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I. INTRODUCTION

From the point of view of chemotherapy, animal viruses may be divided into
two groups—a smaller more or less effectively controlled by a number of exist-
ing remedies, and a larger for which as yet there exist only hints of ultimate
therapeutic control. The former comprises viruses of the psittacosis-lympho-
granuloma group, the latter all other viruses. The groups are separated also by
differences in size, in morphology, and perhaps in manner of replication, and some
authors relegate the larger viruses of the psittacosis-lymphogranuloma group to
a separate class intermediate between the “true” viruses and the bacteria. In-
deed their very susceptibility to known chemotherapeutic remedies is taken as
one item of evidence justifying their exclusion from the class of viruses. Without
entering the field of taxonomic controversy, we have chosen to include them in
this review and to maintain the distinction made in the opening sentence.

! Since this article went to the press, there have appeared two noteworthy publications
relevant to the subject reviewed. Whereas the present is very largely a factual record of
clinical and experimental achievement in the treatment of virus diseases, and of such
observations as seem to the authors to have a possible bearing on the chemotherapy of the
future, these other and longer reviews approach the subject from different points of view.

Matthews and Smith (275a) discuss at some length the theoretical background to chemo-
therapy, especially in relation to the metabolism of nucleic acids; the authors cover the
field of plant and animal viruses and bacteriophages, though they exclude viruses of the
psittacosis-lymphogranuloma group.

The review of De Ritis, Coltorti and Giusti (82a) considers in somewhat greater detail
the material included in our section on the smaller viruses, and proceeds to discuss the
biochemical manifestations associated with viral growth in the tissues; the latter part
summarises adequately the authors’ own work on enzymatic activity of the tissues in sev-
eral viral infections. Once more, viruses of the psittacosis-lymphogranuloma group are
excluded.
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Viruses have long been recognised as obligatory intracellular parasites, and
during recent years several lines of study have further emphasized their close de-
pendence upon the metabolic processes of the host cell, or rather perhaps upon
the perversion of those processes, for their own perpetuation. The problem of
chemotherapy of diseases caused by the smaller viruses is that of selectively in-
fluencing processes very near to those essential to the life of the host without en-
dangering its safety—an objective once widely held to be unattainable even in
the case of the relatively independent pathogenic bacteria, but one now realised
for these and for the rickettsiae and the larger viruses. As facts accumulate, it
would not seem unreasonable to harbour a restrained optimism regarding the
future, though whether the objective will be attained by preventing infection
of the susceptible cells, by influencing ‘‘synthesis” of the virus within the cell,
or by direct action on formed virus remains to be seen. However, both on general
grounds and from what little direct evidence exists of different metabolic paths
concerned in the replication of different viruses, it seems most unlikely that a
single chemical substance will operate against all the viruses at present untouched
by chemotherapy, and it may well be that in different instances diverse methods
of protection will be found.

It is a cliché that in any infection the general health of the host is of prime
importance, and nowhere is this more true than in the field of virus diseases. For
many years it has been known that the well-being or otherwise of the host may
determine the precise response to infection with a virus, and of late many workers
have succeeded in influencing the course of events by dietary, hormonal or other
means. As the knowledge gained may not be without relevance to the chemo-
therapy of the future, we have thought fit to include a brief section summarising
this work.

II. VIRUSES OF THE PSITTACOSIS-LYMPHOGRANULOMA GROUP
A. Experimental Studies

The sulphonamides. The first substances shown to be therapeutically active
against lymphogranuloma were some of the earlier sulphonamides and a closely
related sulphone. Although today they have been largely superseded by more
potent remedies, this early work is of interest both from the historical aspect and
because it established a general pattern of therapeutic response common to all
effective agents yet studied.

Following encouraging preliminary reports from the clinics (144, 165, 244, 304,
385, 391), Bir (26), Levaditi (248, 249, 250, 251), and MacCallum and Findlay
(269) demonstrated almost simultaneously the activity of several sulphonamides
and of 4:4’-diaminodiphenylsulphone against lymphogranuloma in mice or in
guinea-pigs. As new sulphonamides appeared other workers established their
merit (27, 57, 254, 282, 377). It soon became clear that the different sulphon-
amides are not equally effective; sulphadiazine, sulphathiazole and sulphaguani-
dine are among the more active (54, 110, 112, 216). The precise order of activity
differs according to whether it is estimated in terms of blood levels of drug
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achieved by a given regimen of dosing or according to actual dosage per os;
on the former basis the order of descending activity is sulphamerazine, sulpha-
guanidine, sulphadiazine, sulphathiazole, sulphanilamide, and sulphapyridine,
on the latter sulphaguanidine takes fourth instead of second place (215). The
outcome of therapy may, however, be determined partly by the route of inocula-
tion of virus (110), and by the particular strain used for infection (386)%; some
strains appear to be but little influenced by the sulphonamides (204). Overdosage
is definitely injurious (215).

Most writers failed to detect an action of the drugs on the virus i¢n vitro, unless
at very high concentrations (57, 215, 248, 269, 359, 377), or in tissue cultures in
which neither cells nor virus were actively growing (90). Holder et al. (189)
claimed a loss of virulence of virus held for one hour at 37°C, one hour at room
temperature, and overnight in the refrigerator in the presence of sulphonamides.
As apparently, allowing for the natural deterioration of virus so treated, there
was no difference between the effect at one hour and at twenty-four hours, the
significance of the observation is not wholly clear.

Although growth of virus in the treated animal is partly suppressed, it is not
completely inhibited, and clinical symptoms of disease are commonly present
during or after the period of therapy; in mice injected intracerebrally, however,
virus does not spread so readily to the spleens of treated animals as it does in
controls (359). All authors agree that virus persists, for periods of up to a year or
more (215, 358, 359), in the tissues of clinically-recovered mice. Jones et al.
(215) and Rake (345) considered that the carrier-rate is lowered by achieving
high mean blood levels (8.5 mg./100 cc.) of the drug at the time of the initial
infection, and also by a course of therapy repeated some time after the infection.
Carrier-strains of virus may be of lower or higher virulence than those used to
initiate infection, and they may possess various degrees of resistance to the drug
(215, 345, 359, 377). With other therapeutic agents, evidence exists that it is
the immunity engendered during the period of therapy which prevents unre-
stricted growth of the virus when dosing ceases (202, 204), and the same is no
doubt true of the sulphonamides.

The earlier conflicting reports on the effect of simultaneous dosing with p-
aminobenzoic acid (PABA) (113, 147, 312, 359, 383) probably resulted from
different balances struck between the therapeutic potency of the sulphonamide
administered and the opposing dose of the inhibitor, which incidentally is ex-
creted much more rapidly than the sulphonamide; these earlier data suggested a
degree of inhibition less complete than obtains with some bacteria. In more care-
ful quantitative work, Huang and Eaton (199) found that p-aminobenzoic acid
reverses the action of minimal therapeutic doses on lymphogranuloma or mouse
pneumonitis. In mice the PABA :sulphadiazine reversal ratios were between
800:1 and 200:1, in the yolk-sac between 1:2 and 1:10, that is, many times the
figure obtained by Morgan in psittacosis (see below). The PABA :sulphanilamide

t A strain of greater resistance than usual was not known to have been previously ex-
posed to the drug, but the possibility exists that the patient providing the strain had ac-
quired infection from a treated case.
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ratios in the mouse were between 4:1 and 1:1. By itself p-aminobenzoic acid is
without action on lymphogranuloma (166).

The different viruses of the psittacosis-lymphogranuloma group are not
equally susceptible to the action of the sulphonamides. While experimental
mouse pneumonitis responds to therapy with sulphathiazole and sulphadiazine
even better than does lymphogranuloma, the viruses of meningo-pneumonitis
(antigenically related to psittacosis) and feline pneumonitis are not affected by
these drugs or by sulphamerazine (172, 173, 346, 347). Sulphamerazine, however,
is less effective against mouse pneumonitis in hamsters, in which host as in cot-
ton rats large doses of the drug possess some activity against feline pneumonitis
(99). The difference in response in the mouse and the hamster is not explained by
the greater virulence of the feline virus for the mouse or by the level of drug at-
tained in the blood, since this latter is lower in the hamster than in the mouse.
Expressed quantitatively, in the hamster ten times as much drug is needed to
influence feline pneumonitis as is effective against mouse pneumonitis in the same
species, but in the mouse more than two hundred times the dose fails to produce
an effect. In the yolk-sac of the chick embryo also, sulphamerazine does not
inhibit the growth of feline pneumonitis, whereas it is very active against mouse
pneumonitis (99). Simultaneous exhibition of p-aminobenzoic acid abolishes the
action of sulphadiazine on mouse pneumonitis (265).

Several groups of workers (49, 204, 364) have found the sulphonamides devoid
of useful action against various strains of psittacosis or psittacosis-like virus, but
apparently two classical American strains (Gleason and 6BC) respond to therapy
with sulphadiazine in both eggs and mice (90, 289, 466), though considerable
multiplication of virus occurs in the presence of the drug (147). Here again host
differences are apparent in the lower blood levels needed for successful treat-
ment in the mouse as compared with the chick embryo. Morgan (306) found that
p-aminobenzoic acid and several other substances inhibit this therapeutic effect
of sulphadiazine against psittacosis (strain 6BC) in the yolk-sac. Thus, with a
standard dose of 2.5 mg. of the sulphonamide, the following substances were
antagonistic in the amounts stated: p-aminobenzoic acid 0.005 mg. (inhibition of
competitive type), pteroylglutamic acid 0.05 mg. (inhibition not of competitive
type), pteroic acid 0.05 mg., pteroyldiglutamic acid 0.1 mg., pteroyl-vy-diglu-
tamic acid 0.1 mg., pteroyltriglutamic acid 0.1 mg., pteroylaspartic acid 0.5
mg., N-methyl-pteroic acid 5 mg. (possibly attributable to contaminating p-
aminobenzoic acid). Glutamic and p-aminohippuric acids were inert. The
therapeutic action of penicillin is not thus inhibited. Morgan suggested that the
sulphonamides may prevent growth of psittacosis virus by interfering with its
use of p-aminobenzoic acid for the synthesis of pteroylglutamic acid, and that
pteroic acid may be an intermediate step in the synthesis. He further showed
(307, 308) that while vitamin B;, does not inhibit the action of sulphadiazine,
1,000,000 units of citrovorum factor (equivalent to about 0.05 mg. pteroyl-
glutamic acid) does. Adenine, guanine, xanthine, hypoxanthine, thymine,
thymidine, cytidylic acid and an enzymatic digest of desoxyribosenucleic acid all
fail to do so. Golub (147) needed rather larger amounts of p-aminobenzoic and
pteroylglutamic acids to neutralise the effect of sulphadiazine.
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Neitz (314, 315) reported that Uleron (N*, N!-dimethyl-N4-sulphanilylsulpha-
nilamide) possesses some activity against the organism responsible for heart-
water in sheep, and Francis (130) that sulphathiazole is slightly active against
that of ewe-abortion. Rake and Hamre (346) found sulphamerazine to be without
action against the endotoxins produced by agents of the psittacosis-lympho-
granuloma group.

We have noted that strains of lymphogranuloma recovered after treatment
with sulphonamide may possess various degrees of drug resistance. Golub (147)
obtained complete resistance of psittacosis virus to 20 mg. sulphadiazine in the
chick embryo after 10 passages in the presence of the drug. Resistance persisted
through 18 further drug-free passages and was manifest also to sulphathiazole
and sulphamerazine. The resistant virus was morphologically identical with the
parent strain by electron microscopy. Loosli et al. (265) easily developed sulpha-
diazine-resistant strains of mouse pneumonitis; resistance persisted through 11
passages in untreated mice and was evident also against sulphathiazole, sulpha-
mezathine, sulphanilamide and sulphaguanidine. Sulphazoxidine had no effect
on either resistant or non-resistant strains of the virus.

Other synthetic substances. In addition to the sulphonamides, other synthetic
chemical substances exist with therapeutic action against the largest viruses;
over the years we ourselves have detected activity, seldom of high order, in a
number of wholly different chemical types. Usually the substances in question
have possessed both anti-bacterial and anti-viral properties, but in at least one
instance the anti-viral compound has been innocuous for bacteria alike n vitro
and in vivo.

Among these other substances are various acridines. Using in mice a strain of
psittacosis virus isolated from man and apparently of fair virulence, Mauer
(276) obtained good results with trypaflavin (acriflavine) sometimes even when
treatment was delayed until the onset of symptoms of disease. In most of his
experiments, however, intraperitoneal administration of drug followed closely
upon that of virus by the same route. The treatment of intranasal infection does
not appear to have been quite as successful. Working independently, Eaton et al.
(96) and Hurst (201) noted activity in various nitroacridines. The latter reported
that ‘“Nitroakridin 3582”, 9-(3-diethylamino-2-hydroxypropylamino)-2:3-di-
methoxy-6-nitroacridine dihydrochloride,® developed in Germany as an anti-
rickettsial agent, was less effective than penicillin and considerably more active
than sulphadiazine or sulphamezathine against the very virulent M.O.H. 154
strain of psittacosis virus in mice; it was less effective against intranasal than

3 The system of numbering the acridine nucleus in this review is as follows:

8 9 1
7 X
NANS

5 10 4

where in other papers a different method has been followed, the appropriate change has
been made.
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against intraperitoneal or intravenous infections. It also prolonged the survival
of eggs inoculated with lymphogranuloma. A concentration of 1:1000 did not
inactivate psittacosis virus in 1 hour ¢n vitro. Eaton et al. found that the above-
mentioned nitroacridine together with the corresponding butylamino compound
and acriflavine inhibited yolk-sac infections with the viruses of feline pneumoni-
tis, lymphogranuloma and meningo-pneumonitis; the first also had some effect
on mouse pneumonitis. Respiratory infections caused by the feline pneumonitis
virus in mice were retarded by the two nitroacridines, which, however, had little
or no effect against mouse pneumonitis, lymphogranuloma or meningo-pneumoni-
tis given intransasally; it will be recalled that mouse pneumonitis and lympho-
granuloma are beneficially influenced by the sulphonamides, whereas feline
pneumonitis in mice is not. Proflavine, atabrine (mepacrine) and drugs closely
allied to the nitroacridines except for the substitution of —Cl for —NO; had no
significant action. Hurst was unable to demonstrate an influence of “Nitroakridin
3582 against smaller viruses such as influenza, equine encephalomyelitis, loup-
ing-ill or St. Louis encephalitis; as we shall see later, atabrine, a chloroacridine,
and some other acridines show considerable activity against several of these
viruses in mice, and it is of present interest to note that we have as yet encoun-
tered no compound in which activity against the largest viruses coexists with
action against the smaller. The significant structural distinction determining
specificity for the larger or for the smaller viruses does not, however, reside in the
presence or absence of the —NO. group (unpublished observation).

Eaton et al. (101) observed similar differences from the activity of the sulphon-
amides with other nitro compounds. In mice sodium p-nitrobenzoate, p-nitro-
benzamide, p-nitrobenzamidine and p-nitrobenzenesulphonamide, all were more
or less active against the virus of feline pneumonitis, but only the last, presumably
because of its sulphonamide moiety, was active against mouse pneumonitis.
Chloramphenicol was active against lymphogranuloma and slightly against
mouse pneumonitis, but only at very large doses against meningo-pneumonitis
and feline pneumonitis. At doses toxic for some mice, four derivatives of 5-nitro-
2-furaldehyde exerted an action against all four viruses. The p-nitrophenyl com-
pounds reduced the growth of feline pneumonitis virus in the chick embryo
(allantoic cavity or yolk-sac), and chloramphenicol was more effective in the
allantoic cavity than in the mouse (Hurst et al. below). “Nitroakridin 3582
was more effective than the nitrofurans against meningo-pneumonitis in the
allantoic cavity, but the reverse obtained in mice.

To summarise: while highly sensitive to sulphonamides the agent of mouse
pneumonitis is relatively resistant to most nitro compounds, while of feline
pneumonitis, meningo-pneumonitis and some strains of psittacosis virus the
opposite is true. Lymphogranuloma responds to therapy both with sulphon-
amides and with at least some nitro compounds.

With a fifth nitrofuran Oddo and Eaton (316) found that the virustatic effect
on meningo-pneumonitis virus in the allantoic sac is reversed by cysteine given
as long as ninety-six hours after the drug. Cysteine did not reverse the action of
chloramphenicol, or p-hydroxybenzoic acid the action of either substance.
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Eaton et al. (102) further demonstrated an inhibitory action of p-arsenobenz-
amide and its dithioglycollate (arsenamide) against mouse pneumonitis and
feline pneumonitis in the lungs of mice, and of the latter compound against
meningo-pneumonitis and feline pneumonitis in the allantoic sac.

In the category of substances active in eggs but not appreciably active in mice
fall some aromatic diamidines (103). Propamidine and pentamidine, but not
stilbamidine, inhibit the growth of feline pneumonitis, and less effectively that
of meningo-pneumonitis in the chick-allantois; in mice, however, the remedies are
but indifferently active against these infections and mouse pneumonitis. In eggs
pentamidine almost equals nitroacridines in its efficacy.

To date, the synthetic compounds most highly active against the largest viruses
are probably the quinoxaline-1:4-dioxides (202). Although inactive in vitro, in
the mouse infected intraperitoneally, intranasally or intracerebrally, they evoke
an excellent response even though treatment is deferred until some animals are
moribund. The therapeutic effect is associated with greatly restricted growth of
virus, and often during the period of therapy none can be demonstrated. Never-
theless, a majority of mice remain carriers, almost certainly for life, without
however conveying infection to others; the exact percentage depends partly on
dosage. The drugs are effective against massive infecting doses of virus, on occa-
sion even more so than against minimal doses, a fact probably explained by the
greater antigenic stimulus provided by the larger doses of virus during the
period when its growth is largely suppressed by the drug. Of ninety-three sub-
stituted quinoxaline oxides examined, the best were approximately equal to
chlortetracycline in the therapy of lymphogranuloma in the mouse, but less ef-
fective against this infection in the chick embryo or against psittacosis in the
mouse. Individual compounds did not always exhibit the same relative order of
activity against these infections. Drug resistance to these compounds easily
develops, without cross-resistance to penicillin or chlortetracycline. Their thera-
peutic effect is not abolished by simultaneous exhibition of vitamin K, as poten-
tial antagonists to which Mecllwain (281) prepared quinoxaline oxides.

Alergant (13) confirmed the clinical activity of the quinoxaline-oxides in man,
in which subject, however, they manifest toxic properties precluding their
clinical use.

The antibiotics. The synthetic chemist has indeed been unfortunate in the at-
tempted chemotherapy of diseases caused by the largest viruses, for in the post-
sulphonamide era each discovery of appreciable activity in one of his products
has been forestalled or accompanied by the emergence of a new and more power-
ful antibiotic. Of those currently available, chloramphenicol, penicillin, the tetra-
cyclines, erythromyecin and carbomyecin all exhibit major activity.

Heilman and Herrell (182, 183), Parker and Diefendorf (319), Bedson and
May (32) and Meyer and Eddie (291) reported the activity of penicillin against
various strains of psittacosis, ornithosis* or meningo-pneumonitis virus in chick
embryos, mice or rice-birds, and Meiklejohn et al. (289) and Wiseman et al.

4 Ornithosis is the name suggested by Meyer et al. (295) for psittacosis-like viruses iso-
lated from birds other than psittacines.
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(466) compared its effects on ten different viruses of the psittacosis-lympho-
granuloma group. In the yolk-sac or allantoic cavity large doses of the antibiotic
(250-2500 units) were needed to combat the 6BC and Gleason strains of psitta-
cosis virus and the Borg and S-F viruses isolated from outbreaks of a psittacosis-
like disease in man; smaller doses the pigeon ornithosis, the feline, mouse or
hamster pneumonitis, and the lymphogranuloma viruses; and very small doses
(10 units) the Cal.10 meningo-pneumonitis virus. The antibiotic was effective also
against such of these strains as, by reason of their pathogenicity, were capable of
being tested in mice. Early and Morgan (90, 91) demonstrated an effect in tissue
cultures, as well as in eggs and mice, and showed that in the last much depends
on the route of inoculation of virus. Against large doses of 6BC virus injected
intravenously, sulphadiazine or penicillin (up to 8,000 units daily orally or sub-
cutaneously) were capable of protecting all or nearly all the mice; the sulphon-
amide was slightly the more efficacious (up to 100 per cent and 83-96 per cent
survival, respectively). Against intranasal infection with large amounts of virus,
sulphadiazine greatly surpassed penicillin (100 per cent and 18 per cent survival,
respectively). Against even small doses of virus introduced into the brain sulpha-
diazine protected only 11 per cent, penicillin none.

Similar relative behaviour on the part of penicillin has been noted by others
(204). The lack of influence on cerebral infections is due, no doubt, to the in-
ability of the antibiotic easily to pass the blood-brain barrier, and when it does
do so after inflammation has been established it frequently causes convulsions
(345); the highly favourable results reported by Levaditi and Vaisman (252, 253)
against intracerebrally injected lymphogranuloma must be considered excep-
tional.

Contrary to the findings with the 6BC strain of psittacosis virus, against non-
American strains penicillin is vastly more active than are the sulphonamides
(32, 204). Hamre and Rake (173) found the agent of lymphogranuloma more
sensitive than that of feline pneumonitis; growth of both viruses in chick em-
bryos was restricted over the period during which penicillin could be detected.
Eaton et al. (98) estimated that about twenty times as much penicillin is needed
to increase the mean survival time of embryos infected with feline pneumonitis
and meningo-pneumonitis as is necessary with mouse pneumonitis. The amount
permitting survival of all embryos for twelve days is four to fifteen times that
needed to produce a recognisably increased survival-time. To counteract a 300-
fold increase in the inoculum of virus, about ten times the amount of drug is re-
quired. From this, as from earlier work, it is also clear that larger doses of anti-
biotic are needed to produce equivalent effects if treatment is delayed (or with the
same dose a lesser effect is produced), and that many surviving animals or em-
bryos remain carriers of virus. Sterilisation of the infection is more easily attained
with the more susceptible organisms and with enhanced dosage of the antibiotic.
Pure crystalline penicillin does not inactivate virus in vitro.

In the hands of Loosli et al. (266) penicillin appeared to be less effective than
sulphadiazine or the newer antibiotics against air-borne infections with mouse
pneumonitis virus.
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Smadel and Jackson (396) used the 6BC psittacosis virus, a pigeon ornithosis
virus, and lymphogranuloma virus to demonstrate the therapeutic activity of
chloramphenicol (chloromycetin). In the yolk-sac doses of 0.06 mg. upwards
gave a statistically significant prolongation of life with all three viruses, and with
larger doses there was a direct relation between dose and activity. Distinctly
better results followed treatment delayed for twenty-four hours, and an effect
was seen against even large doses of virus. These authors also obtained excellent
results in mice infected intraperitoneally (but not intracerebrally), even when
treatment did not begin for six days. Daily oral doses of 5 mg. begun a day before
infection, or daily intraperitoneal amounts of 0.75 to 1.5 mg. begun a day after,
protected all mice given 6BC virus over the period of observation of twenty-one
days. During therapy virus was restricted in its growth, but it was not eradicated,
and with delayed treatment all animals showed signs of disease. The antibiotic
had little virucidal action in vitro. The synthetic compound is identical in its
properties with the natural product (397). Smadel and Jackson equated chloram-
phenicol with penicillin and sulphadiazine in the treatment of these virus infec-
tions, but Eaton et al. (101) did not consider it greatly superior to other nitro-
compounds, unless on the ground of lower toxicity. Hurst et al. (204), while
finding it superior to penicillin in the treatment of lymphogranuloma in chick
embryos, obtained disappointing results against this disease and psittacosis in
mice if the period of clinical observation were sufficiently prolonged; unlike ani-
mals treated with penicillin or with the tetracyclines, those given chloramphenicol
often tend to relapse and die at a late stage. The drug is also unsatisfactory in
the treatment of feline pneumonitis evoked by intranasal infection of mice (237),
but highly effective even in delayed treatment of air-borne infections with mouse
pneumonitis (266).

Undoubtedly, the most effective present remedies against the group of infec-
tive agents under consideration are the tetracyclines. Wong and Cox (468) re-
ported that, although inactive ¢n vitro, chlortetracycline (aureomycin) in amounts
of 1 mg. protected chick embryos against massive doses of 6BC virus, and that
similar results obtained with lymphogranuloma, S-F human pneumonitis, mouse
pneumonitis, feline pneumonitis and meningo-pneumonitis. In mice, as few as
three daily doses, each of 1 mg. subcutaneously, protect against a moderate dose
of psittacosis virus given intraperitoneally twenty-four hours previously. The
antibiotic is equally active against intracerebral infections with psittacosis or
lymphogranuloma. It is effective against large inocula of virus, and after con-
siderable delay in starting treatment. With sufficiently large doses the mice never
exhibit any signs of illness. Wagner (455) and Wagner et al. (456) demonstrated
activity against ten strains of viruses of the psittacosis-lymphogranuloma group.
Wells and Finland (463) showed that, on a molecular basis, chlortetracycline is
five times as active as is chloramphenicol against 6BC virus in the yolk-sac.
Loosli et al. (266) proved the tetracyclines to be very efficacious against air-borne
infections with mouse pneumonitis virus.

Injecting lymphogranuloma into the yolk-sac, Hurst et al. (204) arranged the
active antibiotics in the following descending order of activity: oxytetracycline
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(terramyecin), chlortetracycline, chloramphenicol, penicillin. Using the organisms
of sheep-abortion (shown to be susceptible tothe tetracyclinesand tochloramphen-
icol by Francis (130)) and mouse pneumonitis on the chorio-allantoic membrane
and administering drug into the yolk-sac, Inkley (208) listed the antibiotics in
the same order; penicillin is inactive against the former virus but active against
that of mouse pneumonitis. Against lymphogranuloma and two strains of psitta-
cosis injected intraperitoneally in the mouse, however, oxytetracycline and
chlortetracycline appeared approximately equal in activity and clearly superior
to procaine penicillin, which in turn is better than chloramphenicol (204).
Chlortetracycline (oxytetracycline was not tested on this point) has the further
advantage of being equally active against intraperitoneal, intranasal and intra-
cerebral infections. The foregoing differences in therapeutic efficacy in the mouse
are reflected day by day in the curves of viral growth, which during therapy is
very markedly suppressed by chlortetracycline (even to the point of virus being
undetectable on the seventh day), less so by penicillin, and only retarded in reach-
ing its maximum by chloramphenicol.

After therapy is discontinued a modest but not unrestricted increase in virus
may take place. Examining individually the spleens of very large numbers of
mice surviving as a result of treatment, Hurst and his associates (204) found that
despite the superior therapeutic action of chlortetracycline, the percentage of
carriers after its use is much higher than among animals given penicillin; this
somewhat unexpected discovery may partly be explained by assuming that it is the
more susceptible animals which remain carriers—since nearly all mice survive
therapy with chlortetracycline, the more susceptible animals live to swell the
total of carriers, whereas with a higher mortality in the penicillin-treated groups
some of these susceptibles will have succumbed. The detailed analysis, however,
suggested that this is not a complete explanation of the facts, and that there exists
a genuine difference in the “sterilising”’ capacity of the two drugs. The carrier-
rate with both drugs is also higher among those animals in which treatment be-
gan early, 7.e., among those with the highest proportion of survivors, and here it
seemed that elimination of the more susceptible mice from the groups treated late
might well be the whole explanation. There was some suggestion that treatment
of carriers naturally recovered from infection might reduce their numbers, though
this observation did not accord with the earlier findings of Quan et al. (340) that
neither chlortetracycline nor penicillin diminished the carrier-rate in parakeets.
However, Schmidt and Sprockhoff (379) by suitably large doses of chlortetra-
cycline administered parenterally during the active stages of infection were able
to eradicate virus completely from their mice, and more recently Meyer and
Eddie (293, 294) have shown that conscientious and prolonged treatment (four-
teen to twenty-five days) with large doses of the tetracyclines, preferably tetra-
cycline itself, may free infected birds from psittacosis or ornithosis virus.

Manire and Meyer (272) were unable to influence the immediate toxicity of
large intravenous doses of Louisiana (Borg), S-F and feline pneumonitis viruses
by treatment with penicillin or chlortetracycline, but they reduced that of certain
strains of psittacosis and ornithosis of which the toxins are less rapidly lethal
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possibly through being more firmly bound to the virus particle. Here toxicity
would depend on proliferation of the virus, which is of course restricted by the
drug.

The effect of chlortetracycline on meningo-pneumonitis virus is not reversed
by cysteine (316).

Like James et al. (209) who used the virus of feline pneumonitis, Hurst et al.
(202) failed to engender drug resistance in mice infected with lymphogranuloma
and psittacosis viruses and treated with subcurative doses of chlortetracycline or
penicillin; indeed, in the presence of these antibiotics, it is difficult to maintain
the viruses serially, as after a number of passages they frequently die out sud-
denly. Loosli et al. (265) maintained the mouse pneumonitis virus in penicillin-
treated mice for 83 passages without engendering resistance. However, by pass-
ing feline pneumonitis virus serially in the yolk-sac in the presence of increasing
quantities of penicillin, Moulder et al. (311) induced drug resistance which at-
tained a maximum after 33 passages and persisted during 20 drugless passages.
In the presence of the drug, the altered virus grew at half the normal rate but it
killed all the embryos. In the absence of penicillin it was equally virulent as the
parent strain for chick embryos but far less so for mice. Parent and resistant
strains were equally susceptible to the tetracyclines, but the latter had acquired
greater sensitivity to chloramphenicol. During the earlier drugless passages the
resistant strain grew in plaque form, as does a normal strain when exposed to
penicillin (see below).

Three more recently discovered antibiotics influence infections caused by the
psittacosis-lymphogranuloma group of viruses. Erythromyecin (ilotycin) is active
against meningo-pneumonitis and lymphogranuloma viruses (280, 334); against
the former given intranasally to mice its activity equals that of chlortetracycline,
but against lymphogranuloma similarly introduced the drug is less successful.
It also protects mice against air-borne mouse pneumonitis virus (266).

Tanner et al. (427) stated without further amplification that carbomycin
(magnamycin) is active against psittacosis. Wong et al. (469) found orally or
intraperitoneally administered carbomycin to be highly effective against psitta-
cosis virus injected intraperitoneally into mice, even when the infecting dose was
very large and treatment delayed until symptoms of disease appeared. A single
intraperitoneal dose of 1 mg. protected against 125 LDs virus administered
twenty-four hours previously. The drug is several times more effective than
chloramphenicol, but like that antibiotic and erythromycin, and unlike the tetra-
cyclines, it does not benefit intracerebral infections with psittacosis or lympho-
granuloma.

The latest antibiotic, D-4-amino-3-isoxazolidone (oxamycin, cycloserine),
lengthens the survival time of eggs infected with feline pneumonitis, but is far
inferior in efficacy to chlortetracycline (74).

Mention may be made of another microbial product, xerosin, capable of
transiently suppressing the pulmonary lesions of mouse pneumonitis without
decreasing the infective titre of the lungs (161). This general phenomenon will be
considered in detail later, in connection with influenza. Xerosin was said to en-
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hance the effect of chlor- and oxytetracycline and of chloramphenicol on mouse
pneumonitis.

Observations on the mode of action of active substances. Confirming the therapeutic
effect of penicillin and of chlortetracycline on infections of the yolk-sac with the
viruses of feline and murine pneumonitis, Weiss (462) and Gogolak and Weiss
(145) followed the morphological changes in the virus accompanying the action
of the drugs, and Hurst et al. (202) later published similar findings for lympho-
granuloma treated with these antibiotics or with quinoxaline-1:4-dioxide. Under
the influence of penicillin administered soon after infection, the viral particles
continue to grow but not to divide, and viral plaques up to 6 x in diameter may
result. During the period in which penicillin persists in the embryonic fluids, in-
fection of new cells occurs far less readily than usually, and advanced infection
of the yolk-sac is delayed for from five to seven days. Given at a later stage
(462), the drug is capable of affording protection up to forty-eight hours before
the expected death of the embryo, 7.e., up to the beginning of the last complete
developmental cycle of the virus. Weiss believes that the enlarged forms exert
their usual toxic action on the embryo. Loosli et al. (266) noted similar changes in
mouse pneumonitis virus treated with penicillin in the mouse; the virus reverted
to its normal form within forty-eight to seventy-two hours of discontinuing
the drug. Chlortetracycline and quinoxaline oxide greatly retard the development
of the virus; the former prevents division of the initial bodies (145), z.e., of the
first developmental stage of the virus, and can produce an effect even if adminis-
tration is deferred to within twenty-four hours of embryonic death. In our experi-
ments the giant plaques characteristic of the action of penicillin did not occur
with chlortetracycline or quinoxaline oxide. These observations furnish visual
evidence that none of the three drugs is virucidal but that they only modify
infection.

The morphological appearances agree well with the studies made by Allen
et al. (14) on the development of infectivity in the presence of chlortetracycline.
The antibiotic does not affect extracellular (centrifuged and washed) Cal.10
meningo-pneumonitis virus. When both are applied to the allantoic membrane,
the antibiotic does not interfere with adsorption of virus, but acts by causing an
extension of the latent period of viral growth. Administered within the first six
or eight hours, it completely inhibits multiplication during the interval of time
corresponding to the first cycle of growth, but after eight hours viral synthesis
has passed beyond the stage at which it can be blocked completely. With falling
concentration of chlortetracycline in the membrane virus resumes its growth. The
times of appearance (in hours) of virus in various embryonic structures were as
follows:

Membrane Liver Brain
Untreated embryos. . ...................... 24 48 72
Treated embryos. . ........................ 120 144 None at 192

Combined therapy with active substances. The simultaneous exhibition of more
than one therapeutically active substance is not necessarily advantageous. In
detailed observations on several bacteria, in vitro or in vivo, Jawetz and his col-
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leagues (163, 211, 212, 213, 405) demonstrated that chlor- and oxytetracycline
and chloramphenicol may interfere with the action of streptomycin or of peni-
cillin, and sulphadiazine with that of penicillin. Price et al. (338) had already
shown that ¢n vitro antagonism or synergism between a pair of antibiotics might
be evident only within certain narrow limits of drug concentration, and that
sometimes antagonism might occur at certain relative concentrations, additive
or synergistic effects at others. Spicer (406) also noted the various effects of dif-
ferent pairs of antibiotics. Since Jawetz et al. (210) further observed that the
precise effect obtained depended on the bacterial species under test, and even on
the strain of organism within a single species, their results do not automatically
apply to viruses, and few definitive observations are on record in this field. How-
ever, Early and Morgan (91) found a combination of sulphadiazine and penicillin
no more effective than either agent separately in reducing the carrier-rate in
mice infected with 6BC psittacosis virus. Again, in lymphogranuloma Hurst et
al. (202, 204) obtained worse results by combining therapy with procaine peni-
cillin and chlortetracycline than by employing the latter alone, while the com-
bination of quinoxaline-1:4-dioxide with either of the antibiotics was less effec-
tive than any of the agents given separately.

Summary. Experimentally, viruses of the psittacosis-lymphogranuloma group
are susceptible to chemotherapy with a variety of chemical substances of synthe-
tic or natural origin. To any one substance the different members of the group
are not equally susceptible, and the order of relative susceptibility varies ac-
cording to the substance under test. Moreover, the active substances themselves
are of very unequal potency; the best available at present are the antibiotics of
the tetracycline group. The pattern of therapeutic behaviour with even the most
potent drugs is similar to that observed initially with the sulphonamides. The
very active quinoxaline-oxides and the purest preparations of the antibiotics
have little or no effect on the viruses in vitro, that is to say when the viruses are
not actively multiplying. During therapy of infections in the experimental
animal the titre of virus in the organs drops, perhaps to the point where virus is
undetectable. Nevertheless, unless therapy is very intensive, and greatly in excess
of that necessary to produce an excellent clinical result, when dosing ceases virus
reappears and many animals remain carriers indefinitely. The exact proportion
carrying virus depends partly on the level of dosage, partly on the time of starting
treatment, and partly on the particular drug employed.

B. Chemotherapy in Clinical Practice

The facts that individual viruses of the psittacosis-lymphogranuloma group
behave differently towards the various chemotherapeutic remedies, that the
identity of the host may to some extent influence the outcome of therapy, at
least with the less effective agents, and that two of the diseases caused by viruses
of the group, namely trachoma and inclusion blennorrhoea, are difficult to study
experimentally and to evaluate clinically, all combined to render it anything but
a foregone conclusion that the experimental results would consistently be repro-
ducible in man. It is the more gratifying therefore to record a fair measure of
agreement between the experimental data and reports from the clinics.
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Lymphogranuloma venereum. Gjurié (144) first reported that sulphonamides
(the prontosils and uliron), administered with or without antimonials which
experimentally have never been shown to possess activity against the causative
agent, acted beneficially in lymphogranuloma. Many similar reports followed
rapidly (165, 244, 304, 385, 391). The consensus of opinion seems to be that the
more acute lesions, inguinal adenitis, ocular infection, etc., respond to therapy,
although the drugs may have to be administered for weeks to avoid the risk of
recurrence. Improvement also occurs in some cases of longer duration (esthio-
mene and ano-rectal complications), whether because of an effect on secondary
invaders or on the lymphogranulomatous process itself, or on both. Obviously, a
dense fibrous stricture cannot be thus removed, and the chronic cases may re-
quire months of treatment and the assistance of surgery; it was largely in such
cases that Wright et al. (475) were not impressed with the action of the sulphonam-
ides, or of penicillin either. Nevertheless, it would appear from the review of
Koteen (240) and the papers of Tucker (452) and Costello and D’Avanzo (72)
that treatment in the era of sulphonamides on the whole yielded much more
favourable results than did the palliative measures available earlier, especially
in the earlier stages of the disease. Heyman et al. (185) isolated the causative agent
from the inguinal lymph nodes of two untreated cases for as long as ninety-five
days after the onset of illness, while in nine cases treated with sulphathiazole
they failed to do so after the second or third week of therapy. In a further pa-
tient, in whom a relapse followed a Frei test six months after the initial infection
and four months after treatment with 120 g. sulphathiazole, virus was identified;
thus, as in the experimental animal, the sulphonamides do not certainly sterilise
the infection.

Willcox (465) found that in small doses penicillin was no more effective than
the sulphonamides, but with larger doses (1 mega unit in three days) rapidly
obtained a clinical cure in early cases. Woodward (472) used chloramphenicol
with similar advantage and disappearance of the characteristic viral inclusions.
Robinson (357), however, from the results in three patients thought chloram-
phenicol disappointing. Wright and his colleagues (339, 476) noted very rapid im-
provement in acute cases treated with chlortetracycline, and while the antibiotic
did not reduce the fibrosis in cases of rectal stricture it nevertheless descreased
the pain, discharge and bleeding. Runyan et al. (365) showed that virus, pre-
viously isolated repeatedly in mice and eggs, disappeared from the buboes of two
cases after the second day of treatment. Fletcher et al. (121) obtained their best
results in acute inguinal adenitis and early rectal lesions. Robinson (357), while
admitting a degree of improvement in his series of acute cases, stated that ‘‘the
results . . . lend a tempering influence to the enthusiasms which might be en-
gendered by Wright’s group”, and Schamberg et al. (376), also treating acute
cases, assessed the antibiotic given for up to sixteen days to be about as effective
as sulphonamide given for a much longer period. Wammock et al. (457) considered
chlortetracycline more valuable in chronic than in acute cases; combined with
daily manual dilatation during the course of therapy, it produced marked im-
provement in rectal stricture, in spite of a high proportion of toxic manifestations
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at the dosage employed (2 g. daily, total 2040 g.). Cases of inguinal bubo re-
sponded variously and ulcerative lesions poorly. Wright et al. (477) treated twenty
cases successfully with oxytetracycline, which evoked a response similar to that
of chlortetracycline; they recommended continuation of therapy after disap-
pearance of symptoms in order to avoid the risk of recurrence. Tetracycline was
effective in two cases of acute lymphogranuloma (274).

Erythromycin has been reported as active by Banov and Goldberg (25) and
Cordice et al. (70) but is less effective than either chloramphenicol or the tetra-
cyclines.

Psittacosts and ornithosis. We have seen that, experimentally, different strains
of psittacosis virus do not respond equally to therapy, and the clinical reports also
are in greater conflict than is the case in lymphogranuloma; generally speaking
psittacosis and ornithosis seem more difficult to control by chemotherapeutic
measures. While improvement has sometimes been claimed from the use of sul-
phonamides (e.g., 186), most observers have not demonstrated their value
(168, 255, 318, 449). More physicians have found penicillin of use (122, 235, 318,
453), alone or in conjunction with sulphadiazine (361), provided that the dosage
is adequate (291); however, this experience has not been universal (43, 167, 168),
and the antibiotic failed to eradicate virus from a human carrier years after his
initial infection (291, 292). More consistent success has followed administration
of chlortetracycline, on several occasions after penicillin had failed to benefit the
disease (35, 43, 156, 167, 168, 415, 451, 472), and in a laboratory outbreak with
a very virulent virus originating in the turkey Pollard et al. (332) found both
chlortetracycline and oxytetracycline to be effective therapeutic agents.

Trachoma and inclusion conjunctivitis. Because of the relatively greater impor-
tance of secondary infections in the clinical course of trachoma, and of the dif-
ferences in severity of the disease in different parts of the world, the situation
here is less easy to assess. By different observers, the sulphonamides have been
considered ineffective in treatment, as useful adjuncts to therapy, or as curative
agents in themselves; they have been administered topically or systemically, or
by both routes. In the earlier encouraging reports (28, 50, 51, 124, 180, 234, 256,
262, 354, 442) several authors noted the disappearance of the characteristic
inclusion bodies as a result of medication. Corneal lesions apparently respond
sooner than do the conjunctival, and papillary hypertrophy regresses more rapidly
than follicular hypertrophy. Poleff (331) claimed an action both on secondary
infection and on the trachomatous follicle if treatment began sufficiently early;
intensive therapy resulted in sterilisation of the lesions. By 1943, Thygeson
(443) was able to cite many successes of sulphonamide therapy and concluded
that adequate dosage over a sufficiently long period could lead to rapid and
complete healing of the ocular lesions, a conclusion endorsed by Bellows (33).
Julianelle et al. (219) and Smith et al. (399), on the other hand, believed that while
the effect on secondary infection was considerable a true cure did not result.
Julianelle and Smith (220) showed that evenat a concentration of 1:300 sulphanil-
amide does not destroy, within a period of five hours at room-temperature, the
infectivity of trachomatous material for the monkey, but of course its action
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might be exerted only on actively growing virus in vivo. Sorsby (401) stated that
locally applied sulphacetamide combined with expression of the follicles on one
or more occasions, and preferably supplemented by systemic treatment with
sulphonamide, will effect a clinical cure, and Siniscal (394), from experience with
3,500 patients, maintained that both because of their intrinsic activity and be-
cause of their blandness, the more highly soluble sulphonamides (sulphafurazole,
sulphacetamide) and sulphadiazine, etc., constitute the first therapeutic choice
and are demonstrably superior to the antibiotics. Inclusion conjunctivitis is also
benefited by the sulphonamides (441, 443, 445).

Despite a few favourable results (79, 136, 402, 403) penicillin does not appear
to have established its value in the treatment of trachoma or inclusion conjunc-
tivitis (246, 444). Pijoan et al. (328) claimed that orally administered chloram-
phenicol reduced the acute inflammatory process and cleared the pannus in cases
of trachoma. Braley and Sanders (44), Bellows et al. (34), Rais and Arroyo (344),
Shah (387) and Cat (55) obtained good results with chlortetracycline in trachoma,
and Boase (38), Sarkies (371) and Ching (59) considered it superior to sulphona-
mides or penicillin in ameliorating the acute symptoms, while doubting its action
on the trachomatous pannus. Duke-Elder et al. (88) found it useful in inclusion
conjunctivitis resistant for months to the sulphonamides and to penicillin.
Similar reports attended the entry of oxytetracycline into therapeutics (56,
301); early trachoma responds promptly and well, chronic cases are best assisted
by expression or curettage combined with oxytetracycline. Applying different
local treatments to the two eyes, Mitsui and Tanaka (300) found oxytetracycline
superior to chlortetracycline and both to be preferable to chloramphenicol in the
treatment of trachoma; the first two were effective also in inclusion blennorrhoea.
With treatment started within the first week of infection, trachoma was cured
in seven to ten days. Started in one to two months a cure was effected within
two to five weeks. Chronic trachoma needed two to three months before the folli-
cles disappeared entirely, but concomitant surgery shortened this period. Not all
the cases so treated were contaminated by bacteria, and as viral inclusions began
to degenerate within twenty-four hours and disappeared in a week, the observa-
tions suggest a direct action on the virus.

Primary atypical pneumonia. Clinically, the disease passing under this name is
difficult to distinguish from psittacosis, ornithosis, Q fever, etc., or alternatively
these may be regarded as individual examples of a clinical state of diverse
aetiology (255, 286, 395, etc.). From cases of primary atypical pneumonia,
Eaton et al. (105) claimed to have isolated in eggs a further virus capable of
evoking lesions in the lungs of cotton rats and hamsters, and Eaton et al. (100)
that this virus was serologically related to the disease. Eaton (92) reported that
growth of the virus could be inhibited by chlortetracycline in cotton rats or eggs.
Eaton et al. (107) found that its growth could be inhibited in eggs by chloram-
phenicol, and partially, in eggs or in cotton-rats, by two 5-nitro-2-furaldehyde
semicarbazones, p-nitrobenzaldehyde semicarbazone and p-acetylaminobenzal-
dehyde thiosemicarbazone, and Eaton (94) that it responds to therapy with the
tetracyclines, erythromyecin, carbomyecin, and streptomycin. Other authors have
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failed to detect a virus transmissible to laboratory animals in material from
similar cases (75), though the Commission on Acute Respiratory Diseases (68)
produced evidence of serial transmission to human volunteers with bacteria-free
filtrates of sputum or pharyngeal washings.

Although the various severities of the cases makes assessment of the results of
therapy far from simple, many clinical trials, some carried out with great care,
have suggested a beneficial action of some of the newer antibiotics. In selecting
cases to be treated, one or more of the following diagnostic criteria have often
been adopted: (a) the presence of characteristic signs and symptoms, including
radiological evidence, (b) the failure to respond to therapy with sulphadiazine or
penicillin, (c) the absence at any stage of serological evidence of infection with
known viral or rickettsial agents, and (d) the frequent appearance of cold haemag-
glutinins for human group O erythrocytes, or of agglutinins for certain strains of
non-haemolytic streptococci. In larger or smaller series of such cases, Brainerd
el al. (43), Finland et al. (115), Kneeland et al. (238), Meiklejohn and Shragg
(287), Schoenbach and Bryer (381), Collins et al. (67), Schoenbach et al. (382), all
reported rapid and prompt defervescence and clinical recovery following exhibi-
tion of chlortetracycline, even though there might be little change in the radio-
logical picture (184); a few relapses responded to a second course of treatment.
Anderson (16) noted similar good results in children in Germany, and Blodgett
et al. (37) considered that smaller doses than those employed by the foregoing ob-
servers were adequate; the last workers used daily doses of 1-1.5 g., that is to
say rather less than half those commonly employed. In two patients Finland
et al. (115) claimed a therapeutic effect of streptomycin. Wood (470) recorded
striking improvement within twelve hours in a single case treated with chloram-
phenicol after sulphadiazine and penicillin had failed, and Cohen and Schwartz
(65) also reported a beneficial effect of this substance. Melcher et al. (290) ob-
tained excellent results in 7 cases treated with oxytetracycline and thought that
the side-effects of this drug were less severe than those of chlortetracycline.
Comparing the results with the three antibiotics, Graves and Ball (148) found
little to choose on the score of therapeutic activity, but decided in favour of
oxytetracycline and chloramphenicol on the ground of lower toxicity.

Schoenbach and his colleagues (382) had clearly recognised the difficulties of
evaluating the results in cases treated with chlortetracycline. For one thing, in
civilian practice hospitalised patients almost inevitably represent a selected
group (namely the more severely affected), and two fully comparable populations
are likely to be found only in institutions or in the Armed Forces. Tillotson and
Oseasohn (446) dismissed the favourable reports on chlortetracycline as inade-
quately controlled. Harvey et al. (181) in a small series of controlled cases, all of
which were mild, had not proved chlortetracycline to be of value, while Peck and
Berry (327) studying very completely 141 cases in Servicemen observed no sig-
nificant influence of chlortetracycline, chloramphenicol, streptomycin or peni-
cillin on the duration of illness; symptomatic improvement could not be evaluated
owing to a marked tendency to spontaneous remissions. They also agreed with
Blodgett et al. that larger doses of the antibiotic do not afford better results than
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do smaller. Peck and Berry’s cases, like those of Harvey et al. were predominantly
mild, and the authors are inclined to accept the evidence for a favourable effcct
of the antibiotics on the more severe cases treated by others. This opinion ae-
cords with the recent direct observations of Meiklejohn et al. (288), that it is the
cases with higher temperature and more severe manifestations which when treated
with antibiotics pursue a clinical course significantly different from that of un-
treated control cases; in the belief of these writers chloramphenicol and oxy-
tetracycline are at least as effective therapeutic agents as is chlortetracycline.

III. THE SMALLER VIRUSES
A. General

Early claims that the sulphonamides possess activity against one or other of the
smaller viruses have not been substantiated, and the antibiotics which have
proved so successful in treating diseases caused by viruses of the psittacosis-
lymphogranuloma group have not been shown unequivocally to benefit other
virus infections. An exception to this statement concerns the effect of chlortetra-
cycline and oxytetracycline in curing clinically, and eradiacting virus from, mice
suffering from ‘‘grey lung disease”, and cotton-rats from a similar condition (18,
19). Chlortetracycline was effective even in chronic cases of several months
duration. Chloramphenicol, procaine penicillin, streptomycin and sulphamera-
zine were ineffective. Andrewes (personal communication) also finds the virus
susceptible to neoarsphenamine and tryparsamide.

Although no substance of practical value against the diseases of man or domes-
tic animals has yet emerged from much work intended to find one, many instances
are known of the inhibition of viral growth in particular complexes of host cell
and virus. Thus many substances are capable of influencing the growth of bac-
teriophages, sometimes at concentrations which are not bacteriostatic (42, 58,
66, 78, 83, 85, 86, 116, 117, 118, 128, 129, 193, 214, 398, 407, 408, 474), and at
this stage it is worth noting that among them are included various acridines.
It is comparatively seldom that these results can be transferred to the avian or
mammalian host, so that much of the information obtained appears to be of
greater interest to those studying the growth and reproduction of bacteriophage
than to those engaged in attempted chemotherapy. As will be seen shortly, in
tissue cultures also it is relatively easy to interfere with the multiplication of
viruses; this work is yielding valuable information regarding the metabolic
requirements for viral growth in a cellular environment rather more closely re-
sembling that in the diseased animal. Once again, however, but little of the
knowledge accruing has yet led to advances towards effective chemotherapy. By
contrast with the foregoing experimental systems, it is relatively difficult to
influence the growth of viruses in the chick embryo, and still more so in the
hatched chick or in the mouse. In this connection an observation of our former
colleague, Mr. J. Francis, is pertinent. Francis injected many hundreds of com-
pounds into the yolk-sac of chick embryos and found that a score or so were sig-
nificantly active in restricting the lesions due to fowl-pox virus on the chorio-
allantoic membrane. None of the compounds produced the slightest effect on
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fowl-pox in the hatched bird (personal communication). On the other hand,
mepacrine, which in the mouse exhibits marked activity against equine encephalo-
myelitis, and less activity against several other infections, is inactive against
equine encephalomyelitis in the chick embryo (203). In our own experience the
only instance in which there is a frequent correlation between results obtained
in the chick embryo and those in the mouse is with viruses of the psittacosis-
lymphogranuloma group ; here we have but rarely failed to reproduce in the mouse
positive results obtained in the yolk-sac, and vice versa.

The alternative approach to the chemotherapy of virus diseases, that of em-
pirically screening chemical compounds against infections in the mouse, cannot be
said to have achieved more than have the studies mentioned above. Coggeshall
and Maier (64) examined 67 substances, including many sulphonamides and
sulphones, against mouse-adapted poliomyelitis given intracerebrally and in-
fluenza A given intranasally to mice. Van den Ende et al. (109) screened 115 com-
pounds against intranasally instilled influenza virus and 74 for in vitro activity
against vaccinia, Krueger et al. (243) 26 compounds alone or in combination
against influenza, and Kramer et al. (242) 190 substances against mouse-adapted
poliomyelitis (intracerebrally) and St. Louis encephalitis (intranasally) in mice.
All the results were essentially negative. Cutting et al. (77) used 150 chemicals
against herpes simplex (intraperitoneally), neurovaccinia (intracerebrally) and
influenza (intranasally) in mice and against egg-adapted or commercial vaccinia
in the yolk-sac or on the chorio-allantoic membrane; 3-methylallantoin, 3-
ethylallantoin, 1:3-dimethyluracil and ethyl-n-methylcarbamate lengthened the
average life of the chick embryos by a fraction of a day. Wooley et al. (473) found
22 substances inactive against St. Louis encephalitis (intranasally) and 44 inac-
tive against influenza A. Four of 98, all four dichlorophenoxyacetic or dichloro-
phenoxypropionic acids, increased the period of survival and/or the number of
surviving mice infected intracerebrally with an approximate LD7 mouse-adapted
poliomyelitis; the effects were not very marked and the authors do not exclude
the possibility of a non-specific effect of the drug on the animal. Hotta (194) ob-
served no reduction of mortality when mice infected with dengue were treated
with 28 compounds; occasionally the period of survival was somewhat lengthened,
but again the specificity of the effect was not established. Screening on a much
larger scale has been carried out in various commercial laboratories, and it is
certain that the number of compounds found to be devoid of activity against
one virus or another totals many thousands.

B. Effects Observed in Tissue Culture

Many different substances have been examined in tissue cultures, with a view
either to elucidating the mechanism of their action as chemotherapeutic agents
or to discovering new substances with antiviral activity. Some of the advantages
of this medium have been outlined by Eaton (93) and Morgan (307). In the
course of this work, valuable information has been obtained regarding the energy
relationships of viral propagation, but little progress has yet been made towards
developing an effective drug.
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The activity of a compound in tissue culture may not necessarily be the same
as in more complex environments. The chloroacridine (I) inhibited growth of
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influenza viruses in tissue culture but not in eggs (97). The amino-(II) and chloro-
purines (III) retarded multiplication of vaccinia virus in chick embryonic tissue
but failed to protect mice inoculated intracerebrally or intranasally from a neuro-
tropic mouse-adapted strain of vaccinia virus (436). 5-Chlorouridine (454) and
1-hydrazinophthalazine (Apresoline) (IV) (322) which inhibited the propagation
of Theiler’s GD VII strain of murine encephalomyelitis in cultures of mouse
brain were inactive against this virus in mice. In contrast, substituted 5-phe-
noxythiouracils, although only moderately active against vaccinia virus in chick
embryonic tissue gave a demonstrable protective effect in mice (437).

Because of the many diverse compounds which have been used in work with
tissue cultures, division has been made into their respective chemical groups. As
will be seen, the choice of compounds under test has been determined either by
(a) their capacity to act as inhibitors of enzyme systems, (b) their structural
relationships to known naturally occurring substances such as amino acids, vita-
mins, etc., or (¢) pure empiricism.

Aliphatic compounds. Thompson (431) has shown that sodium iodoacetate, and
to a lesser extent sodium malonate prevented the multiplication of vaccinia virus
in chick embryonic tissue. Iodoacetate probably acted by combining with, and
so rendering unavailable for viral proliferation, vital thiol groups in the tissue
enzyme systems (29). Malonate, an enzyme inhibitor (31, 341), also retarded the
production of influenza virus in the chorio-allantoic membrane (1). In this in-
stance the inhibition might be related to blockage of the tricarboxylic acid cycle.

Iodoacetate (321), L-lysine and a metabolic product ketoglutaric acid (40)
inhibited the propagation of Theiler’s GD VII strain of mouse encephalomyelitis
virus in mouse brain tissue culture (323).

Amongst a miscellaneous group of compounds, an ester, glycerylmonoacetate,
was found to inhibit the growth of poliomyelitis virus in monkey testicular tis-
sue (46).

a-Amino acids. A list of natural and synthetic analogues of a-amino acids
(R.CHCOOH) tested against viruses in tissue culture is shown in Table I.

NH,
“R” has been varied over a wide range. By antagonising a given acid with a
structural analogue information has been obtained of the essential characteristics
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of chemical structure which can influence the virus-host metabolism. Thus the
importance of methionine has been demonstrated in the biosynthesis of influenza
virus in the chorio-allantoic membrane (2, 4), the Lansing strain of poliomyelitis
virus in human brain cultures (47), and psittacosis virus (strain 6BC) in minced
chick embryonic tissue (310). The inhibitory action of ethionine in each case
could be reversed by its lower homologue methionine. Ethionine has also been
shown to inhibit the propagation of Theiler’s GD VII virus in mouse brain tissue
(325) ; here reversal experiments with methionine were not carried out. Inhibition
of influenza B virus in tissue culture by L-canavanine was reversed by the related
amino acid, arginine (329).

The amphoteric compound a-amino-p-methoxyphenylmethanesulphonic acid
has been found to interfere with the lag phase of influenza virus multiplication
in the chorio-allantoic membrane (8); it has been suggested that the compound
interferes with the adsorption of virus or with its penetration of the cellular mem-
brane. There may well be some analogy here with the associated reversible elec-
trostatic attack by phage on the bacterial cell (111).

Aromatic compounds. A number of simple aromatic compounds have been
found to interfere with the energy relationships between viruses and their tissue
culture medium, in some cases with concomitant inhibition of viral growth.
The tissue culture technique has been used in studying the inhibitory action of
2:4-dinitrophenol (DNP) on influenza virus in the chorio-allantoic membrane
(93, 106). Inhibition was accompanied by stimulation of respiration, release of
phosphate and activation of adenosinetriphosphatase (6). DNP allows meta-
bolic oxidation to proceed but prevents formation of high energy phosphate
bonds which are the normal purpose and consequence of metabolic oxidation:
it was probably through such an “uncoupling” effect that viral inhibition took
place. There was no permanent interference with the metabolic processes re-
quired for viral multiplication, nor was DNP virucidal. DNP also inhibited the
growth of vaccinia (430, 431) and GD VII mouse encephalomyelitis viruses
(321) in tissue cultures.

These results have stimulated interest in other compounds capable of ‘“un-
coupling” phosphorylation. Eaton et al. (95) have demonstrated that butyl
3:5-diiodo-4-hydroxybenzoate had similar effects to those of DNP and in-
hibited the growth of influenza virus in chorio-allantoic membrane. Other
phenols, and their oxidation products, quinones, have been reported active
against psittacosis (53) and vaccinia (430, 431) viruses grown in chick embryonic

tissue.
NI{ /NH N\H /NH
N AN v
c 0(CH,),0 C C —cH=CH? D¢
ol owmol e > e
NH, NH. NH, NH,

v VI

Propamidine (V, n = 3), and to a lesser extent pentamidine (V, n = 5),
lowered the mean haemagglutination titres of influenza A virus in de-embryo-
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nated allantoic membrane preparations (103). Further work (108) confirmed
the action of pentamidine against influenza virus and showed that pentamidine
and stilbamidine (VI) also inhibited the growth of mumps virus. Pentamidine
retarded oxygen consumption, prolonged the lag-period and interfered with the
growth of fibroblasts.

From an early lead in the form of hexylresorcinol, which was found to inhibit
type 2 poliomyelitis virus Y-SK strain grown in monkey testicular tissue, fur-
ther substituted phenols were also found to be effective. Some naturally occur-
ring compounds such as glutathione were found to reverse the inhibition (241).

Thiosemicarbazones. Use of the thiosemicarbazones followed the discovery of
their activity against the tubercle bacillus (87). Thompson et al. (435) found that
benzaldehyde thiosemicarbazones prevented the multiplication of vaccinia
virus (CVII strain) in chick embryonic tissue. Contrary to the results obtained
against tuberculosis, it was found that viral activity was reduced in compounds
containing a substituent at C4 of the benzene nucleus. Later (434) the results
with benzaldehyde thiosemicarbazones were confirmed against vaccinia virus
(mouse-adapted; IHD strain), and extended to the thiosemicarbazones of pyru-
vic acid and certain heterocyclic aldehydes.

Heterocyclic compounds. Many heterocyclic compounds which have been used
in inhibiting viral growth in tissue culture are structurally related to vitamins,
components of nucleic acid, and other naturally occurring substances. Oxythia-

co
OH CH; \‘H TH
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’CH; CH,CH,OH
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mine (VII) and desoxypyridoxine (VIII), analogues of part of the vitamin B
complex, inhibited the multiplication of mumps and influenza A viruses in
chick embryonic tissue. Oxythiamine most likely acted indirectly on tissue
metabolism by inhibiting the entry of pyruvate into the tricarboxylic acid
cycle, and desoxypyridoxine by competing, after phosphorylation, with pyri-
doxal phosphate (76). Another analogue of the vitamin B complex, homobiotin
(IX) inhibited the growth of Lansing type poliomyelitis virus in monkey testic-
ular tissue (46).

During the course of investigations dealing with possible antiviral effects of
analogues of the pyrimidine moieties of nucleic acid, thiouracil was found active
against psittacosis virus (6BC) in chick embryonic tissue (309). In a similar
culture, a nitroaryl (439) and a number of a-haloacyl (440) derivatives of various
5-aminopyrimidines inhibited proliferation of vaccinia virus. Substitution at
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C5 has also been extended to 5-aryloxypyrimidines. Although samples of this
series were only moderately active against vaccinia virus in chick embryonic
tissue (437), it was of interest that 5-(2:4-dichlorophenoxy)thiouracil was active
against vaccinia infection in mice and acted as a synergist with isatin thiosemi-
carbazone (30). 5-Chlorouridine inhibited the propagation of Theiler’s GD VII
virus and the uptake of P30, by the ribonucleic acid fraction of minced mouse
brain. The analogous naturally occurring nucleoside, uridine, partially reversed
the effect (343). This inhibition was probably due to a block in the viral nucleic
acid synthesis. Other substituted nucleosides also have inhibitory action (454).
Analogues of other basic components of nucleic acid, the purines, interfere with
viral proliferation. 2:6-Diaminopurine has shown activity against poliomyelitis
(46, cf. 135), Russian spring-summer encephalitis (132), psittacosis (6BC)
(308), vaccinia (436) and Theiler’s GD VII strain of murine encephalomyelitis
(454) viruses in tissue culture. The inhibitory action could be reversed by ade-
nine but not always by guanine (132, 436). No explanation has been put forward
for the reported activity of some natural components of nucleic acid, namely
adenine, adenosine, cytidine, guanosine and thymine. 8-Azaguanine, which may
be incorporated into nucleic acid (245, 271) exerts an inhibitory action against
psittacosis virus (6BC) in minced chick embryonic tissue (308); this effect was
reversed by guanine. Halogenated analogues, for example 2:6:8-trichloropurine,
were inhibitory against vaccinia virus but their effects were not reversed by
adenine (436).

Studies (307, 308) on the pteridines, some of which have been found to counter-
act the inhibition of psittacosis (6BC) growth by sulfadiazine (306), have lent
support to the belief that pteroylglutamic acid (X, Ry = OH, R, = H, n = 2)
may be an essential factor for the growth of the virus. 2-Amino-4-hydroxy-6-
formylpteridine, xanthopterin and some compounds related to pteroylglutamic
acid [4-amino-pteroylglutamic acid (R; = NH,, R, = H, n = 2), 4-amino-N*°-
methylpteroylglutamic acid (R1 = NH,, R, = CH;, n = 2), and 4-aminopteroyl-
aspartic acid (R1 = NH,, R; = H, n = 1)] were inhibitory to psittacosis virus
(6BC) in chick embryonic tissue; the last two compounds were antagonised by
the citrovorum factor. 4-Aminopteroylaspartic acid also suppressed the growth
of meningo-pneumonitis virus in tissue culture.
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The function of vitamin B,, seems to be closely connected with that of the
folic acid group; it is not surprising therefore that compounds similar in structure
to the benzimidazole portion of the vitamin have been used in attempts to inter-
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fere with viral proliferation. Benzimidazole has proved effective as an inhibitor
against poliomyelitis (46, c.f. 135), vaccinia (430, 431) and psittacosis viruses
(308). Among alkylbenzimidazoles which were found active against influenza
B virus in chorio-allantoic membrane cultures, Tamm et al. selected 2:5-di-
methylbenzimidazole for further study (421, 422, 423). It probably acted by
reducing the rate of metabolic processes necessary for viral proliferation. Chem-
ical modifications were made in the benzimidazole nucleus (424) by further
substitution and variation of the chain length of the alkyl side-chain. Attempts
to correlate the change in structure of the substituted benzimidazole with cor-
responding enhancement or diminution in activity against virus and micro-
organisms were not very successful. A closer correlation of the benzimidazole
moiety with the naturally occurring benzimidazole ‘‘nucleoside’” in vitamin
B;; has been made by a study of N-glycosides of the heterocyclic portion (425,
426). Of the various pentosides and hexosides tested 5:6-dichloro-1-8-D-ribo-
furanosylbenzimidazole (XI) exerted considerable inhibitory action against
several strains of influenza A and B virus in chorio-allantoic membrane cul-
tures. Further experiments have been carried out to determine the mode of
action of this compound. Tamm (420) has recently found that further substitu-
tion of chlorine into the benzenoid ring has increased the activity of XI some
eightfold against influenza B virus in the chorio-allantoic membrane.

The acridine enzyme inhibitors atabrine (164) and proflavine (275) were
effective against vaccinia (430), and proflavine against poliomyelitis (46) virus.
Near the maximum tolerated dose other chloro- and nitroacridines have re-
tarded influenza A and B and mumps viruses in chorio-allantoic or amniotic
membrane cultures (97).

Viruses do not appear to be greatly influenced by heterocyclic sulfonamides
(vide, e.g., 239). Sometimes their addition to tissue cultures permitted growth
of the virus and eliminated secondary contaminants (369). Sodium sulfadiazine
was inhibitory towards actively growing psittacosis virus (strain 6BC) in roller
tube tissue culture (90). Darvisul, which appeared to act against a mouse polio-
myelitis virus by virtue of its reaction with the cellulose substrate was in turn
antagonised by p-hydroxybenzoic acid (370).

Whilst investigating drugs capable of depressing the activity of the central
nervous system, Apresoline (IV) was found active against Theiler’s GD VII
strain of mouse poliomyelitis in mouse brain tissue culture (322).

Antibiotics. Little antibiotic activity has been recorded against the smaller
viruses in tissue cultures. Penicillin, for example, is often included in the cultures
to eliminate bacterial contamination (e.g., 1, 135). However, it is not always
effective (360).

The proliferation of influenza A virus was inhibited by Antimycin A through
its action upon some component of the succinic dehydrogenase system of the
tissue cells (1). Pre-treatment of monkey testicular tissue culture with M.8450,
another antibiotic of unknown constitution, inhibited the cytopathogenic effect
of the three types of poliomyelitis virus but failed to destroy or neutralise the
virus (200).
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Penicillin inhibited the growth of psittacosis virus in roller tube tissue cul-
ture; streptomycin was ineffective (90).

Miscellaneous. Apart from certain extraneous materials which may interfere
with viral proliferation other factors have to be taken into consideration. Thus,
phosphatases, present in chorio-allantoic membrane, were found to be effective
inhibitors of herpes simplex (LF strain); their action was antagonised by phos-
phatase inhibitors (15). It has also been found (268) that in tissue culture flasks
containing a plasma clot composed of fowl plasma and embryo extract there
was present, occasionally, a substance capable of inactivating a filtrate of Fuji-
nami sarcoma virus.

Preparationsrich in hyaluronic acid with or without the addition of hyaluroni-
dase were found to inactivate vaccine virus grown in Maitland type media (89).
Further studies (279) have given some indication that the activity of the prepa-
rations was due to a substance diffusible through a cellophane membrane and
that it, or one of its components, was glucuronic acid or a glucuronide.

C. Effects Observed in the Chick Embryo

Different workers have introduced virus on to the chorio-allantoic membrane
or into the allantoic cavity and have given drug by the same or by a different
route, together with, before or after virus. When virus and drug enter by the
same route, unless the former precedes the latter by an interval sufficient to
allow it to be taken into the susceptible cells, the possibility of simple chemical
inactivation of virus exists; moreover, many drugs in direct contact with the
chorio-allantois cause damage to its cells and prevent them from responding
normally to the virus. In either event the results may not betoken a true chemo-
therapeutic effect. When virus is introduced on to the chorio-allantois and drug
into the yolk-sac, the conditions more nearly simulate those obtaining in chemo-
therapy in the mouse given drug intraperitoneally and virus by some other route;
false positive results are avoided, although undoubtedly the danger exists that
macromolecular substances or substances readily destroyed by metabolic or
other processes may not reach the required site. Furthermore (208), drug given
into the yolk-sac reaches and exerts any toxic action it may have on the embryo
before reaching the virus, thus ensuring that an action on the latter is associated
with a reasonable therapeutic index. Much of the work in the chick embryo has
been done with influenza and other viruses capable of agglutinating red cells,
and many workers have taken the haemagglutination titre rather than infec-
tivity as a measure of the inhibition of viral growth.

Among substances shown to affect growth of viruses in the allantoic cavity
are various acridines. Given with or before influenza B virus, “Nitroakridin
3582” prevented growth of small inocula (1-10 MID) and reduced the final
haemagglutinating titre with larger infecting doses (154). Rasmussen and Stokes
(349) noted an effect on both influenza A and influenza B with the nitroacridine,
with “Rutenol” an arsenical salt of it, and with 9-amino-3-nitroacridine, even
when given as late as twenty-four hours after infection. The effect was, however,
particularly evident during the early stages of viral growth. The drugs appeared
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to damage the allantoic membrane, which was atrophic in treated eggs, and the
authors consider that the effect on virus may have been secondary to this damage.
No effect was observed on virus #n vitro or in mice (cf. 201). Briody and Stannard
(45) reported that proflavine administered a few hours before or a few hours
after virus reduced the haemagglutination titre of the allantoic fluid of eggs
infected with influenza B; with different strains the IDs, was reduced by from
1-4 log. units. The drugs exerted no influence on the viruses of influenza A,
mumps or Newcastle disease. When applied directly to the chorio-allantoic
membrane two hours after vaccinia virus it reduced the number of pocks, but
from what we have said earlier it seems likely that this may have been an ex-
pression of local toxicity. Eaton et al. (97) found that “Nitroakridin 3582”’ and
its 3-methoxy-6-chloro analogue slightly inhibited mumps virus when both were
given into the allantoic sac, but only the former inhibited influenza B. Injected
into the yolk-sac the drugs were ineffective.

McClelland and van Rooyen (278) noted activity on the part of some aromatic
amidines, of which hexamidine was the best, against influenza A virus in the
allantoic cavity, even when administered as long as eighteen hours after virus.
Sometimes the loss of infectivity amounted to 89-99 per cent. The compound
was not active in mice. Stilbamidine has some effect against mumps (103).
Pentamidine is active in diminishing degree against mumps, influenza B and
influenza A in the allantoic cavity. In de-embryonated eggs the growth of the
influenza viruses is slowed down by propamidine and pentamidine.

A number of phenanthridines reduce the haemagglutination titre of eggs
receiving a small dose of influenza A (85).

Cobaltous chloride or acetate administered at the time of inoculation of in-
fluenza A and B viruses considerably reduces their growth (349, 378); the effect
is most marked during the period of rapid multiplication and persists for up to
thirty-two hours. When cobalt is injected at the time of infection, the LDjso of
treated fluids twenty-four hours later may average 3 log. units less than that of
control eggs. Cobalt is also effective at one and eighteen but not at twenty-four
hours, and three doses at zero, twelve and twenty-four hours prolong the period
of inhibition. The effect is much less pronounced with large doses of
virus (1000 IDso); it is overcome by histidine, cysteine and sodium thioglycollate,
which form complexes with cobalt. It is not seen in vitro or in the mouse.

At doses toxic for some of the eggs, N-ethyl-maleimide introduced into the
yolk-sac prior to introducing influenza A into the allantoic cavity completely
prevents growth of virus for the first twenty-four hours, possibly by its action
on —SH groups necessary for protein synthesis (355).

Green and his associates have described the virus-inhibitory activity of a
number of synthetic basic polypeptides and a basic polymer. L- and DL-lysine
and DL-lysine-DL-valine inhibit influenza A in the allantoic cavity (363), and
the first acts also on Newcastle disease virus and a recently isolated strain of
infectious bronchitis virus (151). Introduced into the yolk-sac, L-lysine of molec-
ular weight 2400 (in the earlier papers the figure was given as 4900) inhibited
mumps in the allantoic cavity, and in the allantoic cavity one of molecular
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weight 16000 (20000 in earlier papers) produced significant effects in quantities
as small as 1 ug., or against as many as 30000 ID virus, or with delays of up to
thirty-six hours in treatment (149). With small infecting doses (6 LDso) the
mortality from Newecastle disease was lowered. Given an hour before virus into
the allantoic cavity, the synthetic polymer, polyvinylamine caused a nine-fold
reduction in the growth of influenza B (150) compared with a twenty-fold reduc-
tion with L-lysine. Weight for weight it was also less active against mumps.
Nevertheless it was able to protect a proportion of eggs against a small infecting
dose of Newcastle disease virus.

L-canavanine, a close structural analogue of arginine and a potent growth
inhibitor for Neurospora, lactobacilli and Bact. coli, markedly inhibits the growth
of influenza B introduced into the allantoic cavity one hour later (329). At a
sufficiently large dose (20 mg.) it may completely suppress the formation of
haemagglutinin. It may also lower the infectivity titre by 1-3 log. units. The
effect lasts forty-four but not sixty-eight hours. Effects are also produced by
the amino acid given two hours after virus. It does not act by interfering with
adsorption of virus by the tissue and is inactive in vitro and in the mouse. In
tissue cultures its action is reversed by L-arginine but not by lysine or glutamic
acid.

A formaldehyde-tyrosine derivative inhibits the growth of influenza A in the
allantoic cavity when administered before or up to four hours after virus; the
drop in haemagglutination titre is accompanied by a fall in infectivity (84).

Hannoun has found that many substances hinder the propagation of influenza
virus in the chick allantois. Thus aminomethanesulphonic acid, an analogue of
glycocoll, and sodium malonate, hydroquinone and a mixture of fluoride and
phosphate, which inhibit succinic dehydrogenase, all possess this property
(175, 176). The action of malonate in tissue culture had previously been demon-
strated by Ackermann (1). Very marked inhibition of viral growth occurred with
p-acetamidobenzaldehyde thiosemicarbazone, which was not directly virucidal
(177). The purine analogues benzimidazole and 2:6-diaminopurine and the
pyrimidine analogues veronal and thiouracil also were inhibitory (178). Dinitro-
phenol, already studied in tissue-culture by Ackermann and Johnson (6) and
in tissue culture and intact embryos by Eaton and Perry (106), reduced the
growth of virus, presumably by its action on oxydative phosphorylation, and
sodium azide by its interference with oxydative processes (179); again neither
substance was directly viricidal.

Ackermann and Maassab (5, 8, 9) have studied the action of various amino-
sulphonic acids, and particularly a-amino-a-p-methoxyphenylmethanesulphonic
acid, on influenza A virus. In doses well below the lethal it reduces both the
haemagglutination titre and infectivity when given into the allantoic cavity
fifteen minutes after virus. An effect was also claimed when the acid was adminis-
tered intracerebrally to mice infected with an approximate LDg; neurotropic
influenza virus. Subsequent work in tissue culture suggested that the acid acts
at an early stage in the development of virus, affecting perhaps its adsorption
on or penetration of the host cell. Once this stage has been completed replication



CHEMOTHERAPY OF VIRUS DISEASES 231

of virus takes place even though the acid be present, though release of virus
from the cell, a process occurring over many hours and independent of a “burst”’
phenomenon or destruction of a cellular membrane, is hindered by the acid.
Ackermann and Maassab (9) contrast the time of action of the sulphonic acid
with that of another inhibitor of viral growth, DL-methoxinine, which appar-
ently acts on a later stage of viral development. Neither compound, however,
exerts any influence at a time when mature virus is forming.

Tannic acid introduced into the allantoic sac half-an-hour before a small dose
(10-100 LDso) of influenza A virus prevents the appearance of haemagglutinin
in the fluid collected forty-eight hours later (152). It is also effective six hours
before and one hour after virus, and it inactivates virus in vitro. Similar effects
resulted from the use of an unidentified substance derived from a watery ex-
tract of tea (153).

Apple pectin, a substance capable of interfering with haemagglutination by
the influenza virus, also possesses some inhibitory action when given up to one
to two hours after virus injected into the allantoic sac (155).

Among antibiotic substances, several appear to exhibit some antiviral activity
in the allantois. Ehrlichin (157) retards the growth of influenza B, especially
when introduced after rather than before virus. Although the final titre of virus
in treated eggs is the same as in untreated, many of the former survived for six
days, by which time all the untreated had died. Viscosin (162) protects many
eggs subsequently given 100 LDs, infectious bronchitis virus; the infective titre
of virus in the fluid is reduced by treatment. Both substances slightly reduce the
lesions of influenza in the mouse. In toxic or near-toxic doses, cardicin (270)
prevents the development of haemagglutinin in eggs infected with influenza
A or B when injected twenty to forty minutes prior to virus. Some plant ex-
tracts influence the haemagglutination titre in eggs receiving a small dose of
influenza A (58).

Hanan (174) showed that alpha-tocopheryl esters given just before influenza
A virus slightly but significantly reduced the infectivity titre as assessed at
forty-eight hours.

Finally, Hoyle (198) demonstrated an effect of various triphenylmethane dyes
on the multiplication of influenza A. Using doses of virus large enough to infect
simultaneously all cells of the allantoic cavity, he incubated the eggs for thirty
minutes, introduced the dye, incubated for a further five and one-half hours
and then removed the chorio-allantoic membranes, which he washed in saline
and froze and thawed three times to release the soluble antigen. This he meas-
ured by the complement-fixation technique as an indication of the degree of
multiplication of virus. At doses as low as one-tenth of the toxic, several tri-
phenylmethanes, and especially dahlia and crystal violets, greatly reduced the
amount of soluble antigen. Liberation of virus into the allantoic fluid was also
retarded, but reached the same final haemagglutinating titre as in untreated
eggs once the dye had disappeared. Hoyle suggested that the effect arose from
disturbance of ribosenucleic acid metabolism, since dyes are known to have an
affinity for this substance.
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A few further substances influencing production of virus in the allantoic cavity
receive mention in the next section.

D. Effects Observed in the Mouse

We have remarked that effects noted in tissue culture or in the allantoic
cavity are but rarely transferable to the hatched chick or the mouse. From time
to time antiviral action has been described in these or other animals, but in the
opinion of the reviewers the significance of some of these observations is doubt-
ful. It is common knowledge that an animal weak or sickly from any cause may
not respond typically to infection with a virus, and if the impaired state of
health results from administration of toxic doses of a chemical substance the
modified infection cannot be accepted as evidence of successful chemotherapy.
In our own experience, a substance prone to yield such false-positive results is
dithiobiuret, described by Astwood et al. (22) as the cause of a reversible paral-
ysis of mice; at many levels of dosage, however, the symptomatology includes a
considerable element of spasmodic rigidity of the limbs (personal observation).
In rabbits given large doses of dithiobiuret, we succeeded in reducing the size
of the initial lesion and in almost completely suppressing the exanthem of in-
fectious myxomatosis resulting from intradermal injection of virus, and again
in doubling the period of survival of rabbits infected intradermally with the
virus of Aujeszky’s disease. The dosage was such that discontinuance of the
drug at the time of death of these animals allowed uninfected controls to sur-
vive. Nevertheless all infected rabbits died and virus was present in the lesions.
Under these circumstances we do not accept the modified clinical picture as
indicating a true chemotherapeutic response. Our own criteria in choosing doses
of chemical substances to minimise the risk of false-positive results have been
placed on record (202). With this preliminary caution we may proceed to ex-
amine alleged effects in the mouse, etc.

Influenza and other respiratory diseases in the mouse. In the mouse influenza is
in many ways an unusual type of infection which, in our experience, does not
lend itself very readily to experimental chemotherapy. In the first place the
method commonly used for infecting mice, that of intranasal instillation of
virus, is grossly inaccurate in respect of the amount of virus introduced (41).
Secondly, the cause of death of the mice, or alternatively the score of pulmonary
lesions, is not necessarily related directly to the growth of virus. According to
the infecting dose, virus reaches a maximum titre in the lungs in from twenty-
four to forty-eight hours or slightly later, at a time when only microscopical
lesions are present and the mouse exhibits little or no ill effect of the infection.
Later when the titre of virus is falling sharply, a peculiar tissue reaction leading
to pulmonary consolidation develops and, if the mouse dies, it does so not from
the direct effects of the virus but from asphyxia. It is known, moreover, that
strains of virus not yet fully adapted to mice may multiply to as great an extent
as they ever will without causing pulmonary consolidation (187), and conversely
that the infectious particles of the virus of Newcastle disease may, in the mouse,
produce extensive pulmonary consolidation in the absence of demonstrable
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multiplication (52, 80, 137). In short, as Ginsberg and Horsfall point out (143),
multiplication of the virus is not the sole factor responsible for influenzal pul-
monary lesions in the mouse. Quite apart then from the possibility of modified
lesions resulting from toxicity of a compound, an apparent chemotherapeutic
effect may reflect interference with the full development of the tissue reaction
rather than a direct action on the growth of virus.

Over the years we have examined several hundred compounds for activity
against influenza in the mouse (unpublished observation). A number have caused
significantly reduced pulmonary scores on the conventional seventh day of
infection. Most of these have merely delayed the appearance of pulmonary
consolidation, for the scores of treated and untreated animals at a later stage
(eleven to eighteen days) have been identical; in these instances the mean period
of survival was increased by treatment but the eventual mortality unaffected.
A smaller number of compounds actually reduced the final degree of pulmonary
consolidation and, in nearly thirty consecutive experiments, the best of these,
diethylaminomalonate, significantly increased the number of animals surviving
with doses of virus up to LDjg. Daily titrations of pooled lungs, however, re-
vealed no compound which prevented virus from reaching the same titre at
forty-eight hours as that in controls; aminomalonate itself had no effect on
the growth of virus, but three compounds, including a quinoxaline-1:4-dioxide,
slightly retarded the virus in reaching this titre and accelerated its subsequent
fall, i.e., the titres at twenty-four hours and four and seven days were rather
lower in the treated animals. Among the compounds giving negative results, or
even increasing mortality in the mice, were Furacin, tetrahydrofuran, butyro-
lactone, etc., claimed by Rubin and Giarman (362) to be therapeutically active
in influenza in the mouse.

Seeler et al. (384) described a slight but consistent retarding effect of quinine
on the course of influenza in the mouse, leading to an increased number of sur-
vivals on the tenth day, and when given intravenously at near-toxic doses
Janus green B and safranine-pyrazolon-sulphonamide apparently show a similar
effect (120).

In the category of substances modifying the tissue reaction caused by viruses
of the influenza group falls xerosin, a metabolic product of Achromobacter sp.
and previously designated APM (159, 160). It suppresses the pneumonia pro-
duced by non-multiplying Newcastle disease virus and also, though transiently,
the lesions of influenza A virus, without influencing the maximal titre attained
by the latter. It operates only when administered parenterally during the period
of rapid extension of the lesions, and is no more effective against small than
against larger doses of virus. It is inactive ¢n vitro and in the allantoic cavity.
Groupé et al. believe that xerosin competes with some cellular constituent which
combined with virus causes the pulmonary damage. With the non-multiplying
virus of Newcastle disease, a sufficient amount of xerosin enables the cell to rid
itself gradually of virus, but with influenza A, which does multiply, continuing
viral synthesis overwhelms the xerosin and suppression of the lesions is but
transient. Xerosin given subcutaneously also delays the toxic manifestations of
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large doses of influenza A or B virus injected intracerebrally but not intra-
venously. A small intracerebral dose before but not after infection also protects
against virus given by the same route (158).

In contrast, a crystalline antibiotic isolated from cultures of Nocardia formica
appears to have rather different properties (277). Given parenterally or orally
it markedly increases the mean period of survival in infections with influenza
A or B or with swine influenza, and the lungs at twenty-four and forty-eight
hours contain much less virus, as estimated by their haemagglutination titres,
than do those of controls. It is active against mumps and Newecastle disease
virus in the chick embryo, and against the latter in tissue culture but not in
chickens. It does not suppress the pulmonary consolidation evoked by New-
castle disease virus in mice, and is inactive against Col.-SK encephalitis in mice,
hog-cholera in pigs, enteritis in mink and infectious hepatitis in dogs.

Sodium monofluoroacetate interferes with the Krebs cycle and doubles the
citrio acid content of the mouse lung in half-an-hour, trebles it in an hour and
raises it ten-fold in eight hours; thereafter the level falls. Ackermann (3) showed
that a dose of 2 mg./kg. inhibited by more than 1 log. unit, and 3-5 mg./kg. by
more than 2 log. units, the growth of influenza virus when given twelve hours
after infection. The effect was seen also at fifteen minutes and six hours, and
with a thousand-fold range of infecting doses. Mogabgab and Horsfall (302)
found the higher levels of dosage lethal for 10-20 per cent of mice; nevertheless
they observed little effect on the titre of influenza A virus at thirteen hours,
though the effect with influenza B was rather greater; in neither case was the
ultimate titre of virus lowered. In the chick embryo, two and one-half lethal
doses injected into the yolk-sac slightly delayed growth of virus in the allantois
without influencing its final titre. Similar slight delay occurred in the multi-
plication of the pneumonia virus of mice in the mouse lung and of mumps virus
in the chick embryo. Three daily doses definitely reduced the titre of the pneu-
monia virus of mice, but animals similarly treated and infected within a few
hours of the third dose supported undiminished growth of virus. The authors
concluded that the cellular metabolic processes blocked by fluoroacetate are
not essential to these viruses.

We may interpolate that Ainslie (10) noted similar delay in reaching maxi-
mum titre with mouse-adapted poliomyelitis virus (type 2) and Watanabe
et al. (458) with Eastern equine encephalomyelitis; the former produced a lesser
effect with DL-methionine sulphoximine. Francis et al. (131), however, by ad-
ministering fluoroacetate intravenously at the time of subcutaneous infection
of monkeys with type 1 poliomyelitis, or alternatively three days later, greatly
shortened the period of viraemia and reduced the incidence of paralysis. As
citric acid did not accumulate in the brain, and at the time of administering
drug virus could not have reached the central nervous system, Francis et al.
postulated that the inhibitor acted on some extraneural tissue important in the
initiation of the infection.

An extensive series of studies on the activity of 2:5-dimethylbenzimidazole
and its derivatives against influenza virus in tissue culture (see previously)
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culminated in the demonstration by Tamm et al. (425) of similar activity in the
chick embryo and mouse. One of their compounds, 5:6-dichloro-1-8-D-ribo-
furanosylbenzimidazole, administered twice-daily to mice infected with in-
fluenza B, beginning two hours after virus, reduced the haemagglutinating titre
of the lungs at forty-eight hours to 10 per cent of that of controls. It did not
inactivate virus in vitro, did not affect virus-erythrocyte interaction, and did
not interfere with adsorption of virus by susceptible cells or the release of virus
from infected cells. Its action is thus likely to be intracellular, probably by dis-
turbing metabolic processes involving ribofuranosides; “indeed, it seems not
improbable that nucleic acid metabolism is affected’’. The corresponding 4:5:6-
trichloro derivative, which was more active in tissue culture, together with the
dichloro compound both markedly inhibit the growth of mumps virus in the
allantoic cavity (420).

Horsfall and McCarty (192) observed that polysaccharides derived from
various bacterial species, and particularly a capsular polysaccharide of Fried-
linder bacillus, type B, are capable of lessening the severity of the lesions and
of restricting viral growth in infections with the pneumonia virus of mice. In
this disease, in contradistinction to influenza, the extent of the pneumonia
appears to be a function solely of viral multiplication. The polysaccharide in-
hibits when given during the first two-thirds of the latent period of the cycle
of growth, 7.e., within the first ten hours, but is not effective, as far as the first
cycle is concerned, when given at twelve hours or later. However, compound
administered late may inhibit the second or subsequent cycles, so that a single
intranasal dose of 0.02 mg. two or three days after infection permits the animals
to recover completely when all the controls die (142). Immune serum adminis-
tered at this time fails to save the animals. The polysaccharide acts therefore
not on the viral particle but on some relatively late stage of its formation by the
host cell. It is also surprisingly active against mumps virus in the allantoic
cavity, both when given into the allantoic sac and into the yolk-sac (138, 139).
Under certain conditions an effect may be observed with as little as 5 ug., or
when the polysaccharide is injected as long as four days after virus. Again the
evidence suggests that the substance acts subsequent to adsorption of virus and
involves the metabolic activities of the host cell. Continued passage in the pres-
ence of the polysaccharide results in a strain of virus resistant to its action (141).
Although pneumonia virus of mice and the influenza viruses probably infect the
same cells of the lung, and according to Ginsberg and Horsfall (140) produce
indistinguishable lesions, the latter are not inhibited by the polysaccharide;
this together with the fact that pneumonia virus or mumps infection does not
interfere with growth of influenza A or B in the same tissue is taken as indication
of different metabolic pathways to the synthesis of the two pairs of viruses.

Wheeler and Nungester (464) found that atropine sulphate at fifteen minutes
to six hours before intranasal instillation of influenza A virus into mice under
ether anaesthesia decreased the incidence and degree of infection. Five minutes
after virus the drug was of no avail, and it is easy to accept the authors’ explana-
tion in terms of restricted secretion of mucus.
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Thiosemicarbazones, thiouracils, ctc., and viruses of the vaccinia-variola group.
Hamre et al. (170) observed that p-aminobenzaldehyde-3-thiosemicarbazone,
and to a lesser degree its p-acetamido analogue, are capable of prolonging the
period of survival of eggs infected with 85-340 LDj, vaccinia virus thirty minutes
or four hours previously; occasional eggs survived to the end of the experiment.
The time of survival of intranasally infected mice is also lengthened. The former
compound is inactive against meningo-pneumonitis and swine influenza viruses.
Of thirteen compounds examined subsequently (171), benzaldehyde-3-thiosemi-
carbazone and its p-acetamido, p-amino, p-methoxy, p-propoxy and p-ethyl-
sulphonyl analogues were most effective in eggs. In mice, the parent compound,
its p-acetamido analogue, and the N4 ¢sobutyl derivatives of these two sub-
stances were most active; with suitably long periods of therapy, and at doses
near the maximum tolerated, treatment results in an appreciably decreased
mortality.

Thompson et al. (435), who, we may recall, prevented multiplication of vac-
cinia virus in tissue culture by a low concentration (1 ug./ml.) of benzaldehyde
thiosemicarbazone, also protected a substantial proportion of mice infected
intracerebrally by feeding the drug, but stated that substitution in the para
position of the benzene nucleus or in the 4-position of the thiosemicarbazone
moiety destroys activity. Thiosemicarbazones containing thiophene, pyridine,
quinoline or isatin groups also exhibit activity against vaccinia (434), as well as
against a recently isolated strain of variola (298); in spite of the good clinical
results, the titre of virus in the brains of treated animals is little different from
that in controls. A high degree of therapeutic activity appears to be associated
with the presence in the molecule of (a) the =N—NH—CS—NH. group, and
(b) a cyclic component, but some aliphatic oxime thiosemicarbazones are also
effective (432). High antiviral activity in tissue culture is not necessarily an
indication of corresponding behaviour in the mouse, nor do antiviral properties
run parallel with antituberculous. Though of value in the mouse, the thiosemi-
carbazones do not protect rabbits against vaccinia (432, 434). The various
authors are agreed that the drugs are inactive against non-multiplying virus
in vitro.

Thompson et al. (437) had also noted that a number of 3-phenoxythiouracils,
only modestly potent as inhibitors of vaccinia virus in tissue culture, confer
significant protection against intracerebral or intranasal infections in mice.
Most favourable results accrued from the use of 5-(2:4-dichlorophenoxy)-4-
hydroxy-2-mercaptopyrimidine given either parenterally or in the food. Al-
though medication begun soon after infection does not prevent signs of illness,
many treated animals recover, and on the whole appear to harbour a concentra-
tion of virus in the brain lower by about one log. unit than that in the controls.
The compound has no action on vaccinia virus #n vitro, and none against in-
fluenza, herpes, St. Louis encephalitis, MM or Rift Valley fever viruses in mice.

Bauer (30) considered that isatin thiosemicarbazone is much more active than
previously claimed. Using an infecting dose of 100,000 LDs, he obtained 99.99
per cent protection of his mice, that is to say in the presence of the drug the
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LDso was four (or more) log. units greater than in controls; ‘“an antiviral effect
of this magnitude has hitherto only been observed with penicillin and sulphon-
amides in the psittacosis-lymphogranuloma group of viruses.” The compound
has a depét effect, and even a single dose of 0.25 mg. given eighteen hours after
infection produces a better than 50 per cent protection. Ten times this dose does
not afford complete protection, however, and the titre of virus in the brains of
treated animals is lowered by only one log. unit. 5-(2:4-Dichlorophenoxy)thio-
uracil is less active but acts synergically, so that combined treatment is better
than with either drug alone. Some other phenoxypyrimidines (not all of them
thiouracils) are also synergic, even when themselves devoid of appreciable anti-
viral activity. Bauer concluded that the two classes of compound act differently
and that a factor contributed by the host may be necessary, since maximum
protection is afforded by quite small doses and greatly increased doses produce
no better result, as though in the brain there exists a fixed concentration of some
substance essential to their action. The absence of a therapeutic effect in rabbits
suggests that this factor is species-specific, but it should be mentioned that at
least two entirely different chemotherapeutic agents, the antibiotic, netropsin
(373) and mepacrine (206), operate against one or other virus disease in mice
but not against the corresponding disease in rabbits, and alternative explana-
tions of the phenomenon present themselves. Bauer considered also that isatin
thiosemicarbazone exerts a slight beneficial effect on Rift Valley fever.

The antibiotic netropsin, at half the maximum tolerated dose given intra-
peritoneally twice-daily, beginning one hour after intracerebral infection, is
capable of protecting the majority of mice against a small dose of vaccinia
(1 LDse-1 LDyo). It does not affect the disease in rabbits, nor does it influence
feline pneumonitis, influenza A, Western equine encephalomyelitis or mouse-
adapted poliomyelitis (373).

In doses which prevented normal growth of the birds, quinine appeared
partially to inhibit or to retard the development of the lesions of fowl-pox in
chickens (356).

Manwell and Goldstein (273) and Coulston and Manwell (73) claimed excellent
results of topical therapy of canary-pox with alcohol-acetone solutions of mer-
curochrome.

Duyes, etc., with particular reference to the acridines. Wood and Rusoff (471)
noted that intraperitoneal injections of trypan red, and of the closely related
Congo red and brilliant vital red, dyes of a class known to diminish the perme-
ability of the blood-brain barrier to convulsant drugs (11, 12, 62), protected
many mice against an approximate LDg7 MM virus subsequently adminis-
tered by the same route. The degree of protection increased with repeated daily
doses up to the third, and some protection lasted for at least a month. An effect
was obtained also in the cotton rat infected intraperitoneally, but not in either
species infected intracerebrally with this virus or with mouse-adapted human
poliomyelitis. Trypan red was inactive in vitro. Hammon et al. (169), in animals
dosed repeatedly with trypan red by the subcutaneous route, failed to engender
resistance to intraperitoneally injected MM and Russian spring-summer en-
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cephalitis viruses, and concluded that the foregoing results were the expression
of a non-specific protection afforded by otherwise inert substances injected into
the peritoneal cavity prior to the infective agent. Murray et al. (313) obtained
erratic results in animals given intraperitoneal or oral Congo red and intra-
peritoneal MM virus, and considered the degree of protection not significant.

Schnitzer et al. (380) also could not confirm the claim of Wood and Rusoff.
However, they observed activity on the part of sixty-seven of one hundred and
sixty naphthoquinonimines against certain neurotropic viruses in mice and,
with Jungeblut (225), considered in detail the properties of one (XII). This

CONHCH:CH.NHCH,CH,OH
)
OH
o
XII

compound served to protect a high proportion of mice against multiple paralytic
doses of Col.-SK, F and MM viruses, but not against EMC virus which is anti-
genically related to Col.-SK, when both compound and virus were injected
intraperitoneally. When administered intravenously or subcutaneously it was
less successful against intraperitoneal virus, and it was ineffective against virus
given by the intracerebral, intramuscular, subcutaneous or plantar routes.
Some kind of direct interaction between drug and virus was postulated.

Hurst et al. (203, 205) on the other hand, obtained results similar to those of
Wood and Rusoff in another infection, Eastern equine encephalomyelitis, pro-
vided that the virus used was not too “virulent” and that it was introduced
intramuscularly rather than intracerebrally. Some other acid bis-azo dyes, to-
gether with a diacyldiaminostilbenesulphonic acid (a cotton-substantive whit-
ening agent used in the textile industry) and the cotton-substantive drug suramin
(“Antrypol”’), produced more or less marked effects which seemed to be related
to the number of sulphonic acid groups in the molecule. Continuing investigation
disclosed that the basic acridine drug, mepacrine (Atabrine), incidentally also a
cotton-substantive dyestuff, is vastly more effective in protecting mice against
infection with a limited number of viruses, of which those most influenced are
the agents of Eastern and Western equine encephalomyelitis, louping-ill and
Rift Valley fever. Inactive in vitro, against very large intramuscular inocula of
virulent samples of the first two, a single maximum tolerated dose of mepacrine is
capable of protecting the majority of mice when given before, together with,
or even up to twenty-four hours after virus. We have since found that much
smaller doses are nearly as effective. Whereas administration of trypan red is
accompanied by only a slightly lowered titre of virus circulating in the blood
stream during the systemic phase of infection, mepacrine reduces it greatly,
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with small infecting doses even to extinction and subsequent lack of immunity
of the animal to reinfection. Histological control of the experimental work demon-
strated also the profound effect of mepacrine in Rift Valley fever, in which dis-
ease in most treated mice the characteristic massive diffuse necrosis of the liver
is replaced by a few small foci of midzonal necrosis. In short, the chemoprophy-
lactic effect of mepacrine in these virus infections in mice is outstanding, and
probably without parallel as far as the smaller viruses are concerned. Slighter
effects of the drug were noted against equine encephalomyelitis given intra-
cerebrally, herpes febrilis intramuscularly and lymphocytic choriomeningitis,
St. Louis encephalitis and louping-ill intracerebrally. No clear beneficial effect
was obtained in psittacosis, Russian spring-summer encephalitis, rabies, various
forms of mouse encephalomyelitis, mouse-adapted poliomyelitis (type 2), mouse
poliomyelitis, Murray Valley encephalitis, grey-lung disease of mice, influenza,
infectious myxomatosis, vaccinia, Aujeszky’s disease or virus-induced avian
tumours. Thompson and Lavender (433) found atabrine useless against Semliki
Forest virus.

Since (for different reasons) both trypan red and mepacrine attain high levels
in the tissues, Hurst et al. examined other substances known to accumulate in
the tissues for power to influence equine encephalomyelitis. Some macromolecular
substances injected intravenously achieved a limited success; they appeared to
operate in a manner different from that of mepacrine, in that they delayed rather
than suppressed the rise of viral titre in the bloodstream. The only obvious
property in common between trypan red, mepacrine and these macromolecular
substances is that they all tend to be concentrated in reticulo-endothelial cells.

The chemotherapeutic action of mepacrine against equine encephalomyelitis
may be demonstrated also in the adolescent rat, but not clearly in the guinea-pig,
baby chick, rabbit or monkey (206); the drug also does not beneficially influence
louping-ill in the sheep (203). As is well known, many animals dosed with mepa-
crine acquire a very persistent yellow colouration of the skin and other tissues, a
colouration which is associated with the widespread deposition in reticulo-
endothelial and other cells of basophilic particles having the staining and bio-
logical properties of an acid molecule. First described by Siegel and Mushett
(393) and Fitzhugh et al. (119), they have recently been studied in greater detail
by Hurst et al. (206). Considerable variation exists between the various species
of animals in their capacity to acquire this persistent colouration; for example,
except for the kidney, the organs of the guinea-pig do not remain persistently
coloured even after very prolonged dosing. Within the range of animal species
mentioned above, there exists no correlation between the ability to acquire a
yellow colour and to deposit basophilic particles on the one hand and the pres-
ence or absence of a chemotherapeutic response to mepacrine on the other.
In a single species, the mouse, however, a fairly close correlation exists, in that a
number of related acridines possessing antiviral activity are capable of being
metabolised or fixed to some tissue constituent in such a way as to lead to the
formation of these particles, whereas inactive compounds do not produce them
(unpublished observation). Even in the mouse, however, suitable experiments
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suggested that the basophilic particles themselves are not therapeutically active
(206).

It will be noted that acridines have appeared at many points in this review.
In fact, it seems alike from work with bacteriophage, with tissue cultures, with
chick embryos and with mice, that many acridines possess antiviral properties;
these are seldom evident in the mammalian host and the precise mechanism by
which the acridines exert a protective action against certain virus diseases in the
mouse still awaits elucidation.

Ciaccio et al. (60) noted that certain vital dyes introduced at the site of inocu-
lation of the virus of foot-and-mouth disease in guinea-pigs were able to modify
or suppress the customary lesions and in some instances leave the animals fully
susceptible to reinoculation. When treatment was first applied one to three
minutes after injection of virus, and repeated four times in twenty-four to forty-
eight hours, janus green, victoria blue, malachite green, brilliant green, Giemsa
solution and nile blue all were more or less active. When the first treatment oc-
curred three hours before or three hours after virus, brilliant green and malachite
green afforded the best protection. The authors suggest a direct interaction be-
tween the dyes and the virus; the former neutralise the virus in vitro, though no
complete parallel exists between in vitro and in vivo effects and some dyes active
in vitro are ineffective in the guinea-pig.

Attempts to modify the state of reactivity of the central nervous system to neuro-
tropic viruses. It could well be imagined that substances active pharmacologically
upon the nervous system might influence, in one direction or other, the growth of
viruses which depend for their reproduction upon the metabolism of the af-
fected cellular elements. On various occasions we ourselves have endeavoured
without success to influence beneficially a number of neurotropic virus infections
(herpes simplex, mouse poliomyelitis, rabies, Eastern equine encephalomyelitis)
with drugs such as alcohol, morphine, paraldehyde, chloral hydrate, barbiturates,
primidone (Mysoline), chlorpromazine, and so on, as well as with many specula-
tive chemical compounds observed in toxicity tests to give rise to signs of de-
ranged nervous function (unpublished observations). Jungeblut (224) observed
no effect of narcotic doses of luminal, or of insulin or metrazol shock, on ex-
perimental poliomyelitis of monkeys. Schaeffer et al. (375) reported sodium
5-ethyl-5-tsoamylbarbituric acid (Amytal sodium), paraldehyde, tribromo-
ethanol (Avertin), magnesium sulphate, morphine, cytochrome C, dithiobiuret,
dithiocarbamate and prolonged periods of anaesthesia with ether to have no ef-
fect in Eastern and Western equine encephalomyelitis, St. Louis encephalitis,
poliomyelitis or influenza. Pearson and Lagerborg (322) found that although
various barbiturates, salicylic acid derivatives, chloral hydrate, morphine,
paraldehyde, urethane, alcohol, etc., inhibited the growth of GD VII mouse
encephalomyelitis virus in tissue cultures of mouse brain, the most effective
substance, 1-hydrazinophthalazine (Apresoline) failed to alter the infection in
mice.

Sulkin et al. (418), on the other hand, were more fortunate. By keeping mice
anaesthetised with ether for two or three periods, each of four hours, during the
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incubation period of Eastern or Western equine encephalomyelitis or St. Louis
encephalitis, they greatly reduced mortality in mice receiving intracerebrally a
small multiple of the LDjgo. No such effect occurred with rabies or mouse-adapted
poliomyelitis, and Sulkin and Zarafonetis (417) showed that the viruses affected
in vivo were those which are readily inactivated by ether in vitro, albeit at con-
centrations vastly greater than those likely to obtain in the experimental animal.
If in the latter virus is directly inactivated by ether, there must exist consider-
able local intracellular concentrations of the anaesthetic, or perhaps in the
actively multiplying stage virus is more susceptible to its action. The authors,
however, believe that the anaesthetic operates indirectly through altered metab-
olism of the host. As we have seen Schaeffer et al. did not confirm these results.

Efforts to influence the reactivity of the nervous tissues have also been made
with malononitrile, discovered by Hydén and Hartelius (207) to increase the
cytoplasmic nucleic acids and proteins of the large nerve cells. Szanto and
Felsenfeld (419) reported that by dosing with malononitrile on the day after
infection, and again from the seventh day daily for ten days, they were able to
protect 60 per cent mice given 1.3 X 10°* MLD mouse-adapted poliomyelitis
virus. With much larger infecting doses they obtained only an increased period
of survival of the mice, as also with treatment initiated after the onset of pa-
ralysis, though in some of these animals the paralysis partly or wholly disappeared
before death. Milzer and Adelman (297) could not confirm this action of mal-
ononitrile, nor could we ourselves using mouse-adapted poliomyelitis, rabies or
louping-ill viruses. It may be of interest to recall that Howe and Bodian (195,
196), by severing the sciatic nerves six to one hundred and eight days before
paralysis was due to appear in monkeys infected intranasally with poliomyelitis,
were able greatly to diminish the susceptibility of the large anterior horn cells to
attack by the virus. Section of the axis cylinders leads, of course, to chromatol-
ysis of the cell, that is to say to considerable reduction of the cytoplasmic nucleic
acid. Howe and Mellors (197), however, felt that the maximum insusceptibility
to virus corresponds more nearly with maximum depletion of cytochrome oxidase
activity than with maximum chromatolysis.

Miscellaneous observations. Using Col.-SK encephalitis as the test infection,
McKinstry and Reading (284, 285) obtained slight antiviral activity with five
of forty-two pyrimidines examined. Whereas no untreated animals survived
subcutaneous or intraperitoneal injection of a few multiples of the LD, a small
percentage of the treated mice did so. Three of twenty-two organic arsenicals
also manifested some activity against this and related rodent viruses. The best
was neoarsphenamine, and its effect was antagonised by cysteine and glutathione.

Moore and Friend (305) observed that 2,6-diaminopurine in maximum toler-
ated daily doses, begun forty-eight or twenty-four hours before or twenty-four
hours after the intraperitoneal or subcutaneous injection of 1-100 LD+ Russian
spring-summer encephalitis virus, considerably reduced the ensuing mortality
from encephalitis. The treatment had little effect upon the titres of virus in the
blood, but substantially fewer mice showed virus in the brain. Against virus
injected intracerebrally the treatment was without avail, and it also was in-
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effective against West Nile, Ilheus encephalitis or louping-ill virus given intra-
peritoneally or Lansing or Bunyamwera virus given intracerebrally. Thompson
et al. (436) had already found it useless against intracerebral vaccinia, as were
also 2,6-dichloro-7-methylpurine and benzimidazole. Benzimidazole and other
purine derivatives tend to decrease the resistance of mice infected with Semliki
Forest virus (433), but Brown et al. (48) claimed a just significantly reduced
mortality in animals infected intracerebrally with mouse-adapted poliomyelitis
virus (type 2) when treated with benzimidazole, a depressant of the central
nervous system.

Dichlorophenoxy-thiouracil increases the survival of mice infected intraperi-
toneally with Semliki Forest virus, whereas isatin- and other thiosemicarbazones
do not (433).

Powell and his colleagues (337) and Powell and Culbertson (335, 336) have
described chemoprophylactic activity on the part of an unpurified and uniden-
tified, thermolabile, macromolecular product elaborated by Penicillium stolonif-
erum. Given parenterally, but not orally, preferably twenty-four hours before
virus rather than shortly after, this or the crude filtrate (M5-8450) protects
mice against 100-1000 lethal doses of MM or Semliki Forest virus introduced
subcutaneously, intramuscularly or intranasally. The filtrate is inactive against
these viruses injected intracerebrally and also in the mouse against mouse-
adapted poliomyelitis, type 2, intracerebrally, influenza A or B intranasally,
virus-fize intracerebrally or intramuscularly, meningo-pneumonitis intranasally,
lymphocyti¢ choriomenigitis intracerebrally and lymphogranuloma venereum
intranasally. It was, however, active in mice of 12 g. infected by a peripheral
route with hamster-passaged, mouse-adapted poliomyelitis, type 2 (336), while
Cochran et al. (63) reported that 100 cc. amounts administered to cynomolgus
monkeys three times before and a variable number of times after 10 PDsg, type 1
poliomyelitis virus subcutaneously increased the period of incubation and di-
minished the incidence of paralysis. This microbial product apparently resembles
that described by Shope (388, 389, 390) as helenine and derived from a culture
of Penicillium funiculosum. Helenine is effective in infections evoked by 10-1000
LD,g Col.-SK encephalomyelitis and Semliki Forest viruses, and gave best
results when injected before or shortly after virus. Its action appeared to be two-
fold, in that on the one hand it delayed the entrance of virus into the nervous
tissues and its subsequent increase there, and on the other seemed directly or
indirectly to modify the virus and destroy its antigenicity, leaving many treated
animals susceptible to reinfection. Maximum therapeutic action was obtained
with relatively small doses, and the fact that greatly increased dosage produced
no better results suggested to Shope a ‘“‘triggering” action on some antiviral
function of the host. The phenomenon appears to be similar to that observed
by Bauer with isatin thiosemicarbazone (see above).

Gebhardt and Bachtold (133) infected monkeys by stomach-tube with a single
PDs, type 1 poliomyelitis virus. They reduced the incidence of -paralysis by
dosing, from twenty-four hours before administration of virus, with 4-amino-1-
naphthol hydrochloride, p-aminophenol and an impurity in gallic acid. The last
mentioned had a therapeutic effect when first given five days or more after virus.
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Thompson and Lavender (433) increased the number of mice surviving intra-
peritoneal (but not intracerebral) injection of Semliki Forest virus by feeding
D-, L- or DL-ethionine; the effect was not cancelled by simultaneous dosing
with methionine.

Of 106 drugs examined by LoGrippo and his colleagues (263, 264), several
organic mercurials, of which mercuric a-mercapto-p-thiazolylsulphamylacetani-
lide and mercuric a-mercapto-p-sulphamylacetanilide were most effective and
least toxic, reduced the excretion of Theiler’s mouse-poliomyelitis virus by nat-
urally infected mice. In nearly half the mice virus became undetectable both in
the faeces and in the intestinal wall, but in approximately half of these animals
virus returned after the drug was discontinued. Much smaller amounts of drug
were needed to achieve an antiviral effect in vivo than in vitro. When fed to mice
free from virus the former compound prevented the development of the carrier
state when the animals were exposed to infection.

Summary. Although some of the effects described in the preceding pages no
doubt arise from a relatively non-specific poisoning of the animals by the com-
pound administered, not all can easily be relegated to this category. While the
precise mechanism of none of the more interesting effects has yet heen elucidated,
their existence suggests at least the possibility that chemical substances may
ultimately be used to modify the course of diseases caused by the smaller viruses.

E. The Effect of Dietary, Hormonal and Other Factors in Virus Diseases

We have mentioned in passing that an impaired state of health may consider-
ably modify the response of an infected animal to a virus. There is to-day a
growing volume of evidence that changes in the direction either of increased or
of decreased susceptibility may follow a variety of procedures which have no
direct relevance to current chemotherapy, but which not inconceivably may
provide information of value to the chemotherapy of the future. In this section
we shall consider briefly the modification of virus diseases by dietary, hormonal
and environmental influences.

Dietary factors. Vitamins. Many workers, and particularly Foster and her col-
leagues and the members of the Wisconsin group, have studied the influence of
vitamin deficiencies in virus infections, and have sought to disentangle the effects
thus produced from those arising from simple dietary restriction consequent
upon the anorexia which often accompanies the deficiency. In these experiments
a strictly limited number of test infections have been used, and these chiefly in
mice infected with relatively small doses of virus. Although many effects, mainly
of prolonged survival rather than of diminished mortality, have been described,
no principles capable of general application appear yet to have emerged.

Weaver (461) noted an increased susceptibility of vitamin A-deficient cotton
rats to human poliomyelitis virus adapted to this species, when virus was given
by intratonsillar, intraperitoneal, subcutaneous or intracardiac injection, or by
intracolonic or intranasal instillation. No increase of susceptibility was observed
when virus was given intracerebrally, into the bronchi or by feeding, or when it
was acquired by contact with an infected animal.

Foster et al. (126, 127) increased the resistance of mice infected intracerebrally
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with mouse-adapted poliomyelitis virus by restricting the intake of thiamine,
and also by general dietary restriction even when additional thiamine and water
were added. The effect with thiamine was the greater, suggesting that the de-
ficiency does not operate solely through the anorexia caused. The deficiencies
resulted in a lower incidence of paralysis and a lowered mortality, most pro-
nounced at around twelve to seventeen days. Rasmussen et al. (350) made
similar observations with both mouse-adapted poliomyelitis given intracerebrally
and mouse encephalomyelitis (FA strain) given intraperitoneally. They noted
that restoration of thiamine might lead to the mice becoming paralysed after a
prolonged period of incubation, thus reinforcing the suggestion of Foster et al.
that the disease might merely be retarded rather than wholly prevented. Similar
protection is afforded in mouse-adapted poliomyelitis by feeding oxythiamine
(217). Deficiency of thiamine has no influence on poliomyelitis in the monkey
(61), and Toomey et al. (448) obtained inconstant results with mouse-adapted
poliomyelitis in mice. In the cotton rat infected by a variety of routes with
adapted human poliomyelitis virus, deficiency of the vitamin B complex and
partial inanition are without effect (460).

In infections with the GD VII mouse encephalomyelitis virus, general dietary
restriction tends rather to mask the signs of infection (paralysis, etc.) without
appreciably modifying the average incubation period, average period of survival
or total mortality (82).

In Western equine encephalomyelitis deficiency of thiamine suppresses the
clinical manifestations of nervous involvement, but does not prevent virus from
multiplying in the brain or evoking characteristic lesions there; it only slightly
retards death (230). In chickens infected with avian encephalomyelitis the
results are contradictory and vary with the precise experimental conditions (69)
while in psittacosis of pigeons the suggestion has been made that deficiency of
thiamine may render symptomatic a previously latent infection (330).

Riboflavin deficiency modifies slightly the course of mouse-adapted polio-
myelitis but not that of mouse encephalomyelitis (351), while deficiency of
pantothenic acid does the opposite (259). Lack of pyridoxine, inositol or biotin
leaves unaffected the susceptibility of mice to these infections (260). A chronic
*“folic acid” deficiency was accompanied by increased resistance of monkeys to
poliomyelitis; at the moment of infection, however, the animals were in a far
from satisfactory state of general nutrition (257).

Pyridoxine-deficient diets or desoxypridoxine fed after infecting mice with the
pneumonia virus of mice made the animals more resistant and lowered the titre
of virus in the lungs—general dietary restriction was without effect (247). Similar
treatment begun eight days or more before infection and continued after infection
resulted in diminished resistance to infection (299).

Desoxypyridoxine fed to monkeys resulted in susceptibility to paralysis fol-
lowing oral introduction of the Brunhilde strain of poliomyelitis virus, which
normally does not cause paralysis when given by this route (39).

The claims of Jungeblut (221, 222, 223) to have reduced the severity of polio-
myelitis in monkeys given vitamin C during the incubation period did not receive
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confirmation from Sabin (366), and Holden and Molloy (188) did not find the
vitamin useful in the treatment of rabbits infected with herpes W virus (more
commonly known as Sabin’s B virus).

Toomey (447) observed that vitamin D protected Macacus rhesus against polio-
myelitis virus given by the gastro-intestinal route, and Toomey and Takacs (450)
thought that the spread of poliomyelitis virus from a peripheral site of inocula-
tion to the central nervous system of the monkey was favoured by a vitamin D
deficiency. However, Sabin et al. (368) found no evidence that the deficiency
was necessary for a successful result following intrasciatic injection of virus.
Such deficiency, coupled with deficient P and Ca in the diet, increases suscepti-
bility of the mouse to mouse-adapted poliomyelitis (125). Weaver (459) obtained
no evidence of an influence of avitaminosis D or of partial inanition on poliomye-
litis adapted to the cotton rat.

Mice fed little or no vitamin D for twenty-eight days after weaning show an
increased susceptibility to swine influenza, as assessed by the conventional mor-
tality-pulmonary score method, and females are more affected than males (478).

A deficiency of food or of essential dietary factors may affect susceptibility
to a virus in a rather different manner. Some viruses capable of growth both out-
side and inside the nervous system invade the latter invariably in newly weaned
mice, but less frequently or rarely in fully grown animals. The route of invasion
also may vary in young and in maturing animals. Sabin and Duffy (367) ob-
served that defective nutrition might retard or inhibit the development of this
“‘constitutional barrier”’ to invasion of the nervous system. The deficiency could
be brought about by depriving the mother during the period of nursing or by a
deficient diet to the weaned offspring. General dietary restriction and specific
deficiencies of vitamin E, of the B complex apart from its heat-labile constituents,
and of the heat-labile B factors all retarded or inhibited the development of
resistance.

Maineral salts. Lichstein et al. (258) observed that the amount of Ca, Mg or Cl
in the diet made little difference to the susceptibility of mice infected with GD
VII mouse encephalomyelitis virus. Na deficiency and still more deficiency of
K or P reduced the incidence of paralysis. It should be remarked that the most
pronounced results obtained with severe deficiencies in which the general health
of the mice was very severely affected.

Proteins and amino acids. In additien to the observations cited in the previous
section, Sprunt (409) has shown that a restricted diet increases the rabbit’s re-
sistance to intradermal vaccinia, especially if the tissues are hydrated by allowing
the animal to consume plenty of water; in the fully hydrated tissues virus par-
ticles spread less readily from cell to cell. Adult (but not immature) mice fed on
a diet low in protein are slightly more resistant to swine influenza, provided that
the deficiency is not prolonged (411, 412). With mouse-adapted poliomyelitis
also, a diet low in protein delays the onset of symptoms (218), though apparently
the protein level is without influence on GD VII mouse encephalomyelitis (231).

In mouse-adapted poliomyelitis, deficiencies of a number of amino acids pro-
long the incubation peried, decrease the number of animals dying before the
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twenty-eighth day, and increase the number dying without showing character-
istic symptoms of the disease (81). Deficiency of lysine merely prolongs the
period of incubation. The effects of deficiencies of histidine, threonine, methio-
nine and leucine are rather more definite, those of valine and phenylalanine still
more 80, and those of tryptophane and ¢soleucine pronounced. In spite of the
clinical effect the growth of virus is not prevented; in the normally fed mice
it grows more rapidly and reaches higher titres, but in the deficient mice it
continues to grow for a longer period. The results with GD VII virus are essen-
tially similar; here tryptophane, 7soleucine, methionine and valine deficiencies
are most effective, but none prevent the ultimate death of the mice (333). Length-
ened incubation and survival of mice infected with mouse-adapted poliomyelitis
also obtain when the diet contains excess methionine, especially if accompanied
by a low ration of tryptophane and simultaneous feeding with 6-methyltrypto-
phane (134); both a tryptophane-deficient diet containing 0.4 per cent 6-methyl-
tryptophane and a 9 per cent casein diet containing 3 per cent 6-methyltrypto-
phane considerably prolong survival, the latter in the absence of signs of ill-health
or of tryptophane deficiency (348). Low tryptophane diets containing 6-methyl-
tryptophane afford a degree of protection to cynomolgus monkeys receiving
poliomyelitis virus orally (352). In mice infected with mouse-adapted poliomye-
litis a diet containing 0.02 per cent tryptophane retarded the appearance of
nervous symptoms, but at twenty-eight days the incidence of paralysis and of
death were approximately the same in deficient and control mice (218).
An absolute deficiency of tryptophane retards death from GD VII mouse en-
cephalomyelitis when comparison is made with animals on a diet containing 0.3
per cent tryptophane or an 18 per cent casein optimal diet. However, infected
animals with tryptophane deficiency die sooner than do non-infected deficient
controls; with absolute deficiency the characteristic clinical signs of infection
are suppressed, in spite of the fact that virus multiplies in the brains and evokes
histological signs of encephalitis. In such animals the symptoms are those spe-
cific for the amino acid deficiency. The accelerated death in infected deficient
animals suggests that tryptophane may be a constituent of the virus, which in
the course of its growth uses up the scanty tryptophane available thereby pre-
cipitating signs of deficiency (231).

Excess leucine, lysine, histidine, phenylalanine and choline do not influence
mouse-adapted poliomyelitis (134).

Intraperitoneal injections of methionine enhance the resistance of rabbits to
intradermal vaccinia (410), as do also choline and betaine but not glycine.
Similar injections into mice on a low protein diet greatly increase their suscepti-
bility to swine influenza (411); cystine has a slight effect in the same direction.

O’Dell et al. (317) observed that daily intraperitoneal doses of ribose or
desoxyribose nucleic acids, for six to twelve days prior to infection via the pad of
the foot with MM virus, prevented paralysis and/or death in many of the mice.
A high protein diet afforded protection when combined with a synthetic diet
containing not less than 60 per cent casein, but not with a Fox Chow diet. Ribose
nucleic acid added to the Fox Chow diet had no effect, but at a concentration
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of 1-2 per cent (or yeast at 5 per cent) gave a high degree of protection when
added to the 60 per cent casein diet. Ribose nucleic acid also appeared more
active intraperitoneally when the animals were fed on the casein diet. Gluten,
egg albumen or blood could be substituted for the casein. O’Dell et al. explain
these results in the following way. The virus, by monopolising the nucleic acid
and protein produced by the parasitised cells, leaves little if any available for
cellular nutrition. Nucleic acid or protein administered in excess enables the cell
to make good this deficiency in spite of the presence of virus.

Hormonal factors. It has long been felt that constitutional factors play a part
in the incidence of paralytic poliomyelitis, and that the disease is more frequent
in pregnant than in non-pregnant females of the same age-groups. Aycock (23)
first offered suggestive evidence that oestrogens administered to castrated im-
mature female monkeys diminish the incidence of paralysis following intranasal
infection with the virus. He later (24) confirmed this and showed also that the
mean time at which paralysis appears is later in the treated animals. Foley and
Aycock (123) observed a similar phenomenon in mice infected intranasally with
MM virus, but not if this virus were injected intraperitoneally or mouse-adapted
poliomyelitis were injected intracerebrally. Protection evidently depended upon
changes in the surface mucosa.

Sprunt et al. (414) and Sprunt and McDearman (413) demonstrated a degree
of protection by oestrogens or pseudopregnancy against intradermal vaccinia
in rabbits. Taylor and Sprunt (428) attributed the effect to increased hydration
of the tissues tending to restrict the passage of virus particles to susceptible cells.

Anderson and Bolin (17) fed MM virus to mice in a dose killing 68 per cent
of the controls. Administration of progesterone completely abolished mortality,
stilboestrol reduced it to 2.5 per cent, testosterone proprionate reduced it to
20 per cent, while desoxycorticosterone was without effect. Desoxycorticosterone,
progesterone, testosterone and oestradiol in massive doses did not influence in-
fections with West Nile and Bunyamwera viruses (404).

Kalter and his colleagues (227, 228) noted increased proliferation of influenza
A virus in mice receiving pituitary growth hormone or testosterone, and linked
it with the increased protein anabolism. Castration, with comparative failure of
protein anabolism, or administration of ACTH or cortisone with increased protein
catabolism, decreased the rate of viral proliferation. Kilbourne and Horsfall (232)
on the other hand, found that in the chick embryo cortisone greatly enhanced
the growth of influenza viruses A and B and of mumps virus, in one instance by
as much as 688 per cent, in spite of apparent depression of anabolism. They con-
cluded that the evidence was insufficient to justify the assumptions (a) that the
concentration of virus is directly related to anabolism, and (b) that cortisone
actually does depress anabolism in the chick embryo. However this may be,
there are many reports of increased susceptibility to several viral infections fol-
lowing administration of cortisone. The diseases thus influenced include polio-
myelitis in mice or hamsters (114, 392), Coxsackie disease (114, 233), West Nile,
Ilheus and Bunyamwera infections (404), dermal vaccinia (236), infection with
the pneumonia virus of mice (400), and Rift Valley fever and Col.-SK encephali-
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tis (114). ACTH has been reported to increase susceptibility to West Nile virus
(404) and influenza A (267), but not to pneumonia virus of mice (400), poliomye-
litis or Western equine encephalomyelitis (71, 296); it does not reduce the acute
toxic effects of influenza virus in mice or rats (229).

Holtman (190) infected mice intracerebrally with poliomyelitis virus. Treat-
ment with thiouracil accelerated paralysis and death, while thyroid extract and
thyroactive casein had the opposite effect. Gollan (146), however, detected no
action of crystalline thyroxine on MM virus given intraperitoneally.

Environmental factors. The final influence to be considered is that of the en-
vironment. Remlinger (353) and McKinley and Acree (283) observed no bene-
ficial effect of interrupted periods of hyperpyrexia in rabbits on the course of
rabies and of infectious myxomatosis of rabbits and the Shope fibroma, respec-
tively. Sarracino and Soule (372) found that exposure of mice to an environ-
mental temperature of 37°C for twenty-four hours, and again for ten hours,
during the incubation period of influenza did not materially affect the pulmonary
lesions. However, Wolf (467) believed that short-wave hyperpyrexia for several
hours early in the incubation period of poliomyelitis following intracerebral in-
jection into monkeys could protect the animals from developing the paralytic
form of the disease.

Longer periods of raised environmental temperature appear to have a definite
effect on the course of certain diseases. Jungeblut et al. (226) claimed that, during
the summer months, the incubation period in mice infected with Col.-SK virus
was lengthened. Lillie et al. (261) noted that the average intensity of the cerebral
reaction to St. Louis encephalitis in mice was lower in summer and higher in
winter, and that these differences could be reproduced experimentally by holding
groups of infected mice at different temperatures; however, these different en-
vironmental temperatures ranging from the cold room (42°F, 5°C) to the hot
room (95°F, 35°C) had little effect on mortality (20).

Armstrong (21) reported that whereas mice given herpes virus subcutane-
ously, intraperitoneally or by stomach-tube almost always died when kept
at 70-80°F (21-26°C), similarly treated mice kept at 98-99°F (36-37°C) almost
always survived. Treatment with heat was effective in halting infection even
when it had progressed almost to the point of causing symptoms of nervous ill-
ness. The virus was not wholly destroyed by the higher temperature because (a)
the mice acquired immunity to reinfection, and (b) if subsequently brought back
to laboratory temperature some animals developed the disease. Animals were
also protected by being kept in the hot-room by day and in the laboratory by
night. These results could not be duplicated with St. Louis encephalitis or with
mouse-adapted poliomyelitis.

Thompson (429) and Parker and Thompson (320) similarly found it possible
partly or wholly to suppress the Shope fibroma and infectious myxomatosis of
rabbits by raising the environmental temperature. By contrast, Sulkin (416) ob-
served little effect of temperature on the mortality from influenza A infection in
mice, although the pulmonary lesions were less marked at higher temperatures.
Schach (374) recorded an increased susceptibility of guinea-pigs to foot-and-
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mouth disease at higher environmental temperatures, as did Holtman (190)
with poliomyelitis in mice held for some weeks at high temperatures.

Mice acclimatised to a simulated altitude of approximately 20000 ft. (6000m)
for three weeks are more resistant to infection with influenza A virus, especially
when maintained at this altitude also during the period following infection. The
citric acid content of the lungs of the mice was diminished, and it was thought
that in consequence the synthesis of virus was restricted (36).
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