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The Influence of Age-Sex on the Pattern of
Immunodepression Following Surgery

AO. Ajayi, 'O. Adejuyigbe and ©O.O. Shonukan

Present study was conducted to evaluate patients for the influence of age -sex on
the pattern of modulation of selected immune parameters, following surgery. Male
patients, of varying ages, without any underlying mmmune depression and
needing minor to moderate dissection were recruited randomly mto the study
following informed consent. They were placed in each of two groups: group 1
(GRP1) = ages 0.1 to 12 years and group 2 (GRP2) = ages 13 to 50 years. Blood
samples were obtained 1) unmediate preoperatively and 2) immedate
postoperatively in every case and assessed for T-cell count, lymphocyte viability,
B-cell count, total leukocyte count, total lymphocyte count and percentage
lymphocyte transformation. T-cell counts and percent lymphocyte transformation
alone were significantly different postoperatively but not preoperatively for both
groups (p=0.023 and 0.031, respectively). All other parameters were not.
Postoperative values for T-cell counts and lymphocyte transformation were,
however, lower than their corresponding preoperative levels. The results have
shown that age-sex mfluences immune parameters such as T-cell population and
function after, but not before, surgery suggesting the possible involvement of
background gonadal neuroendocrinelogic influences in the immune response to
surgical stress.
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INTRODUCTION

Surgery induces a depression of immune function in
operated patients™. This depression involves a reduction
i T-cell count, depressed delayed-type hypersensitivity
responses to recall antigens and a diminished lymphocyte
response to mitogens i vitro.

Non-operative conditions such as mental stress and
burns may alsc modulate the immune response“? by
eliciting neuro-endocrine responses, which in tumn
depress specific aspects of the immune response’®”. Also,
from a psychoneurcimmunclogy (PNI) perspective,
physiological and psychological insults of all types
activate  similar newoendocrine mechamism  of
immunosuppression™.

The degree of immune depression following surgery
has been related to the degree of trauma, type and
duration of anaesthesia as well as to the duration of
surgery”. Major surgery may cause iMmMUunNosUppression
while minor cnes may stimulate the immune response!"”.
However, surgery, whether minor or major, significantly
depresses polymorphonuclear and monocyte functions
and increases serum cortisol levels!'). Such depressions
may result in postoperative sepsis, morbidity and
mortality and suggest a host-related predisposition. For
instance, patients who are anergic before surgery and
remain so after surgery carry a higher probability of
immuno-depression occasioning sepsis and death™®. The
elderly, the severely ill patient and those with HIV
infection are also at a higher risk of immuno-depression
following surgery!'™. It is also probable that other host-
related factors such as the sex of the patient, by
influencing the endocrine milieu, may have an effect on
the immune response following trauma and surgery

Age-sex as a combined factor has not been
sufficiently investigated in human immunodepression
following surgery. Some previous studies pooled data for
age n a mixed sample of both sexes and vice-versa. Such
heterogeneous data may not sufficiently discriminate
between the contributions of age, sex or age-sex. Also
possible age-related mfluences on the internal milieu
before the institution of surgical stress were often not
taken into account in the evaluation of the impact of such
surgical stress on immunocompetence.

The present study investigated the pattern of
immunodepression in male surgical patients with a view to
determining the influence of age-sex on the immune
response following surgery.

PATIENTS AND METHODS

Patients: Sixteen male patients without any underlying
imunodefficiencies were recruited mto the study. The age
range for the patient was 0.2-50 years with a mean of
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25.8 years. Types of surgery were; heriorrraphy (35%),
Lipomectomy (10%), exploratory laparotomy (10%),
zygomatic bone elevation (5%), EUA and anal dilatation
(5%) hydrocelectomy (5%), skin grafting (5%), left
arthrostomy (5%), others (20%). The procedures were
minor to moderate to minimise the degree of trauma. Mean
duration of surgery was 71.3 min. Anaesthesia was
general with halothane used in all cases.

Methods: Patients were assigned to one of two groups
as follows: Groupl: ages 0-12 years, Group 2: ages
13-50 years. About 5 ml, of blood was collected by
venipuncture from each patient before and after surgery.
This was transferred into pre-sterilised bottles contamning
glass beads and promptly, defibrinated. Total Leukocyte
Count (TLC) was carried out in an improved neuber
haemocytometer after lyses of red cells in 1% acetic acid.
White blood cell differential counts were obtained from
Leishman-stained films. Total lymphocyte count was
obtained numerically from both total and differential
counts.

T. cell counts: T cells were separated from B-cells and
other adherent mononuclear cells by passage through
nylon wool columns. Columns were prepared in Sml.
syringe barrels, which were packed to the 2.5 mL mark.
The barrels with the wool were soaked in Hank’s B.S.S.
and maintained at 37°C together in a water bath prior to
the introduction of the cells. 0.1 mL of defibrinated blood
was loaded onto the column and incubated in the water
bath for 30 min at 37°C. Slow elution with warm Hank’s
B.3.S. was then carried out through the nylon wool
column. Eluted red cells were lysed by the addition of
0.5 mL of 1% acetic acid. Eluted T-cells were counted in a
haemocytometer chamber.

Cell culture: Cell culture was undertaken in bijou bottles
using the whole blood protocol of Paul ef al.!"! with little
modification. Briefly, 0.4 mI, Concanavalin A (Con A), at
a final concentration of 25 pg mL™", fitter sterilised at
0.22 p, was added to 2.3 mL aliquots of membrane
sterilised culture medium (RPMI1 1640, supplemented
with 20 mm glutamine, 100 mg ml.~" streptomycin and
100 iu. penicillin mL ™) to give 10 pg ConA per bottle.
0.3 mL of defibrinated blood was added to give a final
blood dilution of 1:10 and a cell concentration of 2-3x10°
Lymphocytes /mL per bijou bottle. Triplicate cultures were
set up including the control, which received 0.4 mI. of the
culture medium instead of Con A. The screw caps were
tightly closed and the bottles incubated at 37°C for 72 h
without CO,.

Termination of culture and harvesting of cells: Cultures
were terminated at 72 h. The cells were harvested and
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washed several times in phosphate buffer pH 7.0 until 34067
whitish and were fixed in 3:1 methanol-acetic acid
solution. Smears were prepared on slides, air-dried and 2.8e6-

Wright-stained.

E

Determination of percentage Ilymphocyte
Transformation: Transformed (Blast) cells, easily
recogmsed as enlarged lymphocytes with a pale blue
abundant cytoplasm and an euchromatic nucleus, were
counted under the light microscope’s 40x objective.

T cell count mL™" of blood
5 %

Hundred cells were counted at random with other non-

transformed cells on the Wright-stained slides. The total scs

number of blast cells in the count is expressed as the —0— Pre-operative T cell count
percentage lymphocyte transformation —— Post-operative T cell count
Cell viability: Cell viability pre-and post-culture was 2 2 6 15 25 4 7 11 12

Age in years

evaluated using the trypan-blue dye exclusion method. . .
Fig. 1: Pre and post-operative T cell count for group 1

After the lysis of red cells, lymphocytes were washed

three times in isotonic saline and then re-suspended in 7e6
Hanks” BSS. After a gentle sturing, 10O mL of the cell
suspension was transferred to a test-tube to which two 606
drops of 1% try pan blue dye was added. Cells that took g 5061
op the dye were counted as dead. Hundred cells were =
counted randomly in a haemocytometer chamber and the ;'5 461
number of living cells was recorded as a percentage 2 3e64
Statistical analysis: Data collected were analysed using _g 2e6
the Statistica packages for the Life Sciences. Pre-and Ei
. = le6
post-operative data for groups 1 and 2 were analysed for
significant difference within and between groups. T-tests 0 —O— Preoperative
for dependent and independent variables were carried out. o6 —0— Postoperative

The test statistics for the hypothesis that the two groups
were not different with respect to each of the parameters
studied was then compared with the critical t-value at the
5% level of significance.

13 1I9 2.6 37 ."’;9 4I2 48
Age in year
Fig. 2: Pre and post-operative T cell count for group 2

2.8e67
RESULTS
T-cell count and age: T-cell counts appeared higher in the 2.2¢67
age range 0.2-12 years when compared to the older k:
patients (Fig. 1 and 2). Post-operative counts were, 2
however, lesser (Fig. 1) with respect to their r 16267
corresponding pre-operative values. Post-operative T-cell B
counts were significantly different between Groups 1 and g 1 o6
2 only (P <0.03) (Fig. 3).pre-operative counts were, 3
however, not significantly different between the groups. [
4e5-

Percentage lymphocyte transformation and age: This —0—  Post-operative T cell count for group 1
showed similar trend in distribution both pre-and post- —0— Post-operative T cell count for group 2
operatively. (Fig. 5 and 6) However, percent 265 EEEEEE——
lymphocyte transformation after surgery was significantly 12 3 4 5 6 7 &8 9 10
different between the two groups (Fig. 4) with p=0.031. Patient's scrial number
Pre-operative values were not significantly different. Fig. 3: Post-operative T cell count for group 1 and 2

155



J. Med. Sci, 5(3): 153-158, 2005

U 3 L3 ih
- (=] = b
1 1 1 1

[}
-
1

Percent lymphocyte transformation

22

2 3 4 5 6 7
Patient's group serial number
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Percent lymphocyte transformation
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Pre and post-operative percent lymphocyte
transformation for group 1

Percent lymphocyte transformation

—0— Pre-operative
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Agg in year
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Fig. 6: Pre and post-operative percent lymphocyte
transformation for group 2
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Table 1: Mean vahies for blood parameters in Group 1
Pre-operative

Post-operative

Tatal leukocytes'ml. 3706111.1 4870555.6
B-cell count/ml. 446127.8 7323333
% lymphocyte viability 85.9 67.8
% lymphocyte transformation 61.7 37.9
T-cell count/ml. 1619410.0 1586400.0
Total lymphocytes/mL 3277765.0 1834300.0

Table 2: Mean values for blood parameters in Group 2
Pre-operative

Post-operative

Total leukocytes/mL 4247142.9 4320142.9
B-cell count/mL 508078.6 571207.1
% tymphocyte viability 68.9 68.4
% tymphocyte transtormation 50.9 30.3
T-cell count/mlL. 2068200.0 1048485.7
Total lymphocytes/mL 1954142.8 16192429

Degree of depression of other immune parameters: The
means of the data for the parameters studied before and
after surgery are presented in Tables 1 and 2 for the two
groups. Except for percent lymphocyte transformation and
T-cell counts, the means were not significantly different
between and within groups.

DISCUSSION

In spite of great advances m surgical procedures,
skill and aseptic techniques, post-operative sepsis
occaslonng morbidity and mortality continue to pose a
problem for surgeons and immunologists alike. Infections
range from clinical sepsis to occult mycotic mfections!.
The category of patients affected 15 varied but the elderly,
the severely ill and those otherwise immuno-compromised
continue to be at higher risk.

Why some patients are energic before surgery, turn
or remain anergic peri-operatively or post-operatively is
not entirely clear. Pre-existing anergy, which persists
post-operatively, 13 prognostic of post-operative sepsis
and death m most cases. Altogether, these show that
host-related factors affecting primary mmmune expression
may be of some mmportance surgery-induced
immunodepression!'®'”,

Our results show that thus mdeed might be the case.
Lymphocyte transformation declined proportionately in
both the pre-operative and post-operative samples as age
increased. This pattern of decline i1s independent of
surgery and 1s more related to the age-sex of the patient.
Surgery did not seem to alter the pattern but served to
reset it at a somewhat lower level. This is similar to the
findings of Danek et all'® who reported two distinct
patterns of polymorphonuclear and monocyte responses
to injury that are independent of age, sex and severity of
operation but which are thought to be associated with the
degree of stress pre-operatively or with genetic factors.

n
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Our results also showed a significant difference in

post-operative lymphocyte functions as shown by the

lymphocyte transformation assay. T-cell counts were also
significantly different for the two groups. The reduction
in the number of re-circulating T-cells observed could be
due to apoptosis or alterations in chemotaxis. Alterations
in functions such as phagocytosis, opsonisation and
chemotaxis have been reported 1 burns while a reduction
in CMI has been reported during surgical stress!.

These sigmficant differences between the two
groups, therefore, may refer to fundamental differences
between the two groups m their response to surgical
stress. These fundamental differences may include the
relative maturity of the immune system in the older group
and the influence of neurcendocrine responses. For
mstance, cell of the mmune system such as T-cells
posses receptor sites for neurcendocrine hormones
and neurotransmitter molecules and vice versa. This
bi-directional co-modulation of the neurohormonal and
mmmune system and the fact that neuroendocrine
responses are often age-sex related, suggest a possible
role for age-sex in the immune response to surgery”’”. In
males, testosterone is the dominant gonadal hormones
while ocestrogen and progesterone predominate in the
female. While oestrogen enhances the immune response,
testosterone depresses it resulting in a sexuality-driven
gradient of immune status in the individual™.

Post-operative immunoesuppression may thus reflect
a non-specific neurcendocrine stress response to surgical
trauma with an impact on the balance between Thl and
Th2 lymphecyte responses™. Our findings are in
agreement with this. We conclude, therefore, that a pre-
existing age-related down -regulation of immune function
is, in the male at puberty, only further depressed by the
experience of surgery and that the latter is age-sex related.
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