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Report No, 67

Projeé¢t No, 6-6l4-12~Z
- Subtask AMRL S-8_ _ o
UEDEA ‘ - X2 October 1951
AEbTRA"T

- THE ROLE: OF GOLD- HEVAGGLUTININS: §N FROSTBITE

'cBJEcT S

To ‘determine the. relatlonshlp between rc81stanca t0 cold 1n‘ury

and the presence or- cold hemagglubinlns -in the bleod. -~ - .7 _

RESULDS

.~ & Pogitive cold hemagglutination was found i 7h.8% of 115 frost-

. blto cages ag compared to only Lo 3% of 3®8 unselected controls.

B Titers of I 8 or h;gher Were fonnd in 25.2% of the frostbite

V~caoes a8 compared to only »5% of the controls,

C, . Titers in the frostbite group ranged up to ‘Libh as. compared to
only 1s16 fn the'control £rotipie

D. Titers were higher and more frequent in Negroes than in white men,

. &, Experiments performed on 3 human volunteers revealed no cold
hemagglubination after severe exposure to cold during which skin temper-
atures -of’ the. digite were as low ag =9°C, and in whom first degrﬂe frostbite
was. often produced.

:J?, Experimental frostbmte in rabbits produced no increase in cold -
agglutinln titer, ) i -

GONCLUSIONS

A, The presence of cold hemagglutwnlns in the blood and the occure~
rence .of frostblte are significantly related.

B. Expcsure to cold with the production of frostbite. does not. appear
to produce or increase cold hemagglutlnln titer.- )

C. Final proof is not available but 1t is inferred that 1ntravascuiér
cold hemagglutination in an extremity exoosed to. cold may play a part in the
pathogenesis of frostbite. .

D. The more frequent oecurrence of high titers of cold hemagglut;nin
in Negroes may be a factor in their reportedly (46) greater susceptibility
to cold injury.

<




RECOMMENDATIONS

A,

Cold hamagglutlnln studies on troops scheduled foi cold weather

coifbat -duty -should be carried out in order further to clarlfy the ;elation»
Bhlp to- subsequent cases of frostb*tea

, -ﬁ,

Additional exper ments on animals ane suggestedo

s Serious consideratlon should be glven to the possibility of
reducing the incidénce of frostbite in soldiers by avoiding exposure to
Gokd: waather of 1ndividuals with high tlter cold apgluti iatdon,

Submitted by
David Weiner, Capn., MoCo

R (smgcs. ”I'
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I, IWTRODUCTION

THE ROLE OF COED HEMAGGLUTINING IN FROSTBIIG '

Little has been added to our understandlng of cold hemagglu ination
since Landsteiner (2( in 1903 gave the first adequate descripulon of the
Phenomenon in guinea pigs, chl skeis, honses, dogs. and cattl s, He demon=
strated the dependefice of the agglutination on low temnerature with :

dispersion oh Pewarming and was able to prenarezsolutions of agglutlnin

in. normal saline solution, He further deémonstrated thab, the agglutinin is
¢ontained in the g;obulingportion of the serwn, The fibst description: Of
the phénomenon in humdns was given by Biffi. (5) in 1903, Clough: and Rlchter
(7) desoribed the agglutinin as being in-the éuglobulin fraction while Stats,,

Periuian, Bullowa dnd Goodkind (hl) demongtrated that it has thée electros N

phoretic mobility of gamma globulln and guantitatavely debermined s
antibody n:hrogen sqa;valencea

The serokogical character,stics dastnnguishlné cold hemagglutlnation
from: other typss of agglutination have beern well e&tablished ‘ahd: may be

swnmarized as fOllOWS‘

(l) Agulutinatlon of réd cells by serum contalnlng cold agg¢ut1n*n can
be démonstrated best between 0% angd 5 C¢ rarely above 25 °c and
'practically never at 37 C .

{2) The agglutination may be reversed by warming o 376C'and réappears
Ofy cooling,_ This proceﬂs may be repeated w1&hout apparsént damage to
the red cellss . ,

(3) Serum can be exhausted by repeated absorptlon in cold and released
by réewarming., . .

(4) The agglutinin is not inactivated by héating to 569C for 30 -minutes.

(5) The agglutinin surviveé cold storage with only slight decrease in
-strgngﬁh-£or=periods nang;ng from 3 wegks.to«a(year or more.

(6) Tne agglutinin is active against human cells of any group and
nagainst animal cells of many unrelated species.

The occurrence -of cold hemagglubinins in normal healthy humans has not
been thoroughly studied. Freedman and Mirsky (15) found cold agglutinins
in 14.6% of 103 normal controls, Amzel and Hirzfeld (2) in 47% of 238 sera

_ obtained from routine bloods sent to the laboratory for Wasserman tests and
- Kettel-(25). in~95p—0£ 600.paoientsAhospltalized for chronic dissases.

The association of ¢0old hemagglutination with a variety of clinical con-
ditions has been the subject of numerous reports, Comprehensive reviews of
the literature were made by Stats and Wasserman (42) and by Platt and Ward

(33).

From the literature it appears that cold hemagglutination is found w1nh
a high degree of frequency only in %"imary atypisal pneumonia (7, 12, 14, 15,
21, 32, 44) and in trypanosomiasis (6, 10 2L, 47) nn neither of which a

1
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pathogenétic relationship has been estéblished, High titers are a constant.
feature in the former reaching their peak during the second to fourth week
of the disease .and falling rapidly duriag convaleseence. The occurrence of
cold agglutinias in malarla and _other nar351tic 1nfestaticns has not been

raquuatbly sbudled.

The. presence of cold hemagglutination in various types of acquired
nemolytic, anemias has been widely reported (3, 9, 17, 20y 31, 37, 43, 45)
ut the divepsity of hematologic pletures and the infrequency of océéurvence
of cold agglutining make analysis of the relationship diff*cul It is pos-
siblé that -cold agglutining may plaj a pathoganetic role in certain types '
of hemolytic anemiag paftlewlarly those occurring durlng the course of
- prima¥y atyrical pneumonia (1A, 2%, 32, AS) :

. Paroxyamal cold nemoglobinuria is not infrequen&ly attribubed to the
presence of marked c¢old hemagglutimation (1, 3, 19, 26, 29, 34, 36, 40).

Such cases can be-clearly differentiated from the more common type of -
peroxyemad. ¢old hemoglobinuria sssociated with syphilis in which the Donath~-
Landstéiner test is positive and cold hemagglutinaticn usually abgent \az)
Raynaud'a syndroms and similar peripheral vascular phenomeng; with or without
paroxysmal cold hemogldbinuria, have also been associated with cold hemag-
glutination (1, 3, 4, 8, 9 16, 18, 19, 22, 23, 29; 34, 38), Two such cases
resultéd in gangrene of the bipe of the extremities {29, AO) In the <ase
reported by Stats and Bullowa % 1,0) the mechanism was: ¢lestly defined by the :
demonstration of unilateral hemogloblnemis following exposure of one forearm )
to cold and by the demonstration of hemagglutinatioh, discontinuity of the
blood strsam and slowing of blood flow in conjunctival vesssls following
i¥rigation of the sac with iced saline golution. Stats (39) furthér showed
that cold—agglutinated red cells are easily herclyzed by gentle shaking.

Frcm the feﬂegoiqg 4t i8 not too difficult to envision g relationship
‘between the presence of cold hemagglutinins and the cccurrence of frostbite
and other forms of local ¢old injury. Such a thought, in fect, has not
escaped recognition, Parker (30), in a personsl communication cited by
-Platt and Ward (33), stated that cold~heumagglutination ma Fplay a part in
the production of trenchfoot,. Lange, Weiner and Bojg (28) observed intra-
vascnlar clumping of red cells in tissues exposed to cold and suggested a
relationship to cold-agglutinins or other agglutination reaections, Stats
and Wasserman (42) suggested that individual tolerance to cold may depend
on the titer of normal coid heiagglutinins,

In the present study an attempt is made to dsmonstrate a positive corw
relation between the occurrence of cold hemagglutination afid the inciAdence
of frostbite in military personnel.,

II. EXPERIMENTAL
A. Methods

—tAs e é —.;

1. Subjects
a. Frostbite group.
Cold agglutination tests were performed on 115 soldlers who

had suffered frostbite of varying degree 6 to 9 months previously during the
1950-51 winter campalign in Koiwea. Thelr age and race distributlon is shown

in Table 1,
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- = ' _ TABLE 1
o - AGE AND RACE OF FROSTBITE SUBJECIS

__A:GE- | wiim |  weo
- e )03 16|
. 21» 21» R R |

| Lomew | ooe gt

R L R i P

. - . _ - ‘_.ib Control group.

- Lold agglubinin studios Wers carried out -oh 308 unselected,
‘apparen‘ly nérmal; healthy enlisted fsn from the Army Medical Research
Labgratéry and the Thibd Armored Division at Fort Knox. Approximately half
0f these men lad 8seer combat service in Kores during the 1950~51 winter,
AIl these men denied ever having suffered frostbita. Their age and race
distrlbution 4s shown in ‘Table 2, -

. TABLE 2
‘ S _ ) AGE AND RACE OF CONTROL SUBJECTS

T T
w-20 | 3, | 19
21 - 2 72 52
25-30 | 4 “ |

31 or over - 26 | 18 _ @

TOTALS 173 | 135

M o e e - Go. Experiméntal. ¢sld exvosure_in numans.. . ... - -a-~:»~-ﬂ--“—ﬂ~ﬂ“~~~"~~~~£
' - During the course of other experimental work in progress at |
the Army Medical Research Laboratory three normal young enlisted men were
repeatedly exposed to tempezaturaa of «40° to =~60°C, In two of thess digital
skin temperaturss as low as -9°C were reported and first degree frostbite was
often produced, Repsated cold agglutinin studies were performed on these wen.
3
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d, Experlmental froscbite din rdbbltu,

_ Cold agglutination tests were performed on 13 rabb1ts before
_and after the productlon of” eyper¢menta¢ frostblte. '

P”ocedures* o : ,__ ', -

. ' Thie mtthod of determining the tlter of cold agglutlnin dlffe“ed

in no way from the riethods reported ij detail by nearly every 1nvest1gator

) in ‘the fiélds & few preliminary experiments were performed to. confirm the

N © fect thet sera may be stored au. 5°C for & week or moré without diminution:
“in titér (ll, 32, 32, 33, h2), that cell ‘suspensions from individual or ~
posled Group O donnors and the subjects owh cells. (auto-aggTutlnins) gave
glmost identical reqults, and, that ¢cell suspefisiohs more than 3 days ‘0ld
weré unsatidfactory. The procedures used throughout the present study were .
as follows. .

v b

e

o ae Collection of blood speciméns and'preparation‘of'sefa,"

t e e el e s

Blood was collected in dry, sterile syringes from an ante-
cubital vein, placed in 15 x 125 mm. test tubes and allowea to clot atb 37°¢
in a water bath or incubator. In a few instances clotting was permitted. at
room temperature (25°C)s After sufficient clot retraction had taken place

the blood was ¢entrifuged at 2000 r.p.m. for at Ieast 20 mirintes and _the. .
gerum carefully decanted, In moe+ cases the sera were tested immediately; in o
a few cases séra were stored at 0° to 5°C for 1 to 3 days prior to titration.

PR T
-

b. Preparation of red cell suspensions.

In most instances cells from a wingle Group O donor were used, .
In a few instances pooled cells from several Group O donors were used.
Cells were usually obtalned by placing 2 to 5 ml. of freshly drawn blood in
50 o 100 ml, of warm, normal saline solution and separating by centrifuga-
] tion. Occasionally, cells were obtained by washing the blood clot with warm
e saline solutioh. In either case the cells were washed at least 3 times by
' repeated centrifugation and resuspension in warm fresh saline solution.
After having been washed the cells were resuspended in sufficient saline
solution to make a 1% suspension.

¢, Titration. @

Serial dilutions of the serum by the doubling method were
prepared in 12 x 100 mm, serological tubes so that each tube contained
0.5 ml. of solution, To each tubs 0,5 ml, of the red cell suspension was
A . . .._added making the fipal serum dilution.in the first. tube.l:2, in the second
tube 1:4, etc. The tubes were then shaken gently to assure even dispersion
of the red cells and placed in a refrigerator at 0° to 5°C, The tubes were
again gently shaken after being in the refrigerator 30 to 60 minutes aad f
immediately replaced to remain over night. ;

¥ Cold hemagglutinin detsrminations were carried out with the technical
assistance of Sgt. Glenn Case, USAF, and Pvt, Walter Berg, USA.
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d. Reading of agglutination.

After 16 hours dn the refrlgerator at 0° to 5°G., the tubes
ware removed a few at & bime and read immediately, before rewarming could
oécur. The tubes wére shaken gently to loosen the red cell mess and ob-
served with & two inch megnifying lens in @ moderately strong 1ights The

agglutlnatlons were graded in the iollow¢ng,manner°.. N

b4 masa:va agglutination of aX} or nearly &l cells,

3% large clunps with clear surrounding £rudd, .
2  many smaller clumps with Pinkness of surrounding fluido_
14 mbaimal, bt deflnite, agglutination visibles -

”The tlter is reported as the hlghest dilutien in Wthh defindte agglutination

wag visible, Al agglubtinations were confirmed to be cold agglutinatLons by

5observ1ng di'gappearance on rewarm;ng to 37°C

B. Results Resulta

lo Posmtive cold hemaggluulnatlon was present in 7h,8% of the

frostbite cases and in 40.3% of the normal controls. Titers, in general,

were low as ccmpared to those commonly found in primsry atypical pneumonla
but ranged up to 1l:04 in the frostbite group and 1:16 in the controls. The
difference between the two groups is more strikingly apparent when thé higher
titers are considered. Titers of 1:8 or higher were found in 25.2% of the
frostbite_cases and only 6, 5p of the ﬂontrolso Table 3 summarizes. the results

. obbaine

TABLE 3

COLD HDMAGGLUTININ TITERS IN FROSTBITE
N AND: NORMAL- SUBJE 18

T 1 FR@STBITE 'épg!mo’r_zs:_ |
. Total caseé :;_-1:115., 'i“"“““Bdé'"'i”ir';'
Pogitive 86 (7h.8%) " | 12 (4038 |
12 | 4 (3578 | 55 (17.9%)
1:h 16 (13.9%) 49 (15.9%)
Bl_1:8 16 (13.9%) 1 ( Lo 5%)
8 _
o] I R B A G T - I I S G W73 R
1332 A (3.5%) | ==
1:6L | 2 (1»77) -
Negative 2 (2502%) 18l (59.7%)

Analys;s of these data by the chl square method and other
methods indicated a statistical significance of better than 0,001, Thus,
the probability of obtaining such results by pure chance is less than one
in a thousand,

5
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ff,_ps\aime éﬁ.ﬂ_.ﬁ.fzig.r_t;c=s;e~°:ézza., A (ea 1%):..._‘,:: 66 (8.2 _&1 58 (13,08)

" Titers

'2s Positive cold'égglutination o¢curred iore frequently in .
Negroes than in Whites both im the contiol group and if the frostbite
groups Table L compe.res the resulty obtained in Negroes and :Ln Whites.

TABLE y

E C@LD AGGLU’I‘ININ T.LTERS BY RACE ™ FPOSTBITE
. AND CONTROB cUBJECTb :

o

' White

» ota.’.l.a ) |

T | 10 Gaem | 6.'(7;3;,-9%) L2 {1—5 e%f- '
e | e(uap 8 x’.z.s;_é%:)_, 1 5 L2 _&25;,2,_, 9L
' 5,52 | 3 7905)-_ :f_ 7%)
3. (708 "
~é~"-?“?f%?' -

3e. Wi'bhin the limited age range of *r,his gories, age aeemed 0
be & definito facktor im the occurrence of cold agglutinine; the frequency
- in genersl, decressihg with advancing ages Table 5 shows the titers ob=-
‘tained at different ages in the control group.

TABLE 5

THE INFLUENCE OF AGE ON COLD AGGLUTININ TITERS
“(Normal Subjects)

2 | 22 (26058 129 (538 | 8 (u.om | 6 (1370 |

b |1 (69®) 117370 | owelem | L (908

e | o3(aem | 7(sm | 3(saml 1 (an |
wie | 2 (ou® | 2 (260 2 (4as%)
Negative. 42 (506%) {79 (63.78) | 32 (56,1%) | 31 (70,48) |
o ) 6
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| 5 ) | “he In the khr@a hormal Qubjects axposed to experlmeﬂtal cold

: anvironment old agglutlnatlon tests were negative both before and efter |
2 . -:axposure, L I _ - |

|

|

\

|

|

!

I

!

| ‘ - _ .
| 5? In,rébbits:subjeﬁiéﬂ to experimen Lal Irostblte ¢old agglutinin

titers after éxposure were practically identicak to those obpained previous

1 to. eyposure. Table 6 ghows titers obtained in 13 rabbits. Frostblte of

| x - o varylng degree occurred in all aninals..
K : i
|

|

|

!

\

1

|

|

|

|

TABEE 6

: i com HEMAGGLUTTNIN TITERS TV RABBITS SUBJECTED .
) . 0 EXPERIMINTAL FROSTBITE -

s | S Degree ':;-'- R . e : _ -
i o L Remiv | er ] o+ bay 8 Days T 15 Days - 1
g T I‘ros’obite '.: BBfOI‘B After Af,'bezi 1N Af—t,er RN SNEE
. j Exposure Exposupe Exposure; _Exppggrgﬂ{;

First 18| 116 | 1s16 _ N
' ":;f"._mrst"'_"-_:;_._ S R e

@ e wo i

- Maged b 116 T Lak6 o f
1:32- { 1216

B

i
o
&
0
l.._.l
*p
o

. [P
SEk e TR
Y

-

o
i

S Fourdh. b 132 ] 1:32

1

| Fowrtn | an6 | | 18
Fourth | 1132 | 1 wsen

R R L e i W o 2.4
i !

Third l:8 1:8 1:8
Fourth 1:16 1:16
Fourth 1:16 1:16 E
Foupth 1116 1:16 1:16 1:8

x

H o= O o= R o m H

Fowrth . 1216 . )} _1a6 f- 36—t o— o -

7
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b IIT, DISGUSSION

There seems little duubt that a definite correlation exists between
the occurrence of frostbite in exposed individuals and the presence of
demonstrable cold hemagglutinins in the blood. This statement seems
warranted in spite of the 6 to 9 month interval between the frostbite
episcde and the laboratory test, there being no reason to suppose that the
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control subjecte did not have equal opgertunities to acquire cold agglubindns
during this period. The incidence of primary atypical pasuinenia and -other
diseases aqsocwated with cold agglutinins was neuliglole in, bOuh groups..

The pathogenetié reWationshlp of cold agglutlnlns to frostbite, on the.
other hand;- is not cornclusively proved. Howsver, while thée data are admite
tedly scant the failin'e of appearanée of coldxagglutinlns in the blond of
the humans exposed to ¢old and the lack of rise of titér in the rabbits sub-
Jected to frostbite indicate that the reverse relatlonship ddes moy exiat.
Thug; in an individual éxposed to cold the presencé of coldxhemagglutlnﬁtion
may cause intravasculay clumping in thé supérfictal véssels resuliiag in
glowing -of the bLood: £Tow and, perhaps, o¢clusion of smali vessels. India~
vagéular clumping has actually been observed by Stats and Bullowa (AU) and
by Lange, Wéiner and Boyd (28) in ¢old exposuire,

It 15, “of course, Pbvious that frostbite oceurs in bhe dbgence of
coId: agglutlnatlon while many individuals with high titers sscape injnry
inh spite of apparently gevere exposuré., This mav be dné to: the multipll~
city of factors involved ih. the production of clinizal -¢old inJury among
which may be meptionéd (x) degree of cold,. (2) durabmon of exposure,

3) degree of morsture, () immobility, (5 b nutiitional status, (6) physical
fatigue or exhaustion, afd (7) the presence of peripheral vascular disease,
Thiis, when some o all of these factors combineé to produce: unnsually ‘severe
corditions the abserice of cold agglutining will not save the individusl
from irreversible :Lnjurvc Conversely, under: inilder conditiong an individual
may escape injury in spite 0f the presgence of marked cold:agplutlnation.
Conceivably, there may be & broad mid~zone of conditions iuhder which the
presence or absence of cold-.agglutination may play a decisive _ro_le°

A, R statlstlcally slgnlficant relatlon@hip eklstssbetween the occour-~

‘rehce of frosthite and the presence of aemonstrable~cold hemagglutlnlns in
the blood, .

— - ‘ A

B, The avallable evlaence 1ndlcates that intravaseular cold‘hemag»

glutination in an extremiti exposed to co;Q»may,play a pathogenetlc role in
frostblteo o o

C. The highér incidence of frostbite in kugroes \46) may be partially'
due to the moré freguent -occurrence of cold agglutlnlns in this§ racs,-

V. BECOMMENDATIONS S -

Additlonal data on the ocsurrence of coild hemagglutlnation ih frostbite
~victims should be accumulateu as subjects become available. The occurrsnce
and persistence of cold agglutinins in normal subjects should be intensively
and extensively studied. Field studies on troops slated for cold weather
combat duty are urgently recommended. Experimental work on animals may be

a valuable method of confirming the pathogenetic relaticnship herein sug-
gosted,

Serious consideration should be given to the possibility of reducing the

incidence of frostbite in soldiers by avoiding exposure to cold weather of

individuals with high titer cold aggluti ination.
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