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Rosette Inhibition Test in Severely Burned Patients
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Summary

The rosette inhibition test has been advocated as a test of
immune reactivity in patients given transplants. We have
done the test in lymphocytes from patients with severe

burns, non-burnt control patients, and normal subjects.
There was no correlation with the period of immuno-
suppression which follows a severe burn, though both
groups of patients showed a wider range of minimal
inhibitory concentrations (M.I.C.) than the normal
group. Wide day-to-day variation of M.I.C. in burn and
control patients was noted; this seemed to correlate with
the ratio of sodium to potassium excreted in the urine.
In-vitro experiments suggest that the M.I.C. is correlated
with a plasma constituent which may be similar in action
to hydrocortisone and that the rosette inhibition test is
not a direct measure of immune reactivity.

Introduction

A high proportion of human lymphocytes will react with sheep
red blood cells to form spontaneous rosettes (Jondal et al., 1972;
Chapel, 1973). This rosette formation has been shown to be
inhibited by high dilutions of antihuman lymphocyte globulin
(Bach et al., 1969). An in-vitro test based on this inhibition of
spontaneous rosette formation was first described for mouse

lymphocytes (Bach and Antoine, 1968) and then modified for
human lymphocytes (Munro et al., 1971). It has been suggested,
despite its obscure immunological basis, that this test is a mea-

sure of the immunosuppression of a patient's lymphocytes
(Munro et al., 1971; Bewick et al., 1972; Cullum et al., 1972)
and that a change in minimal inhibitory concentration (M.I.C.)
is associated specifically with rejection.

Previous reports on the use of the test have been confined to
renal and lung transplant patients. We have used the test on

lymphocytes from patients who have sustained a burn of
more than 20% of their total body surface. Such severe burn
injuries have been shown to be associated with depression of
cellular immunity. Prolonged survival of skin allografts (Chamb-
ler and Batchelor, 1969; Batchelor and Hacket, 1970), decreased
delayed hypersensitivity reaction (Rapaport and Converse,
1966), depression of the ability of spleen cells to induce a graft-
versus-host-reaction (Munster et al., 1972), altered phyto-
haemagglutinin response of lymphocytes (Mahler and Batchelor,
1971), and decreased ability of lymphocytes to stimulate or

respond in mixed culture (Sakai et al., 1972) suggest dysfunction
or depletion of T cells. In man this altered cellular immunity
seems to persist for at least three weeks after the burn injury
(Chambler and Batchelor, 1969; Batchelor and Hacket, 1970;
Daniels et al., 1970). If the rosette inhibition test is a direct
measure of lymphocyte immunocompetence then this should
reflect a depression for at least three weeks after a severe burn.

Materials and Methods

ROSETTE INHIBITION TEST

The method used was that ofMunro et al. (1971) with the follow-
ing modifications.

Fresh human peripheral blood lymphocytes were prepared
from heparinized blood by separation on a Ficoll gradient
(Harris and Ukaejiofo, 1969). Heparin does not affect the test.
Careful washing of the lymphocytes increases the proportion
which form rosettes (Chapel, 1972) and is therefore essential for
maximum sensitivity. After washing the cells twice in Hanks's
balanced salt solution (B.S.S.) they were adjusted to 1-2 x
106/ml. This suspension (0 05 ml) was incubated with antihuman
lymphocyte globulin (0-125 ml) and absorbed guinea-pig serum
(0-025 ml). Sheep red blood cells (0 05 ml) (33 x 107/ml) were
added after 90 minutes of incubation at 37°C. Calf serum (0 05
ml), heat inactivated at 56°C for 20 minutes, was added to
stabilize the rosettes before resuspension. The number of roset-
tes per 103 lymphocytes was calculated for each dilution of
antihuman lymphocyte globulin used after 200 lymphocytes
had been examined. Since the M.I.C. is defined as that amount of
antihuman lymphocyte globulin required to inhibit 25% of
rosettes formed in the B.S.S. control the actual number of
rosettes per 103 lymphocytes in the controls is not critical
The antihuman lymphocyte globulin used was a stand-
ard preparation (Wellcome Reagents PAQ1); fresh sheep red
blood cells were obtained weekly.
The cell suspensions for rosette tests were sometimes left

overnight at 4°C and the test was performed next day. This did
not significantly affect the M.I.C. (table I). The number of
rosettes per 103 lymphocytes increases with the time between
centrifugation and resuspension; this is most marked at 4°C
but can also be shown at room temperature (Chapel, 1973).
Since this test was done at room temperature all the tubes in a
given test were resuspended at once to exclude this error.

TABLE I-Effect of Incubation of Cells Overnight at 4°C

Cell Type Incubation Medium Time Tested M.I.C.

Ke Wo 10% C.S. in Hanks's Same day 4,4001000 ~~~~~Nextday 6,200
Ke Wo 100X0 A.S. in Hanks's Same day 6,400100 ~~~~~~Nextday 5,400
Hu Ka 10° C.S. in Hanks's Same day 5,600100 ~~~~~~Nextday 6,400
Ke Wo 10° A.S. in Hanks's Next day 20,000100 1 ~~~~~Sameday 25,000
Ch Ke 10°b A.S. in Hanks's Same day 18,0001000 ~~~~~~Nextday 19,000
He Ch 10% C.S. in Hanks's Same day 14,000100 ~~~~~~Nextday 14,000

C.S. = Heat inactivated calf serum. A.S. = Heat inactivated autologous serum.

SUBJECTS

A total of 48 patients with severe burns (over 20% of the total
body surface) were tested at intervals during their recovery.
In 14 of these patients daily urinary electrolytes were measured
on aliquots from 24-hour collections. Of these patients three
were excluded from this part of the study because of renal
failure, dehydration and salt retention, and diabetes.
Twenty non-burned adults were examined as controls. They

were chosen at random from patients in a general medical ward
and included cases with myocardial infarction, cardiac arryth-
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TABLE II-Mean M.I.C.s (+ 1 S.D.) obtained from Patients. Valuesfor Burned Patients are grouped according to Interval between Burn Injury and Test.
Numbers of Values in each Group are given in Parentheses

1st Week 2nd Week 3rd Week 4th Week 2nd Month 3rd Month

Burnt patients 1/22,300 1/25,500 1/28,600 1/18,500 1/20,500 1/27,800
16,200 (44) 16,700 (33) 21,000 (32) 15,300 (29) 14,400 (62) 16,000 (22)

Control patients 1/28,000

21,000 (48)
Normal persons .. 1/22,000

6,400 (41)

TABLE iII-Effect of Preincubation of Normal Lymphocytes with Patient's Plasma

Normal Cell Type Plasma Donor M.I.C. on Cells of Incubation M.I.C. on
and Date and Date Plasma Donor* Time in Hours Test Cells

Li Da 8/l/73 < Autologous 1 3 1/25,000Li Da8/1/73 ~~~(C) Ke Wo 15/11/72 1/4,400 3 1/ 5,600
Ch Ke 10/1/73 Autologous 1 14 1/18,000(C) Ke Wo 15/11/72 1/4,400 14 <1/ 4,000
Ch Ke 10/1/73 Autologous 54 1/19,000(C) Ke Wo 15/11/72 1/4,400 5 <1/ 4,000
KeWo 20/1/73 Autologous _ 4 1/34,000(C) KeWo 5/11/72 1/4,400 4 1/10,000
He Ch 16/1/73 Autologous 4 1/17,500(B) An Ar 11/12/72 <1/4,000 4 <1/ 4,000
He Ch 16/1/73 Autologous 14 1/17,000(C) Si Ca 3/1/73 1/4,500 14 <1/ 4,000

Autologous 14 1/13,000
He Ch 25/1/73 (C) Si Ca 3/1/73 1/4,005 14 <1l/ 4,000(B) An Ar 23/10/72 1/36,000 3/5 1/12,000

LAn Ar 11/12/72 <1/ 4,000 3/5 <1l/ 4,000

*M.I.C. value for day of plasma collection.

(B) Burnt patient
(C) Control patient

mia, pulmonary embolus, acute bronchitis, and urinary tract
infection; 12 of these patients were tested on several occasions.
Daily urine collections were not done.
A third group of 41 normal subjects were also tested.
The coefficient of correlation (r) used in fig. 1 was calculated

by means of the product-moment method.

Results

BURNED PATIENTS

The rosette inhibition test is very reproducible. We used one
batch of liquid nitrogen stored cells prepared from 400 ml of
blood taken from one individual at one venepuncture. These
cells were tested at intervals during the period of study (18
months) using different batches of sheep red blood cells,
antihuman lymphocyte globulin, -and guinea-pig sera. The mean
M.I.C. for these cells ± 1 S.D. was 1/27,000 + 1/2,000;
initial lymphocyte concentrations varied from 1 x 106 to
2 x 106/ml.
The frequency distribution curve of the M.I.C. for the 41

normal subjects was plotted and shown to be a Gaussian distri-
bution curve. The mean value was 1/22,000 (S.D. 1/6,400).
Study of the data showed that there was no significant variation
of M.I.C. with age or sex. The mean M.I.C.s (± 1 S.D.) for
three age groups of normal subjects were similar-0-25 years
1/21,000 ± 6,100 (n =12), 26-50 years 1/22,000 ± 5,500
(n=20), more than 50 years 1/21,000 ± 8,900 (n=9). Likewise
there was no difference between the mean M.I.C.s for each sex.
For these reasons strict matching of controls with patients was
not deemed necessary.
The 222 values obtained from the burnt patients are grouped

in table II according to the time intervals after the burn injury
at which the lymphocytes were taken. It is clear that the mean
M.I.C.s for these time intervals were not significantly different
from each other or from the mean value of the control patients
or that of the normal subjects. There was no consistent difference
associated with the period of immunosuppression. There was a
wide scatter of results around the mean for each group of
patients, which was reflected in the standard deviations
(table II).

Variation of the M.I.C. for a given person in either group of
patients was considerable. There appeared to be a correlation
between variation in M.I.C. and the ratio of electrolytes excreted
in the urine. Individual graphs plotted for the 11 patients on
whom electrolyte studies were made confirmed this. When the
sodium excretion fell and potassium excretion rose the M.I.C.
changed, in that a greater concentration of antihuman lympho-
cyte globulin was required to inhibit rosette formation of the
lymphocytes by 25% (fig. 1). In patients who had not received a
blood transfusion for at least 48 hours the ratio of sodium to
potassium excretion (in mEq/l.) for a given 24-hour urine
specimen correlated with the M.I.C. for lymphocytes taken
during that period (r=0-32, n=48, P <0 02) (fig. 1). Thirteen
pairs of values were obtained from patients immediately after
blood transfusions (fig. 1); such transfusions are known to
increase the urinary sodium excretion, and in addition the
M.I.C. value altered considerably. When the data from the
recently transfused patients were added to those from patients
not transfused for 48 hours the correlation was even greater
(r=0.55, n=61, P <0-001) (fig. 1).
Other variables were examined to see if they showed a close

correlation with changes in M.I.C. No consistent correlation
was found between M.I.C. and serum aspartate or alanine
aminotransferase, alkaline phosphatase, albumin to globulin
ratio, total serum proteins, serum creatinine, urea, serum electro-
lytes, haemoglobin, or total white cell count. Occasionally a
patient showed a coincidental association between a given para-
meter and M.I.C. One patient (fig. 2) there was an apparent
coincidence of variation of the serum aminotransferases, alka-
line phosphatase, and M.I.C. An early change in M.I.C. (day
15) coincided with a rise in these enzymes; a late change (day
42) did not correlate with changes in serum enzymes.

INCUBATION OF NORMAL LYMPHOCYTES WITH PATIENTS' PLASMA
AND HYDROCORTISONE

Low ratios of sodium to potassium in the urine of otherwise
normal subjects are associated with stress (Stoner, 1969).
Aldosterone and cortisol secretion are known to affect these
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FIG. 1-Relation between sodium to potassium excretion ratio and M.I.C
The 24-hour urine collections were made daily and aliquots taken for
measurement of sodium and potassium excretion (mEq/l.). Sodium to
potassium excretion ratio is plotted against M.I.C. for lymphocytes taken
within relevant 24-hour period. X = Values obtained within eight hours
after blood transfusion.

cY.
-U=

E0 0-
acX 0'a aL-.p

0
-0'"I

0.c

4

(15/11/72) was tested on three cell types, including the patient's
own cells taken at a later date when the M.I.C. was normal. In all
experiments test plasma changed the M.I.C. after an incubation
time of three to 14 hours. Plasma An Ar (11/12/72) was also
shown to change the M.I.C. of normal cells, whereas plasma
taken from the same patient when the M.I.C. was at the limit of
normal (An Ar 23/10/72) was ineffective.

Since it was suspected that adrenal cortical secretion might be
related to changes in M.I.C. the effect of incubation of lympho-
cytes with hydrocortisone was tested. Fresh lymphocytes
(2 x 106/ml) from a normal subject were incubated with hydro-
cortisone sodium succinate (B.P.) (in autologous plasma or
B.S.S.) at 37°C; cells were then washed four times and used in a
rosette inhibition test. Control cells were incubated in the same
medium but without hydrocortisone. The effect of incubation
with 0-2 mg hydrocortisone per ml for 16 hours is shown in
fig. 3. Hydrocortisone increased the amount of antihuman
lymphocyte globulin required to produce 25O% inhibition from a
dilution of 1/20,000 to < 1/4,000. This effect has been shown on
lymphocytes from four normal subjects. Incubation with hydro-
cortisone reduces the number of rosettes formed by lymphocytes
when these are examined immediately after incubation with the
drug. This effect appears to be reversible within one-and-a-half
hours, since the numbers of rosettes per 103 lymphocytes in the
B.S.S. controls of the antihuman lymphocyte globulin tests were
similar for treated and untreated cells.
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SGPT FIG. 3-Effect of incubation of lymphocytes for 16 hours with 0.2mg hydro-
I*' "' cortisone sodium succinate per ml. After incubation with hydrocortisone

solution or an equal volume of buffer, cells were washed three times and used
L-k&, in rosette inhibition tests. Results are given as % of value of relevant B.S.S.

SOOT - controls in antihuman lymphocyte globulin (A.L.G.) tests. x --- x: Cells
incubated with hydrocortisone (0.2 mg/ml). x x: Cells incubated with

20 30 40 equal volume of B.S.S.

FIG. 2-Variations in daily urine sodium and potassium excretion, alkaline
phosphatase, serum aspartate and alanine aminotransferases (SGOT,
SGPT), and M.I.C. at intervals after 25% burn in 30-year-old man. (Two
units of blood or plasma were given over periods indicated.) Mean normal
range of M.I.C. (± 2 S.D.) is given on left of figure. Black areas indicate
abnormal M.I.C.s When potassium excretion rose and sodium excretion fell
(as on day 15) less dilution of antihuman lymphocyte globulin was required.

ratios and lymphocytes may be affected by these or similar
plasma constituents, and this might account for the change in
M.I.C. We next tested plasma taken from patients on days when
their M.I.C. was abnormal to see if this plasma could affect
normal cells. Plasma was separated, frozen at once, and stored
at -20°C. Before use plasma was thawed, heated to 56°C for 15
minutes, and spun. Fresh normal lymphocytes (2 x 106/ml)
were incubated with heat inactivated undiluted autologous or
test plasma at 37°C for varying times; cells were then washed
four times and set up in rosette inhibition tests.

Changes in M.I.C. can be produced by incubation of normal
cells in plasma from burnt or non-burnt patients provided that
the plasma is taken when a test on the patient's own cells had
shown the M.I.C. to be abnormal (table III). Plasma Ke Wo

One possible explanation for these results is that these plasma
samples contain a substance which coats the lymphocytes and
prevents the attachment of the antihuman lymphocyte globulin
though not the sheep red blood cells. An experiment was carried
out to test whether treated lymphocytes were less susceptible to
lysis with antihuman lymphocyte globulin and complement.
There was no difference in the susceptibility of lymphocytes
treated with test plasma or normal autologous plasma. Three
experiments were performed and the 50% end-point was 1/6,000
in all. It is possible that only rosette inhibiting antibodies in the
antihuman lymphocyte globulin were blocked by test plasma,
but this is most unlikely since some in direct blocking of lysis due
to steric hindrance by such antibodies would be expected.

Discussion

It has been suggested that the M.I.C. measures the immune re-
activity of an individual (Munro et al., 1971; Bewick et al.,
1972; Cullum et al., 1972). If a small amount of antihuman
lymphocyte globulin-that is, high dilution-inhibits rosette
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formation by an arbitrary figure-conventionally 25%-it has
been postulated that the lymphocyte donor is immunosuppres-
sed. In contrast normal immunological reactivity is claimed to be
present when the amount of antihuman lymphocyte globulin
needed for rosette inhibition is the same as that required for the
cells of normal people.
We studied severely burnt patients during a period when cell

mediated immunity is known to be depressed. If the M.I.C. is a
direct index of cell mediated immunological reactivity it would
be expected that tests on the cells of such patients would show
inhibition with low amounts of antihuman lymphocyte
globulin. The results presented show that this is not the
case. In 76% of the tests performed normal or greater than
normal amounts of antihuman lymphocyte globulin were
required. Some of the patients (none of whom had had live
allografts and in whom there was no question of rejection)
required normal or increased amounts of antihuman lymphocyte
globulin to inhibit rosette formation. These included burned and
non-burned patients, and it is therefore evident that factors other
than rejection must influence the minimal dose of antihuman
lymphocyte globulin required.

Changes in M.I.C. have been correlated with the ratio of
sodium to potassium in the urine. The ratio of electrolytes
excreted in the urine is known to be affected by adrenal cortical
hormones (Stoner, 1969). A variety of pathological processes
including trauma and infection may affect the urinary sodium to
potassium ratio; the exact mechanism is not known but the
adrenal glands are thought to play a part (Stoner, 1969). This
suggests that the change in M.I.C. reflects non-specific patho-
logical processes. When cells are preincubated with plasma from
burnt or non-burnt patients or hydrocortisone more antihuman
lymphocyte globulin is required to inhibit rosette formation. It
is therefore possible that the plasma steroid hormone levels are a
major factor influencing the results of this test. It might, how-
ever, be difficult to correlate cortisol levels with M.I.C. since
though the half life of cortisol in the circulation is one to three

hours the maximum effects occur two to eight hours later
(Laurence, 1966).
To ascertain conclusively whether rejection is specifically

associated with a change in M.I.C. skin-grafted patients are
being used, since the time and diagnosis of rejection of skin is
definite. We have not yet completed this investigation but pre-
liminary results suggest that a patient may reject a skin graft
(14-6 cm) without a change in M.I.C.
We are grateful to the late Dr. Pamela Hinton and the staff

of the Mclndoe Research Unit for their help and encouragement
during this study, and Dr. Stephen Elkington and the physicians
of King's College Hospital, London, for permission to include
their patients. We also thank Miss Linda Daley for her excellenft
technical help, Mrs. B. Muller for t-ping the manuscript, and the
East Grinstead Research Trust and the Medical Research Council
for financial support.
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Parents of Battered Babies: A Controlled Study
SELWYN M. SMITH, RUTH HANSON, SHEILA NOBLE
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Summary

A controlled investigation of 214 parents of battered
babies shows that they were young and predominantly
of lower social class. Premature parenthood is an asso-
ciated feature. Among the mothers 76% had an abnormal
personality and 48% were neurotic. Nearly half were of
borderline or subnormal intelligence; 11% had a
criminal record. Of the fathers 64% had an abnormal
personality, more than half being psychopaths. Twenty-
nine per cent. had a criminal record. Recidivism is an
associated feature.
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The risk of battering possibly diminishes with time.
The teaching of appropriate child-rearing skills, sympto-
matic relief, and social relearning are suggested as
realistically based treatment methods and should be
combined with a care order. When response to treatment
appears unlikely permanent removal from parental
care should be considered.

Introduction

Though generalizations describing the characteristic features of
parents who batter babies have recently become prominent
there is a scarcity of controlled studies. Recent observations
have suggested that battering parents are not confined to any
particular personality type, intelligence level, or social class
(Steele and Pollock, 1968) and that "child abuse is psycho-
dynamically related and has nothing to do with race, colour,
creed, sex, income, education, or anything else" (Kempe, 1969).
By way of contrast other authors have noted that battering
parents are young (Gil, 1968) and from the lower social classes
(Young, 1964; Skinner and Castle, 1969). Mental illness,
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