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Nutrition and cellular immunity in hospital patients
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1. The interrelations between nutritional and cellular immune function measurements were studied in seventy
patients suffering from various degrees of malnutrition. They included patients with liver disease, inflammatory
bowel disease, neoplastic disease, neurological patients, post-operative surgical patients and patients with
respiratory problems.

2. Nutritional measurements included: anthropometry, serum proteins, various vitamins and trace elements,
and a prognostic nutritional index (PNI) was calculated.

3. Immunological measurements included: (1) natural killer (NK) cell activity, (2) antibody-dependent cellular
cytotoxicity (ADCC), (3) lymphocyte proliferation in response to the mitogens concanavalin A (Con A),
phytohaemagglutinin (PHA) and pokeweed mitogen (PWM) in both AB and autologous serum.

4. There was no association between anthropometric measurements and tests of immune function.

5. The lymphocyte proliferation in response to mitogenic stimulation in the malnourished patients was
depressed in autologous serum compared with the response of the same lymphocytes in pooled AB serum. The
lymphocyte proliferation in response to Con A correlated with transferrin in autologous serum (r 0-46, n 49,
P < 0-01)and to alesser extent in AB serum (r 0-33, n 51, P < 0-05). There was a difference in the Con A-stimulated
tritiated-thymidine uptake between patients with low and norma! serum zinc levels (P < 0-05) for cultures
performed in autologous serum, but not AB serum.

6. There was a significant correlation between NK cell activity and vitamin C (r 0-43, n 60, P < 0-01). There
was no relation between nutritional measurements and ADCC or the lymphocyte response to stimulation with
PHA or PWM.

7. The results suggest that the severity of overall malnutrition does not influence several different aspects of
the cellular immune response. However, the results do suggest that certain individual nutrients, particularly vitamin
C and Zn, do influence the immunoreactivity of different lymphocyte subpopulations.

Epidemiological and clinical studies have indicated that nutritional deficiency leads to
increased susceptibility to infection (Scrimshaw ez al. 1968; Chandra & Newberne, 1977).
This has been most extensively documented in developing countries where malnutrition and
infection commonly co-exist. Cellular immunity in particular has been shown to be
depressed in children with protein—energy malnutrition (PEM) (Neumann et al. 1975;
McMurray et al. 1981). The problem of PEM is also encountered in industrialized countries,
particularly in hospital patients. This has been demonstrated in surveys of surgical (Hill
et al. 1977), medical (Weinsier et al. 1979) and paediatric patients (Merritt & Suskind, 1979),
for whom measurements of nutritional status were frequently found to be abnormal. An
increased incidence of post-operative infections in patients with hypoproteinaemia (Rhoads
& Alexander, 1955) and severe weight loss has been documented (Neumann et al. 1975).

Factors such as age (Chandra ef al. 1982), surgical trauma (Law et al. 1974), various types
of malignant disease (Johnson et al. 1971), inflammatory bowel disease (Vitorino &
Hodgson, 1980) and liver disease (Zetterman & Sorrell, 1981) are also associated with
immunodepression. These conditions are invariably accompanied by malnutrition, sugges-
ting that the immunodepression and malnutrition may be interrelated.

Studies of the interrelation between malnutrition and immune function in hospital
patients are sparse. In one study the body composition of patients was measured using

* For reprints.
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multiple-isotope dilution and immunological function by skin testing in response to five
recall antigens (Shizgal, 1981). The body composition of anergic patients was characteristic
of malnutrition whereas those who reacted normally had body compositions similar to those
of healthy controls. However, a large overlap in results led them to conclude that anergy
was not necessarily indicative of malnutrition.

It has been reported that patients with acute PEM and adult marasmus showed depressed
total lymphocyte numbers and impaired delayed hypersensitivity responses (Bistrian et al.
1975, 1977) and suggested that if the weight loss were arrested by nutritional repletion
delayed cutaneous hypersensitivity responses returned to normal.

Although these immunological abnormalities may occur as a result of PEM, it is
possible that specific micronutrient deficits may be implicated in caunsing the depressed
immune responses (Beisel, 1982). Zinc deficiency in particular has been linked with impaired
cellular immunity (Allen ez al. 1981). Certain vitamin deficiencies such as vitamin A (Cohen
et al. 1979) and vitamin C (Thomas & Holt, 1978) have also been associated with impaired
immunity.

The present study represents an attempt to seek evidence for an interrelation between
micronutrient deficiency, PEM and in vitro tests of cellular immunity in a heterogenous
group of hospital patients.

EXPERIMENTAL
FPatients

A total of seventy patients were studied after ethical committee approval had been obtained.
Seven separate groups of patients (Table 1) in whom malnutrition might have been expected
to occur, were prospectively defined for inclusion in the present study. The varied aetiology
of malnutrition in these groups allowed subsequent analysis of results between groups to
give some indication of a possible relation between immunity and malnutrition and also the
cause of the malnutrition. Fifty of the seventy patients were considered to be malnourished
on clinical examination and anthropometric measurements. All of these had two or more
abnormally-low levels of the biochemical measurements included in the present study when
compared with a young healthy control population. The remaining twenty patients were
chosen to provide a normally nourished patient control group and had either a single or
no biochemical deficiency when compared with the young healthy control population. This
group will subsequently be referred to as the patient control group.

Methods
A nutritional assessment was performed in all patients and inciuded evaluation of current
weight, previous weight, height, mid-arm muscle circumference and triceps skinfold
thickness. Mid-arm muscle circumference was derived and results were expressed as
percentage ideal using standard tables (Jelliffe, 1966).

Leucocyte vitamin C was determined by the method of Denson & Bowers (1961). Vitamin
A was determined using the fluorometric method of Hanson & Warwick (1968). Serum Zn
and copper were determined by atomic absorption spectrophotometry (Dawson & Walker,
1969) and serum albumin, transferrin, prealbumin, retinol-binding protein and caerulo-
plasmin were determined by radial immunodiffusion on agar plates using commercial
antisera (Hoechst (UK) Ltd).

Evidence that post-operative morbidity and mortality amongst surgical patients is related
to their pre-operative nutritional state has led to the development of a linear equation
combining a number of nutritional measurements and is termed the prognostic nutritional
index (PNI). The PNI was calculated according to the equation:

PNI = 150— 1-66 (ALB)—0-78 (TSF)—20 (TFN),
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Table 1. Patient groups studied

Age (years)

Total Mean SD

Clinical condition 3 ?

Neurological 9 5 14 616 14-3
Liver* 6 4 10 51-4 11-5
IBD 6 5 1 36'5 22:6
Elderly 6 4 10 71-0 11-1
Neoplasiat 9 2 i1 71-0 13-1
Surgical 6 3 9 70-6 11-0
Respiratory 3 2 5 66-8 85
Total 45 25 70 60-4 18-5

IBD, inflammatory bowel disease.

* 1In the liver disease group, nine had alcoholic cirrhosis and one was jaundiced resulting from chronic hepatitis.

T In the neoplastic group, the sites of the neoplasia were as follows: oesophagus (n 4), stomach (z 2), lung (n 2),
colon (r 2) and pancreas (n 1).

where ALB is serum albumin (g/l), TSF is triceps skinfold (mm) and TFN is serum
transferrin (g/1). This formula is a modification of those previously described (Mullen, 1981;
Simms et al. 1982). It has been demonstrated that for patients with a PNI of greater than
40, the incidence of post-operative complications begins to rise and that all patients with
a PNI greater than 60 develop major post-operative complications (Simms et al. 1982).

The statistical methods used were Student’s ¢ test for comparing means and correlation
coefficient for individual indices, since previous analysis revealed that the data were not
significantly skewed. The data were further analysed by stepwise multiple-regression
analysis.

Immunological tests
Blood samples for the assessment of immune function and nutritional studies were collected
at the same venepuncture. Peripheral blood lymphocytes were isolated by density-gradient
centrifugation on Ficoll Hypaque (Sigma Chemical Co., Poole, Dorset).

Natural killer (NK) cell activity. NK cell activity was measured against the human myeloid
cell line K562 as previously described (Guillou et al. 1982). Briefly, target cells (2-5 x 108
in 0-25 ml phosphate-buffered saline (9 g sodium chloride/1)) were labelled by incubation
with 100 #Ci 'Cr for 1 h. Labelled cells were washed and suspended in RPMI culture
medium supplemented with fetal calf serum (100 g/1).

Peripheral blood effector lymphocytes were suspended in RPMI with fetal calf serum at
the required concentration and twofold serial dilutions were prepared to test at final
effector: target cell values of 100:1, 50: 1, 25:1 and 12:1. Effector cells were added to the
wells of round-bottomed microtitre plates in triplicate in a final volume of 0-1 ml. An equal
volume of target cells (1 x 10*) was added to each well. Plates were incubated for 4 hin a
humidified atmosphere of carbon dioxide (50 ml/1) at 37°. After the incubation period,
0-1 ml supernatant fraction was removed and counted for gamma emission.

Spontaneous and maximum Cr release were determined by incubating 1 x 10* target cells
with 0-1 mi medium and 0-1 ml detergent respectively. The percentage specific Cr release
(Cr,.;) was calculated for each effector: target cell value using the formula:

experimental *'Cr,,, —spontaneous *'Cr,, y

- 100.
maximum °Cr,., — spontaneous 51Cr

% Crrel =
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Antibody-dependent cellular cytotoxicity (ADCC). This was measured against the lympho-
blastoid Raji cell line derived from a patient with Burkitts lymphoma. Antiserum was
raised in rabbits, heat-activated and stored at —30°. For the assay, Raji cells were incubated
with antibody diluted 1:200 for 30 min. The cells were then coated with #*Cr and the rest
of the assay performed as for NK cell activity.

Lymphocyte transformation. Peripheral blood lymphocytes (2 x 10%) were cultured in
quadruplicate in 0-2 ml culture medium (Dulbecos modified medium supplemented with
autologous (100 ml/1) or AB (100 ml/l) serum, 2-mercaptoethanol (50 gmol/ml) and
gentamicin (160 pg/ml)) for 72 h at 37° in a humidified atmosphere of CO, (50 ml/1).
Mitogens were used at concentrations which had been previously determined as giving
optimal responses in controls, concanavalin A (Con A ; Miles Laboratories, Slough, Bucks)
8 ug/ml, phytohaemagglutinin (PHA ; Difco Laboratories, West Molesey, Surrey) diluted
1:250, pokeweed mitogen (PWM; Sigma Chemical Co., Poole, Dorset) 10 mg/1. Cultures
were pulsed with tritiated thymidine 18 h before harvesting and counted for S-emission.

RESULTS
A breakdown of the patients into those with zero to one, two to three and four or more
deficiencies is shown in Table 2. The mean age of the patients grouped in this way did not
differ significantly. The distribution of the various clinical conditions between the groups
was fairly even. However, there were disproportionately more patients with inflammatory
bowel disease in the patient control group and disproportionately less of the elderly-neglected
and liver-disease patients were represented in this group.

Table 3 shows the nutritional levels measured in the patient control group and the groups
of patients with multiple deficiencies. There was no significant difference in the percentage
ideal body-weight when the patients were divided in this manner. Similarly, serum Cu and
caeruloplasmin levels were not significantly different between the three groups. The serum
proteins albumin, prealbumin and transferrin were significantly lower in the groups of
patients with two to three and those with four or more deficiencies. For all the other
nutritional levels there were no significant differences between the groups of patients with
zero to one and two to three deficiencies. The group with four or more deficiencies, however,
had levels significantly lower than either of these two groups. The PNI calculation was
significantly higher in both groups of patients with multiple deficiencies.

Interrelation between immunological function and malnutrition
Multiple deficiencies. Dividing the patients according to the number of abnormal biochemical
measurements did not show any significant differences for NK cell activity, ADCC, or
lymphocyte transformation responses to any of the mitogens tested irrespective of the serum
used to support the cultures.

PNI Inan attempt to discern whether the immunological tests related to the PNI, patients
were divided into three groups; those with good (0-40), intermediate (40-60) and poor
(> 60) PNI values. The distribution of disease groups dividing the patients in this manner
is shown in Table 4. The mean ages did not differ significantly between groups. Many of
the patients in the group with a PNI less than 40 were the same as those with zero to one
deficiencies and similarly for the other two groups. There was, however, a certain degree
of patient redistribution to make analysis in these groups worthwhile.

There was no difference in NK cell activity, ADCC or lymphocyte proliferation to any
of the mitogens tested dividing the patients in this way.
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Table 2. Distribution of patients according to the number of biochemical deficiencies

No. of deficiencies

Clinical condition 0-1 2-3 >4
Neurological 6 S 3
Liver 1 3 6
IBD 6 2 3
Elderly 0 6 4
Neoplasia 3 3 5
Surgical 2 3 4
Respiratory 1 2 1
Total 20 24 26
Age (years): Mean 57-8 581 63-8
sD 20-7 17-9 166

IBD, inflammatory bowel disease.

Table 3. Nutritional indices in three groups of patients with zero to one deficiencies (patient
control group), two to three deficiencies and four or more deficiencies
(Mean values and standard deviations)

Deficiencies ... 0-1 (n 20) 2-3 (n24) >4 {n26)
Nutritional indices Mean SD Mean SD Mean SD
Serum:
Albumin (g/) 340 5-6 28-8* 58 20-2*% 51
Prealbumin (g/1) 0-23 0-053 0-168* 0-078 0-104*+  0-05
Transferrin (g/1) 2:65 063 2-16* 0-40 1-63*% 0-46
Retinol-binding protein (mg/1) 47 16 39 19 v 17F 12
Vitamin A (ug/l) 602 195 507 193 296*1 171
Zinc (gmol/1) 13-1 32 117 2:2 10-0%% 19
Copper (umol/l) 215 50 20-3 62 219 50
Caeruloplasmin (g/1) 0-503 0-162 0-428 0-126 0-473 0-142
Vitamin C (ug/10°® leucocytes) 20-2 4-0 18-0 79 11-0*F 5-4
Percentage IBW 91-5 20-5 85:0 24-5 90-6 241
Percentage TSF 865 46-7 68-0 35-8 667 14-2
PNI 310 183 51-4* 12-1 76'5*1 152

IBW, ideal body-weight; TSF, triceps skinfold thickness; PNL, prognostic nutritional index.
* Mean values were significantly different from patient control group (P < 0-01).
+ Mean values were significantly different from the other two groups (P < 0-01).

Immunological function and specific nutritional deficiencies

NK cell activity. There was a significantly positive correlation between NK cell activity and
leucocyte vitamin C levels (r 0-43, n 60, P < 0-01; Fig. 1). If patients were divided into those
with low leucocyte vitamin C levels (< 15 ug/108 leucocytes) and those with normal levels
(> 15 pug/108 leucocytes), a significant difference was observed between the two groups and
this was true for all the higher effector: target cell values (Fig. 2). The distribution of clinical
conditions in these two groups was fairly even (Table 5).

NK cell activity did not correlate with age or any of the other individual nutritional
indices measured.

ADCC. ADCC did not correlate with any of the individual nutritional factors measured.
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Table 4. Distribution of patients according to prognostic nutritional index* (PNI) value

PNI

Clinical condition 040 40-60 > 60
Neurological 4 6 4
Liver 2 S 3
IBD 4 5 2
Elderly 2 3 5
Neoplasia 1 4 5
Surgical 3 1 5
Respiratory 1 3 I
Total 17 27 26
Age (years): Mean 572 54-9 65-6

sD 21-0 19-7 156

IBD, inflammatory bowel disease.
* PNI = 150—1-66 (ALB)—0-78 (TSF)—20 (TFN), where ALB is serum albumin (g/1), TSF is triceps skinfold
thickness (mm) and TFN is serum transferrin (g/1).
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Fig. 1. The relation between natural killer (NK) cell activity and leucocyte vitamin C, r0-43,
P < 0-01.

Lymphocyte transformation. The lymphocyte response to the mitogens PHA and PWM
showed no significant correlations with any individual nutritional indices measured in either
autologous or AB serum. Several significant correlations were, however, observed in
relation to Con A.

The only visceral protein to show any correlation with this response was transferrin and
the relation held for autologous serum (r 0-46, n 49, P < 0-01; Fig. 3) and, to a weaker
extent, AB serum (r 0-33, # 51, P < 0-05). When patients were divided into those with low
serum transferrin (< 2 g/1) and those with higher levels, the tritiated thymidine uptake
between the two groups was significantly different for cultures performed in autologous
serum (Fig. 4) but not for those performed in AB serum.
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Fig. 2. Natural killer (NK) cell activity in patients with low (@) leucocyte vitamin C
(< 15 ug/108 leucocytes) and normal (A) leucocyte vitamin C (> 15 xg/108® leucocytes) for the different
effector:target cell values tested. Points are mean values with their standard errors represented by
vertical bars. * P < 0-01.

Tabie 5. Distribution of patients according to the level of vitamin C, transferrin and zinc

Vitamin C Serum transferrin Serum Zn

(ug/108 leucocytes) /D (pmol/1)
Clinical
conditions <15 > 15 <2 >2 <11 > 11
Neurological 6 7 6 8 9 5
Liver 3 7 3 7 7 3
IBD 3 6 3 6 4 5
Elderly 6 3 4 3 5 2
Neoplasia 5 4 4 5 4 b
Surgical 6 3 2 2 2 2
Respiratory 2 2 0 2 2 0
Total 31 32 22 34 33 22

IBD, inflammatory bowel disease.

None of the other nutritional factors showed any correlation with lymphocyte proliferation
in response to Con A stimulation. However, when patients were divided into those with
low serum Zn (< 11 gmol/l) and those with levels greater than this, there was a significant
difference for cultures performed in autologous serum (P < 0-05; Fig. 4) but not for cultures
performed in AB serum. Again, as shown in Table 5, the distribution of clinical conditions
in the groups divided according to their serum transferrin or Zn concentrations were evenly
distributed, and there was no obvious disease bias in any of these groups.

The lymphocyte responsiveness to Con A, PHA and PWM showed significant correlations
with age, the correlation coefficient being higher when stimulations were performed in
autologous serum (Table 6).

The results from . stepwise muiltiple-regression analysis are shown in Table 7. The
correlation coefficients and equation of line of best fit were calculated only from patients
in whom complete results were available. When some values were missing from an indivi-
dual patient, that patient’s results were rejected from the analysis. This accounts for some
slight differences between the results of the correlation coefficients for multiple-regression
analysis and correlation coefficients stated elsewhere when all available values were included.
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Fig. 3. The relation between lymphocyte transformation in response to concanavalin A (Con A) and
serum transferrin in autologous serum, r 0-46, P < 0-01.
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Fig. 4. Lymphocyte proliferation in response to concanavalin A (Con A) in patients with low

(< 11 gmol/l) and normal serum zinc levels and in patients with low (< 2 g/l) and normal serum
transferrin levels.
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Table 6. Correlation of age and the lymphocyte response to concanavalin C (Con A),
phytohaemagglutinin (PHA) and pokeweed mitogen (PWM) in autologous and AB serum

Statistical

Mitogen Serum r n significance: P
Con A Autologous 043 49 < 001

AB 0-38 52 < 001
PHA Autologous 0-57 49 < 001

AB 0-35 52 < 0-01
PWM Autologous 0-33 49 < 005

AB 0-25 52 NS

NS, not significant.

Table 7. Calculated correlation coefficients and equations for lines of best-fit using stepwise
multiple-regression analysis

Immune function tests

Autologous serum AB serum
Nutritional NK cell

indices activity ADCC ConA PHA PWM ConA PHA PWM
Albumin 0-04 0-02 0-19 003 —003 0-03 019  —0-04
Prealbumin -0-08 —-0-14 -021 -025 -018 —-009 —004 —-023
Transferrin 008 —0-03 0-48* 0-38* 0-12 0-35% 0-39* 0-15
Retinol-binding protein -013 -010 ~-011 —-021 -013 =-022 004 -0-13
Caeruloplasmin -0:06 —-022 —0-35* 005 —-006 —0-15 004 —0-08
Copper —0-04 —-027 —-0-28 005 -003 -003 002 016
Zinc 0-09 0-19 018 -0-11 -018 —-003 ~-010 -019
Vitamin A 005 —006 003 -037* -0-31* —-008 —018 —0-23
Vitamin C 031* —-0-20 0-35* 010 -004 021 003 —-001

NK, natural killer; ADCC, antibody-dependent cellular cytotoxicity; Con A, concanavalin A; PHA, phyto-
haemagglutinin; PWM, pokeweed mitogen.

Calculated equations for line of best fit: NK cell activity, 16:85+0:65 vitamin C; ADCC, none; Con A
(autologous), 44:4+0-32 transferrin—1-16 caeruloplasmin; PHA (autologous), 92:1+40-27 transferrin—0-83
vitamin A; PWM (autologous), 83-:3—0-39 vitamin A; Con A (AB serum), 50-0+0-24 transferrin; PHA (AB
serum), 73-0+0-24 transferrin; PWM (AB serum), none. * P < 0-05.

The overall picture for correlation coefficients was much the same as those previously
calculated. However, stepwise multiple-regression analysis revealed a better predicted value
for Con A in autologous serum when transferrin and caeruloplasmin were included, the
multiple correlation coefficient of 0-67 being slightly better than either transferrin or
caeruloplasmin alone (r 0-48 and 0-35 respectively). Whilst Con A in autologous serum and
vitamin C were significantly correlated (r 0-35), this was rejected by multiple-regression
analysis. A similar picture was seen with PHA in autologous serum when the multiple
correlation coefficient 0-55 was found using the variables transferrin and vitamin A which,
individually, had lower correlation coefficients (r 0-38 and —0-37 respectively).

DISCUSSION
The existence of both PEM and hypovitaminosis has been demonstrated in hospital patients
using a variety of criteria including weight loss, percentage ideal body-weight, arm muscle
circumference, triceps skinfold thickness, serum albumin and transferrin, haemoglobin and

ssald Aissanun sbpuquied Ag suluo paysiignd 6500986 LNIG/6.£01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19860059

524 PAULINE S. DOWD AND OTHERS

various vitamin levels. Malnutrition using all or some of these indices has been described
in patients with inflammatory bowel disease (Harries ef al. 1982), liver disease (Morgan et
al. 1976), cancer, particularly gastrointestinal malignancies (Dionigi et al. 1980), old age
(Morgan et al. 1975) and surgical patients (Hill et al. 1977). In the present study, lower
visceral protein, vitamin and trace element levels were found in patients suffering from a
variety of these clinical conditions.

Multiple deficiencies

No simple method exists for assessing the severity of malnutrition in hospital patients. The
method of counting the frequency of abnormal nutritional indices usually results in few,
if any, patients with no abnormalities at all. Anthropometric measurements are difficult to
interpret and in some situations may bear little relation to laboratory nutritional measure-
ments (Dowd et al. 1983). In the present study, nine of the seventy patients had no
biochemical abnormalities, and eleven patients had an isolated biochemical deficiency.
These two groups combined made a sufficiently large patient control population for
comparison with those groups with multiple abnormalities. Patients with two to three
deficiencies were considered to be moderately malnourished and those with four or more
deficiencies severely malnourished.

The lack of any significant difference in mean NK cell activity, ADCC or lymphocyte
transformation in response to mitogens between groups with increasing numbers of
deficiencies suggests that the severity of malnutrition does not adversely affect these
particular cellular functions.

PNI

An alternative method of grouping the patients was attempted. Various methods have been
devised to combine several nutritional measurements as pre-operative indicators of
nutritional status. The PNI, combining serum albumin and transferrin, and the triceps
skinfold thickness devised by Mullen (1981) and further modified by Simms e? al. (1982),
was used. This index has been shown to be a useful pre-operative indicator of post-
operative mortality (Simms ez al. 1982) and has also been shown to relate to prognosis
in critically ill medical patients (Eisenberg et al. 1981). The immunological tests measured
in these patients showed no relation with the PNI values. These aspects of cellular immunity
do not explain the prognostic value of these nutritional measurements.

NK cell activity
NK cell activity in the present study did show a significant correlation with leucocyte
vitamin C but not with any of the other nutritional indices measured, but the relation was
not close and suggests that other factors were also influencing this assay of cytotoxic
function. The inherent day-to-day variability of the NK assay may explain some of this
scatter and the relation with vitamin C status may be improved if mononuclear cell vitamin
C is assayed rather than total leucocyte plus platelet levels as used in the present study.

A study of NK cell activity in malnourished children suggested that NK cell activity was
impaired. However, the large scatter and skewed distribution of these results and the lack
of nutritional information make it impossible to draw any firm conclusions from this work
(Salimonu et al. 1982).

NK cell activity has previously been shown to be low in post-operative surgical patients
(Guillou et al. 1982). In this group, activity returns to normal within 72 h and all of our
post-operative patients were studied at least 5 d post-operatively. Although it would appear
that NK cell function is related to the leucocyte vitamin C levels, it is unlikely that this
is the only factor influencing this assay of cytotoxic function.
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ADCC
A decrease in ADCC has been shown in critically ill surgical patients which indicates the
severity of illness and is useful in predicting prognosis (McCredie, 1980). However, in the
present study, ADCC showed no relation with the PNI or with any other nutritional factor.

Lymphocyte proliferation
Lymphocyte blastogenic responses to the mitogens Con A and PHA correlated significantly
with age, the response decreasing with age. This depression of response with increasing age
has been previously documented (Hallgren & Buckley, 1973). However, the present study
did show that factors other than age may influence this response.

The responses to Con A revealed a number of relations which were not observed in
response to stimulation with the mitogens PHA or PWM. Presumably, if age was the factor
most influencing these responses, PHA and PWM would have shown similar relations.
Con A has been previously reported as detecting defects not observed by PHA responses
in both cancer patients (Golub et al. 1974) and patients with major burns (Munster ez al.
1980). Con A and PHA are both T-cell activators, therefore similar results would be
expected. However, work in mice has suggested that Con A and PHA may activate different
T-cell subpopulations (Stobo & Paul, 1973). It is possible that T-cell subsets stimulated by
Con A are differentially affected in a variety of clinical conditions and in undernutrition.

The serum of patients with alcoholic liver disecase has been shown to reduce the
transformation response of normal lymphocytes indicating the presence of a serum
inhibitory factor (Zetterman & Sorrell, 1981). However, our findings suggest that liver
patients are not unique in demonstrating this phenomenon. The sometimes very-large
difference in stimulation between cultures performed in autologous and in AB serum may
be a consequence of circulating serum inhibitors or the lack of a vital serum component
required for optimal lymphocyte transformation. Children with PEM have been shown to
exhibit depressed in vitro lymphocyte transformation in autologous serum (Moore e? al.
1977; Beatty & Dowdle, 1979) and one such study carried out mixing-experiments which
suggested that kwashiorkor serum lacked factors present in normal serum that are required
for optimal lymphocyte blastogenesis (Beatty & Dowdle, 1979).

In the present study the percentage change in stimulation from autologous to AB serum
was significantly different between the group of patients with zero to one deficiency and
those with four or more deficiencies. This suggests that there may be a nutritional cause.
Dividing the patients on the basis of the PNI gave a clearer separation, with the patient
groups having a PNI greater than 40 showing larger enhancement of responses in AB serum.
This suggests that it may be protein factors which are lacking from the serum as the PNI
calculation is based on albumin and transferrin values.

Albumin did not show any relation with Con A stimulation in either autologous or AB
serum. However, serum transferrin did show a significant correlation with Con A-stimulated
lymphocyte proliferation in autologous serum and a much weaker correlation in AB serum.

There is evidence to suggest that the Zn content of serum in which transformation is
carried out is important for determining the extent of the response. A 40-609/ reduction
in transformation on removal of Zn from the culture media and serum has been
demonstrated (Messer et al. 1982).

Although the serum Zn in the patients studied did not correlate with Con A-stimulated
lymphocyte transformation, patients with serum Zn levels less than 11 xmol/] did show
significantly lower responses in autologous serum compared with those with higher Zn
levels. This difference was insignificant for cultures performed in AB serum. The AB serum
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was subsequently found to have a high-Zn content (19-4 umol/}) and this may account for
the lack of difference in normal serum.

Zn uptake by blasting cells may be closely linked to transferrin. Phillips (1978)
demonstrated that in serum-free cultures of several Zn compounds tested, including Zn
albumin, Zn transferrin was the only one capable of stimulating tritiated thymidine uptake
in PHA-stimulated peripheral blood lymphocytes beyond that produced by PHA alone. It
would therefore seem likely that transferrin levels could also limit transformation by
decreasing the carrier-bound Zn available for lymphocyte activation. There was a weak
correlation between transferrin and Zn (r 0-4, n 68, P < 0-05) but it is not known how much
of the Zn in any patient is bound to transferrin and the mechanism by which Zn regulates
in vitro lymphocyte transformation is not yet understood.

While vitamin C deficiency showed a significant relation with lymphocyte blastogenesis
in response to Con A stimulation, this relation was rejected by stepwise multiple-regression
analysis which suggested a better predicted value using a combination of transferrin and
caeruloplasmin. This result for vitamin C differs from the results of Neumann et al. (1975)
who found a significant correlation between vitamin C levels and response to PHA in
malnourished children. However, a study on experimentally deprived human subjects failed
to show any decrease in response to the mitogen PHA (Kay et al. 1982).

Looking for a relation between nutrition and cellular immune response in a study such
as this is hampered by the possibility that other factors apart from malnutrition may be
responsible for producing diminished immunocompetence. Amongst such factors are the
disease itself, liver disease, neoplastic disease and inflammatory bowel disease which may
be associated with depressed immunocompetence (Victorino & Hodgson, 1980; Mullin &
Kirkpatrick, 1981; Zetterman & Sorrell, 1981). Other factors to be considered include drugs,
and especially steroids (Skinner & Schwartz, 1972). None of the patients included in the
present study was receiving steroids but the effect of other drugs was not controlled. In the
present study, an attempt to exclude the influence of disease was made by comparing the
malnourished patients with well-nourished patients with similar diseases. There was,
however, a somewhat uneven distribution of disease conditions in the different groups.
When the patients are divided on the basis of single nutrient abnormalities, the distribution
of the disease conditions in the separate groups is more even. While this does not definitely
exclude the influence of the disease itself on the immune indices measured it does, to some
extent, implicate the single nutrients Zn and vitamin C as factors which influence
immunocompetence in hospital patients.

In summary, these results fail to demonstrate that overall malnutrition is associated with
depression of several different aspects of the cellular immune response. However, our
findings suggest that subnormal levels of certain individual nutrients, such as Zn and
vitamin C, may influence the immunoreactivity of different lymphocyte subpopulations.
Further investigation using more specificmethods for cellular Zn and vitamin C concentration
may further explain the importance of these two nutrients in regulating cellular immunity.
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