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Abstract
Objective

To investigate the role of sTREM-1 and PTX3 as markers of infection in febrile patients with SLE

Methods
In febrile (body temperature ≥38°C) patients with SLE, blood samples of day 0, 1, 2, and 14 after presentation were drawn 
and relevant clinical data were collected. The patients were allocated to an infection group (n=19) or disease flare group 
(n=14). Serum levels of sTREM-1 and PTX3 were measured by ELISA using the serum samples of SLE patients and age- 

and sex-matched healthy controls (n=31). 

Results
A total of 33 febrile episodes occurred in 32 SLE patients (19 infections, 14 flares) were studied. sTREM-1 levels on day 
0 were significantly higher in the infection group than in the flare group (109.9 pg/ml (median) vs. 48.0 pg/ml, p=0.002),    

but PTX3 levels were similar in these two groups. The difference of sTREM-1 levels between infection group and flare 
group was persistent on day 1 and 2 (day 1, p=0.007; day 2, p=0.034). The highest diagnostic value (sensitivity=1.0,    

specificity=0.664) of sTREM-1 was obtained at the threshold value of 53.2 pg/mL.

Conclusion
Serum sTREM-1 levels were significantly higher in the infection group than in the flare group of febrile SLE patients. Our 

findings suggest that serum sTREM-1 levels could be used to determine whether SLE patients have contracted an infection. 
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Introduction
Systemic lupus erythematosus (SLE) is 
systemic autoimmune disease with typi-
cal autoantibodies and variable clinical 
manifestations. The etiology of SLE is 
not clear, though the dysregulation of 
immunity is one of the underlying mech-
anisms. Fever is one of the most com-
mon manifestation of disease in SLE 
patients with a disease lifetime preva-
lence of 41~86% (1). Moreover, due to 
the presence of an immunosuppressed 
state SLE patients are prone to infection 
and both infection and active disease 
are a common cause of mortality (2). 
Therefore, the differentiation of infec-
tion from active disease state is a crucial 
aspect of SLE management. Shaking 
chills, leukocytosis, neutrophilia, and 
normal anti-DNA levels are helpful for 
differentiating these states (1), but the 
determination as to whether infection or 
disease activity is the cause of fever is 
often difficult in clinical practice.
Triggering receptor expressed on my-
eloid cells-1 (TREM) is recently discov-
ered protein. It is a member of the immu-
noglobulin superfamily and is expressed 
on neutrophils and on other phagocytes 
that are exposed to bacteria or fungi, 
where it participate in acute phase re-
action to the bacterial components (3, 
4). When infected, human tissues are 
infiltrated by neutrophils or monocytes 
which express high level of TREM-1. 
However, TREM-1 expression is low 
in tissue in noninfectious inflammatory 
disease. Furthermore, lipopolysaccha-
ride administration or sepsis can pro-
voke TREM-1 upregulation in blood, es-
pecially during bacterial infection (4, 5), 
and accordingly, the use of the soluble 
form of TREM-1 (sTREM-1) has been 
examined as a marker of infection in 
many situations. In the patients on me-
chanical ventilation, sTREM-1 concen-
trations in bronchoalveolar lavage fluid 
were measured to differentiate pneu-
monia from noninfectious pulmonary 
infiltrate (6), and the diagnostic value of 
sTREM-1 has also been investigated in 
patients with suspected sepsis (7).
Pentraxins are a family of multimeric 
pattern recognition proteins which in-
clude C-reactive protein (CRP), serum 
amyloid P component and pentraxin 3 
(PTX3). PTX3 is induced by cytokines 

and rapidly produced by several types 
of cells, in particular by mononuclear 
phagocytes, dendritic cells, fibrob-
lasts and endothelial cells, in response 
to primary inflammatory signals (8). 
PTX3 activates the classical pathway of 
complement activation and facilitates 
pathogen recognition by macrophages 
and dendritic cells. Furthermore, PTX3 
expression has been reported to be ele-
vated during infection. In patients with 
hematologic malignancy or critical ill-
ness, serum PTX3 was elevated or cor-
related with disease severity (9, 10). 
Accordingly, in the present study, we 
investigated serum levels of sTREM-1 
and PTX3 in febrile SLE patients in an 
attempt to differentiate between infec-
tion and SLE flare.

Patients and methods
Study population and serum samples
SLE patients who presented at Seoul 
National University Hospital or Hallym 
University Sacred Heart Hospital com-
plaining of fever or who found to be 
febrile during admission from March, 
2004 to March, 2007 were enrolled in 
this study. All patients were diagnosed 
as SLE according to 1997 American 
College of Rheumatology revised crite-
ria for classification of systemic lupus 
erythematosus (11). A fever was de-
fined as an axillary temperature of over 
38°C. After obtaining informed con-
sent, blood samples were collected day 
0, 1, 2, and 14 post-presentation. Blood 
samples were centrifuged at 3000 rpm 
for 10 minutes, and the serum obtained 
was stored at -20°C. Baseline data, 
such as age, sex, onset of fever, leu-
kocyte count, CRP levels, anti-dsDNA 
levels, and complement levels (C3, C4) 
were recorded at day 0. Clinical data, 
such as physical findings, radiograph, 
the results of blood or other specimen 
culture, and the change of Systemic 
Lupus Erythematosus Disease Activ-
ity Index (SLEDAI) compared with 1 
month prior to presentation were col-
lected (12). Blood samples were also 
obtained from 31 healthy controls after 
obtaining consent.

Measurement of sTREM-1 and PTX3
Serum levels of sTREM-1 were meas-
ured by commercial ELISA kit (human 
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sTREM-1, R&D Systems, Minneapo-
lis, USA) according to the manufac-
ture’s instructions, in collected serum 
samples of day 0, 1, 2, and 14. Briefly, 
serum samples were incubated in mi-
crowells precoated with a mouse mon-
oclonal antibody against TREM-1. Un-
bound components were then removed 
by washing. Wells were then incubat-
ed with polyclonal antibody against 
TREM-1 conjugated to horseradish 
peroxidase for 2 hours, washed again, 
and then with a chromogenic substrate. 
The reaction was stopped with 2N 
sulfuric acid, and the optical densities 
were read at 450 nm in an ELISA read-
er. All measurements were performed 
in duplicate in a blind manner.
Sandwich ELISA was performed to 
determine PTX3 levels, as previously 
described (9, 13). Briefly, ELISA plates 
(96 well; Nunc Immuno Plate, Max-
iSorp; Nunc) were coated with 100 ng/
well of rat monoclonal anti-PTX3 anti-
body (MNB4) diluted in coating buffer 
(15 mM carbonate, Na2CO3 + NaHCO3, 
buffer pH 9.6) and incubated overnight 
at 4°C. Plates were then washed with 
washing buffer (Dulbecco’s phosphate 
buffered containing 0.05% Tween 20) 
and 300 μl of 5% dry milk were add-
ed to block non-specific binding sites. 
50 μl of recombinant human PTX3 
standards (100 pg/ml to 2 ng/ml) and 
unknown samples were added in du-
plicate, and incubated for 2 hours at 
37°C. After three washes with washing 
buffer, 25 ng/well of biotin conjugated 
PTX3 affinity-purified rabbit IgG were 
added for 1 hour at 37°C. Wells were 
then extensively washed and incubated 
with 100 μl of streptavidin-peroxidase 
conjugated to a dextran backbone (Am-
Dex, Copenhagen, Denmark) diluted 
1:4000 for 1 hour at room temperature. 
Plates were then washed four times 
and 100 μl of TMB chromogen (BD 
Pharmingen) were added. Absorbance 
values were read at 405 nm in an au-
tomatic ELISA reader. The within- and 
between-assay coefficients of variation 
were both below 10%.

Determination of infection or 
flare group
Based on medical records, symptoms, 
signs, and culture results, febrile epi-

sodes of patients were allocated to 
infection group or flare group. The 
growth of microorganisms in appro-
priate specimen or a typical symptom 
or sign of infection (for example, pul-
monary infiltration in chest radiograph 
or erythema and swelling in soft tissue 
resolved by antibiotic treatment) were 
taken to indicate infection. Initially, 
lupus flare was defined as a SLEDAI 
increase of more than three points as 
compared with the SLEDAI of the same 
patient one month before the febrile 
period. If the group designation was 
unclear, additional two physicians (JK, 
JKK) unaware of sTREM-1 or PTX3 
results reviewed medical records and 
decided on group designations. If there 
was evidence of concomitant infection 
and disease activation, the samples 
were allocated to the infection group. 

Data analysis
Serum levels of sTREM-1 and PTX3 in 
healthy controls and SLE patients were 
compared using the Mann-Whitney U-
test and Kruskal-Wallis test, and the 

characteristics and levels of sTREM-1 
and PTX3 in the infection group and 
flare groups were analyzed using the 
Mann-Whitney U-test, Fisher’s exact 
test, and a repeated-measures general-
ized linear model. The association of 
sTREM-1 levels or PTX3 levels with 
other continuous variables was ana-
lyzed by Pearson’s correlation coeffi-
cient. Receiver operating characteris-
tics (ROC) curves were generated and 
sensitivity, specificity and likelihood 
ratio of a positive result for presence of 
infection were calculated. All statistical 
analyses were two-tailed and p-values 
of <0.05 were considered significant. 
Statistical analysis was done using 
SPSS version 12.0.

Results
The baseline characteristics of 
febrile patients with SLE
Total 33 febrile episodes were studied 
in 32 patients (the two episodes in one 
patient were analyzed separately) (Ta-
ble I). Eight were newly diagnosed lu-
pus patients who presented with fever. 

Table I. The initial clinical and laboratory characteristics of the study population.  

 All patients Infection group Flare group p-valued

 (n=33)  (n=19) (n=14) 

Age, year 27.5 (15~70) 30 (15~70) 27.5 (15~46) 0.585
Gender – no. (%)
   Male 5 (15.2) 2 (10.5) 3 (21.4) 0.628
   Female 28 (84.8) 17 (89.5) 11 (78.6) 
Duration of SLE, months 34 (0~216) 107 (0~216) 31.5 (0~120) 0.137
Duration of fever, days 6 (0~29) 5 (0~13) 7.5 (1~29) 0.139
Prior antibiotics treatment, no. (%) 22 (66.7) 17 (89.5) 5 (39.7) 0.002
Glucocorticoid dose <1mg/kg, no. (%) 21 (67.7) 14 (73.7) 7 (58.3) 0.070
                                 ≥1mg/kg, no. (%) 3 (9.7) 3 (15.8) 0 (0) 
Immunosuppressive treatmenta or 9 (29.0) 7 (36.8) 2 (16.6) 0.149 
steroid pulse therapyb, no. (%) 
Change of SLEDAIc 3.0 (-13~23) 0 (-13~7) 7 (1-23) <0.001
Leukocyte, cells/mm3 5580 7770 3095 0.032 
 (1480~25130)     (1480~25130)      (1700 ~12490) 
C-reactive protein, mg/dl 8.13 9.18 2.14  0.034
 (0.10~21.27)       (0.48~21.27)         (0.10~18.60) 
Anti-dsDNA, IU/ml 16.6 (1~1770) 10.7 (1~1770) 27 (5~950) 0.084
C3, mg/dl 74 (16~218) 101 (64~219) 50.9 (16~168) 0.002
C4, mg/dl 13 (3, 44) 15 (9~44) 10.5 (3~39) 0.019

Values are expressed as medians (ranges) or if noted, expressed as numbers (percentages).
aImmunosuppressive treatments included cyclophosphamide, methotrexate, mycophenolate mofetil, 
or cyclosporine; bSteroid pulse therapy: methylprednisolone 1.0 g intravenously; cChange of SLEDAI: 
change of SLEDAI (systemic lupus erythematous disease activity index) between four weeks prior to 
presentation and at presentation. Two episodes of combined infection and flare were excluded from 
infection group data; dp-values are for the comparison of infection group and flare group by the Mann-
Whitney U-test or by the Fisher’s exact test.
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Median patient age was 27.5 (range 
15~70), and there were 5 men and 28 
women. Median duration of fever be-
fore presentation was 6 days (range 
0~29). Blood samples were drawn 
after antibiotic treatment for 22 epi-
sodes. Episodes were allocated to study 
groups as follows; infection group (in-
cluding 2 combined episodes of infec-
tion and flare), 19; flare group 14. In-
fection types were as follows; nine epi-
sodes were symptomatic urinary tract 
infection (by E. coli in 6 episodes and 
cultures were negative in 3 episodes), 
6 of pneumonia (by K. pneumoniae, 
S. aureus, P. aeruginosa, Legionella, 
cytomegalovirus and cytomegalovirus 
combined with P. jiroveci, respective-
ly), 2 of tuberculosis (1 disseminated 
form and 1 soft tissue infection), 1 cel-
lulitis progressed to bacteremia (by S. 
aureus), and 1 intraabdominal abscess 
(by K. pneumoniae). When the charac-
teristics of the infection group and flare 
group at day 0 were compared (Table 
I), change of SLEDAI score compared 
to 1 month prior to presentation, leu-
kocyte count, CRP levels, and comple-
ment levels (C3 and C4) were found to 
be significantly different.

Time courses of the levels of sTREM-1 
and PTX3 in patients in the infection, 
flare, and normal control groups and 
the association with other variables
The serum levels of sTREM-1 at day 0 
were elevated in infection group com-
pared to flare group or healthy con-
trols (infection group vs. flare group 
vs. controls; 109.9 pg/ml (median) vs. 
48.0 pg/ml vs. 54.0 pg/ml, p<0.001 by 
Kruskal-Wallis test; infection group 
vs. flare group, p=0.002; infection 
group vs. controls, p<0.001). However, 
sTREM-1 levels at day 0 did not differ 
between flare group and controls. The 
difference between infection group and 
flare group was persistent on day 1 and 
2 (day 1, p=0.007; day 2, p=0.034) as 
shown in Table II. Overall sTREM-1 
levels from day 0 through day 2 were 
also significantly different in the infec-
tion group and flare group (p=0.015, 
using a repeated-measures general-
ized linear model). The serum levels 
of PTX3 at day 0 were elevated in both 
infection group and flare group com-

pared to controls (9.9 ng/ml (median) 
vs. 11.5 ng/ml vs. 5.0 ng/ml, p<0.001 
by Kruskal-Wallis test, infection group 
vs. controls, p<0.001; flare group vs. 
controls, p=0.002) whereas there were 
no significant difference between in-
fection group and flare group. Moreo-
ver, the levels of PTX3 in the infection 
group and flare group were not differ-
ent on day 1 or day 2 while the levels of 
PTX3 in the infection group were lower 
than those in the flare group on day 14 
(Table II). In addition, overall PTX3 
levels from day 0 through day 2 did 
not differ between infection group and 

flare group (p=0.815, using a repeated-
measures generalized linear model). 
The sTREM-1 levels or PTX3 levels 
in total patients was associated with 
leukocyte count (sTREM-1, r=0.398, 
p=0.022; PTX3, r=0.392, p=0.029) 
whereas that was not correlated to lev-
els of CRP (sTREM-1, p=0.116; PTX3, 
p=0.357). The association of number 
of days after the fever onset and the 
sTREM-1 or PTX3 level of day 0 was 
analyzed. There was negative correla-
tion of sTREM-1 and fever duration 
in total patients (sTREM-1, r=-0.367, 
p=0.036; PTX3, r=-0.111, p=0.551). 

Table II. Serum levels of sTREM-1 and PTX3 in the infection and flare groups.
  
  Day 0 Day 1 Day 2 Day 14

sTREM-1(pg/ml) Infection 109.9 131.4 89.6 85.2 
  (67.6, 183.4)  (42.8, 166.9)  (62.2, 148.7) (38.7, 131.7)
 Flare 48.0 18.5 29.6 20.3 
  (4.20, 90.18)  (0, 108.4)  (0, 103.0)  (0, 88.2)
 p valuea 0.002 0.007 0.034 0.053

PTX3 (ng/ml) Infection 9.9 9.88 6.92 3.41   
  (7.67, 63.40)  (5.96, 51.39) (5.57, 14.77) (2.62, 6.87)
 Flare 11.5 17.9 12.29 7.90  
  (5.74, 21.12)  (5.37, 44.15)  (5.97, 42.48) (5.04, 11.06)
 p valuea 0.361 0.945 0.240 0.008

Data are expressed as medians (25th quartile, 75th quartile).
ap-value for infection versus flare group comparison, by Mann-Whitney U-test.

Fig. 1. Receiver operating characteristics curves of soluble triggering receptor expressed on myeloid 
cells-1 (sTREM-1) and C-reactive protein (CRP) at presentation. Areas under the receiver operating 
characteristic curves were 0.852 and 0.731 for sTREM-1 and CRP, respectively.



777

sTREM-1 and PTX3 in febrile SLE patients / J. Kim et al.

However, there was no significant cor-
relation of the number of days after the 
fever onset with infection group or flare 
group (sTREM-1, r=-0.338, p=0.156 in 
infection group, r=-0.254, p=0.380 in 
flare group; PTX3 r=-0.132, p=0.614 
in infection group, r=0.107, p=0.715 
in flare group). We thought the analy-
sis with sTREM-1 on designated days 
after the admission to the hospital may 
implicate more practical situation.

Receiver operating characteristics 
curves for sTREM-1 and CRP
To explore the possibility of using 
sTREM-1 as a diagnostic marker of 
infection, we generated ROC curves 
for sTREM-1 and CRP on day 0 (Fig. 
1). The area under the sTREM-1 ROC 
curve was 0.852 (95% confidence inter-
val, 0.693–1.000), and that of CRP was 
0.731 (95% confidence interval, 0.543–
0.920). The highest value reached for 
sensitivity and specificity of sTREM-1 
was the threshold value of 53.2 pg/mL. 
This value corresponded to the 25th 
percentile of the sTREM-1 distribution 
and was associated with a sensitivity of 
1.0, a specificity of 0.664, and a likeli-
hood ratio of a positive result for pres-
ence of infection of 3.0. The highest 
value reached for sensitivity and spe-
cificity of CRP was the threshold value 
of 0.525 mg/dL (the 20th percentile of 
the CRP distribution), with a sensitiv-
ity of 0.944, a specificity of 0.367, and 
a likelihood ratio for infection of 1.41. 

Discussion
In this study, serum sTREM-1 levels 
were significantly higher in the infec-
tion group than in the flare group of 
febrile SLE patients whereas serum 
PTX3 levels were not different between 
infection and flare group. Moreover, the 
difference of serum levels of sTREM-1 
was maintained for initial 3 days. The 
diagnostic ability of sTREM-1 might 
be comparable to CRP.
The diagnosis of infection in febrile 
SLE patients is of great importance dur-
ing the management of SLE, because 
the symptoms and signs of SLE and 
infection are similar, and thus, prompt 
suspicion of infection and early culture 
studies are needed (14). To differenti-
ate infection from SLE flare in clinical 

practice, several biomolecules have 
been studied in febrile SLE patients. In 
particular, CRP has been studied exten-
sively for detecting and differentiating 
infections in lupus (15-17). Active SLE 
in Caucasians and Orientals are usu-
ally related to only modest increases 
in serum CRP, while patients usually 
demonstrate more pronounced CRP in-
creases with infection (15, 16). In one 
prospective study of SLE patients a se-
rum concentration of serum CRP great-
er than 60 mg/l suggested the presence 
of infection, whereas a level below 30 
mg/l excluded systemic infection (17). 
However, the use of CRP as an infec-
tion marker in SLE patients is not with-
out controversy (18-21). Marked CRP 
elevations are often associated with 
disease activity, especially when asso-
ciated with serositis (18-20), and on the 
other hands, even bacteremia might not 
induce a CRP response (21). Out of 19 
infected patients in this study, 6 patients 
(31.6%) had CRP less than 6 mg/dl and 
all of them had elevated sTREM-1 lev-
els more than 53.2 pg/ml.
Procalcitonin, another innate immune 
system component, has also been stud-
ied as an indicator of infection in febrile 
SLE patients (22, 23), but the ability of 
procalcitonin to screen infection has 
been limited, because lupus patients 
with a bacterial or fungal infection 
have higher serum procalcitonin lev-
els than those with viral infections or 
controls (23, 24). Accordingly, serum 
procalcitonin may be incapable of dif-
ferentiating infection (especially viral 
infections) from active disease (23).
Microheterogeneity patterns of alpha 
1-acid glycoprotein or a combination 
of leukocyte count and alpha-2 globu-
lin level have also been studied to dif-
ferentiate infection from active disease 
in SLE patients with fever (25, 26). Con 
A-bound serum alpha 1-acid glycopro-
tein can be a more sensitive indicator of 
infection than CRP (25). Discriminant 
analysis showed that the cause of fever 
could be classified accurately in 95% 
of 74 febrile episodes using a combi-
nation of leukocyte count and alpha-2 
globulin level (26). However, further 
studies on the clinical implications of 
these methods are required to use these 
extensively in variable situations.

TREM-1 is a cell-surface receptor 
which triggers the secretion of inflam-
matory cytokines, and is markedly ex-
pressed in the presence of bacteria or 
fungi (3, 4). On the other hand, TREM-
1 expression is not up-regulated in 
patients with noninfectious inflamma-
tion like psoriasis, ulcerative colitis or 
vasculitis, which suggests that its ex-
pression is specifically associated with 
the presence of infection (4, 27, 28). 
Together with an upregulated expres-
sion of the membrane-bound TREM-1, 
a soluble form (sTREM-1) may be re-
leased during infection. The usefulness 
of sTREM-1 in diagnosing infection 
was shown in patients with mechanical 
ventilation and with sepsis (6, 7). Fur-
thermore, sTREM-1 concentrations at 
admission in septic patients were sig-
nificantly lower in non-survivors than 
in survivors, which suggests that an el-
evated baseline sTREM-1 level could 
be an independent protective prognos-
tic factor (29).
In the present study it was found that 
sTREM-1 levels were higher in the in-
fection group than in the flare group. 
Moreover, in immune suppressed SLE 
patients infections can have serious 
consequences, and thus, test sensitivity 
is probably more important than spe-
cificity. Therefore, we used low cut-off 
value to obtain high sensitivity (1.0) in 
the present study, and sTREM-1 was 
found to have a comparable sensitivity 
to CRP. In addition, sTREM-1 levels 
were found to be stable during the first 
3 days of study despite antibiotics treat-
ments. These findings about the stabili-
ties of sTREM-1 levels in serum concur 
with those of another study in which no 
significant change was observed over 
6-day period either in patients with 
ventilator-associated pneumonia or in 
controls (30). Although the proportion 
of patients administered antibiotics be-
fore study was higher in infection group 
than in flare group, sTREM-1 was high-
er in the infection group. These results 
suggest that sTREM-1 levels determi-
nations might be useful for identifying 
the presence of infections despite initial 
antibiotics treatment.
Serum levels of PTX3 have also been 
reported to be elevated during infec-
tions (9, 10), but in the present study, 
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PTX3 levels were not higher in the in-
fection group than in the flare group. 
Moreover, although PTX3 levels were 
higher in febrile SLE patients than in 
healthy controls, its levels in the in-
fection and flare groups were similar, 
which suggests that PTX3 expression 
is also upregulated during some in-
flammatory conditions.
Limitations of our study are the small 
number of patients and lack of patients 
with serositis who have been known to 
show high CRP response without in-
fection. A study of a large number of 
patients with diverse infections may 
be needed to understand the utility of 
sTREM-1.
In conclusion, the present study dem-
onstrates that the serum levels of 
sTREM-1 in febrile SLE patients are 
higher in those with an infection than 
in those with an SLE flare. sTREM-1 
level determinations may enable clini-
cians to better differentiate these two 
states in SLE patients.
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