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Studies in animal models and cell lines show that vitamin A and related retinoids play a major role
in immunity, including expression of mucins and keratins, lymphopoiesis, apoptosis, cytokine
expression, production of antibody, and the function of neutrophils, natural killer cells, monocytes
or macrophages, T lymphocytes and B lymphocytes. Recent clinical trials suggest that vitamin A
supplementation reduces morbidity and mortality in different infectious diseases, such as measles,
diarrhoeal disease, measles-related pneumonia, human immunodeficiency virus infection and
malaria. Immune responses vary considerably during different infections, and the available data
suggest that the modulation of immune function by vitamin A may also vary widely, depending
on the type of infection and immune responses involved.
Vitamin A: Immunity: Infection: Measles: Malaria

In the last two decades, considerable evidence has emerged
that vitamin A plays an important role in immunity to
infectious diseases. Perhaps more is known about how
vitamin A modulates immune function than for any other
micronutrient, yet there are still major gaps in our knowledge. Community- and hospital-based clinical trials have
demonstrated that oral vitamin A supplementation or fortification can reduce preschool child mortality in developing
countries by about one-third (Beaton et al. 1993). Recent
experiments using animal and various cell lines suggest that
vitamin A and related retinoids modulate many different
immune response elements, including expression of keratins
and mucins, lymphopoiesis, apoptosis, cytokine production,
function of neutrophils, natural killer cells, monocytes or
macrophages, T lymphocytes and B lymphocytes, and
production of immunoglobulin (Ig; Semba, 1998).
Regulation of immune responses by vitamin A and its active
metabolites has been shown to occur via nuclear retinoic
acid receptors at the level of the genome as well as via a
pathway involving retroretinoids (Semba, 1998).
Although vitamin A and related retinoids have been
shown to have important effects on immune function, the
therapeutic value of vitamin A supplementation in
enhancing immunity to different types of infections varies
considerably. The purpose of the present paper is to gain an
insight into the effects of vitamin A in modulating immune
responses by comparing and contrasting its action during
different types of infections, i.e. measles, diarrhoeal disease,
respiratory disease, malaria, human immunodeficiency virus

(HIV) infection and tuberculosis. These comparisons
suggest that the modulation of immune function by vitamin
A is complex and involves many different arms of the
immune system (Table 1).
Measles
Measles virus is a member of the Morbillivirus genus of the
Paramyxoviridae, a family which includes rinderpest, peste
des petits ruminants and canine distemper viruses (Bellini
et al. 1994). Human subjects are generally considered to be
the only natural host of this virus, but other primates can be
infected through contacts with infected human subjects.
Measles virus is spread from person-to-person via the
respiratory route, and viral replication occurs in macrophages in the lymphoid tissue of the respiratory mucosa and
lungs (Griffin, 1995). A viraemia allows measles virus to
spread to multiple organs, including the skin, liver and
conjunctiva, and a prodrome of fever, cough and
conjunctivitis occurs approximately 14 d after infection.
Antibody responses against measles virus proteins are
detectable at the onset of the rash. Infants are protected
against measles virus infection by passively acquired
maternal antibody to measles, and this is probably the
strongest evidence that antibody is involved in protective
immunity to measles virus. T-cell-driven cellular immune
responses, including activation of CD4+ and CD8+
lymphocytes, occur during measles (Griffin, 1995).
Delayed-type hypersensitivity skin test responses and in
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Table 1. Vitamin A and immunity to infectious diseases
Effects of vitamin A on immunity

Disease

Immune response

Clinical effect of vitamin A

Human subjects

Animal models

Measles

Primarily Th2-like response

↓ Morbidity, mortality

Diarrhoeal
disease
Respiratory
disease

sIgA response important;
immune response variable
Motility of cilia; alveolar
macrophages

↓ Morbidity, mortality

↑ IgG against measles
↑ Lymphocyte counts
↓ Measles replication ?
Unknown

↓ Morbidity, ↑ cytotoxic T-cell
responses to NDV in
chickens
↓ Morbidity, ↑ sIgA against
rotavirus in mice
↓ Morbidity, ↑ sIgA against
influenza A virus in mice

Malaria

Antibody and cell-mediated
immune responses, protective
immunity poorly defined
Antibody and cell-mediated
↓ Morbidity, mortality
immune responses
Primarily Th1-like response
Unknown

HIV or AIDS
Tuberculosis

↓ Morbidity, mortality of measles- Unknown
associated pneumonia, little
effect on RSV, ALRI
↓ Morbidity
Unknown

↓ Morbidity to P. berghei in rats

↑ CD4+, NK cell counts

Unknown

Unknown

↓ Morbidity to M. bovis in mice

Th2, T-helper cells type 2; sIgA, secretory immunoglobulin A; RSV, respiratory syncytial virus, ALRI, acute lower-respiratory-tract infection, NDV, Newcastle
disease virus, P. berghei, Plasmodium berghei ; HIV, human immunodeficiency virus; AIDS, acquired immune deficiency syndrome; NK, natural killer; Th2, T-helper
cells type 2; M. bovis, Mycobacterium bovis; ↑, increase; ↓, decrease.

vitro proliferation of lymphocytes to viral antigens are often
minimal or absent in measles infection (Griffin, 1995).
Immune suppression often accompanies measles infection
and is thought to increase the susceptibility to secondary
infections. The immune response to measles is thought to be
consistent with T-helper (Th) 2-like immune responses in
which antibody responses predominate and are driven by
interleukin-(IL) 4, IL-6 and IL-10. Measles virus infection
of primary human monocytes has been shown to suppress
cell-mediated immunity through down-regulation of IL-12
production (Karp et al. 1996).
Some determinants of clinical outcome during measles
infection include vitamin A status (Markowitz et al. 1989),
overcrowding and virus dose (Aaby, 1988), and malnutrition (Alwar, 1992). Clinical trials show that high-dose
vitamin A supplementation reduces morbidity and mortality
in children with acute measles infection (Barclay et al.
1987; Hussey & Klein, 1990; Coutsoudis et al. 1991; Ogaro
et al. 1993). In acute complicated measles, high-dose
vitamin A supplementation (60 mg retinol equivalents (RE)
on admission and the following day) has been shown to
reduce mortality by up to 80 % in Cape Town, South Africa
(Hussey & Klein, 1990). Vitamin A supplementation seems
to reduce the infectious complications associated with
measles immune suppression, such as pneumonia and
diarrhoeal disease.
There have been no published animal studies (such as in
experimentally-infected primates) which provide directly
relevant information on how vitamin A status influences
immune responses to measles virus. Canine distemper virus
shares some sequences and similar proteins to measles virus,
and there is potential for examining the effects of vitamin A
status on canine distemper virus infection in dogs.
Newcastle disease virus, another virus in the family
Paramyxoviridae, is a well-studied animal model which
might provide useful inferences for the effects of vitamin A
status on immune responses during measles. Vitamin Adeficient chickens infected with Newcastle disease virus
show immunological abnormalities such as increased virus
shedding, decreased numbers of T and B lymphocytes in

peripheral blood, and impaired cytotoxic T lymphocyte
responses against Newcastle disease virus-infected cells
(Sijtsma et al. 1990; West et al. 1991).
There are some findings which suggest how vitamin A
supplementation modulates immune responses during
measles virus infection. Children with acute measles
infection who received high-dose vitamin A supplementation (60 mg RE on admission and the following day) had
higher IgG responses to measles virus and higher circulating
lymphocyte counts during follow-up compared with
children who received placebo (Coutsoudis et al. 1992).
These results are consistent with the observation that
vitamin A supplementation may enhance lymphopoiesis
(Göttgens & Green, 1995). In a clinical trial in Indonesia,
high-dose vitamin A supplementation increased circulating
CD4+ lymphocytes, especially naive CD4+ cells (Semba
et al. 1993).
Perhaps a clue as to how vitamin A may modulate
immunity to measles comes from three studies in which a
high-dose vitamin A supplement was administered with live
attenuated measles vaccine. In a clinical trial in Indonesia,
high-dose vitamin A supplementation (60 mg RE 2 weeks
before immunization) was shown to increase IgG responses
to tetanus toxoid in preschool children, aged 3–6 years, who
received diphtheria–pertussis–tetanus immunization (Semba
et al. 1992). This observation provided the rationale that
high-dose vitamin A supplementation given with measles
vaccination might enhance antibody responses to measles
virus. In 6-month-old infants in Indonesia, administration of
vitamin A (30 mg RE) at the time of immunization with
standard titre Schwarz measles vaccine interfered with
seroconversion to measles in infants who had maternal antibody present, and reduced the incidence of measles vaccineassociated rash (Semba et al. 1995). A separate clinical trial
also showed that vitamin A (30 mg RE) reduced antibody
responses to measles virus in 9-month-old infants who had
maternal antibody present, but did not interfere with overall
seroconversion rates to measles (Semba et al. 1997).
In a study in Guinea-Bissau, vitamin A supplementation
(30 mg RE) was found to enhance geometric mean titres to
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measles when given simultaneously with standard titre
Schwarz measles vaccine in 9-month-old infants (Stabell
Benn et al. 1997). In a two-dose measles immunization
schedule at ages 6 and 9 months, simultaneous vitamin A
supplementation did not interfere with seroconversion to
measles when measured at 18 months of age (Stabell Benn
et al. 1997). It is not possible to determine whether vitamin
A supplementation interfered with seroconversion rates
after measles vaccine in 6-month-old infants in the study in
Guinea-Bissau (Stabell Benn et al. 1997) as it did in the
study in Indonesia (Semba et al. 1995), because antibody
titres were not measured until after two doses of measles
vaccine. Although the results of the studies in Indonesia and
Guinea-Bissau involving 6-month-old infants have been
viewed as contradictory (Ross & Cutts, 1997; Stabell Benn
et al. 1997), the differences in the design of measles vaccine
studies lends little validity to making direct comparisons of
these two studies. The findings may be complementary
(Semba, 1997).
How does vitamin A supplementation enhance immunity
to measles? Is there an increase in Th2-like responses with
enhancement of antibody titres to measles? Such an effect
might be predicted on the basis of a murine model which
suggests that vitamin A status influences the balance
between Th1- and Th2-like responses (Cantorna et al.
1994), and this effect is consistent with the findings of a
study of children in South Africa (Coutsoudis et al. 1992).
Do vitamin A and related retinoids enhance natural killer
cell activity against measles virus, as has been suggested in
a rat model of vitamin A deficiency (Zhao & Ross, 1995)?
Alternatively, does vitamin A have an impact directly on the
replication of measles virus? If a retinoic acid response
element were present in the measles genome, it might
provide a clue as to potential regulation of measles virus
replication by vitamin A and related retinoids.
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Nepal and Ghana show that vitamin A has a major impact on
the overall mortality from diarrhoeal disease (Sommer &
West, 1996). In a clinical trial in Brazil the severity of
diarrhoeal disease was shown to be reduced by vitamin A
supplementation (Barreto et al. 1994). Urinary losses of
vitamin A during Shigella infection may be substantial in
some children (Mitra et al. 1998), and vitamin A supplementation (60 mg RE) has recently been shown to reduce
morbidity in children with acute shigellosis (Hossain et al.
1998).
Although vitamin A supplementation reduces morbidity
and mortality from diarrhoeal disease in general, it is
unclear whether vitamin A enhances immunity against all
diarrhoeal pathogens or has effects specific for certain
organisms. The effect of vitamin A on mucosal immunity in
human subjects has not been addressed. The results of
autopsy studies of children obtained from the older literature
suggest that vitamin A deficiency is associated with
alterations in the gut epithelia (Blackfan & Wolbach, 1933;
Sweet & K’ang, 1935), but it is likely that other concomitant
nutritional abnormalities were present at time of death. A
mouse model using epizootic diarrhoea of infant mice
rotavirus strain has been used to gain an insight into the
effects of vitamin A status on immunity to infection.
Vitamin A-deficient mice were much more susceptible to
rotavirus infection and had greater pathology in the gut,
including destruction of microvilli (Ahmed et al. 1990).
Following challenge with epizootic diarrhoea of infant mice
rotavirus, serum antibody responses against the rotavirus
were significantly lower in vitamin A-deficient mice than in
control or pair-fed mice (Ahmed et al. 1991). The secretory
IgA response against rotavirus was not specifically
measured in this mouse study; however, studies in mice and
human subjects suggest that serum IgA and IgG may be useful indicators of immunity to rotavirus (Grimwood et al.
1988; Bernstein et al. 1989; McNeal & Ward, 1995).

Diarrhoeal disease
In developing countries, diarrhoeal diseases among children
are caused by a wide variety of pathogens, including
rotavirus, Escherichia coli, and Shigella, Vibrio cholerae,
Salmonella and Entamoeba histolytica. The epidemiology,
clinical features, immunology and pathogenesis of diarrhoea
may differ according to characteristics of the pathogen, such
as production of toxins, tissue invasion, fluid and electrolyte
loss, and location of infection. In general, host defences in
the gut include gastric acidity, the presence of normal
microflora, gut motility, mucus production, integrity of
microvilli, local secretion of antibody and cell-mediated
immunity. The development of protective immunity to rotavirus involves the generation of secretory IgA antibodies
against rotavirus in the gut and serum (Grimwood et al.
1988; Bernstein et al. 1989; Coulson, 1998).
Clinical vitamin A deficiency is associated with
diarrhoeal disease in children (Brilliant et al. 1985; DeSole
et al. 1987; Gujral et al. 1993; Schaumberg et al. 1996). A
large longitudinal study in Indonesia has shown that
children with pre-existing xerophthalmia are at a higher risk
of having a subsequent episode of diarrhoeal disease
(Sommer et al. 1984). Recent large community-based
clinical trials of vitamin A supplementation in Tamil Nadu,

Respiratory disease
Acute lower-respiratory-tract infections are a major cause of
death among children in developing countries, and major
causes of acute lower-respiratory-tract infections include
respiratory syncytial virus infection, parainfluenza,
Haemophilus influenzae, Streptococcus pneumoniae and
Bordetella pertussis. Secondary bacterial infection with
high case fatality may follow a primary viral infection in the
lungs. Important components of the immune response in the
respiratory tract include motility of cilia, mucin production
and the activity of alveolar macrophages. The immune
response to different respiratory pathogens may vary
greatly. For example, immunity to respiratory syncytial
virus infection in infants seems to be associated with a
Th2-like response characterized by interferon γ and IL-2
production (Roman et al. 1997), whereas immunity to
whooping cough seems to be associated with a Th1-like
response (Ryan et al. 1997a, b).
Vitamin A deficiency causes pathological alterations in
the epithelium of the respiratory tract, including keratinization and loss of ciliated cells, mucus, and goblet cells.
Clinical vitamin A deficiency is associated with lowerrespiratory-tract infections (DeSole et al. 1987; Tielsch
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et al. 1986). A large longitudinal study in Indonesia
suggested that preschool children with mild xerophthalmia
are at an increased risk of having a subsequent episode of
respiratory infection (Sommer et al. 1984). These natural
history studies suggested that vitamin A supplementation
might reduce morbidity and mortality from respiratory
disease. Community-based clinical trials have attempted to
determine whether periodic high-dose vitamin A supplementation reduces the incidence and/or severity of acute respiratory infections in children. Hospital-based clinical trials
have addressed whether high-dose vitamin A supplementation can reduce morbidity when given at the time of an
acute attack of respiratory disease.
The community-based trials of vitamin A supplementation did not seem to reduce the incidence of acute
lower-respiratory-tract infections, although there was an
overall beneficial effect in reducing child mortality (The
Vitamin A and Pneumonia Working Group, 1995). Vitamin
A supplementation, when delivered through childhood
immunization programmes, may reduce the duration of
acute respiratory infections among infants (Rahman et al.
1996). Hospital-based studies have shown that high-dose
vitamin A supplementation has no therapeutic effect on the
morbidity of acute lower-respiratory-tract infections in
children (Kjolhede et al. 1995; Nacul et al. 1997; Fawzi
et al. 1998a). In Chile and the USA, hospital-based trials
showed that vitamin A supplementation had little impact on
respiratory syncytial virus infection among infants and
young children (Bresee et al. 1996; Dowell et al. 1996;
Quinlan & Hayani, 1996).
Although vitamin A status has been shown to be related
to the severity of acute respiratory infection in children
(Dudley et al. 1997), it is unclear why in some trials vitamin
A therapy has no apparent effect on the morbidity of acute
respiratory infections among preschool children. Young age
might be one contributing factor to the lack of an effect, as
large community-based studies suggest that vitamin A
supplementation has little effect on morbidity and mortality
of infants (West et al. 1995; WHO/CHD ImmunisationLinked Vitamin A Supplementation Study Group, 1998).
Studies have been conducted also in populations where
vitamin A deficiency is not considered a public health
problem. In the recent clinical trials involving respiratory
syncytial virus infection, the apparent lack of impact of
vitamin A supplementation on respiratory syncytial virus
infection might be due to the young age of the subjects and
the lack of vitamin A deficiency in the population. Other
micronutrient deficiencies, such as that of vitamin D and Zn,
may have limiting roles in immunity to respiratory
infections (Muhe et al. 1997; Ruel et al. 1997).
An animal model of influenza A virus infection in mice
has been used to study the effects of vitamin A deficiency on
immune responses. Vitamin A-deficient mice had impaired
regeneration of normal respiratory epithelium following
infection, and the secretory IgA response in the respiratory
tract was decreased by vitamin A deficiency (Stephensen
et al. 1993). Vitamin A deficiency was associated with
decreased salivary IgA responses but increased serum IgG
responses against influenza A virus in severely-infected
mice (Stephensen et al. 1996). The decreased secretory IgA
responses against influenza A virus appear to be due to

lower numbers of IgA-secreting plasma cells in vitamin Adeficient mice compared with control mice (Gangopadhyay
et al. 1996). The studies in this murine model suggest that
vitamin A deficiency would impair immunity against viral
infections in the respiratory tract, and further research is
needed to determine the effects of vitamin A deficiency
against respiratory pathogens in human subjects. It would be
erroneous to consider vitamin A as ineffective in increasing
immunity to acute lower-respiratory-tract infections;
vitamin A supplementation has been shown to reduce the
life-threatening complication of pneumonia after acute
measles infection (Barclay et al. 1987; Hussey & Klein,
1990).
Malaria
Malaria is a mosquito-borne protozoan disease which is
caused by Plasmodium falciparum, P. vivax, P. malariae
and P. ovale in human subjects, of which P. falciparum is
the most serious, causing an estimated one to two million
deaths worldwide each year (Murphy & Oldfield, 1996). In
the life cycle of P. falciparum, sporozoites are inoculated
with the saliva of a biting mosquito into the blood of the
human host, and within minutes the sporozoites reach the
liver and invade hepatocytes. During the pre-erythrocytic
cycle in the liver, a sporozoite can develop into a mature
liver schizont, which can burst, releasing thousands of
merozoites into the blood. The merozoites infect human
erythrocytes and initiate the erythrocytic cycle. Merozoites
mature into blood schizonts which burst, producing eight to
thirty-two new merozoites that can invade more
erythrocytes. Symptoms such as fever and malaise are
produced during the infection, rupture and destruction of
erythrocytes. Within 10–12 d sexual forms of P. falciparum
(male and female gametocytes) appear in the peripheral
blood and can be taken up by the mosquito during a blood
meal. In the mosquito, gametocytes undergo development
into zygotes, ookinetes, and oocysts, and eventually
sporozoites.
Immunity to malaria occurs over several years of
exposure to repeated infection, and it may take years to
develop immunity to the full range of antigenic variation of
the parasite (Reeder & Brown, 1996; Baird, 1998).
Antibody-mediated immunity, cell-mediated responses and
non-specific immunity comprise the immune response
against P. falciparum, and complete immunity against
re-infection is not known. Antibody responses are directed
against many stages in the life cycle of P. falciparum,
including circumsporozoite protein, merozoite surface antigens 1 and 2, apical membrane antigen 1 and Pf155/ringinfected erythrocyte surface antigens. The results of a recent
cohort study from Ghana suggest that the level of maternal
antibody may help protect young infants from infection
(Wagner et al. 1998); these findings may help to explain the
increasing prevalence of clinical P. falciparum infection
with increasing age during the first year of life. Lymphocyte
proliferation responses to various malarial antigens have
been observed, but their significance is unclear (Høgh,
1996).
Natural history studies suggest an association between
indicators of poor vitamin A status and malaria (Stürchler
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et al. 1987; Galan et al. 1990; Friis et al. 1997). A recent
randomized placebo-controlled clinical trial was conducted
in Papua New Guinea to examine the effects of vitamin A
supplementation (60 mg RE every 3 months) on malarial
morbidity in preschool children (Shankar et al. 1997).
Children between 6 and 60 months of age were randomized
to receive vitamin A or placebo every 3 months. Weekly
morbidity surveillance and clinic-based surveillance were
established to monitor acute malaria, and children were
followed for 1 year. Vitamin A significantly reduced the
incidence of malaria attacks by about 20–50 % for all except
extremely high levels of parasitaemia. Similarly, vitamin A
supplementation reduced ‘clinic-based’ malaria attacks,
which consisted of self-solicited visits to the clinic by
mothers who thought that their children should be seen
because of fever. Vitamin A supplementation had little
impact in children under age 12 months and greatest effect
from 13 to 36 months of age.
Although the effects of vitamin A deficiency on
susceptibility to malaria have been examined in a rat model
(Stoltzfus et al. 1989), it is unclear how vitamin A status
influences immune responses to malaria. The clinical trial of
vitamin A supplementation in Papua New Guinea involved
laboratory analyses of antibody responses to malaria
antigens, T-cell subsets and lymphocyte proliferation
responses to mitogens and malaria antigens, and these
studies are currently in progress. Clearly, it will be important to identify underlying immunological mechanisms
which might explain the observations of reduced malarial
morbidity in children who received vitamin A.
Human immunodeficiency virus infection
During HIV infection, microenteropathy, malabsorption,
steatorrhoea and anorexia are not uncommon, and low
plasma or serum vitamin A levels have been described in all
stages of HIV infection and among many different risk
groups (Semba & Tang, 1999). Plasma or serum levels of
vitamin A or intake of vitamin A has been associated with
increased disease progression, mortality and higher motherto-child transmission of HIV (Semba et al. 1994; Semba &
Tang, 1999). Periodic high-dose vitamin A supplementation
seems to reduce morbidity among children born to HIVinfected mothers (Coutsoudis et al. 1995), but vitamin A
supplementation itself does not appear to influence HIV
load in the blood (Semba et al. 1998). Providing multivitamin supplementation to HIV-infected women during
pregnancy reduces fetal mortality and low birth weight by
about 40 %, but vitamin A supplementation alone had no
significant impact (Fawzi et al. 1998c). High-dose vitamin
A supplementation appeared to reduce mortality among
HIV-infected children who presented with acute lowerrespiratory tract infection (Fawzi et al. 1998b).
Low plasma vitamin A levels have been associated with
T-cell subset abnormalities such as decreased CD4+
lymphocytes and decreased CD3+ CD28+ lymphocytes in
injection drug users (Semba et al. 1996). In children with
acquired immune deficiency syndrome in Cape Town
vitamin A supplementation was shown to increase circulating CD4+ lymphocytes and natural killer cells 1 month
following high-dose vitamin A supplementation (60 mg RE
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on consecutive days; Hussey et al. 1996). Again, these
observations are consistent with the hypothesis that vitamin
A status influences lymphopoiesis. Studies of the effects of
vitamin A status on functional immunity have not been
conducted in subjects with HIV infection. Although retrovirus infection in mice has been used as a model for HIV
infection (Watson et al. 1988), this infection is not similar in
that the virus infects both B and T lymphocytes in mice
rather than CD4+ lymphocytes as it does in HIV infection.
Tuberculosis
Mycobacterium tuberculosis infection is usually spread by
the respiratory route, and infection by tubercle bacilli can
result in asymptomatic infection or clinical tuberculosis.
The vast majority of primary infections do not result in
clinical infection; however, in individuals with poor
nutritional status, the risk of developing pulmonary or
miliary tuberculosis is greatly increased.
Although malnutrition and vitamin A deficiency seem to
be major risk factors for the progression of tuberculosis,
clinical management usually involves chemoprophylaxis
and chemotherapy alone, rather than improvement of host
nutritional status. Cod-liver oil, a rich source of vitamins A
and D, was used as treatment for tuberculosis for over 100
years. The role of nutrition in tuberculosis remains a major
area of neglect, despite the promise that micronutrients have
shown as therapeutic agents for other types of infections,
and the long record of the use of vitamins A and D for treatment of pulmonary and miliary tuberculosis in both Europe
and the USA. A recent clinical trial suggests that high-dose
vitamin A supplementation does not influence the morbidity
of tuberculosis in children (Hanekom et al. 1997). Studies
which address the use of multivitamins and minerals or
vitamins A plus D as adjunct therapy for tuberculosis have
not yet been conducted.
In animal models immunity against M. tuberculosis is
most consistent with a Th1-like response, with predomination of interferon γ and IL-12 (Hernández-Pando et al.
1996; Cooper et al. 1997). Cytotoxic T lymphocytes
(Lalvani et al. 1998) and natural killer cells (Yoneda &
Ellner, 1998) also appear to play an important role in
resistance to M. tuberculosis. Macrophages are a key
element in host resistance to tubercle bacilli. Activated
macrophages destroy tubercle bacilli, and whether a tuberculous lesion progresses or regresses is largely dependent on
the ability of macrophages which enter the granulation
tissue to ingest and destroy bacilli (Dannenberg, 1989).
Vitamin A-deficient animals have decreased resistance to
experimental infection with Mycobacterium spp. Among
animals inoculated with virulent tubercle bacilli, mortality
was higher among vitamin A-deficient rats than rats on a
normal diet (Gloyne & Page, 1921). In another study of
experimental tuberculosis infection, vitamin A-deficient rats
had more severe infection and more extensive lesions on
histopathology than control rats (Sriramachari & Gopalan,
1958). In addition, rats given adequate vitamin A but
restricted in protein or energy were not more susceptible to
experimental tuberculosis infection, suggesting that
increased susceptibility to tuberculosis was attributable to
lack of vitamin A rather than protein–energy malnutrition.
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Vitamin A-deficient mice have a more severe infection with
M. bovis compared with mice supplemented with dietary
β-carotene (Finkelstein, 1932). Chicks fed on a highvitamin A diet had 26 % increased survival compared with
chicks fed on a normal diet following experimental infection
with M. tuberculosis (Solotorovsky et al. 1961). Production
of IL-1 by macrophages is dependent on vitamin A status in
experimental animal models (Moriguchi et al. 1985).
Dietary vitamin A enhances T-cell proliferation responses
and antibody responses to M. tuberculosis antigen in the
chick model (Sklan et al. 1994). Vitamin A-supplemented
mice challenged with M. bovis and treated with IL-2 have
strong delayed-type hypersensitivity responses and proliferation responses to purified protein derivative compared
with control mice without supplementary vitamin A
(Ferraro et al. 1988).
Conclusions
The available information suggests that immune modulation
by vitamin A during infections may depend on the pathogen
or pathogens involved. The type of antigens, the level of
T-cell activation and the local cytokine environment may all
influence the modulation of immune response following
vitamin A supplementation. As seems apparent from
examination of different diseases, the modulation of
immune responses by vitamin A does not seem to fit a clear
Th1 v. Th2 type of pattern. During measles infection vitamin
A seems to be enhancing Th2-like responses with
potentiation of antibody responses to measles virus. The use
of cod-liver oil for treatment of tuberculosis suggests that
this therapy may have an effect on Th1-like immune
responses against M. tuberculosis, but it may be difficult to
attribute these effects to vitamin A alone, as cod-liver oil is
a rich source of vitamins A and D and other nutrients.
One study suggests that vitamin A supplementation
enhances delayed-type hypersensitivity skin responses in
infants (Rahman et al. 1997), consistent with modulation of
Th1-like responses. In human subjects, it has been
somewhat difficult to study immune modulation by vitamin
A in certain disease states, such as respiratory and diarrhoeal
disease, given the wide variety of pathogens involved in
such infections. Measles is probably the most well-defined
illness for the study of immune modulation by vitamin A.
Further studies are needed to elucidate the ways in
which vitamin A enhances immunity to malaria. A large
gap remains between studies of immune modulation by
vitamin A and its metabolites in cell lines and studies of
immune modulation by vitamin A in human subjects
(Semba, 1998).
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