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Resistance to infection depends on sufficient and balanced nutrition.
Among the numerous factors involved vitamin A seems to play an impor-
tant role. 50 years ago, Green and Mellanby (1) called vitamin A the “anti-
infective vitamin”. The aim of the following review is to discuss if this
term is indeed appropriate.

I Influence of vitamin A deficiency
a) Effect on the mucosal penetration of infective organisms

Both in man and animals a definite vitamin A deficiency, characterized
among other symptoms by xerophthalmia, will lead to an increased sus-
ceptibility to infections with various kinds of infective organisms, i.e. of
bacterial, viral and parasitic origin (2-5). Rats with a definite vitamin A
deficiency, which are held under conventional conditions, i.e. in micro-
bially contaminated environments, will die because of infections. When
deficient rats are reared, however, in germfree conditions, they will sur-
vive (6).

The alteration of the epithelial cell layer of mucosal surfaces (7) facili-
tates the penetration of germs which are the common inhabitants of these
areas. Furthermore, the local immune system may also be impaired (8), so
that penetration with subsequent infection may be promoted.

b) Effect on systemic defense mechanisms

Vitamin A deficiency does not only weaken local, mucosal defense
mechanisms, but also interferes with systemic resistance. This is docu-
mented by experiments of Lassen (9) who showed that vitamin A deficient

*) Part of this report was presented at the 4th Fat Soluble Vitamin Group
Meeting, Leeds (UK), April 1978
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Table 1. Influence of a vitamin A free diet on body weight, spleen and thymus
weight, and liver content of vitamin A (68 mice were used per group).

Control mice Mice fed a
vitamin A free diet

Body weight (in g) 41.8 + 1.2 375 £ 1.2
Spleen weight (in mg) 93 + 9 105 £ 15
Thymus weight (in mg) 36 £3 39+£2

Vitamin A content per g of liver (in 1.U.) 1480 + 580 104 + 42

rats were less resistant than normal controls to infection with Salmonella
not only when these bacteria were given orally, but also when they were
injected subcutaneously, thereby avoiding the mucosal passage.

It has been postulated (10) that a derangement of the reticuloendothe-
lial system would be one reason for this susceptibility. An excellent model
for investigations of the function of this mononuclear-phagocytic system
is represented by the infection of the mouse with virulent germs of
Listeria monocytogenes. The multiplication of these bacteria in spleen
and liver during the first few days after intravenous infection mainly
depends on the activity of this cell system (11).

Experiment 1

Male NMRI-mice (Central Institute for Laboratory Animals, Hannover,
Fed. Rep. of Germany) were fed since weaning a vitamin A free diet
(Vitamin-A-Mangeldiét, Intermast, Soest, Fed. Rep. of Germany). After 6
months the body weight began to decrease compared with normal control
mice (table 1) which were fed a balanced diet (Basaldiit, Intermast, Soest,
Fed. Rep. of Germany). The weights of the lymphatic organs, spleen and
thymus, were not reduced (table 1). The chemical analysis of the liver
contents of vitamin A performed with a dye reaction originally described
by Budowski and Bondi (12) revealed a marked reduction in comparison
to normal animals but no complete exhaustion (table 1).

This vitamin A deprivation did not exert any influence on the multipli-
cation of intravenously injected cells of L. monocytogenes (Serovar 4 b).
Approximately equal numbers of viable bacteria could be isolated from
the spleens of vitamin A deprived mice and contrel animals (fig. 1). In
another experiment the numbers of bacteria were determined both in
spleens and livers. No significant difference was observed between both
mouse groups (13).

Therefore it can be concluded that in spite of a marked reduction of
vitamin A values, the mononuclear-phagocytic system was not impaired
(13).

The specific immune system is likewise said to be affected by vit-
amin A deficiency. In hosts with manifest deficiency symptoms the lym-
phatic cell system is atrophic (8) and the antibody production is decreased.
It has been questioned, however, whether these findings are directly
related to the lack of vitamin A or are rather indirectly caused by the
concomitant protein and calorie undernutrition (14).
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Experiment 2

The vitamin A deprived mice (table 1) and normal control mice were
injected intraperitoneally with 4 x 10% sheep erythrocytes. On several days
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Fig. 1. Influence of vitamin A deprivation on infection of mice with Listeria

monocytogenes (L.m.) O control mice fed a balanced diet: infected with 2.5 x 108

viable cells of L.m. @ mice fed a vitamin A free diet for 6 months before infection
with L.m.
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thereafter the numbers of antibody producing cells per spleen were tested
with the plague-method of Jerne (15) and a modified plaque technique (16,
17). Both the direct plaque forming cells (DPFC) (representing mainly the
19S-antibody producing cells) and the indirect plague forming cells
(IPFC) (representing the 7S-antibody producing cells) were found in
approximately the same numbers in both mouse groups (fig. 2) (13).

This demonstrates that antibody production is not impaired if vitamin
A is only reduced but not completely lacking.

Both results indicate that the defence mechanisms of the host are not
appreciably altered in such a state of marginal vitamin A deficiency which
is seen today in many different human diseases (18-21), and is much more
common than manifest deficiency which is even rarely seen in peoples of
developing countries (22).
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Fig. 2. Influence of vitamin A deprivation on the antibody production of mice

against sheep erythrocytes (SE) as determined by the number of direct plaque

forming cells (DPFC) and indirect plague forming cells (IPFC) per spleen. O control

mice fed a balanced diet. A mice fed a vitamin A free diet for 6 months before

immunization. All mice were treated intraperitoneally (i.p.) with 4 x 108 SE on day 0.
Booster injection (B) of 4 X 108 SE i.p. on day 28.



Hof and Wirsing, Anti-infective properties of vitamin A 225

II. Influence of massive intake of vitamin A

The fact that a serious vitamin A deficiency will damage the natural
barrier against germ penetration does not necessarily support the reverse
conclusion that large doses of vitamin A, given additionally to a diet
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Fig. 3. Adjuvant activity of vitamin A palmitate on antibody production of mice
against sheep erythrocytes (SE) as determined by the number of direct plaque
forming cells (DPFC) and indirect plaque forming cells (IPFC) per spleen. O control
mice treated intraperitoneally (i.p.) with 4 x 10% SE on day 0. Booster injection (B) of
4 x 10° SE on day 28. @ additionally to primary immunization with SE treated i.p.
with vitamin A palmitate (¢ x 7,500 LU.) on days -3, -2, -1 and 0. (] additionally to
primary immunization with SE treated orally with vitamin A palmitate (4 x 15,000
1.U.) on days -3, -2, -1 and 0 (five to six mice were used per point).
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containing already adequate amounts of vitamin A, will further strengthen
the mucosal line of defence.

Other systemic defence mechanisms may, however, be influenced by
vitamin A treatment.

For example, vitamin A activates the lymphatic cell system (23). Fur-
thermore it is an immunological adjuvant, at least concerning the humoral
immune reaction, i.e. the antibody production (24). The adjuvant activity is
fairly dependent on the pharmacological form of vitamin A. Retinol and
retinal seem to be the most effective preparations (25). In most experi-
ments, reported so far, retinyl-palmitate has been administered (26-28).
Indeed, this preparation stimulates the immune reaction to non-related
antigens such as sheep erythrocytes (29).

Experiment 3

The numbers of antibody producing cells per spleen after intraperito- -
neal injection of 4 x 108 sheep erythrocytes in normal female mice were
compared with those of mice treated for 4 days before immunization with
retinyl-palmitate (A-Vicotrat “aguosum”®, Heyl u. Co. Berlin, Fed. Rep. of
Germany). 7,500 LU. of vitamin A were given daily by the intraperitoneal
route or 15,000 L.U. orally by means of a stomach tube, respectively.
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Fig. 4. Adjuvant activity of vitamin A palmitate on antibody production of mice
against sheep erythrocytes (SE) as determined by the serum antibody titers. O
control mice treated intraperitoneally (ip.) with 4 x 10® SE on day 0. Booster
injection (B) of 4 x 10% SE on day 28. @ additionally to primary immunization with
SE treated i.p. with vitamin A palmitate (¢ x 7,500 1.U.) on days -3, -2, -1 and 0.
[Jadditionally to primary immunization with SE treated orally with vitamin A
palmitate (4 x 15,000 1.U.) on days -3, -2, -1 and 0 (five to six mice were used per
point).
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In both conditions the numbers of antibody producing cells were
increased (fig. 3). In the serum elevated antibody titers were found (fig. 4),
too.

In comparison to other immunological adjuvants, such as killed Borde-
tella pertussis cells, the advantage of retinyl-palmitate is that this drug is
not only effective when given parenterally but also on oral application (29).

Experiment 4

When instead of retinyl-palmitate another vitamin A preparation, i.e.
retinyl-acetate (Vitamin A-acetat, Merck, Darmstadt, Fed. Rep. of Ger-
many) was administered, an adjuvant effect was only seen in orally treated
mice. Intraperitoneal application of this preparation was not effective
(fig. 5).
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Fig. 5. Adjuvant activity of vitamin A acetate on antibody production of mice
against sheep erythrocytes (SE) as determined by the number of direct plaque
forming cells (DPFC) and indirect plague forming cells IPFC) per spleen. O control
mice treated intraperitoneally (i.p.) with 4 x 108 SE on day 0. Booster injection (B) of
4 x 10° SE on day 26. @ additionally to primary immunization with SE treated i.p.
with vitamin A palmitate (4 x 7,500 L.U.) on days -3, -2, -1 and 0. (] additionally to
primary immunization with SE treated orally with vitamin A palmitate (4 x 15,000

1.U.) on days -3, -2, -1 and 0 (five to six mice were used per point).
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A prolongation of the antibody production rather than an acceleration
seems to be typical for the adjuvant activity of vitamin A.

It has to be emphasized here that all these results obtained, either with
retinyl-palmitate or -acetate, were induced by rather high doses of vitamin
A which produced even severe signs of hypervitaminosis. Lower doses,
however, were less effective.

The reports about the effect of vitamin A on cell-mediated, i.e. T-
lymphocyte-mediated, immune reactions are at present contradictory. In
vitamin A treated animals the survival of heterologous skin transplants
was reduced (30-32). In principle, this could be interpreted as an enhanced
cell mediated immune reaction leading to an accelerated transplant rejec-
tion. Since autologous skin transplants were also rejected in hypervit-
aminotic animals, because of defect of neo-vascularisation of the trans-
plant (30), non-immunological mechanisms may in this particular case also
account for this effect. Retinoic acid seems to be a specific adjuvant for
induction of cytotoxic T-lymphocytes but not a general T-lymphocyte
mitogen or adjuvant (33). On the other hand there are reports of in vitro
experiments indicating a decreased T-lymphocyte activity of hypervit-
aminotic animals (28).

An effect of vitamin A on phagocytosis also seems possible, since
histologically hypertrophy of the reticuloendothelial system is seen (34).
Furthermore, the instability of the lysosomal membranes (35) could poss-
ibly facilitate the killing activity of the phagocytic cells. But a definite
proof of such an increased function has not yet been communicated.
Neither the clearance rate of antigen from the blood stream (36, 37) nor the
antigen catabolism within the cells (38) was altered in hypervitaminotic
test animals.

Eventually, it could be assumed that the finding of Cohen and Elin(37)
of a prolonged survival time of Listeria-infected animals after treatment
with vitamin A may have been due, at least partially, to an enhanced
macrophage activity.

For testing this possibility, the enumeration of bacteria within the
spleen during the first few days after infection with a sublethal dose of
Listeria (11) seems more convenient than the recording of mortality rates
after application of high infective doses.

Experiment 5

Each day on 4 consecutive days 14,000 1.U. of vitamin A (Vitamin A-
acetat, Merck, Darmstadt, Fed. Rep. of Germany) were administered to
each mouse by means of a stomach tube. Thereafter, these mice and
untreated controls were infected with 4.6 x 102 viable cells of L. monocyto-
genes (serovar 4 b). The numbers of bacteria recovered from the spleen
few days later were markedly reduced in vitamin A treated animals (fig. 6).

Evidently, the multiplication of bacteria in the spleen had been effec-
tively reduced. This finding supplies strong evidence that the macrophage
system may be stimulated by vitamin A.

The complement system may be affected by vitamin A as well, but the
results obtained so far do not allow decisive conclusions. In vitro the
complement activity was suppressed, whereas in vivo - after prolonged
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vitamin A application - complement levels were increased at least some-
times, in man (39) and in rats (40), but not in guinea pigs (39).

All reports mentioned so far possibly argue for beneficial consequen-
ces of vitamin A treatment on the defence mechanisms.
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Fig. 8. Influence of vitamin A high dosage on infection of mice with Listeria
monocytogenes (L.m.). O control mice, infected intravenously (i.v.) with 4.6 x 103
viable cells of L.m. on day 0. @ mice which had received orally 4 x 14,000 I.U. of
vitamin A acetate before infection with L.m.
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In some instances vitamin A may have, however, adverse consequen-
ces. The interferon system is impaired. Although it is generally assumed
that glycoprotein synthesis is increased by vitamin A (41), the production
of interferon which is a glycoprotein seems to be reduced (42). And also
the in vitro activity of interferon is blocked (43).

So, conclusively one can say that a high dose of vitamin A may indeed
have some influence on certain resistance mechanisms. This does not
allow at this time, however, an enthusiastic recommendation of this vit-
amin for practical use against infections, because:

- the beneficial effect seems to depend on the pharmacological form and
route of application,

- the beneficial effects are achieved only by high doses approaching
hypervitaminotic amounts,

— the consequences of high intake of vitamin A are detrimental for some
resistance mechanisms.

Summary

1. Six months after feeding a vitamin A free diet the liver content of mice was
markedly reduced but not yet completely exhausted. These vitamin A deprived
mice were either immunized with sheep erythrocytes or infected with Listeria
monocytogenes. In comparison to normal control mice no significant difference
was observed. This indicates that neither the immune system nor the mononuclear-
phagocytic system was involved.

2. Mice treated with a high dose of vitamin A showed increased antibody
production against sheep erythrocytes and also increased resistance against infec-
tion with L. monocytogenes. These experimental findings indicate a stimulatory
effect on the immune system and the mononuclear phagocytic system. As a conclu-
sion it is deduced that the term “anti-infective vitamin” does not hold absolutely
true for vitamin A, although certain anti-infective properties cannot be denied.

Zusammenfassung

1. Sechs Monate nach Fltterung einer Vitamin-A-freien Diit erwies sich der
Gehalt an diesem Vitamin in der Leber von Miausen als erheblich reduziert, wenn
auch nicht als véllig erschopft. Diese an Vitamin A verarmten Miuse wurden
entweder mit Schaferythrozyten immunisiert oder mit Listeria monocytogenes
infiziert. Beim Vergleich mit Kontrollméusen wurde kein signifikanter Unterschied
beobachtet. Das weist darauf hin, dal weder das Immunsystem noch das System
der mononukleiren Phagozyten betroffen wurde.

2. Méuse, die mit hohen Vitamin-A-Dosen behandelt wurden, zeigten eine
erhohte Antikérperproduktion gegen Schaferythrozyten und auch eine verbesserte
Resistenzlage gegenuiber L.-monocytogenes-Infektionen. Diese Versuchsergeb-
nisse weisen auf einen stimulierenden Effekt von Vitamin A auf das Immunsystem
und das System der mononukledren Phagozyten hin., Zusammenfassend lafit sich
sagen, dal} der Ausdruck ,,antiinfektives Vitamin“ nicht ganz auf Vitamin A zutrifft,
wenn sich auch gewisse infektionsverhiitende Eigenschaften nicht in Abrede stel-
len lassen.
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