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Abstract

Objective: Infections are the major cause of morbidity and mortality in febrile neutropenic patients
with malignancy. Rapid diagnostic tests are needed for prompt diagnosis and early treatment
which is crucial for optimal management. We assessed the utility of soluble triggering receptor
expressed on myeloid cells (STREM-1) in the diagnosis of bacteremia and fungemia in febrile
neutropenic patients.

Methods: Sixty-five febrile neutropenic children with malignancy hospitalized in Mofid Children’s
Hospital during a period of one year from January 2007 were recruited for this cross sectional
study (mean age 66.2+ 37 months; 35 females and 30 males). Thirty patients (46.2%) had acute
lymphoblastic leukemia, 2 (3.1%) acute myeloid leukemia, one (1.5%) lymphoma and 32 (49.2%)
were under treatment for solid tumors. Simultaneous blood samples were collected for
measurement of serum sTREM-1 levels and for blood cultures which were grown in BACTEC
media. Gold standard for the presence of infection was a positive BACTEC culture as a more
sensitive method compared to current blood culture techniques.

Findings: Blood cultures with BACTEC system were positive in 13(20%) patients (12 bacterial and
one fungal culture). The mean serum sTREM-1 level in BACTEC positive patients was 948.2+592.9
pg/ml but in BACTEC negative cases it was 76.3+118.8 pg/ml (P<0.001). The optimal cut-off point
of sSTREM-1 for detecting patients with positive result of BACTEC was 525 pg/ml with sensitivity
and specificity of 84.6% and 100%, respectively.

Conclusion: Our study revealed a significant association between serum sTREM-1 level and
bacteremia and fungemia in febrile neutropenic patients suffering malignancy with acceptable
sensitivity and specificity.
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Introduction

Infections are the leading cause of morbidity and
mortality in febrile patients with malignancy who
become neutropenic due to chemotherapy [11. For
the last fifty years, fever has been recognized as a
major sign of infection in neutropenic patients;
one of the great successes in oncology, i.e,
reduction in the mortality of cancer patients, has
been achieved through the routine use of empiric
antibiotics in febrile patients with neutropenia
since 1970 [23],

Sever neutropenia, defined as an absolute
neutrophil count, of less than 500/mm3 is the
most important risk factor in children under
chemotherapy. In neutropenic patients, fever is
defined as an oral temperature of 238.3°C, or two
consecutive readings of 238 °C during an hour [5-71.
In these patients fever is a medical emergency,
because about half of them may have a serious
bacterial infection [11. The etiology of fever in most
neutropenic children is unknown, but studies have
indicated the presence of local infections or
bacteremia in 10-40% of these patients I[8l.
Bacteremia has been reported in 13% of febrile
neutropenic patients and the gram positive cocci
were found to be the most common organisms .

The primary empirical treatment of febrile
neutropenic patients varies according to the type
of risk (10111 In high risk patients, the traditional
therapy of two or three antibiotics and in low risk
patients, monotherapy is recommended [12.13],

Due to high incidence of infections in febrile
neutropenic patients, it is necessary to devise new
rapid diagnostic tests. These tests help us in early
diagnosis of infections and therefore may prevent
unnecessary usage of wide spectrum antibiotics.
One of the new methods for detecting bacteremia
and fungemia is Soluble Triggering Receptor
Expressed on Myeloid Cells (sTREM-1) test.
sTREM-1 is a superfamily of immunoglobulins
produced by phagocytes, especially macrophages
that are stimulated by microbial products and
therefore its level will be increased when and
where macrophages accumulate 141,

The predictive value of STREM-1 for the
presence of bacterial infections is questionable [15-
18] In previous studies, the sensitivity and
specificity of level of STREM-1 was found to cover
a wide range with many cut-off points [19-23],

In this study, we tried to evaluate the utility of
sTREM-1 in the diagnosis of bacteremia and
fungemia in febrile neutropenic patients with
malignancy, and define a cut-off point for sSTREM-1
with an acceptable sensitivity and specificity.

Subjects and Methods

Children, aged 15 months to 15 years, admitted in
the Pediatric Hematology ward from January 2007
to January 2008 with malignancy were recruited
for this cross sectional study. Inclusion criteria
consisted of children with oral temperature 238°C
lasting for at least one hour or 238.3 °C recorded
once plus an absolute neutrophil count of less than
500/mm3. We excluded children under treatment
with G-CSF or those already on antibiotics before
the beginning of fever and neutropenia except for
prophylaxis. Ethic committee in Shahid Beheshti
University of Medical Sciences approved this
study.

We took simultaneous samples of peripheral
blood for measurement of serum sTREM-1 and for
inoculation into BACTEC media for blood culture.
In this study the gold standard for bacterial and
fungal infections was a positive BACTEC culture.
BACTEC culture system has special culture media
with fluorescent alarm that determine the growth
of bacterias and funguses. This alarm system
informs the growth of bacterias and funguses
several hours before detection of their kinds of
species at special culture media. Our BACTEC
system was model 1920 production of Beckton
Dikenson (BD)Company.

Serum sTREM-1 levels were compared in
culture positive and negative cases. Enzyme-
linked immunosorbent assay (ELISA) kits with 96
well plates made by BD Company with research
and development model DY1278 were used for
measurement of STREM-1 serum levels.

For ELISA, 3cc blood was taken from patients
and centrifuged for 10 minutes; the serum
collected in sterile microtubes and frozen at -70°C.
After collection of 65 serum samples, before
defreezing them, 100A capture antibody was
added to the plates and incubated for one night at
room temperature. Then the wells were washed
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with 400A wash buffer and thereafter incubated
with 30A diluted solution for an hour at room
temperature. After washing, 100A from samples
and standards were added to the reagent diluent
and incubated for 2 hours at room temperature.
After repeated washing, 100A streptavidin [Horse
Radish Peroxidase (HRP)] was added and
incubated for 20 minutes and washed again, then,
100X substrate solution was added and samples
were incubated for 20 minutes. Next, 50\ stop
solution was added and at 450nm[Optical Density
(OD)], serum level of sSTREM-1 was determined.

Relevant demographic, clinical and para-clinical
data, the type of malignancy, the interval from the
last chemotherapy, days of fever, the status of the
malignancy, i.e. remission or relapse, chest x-ray,
complete blood count and C-reactive protein
(CRP) were obtained from the patient’s files.

Categorical variables expressed as counts and
percents and quantitative variables summarized
as meanzstandard deviation. For comparison of
mean STREM-1 values between two groups,
Student t-test was preformed. Receiver operating
characteristic (ROC) curve was used for evaluating
the diagnostic value of sTREM-1 for predicting
BACTEC results.

Also sensitivity, specificity, positive predictive
value, negative predictive value, positive and
negative likelihood ratio (LR+ and LR-) and
diagnostic accuracy (percentage of all true results)
were calculated for different cut-off points
according to the conventional formula. An optimal
cut-off point was chosen as the sensitivity plus
specificity were maximized. Statistical significance
level was defined less than 0.05.

Findings

Sixty-five patients with malignancy were enrolled
in this study. 35 (53.8%) were female and
30(46.2%) were male. The mean age was 66.2+37
months. 30 (46.2%) patients had acute
lymphoblastic leukemia (ALL), 2 (3.1%) acute
myeloid leukemia (AML), 1 (1.5%) lymphoma and
32 (49.2%) solid tumors. 57 (87.7%) patients
were in remission and 8 (12.3%) in relapse. The
mean interval between the beginning of fever and

The
was

the last chemotherapy was 14.3+12.0 days.
mean duration of fever before admission
3.63+2.2 days. The mean temperature was
39.24£0.3°C, mean systolic blood pressure was
102.0#40.0 mmHg and the mean diastolic blood
pressure was 63.4+8.7 mmHg.

The mean sTREM-1 serum level was 250.68+
447.98 pg/ml (range 3 to 2000pg/ml). CRP was
negative in 21 (32.3%), 1+ in 19 (29.2%), 2+ in 18
(27.7%) and 3+ in 7 (10.8%) patients.

Blood cultures with BACTEC method were
positive in 13 (20%) children, and negative in 52
(80%). From these 13 patients, 12 (92.2%)
patients had positive bacterial cultures and one
culture was positive for fungal infection. The
prevalence and species of microorganisms in
BACTEC culture medium included: 6 (46.7%)
Staphylococcus epidermidis, 3 (23.1%) E coli, 1
(7.8%) Enterobacter aerogenes, 1 (7.8%) Proteus
mirabilis, 1 (7.8%) Yersinia enterocolitica, 1 (7.8%)
Candida albicans.

Three of our patients died. Their BACTEC and
STREM-1 results were as follows:

One case with negative BACTEC and sTREM-
1=500pg/ml. One case with positive BACTEC (S
epidermidis) and sTREM-1=800pg/ml and another
case with positive BACTEC (S. epidermidis) and
sTREM-1=600pg/ml.

The mean serum sTREM-1 level in BACTEC
positive patients was 948.2+592.9 pg/ml but in
BACTEC negative cases it was 76.3+118.8 pg/ml
(P<0.001). ROC curve of sTREM-1 level for the
prediction of BACTEC results is presented as  Fig.
1. Based on this curve, the area under curve is 0.96
(SE=0.03, P<0.001). As the data in Table 1 shows,
the best cut-off point of sSTREM-1 for the
prediction of BACTEC result is 525 pg/ml with
sensitivity and specificity of 84.6% and 100%,
respectively.

Discussion

There was no difference between the two sexes in
culture-positive and culture-negative patients.
Most patients in our study had ALL. The sTREM-
1 cut-off point was 525pg/ml. This level is more
than what was shown in Gibot's study in France,
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Table 1: Sensitivity, specificity, positive predictive value, negative predictive value, LR+, LR- and accuracy for some
cut-off points of STREM-1 for the prediction of BACTEC results in febrile neutropenic patients with malignancy

Cut-off

point Sensitivity  Specificity

25.5 100% 61.54% 39.39%
38 92.31% 61.54% 37.50%
75 92.31% 71.15% 44.44%
125 92.31% 76.92% 50.00%
160 84.62% 82.69% 55.00%
185 84.62% 86.54% 61.11%
300 84.62% 92.31% 73.33%
450 84.62% 98.08% 91.67%
525 84.62% 100% 100%
575 76.92% 100% 100%

Accuracy

100% 2.60 0.00 69.2%
96.97% 2.40 0.13 67.6%
97.37% 3.20 0.11 75.3%
97.56% 4.00 0.10 80%
95.56% 4.89 0.19 83.1%
95.74% 6.29 0.18 86.1%
96.00% 11.00 0.17 90.8%
96.23% 44.00 0.16 95.4%
96.30% 0 0.15 96.9%
94.55% o) 0.23 95.4%

sTREM: Soluble Triggering Receptor Expressed on Myeloid Cells / PPV: Positive Predictive Value /
NPV: Negative Predictive Value / LR+: Positive Likelihood Ratio / LR-: Negative Likelihood Ratio

serum STREM-1 level for sepsis which was
60pg/ml 141 and Determann in Netherlands
(cerebro-spinal  fluid sTREM-1 level for
meningitis) who reported levels of 20pg/ml [24].
Also, it is different from Jin Won Huhs research in
Seoul, who reported a mean level of 184pg/ml in
his study of bronchoalveolar lavage fluid sTREM-1
level in patients with pneumonia [25l. These
differences may be due to different sampling sites
and different types of infections.
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Fig. 1: Receiver operating characteristic curve of
soluble triggering receptor expressed on myeloid cells
(sTREM-1) for the prediction of BACTEC results in
febrile neutropenic patients with malignancy

In a more recent study, Miedema et al,
2010, who determined CRP, interleukin (IL)-8,
procalcitonin (PCT), and sTREM-1 as predictors
for bacterial infection in febrile neutropenia,
STREM-1 levels were below the detection limit, 7
pg/ml, in majority cases and therefore excluded
from their analysis [26. Their results are in
contrast with our findings and we must clear,
whether neutropenic children can produce a
sufficient release of sTREM-1 in response to
infection.

Although sTREM-1 has recently been suggested
as a marker for bacterial infection [16.18], only a few
studies have been published before in neutropenic
patients. We studied sTREM-1 levels during
bacterial infections in neutropenic patients, who
might have enough monocytes to produce
measurable sTREM-1 levels. Our study has
illustrated acceptable sensitivity and specificity of
sTREM-1 with a cut-off point 525pg/ml for
detection of blood infections in this patient
population. It is obvious that until more studies
are carried out, usage of this diagnostic method
instead of blood culture cannot be accepted.

In our study, there was no significant
association between serum sSTREM-1 level and
duration of fever before admission, interval
between fever with the last chemotherapy,
severity of neutropenia and mortality rate.

As mentioned above, in Gibot's study, fungemia
was found in 3% of febrile neutropenic patients
with an increased serum sTREM-1 level [14]. In our
study there was one case of fungemia with serum
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sTREM-1=2000pg/ml that similar to other studies,
the percentage of positive fungal blood cultures
(7.8%) was small; therefore due to high cost of
BACTEC blood culture, fungal blood culture with
BACTEC may be recommended in unresponsive
cases to empirical antibacterial treatment.

Limitation of our study was that cut-off point in
STREM-1 level in neutropenic patients with
bacterial infections was not studied.

Conclusion

Our study shows a significant association between
serum STREM-1 level and presence of bacteremia
and fungemia in febrile neutropenic patients with
cancer. The cut-off point of 525pg/ml has a high
sensitivity and specificity in detection of blood
infections. We recommend starting immediate
empiric antibiotic therapy at sTREM-1 level of
>525pg/ml while waiting for the result of BACTEC
culture. However, withholding empiric antibiotic
therapy with lower sTREM-1 levels cannot be
recommended at present and needs further study.
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