that a factor is provided by 
normal plasma, aged plasma or serum that 
considerably enhances the conversion of pro- 
thrombin. Recently reported studies, as pre- 
viously mentioned, have shown that one or 
more accelerator factors are involved in the 
normal blood clotting mechanism. -4t least 
one of these factors has been shown to be 
present in serum. I t  is our belief that de- 
ficiency of such a factor contributes to the 
clotting abnormalities of the newborn, hereto- 
fore attributed solely to a lack of prothrombin. 
Further investigation of this basic problem 
to confirm and amplify these findings is clear- 
ly required. 

WITH HISTOPLASMIN 

Two recent papersl5J8 demonstrate that a 
diminution of such a factor accounts for cer- 
tain clotting changes observed in dicoumar- 
olized subjects. The observation that di- 
coumarolized plasma exerts little effect upon 
the plasma of deficient infants suggests that 
the changes in both plasmas may be of similar 
nature. 

1 .  Evidence is presented indi- 
cating that the prolonged prothrombin times 
observed in the plasmas of newborn infants, 
studied by the one stage technic, cannot be 
adequately explained as a simple deficiency of 
pro thromlbin. 

2. Although there may be some diminu- 
tion of prothrombin, it appears that the 
plasma of the newborn is deficient in a factor 
accelerating conversion of prothrombin to 
thrombin. The deficiency of this factor is 
remedied by the addition of small amounts of 
normal plasma, stored plasma or serum. 

Summary. 

18 Owen, C. h., and Bollmnn, J. L., PWC. SOC. 
ESP. Bror,. .4sn MU)., 1948, 67, 231. 
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Agglutination of Sheep’s Erythrocytes Sensitized with Histoplasmin. 

AKE NORDEN.* (Introduced by S. F. Conant.) 
From the Dppnytiiicirt of Rtcclr r i d o g y ,  l h i l ~  riiitrcrsity ,Yclrool of Medicine und Duke 

Hospiicd. Durham, S. I!. 

The need of sensitive and specific serologic 
tests in fungus diseases has lately arisen in 
cases with skin reactions to histoplasmin. 
Several publicaltions1-3 describing complement 
fixatim tests have appeared. Recently Sas- 
law and Campbell4 have reported agglutina- 
tion tests using collodion particles sensitized 

Rockefeller Foundation Fcllo\v floiii 1-n i i - a -  

1 Tennenbcrg, D. .J., and IIowrll, -\., Yirb. 

2 Salvin, S. B., PILOC. SOC. Em. Bror,. AXD MFD., 

SSaalaw, S., and Campbell, C. C., J .  Lab. and 

sity of Lund, J.und, Swcdrn. 

Hedtb  Rep., 1948, 63, 163. 

1947, 66, 342. 

C l h .  Yed . ,  1948,85, 811. 

with histoplasmin. The preparation of c01- 
lodion particles, however, is very difficult. 
Middlebrook and Dubs5 have reported a 
similar agglutination, test for tuberculosis in 
which sheep’s erythrocytes were sensitized 
with a specific substance extracted from tu- 
bercle bacilli. 

The present report describes an agglutina- 
tion test using histoplasmin-sensitized sheep’s 
erythrocytes as antigen and sera from rabbits 
immunized with Histoplasma capsulatum. 

~~ ~ 

4 Saslaw, S., and Campbell, C. C., PEW. SM. 

5Middlebrook, G., and Dubos, R. J., J .  Ezp. 
E n .  BIOL. AXD Mm., 1948, 68, 559. 

Mad., 1948, 88, 521. 




