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Prothrombin Deficiency of the Newborn.
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From the Nutritional Service of the Depariment of Pediatrics and the Gastro-Intestinal
Section of the Medical Clinic, School of Medicine, University of Pennsylvania, 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.

Quick!? at first claimed that prothrombin,
as determined by the one stage method, ap-
peared to be composed of at least two com-
ponents which he designated as A and B. His
original work was soon supported by other
investigators®>® who reached similar conclu-
sions. Seegers, Loomis, and Vanderbilt®?
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,® Murphy,!!
Owren,'?12 Munro'* and MacMillan!® are
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of special interest in that they present evi-
dence of other new factors important in the
conversion of prothrombin to thrombin. Ware
et al.'® have been able to prepare a globulin
of high purity that both accelerates the pro-
thrombin conversion and increases the yield
of thrombin. Owreni® has described a new
and highly purified factor that also acceler-
ates prothrombin conversion. It has not
been settled as to whether or not this factor
is identical with the substance described by
Ware et al. MacMillan'® has presented ex-
periments showing that the blood of di-
coumarolized patients is deficient in a factor
that is different from that described by Owren.

In the present work an attempt was made
to determine whether any of the previously
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 to 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
12 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 Seégers,
W. B, J. Biol. Chem., 1947, 169, 231.
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not received vitamin K (Series 2). 3) Plas-
ma from 5 adults who had received dicoumar-
ol for thrombotic disease but were otherwise
healthy (Series 3). 4) Plasma from two adults
who were suffering from liver disease (Series
3).

Technic. 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.l” 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. It will be noted that when the
plasma of infants with prolonged: prothrom-
bin times was mixed with the plasma from
normal adults 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 II,
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 II, Series
3) a variable result was obtained, but usually
the decrease in prothrombin time was slight.

Discussion. Restoration of 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 No. 1), 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

17 Randall, A., IV, and Randall, J. P., Science,
1948, 107, 399,
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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 time, 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’s?? 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 prothrombin, 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. At least
one of these factors has been shown to be
present in serum. It 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.

HemAceLUTINATION WITH HISTOPLASMIN

Two recent papers'®'® 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.

Summary. 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
prothrombin.

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.

18 Owen, . A., and Bollman, J. L., Proc. Soc.
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The need of sensitive and specific serologic
tests in fungus diseases has lately arisen in
cases with skin reactions to histoplasmin.
Several publications'® describing complement
fixation tests have appeared. Recently Sas-
law and Campbell* have reported agglutina-
tion tests using collodion particles sensitized

®Rockefeller Foundation Fellow from TUniver-
sity of Lund, Tund, Sweden.
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with histoplasmin. The preparation of col-
lodion particles, however, is very difficult.
Middlebrook and Dubos® 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, 8., and Campbell, C. C.,, Proc. Soc.
Exp. BroL. AXD MED., 1948, 68, 559.

5 Middlebrook, G., and Dubos, R. J., J. Exp.
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