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Most evidence for a role of vitamin A in the immune defence system of humans comes 
from studies of infants and children in developing countries where vitamin A deficiency is 
often a serious problem. There it is associated with increased susceptibility to infection 
and to increased rates of morbidity and mortality. However, in the future, it can be 
expected that more studies will be carried out in developed countries where the observed 
effects of abnormal vitamin A status on immunity are likely to be subtle with marginal 
deficiency possibly contributing to increased prevalence and severity of non-infectious 
diseases with immune involvement such as cancer. Of course, it may well be that in 
affluent countries, intake and status of carotenoids are more important determinants of 
immune variables than those of retinol because of differences in their relative contri- 
bution to intake. In developing countries such as Tanzania, children receive less than 
30% of their vitamin A from retinol (Pepping et al. 1989) while in Western countries such 
as the Netherlands, the situation is reversed with more than 60% of the vitamin A being 
derived from retinol (Stiggelbout el aZ. 1989). This gives credence to a possible role of 
p-carotene as a protective factor for cancer (Peto et al. 1981) and may explain the 
different emphasis in the paper of Bendich (1991) in the present symposium and the 
present paper, which concentrates on the role of the immune response in relation to 
infection with particular emphasis on the problems of children in developing countries. 
Our knowledge in this area is supported by results obtained from studies in experimental 
animals. 

VITAMIN A DEFICIENCY, XEROPHTHALMIA, MORBIDITY AND MORTALITY 

For many years, the problem of vitamin A deficiency in developing countries emphasized 
the increased risk of xerophthalmia which includes all ocular manifestations of vitamin A 
deficiency (Oomen et al. 1964), although it has long been realized that vitamin A plays an 
important role in combating infection and was often referred to as the anti-infection 
vitamin. Over 60 years ago, Green & Mellanby (1928) showed that when animals are 
brought up on a diet deficient in vitamin A, practically all die with some infective or 
pyrogenic lesions. In control animals receiving vitamin A, these lesions were absent. The 
earlier work on vitamin A and infection has been reviewed by Moore (1957) and by 
Schrimshaw et al. (1968). More recently, the importance of vitamin A deficiency in 
determining rates of morbidity and mortality has been highlighted by the work of 
Sommer et aZ. (1983, 1984, 1986, 1987) in Indonesia. The mortality rate among children 
with mild xerophthalmia (night blindness and Bitot’s spots) was reported to be on 
average four times higher than that of children without xerophthalmia (Sommer et al. 
1983). Using the same set of data, it was shown that children with mild vitamin A 
deficiency developed respiratory disease twice and diarrhoea three times as frequently as 
non-xerophthalmic controls (Sommer et al. 1984). Subsequently, the reverse of this 
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relationship was found as children with respiratory disease or diarrhoea, or both, were 
found to be at an increased risk of developing xerophthalmia (Sommer et al. 1987). 
Studies by other groups have also shown a relationship between mild signs of vitamin A 
deficiency and childhood morbidity. In India, over 1500 preschool urban children were 
followed weekly for morbidity from 12 to 18 months. Examination for mild xeroph- 
thalmia (night blindness and Bitot’s spots) was done initially and at 6 and 12 months 
(Milton et al. 1987). Children with mild xerophthalmia at the start of a 6-month interval 
developed respiratory disease in the interval twice as often as children with normal eyes 
at the start of the interval. Unlike in the Indonesian studies, no association was found 
between mild xerophthalmia and incidence of diarrhoea. 

The hypothesis that vitamin A deficiency increases the rate of mortality was tested in a 
prospective study in which children, aged 12-71 months, in 450 villages in Aceh in North 
Sumatra in Indonesia were randomly assigned to either participate in a vitamin A 
supplementation scheme or to serve for 1 year as controls (Sommer et al. 1986). 
Mortality in the control villages was 49% greater than in the 229 villages where 
supplements were given. There have been quite a number of criticisms of this work 
(Gopalan, 1986; Anonymous, 1987) but studies are under way in a number of countries 
such as Nepal, Ethiopia and Ghana with designs which hopefully will overcome some of 
the earlier criticisms. 

INTERACTION BETWEEN VITAMIN A STATUS AND INFECTION 

In order to examine the underlying mechanisms of the interaction between vitamin A 
deficiency and infection, vitamin A-deficient animals have been challenged with parasites 
(Krishnan et al. 1976; Darip et al. 1979); bacteria (Cohen & Elin, 1974; Ongsakul et al. 
1985) and viruses (Squibb & Veros, 1961; Bang et al. 1972, 1973, 1975; Nauss & 
Newberne, 1985; Nauss et al. 1985; Davis & Sell, 1989). Many of the experimental 
models have used severely vitamin A-deficient animals in which it has been difficult to 
separate the effects of vitamin deficiency from those of more generalized protein-energy 
malnutrition. Therefore we have developed an animal model, based on chickens with 
marginal vitamin A deficiency and infected with Newcastle disease virus (Sijtsma et al. 
1989a,b) as this virus and the disease process associated with it have many characteristics 
in common with measles. Infection with measles is often associated with vitamin A 
deficiency in developing countries particularly in Africa (Inua et al. 1983). With this 
model (Fig. 1), l-d-old chickens with limited vitamin A reserves, the progeny of 
marginally vitamin A-deficient hens, were fed on purified diets containing either 
marginal (120 retinol equivalentdkg feed, ad lib.) or adequate (1200 retinol equivalents/ 
kg feed, ad lib, or pair-fed) levels of vitamin A for a period of 10 weeks. At 4 weeks of 
age, half the chickens in each group were infected intraocularly with the mildly 
pathogenic La Sota strain of Newcastle disease virus. Infection with Newcastle disease 
resulted in increased rates of morbidity in the marginally-vitamin-A-deficient chickens, 
compared with their non-deficient infected counterparts. Moreover, within 1 week of 
infection, plasma retinol concentrations in the infected marginally-vitamin-A-deficient 
chickens showed a significant and persistent decrease compared with their non-infected 
counterparts fed on the same diet. Thus, infection with Newcastle disease virus 
exacerbates existing marginal vitamin A status and any effect of vitamin A deficiency on 
the immune system. 
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A natural experiment in humans was observed by Campos er al. (1987). In 3razi1, the 
vitamin A status of a group of children was determined by means of the relative 
dose-response method immediately before giving a massive oral dose of 60 mg vitamin 
A. About 90 d after the start of the study, there was an epidemic of chicken pox. At 180 d 
post supplementation, 74% of children who had been infected were regarded as having 
depleted liver reserves of vitamin A as measured by the relative dose-response method 
in contrast to only 10% who had not been infected. 

HOST RESISTANCE: NON-SPECIFIC MECHANISMS 

Increased prevalence and severity of infections of the respiratory and gastrointestinal 
tracts which are not the primary causes of increased morbidity and mortality in children 
result from decreased host resistance. Many infections begin with local invasion of an 
epithelial surface. It is, therefore, important that the integrity of mucosal tissues is 
maintained with healthy epithelial cells. 

Wolbach & Howe (1925) showed that in vitamin A deficiency, mucus-producing 
epithelial cells were replaced by keratin-producing cells. These changes are seen 
particularly in the mucosa of the respiratory, gastrointestinal and genito-urinary tracts, in 
the conjunctival-corneal epithelium, and the lining of the taste buds. In cellular 
differentiation, specific depression of the genome occurs as characterized by the 
disappearance of proteins specific for the undifferentiated state and appearance of other 
specific proteins. There are a number of hypotheses proposed to explain the role of 
retinoids in cellular differentiation. Omori & Chytil (1982) proposed that gene ex- 
pression is controlled by retinoids while Wolf (1984) suggests that retinoids are involved 
in the synthesis of specific glycoproteins which influence gene expression particularly is 
compromised in vitamin A deficiency. Glycoproteins (Kornfield & Kornfield, 1980) are 
also very important as components of surfaces of epithelial cells and of epithelial mucin. 
In vitamin A deficiency, the number of goblet cells in epithelial tissues such as of the 
duodenum (Ahmed et al. 1990) and conjunctiva (Hatchell & Sommer, 1984) are also 
reduced. That vitamin A is involved in the integrity and functioning of epithelial tissue 
has been demonstrated in a randomized double-blind trial of very-low-birth-weight 
neonates (Shenai et al. 1987). In this study, vitamin A supplementation was found to 
decrease the proportion of children developing bronchopulmonary dysplasia and the 
need for intensive care and supplemental oxygen. 

After entering the body via epithelial surfaces, microbes spread to other tissues. The 
spread is facilitated by the circulatory system and hindered by macrophages and 
monocytes (Smith & Sweet, 1984). Increased microbicidal capacity of macrophages in 
response to infection is largely non-specific since activated macrophages arising in 
response to infection with one micro-organism also show increased activity against other 
micro-organisms (Mogensen, 1979). Most of our knowledge in this area comes from 
studies in animals. 

We have examined the effect of vitamin A deficiency on the activity of peritoneal 
macrophages in our chicken-Newcastle disease virus model (Sijtsma et al. 1991~). As 
described previously, chickens were fed on diets containing either marginal or adequate 
levels of vitamin A. At 4 weeks of age, half the chickens in each group were infected with 
the La Sota strain of Newcastle disease virus and 11 or 12 d later, peritoneal 
macrophages were isolated. The activity of macrophages against micro-organisms can be 
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Fig. 1. Effect of Newcastle disease virus (NDV) infection (I+) on plasma retinol concentration in chickens 
fed from hatching diets containing marginal (A-) or adequate (A+) amounts of vitamin A. Values are means 
and 1 SD represented by vertical bars (n 11-15). (o), A-(ad lib.)I-; (a), A-(ad lib.)I+; (U), A+(pair)I-; (W). 
A+(pair)I+; (A),  A+(ad lib.)I-; (A), A+(ad /ib.)I+; I-, non-infected; ad lib., ad /ib.-fed; pair, pair-fed. 

divided into an attachment and ingestion phase (phagocytosis), which was assessed by 
counting the uptake of fluorescein isothiocyanate-labelled yeast cells, and an 0 2 -  

dependent killing phase, which was assessed by measuring the reduction of nitroblue 
tetrazolium (NBT). Vitamin A deficiency tended to reduce phagocytosis but not 
significantly in peritoneal macrophages isolated from both infected and non-infected 
chickens as shown in Table 1. These results are in line with those from studies with rats 
and mice where vitamin A has been demonstrated to stimulate clearance from the 
circulation by phagocytes after challenge with different types of bacteria and fungi 
(Cohen & Elin, 1974; Ongsakul ef al. 1985). As far as NBT reduction is concerned, the 
effects observed were more pronounced than that on phagocytosis (Table 2) with vitamin 
A deficiency producing significant lowering in NBT reduction in peritoneal macrophages 
isolated both from non-infected and infected chickens. The effect in infected chickens 
was only seen after additional stimulation in vitro with zymosan A particles isolated from 
yeast, suggesting that differences in NBT reduction could be attributed partially to the 
decrease in uptake. In a study in India, no differences were found between children with 
serum retinol levels above or below 200 *g/l in either phagocytic activity or 0 2 -  
dependent killing (Bhaskaram et al. 1989b). However, it may well be that the differences 
in serum retinol levels did not reflect differences in vitamin A status as represented by 
liver stores. 
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Table 1. Vitamin A deficiency and Newcastle disease virus ( N O  V)  infection in chickens: 
effect on phagocytosis of yeast cells by peritoneal macrophages (PM) 

(Values are means with their standard errors for six to eight birds per group, and are expressed on basis of 
phagocytosing peritoneal macrophages) 

Phagocytic activity 
(yeast cells ingestedPM) 

Mean SE 

Non-infected chickens 
Vitamin A-adequate 3.7a 0.3 
Vitamin A-deficient 3,4= 0.3 

NDV-infected chickens 
Vitamin A-adequate 4,6b 0.2 
Vitamin A-deficient 3.8ab 0.3 

a,b Values in a column with unlike superscript letters were significantly different (Tukey): k 0 . 0 5 .  

Table 2. Vitamin A deficiency and Newcastle disease virus ( N D V )  infection in chickens: 
effect on nitroblue tetrazolium (NBT)  reduction capacity of peritoneal macrophages as an 
estimate of oxygen-dependent killing capacity 

(Values are means with their standard errors for seven to eight birds per group) 

NBT reduction (absorbance/mg protein) 

Without zymosan A With zymosan A 

Mean SE Mean SE 

Non-infected chickens 
Vitamin A-adequate 11.6= 1.1 32.9= 1.6 
Vitamin A-deficient 7.0b 1.2 20.9b 1.8 

NDV-infected chickens 
Vitamin A-adequate 14.9a 2.1 41.8c 3.6 
Vitamin A-deficient 13.1a 1.6 26.2ab 2.2 

a,b,c Values in a column with unlike superscript letters were significantly different (Tukey): P<O.O5. 

There is an inter-relationship between the function of 'non-specific' and 'specific' 
aspects of the immune system. On the one hand, in addition to the effects attributable to 
vitamin A deficiency, there was activation of the macrophages 11 and 12 d after virus 
inoculation which is indicative of an indirect effect of Newcastle virus on the cells 
possibly mediated by T-cell-derived lymphokines. On the other hand, macrophage- 
derived monokines or macrophages themselves are also essential prerequisites for 
initiation and amplification of many immune responses. It may well be that the vitamin A 
deficiency-induced impairment of humoral and cell-mediated immune responses 
discussed later could be, at least in part, the consequence of such disturbed macrophage 
function. 

In addition to phagocytic cells, anti-viral substances such as the enzyme lysozyme, 
transferrins, precipitins, natural cytotoxins, and complement play a crucial role in 
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Table 3. Vitamin A deficiency and Newcastle disease virus ( N D V )  infection in chickens: 
effect on lymphoid organ weights 

(Values are means with their standard errors for six to eight birds per group) 

Organ wt (g) 
~~ ~ 

Bursa Thymus Spleen 

Mean SE Mean SE Mean SE 

Non-infected chickens 
Vitamin A-adequate 1.84' 0.23 1,75a 0.47 0.90a 0.23 
Vitamin A-deficient 1.46bC 0.22 1.55ab 0.21 0.81a 0.21 

Vitamin A-adequate 1.67"" 0.19 l .Sa 0.27 1.06a 0.22 
Vitamin A-deficient 1.24b 0.16 1.3Ib 0-26 0.90a 0.22 

NDV-infected chickens 

a.b,c Values in a column with unlike superscript letters were significantly different (Tukey): P<O.OS. 

preventing the spread of infections. Lysozyme is a glycoprotein dependent on vitamin A 
for its synthesis. This dependence on vitamin A was borne out in a study in children in 
India by Mohanram et al. (1974) who were able to show that the activity of lysozyme in 
leucocytes was significantly lower in children with ocular signs of vitamin A deficiency 
compared with control children. Following vitamin A therapy, the levels of enzyme in 
the deficient children were restored to normal. 

H O S T - R E S I S T A N C E :  L Y M P H O I D  O R G A N S  A N D  B L O O D  L Y M P H O C Y T E S  

The immune system comprises a number of organs and cell-types which have evolved to 
recognize accurately and specifically non-self antigens such as those present on microbes 
and microbe-infected cells which results ultimately in elimination of such microbes or 
cells. In the early work of Bang et al. (1973) using a chicken-Newcastle disease virus 
model, vitamin A deficiency or Newcastle disease virus infection alone were found to 
have only moderate effects on lymphoid systems. However, together they caused 
substantial or even total loss of lymphocytes from primary lymphoid organs which was 
accompanied by rapid loss of body-weight. Using our model, in which there was no loss 
of body-weight (Sijtsma et al. 1991b), we could demonstrate that vitamin A deficiency 
resulted in lower weights of the bursa of Fabricius in both non-infected and infected 
chickens and of thymus in infected chickens, indicating changes in production or 
recruitment, or both, of B- and T-cells respectively (Table 3). However, no effect of 
vitamin A deficiency on spleen weight was observed. Other authors have found similar 
results with regard to weight of bursa and spleen in vitamin A-deficient chickens (Panda 
& Combs, 1963; Davis & Sell, 1983). Weight of thymus appears to be affected more 
when vitamin A deficiency is severe enough to reduce feed intake and, thus, precipitate 
protein-energy malnutrition both in chickens (Bang et al. 1972; Davis & Sell, 1983) and 
rats (Krishnan et al. 1974) but normal in vitamin A-deficient chickens (Panda & Combs, 
1963; Davis & Sell, 1983), rats (Chandra & Au, 1981; Mark et al. 1981) and mice 
(Ahmed el al. 1990) without protein-energy malnutrition. This is in accordance with our 
observation showing the lowest absolute and relative weight of thymus in vitamin 
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Table 4. Vitamin A deficiency and Newcastle disease virus (NDV) infection in chickens: 
effect on numbers of peripheral blood lymphocytes 5 and 11 d after infection 

(Values are means with their standard errors for ten to twelve birds per group) 

No. of lymphocytes ( x 107/ml) 

5 d  11 d 

Mean SE Mean SE 

Non-infected chickens 
Vitamin A-adequate 1.7a 0.1 1.P 0.2 
Vitamin A-deficient 1.3b 0.3 1.2b 0.1 

Vitamin A-adequate 1,3b 0-1 2.1c 0.1 
Vitamin A-deficient 1.0c 0.1 1.5d 0.1 

NDV-infected chickens 

a,b,c,d Values in a column with unlike superscript letters were significantly different (Tukey): K 0 . 0 5 .  

A-deficient chickens infected with Newcastle disease virus, which also tended to grow 
more slowly. 

The changes in weight of lymphoid organs observed in our experiment were 
accompanied by changes in the number of circulating lymphocytes (Sijtsma et al. 19916). 
Vitamin A deficiency resulted in a significant lymphopaenia which was even more 
pronounced in Newcastle disease virus-infected chickens during the acute phase of 
infection (Table 4). Lymphopaenia has been described by other authors in vitamin A 
deficiency (Bang e f  al. 1972, 1973; Nauss et al. 1979; Davis & Sell, 1983) and Newcastle 
disease virus infection (Smith & Sweet, 1984; Dhir et al. 1986). Lymphopaenia induced 
by vitamin A deficiency might be attributed to impaired development of primary 
lymphoid organs, as indicated by the reduced weight of the bursa of Fabricius with 
consequent impaired proliferation and differentiation of lymphoid cells. It could also be 
due to changes in homing patterns (McDermott et al. 1982; Takagi & Nakano, 1983). 
The increase in the number of circulating peripheral blood lymphocytes following the 
period of Newcastle disease virus-induced lymphopaenia might be attributed to a change 
in migration pattern (Woodruff & Woodruff, 1975; Smith et al. 1987) rather than 
increased production of new lymphocytes (Smith & Sweet, 1984). Both the lym- 
phopaenic effect and the subsequent increase in the number of circulating lymphocytes 
due to Newcastle disease virus infection were less pronounced in vitamin A-deficient 
chickens than in their counterparts pair-fed the control diet. This may suggest that the 
recruitment of cells has been impaired. The results from the present study indicate that 
vitamin A deficiency affects lymphoid cell systems and that this is aggravated by 
concomitant Newcastle disease virus infection. 

Using flow cytometry with a monoclonal antibody specific for chicken immunoglobulin 
(Eg) light chain, we have been able to characterize the circulating lymphocyte population 
into surface Ig-positive cells (B-cells) and surface Ig-negative cells (mainly T-cells). As 
shown in Table 5, vitamin A deficiency significantly lowered the number of circulating 
B-cells and, in Newcastle disease virus-infected chickens, the number of T-cells 
(Rombout, 1991). These changes in the numbers of B- and T-cells are in line with the 
changes in the weights of the bursa of Fabricius and thymus respectively. An increase in 
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Table 5.  Vitamin A deficiency and Newcastle disease virus (NDV) infection in chickens: 
effect on numbers of peripheral blood lymphocyte sub-populations 9 d after infection (POW 
cyctometric analysis) 

(Values  are means with the i r  s t a n d a r d  errors for five birds per group) 

N o .  of lymphocytes  ( x 107/ml) 

Surface  Ig+ Surface  Ig- 
(B-cells) (mainly T-cells) 

M e a n  SE M e a n  SE 
~~~ ~~ 

Non-infected ch ickens  
Vi tamin  A - a d e q u a t e  0.39a 0.07 1.46ab 0.18 
Vi tamin  A-deficient 0-18b 0.03 l.O!ja 0.35 

NDV-infec ted  ch ickens  
Vi tamin  A-adequate 0.3Ia 0.06 1.92b 0.31 
Vi tamin  A-deficient 0.22b 0.06 1.34a 0.29 

Values  i n  a c o l u m n  with unl ike  superscript  l e t te rs  w e r e  significantly different (Tukey):  P<0.05. 

Cytotoxic activity (%) 

0 10 20 30 40 50 
L I I I I J 

A+l+ PBL (E:T 5 : l )  

A-1+ A+l+ EEzzEG Non-adherent 
spleen cells 
(E:T 1 O : l )  

Fig. 2. Effec t  of v i tamin  A deficiency o n  cytotoxic activity of in  v ivo  Newcastle disease virus (NDV)-re- 
infected per iphera l  b lood  lymphocytes  (PBL) a n d  non-adherent  sp leen  cells (effector (E) cells) o n  i n  v i t ro  
Newcastle disease virus-infected sp leen  (target;  T )  cells. Values  are m e a n s  a n d  1 S D  represented  b y  horizontal  
bars for five ch ickens  per group. A-, v i tamin  A-deficient; A+,  vi tamin  A-adequate; I+, cells are der ived  f r o m  
NDV-infec ted  ch ickens .  * M e a n  values w e r e  significantly different f r o m  t h o s e  f o r  A+I+ (Student’s t test): 
P<045. 

the number of B-cells in spleen and lymph node has been observed in vitamin A-deficient 
mice (Smith et al. 1987), while a decreased number of B-cells has been found in spleens 
of vitamin A-deficient rats which also suffered from protein-energy malnutrition (Nauss 
et al. 1979). Newcastle disease virus infection did not significantly increase the number of 
circulating B- or T-cells at the moment of measurement. 

H O S T - R E S I S T A N C E  : SYSTEMIC CELL-MEDIATED I M M U N I T Y  

Depressed cellular response to mitogens in vitamin A deficiency has been reported in 
rats (Nauss et al. 1979) and chickens (Davis & Sell, 1983; Friedman & Sklan, 1989). We 
have shown (Fig. 2) that vitamin A deficiency reduces cytotoxic T-lymphocyte activity to 
Newcastle disease virus infection (Sijtsma et al. 1990). This impairment in an important 
part of the cell-mediated defence system could have important implications €or recovery 
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from viral infection. In studies in children with marginal vitamin A deficiency, no 
difference in in vitro mitogenic stimulation of T-cells has been found (Bhaskaram & 
Reddy, 1975; Bhaskaram et al. 1989~) but as mentioned previously, there may have been 
no true differences in vitamin A status between the groups studied. 

HOST-RESISTANCE: SYSTEMIC HUMORAL IMMUNITY 

Vitamin A deficiency has been shown to be accompanied by low levels of immuno- 
globulin in pigs (Harmon el al. 1963), rats (Sirinsha et al. 1980) and chickens (Friedman 
& Sklan, 1989), impaired IgG response in mice (Barnett, 1983; Smith & Hayes, 1987) 
and chickens (Friedman & Sklan, 1989), and impaired IgA response in rats (Sirinsha 
et al. 1980). Increased levels of immunoglobulin have also been reported (Davis & Sell, 
1983; Gershwin et al. 1984). We have studied primary and secondary immunization with 
antigens differing in thymus dependency (see Sijtsma, 1989): sheep erythrocytes and 
bovine serum albumin as thymus-dependent antigens and Brucella abortus as a more or 
less thymus-independent antigen during and after the acute phase of disease produced by 
Newcastle disease virus infection. Vitamin A deficiency did not affect the hema- 
gglutination-inhibition antibody response to Newcastle disease virus. The level of the 
primary and secondary IgG response to bovine serum albumin and of the primary IgG 
response to sheep erythrocytes and bovine serum albumin was reduced, while the 
secondary IgM response to sheep erythrocytes and Brucella abortus was slightly elevated 
by vitamin A deficiency. Newcastle disease virus infection reduced primary IgM and IgG 
responses to sheep erythrocytes and bovine serum albumin but not to Brucella abortus, 
indicating a defect in T-helper cell function as has been suggested earlier (Wisniewski 
et al. 1982). The combination of vitamin A deficiency and Newcastle disease virus 
infection resulted in the lowest IgG titres to thymus-dependent antigens. As most 
pathogens are of the latter type, the risk for secondary infection would appear to be 
increased in vitamin A deficiency and Newcastle disease virus infection. 

HOST RESISTANCE: MUCOSAL IMMUNITY 

The basic component of immunological protection at mucosal surfaces is secretory 
immunoglobulin A (sJgA). In our model, vitamin A deficiency lowered the concen- 
tration of sIgA in bile and this effect was even more pronounced in chickens also infected 
with Newcastle disease virus (see Sijtsma, 1989). However, there was no effect on the 
IgM concentration in bile or on the number of IgA- or IgM-containing plasma cells in 
mucosal cells indicating that hepatobiliary transport of sIgA is impaired in vitamin A 
deficiency and that this effect is exacerbated by Newcastle disease virus infection. Similar 
results have been found in non-infected vitamin A-deficient rats (Puengtomwatanakul & 
Sirisinha, 1986). Thus, the host’s ability to defend itself at the mucosal level against both 
primary and secondary infections would be impaired. 

CONCLUDING REMARKS 

In vitamin A deficiency, many aspects of the non-specific and specific host defence 
mechanisms would appear, at least in experimental animals, to be affected. However, 
the mechanisms involved are still poorly understood. It is likely that impairment of the 
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synthesis of glycoproteins will be shown to play a crucial role since they are essential 
components of receptors and may be involved in the regulation of gene expression 
(Wolf, 1984). At  this stage, studies in humans have not shown consistent impairment of 
acquired immunity. While the animals used in experimental studies have often displayed 
symptoms of not only severe vitamin A deficiency but also of protein-energy malnu- 
trition, many of the studies in humans have probably not assessed vitamin A status 
adequately. Serum retinol levels do not discriminate between normal and marginal 
vitamin A status satisfactorily. Thus, future studies on immune competence in humans 
should assess vitamin A status using methods which estimate body stores such as the 
relative dose-response method (Campos et al. 1987) or changes in structure or function 
such as conjunctival impression cytology (Wittpenn et al. 1986). 
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