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The heparin-precipitahle fraction ( HPF ) 
present in low concentrations in the plasma 
of normal individuals and elevated in some 
dis~ases was first characterized and studied 
by Smith ( 15) and Smith and Von Korf-f 
( 10) in 1957. This fraction was demonstrat­
ed to be a "fibrinogen-like" protein that 
precipitated in vitro in cooled heparinized 
plasma. Smith reported significant increases 
of HPF in severn I inflammatory and necro­
tizing conditions, and more recently, Har­
ville et al. (~) found a correlation between 
the elevation of HPF and certain disease 
states involving a necrotizing vasculitis. 
Varying degrees of vasculitis and cutaneous 
necrosis are associated with reactions in 
leprosy (8, 13 , 19), and for this reason a 
study of the occurrence of HPF in reaction­
al episodes and its possible association with 
other phenomena was undertaken. 

METHODS AND MATERIALS 

Assay of heparin-precipitable fraction 
( HPF ). The methods employed for the 
semiquantitative and quantitative assays of 
HPF were essentially those described by 
Harville et al. (-I) Venous blood (5 ml. ) 
ill'awn from the antecubital vein (or occa­
sionally from another arm vein), was 
added immediately to 0.1 m!. ( 100 units ) 
of heparin, and the tube was inverted 
several times to effect mixing. The plasma 
was separated by centrifugation at 2,600 
rpm at room temperature for 10 minutes. 
Two ml. of the supernate was then 
pipetted into a 10 mm. x 75 mm. tes t tube 
and placed in a refrigerator at 2 ° _4 °C, 
usually for 24 hours, but on a few occasions 
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for periods up to 72 hours. At the end of 
this incubation period, in the preliminary 
study, visual quantitation without centrifu­
gation was made according to the fo llowing 
scale: 

Negative - No precipitate or only sufficient 
to provide a thin layer on the 
bottom of the tube. 

Trace - Precipitate amounting to Jess 
than one-fourth of the plasma 
volume. 

- Precipitate amounting to be­
tween one-fourth and one-half 
of the plasma volume. 

- Precipitate amounting to be­
bveen one-half and three­
fourths of the plasma volume. 

- Precipitate amounting to three-
fourths but not the total of 
the plasma volume. 

- Precipitate occupying the en­
tire plasma volume. 

Chemical quantitation was carried out on 
precipitates- obtained by the method de­
scribed above, as follows. The tube contain­
ing the precipitate obtained at the end of 
the 24 to 72 hour incubation at 2°_4°C was 
centrifuged in a clinical angle-head centri­
fuge at 2,200 rpm for 15 minutes at 2°_ 
6°G After discard of the supernatant plas­
ma, the precipitate was allowed to drain 
for several minutes. Precipitates were then 
washed twice with 2 m1. of 0.067 M phos­
phate buffer ( pH 7.4) at 4°C, with care to 
effect a complete dispersion of the precipi­
tate either by hand stirring or by use of an 
electrical vortex mixer. All pH values were 
obtained with a glass electrode llsing a 
Photovolt Model 125 meter. 

The precipitated protein was assayed by 
a modified biuret tes t according to the 
method described by Henry (r.). All pre-
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clplt ates we re firs t· mixed with 2.5 m1. of 
0.067 }'I phospha te buffer ( PH 7.4 ) and 
incubated at 37" C for about 30 minutes . . \1 
this time 2.5 1ll1. of 6~ NaOH and 1 m1. of 
hiure t reagent wc re added. Occasiona lly it 
was necessary to continue the incuhation at 
37 °C for ahout 30 minutes to obtain com­
ph,te dissolution of the precipitate hefore 
reading in a Klett-Summerson Colorimetl'l' 
( employing a no. 54 filter ) against a hil11'e t 
hlank. A standard re ference c urve was 
prepared with a pooled normal human 
serum obtained from the local population. 
This pool h ad been standardized against a 
standard sheep serum obtained from \Iay­
e r and Mvles Laboratorie<;, Cool)ersburg, 
Pennsylvania, using an American Optical 
Company TS Meter ( a model of th ~ Gold­
h erg Hefractome ter ). 

Cryoprecipitate assay. Two m1. of oxa­
la ted plasma was incubated at 2 °_ 4 °C for 
24 hours and the resulting precipitate as­
sayed for protein according to the methods 
described ahove for HPF. 

Cryoglobulin assay. Two m1. of serum 
was incubated for 24 hours at 2 °_ 4 °C and 
the resulting precipitate analyzed for pro­
tein as described for HPF. 

Sedimentation rates. Sedimentation rates 
were d etermin ed by the method of 'Nester­
gren as described by Diggs e ), on freshly 
drawn oxalated blood (0.1 m1. of 0.1 M am­
monium oxalate for each 0.9 mI. blood) . 
Hesults are reported in millimeters of sedi ­
mentation at the end of one hour, without 
hematocrit correction. ( Normal values: 
0-1.5 mm. for men, 0-20 mm. for women. ) 

Fibrinolytic activity. Buckell's m ethod (' ) 
for euglobulin lysis time was employed as a 
measure of fibrinolytic activity. Blood ( 4.5 
m1. ) was collected from an antecubital vein 
and added to 0.5 m1. of 0.1 M ammonillm 
oxalate . Tournique t application time to the 
arm was kept to a minimum, usually 
amounting to ahout 30 seconds. The speci­
men was then kept at 0 °_ 4 °C for up to 30 
minutes, at which time the plasma was 
separated by centrifugation at 0 °- 6 °C , 
immediatel" frozen, and kept at - 20°C 
overnight. Euglobulin was prepared in du­
plicate in 15 mm. x 125 mm. centrifuge 
tubes from 0.5 m1. of freshly thawed plasma 
h y adding 9.4 m 1. of distill ed de-ionized 

water and brin ging the pH to 5 .3 b y the 
addition of 0.1 m1. of 1% ace tic acid. Afte r 
standing at 2 °_ 6 °C for 30 minutes, the 
euglobulin precipitate was collected by 
centrifugation and the supe rnatant liquid 
decanted. The precipitate was drained for 
ahollt 10 minutes and then dissolved in 0 .. 5 
m1. of borate buHer ( 0.9~ NaCI + O . l ~ 
sodium borate ) at pH 9.0. This solution 
was then transferred to 10 mm. x 75 mm. 
test tubes and, aft er the addition of 0.5 ml. 
of 0.025 M CaCI ~ , the time of clotting was 
noted. Comple te clot lysis time at 37 °C w as 
considered as the end point. 

Fibrinogen assay. The m ethod of Ware, 
Guest and Seigel'S as described by H enry 
( G) was employed. All plasma specimens 
had been sealed and stored at -20°C for 
p eriods of six to nine weeks prior to analy­
sis for fibrinogen. This assay, performed in 
duplicate, employed 0.2 ml. of oxalated 
plasma. A mixture of 6 ml. 0.9% NaCI, 0.2 
m 1. of 0.2 M phosphate hufFer ( pH 6.4 ) , 
and 0.1 ml. of 1% CaCI ~ was added to the 
plasma, followed h y 0.1 m1. ( 20 units ) of 
thrombin solution.~ After mixing, the test 
tube was allowed to stand for 15 minutes to 
permit maximum clot formation. The clot 
was then partiaIJy disintegrated by mild 
vortex mixing, following which the tube 
was centrifuged at 2,600 rpm for 10 min-
1I tes. C lottable protein was readily separat­
ed hy care ful decantinj!. The residuum was 
washed once with 5 ml. of distilled water, 
recentrifuged , and a llowed to drain for 
ahout 10 minutes. A mixture of 5.0 ml. of 
3% NaOH and 1.0 m1. biuret reagent was 
then added and the tllhe placed in a 37 °C 
water bath until fihrin dissolution was com­
plete. Colorime tric analyses for prote in 
content were made as descrihed ahove for 
HPF, using the same standard curve. 

CLINICAL MATERIAL 

A 11 data on leprosy patients have b een 
. collected from patients in residence at 
Kivuvu , the leprosarium of the Institut 
Medical Evangelique, Kimpese, D emocrat­
ic Hepublic of Congo. Of the total of 48 
individual patients studied aIJ hilt fOllr 
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were BaKongo, with origin in either tllc 
Democra tic Republic of Congo or Angola. 
Their estilllated ilgC range was IS to .'50 
years. 

A phys ician is in full -time residence at 
this leprosarium and patients in reaction 
are visited daily. Skin smears from eight 
sites are taken every three months in posi­
tive cases, and the bacillary indices (BI ) 
are graded as outlined by Ridley (12) on a 
negative to 6 + scale. Morphologic indices 
( Ml ) are reported as the percentage of 
uniformly stained bacilli in the smear. All 
bacteriologic studies were performed by 
the same person. 

All patients were on sulfone therapy­
those with a history of severe and repeated 
reactions received 10 mgm. DDS six times 
weekly and all other lepromatous cases 50 
mgm. DDS twice or three times weekly. 
Reactions were treated with various combi­
nations of chloroquine, stibophen, and 
steroid therapy, with or without discontinu­
ing sulfone. 

Twenty-nine patients in the group 
studied had histopathologic diagnoses 
made at The Leprosy Study Centre, Lon­
don, by Dr. D. J. Harman. 

RESULTS 

1. Studies on HPF 

A. Preliminary semiquantitative assay 
of HPF in leprosy patients. This survey 
was made on a selection of 24 leprosy 
patients including the various clinical forms 
in various stages. Of 18 active lepromatous 
patients, four in acute reaction had 2 + or 
3+ precipitates, two not in reaction had 
1+, while the remaining twelve had trace 
quantities or were negative. Of six nonlep­
romatous patients, one had a trace of HPF 
precipitate and five were negative. Two 
normal persons were negative for HPF. 
These findings suggested that those cases in 
acute reaction showed elevations of HPF. 

B. Assay of HPF in normal persons. 
Quantitative assay of HPF in the plasma of 
16 normal persons was performed. Five of 
these were healthy leprosarium staff mem­
bers and eleven were from un selected 
"healthy" blood donors at the adjacent gen­
eral hospital of the Institut Medical Evan-

g~liquc. This population could be assumed 
to be representative of that of the leprosy 
patients as concerns ethni c origin, dietary 
habits, and the occurrence of intercurrent 
illnesses. The statistical data on these as­
says are as follows: 

Mean HPF-99 mgm.jl00 ml. plasma 
Range-13 to 203 mgm./ 100 ml. plasma 
Standard Deviation- 16.3 

This normal mean value of 99 mgm./ 100 
ml. is somewhat below that given by Smith 
( 15) (129 for males, 144 for females) for a 
generally comparable age group (16-45 
years) of persons in the United States. 

C. Assay of HPF in patients in reaction. 
Twenty lepromatous patients were fol­
lowed with serial determinations of HPF 
during the course of 22 separate reactional 
episodes. Pre- and/ or postreactional deter­
minations were also made in 21 of these 
episodes. From Table 1 it may be observed 
that HPF levels were elevated in all 16 
patients in severe reaction, and in two 
patients with. mild reactions. Increased 
HPF levels were seen in both ENL and 
neuritic fonns. 

In four mild ENL reactions the HPF was 
not significantly elevated, 200 mgm. 
HPF / 100 ml. plasma being considered the 
upper limit of nonna1. In one of these, 
Patient No. 15 (J.G. ), no elevation was 
observed in a second mild ENL reaction 
which followed one week after a sever~ 
episode of ENL during which HPF levels 
had reached 763 mgm./l00 ml. plasma. 
Patients No. 17 (T.A.) and No. 20 (N.H.) 
were of special interest. The ENL in Pa­
tient No. 17 was limited to a few nodules 
that subsided rapidly, and in Patient No. 20 
only a bilateral swelling of the pinnae was 
noted. These two patients at this time 
showed low fibrinogen levels, 300 
mgm./ l00 ml. and 205 mgm./ l00 ml. re­
spectively. Patient No. 19 (D.M.) experi­
enced only a few ENL nodules on the 
arms. 

Three cases (Patients No.9, 11, 12) were 
hiopsied during the acute stage of the 
reaction. Tissue necrosis was noted in all 
three and a marked vasculitis was reported 
in No. 11. All of these patients had HPF 
levels of greater than 500 mgm./ l00 ml. at 
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some time during the reaction . 
Although this study was not made to 

assess the effect of specific drug therapy on 
the HPF plasma concentration, it should be 
noted that in Patients No.5 (T.]. ) and No. 
13 (K.T. ), in severe reaction, the adminis­
tration of heavy doses of prednisolone may 
account for the relatively moderate eleva­
tions of HPF. However, conversely, Patient 
No. 10 ( N.A .) , who had been on long term 

steroid therapy, showed the highest HPF 
recorded in this study, 1,370 mgm. / lOO ml. 
plasma. To assess the effect of various pro­
grams of medical management of HPF 
levels in reactions would require additional 
studies directed at this point. 

Joint effusions have not received much 
attention as a manifestation of reactions in 
leprosy; nonetheless it has been observed 
among patients here with some degree of 

T ABLE 1. If eparin-precipitable fraction levels in plasma of lepromatous patients in re­
action. 
-

I 

I-IPF (mgm. / JOO ml. plasma) 

Reaction 
Type and degree duration Pre- Post-

Patient Sex of reaction (days) reaction Reaction a reaction 
-----
1 (N .V. ) M Neuri tic, severe ] 3 60h 289,255 135 
2 (P.F.) \1 Neuri tic, severe 

ENL, mild 12 - 310 75,137 
3 (P .S .) \[ Neuri tic, severe II - 475 70,128 
4 (D.E.) \[ Neuri tic, severe 5 - 820 287 
5 (T . .r .) \1 N euri tie, severE' 

ENL, mild 9 - 245,260 75 
G (\ 'LG.) \[ Neuri tic, severe 

ENL, severe 12 - 330 155 
1 ridocycli tis, mild 

7 (l'.e.) \[ ENL, mild 
Join t effusion, severE' 35 - 225,463 -

R (M.M .) M ENL, severe IR - 300,258 137,90,131 
9 ('1' . 1'. ) F ENL (wi th skin 

necrosis), severe 14 - 300,588 175, 85,187 
10 (N.A.) :'II EN L (wi th skin 

necrosi,.;), severe 
Joint effusion, severe l2 75 1370,515,700 212 
ENL, severe 
Joint effusion, severe ]3 212 465,312,763 -

11 (N.S.) F ENL (with skin 
necrosis), severe ]4 100b 450,515,225 -

12 (N.N.) y [ ENL (wi th skin 200,487,465, 
necrosis) , severe 56 - 412,670,400,325 87,155 

13 (K.T. ) \ ,[ ENL, severe 7 60b 195, 212 135 
14 (N .S.) \1 ENL, severe 15 - 363, 237 87,65 
15 (J .G.) :'I [ ENL, severe 14 110 763,237 130,105 

ENL, mild 18 105 55,100,100 137 
16 (N.8e.) ;\I[ EN L, mild 7 80 287 -
17 (T.A.) M ENL, mild 5 100b 87,112 88 
18 (M.S.) F ENL, mild 7 100b 131 ,240 -
19 (D.M.) F ENL, mild 6 - 100,130 85 
20 (N.H.) F Swelling of ears, 

mild 10 - 25,37,25 63,25 

" Determinations made at approximately evenly spaced intervals throughou t the duration of the reactio 
b Approximate val lies assigned to semiquantitative determinations. 
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T A il" ," :2. // l' jJar i n -p rcr-il lifnJilc fraction 
II'/)els i n 1r~ II /"il ll/ al {)us l)(tlielli s lI" illt lti!!1t 
bacterial iwliecs . 

II!'F 
(mgm. / 

;\U l , ml. 
I 'a l ient HI " % II I a::<m a) 

-------
1 (L. \1. ) 4.85 45 62 
2 (:\1. I'. ) -l .75 LO I :~5 
3 (M. :\1 .) 4 .50 .')0 gO 
.j, (N . S.) 4 . .')0 2.') 1'0 
5 (13. P.) 4. 25 :m 27 
6 (L . I ~ . ) 3.75 I .') 11,7 
7 ( \f. !'a. :~ . 50 :3 1'0 
g ( L . \l b.) :~. 12 ;3 g7 
9 (L .. \ .) 2.11,5 30 137 

10 (:\I.\". \1. ) 2 . 12 2 105 

" IH = Ha(·illa ry [ lidex 
( \l nx imllll1 G. O. I!i rl ley") \l e>1 l1 : SS. il 

" \11 = \I orpholngir: I llrlex (pcr ('( '1 11 1IIIi for llll y 
s ta ini ng l)tt(" illi). 

frequency. In all three episodes reported 
here with this involvement the HPF was 
eleva ted . 

D. Assay of HPF in lepromatous patients 
with high bacterial indices. Even though 
there was no evidence from the da ta in 
Table 1 to indicate that a correlation ex­
isted between bac terial positivity pe l' se 
and elevated HPF levels, this relationship 
was assessed in a separate study ( Table 2 ). 
All 10 selected cases had been admitted to 
the leprosarium within the previous nine 
months and had no discernible history of 
reactions under our observa tion, with the 
exception of Patient No. 8 ( L .Mb ), who 
had several episodes of joint effu sion dur­
ing this period, the most recent episode 
having been four months prior to this assay. 

From these data it would seem possible 
to exclude bacterial positivity as play ing a 
direct role in the eleva tion of plasma HPF. 
The mean HPF concentra tion of 88 
mgm./l00 m!. is not significantly at vari­
ance (P > O.4) with that of the local nonnal 
sample (99 mgm./ lOO m1. ) using the t­
distribu tion analysis. 

2. Correlation of HPF and cryoprecipitate 
in lepromatous patients 

Although it "vas evident from semiquan-

til"ati ve ohserva tions on oxalateu plasma 
tha t cryoprecipi tate cOIdd account for olll y 
a small palt of the total IJPF, a group . of 
seven pa ti ents (9 assays ) was . stud leu 
<pmntita ti vely and s imultanco~l s ly for th~se 
two components . From this limIted sen es, 
the followin g observations may be made 
( Table 3); ( 1 ) That no correlation exists 
between high HPF concentrations and e.ry­
oprccipitate levels; (2) that no correlatIOn 
is evident between · reae tional status and 
cryoprecipitate levels; and (3) that only a 
small portion of the total measured. ~-IPF 
could have its origin in the cryoprecIpItate 
frac tion p el' se. 

Cryoglobulin was not assayed simultane­
ously on these samples; therefore the com­
position of the precipitate as to cryoglobu­
lin and cryofibrin ogen concentrations can­
not be asce rtained. 

3. Correlation of HPF with cryoglohulin 
levels 

The relatively consistent findin g of cryo­
proteins in the serum of lepromatous pa­
tients by Matthews and Tn)utman ( 10), 
and its association with a nodose type of 
cutan eous response to cold by Tilley (18) , 
prompted a simultaneous assay of HPF and 
cryoglobulin in 15 selected patients ( 12 
lepromatous and 3 nonlepromatous) . No 
direct correlation between high HPF levels 
and cryoglobulin is apparent (Table 4 ). 
Cryoglobulin was interes tingly absent or 
present in low titer in the three patients 
undergoing or recovering from severe E NL 
rcactions . Conversely, Patient No. 9 
( M.P.), who had the highest concentration 
of cryoglobulin, has been singularly free of 
rE'ae tion during the four years of trea tment 
here for active leprosy. Patient No. 14 
( L.M .), with 50 mgm. cryoglobulin/ IOO 
m1. serum , has had one mild ENL episode 
durincr one year of trea tm ent. Although this 
surve; study was not designed to es tablish 
this fac t, a ca usal relationship between 
cryoglobulin and reactional status is not 
evident in the patients studied nor is it 
associated with elevated HPF in those pa­
tients examin ed. It must be noted, howev­
er, that cryoglobulins were detected in 12 of 
15 leprosy patients. 
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TAHLI'; ;{ . ('olli/Jarisoli of plas lI ~a heparin-precipitable fraction and cryo}il"eripilate levek 
--- -

BPI<' ( 'ryoprecipi talc 
I'alie<l I (111).1;111. / JOO 1111. ) (l11gm./ IOO ml. ) Remark,.; 

---- ---
la" (N. A.) 700 15 E~L, ';CI'cre 
11.>" 5 15 -l2 EN"L, ~everc 

2 (N .S .) -l50 0 ENL, ~c I'e re 
:3 (N. V.) 28!) :~O 1'\ curi t i ~, ,",el'C I"(' 
-l (P.F. ) 250 12 E01L and ncuriti s, Illild 
5 ( Inl.) 100 27 ENL, mild 
6 (N.Se .) kO 2.5 Not in reaction 
7a" (N". H.) 27 10 X ot in rractioll 
7h" 2ti 0 Kol in rcaclion 

" ~epa.ra.ll' d el erlllilli\li"I'S " II I lw s:une p ft li ell \. 

TABL~ -1-. COllt/Jarison (~j' /ilasma hellarin-tl rccipilable fraclion and Cl'youlobulin levels. 
---- -

ItI 'l<' I ( 'rnwlohlliin 
( 1ll).!;1ll . / I ·( n~~Il1. / 

l'aLil'lll I ~l' " I 
I )ia~n()s i s I O() III I. ) 100 Illl. ) Hl' Ill a.rb 

----- -- -------
I (N .A. ) \1 LCIlI"lll11a t OilS -l25 
2 (T.P.) I" Ll'proma t ous 275 
3 (P .C.) \1 1 ,PI >romat OllS 155 
4 (M.M.) I<' Lcpromatoll s 120 
5 (M .C.) F LPI >romatoll"; 107 
6 (F.) \1 BO l"(k rlinl' lOti 
7 ( L.E.) \1 LC'p roma tOlls 100 
k (N.T.) F I 'CI > 1'0 111 a lo II ,; k2 
9 ( i\LP.) \l Lcpromato ll '; kO 

10 ( K.S.) \1 Til berculoid 70 
1 L (K.V.) \1 Tuberculoid 70 
12 (N.Nd. ) \1 Lep romatolls oK 
13 (C.G.) .\ l Lepromatous 55 
14 (L.M.) F Lcpromatous 07 
15 (B.P.) .\[ Lcp romatolls 2.1 

4. Correlation of HPF and fibrinogen in 
lepromatous patients 

A total of 32 patients were examined 
simu ltaneously for plasma fibrinogen and 
HPF levels. The results have been divided 
into eight arbitrary ca tegories to demon­
strate the degree of correlation between 
the levels of these two plasma fractions 
(Table 5 ). High levels of HPF are seen to 
be associated with increases in fibrinogen 
concentration. This agrees well with the 
findings of Smith (Hi) and Harville et al. 
(4), whose reports involved patients with 
inflammatory and necrotizing lesions. 

- -- - -----
0 :-)('I 'prc E \' L 

I ii :-)cI'cre EN L, rccoI'CI'in ),!; 
0 :-)CI'CI'P 1<:1'\ L, rC'('oI"CI' ing 

17 Not ill rcac tion 
02 
0:{ 
20 
25 

lOti 
15 
() 

15 
17 
50 
0 

Studies were performed to es tablish the 
electrophoretic identity of HPF and 
fibrinogen fractions in leprosy patients. 
Four individual plasmas (oxalated ) from 
patients in reaction were studied, usin g a 
cellulose polyacetate ( Gclman Sepraphore 
HI ) supporting medium. E lec trophoretic 
separation was carried out in ve ronal buffer 
at pH 8.6 for 75 minutes at 1.5 milliamp. 
per strip ( 1" x 6:li") in a Gelman Hapid 
E lectrophoresis Chamber ( No. 51101 ) at 
room temperature ( 26 °-28°C ). After elec­
trophoresis the strips were sta ined with 
Ponceau S, oven-dried, cleared by the acid-
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methanol method, and plotted on the Gel­
man Manual Scanner. Separate electro­
phoretic studies were made on HPF ob­
tained from heparinized blood drawn at 
the same time as the oxalated sample. The 
HPF was washed twice with 0.067 M phos­
phate buffer at 4°C as previously outlined 
and then dissolved in veronal buffer prior 
to electrophoresis. On comparison of each 
plasma pattern with that of its cOlTespond­
ing HPF fraction, the major component of 
the HPF was found to be consistently coin­
cident with the plasma fibrinogen peak. 
However, variable quantities of protein 
contaminants were found in the separated 
HPF; these ,amounted to between 5 per 
cent and 20 per cent of the total HPF. The 
contaminating proteins migra ted mainly in 
the albumin and alpha-2 globulin fractions. 
Smith and Von Korff (16) reported an 
electrophoretic homogeneity of HPF car­
ried out on paper at 37°C. It is not known 
whether the electrophoretic heterogeneity 
reported here is a result of variations in 
technic or undetennined factors in plasma 
from leprosy patients. 

Although the electrophoretic heterogene­
ity of the HPF introduces an element of 
possible error in the assay of total HPF, this 
would not materially affect the conclusions 
drawn from the results reported. However, 
it may provide some explanation, for exam­
ple, for the exceedingly high HPF of 1370 
mgm./ lOO ml. found in one sample from 
Patient No. 10 (N.A. ) (Table 1). Never­
theless, it should be noted that Smith (15) 
reported similar levels of HPF on occasion. 

5. Correlation of HPF with erythrocyte 
sedimentation rate 

A total of 24 simultaneous determinations 
of HPF and erythrocyte sedimentation rate 
(ESR ) were made on a total of 18 individ­
ual bacteriologically active lepromatous pa­
tients. The results are depicted in the scat­
tergram of Figure 1. Since all patients had 
active disease, nearly all the ESR are above 
normal limits; however, two observations 
may be made: ( 1 ) that HPF levels greater 
than 200 mgm./ 100 ml. consis tently pro­
duced marked ESR elevations, but (2) 
marked ESR elevations occur regularly in 
the presence of Honnal HPF levels. There-

fore, a relationship does exist betw'een high 
HPF levels and elevated ESR, but other 
factors are also operative, since ESR eleva­
tions are common in active lepromatous 
leprosy not in reaction, at which time the 
HPF is usually within normal limits. 

In the two reactional patients presented 
in this study with HPF below 200 
mgm./ 100 ml. , the reactions were mild and 
of ENL type. 

6. Correlation of HPF with euglobulin lysis 
time 

Simultaneous measurements of euglobu­
lin lysis times and HPF were performed on 
23 patients (Fig. 2). A positive correlation 
between elevated HPF levels and in­
creased lysis time may be observed, but 
delayed lysis may be seen in a few cases 
with normal HPF levels. 

An analysis of the data on euglobulin 
lysis time alone reveals the following rela­
tionships in the three groups of patients 
represented here: 

A. Six nonlepromatous patients (2 bor­
derline (dimorphous ) ,4 tubercu­
loid )-mean 220 minutes; range 
125-280 minutes. 

B. Eleven lepromatous patients (not in 
reaction )-mean 287 minutes; range 
215-430 minutes. 

C. Six lepromatous patients in reaction­
mean 449 minutes; range 315-550 
minutes. (Two patients, recorded as 
550 minutes, showed about 75 per 
cen t lysis of the clot at the end of this 
period. ) 

A statistical comparison of the means of 
the above group by the t-distribution meth­
od gave the following results: 

Nonlepromatous vs. lepromatous not in 
reaction-P < OJ 

Lepromatous vs. lepromatous in reaction 
P < 0.05 

Nonlepromatous vs. lepromatous in reac­
tion- P < O.OOl 

Thus lepromatous patients in reaction 
demonstrated significant reductions in eu­
globulin lysis times in comparison with 
both nonlepromatolls patients, and lepro­
matous patients not in reaction . In the case 
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TABI,E 5. Correlation of plasma heparin -precipitable fraction and fibrino.!Jen In lepro­
matous patients. 

="iumber uf patients 

I 
13 
H 
3 
2 
I 
3 

3~ 

25 

HI'F 
(ml!;l11 ./ IOO ml.) 

55- 88 (mean 71 ) 
lOO- I-W (mean 110) 
212- 245 (mean 223) 
260- 275 (mean 267) 
312 . 
400- 425 (mean 415) 
·17;') 

Fibrinogen 
(llIgm. / 100 ml.) 

205 
300- 595 (mean 422) 
435- 705 (mean 522) 
530- 845 (mean 725) 
GOO, 845 (mean 767) 
820 
565- 875 (mean 725) 
sno 
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of nonleproma tous vs. lepromatous patien ts 
not in reaction, the significance of the dif­
ference of the means indicates a possible 
reduction of euglobulin lys is activity in the 
latter group, making th is point worthy of 
furth er study. 

DISCUSSION 

Heparin precipitabl c fraction is thought 
to represent fibrin monomers that are bound 
to circul ating fibrin ogen and can be pro­
duced experimentall y by the intravenous 
perfusion of small amounts of thromhin. On 
this basis HPF assay has been considered a 
sensitive measure of thrombin action on 
fibrinogen in vivo (n). An increased cot) ­
centra tion of HPF may there fore probab ly 
be closely identified with abnormal intra­
vascular coagula tion Or fi bri n forma tion, 
ra ther than a general or unspeci fi ed re­
sponse to inAammation (H). 

It may be reasoned that the marked 
im:reases in HPF found rather consistently 
in Icprosy patients undergoing reactional 
episodes have their source in an "allergic" 
vasculiti s that provokes intravascular fibrin 
formation. Vasculitis has been observed with 
some frequency in biopsied E NL lesions 
(8. 1 :~. I!I), and tissue necrosis is a well 
es tablished sequela in some leprosy reac­
tions. In the patient!! reported here, acute 
panniculitis and tissue necrosis have been 
accompanied b y high HPF levels. 

It has been generally considered that in 
reactional episodes in leprosy pathologic 
changes 11'.lvc been largely limited to a few 
ana tomic regions, e.g., skin , subcutaneous 
ti ss uC' , and nerves. ~ r ()sch ella ( II ), for ex­
ample, was uJlable to es tablish the presellce 
of a sys tem ic vasculitis in a study of six 
leprosy patients in reac tion with resultin g 
cutaneous necrosis. Since Harville et al . ( .1) 
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rcported that cutaneous vasculitis did not 
produce elevations in HPF concentration 
unless accompanied by a sys temic vascllli ­
tis, some explanation must be offcred for 
the observed increase of HPF in leprosy 
reactions. Either changes other than vascu­
litis taking place in the skin and nerves of 
leprosy patients produce increased HPF 
levcls , or there is a sys temic vasculitis that 
has remained thus far undetec ted. 

The findin g that reactions apparently 
clinically confined to nerves were accom­
panied by increased HPF levels is of inter­
est. Histopathologic studies on neural ti ssue 
in reaction in leprosy have of necessity not 
heen extensive; however, Callaway et al. 
( ~) made no comment on vasculitis in a 
study of 100 eases in which small branches 
of major nerves ( usually the ulnar ) were 
biopsied at surgery. HPF increases could 
point to a neural vasculitis in the path­
ogenesis of neuritic leprosy reactions, but 
this obviously remains to be confirmed. 

Observed diminutions in fibrinolytic ac­
ti vity in patients undergoing reactions 
present other interes ting considerations. 
The fibrinolytic system function s as an 
effi cient mechanism for the rapid removal 
of formed fibrin. \iVheth er or not impaired 
fibrinolysis in reactions is a primary or 
secondary event has not been es tablished, 
but it may contribute to increased fibrin 
deposition, which could interfere with cu­
'taneous and neural microcirculation , pro­
voking ti ssue ischemia, hypoxia, and necro­
sis. 

Waters and Ridley (19) commented on 
the presence of fibrinoid deposits in and 
about blood vessels in necrotizing reactions 
in leprosy. The relationship of HPF in­
creases and fibrinoid deposition in cutane­
ous vasculitis is not clear. The occurrence 
of these two factors seems to be correlated 
in the generalized Shwartzman reaction 
( 17), but Harville et al. (4) could not es­
tablish such an association in cutaneous 
vasculitis. 

The etiology of secondary amyloidosis in 
leprosy remains obscure, and althoullh the 
experimental data presented here do not 
bear directly on this point, some specula­
tion may be offered as to possihle relevance 
of the findin gs. One theory holds that 

amyloid deposits are derived from any 
plasma protein present in abnormally high 
concentration (e.g. , hypergammaglobulin­
emia ). H yperfibrinogenemia has been pro­
posed by Horowitz et 0,1 . (7) as one possible 
cause of secondary amyloidosis. In this 
study, employing immunofluorescent tech­
nics on a case of fam ilial Mediterranean 
fever with' marked hyperfibrinogenemia, a 
preponderance of fibrinogen was found in 
the amyloid deposits. Since repea ted or 
prolonged reactional states in leprosy seem 
to lead to an increased incidence of 
amyloid disease, it may be that the 
presence of elevated fibrinogen and HPF 
occurrin g during these episodes could re­
sult in amyloid formation. The deposition 
of fibrin and/ or HPF could be enhanced by 
the observed impaired fibrinol ysis and pos­
sibly by disturbances in the reticuloen­
dothelial phagocytosis of these aggregated 
proteins. Such deposits may eventually be 
transformed into amyloid. 

\ iVhether or not the alterations reported 
in this communication present a new ra­
tionale in the therapy of reactions has not 
been established. Further investigations on 
the coagulation and fibrinolytic systems in 
leprosy are neCf'ssary before this ca n he 
H ssessccl. 

SUMMARY 

The concentration of heparin-precip­
itable fraction (HPF ) in the plasma of 
lepromatous patients undergoing reactions 
of both erythema nodosum and neuritic 
forms is increased . This elevation is usu­
ally accompanied by prolonged euglob­
ulin lys is times, increases in erythrocyte 
sedimentation rate, and elevated plasma 
fibrinogen concentra tions. Possible relation­
ships between HPF levels, vasculitis, and 
intravascular coagulation are discussed. 

RESUMEN 

La concelltracion de la fraccion heparina­
precipitable (HPF ) en el plasma de enfermos 
lepromatosos que experimentaron reacciones de 
erythema nodosum y formas neurlticas, eshl 
aumentada. Esta alza eS lacorrientemente 
acompanada por una prolongaci6n del tiempo 
de lys is de euglobulina, aumento de la tasa 
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de sedimentacion de eritrocitos, y elevacion en 
la concentracion del fibrinogeno del plasma. Se 
discute una posible relacion entre niveles dc 
HPF, vasculitis, y coagulacion intravascular. 

RESUME 
La concentration de la fraction precipitable 

par J'heparine (HPF ) est augmen tee dans Ie 
plas ma des malades lepromateux presentant 
des reactions, tant formes nevritiques qu'ery­
theme noueux. Cette augmentation est gene­
ralement accompagnee par une prolongation 
des temps de lyse des euglobulines, une aug­
mentation de la vitesse de sedimentation des 
erythrocytes, et par un accroissement des con­
centrations plasmatiques en fibrinogene. On 
discute des relations possibles entre les ni­
veaux de HPF, la vasculite, et la coagulation 
intravasculaire. 
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