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 especially long-lasting surgery results in a significantly 
 reduced expression of HLA-DR on circulating monocytes. 
Previous studies describe a similar situation following burn 
injury and endogenous trauma, i.e. stroke.  Conclusions:  We 
suggest the completion of our previously published sepsis 
classification due to the immune status at the onset of sepsis: 
type A as the spontaneously acquired sepsis and type B as 
sepsis in trauma-induced pre-existing immune suppression. 

 Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 The efficient function of the immune system is essen-
tial for an organism that is confronted with pathogens. 
The innate immunity represents the first line of host de-
fence and includes macrophages, monocytes, neutrophils 
and dendritic cells. They perform phagocytosis as well as 
cytokine release and therefore activate the adaptive im-
mune system. This adaptive or specific immune system 
provides the ability to generate immunity by lymphocyt-
ic antigen production  [1] . 

  The innate immune system is not only activated by 
pathogen-associated molecular patterns, but also by sur-
gical stress and trauma, i.e. chest trauma, fracture or 

 Key Words 

 Immune system  �  Postoperative immune suppression  �  
Trauma  �  Sepsis 

 Abstract 

  Background:  In postoperative sepsis, mortality is increased 
due to the surgically induced immune dysfunction. Further 
causes of this traumatic effect on the immune system in-
clude burn injuries and polytrauma, as well as endogenous 
traumata like stroke. Several animal models have been de-
fined to analyse the characteristics of trauma-induced im-
mune suppression. This article will correlate our results from 
animal studies and clinical observations with the recent lit-
erature on postoperative immune suppression.  Methods:  
The previously described model of surgically induced im-
mune dysfunction (SID) was performed in mice by laparoto-
my and manipulation of the small intestine in the antegrade 
direction. Blood samples were collected 6 and 72 h following 
SID to analyse the white blood cell count and corticosterone 
levels. To assess the postoperative immune status in hu-
mans, we analysed expression of HLA-DR on monocytes of 
118 patients by flow cytometry prior to and 24, 48 and 72 h 
after surgery.  Results:  The postoperative immune suppres-
sion in our SID model is characterised by lymphocytopenia 
and significantly increased corticosterone levels in mice de-
pendent on the degree of surgical trauma. This is compar-
able to the postoperative situation in humans: major and 
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brain injury  [2, 3] . In this case, so-called danger-associ-
ated molecular patterns have been identified as danger 
signals that mediate the early post-traumatic inflamma-
tory response  [4] . Both pathogen- and danger-associated 
molecular patterns are recognised by immunologically 
competent cells that express receptors on their surface, 
such as Toll-like receptors  [5] . 

  This inflammatory reaction based on a nonpathogenic 
activation results in a temporary post-traumatic or post-
operative immune suppression which predisposes for sep-
tic complications  [6] . The postoperative immune suppres-
sion is associated with a reduction in the expression of 
HLA-DR on monocytes. This is accompanied by an im-
paired ability of monocytes to respond to challenge with 
LPS and with a reduced proliferation by stimulated T lym-
phocytes  [7–9] . Irrespective of the nature of the surgical 
procedure used, all patients suffer from postoperative dys-
function of monocytes  [10] . Several studies have compared 
laparoscopic and conventional surgery and described a di-
rect correlation between the extent of trauma and the de-
gree of postoperative immune suppression  [11, 12] . 

  The postoperative immune dysfunction is already 
measurable on the first day after surgery. In the case of 
an uncomplicated postoperative course, the normal im-
mune function is re-established within a few days de-
pending on the extent and severity of the surgical proce-
dure. In postoperative sepsis there is a direct correlation 
between suppression of monocyte HLA-DR expression 
and severity of the septic syndrome which is defined as 
the presence of both a systemic inflammatory response 
and infection  [10, 13, 14] . The mortality of septic patients 
in European intensive care units still ranges from 10 to 
35% despite all recent medical progress  [15] . Therefore, 
sepsis remains a severe problem in postoperative patient 
management  [16] . It is important to further investigate 
the origins of sepsis and, in particular, the contribution 
of the immune status of the patient to sepsis onset.

  Mortality in sepsis is significantly lower if sepsis is ac-
quired spontaneously (i.e. perforated diverticulitis) com-
pared to postoperative septic complications like pneumo-
nia or anastomosis insufficiency  [13, 17, 18] . Therefore, 
sepsis is classified referring to the immune function sta-
tus at the moment of its beginning:   spontaneously ac-
quired sepsis (type A) develops in the presence of an in-
tact immune system, whereas postoperative sepsis (type 
B) develops in the context of a partially disabled immune 
system  [19] . 

  Several animal models have been characterised to in-
vestigate the mechanisms of postoperative and post-trau-
matic immune suppression. Our previously described 

model of surgically induced immune dysfunction (SID) 
is based on the intestinal trauma of an abdominal surgery 
procedure  [20] . The intestine of mice is pressed smoothly, 
three times consecutively to induce a significant immune 
suppression as detected by the impaired ex vivo cytokine 
release of splenocytes  [21] . Similar observations of trau-
ma-induced immune suppression were made in mice 
with burn wounds: the concentration of peripheral blood 
leucocytes declined several hours following the trauma 
 [22] . In addition, haemorrhage trauma influences the im-
mune function and this effect was shown to involve a 
Toll-like receptor 4 pathway in mice  [23, 24] . Even apo-
plectic stroke seems to influence the immune status as 
pneumonia occurring subsequent to stroke raises the 
mortality rate  [25] .

  In this review we correlate the published results from 
animal studies with clinical observations on postopera-
tive immune suppression. We discuss mechanisms and 
strategies to prevent postoperative immune dysfunction. 
Finally, we suggest a new arrangement of the sepsis clas-
sification based on the immune status at development. 

  Methods 

 Animal Model of SID 
 All animal experiments were designed and carried out accord-

ing to the guidelines of the German Animal Protection Act. Per-
mission was obtained from the governmental committee on 
 animal welfare (LALLF M-VL/TSD/7221.3-1.1-037/07). As de-
scribed before  [21] , we laparotomised female C57BL/6 mice aged 
8–12 weeks with an average body weight of 22 g. The small intes-
tine was pressed smoothly between two sterile Q-tips, three times 
consecutively. In the laparotomy group, the abdomen was laid 
open and closed after several minutes without touching the intes-
tine.

  Analysis of Corticosterone Levels in Serum 
 Following surgical trauma mice were anesthetised and blood 

was harvested by retro-orbital puncture 6 h after surgery. The 
samples were analysed by Corticosterone ELISA (Hoelzel Diag-
nostica, Cologne, Germany) according to the manufacturer’s pro-
tocol (n = 5 per group).

  Detection of White Blood Cell Count in Mice 
 Blood was drawn by retro-orbital punction on EDTA tubes 

72 h following SID or laparotomy in the control group. 50  � l were 
analysed on an automatic cell counter for veterinary use (Vetscan; 
Scil Animal Care Company GmbH, Viernheim, Germany) cali-
brated for mice blood measurement (n = 8 per group).

  Patient Population and Study Design 
 The procedures were conducted from April 2003 until April 

2004 at the Department of Surgery, University Hospital Greifs-
wald, Germany. For prospective data acquisition, blood was col-
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lected from 118 patients preoperatively and at 24, 48 and 72 h fol-
lowing surgical procedure. Patients were aged 18 years or more 
and had a maximum ASA score of 4. The criteria for exclusion 
were palliative surgery and diseases of acute inflammation. The 
study was conducted in accordance with the ethical standards of 
the Helsinki Declaration of 1975 and was approved by the univer-
sity’s ethics commission. Informed consent was obtained from all 
patients.

  Surgical Procedures: Major and Minor Surgery 
 Seventeen patients (11 males and 6 females, aged 60  8  15 

years) formed the ‘minor surgery’ group, whereby ‘minor surgery’ 
was defined as resection of the gallbladder, thyroid gland or her-
nia repair. The mean operation duration was 1.58  8  0.47 h and 
the period of hospitalisation was 6.25  8  1.92 days. One hundred 
and one patients (63 males and 38 females, aged 63.67  8  12.76 
years) were included in the ‘major surgery’ group and comprised 
thoracic surgery (pneumonectomy, lobectomy and segment re-
section), colorectal surgery (hemicolectomy, sigma resection, an-
terior rectum resection, abdominoperineal resection), oesopha-
gus and gastric surgery, segment resection of the liver and pan-
creatic surgery (Whipple resection, Traverso resection, Beger 
resection). Eighty percent of the patients in this group underwent 
surgical therapy because of malignant disease. All patients under-
went elective surgery and emergency operations were not includ-
ed. For details see  table 1 . 

  Isolation of Human Peripheral Blood Mononuclear Cells 
 Human peripheral blood mononuclear cells (PBMCs) were 

isolated from 10 ml of heparinised EDTA blood samples by Ficoll-
metrizoate density gradient centrifugation. Isolated cells were 
washed twice with PBS and the total cell count was determined. 
Cells were resuspended in PBS supplemented with 1% (v/v) calf 
serum and 0.05% NaN 3 , and CD14 microbeads (Miltenyi Biotech, 
Bergisch Gladbach, Germany) were added according to the man-
ufacturer’s instructions. Incubation at 4   °   C for 5 min was followed 
by magnetic separation using MiniMACS separation columns 
(Miltenyi Biotech).

  FACS Analysis of HLA-DR Expression on PBMCs 
 Expression of HLA-DR on monocytes was analysed by three-

colour immunofluorescence staining. Ten millimeters of hepa-
rinised blood were incubated with monoclonal CD14 antibody.

  Erythrocytes were lysed by FACS Lysing Solution (Becton 
Dickenson, Heidelberg, Germany) and fluorescence was analysed 
on a FACS Calibur System (Becton Dickson). Instrument calibra-
tion was performed with Fluorosphere beads (DAKO Cytoma-
tion, Hamburg, Germany) according to the manufacturer’s rec-
ommendations. PBMCs were identified by forward and side scat-
ter profile and positive staining with antibodies to CD14.

  Statistical Analyses 
 Data was analysed using Graph Pad Prism Version 3.02 for 

Windows (Graph Pad Software, San Diego, Calif., USA). Differ-
ences between two samples at one time point were analysed by 
unpaired t test as the data had a Gaussian distribution. We used t 
test for paired samples to compare differences between consecu-
tive blood samples. All data are expressed as mean  8  SEM; p  ̂   
0.05 was considered to be statistically significant.

  Results 

 We developed a murine model that reproduces the 
surgically induced immune dysfunction and in which the 
small intestine is pressed smoothly between two q-tips, 
three times consecutively. The influence of this surgical 
procedure on the immune status is described by the anal-
ysis of cytokine levels in serum and ex vivo cytokine re-
lease of splenocytes  [21] .   The immune status is addition-
ally characterised by a significantly decreased white 
blood cell count 3 days following surgery when compared 
to mice that were laparotomised without touching the in-
testine. This effect was shown for leucocytes ( fig. 1 a, p  !  
0.01, n = 8 per group) and seems to originate in the re-
duced number of lymphocytes ( fig. 1 b, p  !  0.0001, n = 8 
per group). The levels of monocytes and neutrophils were 
not influenced following SID (data not shown).   

  Corticosterone in serum was analysed to describe an-
other factor of the immune status. Six hours following 
SID we detected significantly increased corticosterone 
levels in serum when compared to the laparotomised 
control group ( fig. 1 c, p  !  0.05, n = 5 per group).

  To define the postoperative immune status in human 
patients we analysed the expression of HLA-DR on 
PBMCs by flow cytometry. Preoperatively, there were no 
differences between major and minor surgery but, in ac-
cordance with a previously published report, we observed 
a significant difference between preoperative and post-
operative HLA-DR expression levels  [26] . 

  Surgery by itself leads to a highly significant (p  !  
0.0001) reduction of HLA-DR expression in both groups. 

Table 1. C lassification of sepsis due to the status of immune func-
tion [18]

Type A, 
spontaneously
acquired sepsis

Type B, 
post-traumatically
acquired sepsis

Previous trauma none surgical procedure, 
stroke, accident, poly-
trauma, burn injury, 
haemorrhagic shock

Failure of eradication
of the septic focus

unusual usual

Mortality low high

Immune paralysis no yes

Immune response physiologic suppressed
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Significant differences (p  !  0.0005) between the major 
and minor surgery groups were evident 24 h after surgery 
( fig. 2 a). Over the course of the next 48 h we observed a 
slight increase of HLA-DR expression in both major and 
minor surgery patients though the difference between the 
groups remained nearly unchanged. 

  To analyse the influence of operation duration on 
postoperative HLA-DR expression of human monocytes, 
we compared ‘long-term surgery’ ( 1 2.5 h in length) to 
‘short-term surgery’ ( ! 2.5 h in length) regardless of 
whether the surgery was major or minor ( fig. 2 b). In both 
groups HLA-DR levels on monocytes dropped compared 
to the preoperative level. Long-term surgery caused a sig-
nificantly higher decline compared to that seen after 
shorter operations. This difference was highly significant 
(p  !  0.0005) 24 h after surgery. 

  Discussion 

 The mechanisms of the postoperative and post-trau-
matic immune dysfunction are still subject of numerous 
studies. Currently it is assumed that the upregulated in-
flammatory reaction to the trauma induces an inhibition 
of both macrophages and cell-mediated immune func-
tion which finally results in an increased predisposition 
of sepsis development after major surgery  [27] . 

  The activation of the hypothalamic-pituitary-adrenal 
axis and subsequent release of glucocorticoids such as 

cortisol (proportional to the severity of the surgical stress) 
is an important factor in the development of postoperative 
immune dysfunction. Glucocorticoids reduce the rate of 
T cell proliferation, induce lymphocytopenia and increase 
the expression of anti-inflammatory gene products  [28] . 
This goes in line with our results from the SID model 
which confirm the increase of corticosterone levels. 

  The immunosuppressive effect of stress has been in-
vestigated extensively. Activation of the sympathetic ner-
vous system results in the release of catecholamines 
which influence immune cells via adrenergic binding 
sites on their surface. Among others, T cell proliferation 
and NK cell cytotoxicity is inhibited by the activation of 
 � 2-receptors  [29, 30] . Several studies describe that altera-
tions in immune markers can be observed even before 
surgery  [31] . This underlines the relevance of prevention 
of preoperative stress situations by arrangements such as 
short hospitalization to reduce psychological as well as 
physical stress. 

  We observed significant lymphocytopenia in the post-
operative period in our model of SID. This correlates with 
the situation in humans following trauma where numer-
ous studies characterise the immune suppression after 
traumatic injury  [27, 32] . The numbers of white blood 
cells in the circulating blood increases while circulating 
lymphocyte numbers are reduced. The extent and dura-
tion of this phenomenon is related to the magnitude of 
the previous surgical procedure  [33] . The postoperative 
impairment of T cell function with a shift to regulatory 
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  Fig. 1.  Lymphocytopenia and elevated corticosterone levels con-
firm the status of postoperative immune suppression in the surgi-
cally induced immune dysfunction model. To describe the influ-
ence of surgical trauma on immune status we developed a murine 
model that reproduces the SID: the small intestine is pressed 
smoothly between two Q-tips, three times consecutively. Mice 
were laparotomised in the control group without the intestine be-
ing touched. Blood samples were collected at different points in 

time following the surgical procedure and the levels of white 
blood cells as well as corticosterone were detected. We observed a 
significantly decreased white blood cell count 3 days following 
surgery, as it is shown for leucocytes ( a ) and lymphocytes ( b ). Mu-
rine serum levels of corticosterone were significantly increased 
following SID compared to the control group when analysed 6 h 
postoperatively ( c ). * p  !  0.05; ** p  !  0.01; *** p  !  0.0001.  
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T lymphocytes as well as a suppressed NK cell cytotoxic-
ity supports the immune suppressive effect  [34] . More-
over, the phagocytic function and motility of neutrophils 
is reduced and macrophage as well as monocyte function 
is inhibited  [32] . This functional loss could be associated 
with the reduced HLA-DR expression on these cells. 

  Using surface expression of monocyte HLA-DR as a 
measure of immune suppression we could show that pa-
tients who underwent major surgery procedures had sig-
nificantly more extensively suppressed monocyte func-
tion as compared to minor surgery patients. Both patient 
groups underwent similar regimes of anaesthesia and 
narcotic treatment but differed in the extent of tissue 
trauma, operation duration and blood loss. Twenty-four 
hours after surgery, patients with minor surgery had re-
covered significantly more surface expression of mono-
cyte HLA-DR as compared to major surgery patients and, 
by this criterion, were less immune suppressed. These 
differences were evident even on postoperative day 3. 

  This confirms previous studies that describe a direct 
correlation between the extent of trauma and the degree 
of postoperative immune suppression. Decreased im-

mune function by extended surgical trauma has been 
shown by comparing laparoscopic and conventional sur-
gery  [11, 12] . Following conventional surgery there is 
 significantly less HLA-DR expression on monocytes as 
compared to patients undergoing laparoscopic surgery, 
indicating a relatively higher degree of immune suppres-
sion following conventional surgery  [35] . Similarly, in 
colorectal surgery extended surgical trauma is followed 
by increased postoperative immune suppression, which 
is in accordance with our results  [36] . 

  The duration of the operation is another factor which 
has a significant influence on the postoperative immune 
status. Irrespective of the degree of surgical trauma in-
volved, an operation lasting longer than 2.5 h resulted in 
a significantly lower monocyte HLA-DR expression than 
shorter operations. 

  The analysis of HLA-DR expression on monocytes 
seems to be a useful tool to quantify the immune status of 
patients. There is a negative correlation between surface 
expression of HLA-DR on monocytes and the incidence of 
infectious diseases in trauma patients  [37] , and a decreased 
HLA-DR expression in septic shock is associated with in-
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  Fig. 2.  HLA-DR expression on monocytes 
is significantly decreased following major 
or long-term surgery compared to minor/
short-term surgery.  a  Surgical procedures 
alone lead to significant (p  !  0.001) reduc-
tion of HLA-DR expression following mi-
nor and major surgery procedures. 24 h af-
ter surgery there are significant differenc-
es between both groups (p  !  0.005). The 
level of HLA-DR expression shows a slight 
increase until 72 h after surgery, while the 
difference between both groups remained 
nearly unchanged.  b  To analyse the influ-
ence of operation duration on postopera-
tive HLA-DR expression, we compared 
long-term surgery ( 1 2.5 h in length) to 
short-term surgery ( ! 2.5 h in length) re-
gardless of whether the surgery was major 
or minor. In both groups HLA-DR levels 
on monocytes dropped significantly com-
pared to the preoperative level (p  !  0.0005). 
Surgery that required more than 2.5 h led 
to a significantly higher decline compared 
to shorter operations. This difference was 
highly significant (p  !  0.0005) 24 h after 
surgery and was reduced 48 and 72 h post-
operatively. 
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creased mortality risk  [38, 39] . In line with these studies 
we detected a direct correlation between postoperatively 
reduced HLA-DR expression and incidence of severe sep-
sis in the postoperative period (data not shown). Major, 
and especially protracted, surgery results in a significantly 
reduced expression of HLA-DR on circulating monocytes. 

  A patient’s functional immune status will have a deci-
sive role to play in the induction of postoperative septic 
complications. Prolonged disarming of the innate im-
mune system is associated with a significantly increased 
incidence of septic complications  [37, 38, 40] . Therefore, 
strategies to prevent postoperative immune suppression 
have to be developed and integrated into management, 
especially optimizing surgical techniques to realise a 
short duration of the surgical procedure. Minimally in-
vasive surgery should be performed whenever possible 
and preoperative stress for the patient should be mini-
mised. Adequate analgesic pain control should be taken 
for granted. There are also data that provide evidence for 
a positive effect of epidural anaesthesia on the postopera-
tive immune status  [41] . 

  Previous studies describe stroke as another inductor 
of peripheral immune suppression which predisposes for 
subsequent bacterial infections that impair clinical out-
come  [42–44] . If pneumonia occurs subsequent to stroke, 
the mortality rate is increased  [45] . 

  The immunological changes following stroke are com-
parable to those in the postoperative period: they include 
inhibition of macrophage activity, lymphocytopenia and 
increased serum IL-10 concentrations. Several studies 
describe increased catecholamine and cortisol levels in-
duced by stroke that correlate with the development of 
post-stroke infection  [46] . We therefore conclude that the 
development of sepsis following surgery- and trauma- 
induced immune suppression is comparable to septic 
complications subsequent to stroke. This understanding 

should lead to a rearrangement of the previously de-
scribed sepsis classification.

  The classification of abdominal sepsis is guided by the 
status of immune function at the development of sepsis: 
spontaneously acquired sepsis (type A) develops in the 
presence of an intact immune system, whereas postop-
erative sepsis (type B) develops in the context of a par-
tially disabled immune system  [19] . As there are impres-
sive data on the effect of various traumata on the immune 
system we suggest extending the classification of sepsis 
type B to include sepsis that develops following any trau-
ma- or injury-induced immune suppression, recognising 
polytrauma, burn injury, fracture and endogenous trau-
ma like stroke. Type B sepsis should then be renamed as 
post-traumatically acquired sepsis ( table 1 ). Type B sepsis 
is characterised by a suppressed immune response due to 
immune paralysis, commonly occurring failure to eradi-
cate the septic focus and therefore a high mortality rate. 

  In conclusion, trauma-induced immune dysfunction 
is possibly based on the inflammatory activation of the 
immune function and stress is a significant cofactor. The 
trauma originates in surgical procedures, traumatic inju-
ries and endogenous traumata like stroke. Sepsis that de-
velops in the period of post-traumatic immune dysfunc-
tion should be classified as type B sepsis and is character-
ised by high mortality rates. Therefore, further studies 
are necessary to determine strategies that will help to 
minimize the incidence of this severe disease pattern. 
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