
Implications for 
Immunotherapy of Viral 
Infections 
MA YRA LOPEZ-CEPERO, STEVEN SPECTER, 
and JOHN HADDEN 

1. INTRODUCTION 

21 

That host-defense mechanisms control viral infection and eventually limit the 
spread of disease has been recognized for many years. Preceding modern 
medicine, Chinese physicians in the eleventh century observed that the inhala
tion of smallpox crusts prevented the subsequent occurrence of disease. Later, 
in the eighteenth century in England, variolation was practiced by Lady Mon
tagu as a primitive form of immunization to protect against smallpox. 

The future of modern immunology was ensured when Edward Jenner 
made the surprising discovery that inoculation with cowpox crusts protects 
humans against smallpox. Eighty years later, further development of preven
tive immunization was made possible by Louis Pasteur, who prepared the first 
inactivated vaccine for rabies virus. 

During the twentieth century, numerous successes have been achieved 
by performing specific immunoprophylaxis with vaccines. The development 
and administration of live attenuated vaccines for mumps, poliomyelitis, 
rubella (German measles), rubeola (measles), and smallpox has significantly 
reduced the morbidity and mortality of these diseases. Inactivated vaccines 
are also commonly used for hepatitis B virus (HBV), influenza, poliomyelitis, 
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and rabies. In addition, new vaccines for cytomegalovirus (CMV), herpes sim
plex virus (HSV), varicella-zoster virus (VZV), respiratory syncytial virus 
(RSV), and rotavirus, among others, are under clinical trial or current inves
tigation. 

Vaccines, however, are only a prophylactic approach to immunological 
intervention against viral infections. A second type of intervention in antiviral 
treatment has been the use of immunoglobulin (Ig) preparations. Although 
these preparations are generally administered to patients after exposure to a 
virus, they are still a form of prophylaxis, since they are effective only shortly 
after exposure and before the onset of clinical disease (see Section 2.2). 

There is a lack of successful chemotherapeutic antiviral agents for therapy 
of established infections, with the exception of (1) nucleic acid analogues such 
as acycloguanosine, arabinoside a (Ara-a) arabinoside c (Ara-C), and 5'
iododeoxyuridine (IDU), which are used in the treatment of HSV infections; 
(2) methisazone for smallpox; and (3) amantadine for influenza A. This has led 
to a new approach in therapy for viral pathogens-immunostimulation-using 
biologic molecules, such as biologic response modifiers (BRM) and/or drugs 
that increase the host's defenses rather than directly killing the pathogen. The 
treatment of infections with immunostimulating substances is called the pro
host approach.<l) 

These BRM and drugs have a relative specificity for one or another ef
fector cell of the immune system permitting approaches to the manipulation of 
selected components of the immune system. The cells affected are T lympho
cytes,(2-5) macrophages,(6,7) and natural killer (NK) cells, considered the prin
cipal immune cell types involved in protection against viral infections.<S-lO) 

Since 1957, when Isaacs and Lindenmann first reported the presence of 
interferon (IFN), a host factor induced by viral infection that interfered with 
further viral replications, new advances in the understanding of host-defense 
mechanisms have been achieved. Products of the host-immune system such as 
IFNs produced during viral infections by leukocytes (IFNa), fibroblasts (IFN~), 
or T lymphocytes (IFN-y) are able to enhance the activity of other populations 
of immune cells important in the primary host defense against viral infections. 
This includes macrophages and NK cells. For example, IFNy ' IFNp, and main
ly IFNy have been reported to enhance the cytotoxic activity of NK cells against 
virus-infected cells.<l1) Another lymphokine produced by activated T lympho
cytes, interleukin-2 (IL-2), as well as IFNy is able to enhance the cytotoxic 
activity of NK cells against virus-infected cells.(S,9) 

The development and function of T lymphocytes is under the regulation 
of thymic hormones, IL-l and IL-2. Thymic hormones [thymosinal , thymic 
humoral factor (THF), thymopoietin, and thymulin (FTS)), in addition to IL-2, 
promote the maturation of immature thymocytes. These will be very important 
in the therapy of T -cell-deficient persons for the potentiation of this cell popu
lation. The decrease in susceptibility to viral pathogens is highly dependent on 
functioning T lymphocytes.(12) A number of drugs capable of mimicking the 
activity of the thymus (i.e., thymomimetic drugs) act directly to induce pro
thymocyte differentiation and promote T-cell functions, including IL-2 pro-
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TABLE I 
Immunomodulatory Substances Used as Antiviral Agents 

Microbial products 
Protozoa 
Gram-negative bacteria 

Lipopolysaccharides 
Gram-positive bacteria 

Peptidoglycans 
Muramyl dipeptide 

Mycobacteria 

Products of the immune system 
Immunoglobulins 
Thymic hormones 
Transfer factor 
Interferons and interferon inducers 
Interleukin 1 
Interleukin 2 

Drugs 
Levamisole 
Vitamins A and C 
Tilorone 
Pyran 
Inosiplex (isoprinosine) 
NPT 15392 

duction, which is crucial in the immunologic cascade that develops against 
pathogens. Thymomimetic drugs, such as isoprinosine and NPT 15392, are 
also able, like IFN and IL-2, to increase the activity of NK cells against virus
infected cells.(10.13) Pro host drugs such as isoprinosine have been tested in 
clinical trials against viral diseases, such as herpesviruses, influenza, and mea
sles. Levamisole, which is indirectly a thymomimetic drug because it promotes 
in vivo the appearance of thymic hormonelike substances, is another example 
of the new approach to immunotherapy. 

The prohost approach to therapy of viral infections is popularized by the 
observations that virus-induced immune suppression is a common feature of 
such infections, as is evident from the preceding chapters of this volume. 
Because immunosuppression, although often transient, is so common in viral 
infections, it is believed to be important in viral pathogenesis. Immunotherapy 
therefore attacks this central defect and has the potential to lead to rapid 
recovery from severe consequences of viral infections. 

The mechanisms by which immunotherapeutic substances induce prohost 
responses against viral infections are the focus of this chapter. The reader is 
referred to previous reviews for a summary of information not presented here 
on other immunostimulatory therapeutic agents (Table I), for which there is 
little new information.(l4.15) 

2. IMMUNOSTIMULATORY AGENTS 

2.1. Bacteria and Their Products as Immunomodulators 

A wide variety of microorganisms, including bacteria, have been studied in 
terms of immunomodulatory activity.(16) Adjuvants based on the use of My
cobacteria in water-and-oil emulsions have extensively been employed to stimu
late immune responses to weakly immunogenic substances. However, it is now 
recognized that the ability to enhance immunoresponsiveness is not limited to 
Mycobacteria. (17) 
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2.1.1. Gram-Positive Bacteria 

Many of the cell constituents of gram-positive bacteria have been shown to 
be important as immunomodulator molecules, inducing inflammatory re
sponses. For example, protein A from Staphylococcus aureus shows nonspecific 
immunostimulatory activities and stimulates lymphocyte blastogenic re
sponses.(18) Staphylococcal, streptococcal, and pneumococcal components such 
as teichoic acids and peptidoglycans are immunostimulatory in their action. For 
example, they have been shown to increase macrophage-mediated cell cytotox
icity.(19) 

Mycobacteria have been used for decades as immunoenhancing agents. It 
has been known for a number of years that Mycobacteria can exert protective 
effects against viral infections. For example, the parenteral administration of 
live bacille Calmette-Guerin (BCG) has been shown to enhance resistance of 
mice to a variety of viruses, including HSV-l and HSV-2 and influenza A(20) 
and Friend leukemia virus (FLV), as shown by Larson et al.(21) 

The immunoenhancing material of BCG proved to be peptidoglycan, and 
the minimal adjuvant structure was found to be N-acetyl-muramyl-L-alanyl-D
isoglutamine or muramyl dipeptide (MDP).(22) Since MDP has been the most 
thoroughly investigated of the gram-positive bacterial products, we focus on 
this material. 

The MDP used experimentally is a synthetic copy of part of the pep
tidoglycan moiety of the cell wall of many bacteria. Originally derived from 
Mycobacteria, it has a spectrum of biologic and specifically immunologic ac
tivities similar to that of the whole microorganisms but devoid of their harmful 
effects. 

Muramyl dipeptides have been derived that are modifications of the origi
nal MDP in an effort to enhance activity. This search has proved successful in 
some cases and still continues.(23) These have been shown to exert adjuvant 
activity when associated with a number of antigens including bacterial, parasit
ic, and viral vaccines, among others.(24) Influenza, HSV, and HBV vaccines are 
part of the list of viral antigens that become more effective when associated 
with MDP. For example, in the case of the influenza vaccine, antibody re
sponses are higher when MDP is combined with the vaccine, which otherwise is 
poorly immunogenic.(25) Thompson et al.(26) reported that MDP enhanced the 
immunogenicity of formalinized whole HSV. In view of these results, it can be 
expected that MDP will be of practical importance in the field of conventional 
and synthetic vaccines for humans and animals. 

Regarding the route of administration of these compounds, several inves
tigators showed that in addition to the parenteral routes, the oral and nasal 
routes are effective for immunoenhancement and permit direct stimulation of 
the secretory immune mechanisms'<27-30) Therefore, it can be expected that in 
combination with vital antigens, locally administered MDP will be used to in
crease the production of neutralizing antiviral secretory antibodies. 

Muramyl dipeptides have no direct antiviral effects,(31) so it can be infer
red that they act by modulating the host's mechanisms of defense. MDPs do not 
seem to alter the production of IFN induced by viruses.(31) The activation of 



IMPLICATIONS FOR IMMUNOTHERAPY 425 

cellular mechanisms by MDP can also account for part of their antiviral effects. 
MDPs are inducers of monokines such as IL-l (32) and endogenous pyrogens, 
which increase body temperature and thereby counteract viruses. Also, MDPs 
are enhancers of NK cell activity,(33) antibody-dependent cell cytotoxicity 
(ADCq,(34) and macrophage cytotoxicity,(35) which are important mechanisms 
of defense against viral infections. 

Thus, the role of MDP in the antiviral strategy is seen in a dual aspect: one 
deals with their adjuvant effects and the other with their activity on the ef
fectors of nonspecific resistance. This second aspect involves the stimulation of 
the host nonspecific defenses that will lead to recovery from the viral infection. 
It is not clear whether the beneficial effects of MDP also involve the ability to 
reduce the immunodepression induced by the virus. 

2.1.2. Gram-Negative Bacterial Endotoxins 

Endotoxins or lipopolysaccarides (LPS) are associated with the external 
cell envelope of all gram-negative bacteria. The polysaccharide is linked to the 
lipid A moiety, which is responsible for the toxic manifestations of endotoxins. 
Both lipid A and the polysaccharide are important in immune alterations.(36) 
Endotoxins are T -independent antigens, are mitogenic for murine B lympho
cytes, and stimulate polyclonal antibody formation. Another major role of 
endotoxins as immunoregulatory molecules is the stimulation of macrophages, 
with the consequent release of soluble mediators such as IL-l. This stimulates 
other cell types to produce a cascade of cytokines such as IL-2 that can enhance 
or facilitate immune responses. 

The beneficial effects of endotoxin on the immune response are clearly seen 
in the retrovirus-induced leukemia in mice caused by FL V .<37 .38) FL V has also 
been used as a model for studying immunosuppression resulting from retro
virus infection in vivo and in vitro. Spleen cells from FL V -infected mice show a 
marked immunosuppression early after exposure to the virus both in vivo and in 
vitro. The antibody responsiveness in these mice is markedly diminished. It has 
been shown that the addition of bacterial endotoxins to these depressed spleen 
cell cultures from FL V -infected mice results in marked enhancement of the 
immune response. The effect may be due to the activation of macrophages in the 
spleen cultures, since the addition of normal mouse spleen cells and/ or normal 
adherent splenocytes, as well as peritoneal exudate cells, has resulted in a 
marked enhancement of the immune response by FLV-infected spleen cell 
cultures.(39) However, other effects of LPS may contribute to the recovery of 
antibody responsiveness.<37.38) Beneficial effects in other experimental viral 
infections also have been reported.<40-42) 

2.2. Products of the Immune System 

2.2.1. Immunoglobulins 

The need for effective treatment of viral diseases requires the use of 
products of the immune system. Gammaglobulins have been used for decades 
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to transfer passive immunity. This has been performed using pooled gam
maglobulins as a general prophylactic measure to protect healthy people (or 
immunodeficient patients) in outbreaks of hepatitis and for other viral dis
eases. For certain viruses, specific Ig preparations have been used as a pro
phylactic, either before exposure to a virus in epidemic settings or for protec
tion shortly after exposure. Specific Igs are available for HBV, rabies virus, 
vaccina virus, and VZV and have been reviewed elsewhere.(15) 

While the Ig prevent infection by enhancing the immune clearance of the 
virus, they may also be important in precluding the immunodepressive effects 
ofthe virus. More recently, the approach to the use Ig has been reassessed. For 
example, it has been found that the route of administration affects the efficacy 
of these preparations when used for prophylactic therapy against viral infec
tions. Stiehm(43) showed that intramuscular (i.m.) IgG preparations, in the 
prevention and modification of viral infections, were less effective than intra
venous (i.v.) preparations. This may be because i.v. IgG can be given in higher 
doses than can i.m. Several clinical trials with i.v. IgG focus on severe viral 
infections. For example, in leukemic children, varicella may be associated with 
serious complications (e.g., visceral dissemination) or bacterial superinfections. 
These patients have been protected by passive immunization with the specific 
varicella-zoster immune globulin (VZIG), which has been shown to decrease 
the incidence and severity of varicella in these high-risk patients.(44) CMV as 
well as HSV infections cause serious problems in immunocompromised pa
tients, such as organ transplant patients. Studies by Winston et al.(45) showed 
that prevention and modification of the disease can be achieved by passive 
immunization with i.v. Ig. Winston's study showed the effect of a polyvalent Ig 
preparation containing antibodies against CMV in a group of 18 bone marrow 
transplant patients. These patients received i.v. IgG before and once every 
week after transplantation for 17 weeks. The incidence of CMV infection was 
similar in control and experimental groups; however, the symptomatic disease, 
including CMV pneumonia, was less frequent in patients who received the IgG. 

As these studies suggest, the prevention and therapy of VZV and CMV 
infections could be achieved by the use of i. v. IgG. The problem that still needs to be 
solved is whether hyperimmune sera are superior to polyvalent IgG, which would 
warrant a search for donor plasma containing high antibody titers. It is important 
to note in this age of concern about transmission of AIDS that the use of Ig has not 
been implicated in the transmission of infectious agents. Recent epidemiologic 
reports show that the use of these preparations does not transmit the HTL V
II liLA V infection; therefore, the current indications for their clinical use should 
not be changed on the basis of such a concern.(46) 

2.2.2. Immunity Induced by Viral Vaccines 

The control of viral diseases relies mainly on the use of preventive vac
cines. The first goal in the establishment of antiviral vaccines is the ability to 
generate an immune response against the virus, characterized by neutralizing 
antibodies and cellular immunity. The attachment of the virus to the host's cell 
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membrane is indispensable for the subsequent penetration of the viral genome 
into the cell. Therefore, vaccines that generate an immune response that neu
tralizes viral antigens involved in the attachment step are effective in the pre
vention of these diseases. For example, HBV has an antigen on its envelope 
known as HBsAg, which interacts with the hepatocyte membrane. Without it, 
the viral genome cannot penetrate into the hepatocyte. Therefore, the anti
bodies against HBsAg are protective, since they neutralize the attachment of 
the HBV.(47-49) 

In a similar fashion, the envelope glycoprotein antigens of influenza virus, 
neuraminidase and hemagglutinin, which interact with the epithelial cells of the 
upper respiratory tract, can be neutralized by antineuraminidase and antihemag
glutinin antibodies that will inhibit the attachment, penetration, and infection by 
the influenza virus of epithelial cells. However, not all the attachment antigens of 
viruses are known, and some are difficult to isolate. In these cases, intact killed or 
live attenuated virus is used in the preparation of vaccines. 

The control of HAVis one of the unsolved sociosanitary problems of 
many parts of the world. However, the recent propagation of high-titer virus in 
monkey fetus kidney cells and in human embryonic lung fibroblasts provides 
the basis for the presupposition that the preparation of an HAV vaccine is 
closer to development.(50) 

Infection with CMV is one of the most important causes of disease in 
immunocompromised persons. In utero it can cause fetal death or serious neu
rologic and hepatic damage, while in adults it causes fatal pneumonitis or 
inhibition of organ graft acceptance. The availability of a vaccine for the pre
vention of CMV infections is limited to clinical trials. 

Respiratory syncytial virus causes lower respiratory tract infections that are 
often fatal in small children. Buynak et al.<51) reported the use of attenuated 
live virus vaccines that can be injected parenterally and induce the appearance 
of neutralizing antibodies in 75-85% of tested subjects. Another clinical trial 
showed that the percentage of responders was even higher when the comple
ment-fixing antibodies were considered. Specific antibodies belonging to the 
IgA class were found also in nasal secretions.(52) All subjects who seroconverted 
to anti-RSV antibody were protected against natural RSV infection. 

One must also be aware that viral vaccines may be immunosuppressive. 
Transient immune suppression has been demonstrated with attenuated vac
cines for measles, polio, rubella, vaccinia, and yellow fever.(53) Thus, care must 
be taken not to administer vaccines with this potential to any patient who is 
already immunologically compromised. 

2.2.3. Thymic Hormones 

Thymic hormones are immunologically active peptides produced by the 
thymus. A number of such hormones have been extracted. Crude preparations 
have been prepared by boiling the thymus and isolating the active portions. 
Thymosin fraction V is one such preparation that contains more than 35 dif
ferent peptides. Another such preparation is thymostimulin. From such prepa-
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rations, isolated hormones have been purified. Examples are thymopoietin, 
thymosin-l, and thymulin (formerly factor thymique serique, or FTS). These 
three hormones have been shown to be derived from thymic epithelial cells and 
to circulate in the blood. Interestingly, as with thymus weight itself, their ac
tivities in the blood are highest in the first 10 years of life, declining to low 
levels in the third and fourth decades. Because of their effects on the immune 
system, thymic hormones have been implicated for the treatment of severe 
viral infections in immunocompetent hosts. Among these, thymic humoral 
factor (THF) has been the most extensively studied. 

Thymic humoral factor is an acidic peptide derived from calf thymus. 
Among its biologic properties is the reconstitution of impaired immune func
tion of neonatally thymectomized mice and stimulation of colony-forming ca
pacity in the bone marrow of these animals. THF also enhances antitumor 
killer function and mitogen-driven proliferation, as well as IL-2 production by 
mouse spleen cells. It also raises the competence of T cells of normal mice to 
participate in graft-versus-host (GVH) and mixed-lymphocyte (MLR) reac
tions. Therefore, THF apparently has an immunomodulatory function, per
mitting a return to normal of impaired immune balance.(54) 

The first evidence of the antiviral effect of THF was reported by Rager
Zisman et al.(55) in Sendai virus-infected mice. These investigators found a 
significant number of the animals injected with a lethal dose of Sendai virus to 
be protected by the administration of THF at the time of infection, as com
pared with untreated infected controls. In humans, THF induces an increase 
in the proliferation of peripheral blood lymphocytes challenged in vitro with 
VZV antigen.(56) Thus, THF appears to reverse the virus-induced immune 
depression. 

These findings, in addition to biologic properties, make THF suitable for 
treating viral disease. The mechanism of THF action is unknown. However, it 
is postulated that this hormone repairs the adverse effects caused by the infec
tion, either recruiting more T cells or by restoring the ability of the infected 
lymphocytes to produce soluble products such as IL-2, which are necessary for 
an intact immune response.(54) 

Thymic humoral factor does not induce IFN activity in murine spleen 
cells. Thus, IFN is not a major mechanism ofTHF-induced repair. Therefore, 
it is further postulated that the antiviral effect ofTHF is mediated via enhance
ment and clonal expansion of the pool of cytotoxic T cells (CTL) by such 
soluble factors as IL-2. These CTL are responsible for the specific antiviral 
immunity. Trainin et al.(57) demonstrated that the targets for the activity of 
THF are early and late T-Iymphocyte precursors that are driven to prolifera
tion and differentiation. 

Therefore, THF is a powerful inducer of T-cell proliferation and func
tional maturation of remaining T-cell precursors in immunosuppressed pa
tients. These can result in a significant cell-mediated antiviral effect that is 
applicable to host recovery from infection. Since these reports do not indicate 
any side effects of THF, it should receive serious consideration as an agent for 
the treatment of viral diseases. 
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2.2 . 4 . I nterleukin-l 

Interleukin-l is a cellular mediator produced by macro phages and other 
cells that has a multiplicity of effects on immunologic and inflammatory reac
tions.(58) Besides stimulating thymocyte proliferation, IL-l activates B cells, 
induces neutrophilia, triggers the production of acute-phase proteins, induces 
fever, and stimulates bone resorption.<59.60) IL-l has been shown to have no 
direct effect on the generation of NK cell activity, but it does so indirectly by 
augmenting the effects of IFN and IL-2 on NK cell cytotoxicity.(61) Dinarello 
and co-workers(62) showed that the treatment of target cells with IL-l en
hanced their binding to NK cells, resulting in increased cytotoxicity. The im
portance of this interleukin in the enhancement of first-line defenses against 
tumor cells is further supported by the observation that monocytes from 
human peripheral blood show considerable cytotoxicity against tumor cells 
when treated with IL-l. Onozaki et al.(63) showed that IL-l released by mac
rophages and monocytes plays an important role in the host defense against 
neoplastic cells by acting on monocytes as an autostimulating factor, maintain
ing high spontaneous levels of cytotoxic activity rather than inducing new 
effectors. 

There are no reports of IL-l production defects in viral infections. Thus, 
the administration of exogenous IL-l probably would not compensate for any 
virus-induced immunodepression. Thus, it seems unlikely that IL-l, which is 
able to maintain and enhance first-line defenses active against virus-infected 
cells, would be suggested for preventing or limiting viral infections. 

2.2.5. Interleukin-2 

Interleukin-2 is a glycosylated peptide released from antigen- or mitogen
stimulated T lymphocytes, that functions to mediate a switch in T cells from 
late G 1 into the proliferative phases of the cell cycle.(64) IL-2 induces also the 
maturation and proliferation of T-cell precursors.(65) 

Interleukin-2 has biologic activities on other cell populations, such as NK 
cells. In studies performed by Rook et al.,(66) IL-2 was shown to enhance the 
NK cell and CTL activities against CMV -infected targets in control subjects as 
well as in patients with AIDS. These results indicate that IL-2 can substantially 
potentiate the cytotoxic effector functions of peripheral blood leukocytes from 
normal as well as immunosuppressed patients. It is also known that IL-2 in
duces the production of tumor necrosis factor (TNF", and TNF13) in peripheral 
blood mononuclear cells. This activity of IL-2 is enhanced by IFN-y" Therefore, 
it is suggested that IL-2 as well as IFN-y-induced tumor cell destruction is 
mediated by TNF", and TNFI3 (lymphotoxin).(67) Recently, in studies by Rosen
berg,(68) IL-2 was demonstrated to activate mouse spleen cells as well as human 
peripheral blood leukocytes in vitro. These lymphokine-activated killer cells 
(LAK) in vitro kill tumor cells but not normal cells in in vivo. Studies by Conlon 
et al.(69) show that IL-2 therapy appears to restore the in vivo responsiveness of 
immunosuppressed recipients to allogeneic tumor cell challenge. The two pre-
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vious studies, although leaving many questions to be answered, have estab
lished a new approach to immunotherapy, the regulation of immune re
sponses, and the treatment of immune deficiencies. Although these have been 
applied only to tumor systems to date, their application for severe viral infec
tions should follow because of the similarity of antitumor and antiviral 
immunity.<70) 

2.2.6. Interferon 

Human IFN are classified into three antigenically distinct groups designated 
IFN", IFN~, and IFNI" IFN" is produced mainly by lymphoreticular cells and is 
induced by viruses, tumor cells, bacteria, and B-cell mitogens. It is encoded by a 
multigene family consisting of at least 13 nonallelic and 8 allelic members. (71,72) 
IFN~ is produced mainly by fibroblasts and epithelial cells during viral infec
tions. IFNI' is produced mainly by T cells stimulated by specific antigens or 
mitogens. IFN~ and IFNI' are each encoded by a single gene.(73,74) 

Interferon and the immune system have many interactions; therefore, 
IFN may be considered one of the regulators ofimmunity.(75) The IFN system 
is induced during most viral infections. There are two arms in the IFN system: 
the afferent arm and the efferent arm. During the former, production of IFN 
proteins are induced; in the latter, effector cells are activated by the IFN 
proteins, leading to viral and cellular growth inhibition. 

The induction of the IFN system by viral infections leads to the production 
of different types of IFN by at least four major pathways. Viral infection of 
macrophages derepresses many of the genes for IFN" produced in the first few 
hours, which can diffuse throughout the body.(76 ) The second pathway for the 
IFN induction is the stimulation of B lymphocytes by viral membranes or virus
infected cells, leading to the production of IFN" The third pathway is the 
induction of IFNI' by T lymphocytes. The inducing stimulus is either the for
eign viral antigen to which the T cell is sensitized or the mitogens identified on 
viruses, as well as bacteria and parasites.(77) The fourth pathway is the induc
tion of IFN~ in human cells or IFN,,!IFN~ in murine cells by virus infection of 
epithelial or fibroblastic cells. IFN~ and IFNI" in contrast to IFN", tend to 
remain localized at the site of production. 

The production of IFN by the cells of the immune system is only part of 
the simultaneous induction of monokines and lymphokines that initiate the 
inflammatory and immune responses.(75) Besides the antiviral action, the IFN 
effects include antitumor action, immunoregulatory action, cell growth inhibi
tion, alteration of cell membranes, macrophage activation, enhancement of 
cytotoxicity of lymphocytes and NK cells, influence on subsequent production 
of IFN, and hormone like activation of cells. 

The immunoregulatory activities of IFN are now well characterized. A 
number of different immune responses have been shown to be affected by IFN, 
including highly purified recombinant DNA-derived subtypes and analogues. Of 
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the immune functions affected by IFN, NK cell activation has received the most 
attention, probably because of the apparent dependence ofNK cell maturation and 
activation on IFN. Studies by Gresser and co-workers(78) showed that purified 
IFN", and IFN~ augment the NK cytolytic activity after in vivo and in vitro 
administration. Anti-IFN antibodies, which neutralize IFN, were shown to 
block the NK enhancement seen both in mice(78) and in humans.(79) 

Inducers of IFN, such as Newcastle disease virus,(78) polyinosinic-poly
citidylic acid,(8o.81) and tumor-derived or virus-infected cells,(82) also enhance 
NK activity in humans, rats, and mice. Studies by Targan and Dorey(83) and 
Timonen et al.(84) showed that IFN stimulates NK activity in three different 
ways: (1) increasing the number of NK cells available to bind to the targets, (2) 
stimulating the kinetics of the lysis, and (3) increasing the ability of NK cells to 
recycle and kill more than one target cell. 

Interferon is also known to augment monocyte and macrophage activities, 
as well as the number of Fe receptors on such cells. Fe receptor enhancement 
on K cells is probably the basis for the IFN-induced increase of ADCC. In 
addition to stimulation of direct cytotoxic activity of macrophages and CTL, 
IFN may enhance the effects of antiviral and antitumor cytotoxic mechanisms 
by inducing increased neoantigen presentation on cells. Antigen presentation 
by macrophages is mediated in association with histocompatibility antigens, the 
expression of which is augmented by IFN treatment.(85) 

That IFN can be used as immunotherapeutic agents is indicated by the 
work of Murray et al.,(6) who showed that alveolar macrophages from AIDS 
patients can readily be activated by soluble T-cell products and 1FN'Y' T cells 
from these patients fail to generate 1FN'Y' but their peripheral blood and tissue 
macrophages respond normally to the direct activating effect of this molecule. 
It seems reasonable to proceed to evaluate IFN'Y as an immunotherapeutic 
agent in AIDS patients with opportunistic infections. Such therapeutic trials 
would be especially appropriate for patients infected with intracellular patho
gens against which host defenses are thought to require an intact T-cell-depen
dent macrophage-mediated response for control and eradication. 

The use of IFN",/IFN~ treatment has been effectively shown against infec
tions by papovaviruses and respiratory viruses such as coronavirus, rhinovirus, 
and influenza virus type A.(86) IFN treatment of laryngeal papillomas induced 
by human papillomaviruses causes the regression and degeneration of these 
tumors in 60-80% of all cases treated.(87-90) 

Nevertheless, the mechanism(s) by which IFN protects against viruses and 
tumors is not fully understood. However, several mechanisms have been pro
posed for the explanation of this phenomenon, which include (1) the antiviral 
and cell growth inhibitory properties of IFN, (2) the enhancing effect of IFN in 
the cytocidal and tumoricidal activities of NK cells and macrophages, and (3) 
the production of tumoricidal factors that may control and reduce tumor cell 
growth.(91) 

It is probable that a combination of two or more of these mechanisms 
contributes in the effective elimination of tumors and viral infections. 
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2.3. Antiviral Immunostimulatory Drugs 

While a variety of drugs have been tried as immunostimulatory agents in 
the therapy of viral infections,(14) two have been selected for review here. Both 
drugs, levamisole and isoprinosine, have been demonstrated to have some 
value in restoring defective cellular immune responses and in aiding in the 
recovery from viral infections in experimental models and clinical trials. 

2.3 .1. Levamisole 

Levamisole is a potent anthelminthic drug, known since 1966. It has been 
found useful as an immunomodulating drug since 1971. It is active mainly on T 
cells but also affects phagocytes. It restores to a normal range the depressed 
functions of T cells, macrophages, and neutrophils. It enhances cellular levels of 
cyclic guanosine monophosphate, which is believed to be responsible for this 
activity. Its use results in the maturation of precursor T lymphocytes, acting like a 
thymic hormone; i.e., it is thymomimetic in action. While levamisole is not an 
antiviral agent by itself, the most reliable results and the main fields of employment 
of levamisole in clinical trials have been in recurrent herpetic infections (labialis, 
progenitalis, and keratitis), recurrent upper respiratory tract infections, and op
portunistic infections in cancer and immunosuppressed patients.(91) The use of 
levamisole is still of practical value in recurrent infections as a prophylactic drug 
despite its various side effects, which include skin rashes, febrile illness, metallic 
taste, gastrointestinal upset, anxiety, and neutropenia.<92.93) Its use is obviously 
limited to severe or life-threatening infections. 

2.3 .2. I soprinosine 

Isoprinosine has been shown to have beneficial effects in ameliorating the 
symptoms of infections with HSV, CMV, subacute sclerosing panencephalitis 
(SSPE), rhinovirus, and in some cases of influenza virus.(94) Isoprinosine is a 
synthetic immunomodulatory agent. Some of its immunomodulating proper
ties include enhancement of in vitro function of T cells and macrophages. It 
induces the appearance of T-cell markers and enhances the lymphocyte re
sponse to mitogens. This property appears to be due to the synthesis of IL-2. In 
vivo it also increases T-cell functions and macrophage activities and increases 
antibody formation. Isoprinosine has been shown to restore T-cell function 
and the lymphocyte response to mitogens in immunosuppressed cancer pa
tients following radiotherapy. It also potentiates the antiviral and antitumor 
activity of IFN.(95) 

Studies by Hersey and Edwards(lO) showed that isoprinosine increases NK 
activity. The mechanism of the effect of isoprinosine on NK activity may be 
linked to the release of mediators known to stimulate NK activity, i.e., IFN and 
IL-2. These workers also showed that isoprinosine potentiates the release of 
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IL-I and IL-2 in response to stimulation by mitogens in vitro and modulates 
suppressor cell activity. 

Tsang et al. (5) demonstrated the capacity of isoprinosine to restore, at least 
partially, some aspects of the depressed cellular functions associated with 
AIDS. These investigators suggest the potential clinical use of this agent in the 
treatment of high-risk patients and in patients with mild symptoms of AIDS'(5) 
The cellular mechanism(s) of action of isoprinosine in enhancing proliferative 
responses remain obscure. It seems that isoprinosine facilitates, in the early 
phases of blastogenesis, the processing or the presentation of antigens to lym
phocytes. Alternatively, a mitogenic helper factor may be released by the 
effector cells during the early hours of isoprinosine stimulation, generating T
cell growth factors (IL-2), thereby enhancing the immune response. Iso
prinosine is a nontoxic synthetic compound, but some of its side effects may 
include nausea or a transient rise in serum and urinary uric acid with no 
resultant sequelae. 

3. CONCLUSIONS 

Viruses, in general, cause suppression of the host-immune system, most 
frequently affecting cellular immune responses. Suppression, in many cases, is 
manifested as a cell dysfunction, i.e., a decrease in T lymphocytes or NK cells 
and macrophage activities and/or inhibition of production of soluble mediators 
such as interleukins and IFNs. A variety of immunomodulatory agents have 
been described that are being used to restore these deficient immune functions 
in experimental models or clinical trials. 

The restoration of T-cell functions seems to be attainable using thymic 
hormones or thymomimetic drugs. IL-2 enhances the activity of NK cells and 
activates LAK cells; recently, a new role has been attributed to IL-2 as an 
inducer of prothymocyte differentiation.(96) IFNs are well known as antiviral 
agents and potent immunostimulants. They enhance nonspecifically the micro
bicidal and cytocidal capacities of macrophages and NK cells, respectively. 
Among the bacterial products, MDP, the smallest active immunostimulatory 
component of the mycobacterial cell wall, have adjuvant effects and enhance 
macrophage microbicidal and tumoricidal activities. It seems likely that com
bined immunotherapy, making use of bacterial products such as MDP, thymic 
hormones, thymomimetic drugs, interleukins (mainly IL-2), and other cyto
kines such as IFN may prove useful in the treatment of immune deficiencies 
and in the prevention and control of viral infections. 

However, nonspecific immunotherapy should be used with the precaution 
that the immune system is an homeostatic system and that any alteration may 
lead to an imbalance that might increase host pathologic processes. In fact, 
there are reports of immunotherapeutic regimens that enhance the pathologic 
processes of neoplasia and viral infections. This has been reported for endo
toxins,(37) levamisole,(97.98) thymic hormones,(97) isoprinosine(97) and bacterial 
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preparations.(99, 100) Thus, it is necessary to have an understanding of the dose, 
route of administration, and temporal relationship between time of infection 
and therapeutic intervention, since these may contribute to whether the rever
sal of suppression is beneficial or detrimental. In this regard, immunosuppres
sion is not necessarily a detrimental response. Immunosuppression may be an 
important mechanism by which the host reduces immunopathologic processes 
that develop following many viral infections. Unfortunately, previous experi
ence indicates that our current knowledge will not help us predict when this 
will occur. Only empirical testing has led to an answer. A better understanding 
of virus-induced pathogenesis is an important prerequisite to the use of such 
therapeutic approaches in clinical medicine. 
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