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INTRODUCTION

Stress is defined as a state of threatened
homeos tas i s ,  and  i t  may  be  induced  by
var ious  phys ica l  o r  psycholog ica l  fac tors
(stressors).  Stressful experiences may affect
bo th  phys ica l  wel l -be ing  and  immune
funct ions  of  humans  and animals  (1) .  One
amongst the various stressors is the surgery
– either surgical trauma or other associated
aspec t s  o f  surg ica l  even ts .  A  pa t ien t
undergoing surgical trauma, which acts as a

s t ressor ,  exper iences  sudden  and  in tense
change in the normal physiological functions.
The  response  to  t i s sue  in jury  requi res  the
synchronous  in te rac t ion  of  immune  ce l l s ,
ke ra t inocy tes ,  f ib rob las t s  and  endothe l ia l
cells towards repairing and regenerating the
damaged  ep i the l ium (2) .  Therefore ,  the
immune status of an individual plays a key
ro le  in  repa i r .  S t ress ,  when  super imposed
on tissue-injury, may adversely influence the
recovery  fo l lowing  surg ica l  t rauma.  The
immune status of the individual is crucial in
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Abstract  :  The  present  s tudy was  under taken to  f ind  out  the  ef fec t  of
surgical stress on nonspecific immune response. Twenty patients posted for
various elective surgeries participated in the study (male : 17, female : 3,
age : 43.4±2 yrs). The blood samples were taken preoperatively (4 to 6 days
prior to surgery) and the following parameters were assessed: phagocytic
index  o f  neu t roph i l s ,  av id i ty  index  o f  neu t roph i l s  and  pe rcen tage  o f
neutrophils in differential count. These were compared with the respective
parameters  assessed in  the  b lood samples  taken 24 hours  af ter  surgery .
There  was a  s ignif icant  (P=0.0001)  decrease  in  the  phagocyt ic  index of
neu t roph i l  and  a  s ign i f i can t  (P=0 .003)  inc rease  in  the  pe rcen tage  o f
neu t roph i l s  in  d i f fe ren t i a l  coun t  in  the  pos topera t ive  b lood  samples .
However, the avidity index did not show a significant change. It could be
tentatively concluded that surgical stress causes depression of nonspecific
immunity in the early postoperat ive period.
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de te rmin ing  the  t ime  taken  for  repa i r  and
assessment  of  immune status  is  meaningful
in such cases.

S ince  surg ica l  t rauma i s  fo l lowed  by
tissue repair that may take variable time to
complete and phagocytosis is closely related
to the repair process, the phagocytic function
tes t  i s  t aken  as  a  parameter  to  assess  the
nonspecific immunity and thereby the repair
process following surgical  stress.

S tud ies  done  to  examine  the  e f fec t
of  surg ica l  s t ress  on  immune  response  in
the past  have shown contradictory f indings
(3–5) .  The  presen t  s tudy  was  des igned
to  e luc ida te  whether  immune  response
i s  a l t e red  fo l lowing  surg ica l  s t ress .
Po lymorphonuc lear  l eucocytes  (PMN) p lay
crucial  roles  in  protect ing the host  against
invading microbes (6). Neutrophils form the
f ron t l ine  of  immunologica l  defense  and
phagocytos i s  fo rms  the  main  defense
against  infect ion (7) .  Hence the  neutrophi l
phagocytos i s  i s  t aken  as  a  parameter  to
measure  the  non-speci f ic  immune response
pr ior  to  and  immedia te ly  a f te r  surg ica l
s t r e s s .

MATERIAL AND METHODS

Pat ients  admit ted  for  e lec t ive  surger ies
under  Genera l  Surgery  Depar tment ,
Kasturba Medical College Hospital,  Manipal
were selected as subjects.  Consent from the
college ethics committee and written consent
from subjects were taken prior to the study.
Males (17)  and females (3)  with mean age
43.4(±2) yrs were taken as subjects.

Cri ter ia  for  pat ient  se lec t ion  :  Adul t s  o f  bo th
sex posted for elective surgery (hernia repair)

were taken as  subjects .  These pat ients  had
no  s igns  o f  acu te  in fec t ions  (Normal
preopera t ive  to ta l  l eucocyte  count  in
peripheral blood), none of them were on any
hormonal  therapy .

Col lec t ion  o f  the  b lood  sample  :  Venous  b lood
was  co l lec ted ;  One  sample  on  the  day  of
admission (around 4–6 days before surgery)
and  second  sample  one  day  a f te r  surgery
(pos topera t ive ly) .  The  b lood  sample  was
collected in heparinised sterile syringes with
all aseptic precautions, transferred to sterile
tes t  tubes  and  taken  immedia te ly  fo r
eva lua t ion .

Investigative procedures :  Candida phagocytosis
by  neu t rophi l s  in  p reopera t ive  and  pos t
opera t ive  b lood  samples  was  per formed
according to the method described elsewhere
(8) and as described below :

Neutrophils in the peripheral blood ingest
heat kil led Candida albicans in vitro,  when
opt imum condi t ions  a re  p rov ided  in  a
medium. The rate at which the Candida are
ingested depends on the number of Candida
in  the  suspens ion ,  pH of  the  medium and
t ime  of  incuba t ion  bu t  l a rge ly  on  the
membrane  in tegr i ty .  Af te r  30  minutes  o f
incuba t ion  a t  37°C in  a  su i tab le  medium,
normal  neu t rophi l s  may  conta in  anywhere
from 0 to 4 candida/cell.

Preparat ion  o f  heat  k i l l ed  Candida  suspens ion  :

Candida is  grown in a  sui table medium
like Saboraud’s 2% dextrose medium for 48
hours at  37°C to obtain organisms in yeast
form. These colonies are taken by means of
a  s te r i l e  loop  and  mixed  wi th  phospha te
buffer saline. This is boiled for 15 min and
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blood from the patients.  Out of 25 samples
obta ined ,  3  samples  were  spo i l t  due  to
electricity problem and 2 samples were spoilt
due  to  de lay  in  conduc t ing  the  p rocedure
from the time of arrival of the sample. Thus
phagocyt ic  ind ices ,  av id i ty  ind ices  and
di f fe ren t ia l  count  o f  neu t rophi l s  cou ld  be
determined in preoperative and postoperative
blood samples  of  20 pat ients .  Paired t - tes t
was used and analysis was done using SPSS
sof tware .

RESULTS

Tables  I– I I I  g ive  the  resu l t s  fo r  the
phagocyt ic  index ,  av id i ty  index  and
di f fe ren t ia l  neu t rophi l  count  f rom 20
samples ,  respect ively .  The resul ts  revealed
that  the phagocytic  index was s ignif icant ly
(P=0.0001) decreased in early postoperative
period.  The avidi ty index was however not
s ign i f ican t ly  a l t e red  and  the  d i f fe ren t ia l
count  o f  neu t rophi l s  was  s ign i f ican t ly
increased  dur ing  the  ea r ly  pos topera t ive
per iod .

then  cen t r i fuged  a t  704 × g  for  10  min .
Deposits are washed with PBS and stored at
4°C.  The  hea t  k i l l ed  Candida  suspens ion
was  prepared  and  counted  in  Improved
Neubauer ’s  chamber  and  op t imum amount
of the suspension required for the procedure
was standardized (107 yeasts/ml).

Candida  phagocy tos i s  :  Hepar in i sed  b lood
was collected from patients and mixed with
pooled sera, Candida suspension and Hank’s
medium.  The  sample  was  cen t r i fuged  a t
489 × g for 10 min and plasma discarded. Buffy
coa t  was  asp i ra ted  by  means  of  Pas teur
pipette and transferred to test tube. The tube
was  kep t  in  a  wate r  ba th  fo r  incuba t ion
a t  37°C for  30  min .  The  tes t  tube  was
cent r i fuged a t  176 × g for  5–10 min .  Clear
supernatant solution discarded and buffy coat
aspirated and taken on glass sl ides.  Smears
of this  deposit  were prepared.

S l ides  wi th  the  smear  were  f ixed  wi th
methanol  fo r  1  min  and  Lieshman’s  s ta in
was added to cover the smear. After 1–2 min
double  the  quant i ty  of  d is t i l led  water  was
added to the stain and the stain was blown
frequently for uniform mixing.  After  15–20
min  of  s ta in ing  s l ides  were  washed
under  running  wate r  and  dr ied .  S ta ined
smears were examined under oi l  immersion
for  the  p resence  of  Candida  ins ide  the
neu t roph i l s .

The number  of  neut rophi ls  pos i t ive  for
Candida  fo r  100  neu t rophi l s  g ives  the
‘Phagocyt ic  index’ .  Average  number  o f
Candida inside 100 positive neutrophils gives
the ‘Avidity index’. Percentage of neutrophils
is found by differential count of the stained
smear  of  per ipheral  blood sample.  Samples
were examined within six hours of drawing

TABLE I : Phagocy t i c  index .

P r e o p e r a t i v e P o s t o p e r a t i v e

M e a n 5 1 . 5 42 .1*
S D ± 4 . 0 2 ± 6 . 7 9
S E M ± 0 . 9 ± 1 . 5 2

* P = 0 . 0 0 0 1

TABLE II : Avid i ty  index .

Preoperative (%) Postoperative (%)

M e a n 1 .133 1 .113*
S D ± 0 . 0 9 ± 0 . 0 8
S E M ± 0 . 0 2 ± 0 . 0 2

* P = 0 . 5 2
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repa i r  in  the  pos topera t ive  per iod .  The
capac i ty  to  con t ro l  these  responses  in
surgical patients may have important clinical
applications (13).

The  immunosuppress ion  in  the  ea r ly
pos topera t ive  per iod  fo l lowing  surg ica l
s t ress  tha t  was  observed  in  our  s tudy
could be prolonged under several conditions,
leading to postoperative complications (14).
To assess  the relat ion of  the magnitude of
surg ica l  s t ress  to  repa i r  p rocess ,  fu r ther
studies have to be done to assess the immune
s ta tus  no t  on ly  in  the  ea r ly  pos topera t ive
per iod  bu t  a l so  on  success ive  days  un t i l
recovery .  S imul taneous  assessment  o f  the
hormonal  s ta tus  o f  the  person  dur ing  the
postoperat ive  recovery and a lso  not ing the
pos topera t ive  ca re  g iven  to  the  pa t ien t s
( rece iv ing  an t ib io t ics ,  immuno-nutri t ion
therapy if  any) have to be under taken  in
future study. This would enable us to relate
the effect of postoperative care on overcoming
the  in i t i a l  immunosupress ion  and  bu i ld ing
up  the  phase  of  anabol i sm to  b r ing  about
uneventful  postoperat ive recovery (13).

In the light of present study, it could be
concluded that surgical trauma is a form of
s t ress  which  causes  suppress ion  of  the
immedia te  non-spec i f ic  immune  response .
The  surg ica l  s t ress  causes  an  overa l l
decrease  in  the  immune  response  of
neutrophils whereas the phagocytic capacity
of  the  ind iv idua l  neu t rophi l s  have  been
r e t a i n e d .

DISCUSSION

In the  present  s tudy,  the  pa t ients  were
exposed  to  e lec t ive  opera t ive  p rocedure
which  i s  a  form of  s t ress .  We observed  a
decrease  in  the  phagocyt ic  index  meaning
that  the percentage of  neutrophils  involved
in  phagocyt ic  ac t iv i ty  was  decreased  by
surg ica l  s t ress .  I t  p robab ly  invo lved  the
inf luence of  the hormone cort isol  which is
known to  depress  the  non-specif ic  immune
response .  The  o ther  pa thways  which  have
been  impl ica ted  in  modula t ion  of  immune
system by stress namely autonomic nervous
sys tem (9 ,  10) ,  neuropept ides  (11)  and
neuro t ransmi t te r s  (12)  might  a l so  be
involved. However, the avidity index was not
altered significantly by surgical stress.  This
means  tha t  the  phagocyt ic  capac i ty  o f
indiv idual  neut rophi ls  was  not  a f fec ted  by
surg ica l  s t ress  in  the  p resen t  s tudy .  This
f ind ing  sugges t s  tha t  the re  was  no
immunosuppress ion a t  the  cel lu lar  level .

This  f ind ing  has  very  s ign i f ican t
implications on various aspects of peri  and
post  operat ive  surgical  care  and the  t i ssue

TABLE II I : Di f fe ren t i a l  coun t  o f  neu t roph i l s .

Preoperative (%) Postoperative (%)

M e a n 6 2 . 3 68 .5*
S D ± 6 . 2 ± 9 . 0 3
S E M ± 1 . 3 9 ± 2 . 0 2

* P = 0 . 0 0 3
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