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Immune Status of Children with and without Severe
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Summary

The immune status of children with malignant disease
in remission was assessed using various immune function
tests. Children with infections had significantly more
neutropenia, hypogammaglobulinaemia, and impaired
cell-mediated immune responses than those without.
These two groups combined had much more absolute
lymphopenia and impairment of both cell-mediated
immunity and antibody-producing capacity than control
children with non-malignant conditions. Regular im-
munological evaluation is recommended for children
with malignant disease when new intensive treatment
schedules are under trial and for individual patients
particularly prone to develop infections during treatment.

Introduction

In the last 10 years an aggressive therapeutic approach has
radically altered the prognosis for children with acute leukaemia
and other malignant diseases.' 2 Though such treatment pro-
duces long remissions its immunosuppressive effects make
children susceptible to opportunistic infections with organisms
of low pathogenicity.3 Such infections endanger life as much
as the severe bacterial infections which occur in relapses but
are associated with different patterns of immunological dis-
turbance. The malignant process also may impair a child's
immunity. Leucopenia,' diminished antibody production,6 and
impaired cell-mediated responses7 8 all increase the child's
susceptibility to infection.
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We investigated the immune status of children receiving
cytotoxic treatment during remission of malignancy and com-
pared them with normal children and children with malignant
disease before treatment or after completing protracted treat-
ment. We aimed to define the type and extent of immune defect
and how it differs during infections and what tests might predict
those at particular risk of infection.

Patients

The 56 children studied included 36 with leukaemia and other
malignant diseases and 20 controls most of whom were poorly
thriving and had had recurrent pneumonia, sepsis, or enteric infec-
tions, for which no underlying cause was apparent (table I). The
children with malignancies suffered the following 14 infections:
bronchopneumonia (probably non-bacterial) (3 cases), pneumocystis
pneumonia (3), herpes zoster (3), measles and pneumonia (2),
candidiasis (2), and cytomegalovirus infection (1). Some children
were tested more than once during the study and all the results were
analysed.

Methods

We assessed cell-mediated immunity by peripheral blood lymphocyte
counts, tuberculin 1/100 or 1/1000 skin tests, and lymphocyte culture
with non-specific mitogens and specific antigens. Neutrophil pro-
duction was measured by neutrophil count. Humoral immunity was
measured by serum immunoglobulins and titres of several anti-
bacterial and antiviral antibodies. The percentage of non-thymic
dependent B-lymphocytes was measured in some patients. Many
children had low neutrophil and lymphocyte counts, which made
certain tests impossible.

For white blood counts 1 ml blood was anticoagulated with EDTA.
Total white cell counts were performed with a Coulter counter and
differential counts of 100 cells with Leishman's stained smears. The
rest of the blood was separated by centrifuge over a gradient of 24
parts 90') w/v Ficoll (Pharmacia) to 10 parts 340$, w/v Triosil 440
(Nyeguard and Co., Oslo). It was layered over the solution after
sterilizing by millipore filtration in a 3:2 Ficoll: blood ratio. The grad-
ient was spun at 400 g at 4°C and lymphocytes aspirated from the
plasma/Triosil interface. The plasma was assayed for (a) IgG, IgA,
and IgM by single radial immunodiffusion, using Hoechst tripartigen
plates and immunoglobulin standard; (b) bacterial agglutinins with
disposable microtitre trays (Flow Labs), using bacteroides, proteus,
and Eschcrichia coli isolated in pure culture from human faecal and
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TABLE I-Details of Patients Studied and Numbers of Investigations Performed at Various Stages of Tre.atment

No. of patients.
Mean age (years)
No. of invesuigauions

Before treatment
During treatment
On well children
On infected children

After treatment

A.L.L. =Acute lymphoblastic leuksaenmia.
A.M.L. = Acute myeloblastic leukaemia.

A.L.L. A.M.L. Lymphoma Neuroblastoma Controls
I I~~~~~~~~~~~~~~~~~~~~

5

9
15
5

25
6-1
34

2
5-2
3

1
1
0

2

3
3

5
7-8
9

2

2
0

4
3-3
5

20
3-7

20

TABLE Il-Abnormal Results of Tests in Different Groups of Children. Results are Numbers of Abnormal Results out of Numbers of Tests Performed. Significances
of Difference from Controls are Given

Definitions of Abnormal No. of Tests Controls Patients on P Patients after P

Lymphocyte count <1 x 10'/1.
Mantoux non-responders
PHA response <1000 c.p.m./106 cells
P.W.M. response <1000 c.p.m./106 cells.
P.P.D./candida non-responders
Neutrophil count <1 x 10'/1.
B-lymphocytes <25 %, staining positive
Ig below 95 %zO confidence limits*
Absent viral antibodies
Absent bacterial antibodies.
Pooled E. coli haemagglutinins titre <1/64

*IgA, IgG, and IgM below 95%O confidence limits for age.24

urine specimens and a reference culture of Salmonella adelaide.
Haemagglutinins were also assayed against pooled E. coli serotypes;9
and (c) antiviral antibodies against herpes/varicella, measles, polio-
virus 2, and cytomegalovirus. Preinfected "spots" of 103 Vero tissue
culture cells were dispensed with trypsin-versene mixture, centri-
fuged, and resuspended in phosphate buffered saline (P.B.S.). Eight
50-,lI spots were dispensed on to each glass slide and antibodies
titrated by indirect immunofluorescence with serial dilution of each
serum sample from 1/2 to 1/256 for 30 minutes at 37'C. After washing
in P.B.S. they were secondarily stained with fluorescein-conjugated
rabbit antihuman IgA using naphthalene black TG (1 mg/ml con-

jugate), and antibody titres were read on a Reichelt Zetopan fluores-
cence microscope.

LYMPHOCYTE CULTURE

The buffy layer was washed twice in Eagle's Minimal Essential
Medium (M.E.M.) Glasgow modification (with penicillin and strepto-
mycin). Lymphocyte counts were adjusted to give 106 cells/ml in a

medium of 10°o heat-inactivated fetal calf serum, 2% HEPES buffer

(Flow Labs), 0-13% sodium bicarbonate, and M.E.M. without
bicarbonate. The cells were cultured in sterile tissue culture grade
microtitre plates with flat-bottomed wells, containing 2 x 105
(0-2 ml) for each mitogen or antigen tested. These were placed in

10-ml volumes in a moist 37'C chamber in a 5%,-CO, atmosphere.
Mitogens used were: phytohaemagglutinin (PLIA, Wellcome) at a

final dilution 1/10; pokeweed mitogen (P.W.M., Grand Island

Biological Co.) at a dilution 1/5; tuberculin purified protein derivative

(P.P.D., Evans Medical Ltd.) at a final dilution 100 U/ml; and

Candida albicans (Bencard) at a final dilution 1/10. One set of wells

had no additions and the mitogen concentrations used were those

giving optimal responses with normal adult lymphocytes. Mitogen
cultures were incubated for three days and specific antigens for five

days;14 C-thymidine (0-2 sCi/well) was added for the last four hours

and isotope uptake measured by the millipore assay technique.1 ° Cell

suspensions were extracted with 100% trichloroacetic acid and 2 ml

absolute alcohol and filter papers dried in air. Radioactivity was

measured in a Packard Tri-carb liquid scintillation counter and

expressed as counts per minute (C.p.m.)/106 cells. The value of tubes

with no mitogen was subtracted from the mean value of triplicate
tubes containing mitogens. Lymphocyte stimulation was also assessed

by morphological examination of cytocentrifuge preparations stained

with Leishman's stain.

ANALYSIS OF RESULTS

Mean lymphocyte and neutrophil counts and PHA and P.W.M.

responses in each group were compared by Students' t test. Results
were also grouped according to whether they were positive or negative
or above or below an arbitrary dividing point between low and normal
(see table II).

EFFECT OF TREATMENT

The effects of treatment on results were assessed as follows. Patients
who had had only one or two oral maintenance drugs in the past 10
weeks-such as 6-mercaptopurine (6MP), methotrexate (MTX), or

cyclophosphamide (CPM)-were compared with those who had had
at least four drugs, including two or more of the following: predniso-
lone (PRED), vincristine (VCR), adriamycin (ADR), daunorubicin
(DNR), cytarabine (CTA), asparaginase (colaspase), or high-dosage
CPM (300-600 mg/M2 intravenously); patients who had had only
cranial or no radiotherapy were compared with those who had had
craniospinal radiotherapy for prophylaxis or treatment.

Patients with acute lymphoblastic leukaemia (A.L.L.) were on one

of the following drug schedules: M.R.C. UKALL I," II, or III;
cyclic chemotherapy'2; or protocol 6801 of acute leukaemia group

B.13 All remissions were induced with PRED and VCR plus colaspase
or DNR in some, and treatment continued with 6MP and MTX,
with "pulses" of VCR and PRED every one, three, or six months.
Low-dosage oral CPM (75 mg/M2) was included in the cyclic schedule,
and some children on UKALL schedules had high-dosage CPM
(600 mg/M2), colaspase, ADR, DNR, and CTA. Four patients with
lymphoma were induced with VCR, ADR, and CPM weekly (x 6),
and maintained on oral 6MP, MTX, and CPM. The fifth was on a

more intensive six-drug schedule. Two patients with A.L.L. were

on TRAMPCOL.14 The patients with neuroblastoma had combined
VCR, ADR, and CPM intravenously each week plus, in one case,

oral procarbazine.
Twelve patients had had craniospinal rai 2500 rads a

mean of 20 months earlier, 11 had had cranial rap rads 2500
plus intrathecal MTX a mean of six months before, md 13, mainly
those with lymphoma or neuroblastoma, had had

Results

Immune Function.-Table II shows the nu_ber of abnormal results
in different groups. Patients on treatnmt had sinifintly more

lymphopenia, negative Mantoux test resuls, and low mitogenic
responses than controls, and lymppa and impaired P.W.M.
responses were still commoner after treatment (table II). Mean
lymphocyte counts and P.W.M. responses were significantly lower
both during and after treatment (figs. 1 and 2), while mean PHA
response was significantly lower only in infected patients (fig. 3).

Treatment

74
42
58
48
24
64
16
49
181
112
40

0/19
6/16
0/16
0/14
3/10
1/9
0/3
3/16

27/52
13/32
4/12

Treatment

19/35
15/20
6/28
5/21
5/8
7/35
1/4

10/29
65/92
24/44
14/20

<0-001
<005
<005
<0 05
N.S.
N.S.
N.S.
N.S.
<0 05
N.S.
<0 05

6/20
2/6
0/14
5/13
3/6
3/20
0/9
1/4

22/37
11/37
2/8

<0-01
N.S.
N.S.

<0-01
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
N.S.
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TABLE iii-Proportion of Abnormal Resultst and Mean Values on Different Types of Treatment

Chemotherapy Radiotherapy

(No. of Abnormal Results/ Craniospinal None or Cranial P
No. of Tests) (for Mean

Values)
Intensive Maintenance Mean Values No. of Abnormal Mean Values No. of Abnormal

( S.D.) Results/No. of ( S.D.) Results/No. of
Tests Tests

Lymphocytes ( x 10/1) . . 19/28 0/7* 1 069 ±0-919 13/19 1-261 ±0-824 8/23*** N.S.
Neutrophils ( x 109/1) .7/28 0/7 3 064±1-522 1/18 2-758 ±1-705 6/23 N.S.
PHA response log (c.p.m./106 cells) 6/22 0/6 2-561±1-467 4/15 3-614±0-464 2/18 <0-01
P.W.M. response log (c.p.m./106 cells) 4/15 1/6 1-900±1-69 5/11 3-071±1-624 5/17 <0-01
Ig below 950°0 confidence limits .10/26 0/7**

*Intensive v. maintenance chemotherapy, P<0-001.
**Intensive v. maintenance chemotherapy, P<0 05.
***Craniospinal v. none or cranial radiotherapy, P<0 05.
tSee table II for definitions of abnormal for each value.

TABLE iv-Mean Values and Proportion of Abnormal Results* in Infected and Well Patients on Treatment

Well Patients Infected Patients

Mean Values No. of Abnormal Mean Values No. of Abnormal P
( S.D.) Results/No. of Tests ( S.D.) Results/No. of Tests (for Mean

Values)

Lymphocytes ( x 109/1) .1011±0-867 12/21 0 975±0 747 7/14 N.S.
Neutrophils ( x 109/1) .3-267 ±1-730 2/21 1-917 ±1-281 7/14 <0-002
PHA response Log,, (c.p.m./106 cells) 3-611±0-312 2/15 2-543 ±1-655 4/13 <0 001
P.W.M. response Log,, (c.p.m./10' cells). 3-005±1 170 1/13 1|393±0637 4/8 <0-001

*See table II for definitions of abnormal for each value.

N.S.
N.S. 4

v
1 P.0025~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~4PnO-025

E 3-0 P00'4 :
o
v1 0

Pa0*02
0E

2 Ptm0t001 2O0E.
>_~~~~~~~~~~~~~~~~~~~~~~~8

0 Befor
Beoe After Well on InfectionControls treatment treatment treatment on

treatment
(19) (10) (10) (22) (14) X

FIG. 1-Lymphocyte counts in different groups. In this 1---.-and figs. 2-4 horizontal bars represent means + S.D., Controls Before After Wellon Infection
number of determinations in each group is shown in treatment treatmenttreatment on
parentheses, and P= significance of difference from treatment
controls. (b) (b) (7) (14) (7)

FIG. 2-Log Io P.W.M. response in different groups.

Neutropenia was slightly commoner in patients on treatment than
in controls, while mean neutrophil counts were significantly lower
in untreated patients and those on treatment, particularly those
with infections (fig. 4). Negative antibody titres to viruses and
pooled E. coli antigens were significantly commoner in patients on N.S. N.
treatment than in controls (table II), and hypogammaglobulinaemia j 4 0-ts. P-oooi0
was also slightly commoner in treated patients. No differences were T

recorded for the tests of lymphocyte surface immunofluorescence or
the other antibacterial antibodies tested. E 3-0

Influence of Treatment.-Significantly more patients were lympho-
penicafterrecentintensivechemotherapyor craniospinal radiotherapy Q
(table II). Neutropenia, poorer mitogenic responses, and hypogamma- E
globulinaemia were almost confined to the intensive therapy group,
while mean PHA and P.W.M. responses were significantly lower after 020
craniospinal radiotherapy than after cranial or no radiotherapy. All _
the infected children had had recent intensive chemotherapy while a
third of the well patients were on oral maintenance drugs only.
Previous radiotherapy had no influence on the presence of infection.

Differences in Immunze Status between Infected and Well Patients.-
Clear differences were seen between patients with infections and those
without (table IV). Though there were no significant differences in g .
numbers of abnormal results infected children had significantly lower 1.0 - - - - -
mean neutrophil counts and PHA and P.W.M. responses than well Co Before After Well on Infection
patients. Though neither mean lymphocyte count nor frequency of ontrostreatmenr treatmenttreatment on
lymphopenia differed significantly over 50", of all children treated (16) (b) (8) (14) (14)
were lymphopenic when tested. FIG. 3-Loglo PHA response in different groups.

1V-[ _-. _ _ _ . ---.
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8-

°010 T <O

N.S.
0
u

0

Before After Wellon InfectionControls treatment treatment treatment on
treatment

(19) (10) (10) (21) (14)
FIG. 4-Neutrophil counts in different groups.

Discussion

The high infection rate in untreated leukaemia is caused by
neutropenia from marrow infiltration,5 15 and neutrophil
function may also be impaired.16 Most infections in patients in
relapse are therefore bacterial, and other aspects of immunity,
particularly humoral and cell-mediated responses, are usually
normal,'7 18 though diminished cellular immunity has been
reported in acute myeloblastic leukaemia.' 9 Severe infections in
patients in remission, however, are typically viral, fungal, or
protozoal.3 4

Since the type of infection differs so greatly a different
immunological disturbance is to be expected. Neutropenia was
our only significant finding before treatment, in contrast to the
lymphopenia, neutropenia, and cellular and humoral immuno-
suppression of treated patients. Most important were the clear
differences between well and infected children in remission
"on treatment." Infection was associated with impaired cell-
mediated immunity and neutrophil and immunoglobulin pro-
duction. Though the degree and frequency of lymphopenia did
not differentiate between well and infected children, it certainly
contributed to their low resistance since over half of all treated
patients were lymphopenic when tested. All our infected patients
had had recent intensive chemotherapy, and none were on non-
intensive maintenance therapy, which does not depress cellular
immunity.6 20

Craniospinal radiotherapy produced more lymphopenia and
diminished cellular immunity than cranial or no radiotherapy,
though this was not related to the incidence of infection.

Craniospinal radiotherapy carries a significant risk of remission
fatalities from opportunistic infection,4 8 and since lymphocyte
depletion probably affects mainly T-cells8 21 the greater cellular
immunosuppression may be due to including thymus as well as more
bone marrow in the field irradiated. B-lymphocyte depletion probably
contributes to the lymphopenia since over 40°,% of our treated patients
had one or more immunoglobulin values 3 S.D. below normal, and
antibodies against viruses and pooled E. coli serotypes were less often
present. These findings suggest impaired antibody response rather
than less exposure to infection in view of the greater age of the treated
children, the frequency of such viral infections during malignant
disease, and the positive titres to pooled E. coli antigen normally
found over the age of 2 years.9 Though we found no differences in
our few tests of surface immunofluoresecnce, depletion of B-lympho-

cytes in treated children has been reported.8 22 Apart from showing
humoral immunosuppression our findings indicate a need for caution
in interpreting antibody titre results during cytotoxic treatment.

Several patients studied after treatment were still lymphopenic and
P.W.M. mitogenic responses were often low, though impaired PHA
responses were found only in children on treatment. This variable
response to different mitogens"1 23 indicates that more than one
lymphocyte subpopulation is involved. All our patients who had low
P.W.M. responses after finishing treatment had had craniospinal
radiotherapy, so the situation may be analogous to that of two
types of PHfA-responsive cells-one long-lived and radiosensitive and
the other short-lived and chemosensitive. 8 PHA may be more suitable
then P.W.M. for following short-term fluctuations in cellular im-
munity during treatment.
Hence lowered resistance to infection in malignant disease is

multifactorial. The number of lymphocytes is chronically
reduced, and several facets of immunity are also weakened
during overt infections-namely, neutrophil and immuno-
globulin production and cellular immunity as measured by
PHA response. Their exact relation to the development of
infection could only be established by serial testing throughout
the course of the disease since poor immune responses may
reflect inhibition or consumption by the infecting agent itself.
What practical use have our findings ? The tests in which

results were most often abnormal-cell counts, mitogenic
responses, immunoglobulins, and antibody titres-can be
readily performed, but for such assessments to be useful in
patient management clinicians and laboratory workers should
collaborate closely and "micro" tests with fewer cells and
smaller blood volumes should be performed. Regular immuno-
logical evaluation of patients with malignancies is useful when
new treatment schedules are under trial, particularly if intensive
multiple-agent chemotherapy is used, and in individuals particu-
larly susceptible to infection, since the results of such assess-
ment may guide not only cytotoxic treatment but also the kind
of supportive therapy required during overt infections.

We thank Professor J. H. Hutchison and Dr. R. A. Shanks for
allowing us to study patients under their care, Dr. R. Sommerville
for estimating the virus antibody titres, and Miss C. T. Simms for
technical help. We also acknowledge the support of the Higher
Medicine Funds of the Westem Regional Hospital Board.
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