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Thee antiinflammatory cytokine response during urosepsis was determined by measurement of concentra-
tionss of soluble tumor necrosis factor receptor (sTNFR) types I and II , interleukin 1 receptor antagonist 
(IL-lra) ,, soluble IL-1 receptor type II (sIL-lRII) , and interleukin 10 in sera and urine of 30 patients with 
culture-provenn urinary tract infections before and 4, 24, 48, and 72 h after initiation of antibiotic therapy and 
inn 20 healthy individuals. In serum, the levels of sTNFR types I and II , IL-lra, and IL-10 were higher in 
patientss than in controls. In urine, only sTNFR type I and II levels were elevated in patients. The ratios of 
concentrationss of both types of sTNFR in urine to concentrations in serum were higher in patients than in 
controls.. These findings indicate that during urosepsis, the antiinflammatory cytokine response is generated 
predominantlyy at the systemic level. 

Thee clinical spectrum of urinary tract infections ranges from 
asymptomaticc bacteriuria to acute pyelonephritis. In the 
healthyy urinary system, the dynamics of urine flow and a func-
tionall  vesicoureteral junction protect against ascending urinary 
tractt infections. In recent years, attention has been paid to the 
rolee of inflammation in resistance to urinary tract infections 
(29). . 

Cytokiness are small proteins important for the orchestration 
off  inflammatory processes. The most-potent proinflammatory 
cytokiness are tumor necrosis factor alpha (TNF) and interleu-
kinn 1 (IL-1) (10, 32). Several endogenous mechanisms that can 
modulatee the production and/or activity of TNF and/or IL-1 
havee been identified (31). TNF can bind to two distinct types of 
cellularr receptors. Both TNF receptor species can be processed 
too soluble forms (sTNFR) that represent the extracellular do-
mainss of the respective transmembrane receptors. sTNFR re-
tainn their affinity for free TNF and can therefore act as com-
petitivee inhibitors of TNF activity when present in high 
concentrationss (1, 34). Similarly, the extracellular part of the 
typee II IL-1 receptor can be shed from the cell surface. Soluble 
IL-11 receptor type II (sIL-lR type II ) is considered a negative 
regulatorr of IL-1 activity, since it binds free IL-1 without elic-
itingg a cellular response (10, 28). Another endogenous IL-1 
inhibitorr is IL-1 receptor antagonist (IL-lra), which preferen-
tiallyy binds to the signaling type I IL-1R without inducing any 
biologicall  response (10). Furthermore, the production of 
proinflammatoryy cytokines can be inhibited by so-called anti-
inflammatoryy cytokines, of which IL-10 is the most potent (22). 

Althoughh animal studies have indicated that enhanced pro-
ductionn of TNF and IL-1 plays an important role in the patho-
genesiss of bacterial sepsis, only a small subset of patients with 
sepsiss have detectable TNF and IL-1 in their circulation (10, 
32).. However, a presumed increase in TNF and IL-1 activity in 
suchh patients is associated with elevated concentrations of in-
hibitorss of these proinflammatory cytokines in plasma. Indeed, 
itt is now well appreciated that the host response to sepsis 
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involvess both release of proinflammatory cytokines and release 
off  soluble cytokine inhibitors and antiinflammatory cytokines. 
Thee latter response was recently given the name compensatory 
antiinflammatoryy response syndrome (CARS), as opposed to 
thee designation systemic inflammatory response syndrome 
(SIRS)) for the former response (6). At present, knowledge of 
thee site of production of the antiinflammatory responses dur-
ingg human sepsis is highly limited. Therefore, in a first attempt 
too determine whether inhibitors of TNF and IL-1 are secreted 
locallyy at the site of the infection or predominantly at the 
systemicc level, we sequentially measured the levels of TNF, 
sTNFR,, IL-lp , IL-lra, sIL-lR type II, and IL-10 in the urine 
andd sera of patients with urosepsis during a 3-day follow-up 
period. . 

MATERIAL SS AND METHOD S 

Patientss and design. A loial of 30 patients over 18 years of age with gram-
negativee urosepsis were studied. The diagnosis of urosepsis was based on the 
presencee of a urine cultur e positive for  a gram-negative micro-organism with 
pyuri aa (leukocytes, >100 cells/mm3, with few epithelial cells) and metabolic or 
hematologicc signs of systemic infection, including two of the following six signs: 
tachycardiaa (>90/min); hypotension (systolic pressure, <90 mm Hg); hypoxemia 
(pOjj  s 75 mm Hg); leukocytosis (>10.000/mm'); abnormal prothrombi n time, 
activatedd partial thromboplastin lime, or  thrombocytopenia ( <100,000/mm3); 
andd acute mental status change. Exclusion criteri a included antibioti c use within 
thee previous 72 h, a very poor  clinical condition, severe renal insufficiency 
(estimatedd creatinine clearance, <30 ml/min) , or  pregnancy. Further  details of 
thee study have been published elsewhere (24). Patients were treated with 500 mg 
off  intravenous imipenem every S h for  the first  72 h or  with 1,000 mg of 
intravenouss ceftazidime every 8 h. Since the type of antibioti c regimen (imi 
penemm versus ceftazidime) did not significantly influence the levels of TNF, 
sTNFR.. IL-lfl , IL-lra , soluble IL-1R type II , or  IL-10, data Trom the two groups 
weree combined- Clinical data (APACHE II  score) and blood and urine samples 
weree collected immediately before the start of treatment (0 h) and at 4, 24, 48, 
andd 72 h thereafter. Blood and urine samples were also collected from 20 healthy 
individual ss for  use as controls. Cultures of all control urines were sterile. Blood 
andd urine samples were centrifuged at 1,500 x g for  20 min. Supernatants were 
collectedd and stored at -20°C until assays were performed. 

Assays.. The amounts of TNF and IL- 1 B were measured by enzyme-linked 
immunosorbentt  assaying (ELISA ) according to the instructions of the manufac-
turerr  (Medgenix, Fleurus, Belgium). Both the TNF and the IL- 1 B ELISAs detect 
totall  cytokine levels, i.e., irrespective of whether  they are bound by soluble 
receptorss (informatio n supplied by the manufacturer  [111). sTNFR were mea-
suredd by enzyme-linked immunological binding assaying (EL1BA) as described 
previouslyy (7, 30). The reagents for  sTNFR measurements were kindly donated 
byy Hoffmann La Roche, Ltd . (Basel, Switzerland). The sTNFR assays make use 
off  TNF binding noninhibitor y monoclonal antibodies against TNFR type 1 
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(clonee htr-20) or  TNFR type II  {done utr-4) as coaling antibodies, peroxidase-
conjugatedd recombinant human TNF as delecting reagent, and recombinant 
sTNFRR type I or  sTNFR lype II  as standards. The specificity of the sTNFR assays 
hass been confirmed by experiments in which the binding of the detecting recom-
binantt  TNF to sTNFRs could be prevented either  by addition of an excess (20 
p.g/ml)) unlabeled TNF or  by replacing the anti-TNFR monoclonal antibodies by 
nonspecificc antibodies (7). In addition, the linearit y of the assays has been 
verifiedd with natural TNFRs from cell lysates of HL-60 cells as well as recom-
binantt  TNFR-p55 and TNFR-p75. The concentrations of both sTNFRs were 
calculatedd from the amount of bound labeled TNF by using a 1:1 binding 
stoichiometryy between TNF and sTNFR. The concentrations calculated in this 
wayy were consistent with those obtained by using recombinant sTNFRs as the 
standardd (7). IL-lr a was measured by ELISA with mouse anti-human IL-lr a 
monoclonall  antibody (MAb ) (4 u.g/ml; Antibody Solutions SARL, Illkirch , 
France)) as the coating antibody, biolinylated goat anti-human IL-lr a (0.1 |ig/ml; 
R& DD Systems, Abingdon, United Kingdom) as the detecting antibody, and 
humann recombinant IL-lr a (R& D Systems) as the standard. sIL-l R type II  was 
measuredd by EL1SA essentially as described previously (15, 33). Mouse anti-
humann IL-1R type 11 MA b (S u.g/ml) was used as the coating antibody, polyclonal 
rabbitt  anti IL  1R type II  was used as the labeling antibody, horseradish perox-
idase-labeledd donkey anti-rabbi t immunoglobulin G was used as the detecting 
antibody,, and recombinant sIL-l R type II  was used as the standard. The addition 
off  exogenous recombinant IL- 1 3 did not influence the performance of the 
ELISA .. Al t reagents for  the sIL-l R type II  assay were kindly donated by John 
Simss (Immunex Corporation, Seattle, Wash.). IL-10 was measured by ELISA 
accordingg to the instructions of the manufacturer  (PharMingen, San Diego, 
Calif.) .. The detection limit s of the assays were 7 pg/ml (TNF), 0.4O ng/ml 
(sTNFRR types I and II) , 25 pg/ml (IL- 1 0), 80 pg/ml (IL-lra) , 16 pg/ml (sIL-lRIl) , 
255 pg/ml (IL-1 0 in serum), and 75 pg/ml (1L-I 0 in urine). 

Statisticall  analysis. Values are given as medians and ranges. Differences 
betweenn healthy controls and patients were analyzed by the Mann-Whitney U 
lest.. In patients, changes in time were analyzed by one-way analysis of variance, 
followedd by Dunnett's I test for  multipl e comparisons. These two tests were 
performedd after  log transformation of the data. Correlations were investigated by 
calculatingg the Spearman correlation coefficient (r,) . Al l tests were two tailed, 
andd a was set at 0.05. 

Urin ee concentrations are given in nanograms per  milliliter . When levels of 
cytokiness in urine were normalized for  urinar y creatinine concentrations, anal-
ysess of differences between patients and controls and the effect of antibioti c 
treatmentt  yielded similar  results (data not shown). 

RESULTS S 

Patients.. Patient characteristics and cultured microorgan-
ismss have been reported previously (24). Escherichia coli was 
culturedd from the urine of 28 patients (93%). A total of 10 
patientss had positive blood cultures for a microorganism that 
wass also cultured from the urine (E. coli for nine patients and 
PseudomonasPseudomonas aeruginosa for 1 patient). All patients recovered 
fullyy after treatment. 

TNFF and sTNFR. Concentrations of TNF in serum and 
urinee were below the limit of detection in the vast majority of 
controlss and patients, and no significant differences between 
groupss were found (data not shown). In patients, levels of 
sTNFRR types I and II were elevated in both serum and urine 
comparedd to controls (Fig. 1 and 2). Upon admission, the 
sTNFRR type I concentrations in serum and urine were 5.79 
(1.933 to 25.00) and 17.55 (<0.40 to 25.00) ng/ml, respectively, 
inn patients compared to 1.10 (0.63 to 1.43) and 1.78 (0.40 to 
3.32)) ng/ml, respectively, in controls (P = 0.005 and P < 
0.001).. sTNFR type II levels in serum and urine were 5.27 (1.60 
too 50.00) and 14.96 (<0.20 to 50.00) ng/ml, respectively, in 
patientss upon admission and 1.77 (0.89 to 2.83) and 2.34 (0.50 
too 5.34) ng/ml, respectively, in controls (P < 0.01 and 0.001). 
Thee ratio of the concentrations of soluble TNF receptors in 
urinee to the concentrations in serum was higher in patients 
uponn admission than that in controls, although the difference 
reachedd statistical significance only for sTNFR type II (Table 
1).. The level of sTNFR type I decreased significantly 72 h after 
initiationn of the therapy in both serum and urine (for both, P < 
0.05)) while the decrease in the level of sTNFR type II was not 
significant.. Levels of both types of sTNFR in serum but not in 
urinee upon admission were higher in patients with a positive 
bloodd culture (P < 0.01 and <0.001) (Table 2). There was a 

positivee correlation between levels of both types of sTNFR in 
serumserum and urine and the APACHE II score (sTNFR type I in 
serum,, r, = 0.55 and P < 0.005; sTNFR type I in urine, r, = 
0.611 and P < 0.001; sTNFR type II in serum, rs = 0.47 and P < 
0,01;; and sTNFR type II in urine, r, = 0.50 and P < 0.01). 

IL-ip ,, IL-lra , and sIL-l R type II . Concentrations of IL-l p 
inn serum and urine were below the limit of detection in the vast 
majorityy of controls and patients, and no significant differences 
betweenn groups were found (data not shown). Levels of IL-lr a 
inn serum were significantly higher in patients (7.40 [0.77 to 
20.00]]  ng/ml) than in controls (0.41 [0.19 to 0.94] ng/ml) (P < 
0.001)) (Fig. 3). Concentrations of IL-lr a in urine were similar 
inn patients (0.67 [0.10 to 26.00] ng/ml) and controls (0.60 
[<0.088 to 3.62] ng/ml). The ratio of the concentration of IL-lr a 
inn urine to that in serum was significantly lower in patients than 
thatt in controls (Table 1). Levels of IL-lr a in serum signifi-
cantlyy decreased (P <0.05) 24 h after initiation of the therapy. 
Levelss of IL-lr a in serum were higher in patients with a pos-
itivee blood culture (P <0.Ol) (Table 2). There was a positive 
correlationn between levels of IL-lr a in serum and the 
APACHEE II score (r, = 0.59; P = 0.001). Levels of sIL-lR type 
III  in serum were 3.25 (1.33 to 10.92) ng/ml in patients and 3.60 
(1.699 to 5.24) ng/ml in controls. Levels of sIL-lR type II in 
urinee did not show a difference between the two groups either 
(0.055 [<0.02 to 3.71] ng/ml versus 0.07 [<0.02 to 1.12] ng/ml). 

IL-10.. Levels of IL-10 in serum from patients were signifi-
cantlyy higher (0.12 [<0.03 to 27.32] ng/ml) than those in con-
trolss (<0.03 [<0.03 to 0.11] ng/ml) (P = 0.001) (Fig. 4), IL-10 
wass undetectable in urine from all but one patient and all 
controls.. Its levels in serum were significantly higher (P <0.05) 
inn patients with positive blood cultures than in those whose 
culturess were negative (Table 2). Concentrations of IL-10 in 
serumserum decreased at 24 h after initiation of the therapy (P 
<0.05).. Levels of IL-10 in serum correlated with levels of 
IL-lr aa (r, = 0,70 and P <0.001), sTNFR type I (r, = 0.64 and 
PP <0.001), and sTNFR type II (r, = 0.52 and P <0.005) in 
serumserum upon admission. 

DISCUSSION N 

Inn the present study, we sought to gain more insight into the 
systemicc and localized pro- and antiinflammatory cytokine re-
sponsess to a clinically well-defined bacterial infection by se-
quentiall  measurements of concentrations of TNF, IL-10, and 
theirr inhibitors in sera and urine of 30 patients with urosepsis 
andd in 20 normal controls. The concentrations of sTNFR types 
II  and II were elevated in both urine and serum during urinary 
tractt infections, while TNF and IL-l p were undetectable in 
virtuallyy all patients and controls. The concentrations of IL-lr a 
andd the antiinflammatory cytokine IL-10 were elevated only in 
serum.. The levels of all of these antagonistic members of the 
cytokinee network decreased or tended to decrease during an-
tibioticc therapy. 

Proinflammatoryy cytokine production during urinary tract 
infectionn may predominantly occur locally, at the site of the 
infection.. Indeed, deliberate colonization of the human urinary 
tractt with E. coli resulted in detectable levels of IL-6 and IL-8 
inn urine, but not in serum (2, 16). Previous studies examining 
cytokinee production during acute urinary tract infections re-
portedd increased concentrations of IL-6 and IL-8 in serum and 
urine,, with higher levels in urine than in serum (4, 5, 17, 18, 
24).24). Previous studies examining TNF and IL-i p concentrations 
inn urine during urinary tract infections have yielded conflicting 
results.. While one study found elevated TNF levels in urine in 
patientss with bacterial cystitis (9), two other investigations 
couldd not reproduce this rinding (5, 18). Similarly, levels of 
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FIG.. 1. Levels of sTNFR type I in the sera (upper panel) and urine (lower panel) of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 
722 h after initiation of antibiotic therapy. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum 
(P(P = 0.005 [Mann-Whitney U test]) and urine ( P <0.001) and a significant decrease in the levels of sTNFR type I in both serum ( P <0.05 [Dunnetl's i test]) and urine 
( /><0.05)att 72 h. 
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FIG.. 2. Levels of sTNFR type I I in the sera and urine of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 72 h after initiatio n of 
antibioticc therapy. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum ( P <0.GT 
[Mann-Whitneyy U test]) and urine { P <0.001). 
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TABLEE 1. Median (range) ratios of concentrations of sTNFR types 
II  and II and IL-Ira in urine to concentrations in sera of patients 

withh acute urosepsis upon admission and in healthy controls 

Cytokine e 

sTNFRR type I 
sTNFRR type II 
IL-Ir a a 

Mediann ral 

Patients s 

1.844 (0.04-5.93) 
2.455 (0.30-15.00) 
0.100 (0.00-1.70) 

oo (range) 

Controls s 

1.68(0.28-3.41) ) 
1.355 (0.20-3.20) " 
1.65(0.10-12.30)) b 

'' Significantly different (P <0.05) trom ihe paiieni group (Mann-Whiiney U 
test). . 

**  Significanlly different (P <0.001) from the patient group (Mann-Whitney U 
test). . 

IL-lf ll  in urine have been found to be elevated (9, 21) or not 
elevatedd (18) during urinary tract infections. In our study, 
neitherr TNF nor IL-l p could be detected in the urine of 
patientss with urosepsis. These data suggest that the local pro-
ductionn of these proinflammatory cytokines is not strongly 
enhancedd or that these cytokines are not secreted from tissue 
too the urine in significant quantities. This possibility is sup-
portedd by findings with a mouse model of pyelonephritis dem-
onstratingg an increase in TNF mRNA in the kidney without 
detectablee TNF protein levels in urine or serum (26), Alter-
natively,, TNF and IL-i p production occurs only for a brief 
periodd and/or intermittently, and elevated levels are missed 
duee to their short half-lives. 

sTNFRR have been identified first in the urine of healthy 
individualss as naturally occurring inhibitors of TNF (12, 23, 
27).. It is clear now that they are derived from cell-associated 
TNFRR by proteolytic cleavage. The role of sTNFR may be 
twofold;; they can neutralize TNF activity, especially when 
presentt in a large molar excess over TNF (such as in the 
presentt study), or they may serve as carriers for TNF and even 
augmentt its effects by stabilizing its structure and prolonging its 
activityy (1). During recovery from sepsis, a strong reduction of 
sTNFRR levels in plasma toward normal values is usually seen 
(13),, In accordance with this, in our study the levels of sTNFR 
weree elevated both in sera and in urine of patients with uro-
sepsis,, with their concentrations positively correlating with the 

TABLEE 2. Median values and ranges of sTNFR types I and II, IL-
Ira,, and IL-10 in sera and urine of patients with urosepsis with 

positivee and negative blood cultures 

Mediann value (range) (ng/ml) 

Cytokinee and Difference 
Sourcee Positive blood culture Negative blood between 

(n(n = 10) cullure (n = 20) the two 
groups s 

sTNFF type 
Serum m 
Urine e 

sTNFF type 
Serum m 
Urine e 

IL-lr a a 
Serum m 
Urine e 

IL-10 0 
Serum m 
Urine e 

**  NS, not 

1 1 
12.44(5.12-25.00) ) 
19.10(0.76-25.00) ) 

II I 
12.077 (6.63- >50.00) 
12.077 (6.63-> 50.00) 

17.222 (2.67->20.00) 
2.488 (<0.08-11.58) 

0.69(<0.05-27.32) ) 
<0.08(<0.08-<0.08) ) 

ignificant. . 

5.04(1.93-25.00) ) 
12.40(<0.4-25.00) ) 

4.577 (1.60->50.00) 
4.57(1.6Ck>50.00) ) 

1.911 (0.77->20.00) 
0.211 (<O.08-26.O0) 

0.099 (<0.05-5.86) 
<0.08(<0.08-0.08) ) 

PP <0.01 
NS" " 

PP <0.001 
NS S 

PP <0.01 
NS S 

PP <0.05 
NS S 

severityy of disease as indicated by APACHE II score and 
decreasingg during antibiotic therapy. 

Ourr study does not elucidate whether sTNFR are produced 
withinn the urinary tract during urinary tract infection. How-
ever,, it is of interest that median sTNFR concentrations were 
twoo to almost fourfold higher in urine than in concurrently 
collectedd serum and that the ratio of sTNFR concentrations in 
urinee to those in serum was higher in patients than that in 
controls.. Considering the dilution factor when levels of cyto-
kiness in urine, are measured, it is conceivable that at least part 
off  the sTNFR present in urine is shed from cells in the urinary 
tract.. It is well established that sTNFR are cleared from the 
circulationn by the kidneys and that a decrease in renal function 
cann result in elevated levels of sTNFR in serum (3, 7). Al-
thoughh positive correlations were found between levels of sT-
NFRR and creatinine in serum (data not shown), impaired renal 
functionn is unlikely to contribute significantly to our findings 
since,, due to the study inclusion criteria, the vast majority of 
patientss had a normal renal function. 

Endogenouss IL-1 activity is regulated by IL-lr a and surface 
andd sIL-lR type II . IL-lr a binds with high affinity to 1L-1R but 
doess not induce signal transduction (10). The type II IL-1 R 
servess as a decoy receptor and is not involved in cellular effects 
off  IL-1. sIL-lR type II is generated by shedding of the extra-
cellularr domain of the surface receptor, a process that may 
resultt in levels at sites of inflammation much higher than those 
attainablee on the cell surface (10). IL-lr a but not sIL-lR type 
III  concentrations were increased in serum during urinary tract 
infections.. This finding is remarkable, since earlier studies of 
patientss with sepsis have documented similar increases in the 
levelss of both IL-1 antagonists in serum (14, 15, 25, 33). It 
shouldd be noted that low-dose endotoxemia in normal humans 
iss associated only with an increase in levels of IL-lr a in serum 
whilee sIL-lR type II concentrations remain unchanged (14, 
33).33). In our study population, we could detect endotoxin in sera 
fromm only 7 of our 30 patients (24). Together, these data 
suggestt that shedding of the type II IL-1R to the circulation 
playss a significant role in the regulation of IL-1 activity only in 
severee systemic inflammation. We found similar levels of IL-
lraa and sIL-lR type II in normal urine and in urine from 
patientss with urinary tract infections. Hence, these data argue 
againstt local production of IL-1 inhibitors during urinary tract 
infections. . 

IL-100 is an antiinflammatory cytokine that potently inhibits 
thee production of TNF and IL-1 (22). IL-10 concentrations are 
elevatedd in the sera of more than 80% of patients with sepsis 
(20,, 33). In our study, 70% of patients with urosepsis had 
detectablee IL-10 in serum, which decreased during therapy. 
IL-100 remained undetectable in urine, suggesting that local 
IL-100 production is not strongly stimulated during urinary tract 
infectionn and/or that IL-10 is not secreted in urine in large 
amounts.. Apart from its inhibitory effect on proinflammatory 
cytokines,, IL-10 can upregulate the expression of IL-lr a by 
polymorphonuclearr leukocytes (8) and can induce shedding of 
sTNFRR from mononuclear cells (19). Therefore, it is of inter-
estt that levels of IL-10 in serum were positively correlated with 
elevatedd levels of IL-lr a and sTNFR in serum. 

Previously,, we reported the concentrations of lipopolysac-
charide,, IL-6, and IL-8 in patients that are also reported in the 
presentt investigation (24). No correlations existed between 
thesee proinflammatory parameters and the antiinflammatory 
responsess measured in the present study (data not shown). 

Inn conclusion, we sequentially measured concentrations of 
inhibitorss of two major proinflammatory cytokines in the sera 
andd urine of a group of patients with gram-negative urinary 
tractt infections. Our results demonstrate that in the absence of 
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FIGG 3 Levels of IL-lr a in Ihe sera and urine of healthy subjects and patienls with urosepsis upon admission and 4, 24, 48, and 72 h after initiation of ui tlbiotfc 
therapy.. Horizontal lines represent the median. There was a significant difference between patients and controls in the values for serum ( P <0.001 [Mann-Whitney U 
test])) and a significant decrease in the levels of IL-lr a in s tt (P <0.05 [Dunnetl's f test]) at 24 h. 
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FIG.. 4. Levels of IL-10 in sera of healthy subjects and patients with urosepsis upon admission and 4, 24, 48, and 72 h after initiation of antibiotic ther apv Horizontal 

liness represent the median. There was a supi.ficant difference between patients and controls ( P = 0.001 [Mann-Whitney U test]) and a significant decrease in the levels 
off  IL-10 in serum (P <0.05 [Dunnett s / test]) at 24 h. 

detectablee TNF and IL-lp , levels of sTNFR, IL-lra, and IL-10 
inn serum were elevated. In concurrently collected urine, only 
thee levels of sTNFR were increased, with urine-to-serum ratios 
higherr than those in healthy controls. Considering that in pa-
tientss with acute febrile urinary tract infections, urine concen-
trationss of the proinflammatory cytokines IL-6 and IL-8 exceed 
thosee measured in simultaneously obtained serum (4,5,17, 18, 
24),, these data suggest that in contrast to the response of the 
proinflammatoryy cytokines IL-6 and IL-8, the antiinflamma-
toryy response to acute urinary tract infection is generated for a 
largee part at the systemic level and that cells within the urinary 
tractt do not secrete significant quantities of antiinflammatory 
mediatorss into urine, with the possible exception of sTNFR. 
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