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COMBINED PROTECTIVE EFFECT OF AN IMMUNOSTIMULATORY
BACTERIAL PREPARATION AND RIMANTADINE IN EXPERIMENTAL
INFLUENZA A VIRUS INFECTION
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Summary. — The protective effect of an immunostimulatory bacterial preparation, cytoplasmic membranes
of Escherichia coli WE' stable protoplast type L-forms (CM) alone and in combination with the sclective
antiviral drug rimantadine was evaluated in experimental influenza A/Aichi/2/68 (H3N2) virus infection in
mice, In sublethal infection, CM administered intraperitoneally (i.p.) 7 days before virus exposure in a single
dose of 25 my/kg did not reduce significantly the virus lung titers. In lethal infection, CM appliced in the same
way weakly reduced the mortality rate. The combined application of CM with rimantadine resulted in syner-
gistically increased protection, determined on the basis of virus lung titers, lung consolidation, mortality rates,

protective indices, and survival times.
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Introduction

Influenza continues to be a major cause of high morbid-
ity and significant mortality both in humans and domestic
animals. Rimantadine, an analog of amantadine has well
documented prophylactic (Doliner af., 1982) and therapeutic
(Van Voris et al, 1981) activity in uncomplicated
influenza A virus infection after oral administration. Riman-
tadine has no marked antiviral activity or therapeutic effec-

tiveness in established influenza and no specific therapy of

proven value currently exists for severe influenza infection.
Some adverse effects of rimantadine have also been report-

Abbreviations: CM = cytoplasmic membranes of Escherichia

PBS = phosphate-buffered saline; PHA = phytohacmagglutining
p.d. = post infection; PMN = polymorphonuciear lymphocyte

ed. Herrmann et al. (1990) found that following
a rimantadine treatment some depression of cytotoxic T-lym-
phocyte and antibody responses in a mouse model ocurred.
In addition, a development of viral resistance to rimanta-
dine has been identified as a problem in the use of this drug
(Hayden et al., 1992). Obviously, a need for effective ther-
apy of influenza virus infection persists.

Influenza is one of the often cited examples of viral in-
fections associated with immunosuppression (Roberts and
Domurat, 1989). It has been suggested that the immune re-
sponses to influenza infection more accurately reflect an
immunofocusing of the host defense capabilities — virus-
non-specific responses are depressed, while virus-specific
systemic, local and recruited responses are developed (Rob-
erts, 1988). Therefore the control of influenza infection can
be improved by the use of appropriate immunomodulators
and selective antiviral agents can be used in combination
with immunomodulatory substances.

We have reported previously that CM induced a marked
immunostimulating effect on the functions of the perito-
neal macrophages (Ma) in intact experimental animals, as
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Table 1. Dependence of the protective effect of CM in experimental
influenza infection in mice on the time of inoculation of CM

Time of inoculation

of CM (days before  Mortality = SD Protective  Mean survival

infection) (%) index (%) time (days)
Virus control 50.0x12.6 10.6
8 19.0+9.8 62.0 12.4
7 12,383 75.5 12.9
6 35.0&12.1° 29.6 10.6
5 20.8+10.1 58.0 1.5
4 35.0+12.17 29.6 8.6
3 21.0+£10.4 57.5 11.5
2 45.6:12.6 8.8 10.0
i 38.5+12.3" 23.0 10.2

CM (25 mg/kg) was inoculated L.p. into mice 1-8 days before infection
with 5 LD, of the virus. 20 mice per group were used. The results are the
means of 3 experiments, “The difference with virus control is not

significant (P <0.05).

agents (lethal infection (1), see Materials and Methods). The
mortality of the virus control group was 60 — 70%. A weak
protective effect (PI = 50%) was observed when CM was
applied i.p. 7 days prior to infection (lethal infection (2),
see Materials and Methods). In order to evaluate a possible
selective virus-inhibitory activity of CM, the effect of CM
was tested on the reproduction of two strains of influenza
virus, A/chicken/Germany/34 strain Rostock (H7N1) and
AJchicken/Germany/27 strain Weibridge (H7N7), in cultures
of chick embryo fibroblasts. When applied in the maximal
tolerated concentration of 0.125 mg/ml, CM did notreduce
significantly the expression of viral haemagglutinin (esti-
mated by enzyme-linked immunosorbent assay (ELISA)

(Belsheet al., 1988) on the infected cell surface as a measure
of virus growth (13 — 23.6% inhibition). In all experiments,
rimantadine (1 pg/ml) was used as a positive control — it
caused 80 — 90% inhibition of virus replication (data not
shown).

In a sublethal influenza infection in the murine model,
CM did not reduce significantly the virus infectious titers
in mouse lungs, determined at days 1, 3, 5, 7, 10, 14 and 21
p.i., although the tendency of reduction was consistently
preserved at days 1, 3, 5 and 7 p.i.

CM did not reduce significantly the mortality of mice in
a lethal infection when applied as a typical immunostimu-
lator in a single dose of 25 mg/kg 1.p. 7 days before virus
inoculation with exception of a mild infection (mortality of
virus control = 50%, Pl = 75.5%) (data not shown). Thus
the virus inoculum was an important variable in determin-
ing the protective effect of CM. The optimal time of appli-
cation of CM to mice for a significant protection was 7 days
before virus infection (lethal infection with 5 LD, per
mouse) (Table 1).

When CM was applied to lethaly infected mice (10 LD
per mouse) in combination with the selective antiinfluenza
drug rimantadine, the combined protective effect was mark-
edly increased as compared to either single intervention
(Table 2). Rimantadine was used in three different doses
(10, 20 and 40 mg/kg) which protected mice to various
degree. The protection caused by CM applied alone was
not significant; rimantadine in concentration of 10 mg/kg,
applied alone, was marginally effective, Rimantadine in
doses of 20 and 40 mg/kg significantly reduced the mortal-
ity, lung virus titers and lung consolidation. The combined
application of rimantadine in all three concentrations with
CM lead to a marked increase of protection — all three com-

Table 2. Combined protective effect of CM and rimantadine on experimental influenza infection in mice

Experimental Dose Mortality Protective Combined Virus lung Lung Mecan
group (mg/kg) =S (%) index (%) cffect titer consoli- survival
(Em) log TCID,/0.5ml+SD dation® time (days)
Virus control 85.0+£9.0 6.6+0.5 4.0+0.5 8.0
M 25 78.3+12.6 7.9 - 6.5+0.4° 4.0£0.5 8.6
RI 10 75.0+11.07 1.8 6.2:40.3" 4.0£0.2 10.3
CM+R1 25+10 35.0£12.1 59.5 synergistic 5.1£0.6 1.8+0.3 12.4
R2 20 41.6:12.4 52.3 4.7+0.5 1.9+0.3 12.0
CM+R2 25420 10.0+7.6 88.8 synergistic 3.1£0.7 1.0+0.4 13.8
R3 40 11.0+7.9 62.0 3.5+0.6 0.9+0.2 14.0
CM+R3 25+40 10.04£7.6 88.8 additive 3.540.6 0.7+0.1 142

R1, R2, R3 = diffcrent concentrations of rimantadine (total dose). CM was inoculated i.p. to mice 7 days before infection with 10 LD of the virus.
Rimantadine in diffcrent concentrations was given orally to the mice 24 hrs before and 2, 24, 48 and 72 hrs after virus inoculation. *Scores -4
assigned to % visible consolidation. "The difference from virus control is not significant (P <0.05).
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binations proved to be more efficient than the single ager
There was an additional reduction of mmmxlm rates, virus
pathomorphological changes in the lungs;
shated combined effect ranged from ;‘uid tve 1o syn-
The drug combinations were well wlerated by the
experimental aninals and xhe‘ m‘\t[‘)m\/mﬁf protection was not
associated with an increased toxicity,

lung titers, and

the caloy
ergistic,

Priscussion
Intranasal moculation of influenza A/AIchi (HIN2Y vi-

rus 1o mice produced a cizxm‘):xwm infection of the lungs

which, depending on the dose of the viral inoculum, was
highly lethal to the antmals, Qur results showed that CM
had a weak protective effect inthe lethal infection, reluted
obviously to its immunostimulating and immunorestaurat-
I acuvities as no f‘mfmﬁi ive virus-inhibitory effect was
found, Tnoa sublethal ‘x‘xﬂswwu infection, CM did not re-
duce significantly the virus infectious titers in mouse T,

determined on days 1, 3,5, 7 p‘i“ Some activities of L}m
e cells determi m:d in virus-infected and CM-treated
miew at the same days pi d that CM caused corree-
Hons in the d creased h netions of the omune Ct@’“!‘& It has
been found that ‘XI imnduced o 5-fold inerease of the num-
berof Maanda 2 - 6-fold ncrease of the migration ab ity

reveale

of M i the mtm;,» and infected anmals, and did not couse
significant changes in the phagocoytic activity (Ivanova ef
al, 19927 CM stimulated also Hw migration activity of

"
pelymorphonuclear lymphocytes (PMNs) and induc uI
fold increase ofthe adherence abi F Hy of blwm PMNs (Tosh
kovaetal, 1992). The protnounced stimulating effect of CM
onthe Ma and feukoucyte funciions could be due 1o the pres-
ence of a EipopwI}/ss;u‘&:h* ide (LPS) as proved by @ mass-
¢ (Gumpert ef el 1982) and immunoeclectron
08¢ m[m methods (Michatova et of, 1984), This un-
usual localization of L1 S wits explained by the fact that the
enzymes responsible for us synthesis in Enterobacteriacea
are located in thenr eytop m mie membranes (Osborn ef af
E‘)’}”)ﬂ nthe Leforms, lacking o celb wall, LPS remains as-
soctated with the eytaphsmic membrane, We presume that
this particalar siuation resubted a partin] detoxication of
LPS. D toxicologicad experiments run in paratlel with LIS
ob el O following the acute and chronie lethal toxic-
iy, [‘»ww;‘t«:xvicity and histopathological changes in kidneys,
fver and heart, it has been shown that CM was 120-Told
less toxic than the control LPE (Tvimaova of «f, 19937, namely
CM LD, fur mice was 120 mg/ml Twenty-five mg/nil, pre-
viously determined as wr optimal immunostimulating dose
of CM (Tvamova, T986) did not cause any toxic
Ithas been shown previously that CM stimulated the fune-
tions of Ma in intact experimental animals as well as the

spectrometri

i

elfeets,

m’wlii"crmiam of the antigen-binding T-lymphocytes, T-help-

't lymphocytes, H--iymplmcytw and NK-cells (Ivanova,
WML protected mice experimentally infected with
Soaurens, Eocoli and K. /)/u'u/mmia and showed
@ temporary immunorestaurative effect on the Ma and PMN
functions of Immm:m with myeloid virus-induced Graffi
mour (Ivanova et afl., 1991,

Phagoceytes, consisting mainly of Ma and PMNs, were
repor ried to be the crucial ufmm;‘m ts of resistance 10 an ex-
perimental nfection in mice (Arora, 1993). As a non-spe-
ciic immunoestimulant, (‘,M mterferes with the functions of
the cells of the mmune system, Ma and PMNs (Ivanova er
wl, 1992, Toshkova er af, 1992), and due to its immuno
protective effects (Ivanova, 1986} it might elicit a state mf
the viral infection.

The tmmune response 10 experimental influenza infec-
tion is complex. Although some immune responses are in-
duced or enbanced (NK-cell activity, IFN-¢-production and
the virus-specific Tlymphoeyte response), other responses
have been reported to bu depressed (for review see Roberts

and Domurat, 1989). The latter include depression of ph-
an u Emﬂmy; of bacteria, depression of the lym-
phocyte proliferative response to phytohaemagglutinin
(PHA) or other mitogens, and alteration of the chemotactic,
oxidative and secretory functions of PMNs, These findings
rpest that it would seem amnwp:ml,c 10 use ununostim-
ulatory substances alone or in combination to prevent or
cure influenza virus infection.

Litte is known concerning t
lators on mfluenza

resistance 1o

AEOCYIOSTS

mmunomodu-
Few substances with
immunomodulatory activity were reported to be inhibitory
to experimentally induced nxnﬂ uenza virus infection - len-
tinan (Irinoda e al., 19923, F 52T (Sidwell e al., 1995)
and MVE-2 ((,:«n‘mx:mw al., WM) Allthese substances stim-
m ed Ma functions, an effect which was also seen with
LM (Ivanova et af, 1992). Masihi ef af. (1983) evaluated
the effects of a mycobacterial preparation and muramyl
dépvmi@i* Pancheva ef al. (1990} found that isoprinosine
d the protective elfect of rimantadine, and

he effect of i

virus infection.

potentiate

D Agosting e al. (1996) reported the efficacy of combina-
tion therapy with amantadine, thymosin al and
mterferon o/,

I the present study, the combined treatment with the
bacterial immunomodulator CM and nimantadine resulted
I synerg of protection, expressed by signifi-
cant de Wnortality and marked prolongation of sur-
vival times. Vieus lung titers and lung consolidation in in-
fected anmmals, treated with the combinations of the two
substances were also reduced as compared to either single
mtervention. The combined use of CM and rimantadine did
not lead to any enhancement either of acute or chronic tox-
1city.

Istic merease
CTUASE
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The present results indicate a beneficial role of the com-
bined use of & selective viral inhibitor and an immunostimu-
latory agent in the treatment of experimental influenza infec-
tion in mice. This could be explained by an effective integra-
tion of two different functions in the control of the infection.
The specific antiviral agent inhibits the virus replication but
does not aflect the virus-induced immunosuppression, the
immunomodulatory agent instead does not prevent the dam-
age caused by the massive virus spread. Their combined ap-
plication leads to effective interruption of the “vicious cir-
cle, established by viral infection (viral infection -> induc-
tion of immunosuppression -> enhanced spread of virus)”
(Garaci et al., 1994). We cannot predict that this conclusion
could be of clinical importance for the influenza infection in
humans. However, our results illustrate a potentially useful
approach to its control,
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