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Abstract

The systemic host response to microbial infection involves clinical signs and symptoms of infection,
including fever and elevated white blood cell (WBC) counts. In addition, inflammatory mediators are re-
leased, including activated complement product C3a, interleukin 6 (IL-6), and the acute-phase reactant
secretory phospholipase A2 (sPLA2). To compare the value of the latter with the former in predicting (the
degree of) microbial infection at the bedside, we determined clinical variables and took blood samples
daily for 3 consecutive days in 300 patients with a new fever (>38.0°C rectally or >38.3°C axillary). Micro-
biological culture results for 7 days after inclusion were collected. Patients were divided into clinical and
microbial categories: those without and with a clinical focus of infection and those with negative cultures,
with positive local cultures or specific stains for fungal (n = 13) or tuberculous infections (n = 1), and with
positive blood cultures, including one patient with malaria parasitemia. The area under the curve (AUC)
of the receiver operating characteristic (ROC) for prediction of positive cultures was 0.60 (P < 0.005)
for peak temperature and 0.59 (P < 0.01) for peak WBC count, 0.60 (P < 0.005) for peak C3a, 0.63 (P <
0.001) for peak IL-6, and 0.61 (P < 0.001) for peak sPLA2. The AUC under the ROC curve for prediction
of positive blood cultures was 0.68 (P < 0.001) for peak temperature and 0.56 for peak WBC count (P <
0.05). The AUC for peak C3a was 0.69, that for peak IL-6 was 0.70, and that for sPLA2 was 0.67 (for all, P <
0.001). The degree of microbial invasion is thus a major determinant of the clinical and inflammatory host
response in patients with fever. Moreover, circulating inflammatory mediators such as C3a and IL-6 may
help to predict positive blood cultures, together with clinical signs and symptoms of the host response
to microbial infection, even before culture results are available. This may help in the designing of entry
criteria for therapeutic intervention studies.

INTRODUCTION

Fever is considered to be clinical evidence for
inflammation, mostly caused by microbial infection,
at least in patients (22). The criteria of systemic in-
flammatory response syndrome (SIRS), which may
predict microbial infection, are fever and elevated
white blood cell (WBC) counts, while the SIRS cri-
teria tachypnea and tachycardia may be nonspecific
and too sensitive for microbial infection (2-5, 33).
Hence, authors have searched, with varying success,
for other objective predictors of the host response
to microbial infection (2-5, 33). This may help to
identify patients who may benefit most from immu-

failed so far in heterogeneous patient populations
with sepsis (1). Prediction of microbial bloodstream
infection at an early stage would be particularly
helpful since this may carry a mortality rate of 30%
or more, if treated inappropriately or too late (21,
33).

The host response to microbial infection is
thought to be mediated by the release of inflamma-
tory substances that may help the host to eradicate
the invading organisms. During a local infection and
host response, the release may be confined to the
affected tissue, while a systemic infection and host
response may be associated with release of inflam-

nomodulating therapies of sepsis, trials that have
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matory mediators into the bloodstream (10, 19, 31
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Therefore, circulating inflammatory mediators have
been suggested to be predictive for a systemic mi-
crobial infection and for a poor outcome, in patients
with fever (5).

In surgical and emergency departments and in
critically ill febrile patients and neonates, relative-
ly small studies indeed have suggested some pre-
dictive value for systemic microbial infection and
its severity of C3a, a product of complement acti-
vation; of interleukin 6 (IL-6), the alarm cytokine,
as an indicator of an activated host defense; and of
the acute-phase reactant secretory phospholipase
A2 (sPLA2), believed to be produced in response to
[L-6 in the liver, among others (8, 9, 13, 20, 26-29).
The factors may be superior to the commonly used
acute-phase reactant Cl-reactive protein (CRP) in
predicting microbial infection (9, 13, 20, 26, 27).
Moreover, systemically elevated mediators of the
primary nonspecific host response to microbial in-
fection, including circulating activated complement
products, cytokines (IL-6) and sPLA2, are of prog-
nostic value, during established sepsis and septic
shock (6-8, 11, 12, 14-18, 23-25, 29, 30, 32).

To compare the relative value of circulating in-
flammatory variables versus clinical variables of
the systemic host response in predicting microbial
infection locally and in the bloodstream, at an ear-
ly stage when results of microbiological studies are
not yet available, we evaluated a large cohort of fe-
brile patients in whom circulating levels of C3a, IL-
6, and sPLA2 were measured serially. We have cho-
sen these factors because of interrelationships in
the primary nonspecific host response to microbial
infection (12, 14, 32).

MATERIALS AND METHODS

During a 1-year period a total of 300 consecu-
tive patients with newly onset fever (body tempera-
ture of 238.0°C axillary or 238.3°C rectal), admitted
to the Department of Internal Medicine in a univer-
sity hospital, were included in the study (4, 5). Two
hundred eighty-four patients had SIRS and 200 had
sepsis, i.e., SIRS and a clinical focus of infection, but
of the SIRS criteria involved, only temperature and
WBC counts contributed to prediction of positive
(blood) cultures (4, 5). The study had been approved
by the local committee on ethics. All patients or
their closest relatives gave informed consent before
inclusion. Exclusion criteria were pregnancy; use of
cytokines potentially interfering with host defense,
e.g., administration of gamma interferon and IL-2;
treatment for malignant hematological disease;
shock; and a life expectancy of less than 24 h.

At inclusion, data on variables that could affect
culture results and levels of inflammatory media-
tors were recorded, including age, gender, known

infection with human immunodeficiency virus or
presence of AIDS, known malignancies, known di-
abetes mellitus, prior treatment with immunocom-
promising (cytostatic and steroidal) drugs and an-
tibiotics, and the estimated time elapsed between
onset of fever and inclusion. We further estimated
the time elapsed between hospital admission and
onset of fever. Patients admitted into the hospital
more than 72 h before onset of fever were consid-
ered to suffer from nosocomial fever. A potential fo-
cus was searched for by the treating physician on the
basis of clinical examination and appropriate imag-
ing techniques, and a clinical focus of infection was
diagnosed according to the results. Patients were
monitored until day 28 for outcome, and patients
discharged within this period were considered to
be survivors. We only considered death potentially
related to the febrile episode, thereby excluding five
patients in whom fever had resolved and who ulti-
mately died from apnea following aspiration (n = 1),
cardiac arrest in metastatic malignant disease (n =
2), cardiogenic shock following cardiomyopathy (n
= 1), and respiratory insufficiency following cervical
cord dissection (n = 1).
Microbial cultures
At least two blood samples for culture were ob-
tained by venipuncture at inclusion. Supplementary
blood for culture was collected when clinically in-
dicated. Local specimens for culture were collected,
depending on the clinical focus of infection. All local
and blood culture results during a follow-up period
of 7 days after inclusion were recorded. Blood for
culture was processed using delayed vial entry bot-
tles for aerobic and anaerobic cultures and Bactec
9120 and 9240 automatic analyzers (Becton Dickin-
son, Erembodegem, Belgium). Bottles were incubat-
ed for a maximum of 7 days. If the analyzers showed
growth, Gram stains were prepared and identifica-
tion and sensitivity cultures were processed. Blood
cultures containing Staphylococcus epidermidis
were considered contaminated if only one bottle re-
vealed growth and there were no indwelling vascu-
lar catheters. Local specimens were processed using
standardized procedures, including Gram staining,
culture, and sensitivity tests, and specific stains
were performed, if indicated, to document fungal
(n = 13) or tuberculous infections (n = 1). Positive
local microbiological results were thought to reflect
infection as opposed to colonization if the treating
physician decided to prescribe or continue antimi-
crobial therapy based on these results.
Blood sampling
We obtained at inclusion and daily thereafter for
two consecutive days (days 1, 2, and 3) blood sam-
ples for determination of WBC counts (Sysmec
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[Kolbe, Japan] SE 9000 analyzer). The samples for
mediator levels were collected in tubes containing
soybean trypsin inhibitor (final concentration, 100
pg/ml), EDTA (10 mmol/liter), and benzamidine (10
mmol/liter), to prevent in vitro activation. All tubes
were centrifuged for 10 min at 2,750 rpm (Rotixo
120R; Hettich Zentrifugen, Tuttlingen, Germany),
and the plasma was stored immediately at -70°C
until assays were performed. To determine normal
levels in plasma, blood was obtained from healthy
laboratory personnel under similar conditions.
Assays

Complement activation in the patients was
measured by assessing circulating levels of C3a with
a radioimmunoassay as described before (17). In
this test binding of 125I-labeled C3 to anti-C3a anti-
bodies immobilized onto a solid phase (Sepharose)
was inhibited by C3a present in plasma samples. To
prevent interference by native C3, plasma samples
were first precipitated with 11% (wt/vol) polyeth-
ylene glycol 6000, after which the supernatant was
tested. Results were expressed as nanomoles per
liter. Normal values in healthy volunteers are less
than or equal to 5 nmol/liter. The lower limit of de-
tection is 1 nmol/liter. [L-6 in plasma was measured
by an enzyme-linked immunosorbent assay (ELISA)
as described before (21). Briefly, the ELISA plates
were coated with the monoclonal antibody CLB.
[L-6 and plasma samples were incubated on these
plates. After a washing procedure, bound IL-6 was
detected by incubation with biotinylated sheep an-
tibodies against IL-6, after which plates were incu-
bated with streptavidin-polymerized horseradish
peroxidase. Finally, the plates were developed with
3,5,3',5'-tetramethyl benzidine. Results were relat-
ed to a dose-response curve obtained with recom-
binant human IL-6 and expressed as picograms per
milliliter. Normal values in healthy volunteers are
less than 10 pg/ml. The lower limit of detection is
3 pg/ml. Antigen levels of secretory nonpancreatic
type II (sPLA2) were assessed with help of an ELI-
SA. Two different monoclonal antibodies against hu-
man sPLAZ2 were used as capture and detection an-
tibodies, respectively. Results were compared with
those obtained with culture medium from HepG2
cells stimulated with human IL-6, as this medium
contains significant amounts of SPLA2. The amount
of sPLA2 in this medium was assessed by compar-
ison with purified recombinant human sPLA2. The
lower limit of detection was 0.1 ng/ml. Normal val-
ues are <5 ng/ml.

Statistical analysis
Patients were classified into groups depending
on presence of clinical focus of infection and culture

results: no positive cultures; positive local cultures
only, including specific stains for fungal (n = 13) or
tuberculous (n = 1) infections; and positive blood
cultures, including one patient with malaria para-
sitemia. These groups were considered to reflect the
degree of microbial invasion. Groups were compared
for daily and peak values among the daily plasma
levels of circulating variables, using Kruskal-Wallis
tests. The x2 test with Yates’ correction was used
for binomial variables. The Spearman rank corre-
lation coefficient rs (if above 0.35 or below -0.35)
was used to describe relations between continuous
variables. Receiver operating characteristic (ROC)
curves, plotting sensitivity versus 1 - specificity,
were made to evaluate the diagnostic performance
for cultures of the clinical variables and inflamma-
tory mediators at various cutoff points. An area
under the curve (AUC) closer to 1 indicates great-
er diagnostic power, while an AUC of 0.5 denotes
no diagnostic potential. The optimum cutoff value
for maximum sensitivity and specificity was calcu-
lated. Multiple logistic regression (forward step-
wise method, on the basis of likelihood ratio) was
used to evaluate the contribution of inflammatory
mediators to clinical variables in the prediction of
microbiologically confirmed infection. The Hosmer
Lemeshow test was used to verify adequate calibra-
tion, as indicated by a P value of >0.05. Sensitivity,
specificity, positive and negative predictive values,
and likelihood ratio were calculated according to
standard formulae. Values of continuous variables
were expressed as median and range. For graphic
presentation, data were summarized by mean and
standard deviations. A P value of <0.05 was consid-
ered statistically significant.
RESULTS
Patient characteristics

Patient characteristics. Of the 300 patients in-
cluded, 212 had a clinical focus of infection and
133 (44%) had positive cultures. In the 53 patients
with positive blood cultures, 27 had positive local
cultures. The presence of a clinical focus predicted
positive cultures (P < 0.005), since only 27 patients
with the latter did not have a clinical infection fo-
cus. The presence of a clinical focus of infection also
predicted positive blood cultures (P < 0.005), since
only seven bacteremic patients did not have a clin-
ical infection focus. The mortality was higher when
a clinical focus was present and cultures proved
positive. Subgroups according to clinical focus of in-
fection and culture results were comparable, except
for younger age in patients without a clinical focus
of infection but with positive blood cultures and ex-
cept for the relative predominance of women and
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presence of diabetes mellitus among patients with
a clinical focus of infection and positive blood cul-
tures. The time elapsed between onset of fever and
inclusion was somewhat shorter among patients
with a clinical focus of infection who later proved
to have positive blood cultures. Table Table22 de-
scribes clinical foci and associated microorganisms.
[tis shown that most patients with negative cultures
had respiratory and gastrointestinal infections. Most
patients with positive local cultures had respirato-
ry and urinary tract infections with gram-negative
organisms, and most patients with bacteremia had
skin or subcutaneous infections with gram-positive
organisms.
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FIG. 1: Course of mean levels (error bars, standard
deviations) in plasma of inflammatory mediators,
complement C3a, IL-6, and sPLAZ, in patients with-
out (n=167) (+) and with (n = 133) (@) positive
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(local and blood) cultures, at inclusion (day 1) and
daily for two days thereafter (days 2 and 3). Sym-
bols for comparison between groups: *, P < 0.05; *x,
P <0.01; ***, P < 0.005.
DISCUSSION

This study suggests that, in febrile patients,
the degree of microbial invasion determines the
height of the systemic host response, which is bet-
ter reflected by circulating inflammatory mediators,
in particular C3a and IL-6, than by commonly used
clinical variables, such as fever and WBC counts.
Conversely, circulating mediators may help predict
later-reported positive blood cultures better than
or as well as some simple clinical variables. This is
important, since bacteremia may worsen patient
outcome and early appropriate empirical antibiotic
therapy may save lives (21, 33).

The frequencies of clinical foci of infection
(71%) and of positive blood cultures (18%) in our
study agree with previous reports (33). The latter
also indicate that the prediction of bacteremia on
the basis of clinical variables is hard (3-5, 9, 13, 33).
For instance, other authors described that the area
under the ROC curve of multivariate models of clin-
ical variables was about 0.70 and commonly lower
(3-5, 33). That clinical variables may only poorly
relate to inflammatory mediators such as IL-6 has
been suggested before (8, 9, 24, 28, 29). Hence, the
clinical signs of an inflammatory host response may
relate to inflammatory mediators other than those
studied here, including perhaps tumor necrosis
factor and IL-1. The many recent anti-inflamma-
tory intervention studies for improving outcome
from sepsis have failed, partly because of inclusion
of noninfected patients and the too-late inclusion
of patients already in severe sepsis and shock (1,
25). Nevertheless, there was a trend for improved
survival in patients with markedly elevated IL-6
concentrations at baseline (25). Our study suggests
that inflammatory cytokines are already released
in febrile patients before positive reports of micro-
biological cultures and development of severe sep-
tic shock. Hence, IL-6 levels, if available at an early
stage, might help to stratify patients in future stud-
ies for treatment of microbial infection at an early
stage.

The local host response to microbial infection
may include mechanisms to compartmentalize in-
fection and prevent systemic spread, and may there-
by contribute to survival. Release of inflammatory
mediators into the circulation reflects a systemic
response that may, as supported by our study, be
associated with systemic spread of the microbial
infection. In patients with bacterial meningitis or
pneumonia, inflammatory mediators are elevated
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in cerebrospinal fluid and bronchoalveolar lavage,
respectively, whereas a rise in blood levels is fre-
quently associated with bacteremia (10, 19, 31).
Furthermore, blood levels of several inflammatory
mediators are elevated during sepsis, particularly
when associated with shock and a poor outcome,
but an association with positive blood cultures has
hardly been found or stressed before (6-8, 15, 23,
24, 27-30). The level of IL-6 in plasma may predict
sepsis in neonates better than clinical signs, circu-
lating IL-1 receptor antagonist, and CRP (20). In
critically ill surgical patients, circulating IL-6, and to
a lesser extent CRP, had predictive value for nosoco-
mial infection (13).

In conclusion, our study suggests that the sys-
temic host response to infection is a marker of the
degree of microbial invasion, rather than the focus
and type of microbial infection, at an early stage in
patients with fever. Circulating complement activa-
tion products and IL-6 may help to predict microbial
bloodstream infection, together with clinical signs
of the inflammatory host response such as fever and
leukocytosis. A rapid bedside test may thus help
guide the choice of therapies, even before culture
results are available, in future studies.
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