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Feline levkemia is o disecse induced by an oacvrmavirus (nfection that inavitably causes clinicolly

affected cats to die. It hos been estimated thet 40% of caty are deod within 4 weeks and 7O within X

weeks of the onsel of clinical rympioms. Acemannax is 8 compler corbohydrete ~ish botl imimuno-’
stimulctory aad direct antivirol properiics, Admirdiratinon of acemannen for & weexs intrageritaneatly

to clinicolly rymptumaric cars sigrificenily improved both the quality of life and the survivel raie,

Tweive weeks after iniriction of treatment, 71% of ireated cats were alive end in gc0d healih,

Keprworde Feline torkemis; sezmanran: mmunenimolant; ;uts; virus disedse

Feline leckemia virus {FelV) is 2n oncogenic retrevi-
us that, as the name imphics, affects felids of all spe-
cles, FelY infeclions are associated with a vanely of
disezse syndromes in guis. These inciude lymphopro-
hlerative discases such as leukemia and lymphosarco-
ma. cvlosuppressive diseascy such as immuncdedl-
clency and aplastic anemia,! and Ussue destruciive
diszases such as enteritis.? FellV is now the most im-
portant scvere cause of illness and death in domestic
cats. About one third of feline cancer desths are FeLY
reiated

Not all cats thut become infected with Fel VW devel-
op clinical disease. A significant proportion {41%
2liminate the virus, presumably as a resull of a sde-
zessiel immune response.® This immurne response ap-
pears to be age refaied; thus, 1007 of newkorn kitizny
exposed 10 the virus develop disease, but only [5%¢ of
expased cats older than 4 months develop discase.?
Cats that {51l 1w cast off infection and thus hecame
persistently viremic will cventuadly develop clinical
disease and die. The przcise disease syndrome that
develons depends in part on the animal’s cwn immuene
response. Of the clinical mznifestations of infection,
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leskemia is, in fact, 2 relatively uncommon conse.
quence; oaly 229 of FelV-infected eats aciually de-
velop a T cell leukemia.® Much mere commerndy, in-
fecied cats develep a marrow aplasia reflesied by
aplastic anemis, leukopeniy, or thrombocviopenia. As
u result, FelV.infected cats are srofoundly immuno-
suppressed and suffer from a multitude of sezordary
immunodeficiency diseases such as prelmonilis,
sepsis, skin diseases, and enteritis.” Muliceatnic tym-
phoma and lymphoma asseciated with the gasiointes-
tiral tract are alsa scen.® FelV-affccied cuis show se-
vere aporexia, cachexia, and progressive wezxness.

If & cat succeeds in making sntibodizs to the feline
oncornavirs cell membrane antigen (FOCMA), me-
lignancies will be preveanted.? As a resolt, these zat
will not develop lymphoma, lymphessrcoma, or leu
kemia. Howcever, these cats will be unabie to preven
development of cytosuppressive forms of Fely-in-
duced disease, and they will die as a roaaft of eclustic
ancia or pancylopenia,

Although only 3C% of cuts infected with FellV aciu-
ally develop clinical disease, such discase is unifermly
lethal®® There is no effective therupy other thaa
symptomatic trestment. Most affccied cals receive an.
iiblotics for bacierial infections and steroids for treat-
ment of myvloid levkemia and for amelivration of
throrebocytopenia. Cats with lymphosarcama niey 1o

M

ceive steraids ar cytoioxic drugs such as cyclephes.
phamids,

None of these treatments have more than a miatmal
effect on the amimal's guality of life and survivabiii-
1y Sincg there (s no effective tresiment for thiy dis-
cuse, the great mujonity (2509 of clnivzlly wfezied
czts are euthanizzd within a few davy of dlagneosis, it
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hug been cstumated that 407 are dead within 4 weeks
and 70% within 8 weeks of the onset of clinical signs.?
Consequenily, FeLY is the most common infectious
cause of premature death of cais in the Unifed Slates.

Acernannan iy & walcc-soluble, luag-chain polydis-
persed B+1,4)-linked mannan palymer interspersed
with (-acetyl groups. [ts molecular weight ranges
from 10,000 Da to greater than | % {0° Da_ Aczmun-
nan is a poten! immunostimulant clearly able o en-
hance macraphage selease of interleukin-la, tumor
necrosis foctor, and prostaglandin E,."? It enhances
macrophage phagocytosis and non-specific cytntoxici-
1y Acemannan also enhances T cell function ay
demonstrated by the allogeneic response in rodeat
mixed lymphocyte culture.™ Other studies have dem-
onstraled thst acemannan is an effective adjuvamt
when administered with antigen and produces mor-
phological changes in Iymphoid organs that are indica-
tive of immune stimulation.!’¥ Acemannan, in addition
to its immunostimulatory effect, alse has a direct ant-
viral effect on some viruses. For cawmple, it inhibits
grcrwsh of HIV, Newcastle dkr_s.sc ers‘ .md mﬂucn-
za virus in vitroV . -

This study was undenakcn ) dcicrmmc whether
administration of scemannan influences the course of
disease in caly infectied with FeL V. The specific objeg:
tive was fo delermine whether there wou td be « clinis
cal response in symptomatic FeLV-positive cats treats
ed with acemunnan by intraperitoneal (IP) injection
under clinical pructice situstions. A second objective

was (o determine the safely of acemannan in cats with
feline leukemia complex.

Materials and Methods
Study population

‘The study poputation inctoded 50 cats that were sero-
togically positive for {eline leukemia 2and that had at
least two clinical signs associnied with levkemis infec-
tion (i.e., anemia, lymphosarcoma, sepsis, levkope-
nia, feline infectious peritonitis, thrombocytopenia,
feline infectious ancmia {Hemobarionetla infection),
severe weight loss, anorexia or tymphadenopathy). In
addition, FeLV.infected cats that had failed to -
spond 10 conventional treatment and had eppropriate
clinicul signs of discase weye qualified o enter the
study, Thus, all catx in the study were severely b
These caty were presented by their owners at a large

urban veterinsry clinic and were otherwise unse-
lected. *

Experimental design

Ten cals were to have heen randomly assighed to the
control group and 40 cats to the treatment group. The
investigators, however, amended the protocol und
elected to delete the controls bevuuse owners insisieg
that their terminally {1 anlmals be treated with ace-
mennan. No owners would consent to treatment with
placebo for fear their pets woutd die, Six cats failed 1o

complete the study as 3 result of owner noncem-
pliance. Forty-fuur cats were therefore included in the
final study populativn. All 44 cats were treated {or 6
weeks with acemannan L) once weekly 8t 4 dose of 2

mg/kg. The cats were again exumined 6 weeks after
termination of treatment.

Informed consent

Qwnery had 1o ageee fo have. their pets treated with
avemunnan and to ackpowlaipe this agreement by
sigping an informed consent form: in this form, they
alsv agreed Lo return their cats for all agsigned visits as
required hy the protocol.

Acemannan

Acemannan was prepared i kit furmn containing one
10 mg vial of lyophiliced acemannan for injeclion and
one 10 mi vial of normual saline diluent,

Physical examinations

Compleie physical evaluationy were performed week-
ly during the 6-week treatinent penod und then again
at week 12, The clinical perameiers cxperiully noted
included: overall condition and appelite, weight
change. body temperature, and the presence of sepsis,
iymphesarcoma, or lymphadenopathy. These clinical
paramctery were scored {(Figure 1) and used to gener-
ate a global clinical score,
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Figure 1. Evalustion sheat




Adverse event data were obtuined as the study pro-
aressed and by checklist as a summary at the end of
the study. Effectiveness was assessed by a clinical
scoring system. Body weight at cotry into the study
was the stanting poini for deiermining body weight
change. All other scores were determined from labo-

ratory data and by climcal examination and observa-
tion.

Hematology and serology -

Hematologival examination included complcte red cell
counts, hemalocrit, hemoglobin, differential white
cell, and estimaied platelet counts. Serological tests
for FeLY antigenemia were performed by & national
vetennary reference laboratory, The test employed
was a commercial ELIZA fest (CITE® Tdexx).

Clinical patholagy

Blood chemistry values measured included glucose,
BUN uriz arid_ allaline phasphatase, inorganic phos-
phorus, SGOT, creatinine, CPK, albumin, 1otat biliru-
hin. fotal protein, caleium, LDH, SGPT, snd choles-
tzrol. Lsboratory values were obfained at the
beginning of the study and then again utl weeks 6 and
12 (Figure 1. Stedy parameters consisted of history,
exam, complete blood count, und a hiochemical punel.

Statistical analysis

Mata were analyzed by means of a Wilcoxon signed-
ranks test. In addition, data were ¢xaminoed using the
Friedmszn and Kepner-Robinson anafyses of variance,

Results
Survival

Al the end of the 12-wcek study, 29 ucemannan-ireat-
2d cats were knawn o ke alive. Two of the origing! 44
were fost o follow-up, and onc other died of an unre-
lated cause, giving u 71% survival rate for those cats
that completed the study (29/41),

Of 15 cats that died of Fel.V-related disease, five
died from malignancies ar marrow aplasia within 9
davs of entering the study. These cats can be consid-
cred {0 huve heen terminal—beyond rescue by any
available therapy. Seven other cats died during the 12-
week study, and three dicd within 4 weeks of complet-
ing the study. Apalysis of 1] historicul controls 81 the
same clinic indicated that nine cuts dicd or were evth-
anized within 2 months, and one viher was dead with-
in 5 months of being diagnosed with FelV.

Two months afier completion of the study, a tele-
rhone survey of owners wes conducted. Atlempts
were made 10 contact gwners of afl surviving cats. Al-
though the owners of {ive cats had moved and could
acl be located. awnery of 22 cats were interviewed.
(dne stated that his cat had died 4 weeks afier the 12-
week follow-up. but the remaining 21 cats were re-
~arted alive and well (Table ).

EfHeer of agcemennaAn on relovirus ifcetions; Sliews er al

Tasbla 1. Survival at tirse of owner {ollow-up

Cliatcal statun

MNo. of cais
Known syrvisors 21
Wagia aftar No. of cats
beginning trestmeant wtitl albve
35-238 3
H-34 8
15-29 ]
20-24 F
Desd 1%
Non-compliant 3
{oct to
{ollow-up 5
Tozal a4

Al owners oi surviving cats reponted Lhat they
were pleased with the results of treatment, stating that
their eats had returned to their normal stafe of activily
and were healthy, happy pets (up to 19 weeks after
entry into the study). The owner of the cat that died 4
weeks after the study (10 weeks afier the final ace-
mannan injection) suid that he wus encouraged by hus
cal's having shown improvement during treatment,

but that his pet began 1o deferiorate afler the [2-week
follow-up.

Clinical status

The clinicaf entry global mean score for the test ¢cats
was 4.65 and for the historical controls was 4.857. The
mean score for trezied snimals ul week 6 was 3,071,
whereas (he mean score at 12 weeks was 2,560, This
seore was derived from both subjective and objective
analysis (Figure 1), The change wus not siatistically
significant fur the entire test group. Uf, however, the
age of (he cats way taken into account, it was {ounc
that overall clinical scores were significantly improved
(P = (49 for cats under 4 years of age.

Further analysis of the clinica] scores indicate that
there was a progressive improvement in subjective
clinical scores in trested animals. Each snimal's appe-
tite significantly improved (P = .0022) by 12 »eeks.
Incidence of sepsis was significantly reduced (P =
0329) in treated animals at 6 and 12 weeks, suggesting
that the animals had an cohanced immunological fuac-
tion,

Hemarology and serology

When hematologicul parumeters were analyzed, a
consistent frend was clearly apparent. There was an
improvement in major Hlood parameters doring the 6
weeks the cats were under trestment. Median hemato-
crit values rase frum 30.K5 to 12.20, hemogiobin rosc
from 9.80 to 10.95, red ccll county rose from 6.99 to
7.13 = 10%mum?, while tota! leukacyte und lympho-
¢vie counts declined (12,95 1o 1215 x 1P'mm’ snd



1998 10 1862, respaciively). Although these hemato-
logical changes were uniform, they were not statisn-
caily significant. Hemoglobig levels were significantly
improved (P = 0.0469) at 12 weeks, while eosinophil
levels climbed significunty (P = 0.018) between 6 und
2 weeks. S

All animals showed FelV antigencmia at Ihe begin-
ning of the study. One cut converted o viremia nega-
tive following 6 weeks of trestment bul had reveried
to seropositive by 12 weeks.

Clinical pathology

Clinical pathology scores showed stalistically signifi-
cant increases for albumin (P = 043) and tota) serum
protein (P = 041) between weeks 6 and 12. Alkaline
phesphatase levels in cats younger than 4 years of age
were significantly increased between weeks 0 and 5(P

= 052}, but the values remained within the normal
range.

Discussion

The tesults of this study show clearly that aceman.
nan-irealed cats lived significuntly fonger than (he his-
torical contrels. In addition, enhanced quality of life
of these animals way reflected i their improved health
and increased activity, The increase in serum proteins
was associaled with (he improved nutritional status of
all cats, and lack of sepsis was indicative of their well
being, Owner satisfaction with the therupy was very
high,

In this trial, a placebo-treated con'rol group of ¢als
was not employed because owners would not agree lo
participate if they were not assured that their termi.
nally il cats would receive the drug. Study of histon-
cal controls in the same elinic indicated that 10 out of
11 infected cals nol included in the 15al died within &4
days of disgnosis, Nine of the 10 animals were cuth-
anized. One died ay u result of anemia and 4 probable
lymphosarcoma. Unfortunately, the prognosis of
FeLV.infected cats iy so poor that euthanasiy is con-
sidercd to be ap BPpropriale response 1o a diagnosis of
the cisease. For this reason, it s difTicult to determing
what the survival nite of these cars would have been
had they been allowed 1o live,

In an atiempt to entarge this control group, an anal-
ysis of 46 recent admissions 10 the Texas A&M Coi-
lege of Veterinary Medicine Smalt Animal Clinie was
made. All 46 cats had ¢lnical signs of FcLV discuse
and would have been eligible for entrance (o this
study. Of these 46 animals, 40 were euthanizad or died
within 3 days of a disgnosis of feline leukemia, five
Tore were dead by 10 days, and only one animal was
Known 1o have survived for as long as § months,

Perhaps the must reliable figures in this reypect
come frem Povey, who in 1975 reported that 40% of
QM3 with clinical feline leukemia werer deag by 4
weeks while 70% were dead by 8 weeks following
onset of clinical symptoms.”? Tompkins und Cummins
reported that although 229 of caty diagnosed as suf-

fering from fetine leukemia eventually recover clini.

ally, “the grest majority™ were cuthanized within a
week. ' On this basis, it is clear (hat scerannay en-
hanced survival of {reated cats (Figure 2).

The reason for the clinical improvement seen in
treated cats cannot be (raced directly 10 2ny one he-
matological or clinical parameter, Hematocrit, hemo-
giobin, and RBC counts all Increased slightly, suggest-
ing that the bone marrow function was improved, The
known antiviral sfTect of ucemannan as wel| as ity im-
munostimulatory propertics may have playcd arole in
reducing virus burden in these animals, .

Mannans probebly have af least (hree mechanismy
of antiviral activity in vivo. Iirst, they are potent in-
terferon inducers. "= A mannan derived from Candi-
da albicans for c¢xample, induced high levels of
inferferon  activity two hours afler inTavenous
administration. Sccond, acamannan has polent anl-
viral activity against HIV, Newcastle disease viruy,
and influenza. This has becn attributed (o interference
with viral glycusylation.® Thicd, mannans ir¢ known
to be potent immunostimulants, ™3 Acemannen ep-
hanced the ability of mouse T eclls to respond 10 mi-
togenic stimuli, probably us a result of premoting the
release of helper factors from mscrophages.!? Ace-
mannan has been demonstruted to induce the produc-
tion of interleukin.l and tumor necrosis factor from
macrophages in mice.!* Glher mannans have been
demonstrated to stimulate cytoloxic activities of mac-
ropbages, naturaf killer cells, and cytotonic T cells,
They have been shown 1o promote interdeckin-| Bros
duction by macrophages and (o enhance infibedy pre-
duction.B

Currently, available therapy for feline levkemis 13
unsatisfactory. Cytotoxic ugents that have been e
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ployed include methotrexate and cyclophosphamide
as well ay corlicosteroids such as predaisolone und
>ctamethazone., The use of muliiple vytowozic drugs in
these cats has not been yyccessful i inducing more
than {emporary remission.'?

The published litcruture, however, suggesis that
immunostimulants may be of significant benefit in
treating clinically il PeLY-infecicd cafs. In & rocent
publication, it was reporied thut inactivated Propiono-
bocterium ocnes (ImmunoRegulin®) way of benefit in
the treatment of clinical FelV.™ The mechanism of
actlon of killed Propionobocterium acnes is unclear
although it also probably acts as a potent stimufutor of
interdeukin- production. Staphyloceal profein A has
also been used o treat small numbers of FeLV-infect-
ed catn. It ap {o act a8 3 bone marrow siitmulant
snd reduce viral burden as well ey increase chemilu-
minescent responses in affected cats.® Staphyloccal
protein A acts to remove immune complexes and is
also an inferferon inducer. It may be thai interferon
plays a critical role in some aspects of resistance to
FeLV. A bovine B-interferon appeared (o have & bene-
ficial effect on Fel.V-associsted nenregencraiive ane-
mia and cavsed significant clinical improvement, ¢
However, only four cats werc treated In this study,

In zddition to their direct und indirect antiviral ef-
fects, mannans are well recopnized as kaving bone
maTOW stimulating activity.?® Thus, mannans possess
3 combination of aativirul, immunostimulating, and
bone marrow stimulating octivities that sre perfecily
‘ailered 10 the treatment of FeLV. The resulis of only &
weeks of treaiment must be considerad dramatic when
measured 2gainst the usually poar progrosis of this
dszase. Undoubtedly, 2 much longer tresiment period
would have produced even more dramatc results al-
though the prognosis for acemsannan-ireated FelV-
disessed cals obviously depends wpon the initial ¢lini-
czl state of the cat. Tt is cless from the results of this
study that additinnal studies on the use of acemanaan
for the tresiment of FelV are warranted, The signifl-
caalimprovement in viability ag well as the overall
health of the treated catx suggests that acemannan is

an cllective treaiment of Fel VY infection.
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