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- Abstract Infectious complications 
are still a major cause of morbidity 
and mortality after organ transplan- 
tation, and early therapy would cer- 
tainly reduce the risk associated 
with severe infections. We therefore 
investigated the significance of 
polymorphonuclear leukocyte 
(PMN) functional tests as predictive 
markers for infection in transplant 
patients under immunosuppressive 
therapy in a longitudinal study. In 41 
patients, blood PMN migration and 
reactive oxygen species release, the 
blood levels of PMN elastase, mal- 
ondialdehyde, neopterin, SICAM-l 
and sVCAM-1, and urine neopter- 
ine were measured in 3- and 4-day 
intervals after liver-, kidney-, kid- 
ney-pancreas-, and heart and lung 
transplantation. PMN migration was 
determined in whole blood and esti- 
mated by the amount of PMNs to 
penetrate into a membrane filter 
upon FMLP stimulation. Three 
groups of patients were formed ac- 
cording to their postoperative 
course. Group I patients (n = 23) 
had no or only minor local infection, 
group I1 patients (n = 11) had infec- 
tions with distinct systemic involve- 
ment, and group I11 patients (n = 7) 
developed sepsis. A first elastase- 
level of over 100 mg/L after surgery, 
followed by a drop in the amount of 
blood PMNs ready to migrate, on 
FMLP stimulation, to below 12 %, 

turned out to be a marker for im- 
pending infection, whereas all other 
parameters tested were not predic- 
tive. In six of seven group I11 pa- 
tients, this marker became positive 
(sensitivity 85.7 %) up to 15 days 
before clinical manifestation of sep- 
sis. In group I (largely uneventful 
recovery) only one of 23 patients 
was positive (specificity 95.6 %), 
whereas group I1 patients were in 
between (4 of 11 positive). By this 
method it seems possible to diag- 
nose severe infections in the pre- 
clinical phase, which may help pre- 
vent them if treatment is begun 
promptly. 
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Abbreviations LTX Liver trans- 
plant . KPTX Kidney-pancreas 
transplant. KTX Kidney transplant. 
HTX Heart transplant . LKTX Liv- 
er-kidney transplant . LUTX Lung 
transplant . PMN Polymormpho- 
nuclear leukocyte . TMI Total mi- 
gration index . DC Distribution 
characteristic . FMLP N-formyl- 
methionyl-leucyl-phenylalanine . 
ROS Reactive oxygen species * 

M D A  Malondialdehyde * ABI Anti- 
biotic, antibiotics . LOC Without or 
with minor local infections . SYS In- 
fections with systemic involvement, 
not septic . SEP Infections, septic 
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Introduction 

New immunosupressive agents such as cyclosporin, ta- 
crolimus or mycophenolat mofetil made prevention 
and treatment of acute rejection for the majority of al- 
lograft recipients possible. Unfortunately, their immu- 
nosuppressive effect is rather unspecific and also affects 
defence mechanisms. In consequence, infections are the 
most frequent complication associated with organ trans- 
plantation [3,25] To the present there is no way to assess 
the degree of immunosuppression as well as the integri- 
ty or impairment of host defence mechanisms, and thus 
to assess the risk of infection. 

In a pilot study we have been able to demonstrate 
that polymorphonuclear leukocyte (PMN) migration is 
impaired before sepsis appears [lo]. PMNs are the fore- 
most defence line against bacterial and fungal patho- 
gens, and deficiencies in PMN functions create a hotbed 
for the development of infections [4, 5l.Monitoring the 
signals of impending immune deficiency would offer an 
opportunity to prevent clinical manifestation of infec- 
tions by early intervention. The present investigation is 
a further development of our former pilot study apply- 
ing a more comprehensive protocol. Beside migration, 
several other PMN-related inflammatory parameters 
were measured, and their significance as predictive 
markers for infections was determined 

Materials and methods 

A total of 30 male and 11 female recipients at a mean age of 48.9 
(25-70) years were examined. The transplanted organs were 22 liv- 
ers (LTX), 9 kidney-pancreas (KPTX), 5 kidneys (KTX), 3 hearts 
(HTX), 1 liver-kidney (LKTX), 1 lung (LUTX). Routinely, the 
LTX, HTX, KPTX, and LUTX patient underwent perioperative an- 
tibiotic (ABI) prophylaxis with Piperacillin Tazobactam (Tazonam, 
Cyanamid, Wolfratshausen, Germany) for 3 days, the KTX-pa- 
tients with Flucloxacillin (Floxapen, Smith Kline Beecham, Hep- 
pignies, Belgium) and Penicillin G (Biochemie, Wien, Austria) for 
1 day. Immunosuppression was carried out with a triple drug regime 
comprising methylprednisolone (Urbason, Hoechst Marion Rous- 
sel, Frankfurt, Germany), starting with 500 mg during surgery, rap- 
idly tapered to 25 mg, tacrolimus (Prograf, Fujisawa, Osaka, Japan) 
or cyclosporin (Cyclosporin A, Neoral, Novartis, Vienna, Austria), 
and azathioprine (Imurek, Glaxo Wellcome, Vienna, Austria) or 
mycophenolat mofetil (Cellcept, Roche, Basel, Switzerland). HTX 
and LTX patients underwent an induction therapy with ATG (Bio- 
merieux, Vienna, Austria) 2-3 mg/kg BW for 5-10 days. 

Bacterial infections and sepsis were treated empirically and lat- 
er, according to sensitivity testing, with various antibiotics. CMV 
infections were treated with ganciclovir (Cymevene, Roche, Basel, 
Switzerland), and HSV infections with famvir (Famcyclovir, Smith 
Kline Beecham, Heppignies, Belgium). Rejection episodes were 
treated with methylprednisolone 3 x 500 mg for 3 days, and steroid 
resistant rejections with ATG as above for 7-10 days. 

Beginning 2, 3, or 4 days after transplantation, several inflam- 
matory parameters were examined in blood samples drawn from 
a central venous line or a cubital vein in NH4 heparin syringes 
(SARSTEDT, Numbrecht, Germany). Informed consent was ob- 

tained. Examinations were carried out twice a week -in most cases 
in alternating 3 4  day intervals - until discharge. The duration of 
hospitalization (see Fig. 7), and consequently the number of exam- 
inations, was different for each patient. For more details, see the 
legends. All together 377 checks of each parameter were made. 

Inflammation parameters 

PMN functional parameters 

The white blood count was carried out in a COULTER COUNTER 
T-540. PMN elastase was measured with the PMN elastase 1.12589 
kit, (Merck, Vienna, Austria). PMN migration was measured by a 
novel membrane filter migration chamber, the main feature of which 
is the use of diluted, fresh, whole blood. Briefly, blood anticoagulized 
with ammonia-heparine was processed within 20 min after with- 
drawal [ll]. The migration device includes a migration filter (cellu- 
lose nitrate membrane filter, 3 pm pore size, 140 pm thick, SAR- 
TORIUS, Gottingen, Germany) and a chemoattractant depot con- 
taining the bacterial chemotactic peptide N-formyl-methionyl-leu- 
cyl-phenylalanine (FMLP) in solid form that dissolves in the blood 
suspension pipetted into the chamber and forms a chemotactic gra- 
dient within the migration filter. The number of PMNs to penetrate 
into the filter is counted in consecutive layers of 10 pm throughout 
the whole depth of a filter. Such a count yields both the number of 
PMN immigrants and their distribution within a filter. Two relative 
parameters were considered in this study: a) the percentage of 
PMNs to migrate from the blood into the filter, the “total migration 
index”, TMI, and b) the relative penetration depth, named “distri- 
bution characteristic”, DC, expressed as the distance that half the 
migratory PMN bulk has covered within a filter. Both parameters 
were established for the reaction to FMLP and the blanks. 

The TMI and the D C  “quotients” are the relation between 
FMLP and the blank value, calculated for each pair of measure- 
ments. They express the reactivity of a PMN collective to FMLP 
in comparison with the unstimulated, spontaneous migration. For 
more details about the method see [8]. 

Following Kukovetz et al. [23], the latex-stimulated reactive 
oxygen species (ROS) release from phagocytes was measured at 
22 “C in ammonia heparine-anticoagulated fresh whole blood [ll] 
with luminol-enhanced chemilumenescence in a 1450 Microbeta 
luminometer (Wallace, Turku, Finland). During the first 30 min, 
measurements were carried out in 2-minute intervals, and, during 
the following 60 min, in 10-min intervals. The highest level mea- 
sured in this time frame was regarded as relevant and applied to 
1000 phagocytes, (PMNs, eosinophils, and monocytes). This value 
expresses the average oxidative efficiency of a phagocyte. Eosin- 
ophils can produce more, and monocytes less ROS than PMNs 
[14, 211. Thus, a compensatory effect and the low share of eosin- 
ophils and monocytes in comparison with blood PMNs keep the 
bias within tolerable bounds, and the level can be applied to 1000 
PMNs with sufficient accuracy. 

Lymphocytes lacking NADPH-oxidase can be neglected [5 ] .  
Malondialdehyde (MDA), an indicator for oxidative membrane 
damage [12, 131 was measured with the Bioxytech LPO-586 kit, 
(Oxis, Portland, OR, USA). 

Monocyte and endothelium functional parameters 

Neopterin, an indicator for macrophage activation, was measured 
in urine by an HPLC-method [15], sICAM-1, a soluble endothelial 
ligand for PMN integrins, and sVCAM-1, a soluble endothelial li- 
gand for monocyte and lymphocyte adhesins (reviewed by [6, 
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20]), were both measured with the ICAM and VCAM ELISA, 
R&D Systems (MN, USA). PMN elastase, MDA, sICAM-1 and 
sVCAM-1 were measured in EDTA plasma, harvested within 1 h 
after puncture from blood cooled to 4 “C. The plasma samples 
were stored at -80 “C until measurements were carried out. 

Retrospectively, three groups of patients were formed accord- 
ing to the occurrence and the severity of infection. 

Group I patients (n = 23) developed no or only moderate local 
infections (colonisation of the urinary tract, superficial wound in- 
fections) without clinically apparent systemic involvement. Some 
bacteriograms revealed E. Colz, Klebsiella, Morganella spec., Enter- 
obacter, Pseudomonas, and coagulase negative Staphylococci. 
Treatment, if any, was local. No systemic ABI were applied. 

Group I1 patients (n  = 11) suffered from infections with impair- 
ment of clinical condition, systemic involvement such as rise in 
temperature and/or organ dysfunction. Positive bacteriograms 
(E. Coli, Acinetobacter, Klebsiella, Enterococci, Enterobacter, 
Staph. aureus, Pneumococci, Citrobacter, coagulase-negative Sta- 
phylococci, beta-hemolysing Streptococci) and, in the case of pneu- 
monia, positive X-ray findings characterized these patients. Rele- 
vant infections of the urinary tract, bacteria cultured from bile or 
sputum, pneumonia and deep wound infections were predominant 
in this group. All of these patients were treated with systemic ABI. 

Group I11 patients (n  = 7) showed the clinical symptoms of sep- 
sis that was confirmed by positive blood culture. Coagulase-nega- 
tive Staphylococci, Staph. aureus, Klebsiella, Pseudomonas and E. 
coli were cultured. Similar types of infections as in group I1 were 
observed in these patients. All septic patients were treated with 
systemic ABI. 

Infections with CMV and HSV were not considered in this clas- 
sification, since they are known not to cause significant PMN reac- 
tions. 

In order to estimate the inflammatory reactions of the three 
groups of patients by eye, the individual ratings were presented in 
scatter plots as follows: The ratings of group I were plotted in a sin- 
gle column. The ratings of groups I1 and I11 were divided into two 
columns each, the left column representing the reactions before, 
and the right column the reactions after onset of infection. The on- 
set of an infection was defined as the occurrence of clear clinical 
symptoms and radiological signs as described above. These symp- 
toms were also the indication for starting a systemic ABI therapy. 
Differences in the inflammation parameters in group I (no/local in- 
fections) and groups I1 and I11 (generalized infections) before the 
clinical manifestation of an infection were considered predictive 
indicators for a future infection. The limits distinguishing an un- 
eventful course from future infectious complications were estab- 
lished empirically and were chosen to achieve a minimal error 
rate. They are indicated in the Figures by a line. 

Tables 1-3 demonstrate how far the discriminative criteria de- 
termined collectively in the Figs. 1,2,3 and 5 are true for each indi- 
vidual patient. The tables comprise the parameters found to be pre- 
dictive: elastase and the TMI under FMLP stimulation (TMI- 
FMLP), assisted by the FMLPiblank quotients of the TMI and the 
PMN blood count. Moreover, the latency period between surgery 
and the first measurement of a TMI-FMLP below the critical mark 
of “12”, indicating the onset of an immune deficiency, is shown. In 
the case of infection, the time between surgery and the first manifes- 
tation of an infection, as well as the interval between the critical 
TMI-FMLP and the outbreak of an infection, are presented (Ta- 
ble 2, Table 3). Rejection episodes are listed individually. 

Correlations between PMN blood counts and the appropriate 
TMI-FMLP values were calculated with the Spearman rank corre- 
lation test. The proportion of non-predictive to predictive for the 
groups LOC, SYS B and SEP B were compared with Fishers Exact 
Test contingency tables. For more details see the legends to Figs. 

~~~~~~ 

Table 1 Group I, patients without or with minor local infections 
(LOC). Pat Serial number of the patients, E L  PMN elastase; posi- 
tive: values above lOOpgIL, TMZ total migration indices under 
FMLP stimulation (TMI-FMLP); positive: values below 12, occur- 
ring at least once, Q individual FMLPhlank quotients of the 
TMI; positive: values below 0.4, PMN PMN blood counts; positive: 
values above 15.0OO/pl, REJ, R patients with rejections, IDE ap- 
pearance of immunodeficiency, i. e. the interval in days between 
transplantation and the first occurrence of a TMI-FMLP below 
12, TX transplanted organs, LTX liver, KTX kidney, KPTX kidney 
and pancreas, NTX heart, LUTX lung 

Pat EL TMI Q PMN REJ IDE TX 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

R 
R 

R 
R 

R 
R 3  

3 
4 

LTX 
KTX 
LTX 
KPTX 
HTX 
KTX 
LUTX 
LTX 
LTX 
KTX 
LTX 
KPTX 
KTX 
LTX 
LTX 
LTX 
LTX 
KPTX 
HTX 
LTX 
LTX 
KPTX 
KPTX 

1-3, and 5. The proportions of predictive markers (positive elas- 
tase values in combination with positive TMI-FMLP values) to 
non predictive markers in the Tables 1, 2, and 3 were compared 
with Fisher’s Exact Test contingency tables. The columns LOC, 
SYS and SEP shown in Fig. 7 (days of hospitalization) were com- 
pared with a Kruskal-Wallis ANOVA. 

Significance symbols: * P < 0.05, ** P < 0.01, *** P < 0.001, n.s. 
not significant. 

Results 

PMN blood count 

(Fig. 1, Tables 1,2, and 3). When setting a discriminative 
upper threshold of 15.000 PMNs, in group I 2  of 23 pa- 
tients (one of them twice) were found to be above this 
limit. In group 11, 1 of 11 patients, and in group III,3 pa- 
tients (in all seven times) were found to be above the 
limit. No patient in groups I1 and I11 was under the low- 
er limit of 1000 PMN/pl usually considered to be the 
minimum for the functioning of the unspecific defence. 
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Fig.1 PMN blood counts. L O C  Group I, no or local infections 
without systemic involvement, n = 23. SYS: Group 11, infections 
with systemic involvement, n = 11. SEP: Group 111, patients who 
developed sepsis n = 7. Left columns “B” with full symbols: levels 
measured before onset of infections. Right columns “A” with emp- 
ty symbols measured after onset of infection. Tests were carried 
out twice a week. The duration of hospitalization of the individual 
patients is shown in Fig. 7. Thus, according to their stay in the clin- 
ic, the patients were subjected to different numbers of checks. The 
lower line marks the 1000 PMN threshold commonly considered to 
be the lower limit of an intact unspecific defence system. Note that 
no patient remained under this critical level. Quite in contrast to 
the current conception of an “immunodeficiency”, several septic 
patients had markedly elevated PMN-levels before onset of infec- 
tion. The discrimination limit for “elevated” was chosen at 15.0001 
p1 blood. The proportions between “not elevated” (below 
15.000 yl) and “elevated” (above 15.000) are for LOC 158:3, SYS 
B 39:1, and for SEP B 22:7. Contingency tables: LOC-SYS B n.s., 

Fig.2 Elastase blood levels, first measurement after transplanta- 
tion. LOC: Group I, no infection or local infections without sys- 
temic involvement. SYS: Group 11, infections with systemic in- 
volvement. SEP: Group 111, patients with sepsis. The upper me- 
thodical limit of the measurements was 204 pg/l. The discrimina- 
tion limit is 100 $1. The proportions between “not predictive” (be- 
low 100 pg/l) and “predictive” (above 100) are for LOC 17:6, for 
SYS 4:7, and for SEP 1:6. Contingency tables: LOC-SYS as . ,  
LOC-SEP**, SYS-SEP n. s. 
Fig.3 PMN migration. The total migration index under FMLP 
stimulation (TMI-FMLP). Symbols as in Fig. 1. Values below the 
limit of 12 before onset of inflammation are considered to be pre- 
dictive. The proportions between “not predictive” (above 12) and 
“predictive” (below 12) are for LOC 157:4, for SYS B 33:7, and 
for SEP B 19:lO. Contingency tables: LOC-SYS**, LOC-SEP***, 
SYS-SEP n. s. 

LOC-SEP B ***, SYS B-SEP B ** 

Elastase blood levels 

Figure 2 and Tables 1, 2 and 3 show the ratings of the 
first measurement after surgery that proved to be indi- 
cative of further inflammatory events. This first mea- 
surement was always carried out before the manifesta- 
tion of infection, usually 1,2, and 3 days after transplan- 
tation. Later measurements were without predictive val- 
ue and are therefore not presented. In groupI, six 
(26 %), in group 11, seven (63.6 Yo) and in group 111, six 
patients (85.7 YO) had post-surgical elastase values 
above the discriminative mark of 100 p/l. 

PMN migration 

For the TMI under FMLP stimulation (TMI-FMLP), a 
critical lower limit of ‘‘12’’ was set. Before clinical 
manifestation of an infection, the TMI-FMLP level 
dropped under this limit in three patients of group1 
(13%), in five of group11 (45.4%0), and in six of 
group I11 (85.7%). Some of these patients showed the 
drop repeatedly (Fig.3, Tables 1, 2 and 3). The blanks 
(Fig. 4) did not develop discriminative differences. 
The FMLP to blank quotient (Fig.5) was twice below 
the critical limit set at “0.4” in one patient in group I 
(4.3%0), in four patients of group I1 (36.3 %), and in 
four patients of group111 (57.1%). As an example, 
Fig.6 shows the time profile of a septic patient (num- 
ber 39 in Table 3). PMN blood-counts and the migra- 
tion parameter TMI-FMLP do not correlate (spear- 
man r=0.1245) and thus are independent of each 
other. 
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Fig.4 PMN migration. The 
TMI under blank conditions. 
Symbols as in Fig. 1. It was not 
possible to establish a signifi- 
cant discriminating limit 
Fig.5 PMN migration. The 
FMLP/blank quotients of the 
TMI. Symbols as in Fig. 1. Val- 
ues below the discrimination 
limit of 0.4 before onset of in- 
flammation are considered to 
be predictive. The proportions 
between “not predictive” 
(above 0.4) and “predictive” 
(below 0.4) are for LOC 159:2, 
for SYS B 355, and for SEP B 
22:7. Contingency tables: LOC- 

SEP n. s. 
SYS**, LOC-SEP ***, S Y S -  
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Table 3 Group 111, patients who developed sepsis (SEP). Abbre- 
viations as in Table 2. Patient 35 is a non-responder. The other pa- 
tients showed the predictive stigmata of an impending infection - 
a combination of positive EL, TMI, Q and/or PMN - up to two 
weeks before the clinical manifestation (DIFF) 

Table 2 Group 11, patients who developed infections with system- 
ic involvement ( S Y S ) .  Abbreviations as in Table 1, with additions: 
INF the interval in days between transplantation and the first clin- 
ical symptoms of infection, DIFF the interval in days between the 
first indication of immunodeficiency ( IDE)  and the onset of an in- 
fection (INF) 

Pat EL TMI Q PMN REJ IDE INF DIFF TX 
Pat EL TMI Q PMN REJ IDE INF DIFF TX 

- 6 - LTX - - -  35 - 
36 + + - + R 5 20 15 KPTX 
3 7 +  + - +  19 21 2 KPTX 
3 8 +  + + -  3 18 15 LKTX 
3 9 +  + + -  R 2 1 0  8 LTX 
4 0 +  + + -  1 15 14 LTX 
41 + + + + R 6 12 6 KPTX 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 - 

- 7  
- +  - 14 

- 13 
- 11 

+ -  - -  - 5  
- - + -  - 17 

R 17 18 
+ + - -  R 12 20 
+ + + -  R 1 11 
+ + + -  R 12 23 
+ + + -  R 3 8  

- - - -  
- - 

- -  + -  
+ -  - -  

- + - -  

- LTX 
- HTX 
- LTX 
- LTX 
- LTX 
- KTX 
1 LTX 
8 KPTX 

10 LTX 
11 LTX 
5 LTX Tables 1, 2 and 3 show the individual situations and 

illustrate the predictive relevance of certain inflamma- 
tion parameters. In group 111 (SEP), which includes the 
patients with the most severe infections, in six of seven 
patients (85.7 %) the two predictive criteria, postsurgi- 
cal elastase levels above 100 p/1 and a TMI-FMLP below 
“E”, were combined (Table 3). 

Simultaneously, PMN blood counts above 15.000 per 
p1 and/or an FMLP to blank quotient below 0.4 were 
found. This configuration can predict an infection for 
periods between 2 and 15 days. One patient, however, 
is an exception and does not fit at all into the predictive 
pattern. When the same criteria are applied to group I 
(without or with local infections, LOC), only one pa- 
tient was positive (4.3 %). Group I1 (infections with sys- 
temic involvement, but not septic, SYS) lies between 
these two extremes. Four of the eleven patients showed 
the predictive combination of elastase and TMI-FMLP. 
All of them had a graft rejection episode. The infections 

Other parameters 

As for the relative penetration depth of the migrating 
PMNs into a filter as represented by the DC, it was, con- 
trary to the relative numbers of migrating PMNs as ex- 
pressed by the TMI, not possible toset discriminatorylim- 
its between the three groups, either under FMLP stimula- 
tion, or in blanks or quotients. Likewise, predictive crite- 
ria could not be established for stimulated ROS-release, 
malondialdehyde, neopterin, SICAM-1, and sVCAM-1. 
Neopterin, SICAM-1 and sVCAM-1 values deviating 
from the collective concentrated in some subjects. Evi- 
dently, such features are individual peculiararities. High 
neopterin values predominantely occured after onset of 
infection and thus may be a reaction to the infection. 
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Fig.6 The time profile of the total 
migration indices (TMI) of patient 
39, who developed sepsis (see Ta- 
ble 3 ) .  Abscissa Days of checks after 
transplantation. Left ordinate TMI- 
FMLP (full stroke); the lower limit 
is 12. TMI-blank (fine line). Right 
ordinate The FMLPhlank quotient 
(dotted line). The lower limit is 0.4. 
On days two and nine, the TMI- 
FMLP and the quotients were be- 
low the lower limits. Sepsis occurred 

4Or Dav 10 11.4 

- 0.2 

2 5 9 12 16 19 23 26 30 33 37 40 44 47 51 54 58 
on day 10. During and after antibi- 
otic treatment, the migration values 
normalized and were even elevated Days after transplantation 

became apparent 5-1 1 days after their announcement 
by low TMI-FMLP values. A comparison of the three 
groups by contingency tables yielded: LOCSYS *, 
LOC:SEP*** SYS:SEP n.s. 

Discussion 

The rationale for this diagnostic approach of determin- 
ing various PMN functions is based on the trivial expe- 
rience that a human organism with an intact immune 
system can cope with normal microbial stress, while de- 
ficiencies in the host defence lead to infections. 

Immunosuppressive therapy, unavoidable in trans- 
plantation in order to prevent graft rejection, aims at 
controlling the specific immune system, which makes 
the host defence rely on the unspecific immunity and 
its main representative, the PMN. Particularly in the 
early post-transplant phase, when the immunosuppres- 
sive therapy has to be intensive, a restriction of PMN ef- 
ficiency opens the way for the main targets of PMNs - a 
series of bacterial and fungal pathogens - and allows 
them to invade and finally to attack the organism until 
the clinical manifestation of a reaction that is called “in- 
flammation” becomes evident. PMN functional defi- 
ciencies bear a risk of infection, and their early diagnosis 
may be a means of predicting infections. 

The aim of this study was to find reliable criteria to 
determine such PMN-functional impairment. The best 
predictive marker proved to be the combination of elas- 
tase and migration. Blood levels of PMN elastase above 
100 pg/l during the first days after sugery, followed by a 
drop below 12 % of circulating PMNs ready to migrate 
on FMLP stimulation, (the TMI-FMLP) predicted se- 
vere septic complications 2-15 days prior to their clini- 
cal manifestation with a sensitivity of 85.7 % and were 
able to distinguish sepsis from uneventful recovery 
with a specificity of 95.6%. Simultaneous PMN blood 
counts above 15.000/p1 and TMI quotients below 0.4 
confirmed the value of these two parameters. Persisting 
low TMI-FMLP values after manifestation of an infec- 
tion (Fig.3) may be an indication for continuing ABI 

treatment and/or for reducing immunosuppression. 
Group I1 patients with infections with systemic involve- 
ment were found to have their markers in a medium 
range. Seven patients showed the functional features of 
the uneventful recovery of group I. The remaining four 
patients had positive elastase and TMI-FMLP reactions 
indicating infections, but the inhibition of migration was 
less pronounced when compared to group I11 (c.f the 
Figs.3 and 5). Thus, the degree of inhibition might be 
helpful in estimating the threat of an infection. 

From an upcoming study on patients treated with 
corticoids, where migration was measured daily, we 
know that the degree and duration of suppression of 
PMN migration are meaningful details in assessing in- 
fection risk (unpublished). In the present study, organi- 
zational reasons have forced us to perform investiga- 
tions at three- and four-day intervals. This design is too 
wide-meshed to record all of the often desultory chan- 
ges in the time profile, and much information was lost. 
Automation is developing, however, and will facilitate 
the clinical application of the migration test. 

The other inflammatory parameters, relative pene- 
tration depth into a filter (the DC), ROS production, 
MDA, neopterin, SICAM-1, and sVCAM-1, turned out 
to be of no predictive value. It is noteworthy that the 
classical indicator for the activity of the unspecific de- 
fence system, the PMN blood count, is of no predictive 
significance. In no case did the number of PMNs remain 
under 1000 per p1, which is usually considered to be the 
critical lower level for a functioning immune system. In 
contrast, three patients in the sepsis group repeatedly 
had PMN numbers above 15.0001p1 before the onset of 
inflammation (Fig. 1, Table 3). Thus, not the number of 
PMNs, but functional markers are predictive for infec- 
tions. The PMN blood count, elastase release and mi- 
gratory functions are independent qualities and do not 
correlate with each other [9,18]. 

Terms such as “surgical stress” and “deficiency of the 
defence system”, though frequently used, are only poor- 
ly defined, and an attempt to analyze the pathomecha- 
nisms behind the “proneness to infections” we have 
found in the “immunocompromised” transplant pa- 
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The deceased patient was excluded from calculations. The length 
of hospitalization depended on infection, not on rejection 

tients must remain fragmentary. Elastase, a product of 
activated PMNs [19], is generally high after surgery and 
decreases to normal in the recovery phase [16, 17, 221. 
A strong elastase release by PMNs in the state of immu- 
nosuppression, as we have found in some of our trans- 
plant patients (we empirically set the limit at 100 pg/l), 
can be interpreted as a strong activation of PMNs by 
the surgical trauma. When high postsurgical elastase 
levels were accompanied or followed by TMI-FMLP 
values below “12 “, infections occurred in all of the 11 
patients in question (the patients 31-34 of Table 2, and 
36-4 1 of Table 3) except one (patient 23 of Table 1). 
The reactivity to blanks was much less impaired 
(Fig. 4), resulting in a low FMLP/blank quotient (Fig. 5 ,  
Tables 2, 3) .  The coincidence of high elastase release 

and migratory behaviour of PMNs suggests causal rela- 
tionships. Agents released during traumatic stress such 
as cytokines may be the link between surgical trauma 
and an inhibition of migration. TNFa was found to in- 
hibit the chemotactic response of blood PMNs to 
FMLP in vitro in a dose-dependent manner [2,27]. Our 
migration assay confirmed this “negative priming”. 
Both TNFa and IL1 added to whole blood inhibited or, 
depending on the dose, could also increase the response 
to FMLP in relation to blanks [7]. A second assault on 
the host defence is immunosuppressive therapy. Exoge- 
nous and endogenous immunosuppression may accu- 
mulate to impair host defence. A more scrutinious anal- 
ysis of the correlations between the length of the opera- 
tion, endogenous host defence, graft rejection, and the 
various therapies is beyond the scope of this paper and 
will be published elsewhere. 

The source of infection is certainly of importance. 
The surgical wound, indwelling catheters or transloca- 
tion of pathogens from the intestinal lumen into mesen- 
teric lymph nodes are the most common ones. All septic 
patients underwent either LTX or KPTX. During LTX, 
blood flow is usually occluded for 40 to 60 min. After re- 
perfusion this may lead to the formation of reactive oxy- 
gen species that impair the intestinal barrier, thus facili- 
tating the invasion and the homing-in of germs, prefera- 
bly in the mesenteric lymph nodes, from where they can 
spread into the entire organism. A comparable scenario 
was observed and studied during shock and polytrauma 
[l, 24, 26, 281 and may also be true for transplantation. 
Initially, the propagation of pathogens may be sup- 
pressed by the ABI prophylaxis routinely applied in 
the posttransplant phase. After the discontinuation of 
ABI, these pathogens have the opportunity to thrive 
and to attack the host. This mechanism could explain 
the sometimes amazingly long interval between the first 
breakdown of migration and the manifestation of an in- 
fection (Tables 2,3). 

It would certainly be ideal to prevent rather than 
treat infections. Apart from all the benefits for the pa- 
tient, early intervention could also essentially lower the 
costs of transplantation (Fig. 7). 

Acknowledgements This work was supported by the Austrian 
Joint Research Project M11. 

References 
1 Aasen A 0  (1993) LPS plasma levels in 

patients. In: Schlag G, Red1 H (eds) 
Pathophysiology of shock, sepsis, and 
organ failure. Springer, Berlin Heidel- 
berg NewYork, pp 417426 

2. Bajaj MS, Kew RR, Webster RO, Hyers 
TM (1992) Priming of human neutro- 
phi1 functions by tumor necrosis factor: 
Enhancement of superoxide anion gen- 
eration, degranulation, and chemotaxis 
by chemoattractants C5a and F-Met- 
Leu-Phe. Inflammation 16: 241-250 

3. Brann WM Bennett LE, Keck BM, 
Hosenpud JD (1998) Morbidity, func- 
tional status, and immunosuppressive 
therapy after heart transplantation: an 
analysis of the joint International Soci- 
ety for Heart and Lung Transplanta- 
tion/United Network for Organ Sharing 
Thoracic Registry. J Heart Lung Trans- 
plant 17: 374-382 



121 

4. Cline MJ (1975) The white cell. Har- 
vard University Press, Cambridge, 
Mass., pp 89-103 

5. Edwards SW (1994) Biochemistry and 
physiology of the neutrophil. Cam- 
bridge University Press, pp 1-32 

6. Edwards SW (1994) Biochemistry and 
physiology of the neutrophil. Cam- 
bridge University Press, pp 100-104 

7. Egger G (1991) Priming of polymor- 
phonuclear leukocytes (PMN) by cyto- 
kines demonstrated with a new whole- 
blood membrane filter migration assay. 
ICOI Inflammation Biennial Forum of 
Basic and Clinical Research Rome-Ita- 
ly. Abstract book, p 165 

8. Egger G, Klemt CH, Spendel S, Kaul- 
fersch W, Kenzian H (1994) Migratory 
activity of blood polymorphonuclear 
leukocytes during juvenile rheumatoid 
arthritis, demonstrated with a new 
whole-blood membrane filter assay. In- 
flammation 18: 427-441 

Blood polymorphonuclear leukocyte 
migratory activities during rheumatoid 
arthritis. Inflammation 19: 651467 

10. Egger G, Allmayer T, Iberer F, Tsche- 
liessnigg KH, Auer T, Wasler A, Petut- 
schnigg B (1996) Impaired polymor- 
phonuclear leucocyte migration as a 
possible monitor for the risk of septi- 
caemia in immunosuppressed trans- 
plant patients. Med Sci Res 24: 17-19 

11. Egger G, Kukovetz EM, Hayn M, Fab- 
jan JS (1997) Changes in the polymor- 
phonuclear leukocyte function of blood 
samples induced by storage time, tem- 
perature and agitation. J Immunol 
Meth 206: 61-71 

12. Halliwell B (1991) Lipid peroxidation, 
free-radical reactions, and human dis- 
ease. Current concepts. Upjohn Com- 
pany, Kalamazoo, Mich, pp 1-29 

13. Halliwell B, Gutteridge JM (1989) Free 
radicals in biology and medicine. 
Clarendon Press, Oxford, pp 188-218 

9. Egger G, Aglas F, Rainer F (1995) 

14. Halliwell B, Gutteridge JM (1989) Free 
radicals in biology and medicine. 
Clarendon Press, Oxford, pp 372-390 

15. Hausen A, Fuchs D, Konig K, Wachter 
H (1982) Determination of neopterine 
in human urine by reverse phase high 
performance liquid chromatography. 
J Chromatogr 227: 561-570 

16. Hofer HP, Egger G, Bratschitsch G, 
Kukovetz EM, Petek W, Schaur RJ 
(1994) Phagocyte activation and its im- 
plication in wound healing following 
trauma surgery. Med Sci Res 22: 
533-534 

17. Hofer HP, Kukovetz EM, Egger G, 
Khoschsorur GA, Wildburger R, Petek 
W, Schaur RJ (1995) PMN-related pa- 
rameters for the monitoring of wound 
healing in traumatology. Eur J Orthop 
Surg Traumatol5: 21-26 

Bratschitsch G, Steindorfer P, Schaur 
RJ (1996) The influence of trauma on 
changes in neutrophil granulocyte func- 
tion assessed by an analysis of granulo- 
cyte migration. Langenbecks Arch Chir 

18. Hofer HP, Egger G, Kukovetz EM, 

381: 148-154 
19. Jochum K, Machleidt W, Neuhof H, 

Fritz H (1993) Proteinases. In: Schlag 
G, Redl H (eds) Pathophysiology of 
shock, sepsis, and organ failure. Sprin- 
ger, Berlin Heidelberg NewYork, pp 

20. Kirby J A  (1996) Function of leukocyte 
adhesion molecules during allograft re- 
jection. In: Tilney NL, Strom TB, Paul 
LC (eds) Transplant biology. Lippin- 
cott-Raven, Philadelphia NewYork, pp 
137-149 

Products of oxygen metabolism. In: 
Gallin JI, Goldstein IM, Snyderman R 
(eds) Inflammation: Basic principles 
and clinical correlates. Raven Press, 
New York, pp 391444 

46-60 

21. Klebanoff SJ (1988) Phagocytic cells: 

22. Kukovetz EM, Hofer HP, Khoschsorur 
GA, Petek W, Schaur RJ (1994) Mal- 
ondialdehyde, PMN elastase, and C-re- 
active protein as biochemical inflam- 
mation markers after elective trauma 
surgery. Med Sci Res 22: 251-253 

23. Kukovetz EM, Hofer HP, Egger G, 
Khoschsorur GA, Bratschitsch G, Pe- 
tek w,  Quehenberger F, Schaur RJ 
(1995) Assay of phagocyte activation by 
means of malondialdehyde and lumi- 
nol-enhanced chemiluminescence dur- 
ing uneventful wound healing following 
trauma surgery. Redox Report 1: 
247-254 

24. Mainous MR, Deitch E A  (1993) Bacte- 
rial translocation. In: Schlag G, Redl H 
(eds) Pathophysiology of shock, sepsis, 
and organ failure. Springer, Berlin Hei- 
delberg NewYork, pp 265-278 

25. Miller LW, Nafter DC, Bourge RC, 
Kirklin JK, Brozena SC, Jarcho J, 
Hobbs RE, Mills RM, Cardiac Trans- 
plant Research Database Group (1994) 
Infection after heart transplantation: a 
multiinstitutional study. J Heart Lung 
Transplant 13: 381-393 

26. Redl H, Schlag G, Kneidinger R, Din- 
ges HP, Davies J (1993) Activatiodad- 
herence phenomena of leukocytes and 
endothelial cells in trauma and sepsis. 
In: Schlag G, Redl H (eds) Pathophysi- 
ology of shock, sepsis, and organ fail- 
ure. Springer, Berlin Heidelberg New 
York, pp 549-563 

Mandell GL (1992) Tumor necrosis fac- 
tor-a decreases neutrophil chemotaxis 
to N-formyl-1-methionyl-l-leucyl-l- 
phenylalanine: analysis of single cell 
movement. J Leukoc Biol52: 630-636 

28. Zimmermann BJ, Arndt H, Kubes P, 
Kurtel H, Granger DN (1993) Reperfu- 
sion injury in the small intestine. In: 
Schlag G, Redl H (eds) Pathophysiolo- 
gy of shock, sepsis, and organ failure. 
Springer, Berlin Heidelberg NewYork, 
pp 322-353 

27. Vollmer KL, Alberts JS, Carper HT, 


