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Leptospirosis is a zoonotic disease which
affects many species of animals as well as
man. In ruminants, Leptospira pomona is fre-
quently the etiologic agent. The clinical signs
of infection in sheep include fever, icterus,
and a hemolytic anemia. Several investiga-
tions have failed to elucidate conclusively the
mechanism of this anemia (1-4). The detec-
tion of a transiently occurring cold-
hemagglutinin (CHAn) associated with the
hemolytic crisis in the plasma of experimen-
tally infected anemic sheep, has recently
been reported (5). Some characteristics of
this CHAn are reported here.

Materials and Methods. A total of 15
sheep free of lepotospiral agglutinins was
used in three separate experiments. All sheep
were housed in isolation units, provided with
hay and a complete pelleted ration and water
ad libitum. One noninfected control was
maintained in contact with the infected sheep
in each experiment. The sheep were infected
with Leptospira pomona by subcutaneous
inoculation with 2.5 ml of a 10% emulsion, in
0.85% NaCl solution, of liver and spleen
obtained from leptospiremic, moribund ham-
sters.

The microscopic agglutination test employ-
ing live L. pomona as antigen, using 7- to
10-day cultures in Stuarts’ fluid medium
(Difco Laboratories, Detroit, Mich.) with
10% rabbit serum, was used for the detection
of leptospiral agglutinins (6) in the serum of
the experimental sheep. Rectal temperatures
and packed RBC volumes and hemoglobin
values were determined daily to define the
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development of the infection and the anemia
which has been described in detail elsewhere
(5).

For the isolation of CHAn, large volumes
of blood were obtained from normal control
sheep or experimentally infected sheep dur-
ing the hemolytic crisis in either Alsever’s
(7), ACD (8) or citrate (1 vol of 0.5 M Na
citrate for 5 vol of blood) anticoagulant solu-
tion. Plasma was separated at 25° and its
globulin fraction concentrated by precipita-
tion at 409 saturation with ammonium sul-
fate. The precipitated globulins were dis-
solved in a minimal volume of water and
dialyzed against 0.85% NaCl solution until
free of detectable SO4—2.

To absorb cold-reactive hemagglutinins,
autologous,  preinoculation  erythrocytes
(RBC) were added to the concentrated glob-
ulin solution and the suspension was incu-
bated at 4°. The RBC were then sedimented
and washed at 4° with 0.85% NaCl solution
until the wash was as free as possible of
hemoglobin or other proteins. The washed
RBC were then resuspended in 0.85% NaCl
solution and the temperature raised to and
maintained at 25° to elute the CHAn. The
final eluate from the RBC was concentrated
with 409 ammonium sulfate as described
above.

Cold hemagglutinin activity was demon-
strated by the microtiter method (9) by
reaction of twofold serial dilutions of 0.05 ml
of serum or purified CHAn, in 0.85% NaCl
solution, with an equal volume of a 0.25%
suspension of autologous preinoculation
RBC. Separate titration series were incubated
at 25 and 4°. After several hours of settling,
titers were recorded as the reciprocal of the
last dilution for which a positive settling pat-
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tern (an even mat of cells) was observed.

The antigenic properties of CHAn prepara-
tions were characterized using immunodif-
fusion (10) and immunoelectrophoretic (11)
assays. Sucrose density gradient ultracentri-
fugation (12) was used to estimate the mo-
lecular size of the CHAn. The preparation of
ovine immunoglobulins used for immunopre-
cipitin tests has been described (13). An-
tisera were prepared by repeated immuniza-
tion of rabbits with ovine serum or partially
purified IgM and CHAn preparations in con-
junction with complete Freund’s adjuvant
(Difco Laboratories, Detroit, Mich.). De-
veloping antisera, as necessary, were ab-
sorbed by repeated stepwise additions of
small amounts of chromatographically puri-
fied, ovine IgG; and IgGs or hemoglobin
(Pentex Inc., Kankakee, Illinois) to remove
antibody reactive with the antigenic determi-
nants of those proteins.

The effects of heat (56 and 65° for 60
min), 2-mercaptoethanol (0.1 M for 16 hr at
25°), 10 cycles of freezing and thawing and
storage at low temperature (8, —20, and
—70°) for short and long terms on the
CHAn activity were also determined.

Results and Discussion. Experimental in-
fection was varified by the detection of lepto-
spiral agglutinins in the sera of 11 of 15
exposed sheep. One sheep died and three
sheep in the last experiment were exsan-
guinated before agglutinins appeared. The
severity of the hemolytic anemia of the
affected sheep was indicated by the fact that
the packed cell volumes of 12 of the 15
febrile, experimental sheep decreased rapid-
ly by a factor of one-fifth or more, relative to
their preinoculation levels.

Initially, CHAn were detected in low titer
(2 to 4) in the unconcentrated plasma of one
sheep in the first experiment reported here.
Although cold hemagglutinins were not subse-
quently detected in the unconcentrated plas-
ma of the other anemic sheep, CHAn were
detected in the plasma of all anemic sheep
after RBC absorption and elution and ammo-
nium sulfate concentration of the eluate. The
titers of CHAn recovered ranged from 1:1
to 1:8 after a hundredfold concentration. The
failure to detect CHAn in the one hundred-
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fold concentrated globulin fractions of plas-
ma from uninfected, nonanemic control sheep
suggested a role for CHAn in the genesis of
the anemia.

However, the relative amounts of CHAn
activity isolated in individual experiments
cannot be readily compared to the severity of
the anemia or be used to estimate the total
plasma level of CHAn or the efficiency of the
isolation procedures themselves, since minor
modifications in procedures were introduced
in various experiments to determine the most
efficient and convenient methods for purifi-
cation. Although the amounts of CHAn ap-
pear to be low, these may nevertheless be of
considerable biologic significance in view of
the facts that only a single molecule of IgM
antibody may be required to lyse a single
RBC and that antibody may recycle and
initiate the lysis of additional RBC (14).

The existence of three distinct components
in the concentrated eluate from the RBC
was indicated by immunoelectrophoretic an-
alysis of CHAn preparations using a broad
spectrum anti-bovine whole serum (Fig. 1).
By analogy and positional characteristics,
these lines were identified presumptively as
IgG, IgM, and hemoglobin, Hb, (Fig. 1A, B,
C). These tentative designations were
confirmed by absorption of the developing
antiserum with IgG, and Hb which abolished
or diminished the intensity of the lines de-
signated IgG and Hb, respectively. The third
line, presumptively identified as IgM, was
unaffected by absorption with either IgG, or
Hb. Since insufficient ovine IgM was avail-
able to absorb the developing serum, an in-
direct method of identification was used. De-
velopment of CHAn with a specific anti-IgM
serum (which developed only a single, IgM,
line in whole ovine serum) resulted in the
development of only a single short precipitin
arc, characteristic of IgM, near the origin of
migration (Fig. 1D2).

The tentative identification of the com-
ponents of the CHAn preparation was sub-
stantiated by additional immunoelectrophore-
tic tests using an antiserum to CHAn which
had been prepared by immunizing a rahbit
with the original, partially purified CHAn
preparation (Fig. 1D1). Absorption of this
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Fic. 1. Immunoelectrophoretic analysis of cold hemagglutinin (CHAn) preparations: (slides A
and B) Three different CHAn preparations developed with a broad spectrum rabbit anti-ovine
normal serum. Although differing in concentration of individual components, preparations (A1) and
(A2) were similar in composition. Both contained 4G and 4M globulins and hemoglobin
(Hb) precipitin arcs which were identified on the basis of their position and by diminution of the
arcs after absorption with the appropriate purified protein. Preparation (B) was one in which less
hemolysis occurred during purification of the CHAn than for (A1) and (A2) and only vG and
YM were detected. (slide C1) Another CHAn preparation; and (2) purified ovine hemoglobin
(Hb) developed with rabbit anti-ovine normal serum. A faint IgM line may be seen in (1) beneath
the heavy Hb line. The amount of hemoglobin in this particular preparation was high. (slide
D) Cold hemagglutinin (CHAn) preparation (center well) developed with (1) antiserum to CHAn
and (2) an anti-yM serum. Arcs like 4G and yM and M are seen in (1) and (2),
respectively. (slide E) Reaction of anti-CHAn serum with normal ovine serum (1) and a CHAn
preparation (2) after absorption of the developing serum with G and hemoglobin. The ¥G arc
in both preparations is greatly diminished.
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anti-CHAn serum with ovine IgGy and Hb
inhibited the development of both the IgG
and Hb arcs when either whole ovine serum
or CHAn preparations were tested (Fig.
1E2). From these immunoelectrophoretic
tests it was concluded that the remaining line
was IgM. The failure of the anti-CHAn
serum to develop any additional lines (other

than IgG and IgM) in the several CHAn
preparations which were tested or in ovine
serum itself suggested a limited antigenic
heterogeneity of the CHAn eluates them-
selves (Fig. 1A-1D). This assumption would,
of course, depend upon whether any other
components in the CHAn preparation used
for preparation of the anti-CHAn serum were
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F16. 2. Immunodiffusion reactionki;gf\jve‘elﬂaué cold-
hemagglutinin (CHAn) preparation (center well),
purified ovine vyM (well 1) and antiserum to nor-
mal ovine serum (well 2). Normal ovine serum
(wells 3 and 5) and a monospecific anti-yM serum
(wells 4 and 6) were used to fill the remaining
wells.

functionally as immunogenic as the three
proteins to which the immunized rabbit ac-
tually made antibodies.

Three components (or lines of precipita-
tion) were also detected by immunodiffusion
assay when the anti-CHAn serum described
above was used to test several CHAn prepa-
rations. One of these lines coalesced with
ovine IgG. Another coalesced completely with
a purified preparation of ovine IgM (Fig.
2.1). A third precipitin line, developed only
with anti-CHAn serum, could not be iden-
tified. The development of this third precipi-
tin line was unaffected by absorption of the
anti-CHAn serum with hemoglobin, sheep
RBC lysate, intact sheep RBC, or a prepara-
tion of leptospiral antigens prepared by sonic
disruption of whole leptospiral cells. Since
antisera to whole ovine serum, ovine IgA,
ovine IgM, and several antisera to whole ov-
ine serum, ovine IgA, ovine IgM, and several
antisera to various leptospiral antigens also
failed to develop the third precipitin line, its
identity has remained unestablished.

The significance of the multiple com-
ponents detected in some CHAn preparations
is not entirely clear since the CHAn prepa-
ration from one experiment in which collec-
tion of plasma in Na citrate inhibited the
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massive hemolysis experienced previously
had only a single line when tested with anti-
ovine whole sera. This suggested that some of
the multiple components in the other CHAn
preparations may have been merely pro-
ducts of the continued cell lysis which oc-
curred during the washing process. Unfortu-
nately, only small amounts of CHAn were
recovered in the latter experiment, perhaps as
a result of the inhibitory action of the ci-
trate. However, the single precipitin arc
which was observed coalesced with the line of
precipitation formed by a purified prepara-
tion of ovine IgM and anti-ovine whole
serum (Fig. 2). Although anti-IgM serum
reacted with both the IgM and CHAn prepa-
rations, the concentrations of antigens and
the strength of the developing serum were
not sufficient to obtain readily visible coales-
cence patterns. Nevertheless, the bulk of the
other evidence obtained strongly favors iden-
tification of the CHAn as an IgM antibody.

The effects of physical and chemical treat-
ments on the serologic activity of CHAn were
also consistent with the properties of many
IgM proteins. For example, mercaptoethanocl
reduction or heating at 65° for 1 hr de-
stroyed CHAn activity. Although storage at
8° or lower temperatures for 1 week or 10-
times repeated freezing and thawing had no
effect, the activity of the purified CHAn
preparations was diminished upon storage at
—20° over a period of 6 to 8 weeks.

The CHAn activity sedimented (Fig. 3)
more rapidly than hemoglobin or a 7S marker
(*2*T human v-globulin) by sucrose gradient
ultracentrifugation, but did not sediment as
rapidly as would have been expected for a
19S protein (15).

Despite the strongly suggestive immuno-
chemical data and the supporting physical
and chemical data, the identification of
CHAn as an IgM protein can only be regard-
ed as tentative in the presence of multiple
proteins in some preparations of CHAn and
the limited characterization so far possible.
The presence of hemoglobin, is, of course,
readily explicable and might be eliminated in
subsequent experiments by the use of eryth-
rocyte ghosts instead of intact RBC for
absorption during the isolation of CHAn. The
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SUCROSE GRADIENT ANALYSIS
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FRACTION NUMBER
Fic. 3. Sucrose density gradient separation of cold hemagglutinin activity: the sedimentation
position of the cold hemagglutinin (striped bar); contaminating hemoglobin (expressed as ODsw)
(---); and a marker of "I labeled 7S human v-globulin (—). The direction of sedimentation was

to the right.

IgG detected may simply have represented
nonspecific contamination. On the other
hand, it may actually have represented the
occurrence of hemagglutinin activity in the
IgG as well as the IgM class of ovine im-
munoglobulins. However, the failure to ob-
serve CHAn activity in the 7S region of the
gradient argues against this interpretation.
Since abundant precedent exists in human
medicine for the role of a CHAn in immuno-
logically-mediated, hemolytic disease (17),
the discovery of CHAn as a consistent
feature of leptospirosis suggested that CHAn
may be involved in the pathogenesis of lepto-
spiral hemolytic anemia. Although CHAn oc-
cur in several human diseases or syndromes,
the most consistent association of CHAn with
a specific infectious disease has been in pri-
mary atypical pneumonia. In one recent
study (17), 70% of affected individuals had
CHAn, which appeared during the febrile
phase of the infection and diminished rapidly
thereafter. A similar pattern has been ob-
served following experimentally induced lep-

tospiral infection (5). However, wide varia-
tions in the occurrence and persistence of
CHAn associated with other hemolytic ane-
mias have been recognized (16).

Since the optimal reaction between CHAn
and RBC occurs at a temperature much low-
er than that of the body, a paradoxical situa-
tion may appear to be posed for any postu-
lated role for a CHAn as a mechanism of any
biologic significance in the genesis of anemia
in the intact animal. However, although
CHAn react optimally iz vitro at low tem-
peratures, CHAn may effect hemolysis or
other erythrocyte alterations at iz vivo tem-
peratures (18). Unfortunately, the mecha-
nism by which erythrocyte-reactive antibodies
may effect erythrocyte destruction and clini-

cal hemolytic anemia are complex and un-

clear.
If the CHAn recognized in the present
investigation can be conclusively demonstrat-
ed to have a functional role in the genesis of
the acquired hemolytic anemia, experimental
leptospirosis would offer a useful and unique
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system for the study of an interesting immu-
nologically-mediated disease.
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