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Summary. — As shown experimentally and by examination of pa-
tients, numerous DNA and RNA viruses induce transitory nonspe-
cific changes in the immune response of the host to heterologous
antigens. Attenuation does not affect this property of the parent
strains. Nonspecific immunomodulation is connected with dis-
turbed functions of B and T lymphocytes, macrophages and
haemopoietic cells. The actual mechanisms of immunomodulation
differ in different infections.
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Numerous data have accumulated showing that viruses are able to induce
nonspecific modulation of the immunological reactivity (IR) of the host,
depressing or enhancing the immune response to heterologous antigens
(Notkins et al., 1970; Virelizier, 1975; Semenov et al., 1977).

This phenomenon was first described in 1908 by von Pirquet who observed
a transitory disappearance of delayed type skin hypersensitivity to tuberculin
in measles patients. But intensive studies on nonspecific modulation of the
IR in other virus infections have been carried out only in the second half
of the 20th century.

As shown in Table 1, over 40 viruses belonging to at least 13 families
induce nonspecific changes of the immune response to heterologous antigens.

The actual forms of nonspecific modulation in viral infections of men and
animals vary greatly.

Many viruses, e. g. lymphocytic choriomeningitis (LCM) (Oldstone et al.,
1973), tick-borne encephalitis (TBE), yellow fever (Semenov and Vargin,
1978), dengue 2 (Semenov and Vargin, 1978; Tandon et al., 1979), Visna
(Svennerholm et al., 1978), mouse hepatitis (Tamura et al., 1979) and mouse
cytomegalovirus (Tinghitella and Booss, 1979) viruses, depress (less fre-
quently enhance) the humoral response of the host to sheep erythrocytes
and other heterologous antigens. ;
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Table 1. Taxonomie groups of viruses which cause nonspecific modulation ef the
IR in experimental and human infections

Adenoviridae Adenoviruses of man (various serotypes), monkeys and birds

Arenaviridae Lymphocytic choriomeningitis and Junin viruses

Bunyaviridae ‘ahyna virus

Coronaviridae Mouse hepatitis virus

Herpesviridae Human and mouse cytomegaloviruses, Epstein-Barr, herpes simplex,
turkey herpesvirus, Marek’s disease and varicella-zoster viruses

Orthomyxoviridae Human influenza virus

Papovaviridae SV 40

Paramyzoviridae Measles, mumps, Newcastle disease and distemper viruses

Picornaviridae Coxsackieviruses A and B, enterovirus type 71, polioviruses, rhino-
viruses

Retroviridae Visna, Friend leukaemia, Moloney leukaemia, Rauscher leukaemia
and feline leukaemia viruses

Rhabdoviridae Rabies and vesicular stomatitis viruses

Togaviridae Tick-borne encephalitis, dengue, Langat, yellow fever (vaccine virus),

rubella and lactic dehydrogenase viruses

Ungrouped viruses Aleutian mink disease, hepatitis B and Gumbargo disease viruses

Compiled from materials reviewed by Semenov et al. (1977) and papers quoted in the present
review.

Representatives of different taxonomic groups, including influenza (Mas-
sanari, 1979), rubella (Ueda et al., 1979), Epstein-Barr (Richter et al.,
1979) and Visna (Svennerholm el al., 1978) viruses have been reported to
change the delayed type hypersensitivity to bacterial and fungal antigens
and chemicals.

Experimental infections with LCM (Lehmann-Grube el al., 1972), Newcastle
disease (Woodruff and Woodruff, 1974) or mouse cytomegalovirus (Howard
and Najarian, 1974) prolong the survival of allogenic transplants.

Street rabies virus and wild poliovirus suppress the development of cellular
immunity in mice to influenza and coxsackie B3 viruses, respectively (Wiktor
et al., 1977; Khozinsky et al., 1978).

Based on reports in the literature and own data the following features of
nonspecific modulation of the immune response in viral infections can be
outlined:

1. Nonspecific changes of the IR appear 2-96 hr after inoculation and
persist for several days up to 2-3 weeks (Notkins et al., 1970; Vargin and
Semenov, 1976; Svennerholm el al., 1978; Massanari, 1979).

2. In the course of infection, qualitative changes of the immune response
to heterologous antigens are possible. Immunosuppression may be replaced
by an adjuvant effect and vice versa (Okunewick el al., 1978; Semenov and
Vargin, 1978; Nazimov and Shuratov, 1979; Tinghitella and Booss, 1979).

3. The actual changes (enhancement or depression) of the nonspecific
IR in viral infections depend on the time interval between the administration
of virus and heterologous antigen as well as on the sequence of their admini-



124 REVIEW

stration (Notkins ef al., 1970; Svennerholm ef al., 1978; Semenov and Vargin,
1978); on the dose of inoculum (Howard and Najarian, 1974; Dunmire et al.,
1975; Svennerholm et al., 1978); on the genetic basis (Oldstone et al., 1973;
Okunewick et al., 1978); and on the species-specific properties of the host
(Kavetsky et al., 1977).

4. The nonspecific immunomodulating effect of viruses is not universal.
Depression of the immune response to one antigen usually is accompanied
by a normal response to other antigens (Oldstone et al., 1973; Munyer et al.,
1975).

5. Nonspecific modulation of the IR proceeds on the background of
developing antiviral antiviral immunity (Cappel, 1976; Ganquly et al., 1976).

6. Attenuation usually does not change the ability of viruses to modify
the IR (Berkovitch and Starr, 1966; Kantzler et al., 1974; Munyer et al.,
1975; Ganquly et al., 1976). Attenuated strains of rabies virus are an ex-
ception (Wiktor et al., 1977).

7. Inactivation of virus infectivity usually is associated with a loss of the
ability to modify the immune response to” heterologous antigens (Cappel,
1976; Svennerholm ef al., 1978; Massanari, 1979). But in other instances
administration of inactivated virus to mice (Semenov and Vargin, 1978)
or man (Hooren, 1976) causes temporary immunosuppression. In several
instances the immunomodulating activity is connected with concrete struc-
tures of the virion (Mathes et al., 1979).

A general theory explaining the mechanisms of the nonspecific modulation
of the IR in viral infections has not yet been proposed. But numerous data
make it possible to conclude that the phenomenon is based on changes in
various functions of B and T lymphocytes, cells of the mononuclear phagocyte
system or cells of the haemopoietic series.

Reports on the response to mitogens of B and (or) T lymphocytes of
infected animals or patients are rather contradictory. This fact has been
stressed in the respective surveys concerning influenza (Dolin et al., 1977),
measles (Semenov ef al., 1977), rubella (Maller and Soren, 1977) and herpes
simplex (Araby et al., 1978). The discrepancies have been explained by the
fact that the studies were carried out on different clinical forms and at various
intervals (Jacobs and Cole, 1976; Kauffman el al., 1976) and with the use of
different methodical approaches (Dolin et al., 1977).

Changes in the number of circulating lymphocytes have been described in
men in TBE (Semenov, 1979), viral hepatitis B, influenza and multiple
sclerosis (Santolli et al., 1978). Disturbed recirculation of lymphocytes in
animals was demonstrated experimentally with influenza and Newcastle
disease viruses (Woodruff and Woodruff, 1976) and lactic dehydrogenase
virus (Mongini and Rosenberg, 1978).

Depression of the primary recognition by T lymphocytes of target cells in
vitro and in vivo was shown in experiments on mouse cytomegalovirus
(Kelsey et al., 1978), feline leukaemia (Mathes et al., 1979), TBE, Langat,
dengue 2 and vaccine strain of yellow fever virus (Semenov, 1979).
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Modulation of the activity of T-helpers, but not T-suppressors, was
described in mouse thymic infection (Morse et al., 1976; Cross et al., 1977).
TBE and Langat (Semenov, 1979) and dengue 2 (Semenov, 1979; Tandon
et al., 1979) were shown to induce in mice the development of nonspecific
T-suppresors, suppressing the development of the local graft versus host
reaction.

Suppression of lymphocyte response to mitogens in experiments with
poliovirus (van Loon ef al., 1979), LCM (Jacobs and Cole, 1976) and influenza
(Roberts and Steigbigel, 1978) viruses has been connected with damaged
function of macrophages. On the other hand the inhibitory action of measles,
rubella and lactic dehydrogenase viruses on lymphocyte transformation
proved to be independent of macrophage activity (Lucas et al., 1978;
Vesikari and Buimovici-Klein, 1975; Michaelides and Simms, 1979). It has
been assumed that infected macrophages release enzymes causing destruction
of immunocompetent cells (Virelizier, 1975). According to Allison (1978)
disturbed interferon synthesis along with activation of macrophages causes
suppression of the immune response to sheep erythrocytes and a response of
lymphocytes to mitogens. But Lucas ef al. (1978) showed that the immuno-
modulating action of measles is not connected with extracellular interferon.

Disturbances of several functions (chemotaxis, chemokinesis) of cells of
the myelopoietic series were described in herpes simplex (Rabson et al.,
1977) and influenza (Ruutu, 1977) virus infections.

As mentioned above, nonspecific modulation of the IR has been found in
many viral human infections. One of the consequences of the disturbed
immune regulation can be a more severe course of concomitant disease or
the development of increased susceptibility to subsequent infection of viral or
bacterial aetiology.

There have been numerous reports on the aggravation of tuberculosis
in acute measles infection (Semenov et al., 1977) but absence of such an
effect was also reported (Dunmire et al., 1975).

The development of bacterial pneumonia in severe forms of influenza in
men has been explained by a suppression of chemotaxis and phagocytic
activity of cells of the mononuclear phagocyte system and of haemopoietic
cells (Pike el al., 1977; Ruutu, 1977).

Semenov and Vargin (1978) described activation of asymptomatic Langat
virus infection in mice infected with Tahyna virus which possesses a marked
immunosuppressing activity.

It has been suggested that virus-induced temporary immunosuppression
could support the development of neoplastic disease (Kantzler et al., 1974).

In conclusion, the following facts should be stressed. All viruses pathogenic
for man and animals are nonspecific modulators of the IR of the host. Ap-
parently, changes in the immune response to heterologous antigens lend
support to homeostasis of the organism in critical conditions of infection,
preventing it from unnecessary antigenic loads. But disturbances in immune
regulation may become a trigger mechanism of immunopathological processes
and support the development of concomitant infections. Consequently, the
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evaluation of the IR of patients and means of its correction should be taken
into account in the therapy of viral diseases. The first results obtained with
the use of levamisole for normalization of cellular immunity in influenza
(Pike el al., 1977) and herpes simplex patients (Rabson et al., 1977) testify
for the prospects of such approach.
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