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Transfusion syphilis is not a serious problem
with present methods of blood transfusion. In
The Johns Hopkins Hospital there were 12 rec-
ognized instances of transfusion syphilis before
1939 (1). Since the establishment of the blood
bank in that year, no such cases originating in this
hospital have been recognized. With serologically
tested blood available at all times, transfusion
syphilis is no longer caused by the use of un-
tested blood in conditions of dire emergency.

Of equal importance is undoubtedly the effect
of refrigerator storage. With the advent of mass
transfusions (6,000 to 7,000 donors are bled each
year in The Johns Hopkins Hospital blood bank),
and the employment of nurse technicians to bleed
the donors, physical examination of donors has
become impractical. Obviously, some donors
must have given blood at a time when they had
lesions of primary syphilis. It is accepted that
some 30 per cent of such individuals are sero-
negative. It is from just such donors that 25
per cent of the cases of transfusion syphilis origi-
nated in the past (2). It can hardly be mere
chance that we have observed no cases of trans-
fusion syphilis since 1939. Refrigerator storage
must be the responsible factor. In 1941 Turner
and Diseker (3) found that Treponema pallidum
seeded in rabbit blood kept under conditions sim-
ulating those in the blood bank of The Johns
Hopkins Hospital failed to give rise to infection
when injected into rabbits after storage periods
of 48 hours or longer. Bloch (4), simultaneously
performing almost parallel experiments, found
some persistence of infectivity up to 72 hours but
none at 96 hours. Since most bank blood is
three to four days old or older when used for
blood transfusion and the experimental inocula-
tions employed were much heavier than would be
required to reproduce clinical conditions, it would
appear that the absence of transfusion syphilis
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since the establishment of the blood bank is at
least partly attributable to refrigerator storage.

The possible infectivity of plasma has also been
studied. Kolmer (5) found inoculated liquid
plasma infectious after one and three hours of
storage at 4-6° C. but not after 24, 48, or 72
hours. When serum inoculated with treponemes
is frozen and desiccated, Turner, Bauer, and
Kluth (6) found that under their experimental
conditions infectivity of the spirochetes was com-
pletely destroyed. When inoculated plasma is
frozen and held at — 20° C. for 48 hours or
longer, Ravitch and Chambers (7) found that the
material is not infectious.

In civilian blood banks in areas where the in-
cidence of syphilis in the population is high, as
in Baltimore, large numbers of donors are re-
jected because of a history of syphilis or of anti-
syphilitic treatment. Other donors are bled but
their blood discarded because of a positive sero-
logic test for syphilis.! In 1946, 1.2 per cent of
white donors, 13.3 per cent of Negro donors, and
6.5 per cent of all donors—a total of 487 donors
—at The Johns Hopkins Hospital, were found to
have a positive STS and their blood discarded.

The evidence given above appears to be suffi-
cient to indicate that with the use of plasma in
any form (since it is necessarily held for bacterio-
logic culture for one week before release) there
is no danger of transfusion syphilis. The impor-
tance of this in a military emergency is obvious.
As far as concerns the danger of transmission of
syphilis, no STS need be performed and no donor
need be rejected in any plasma program. There
remains only the problem of whether the passive
transfer of reagin produces a positive STS in the
recipient. To clarify this phase of the problem,
plasma of known reagin titer was injected into
individuals with a negative STS.

1 Hereafter this is abbreviated to STS.
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Less direct studies of the fate of passively ac-
quired reagin of syphilis have been made by
Fildes (8), Cruickshank (9), Dunham (10), and
others (11). They observed that reagin was
often passively transferred from the blood stream
of women with positive STS to the circulation of
their new-born infants. The majority of such
infants, although not infected with Treponema
pallidum, had positive STS at birth. Repeated
quantitative STS in these infants showed a defi-
nite decline in the titer within seven days. The
reactions were usually negative within 30 days,
although in an occasional infant the passively
transferred antibody could be detected for as long
as 90 days. These observations represent passive
transfer occurring in nature, analogous to the
artificial transfusion of reagin-containing plasma
into individuals with a negative STS. Recent
studies by the technique of introduction of iso-
topic nitrogen into antibodies against type-specific
pneumococci (12) show that the half-life of such
an antibody molecule is approximately two weeks.
There is no evidence of continued synthesis of
passively transferred antibody.

METHOD

The subjects were all patients on the surgical service
of The Johns Hopkins Hospital. At first only patients
with known malignant disease were used, but as the re-
sults began to show the rapid return of the STS to nega-
tive, other types of patients were included. Sixteen pa-
tients with negative STS were studied.

All bottles of blood from donors with a positive STS
were put aside in the refrigerator. As they accumulated,
the plasma was drawn off and pooled, eight to ten donors
contributing to each pool. The period of storage before
centrifugation of blood and separation of plasma varied
from one to ten days. The STS was titered for each unit
of plasma entering the pool and for each pool. The
plasma pools were at once divided into units of 500 cc.
and then frozen at — 10° to —20° C. At intervals of two
weeks to two months the frozen plasma was thawed in
a water bath at 37° C. and 500 cc. administered intra-
venously to selected patients. The titer of the STS of
each plasma unit after thawing was identical with the
original titer. Specimens of blood were drawn from each
recipient immediately before the plasma injection and at
24-hour intervals thereafter until the STS by all methods
had become negative. In a few recipients several blood
samples were taken during the first 24 hours.

Standard quantitative serologic tests were performed
with the Mazzini technique (13), the Eagle flocculation
(13), the Venereal Disease Research Laboratory Cardio-
lipin flocculation (14), and the Eagle Wassermann tech-

TABLE 1

Serologic response in 16 patients with negative serologic tests for syphilis given 500 ml. of
plasma with positive serologic tests for syphilis

Patient Plasma injected Seml(;\gfitce:iit:jrescitliloga ;}eglt:sﬁfahours
Da;

Serologic titers ini‘e,cgggt

< t ! Flocculation :ll‘l zehrlglh

Compie. . gt A serc

No. Weight | Lot No. ﬁ:‘aet?;n Flocculation on ;setgsa&e';e

Eagle Eagle Mazzini |Cardiolipin Eagle Eagle Mazzini |Cardiolipin
ke.

1 55 2 4 1 1 2 12
2 66 2 16 8 8 8 1 D* D 1 10
3 82 2 D 1 D D 6
HE I D | 1| B3| 2|
2 19
6 64 4 24 4 4 8 D D D 1 19
7 65 4 D 1 1 2 9
8 ‘;Z g B 1 — 1 14
9 1 — 1 20
10 65 8 32 16 16 32 D 1 — 2 5
AR 1N A = I
12 — 2 12
13 | 104 9 32 32 32 64 D 2 — 4 9
14 80 10 4 8 —_ 16 8
15 46 10 96 64 64 128 12 16 8 32 19
16 60 10 4 16 32 32 10

* D = doubtful.
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nique (13). Sera were examined within 24 hours after
they were drawn. In addition a portion of each serum
was frozen at —10° C. In this way all of the speci-
mens drawn from a given patient could subsequently be
tested simultaneously after the last specimen had been
drawn. Since the results obtained on retesting were
practically identical with the original determinations, the
results reported here are those obtained with fresh sera.
The methods of reporting used by the respective authors
of the tests were followed in determining the titers.

RESULTS

1. Serologic titers of plasma pools. The sero-
logic titers of the five pools of plasma used in
these studies are presented in Table I. In the
preparation of pools No. 2 and No. 4 any plasma
was used if the corresponding serum had a titer
of 1 dilution unit or higher with the Eagle floccu-
lation test. In the pooling of Nos. 8, 9, and 10,
plasma was taken only from donors with a titer
of 4 dilution units or higher with the Eagle floc-
culation test. As a result of this the serologic
titers in these latter pools were higher. The
titers of the pools of plasma varied from 4 to 128
dilution units with the various tests employed.

2. Serologic titers in sera of recipients within
the first 24 hours after the plasma infusion. Blood
specimens drawn from each of the 16 recipients
within the first 24 hours after infusion gave posi-
tive or doubtful reactions in all cases. The indi-

TABLE II

Duration of positive serologic test for syphilis after
injection—comparison of the several serologic tests

Day after injection on which STS became negative
Pﬁi:.n t Comp:e- Flocculation
fixation All tests
Eagle Eagle Mazzini |Cardiolipin

1 5 7 8 12 12
2 4 4 4 10 10
3 4 4 3 6 6
4 2 2 2 4 4
5 3 8 3 19 19
6 5 5 2 19 19
7 5 9 5 9 9
8 14 3 —_ 4 14
9 12 15 — 20 20
10 2 5 — 5 5
11 2 5 — 5 5
12 2 12 —_ 12 12
13 2 9 — 9 9
14 5 9 —_ 8 8
15 13 19 9 16 19
16 10 10 7 10 10

vidual serologic titers varied from 1 to 32 dilu-
tion units in the various tests used (Table I).

3. Progressive fall in serologic titer in relation
to time. In each case studied the quantitative
serologic tests for syphilis gave the maximal re-
sponse on the first day after infusion. On suc-
cessive days after transfusion the serologic titers
gradually fell in all cases until all serologic tests
became negative. There was a rapid fall in titer
within the first seven days. Fifteen of the 16
patients had serologic titers of 1 dilution unit or
less on the seventh day. The sera of all the
recipients became negative within nine to 19 days
after injection, with minor fluctuations between
tests (Table II). The fall in serologic titer of
two of these patients is illustrated in Figures 1
and 2.2

4. Later serologic follow-up of patients. None
of the patients developed clinical evidence of
transfusion syphilis and all of those who could be
followed for three to six months maintained their
negative STS. Of the 16 patients to whom plasma
was given, ten returned for examinations three
to six months later and were found to have nega-
tive. STS at that time. Four of the group had
died of their original neoplastic processes, and
two could not be found for follow-up examina-
tions.

In reviewing the records of these patients it
was found that all of them received penicillin at
the time of their surgical procedures. The total
dosages of penicillin ranged from 10,000,000 to
50,000,000 Oxford units over periods of seven to
20 days. So that, inadvertently, these patients
received adequate treatment for incubating pri-
mary syphilis (15). Since under present clinical
practice the vast majority of patients sick enough
to require transfusions also receive penicillin, the

2 While this study was in progress we had the oppor-
tunity to observe the effect of a transfusion of STS posi-
tive whole blood, erroneously administered. The donor’s
STS was positive in a titer of 16 dilution units (Eagle).
The donor’s blood had been stored for ten days at 5° C.
The recipient had a negative STS on admission to the
hospital. She was a pregnant woman, at term, trans-
fused for secondary anemia. Six days after the trans-
fusion with 500 cc. of STS positive blood her STS was
positive (Eagle 2 units, VDRL Cardiolipin 4 units).
Nine days after the transfusion all serologic tests were
negative. Two days after the transfusion the patient was
delivered of a normal infant. The baby’s STS was nega-
tive when first determined on the ninth day of life.
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SEROLOGIC RESPONSE TO THE INJECTION OF PLASMA CONTAINING
2 RELATIVELY SMALL AMOUNTS OF REAGIN
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likelihood of the occurrence of transfusion syphilis
is even further diminished.

DISCUSSION

The weights of the patients varied from 39 to
104 kg. (Table I). If one uses the figure of 45
cc. of plasma volume per kilogram of body

weight (16), then the computed plasma volumes -

for these 16 patients ranged from 1,755 to 4,680
cc. To these initial volumes there was added
* 500 cc. of plasma containing reagin. It can be
calculated that the antibody was diluted in vivo
approximately one-fifth to one-tenth of its original
titer. In the actual tests of the recipients’ sera
on the day following injection it was observed
that one-fourth to 14, of the original titer was
found in the recipients’ sera. It would appear,
within the range of error involved in the com-
putation and in the titration of the sera, that the
antibody titer of the recipient after 24 hours rep-
resented the dilution of the injected reagin in the
blood volume of the recipient.

All of the plasma used in this study was taken
from blood of donors known to have a positive
STS and preferably of high titer. Yet, even un-
der these extreme experimental conditions, the
positive STS in the recipient lasted less than
three weeks in the longest instance and only four
days in the shortest. If the STS positive blood
normally discarded by the blood bank were con-
verted to plasma together with all the STS nega-
tive blood usually processed into plasma, no pool
would have more than one or two STS positive
specimens in it. The resultant pool of plasma
would have a very low titer of reagin and the
duration of the persistence of the passively trans-
ferred positive STS, if any were detectable at all,
would be correspondingly brief. In all probability
no more than a doubtful reaction would be pro-
duced in the recipient.

It is experimentally proved that syphilis will
not be transmitted by plasma desiccated or frozen
under blood bank conditions. Liquid plasma
stored at 4-6° C. one day or more is equally safe.
We have now shown that the positive STS pas-
sively acquired by the recipient of a transfusion
with STS positive plasma is of short duration.
The blood of donors with syphilis in any stage
should, therefore, be acceptable for use in the
plasma program of any institution or organiza-

tion, in which plasma is desiccated, frozen, or
refrigerated under the conditions noted above.

SUMMARY

1. Patients transfused with plasma from donors
with a positive serologic test for syphilis will
acquire a positive STS.

2. The initial titer of the acquired STS repre-
sents the dilution in the recipient’s blood volume
of the reagin contained in the injected plasma.

3. In all of 16 recipients the acquired positive
STS had reverted to negative by the 20th day or
before.

4. The blood of donors with syphilis should be
acceptable for use in any blood bank with a
plasma program, provided the material has been
frozen, dried from the frozen state, or stored at
least four days in the refrigerator.
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