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Introduction. Classification of patients with Staphylococcus aureus bacteremia as complicated versus uncomplicated is based on
a combination of clinical and microbiologic variables. Whether daily body temperature and common laboratory tests such as
C-reactive protein (CRP) and white blood cell (WBC) can improve risk stratification algorithms is unclear.

Methods. We conducted a post hoc secondary analysis of the CAMERAZ2 trial, which enrolled hospitalized adult patients with
methicillin-resistant S aureus bacteremia and prospectively collected daily body temperature and peripheral blood WBC and CRP.
We evaluated the prognostic relevance of each parameter by calculating crude and adjusted odds ratios for 90-day all-cause
mortality comparing patients with the abnormal parameter of interest versus those with normal parameters on each day of illness.

Results. A total of 345 patients were included in this analysis, of whom 63 (18.3%) died within 90 days. Fever (body temperature
>38.0 °C) was associated with increased odds of 90-day mortality from day 4 and onwards. Fever later in the illness course was
associated with higher adjusted odds of mortality (8.78; 95% confidence interval, 2.78-27.7 on day 7 vs adjusted odds ratio 3.70;
95% CI, 1.58-8.67 on day 4). In contrast, CRP and abnormal WBC count did not demonstrate a consistent or temporal
association with mortality.

Conclusions. Persistent fever after 72 hours is associated with increased mortality in patients with methicillin-resistant S aureus
bacteremia, supporting recommendations that this should be kept as a criterion for classifying patients as either “high-risk” or
“complicated.” Within this dataset, there was limited additional predictive value in WBC or CRP.
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Staphylococcus aureus bacteremia (SAB) is associated with sig-
nificant morbidity and mortality and is one of the most com-
mon conditions encountered in the practice of infectious
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diseases worldwide [1-3]. One key decision point in the man-
agement of SAB is the classification of patients into those with
“complicated” SAB versus “uncomplicated” SAB, with guide-
lines from the Infectious Diseases Society of America
recommending 2 weeks of therapy for uncomplicated SAB
and 4-6 weeks of therapy for complicated SAB [4, 5].
However, there is no clear consensus as to the definition of
complicated SAB, with guidelines using different combinations
of variables, including positive follow-up blood cultures after
48 hours, persistent fever >72 hours, presence of prosthetic
implants, community-acquired infection, hemodialysis
dependency, and skin examination findings [4-8].

However, this approach of using risk factors to define com-
plicated SAB may have low to moderate predictive value and
may overcall the diagnosis of complicated SAB, resulting in

unnecessary overtreatment of some patients [9]. Some

Daily temperature, WBC, and CRP in S. aureus bacteremia « OFID « 1


https://orcid.org/0000-0002-8570-436X
https://orcid.org/0000-0002-1368-8356
mailto:seanwo@student.unimelb.edu.au
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1093/ofid/ofaf063

investigators have recently called for a move away from this di-
chotomy of complicated versus uncomplicated, and instead
suggest a risk stratification algorithm to guide advanced diag-
nostic tests, with subsequent individualization of therapy based
on the results of those diagnostic tests [10]. Readily available
clinical parameters may be able to inform some of these risk
stratification algorithms.

In this exploratory post hoc analysis of the CAMERA?2 trial,
we aimed to explore the associations between daily body tem-
perature, C-reactive protein (CRP), white blood cell (WBC)
count, and clinical outcomes of persistent bacteremia and mor-
tality. Such quantification can inform whether these variables
should be used in risk stratification algorithms.

METHODS

Study Population

The methods and results of the CAMERA?2 trial have been pre-
viously reported [11]. In brief, the CAMERA2 trial enrolled
hospitalized patients aged 18 years or older with monomicro-
bial methicillin-resistant S aureus (MRSA) bacteremia, defined
as having a positive blood culture for MRSA. Patients were ran-
domized 1:1 to standard therapy (vancomycin or daptomycin
based on treating clinician preference) or combination therapy
(standard therapy plus an intravenous B-lactam [flucloxacillin,
cloxacillin, or cefazolin]). The trial primary endpoint was a
composite of (1) all-cause mortality, (2) persistent bacteremia
at study day 5, (3) microbiological relapse, and (4) microbiolog-
ical treatment failure, assessed at 90 days. The study was termi-
nated early because of safety due to increased acute kidney
injury in the combination therapy group. There was no signifi-
cant difference in the primary composite endpoint.

For this secondary post hoc analysis, we included the prima-
ry analysis population in the main CAMERAZ2 report (n = 345,
after excluding 4 patients found to be ineligible post-randomi-
zation and 7 patients lost to follow-up).

Data Collection and Curation

Data were prospectively collected in the CAMERA?2 trial using
standardized baseline and daily case report forms. In the orig-
inal trial, study day 1 was the day of randomization, which was
up to 72 hours after the timing of index blood culture collec-
tion. The highest body temperature observed on each day
was recorded from study days 1 through 7. Peripheral blood
WBC and CRP were collected per protocol on study days 2,
5, and 7. Blood cultures were collected on study days 2 and 5
and every 48 hours thereafter while remaining positive.
Results of any additional blood cultures collected by managing
clinicians were also recorded. All blood cultures and routine
laboratory tests were processed at each site per the local labora-
tory’s usual procedures. For this analysis, to align the time
course of all patients to a common reference point, we used
the index positive blood culture collection date as the reference

day 0 of illness and determined the day of illness of each tem-
perature, WBC, CRP, and blood culture observation according-
ly. As enrollment and randomization could occur at any time
within 72 hours of the index positive blood culture (ie, day of
illness 1, 2, or 3), this resulted in a spread of data observations
from days 1 to 9 of illness for each data field. We defined fever
as body temperature >38 °C, a normal WBC as a value >4 and
<11 x10°/L, and a high CRP as a value >50 mg/L [12, 13].

Handling of Missing Data

Missing blood culture results were imputed as follows: any
missing day that was in between 2 positive days was imputed
as positive (eg, if blood cultures on days 2 and 5 were positive,
days 3 and 4 were imputed as positive), and any missing day
that was in between 2 negative days was imputed as negative
(eg, if days 4 and 6 were negative, day 5 was imputed as nega-
tive). Missing days in between a positive and negative culture
(or vice versa) were not imputed and treated as missing.
Missing temperature, WBC, and CRP data were not imputed
and treated as missing. A complete case approach was used
for all analyses, only including available observations (after im-
putation of blood culture results).

Statistical Analyses

To describe the daily clinical course of body temperature,
WBC, and CRP in the first 9 days of illness, we calculated the
mean and 95% confidence interval (CI) of each parameter on
each day, for the entire cohort, and stratified by (1) those still
bacteremic versus those no longer bacteremic and (2) those
who died within 90 days versus those who did not. To evaluate
the prognostic relevance of each parameter on mortality, we
calculated odds ratios (ORs) with 95% ClIs for each day of ill-
ness using logistic regression models with 90-day all-cause
mortality as the dependent outcome variable and the parameter
of interest (fever vs no fever, abnormal WBC vs normal WBC,
and high CRP vs low CRP in separate models) as the indepen-
dent variable. As the relationship between these parameters and
mortality may be confounded by multiple confounders such as
age, sex, comorbidity, and immune status [14, 15], we also
calculated corresponding adjusted ORs by including age (as a
continuous variable), sex, immunosuppression status, and
Charlson comorbidity index as covariates in each model.
We also included the assigned treatment group in the
CAMERA-2 trial (combination therapy vs standard therapy).
The crude and adjusted ORs for each parameter were summa-
rized in modified forest plots presenting the OR for mortality
on each day of illness. We also varied the outcome by conduct-
ing the same analyses for 14-day and 42-day all-cause mortality,
which were both prospectively collected secondary outcomes in
the CAMERA2 trial. Last, to explore the effect of relative CRP
decline instead of absolute CRP values, we determined if pa-
tients achieved a CRP decline to <50% and <25% from peak
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CRP per day and used this (achieving CRP decline target vs not
achieving CRP decline target) instead of a binary CRP cutoff of
>50 mg/L versus <50 mg/L in the models.

RESULTS

Study Population and Outcomes of Interest

A total of 345 patients were included in this analysis; baseline
characteristics are summarized in Supplementary Table 1.
Mean age was 62.3 years (standard deviation 17.6), and 119
(34.5%) were female. Twenty-six (7.5%), 44 (12.8%), and 63
(18.3%) patients died within 14, 42, and 90 days, respectively.
A total of 30.5% (90 of 302) and 21.3% (67 of 314) patients
were still bacteremic at days 3 and 4 of illness, respectively
(Supplementary Figure 1A). Patients in the combination ther-
apy arm had faster clearance of bacteremia (Supplementary
Figure 1B), whereas those who died within 90 days had a slower
clearance of bacteremia (Supplementary Figure 1C). The num-
bers of patients with available observations on each day of

illness for temperature, CRP, and WBC are summarized in
Supplementary Figure 2. There was a high proportion of miss-
ing data on day 1 of illness as most patients were only enrolled
in the CAMERA? trial from day 2 of illness onwards.

Temperature Trends and Association With Mortality

Mean peak temperature on each day of illness for the entire co-
hort is shown in Figure 14, and numbers and proportion of pa-
tients with persistent fever, per day, is shown in Supplementary
Table 2. Stratified by presence of ongoing bacteremia, those
who were still bacteremic had persistently higher temperatures
compared to those not bacteremic throughout the first 9 days of
illness (Figure 1B). In contrast, there was minimal separation in
temperature comparing survivors and nonsurvivors, with non-
survivors having a slightly higher mean peak temperature from
day 4 and onwards (Figure 1C). Age was negatively associated
with temperature, with older patients having lower peak tem-
peratures throughout the entire course of illness, particularly
in the first 3 days of illness (Supplementary Figures 3, 4).
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Figure 1.

Mean temperature on each day of illness, for all patients (A) and stratified by presence of persistent bacteremia (B) and 90-d mortality (C). Points depict mean

values for each day of illness for each subgroup, whereas error bars depict the 95% confidence interval around the mean. Corresponding numbers below each graph show the
number of patients with available observations per subgroup for each day (eg, on day 8 there were 239 patients who were no longer bacteremic with available temperature
readings and 17 patients who were still bacteremic on day 8 and had available temperature readings).
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Figure 2. Crude and adjusted odds ratios for 90-day all-cause mortality comparing patients with fever to patients without fever, for each day of illness. Points reflect the
crude or odds ratio while error bars reflect the 95% confidence interval. Blue points and bars show the crude odds ratio while orange points and bars show the adjusted odds
ratio after adjustment for age, sex, treatment group, immunosuppression status, and Charlson comorbidity index. Annotated numbers beside each point shows the point

effect estimate of the odd ratio.

Comparing patients with fever to patients without fever, fe-
ver was not associated with an increased odds of 90-day mor-
tality on day 1 but was associated with increased odds of
90-day mortality from day 4 and onwards (Figure 2). A similar
pattern was observed after adjusting for age, sex, and immuno-
suppression status. Fever later in the illness course
was associated with higher adjusted odds of mortality (adjusted
OR 8.78; 95% CI, 2.78-27.7 on day 7 vs adjusted OR 3.70;
95% CI, 1.58-8.67 on day 4). Similar trends were observed
with outcomes of 14-day and 42-day all-cause mortality

(Supplementary Figure 5).

C-reactive Protein Trends and Association With Mortality
Mean CRP for the entire cohort showed a gradual decline over
the first 9 days of illness (Supplementary Figure 6A). Similar
to temperature, the subgroup with persistent bacteremia
had a consistently higher mean CRP compared to those
without persistent bacteremia (Supplementary Figure 6B).
Comparing survivors and nonsurvivors, nonsurvivors had a
lower mean CRP in the first 2 days of illness compared to sur-
vivors. However, survivors showed a rapid decline of CRP,
with mean CRP dropping from 192 mg/L on day 2 to
115 mg/L on day 4 (Supplementary Figure 6C). In contrast,
nonsurvivors, though starting with a lower CRP, had a more
static trend without the same reduction in mean CRP
(Supplementary Figure 6C).

We also analyzed relative CRP declines instead of absolute
CRP values, using target thresholds of a CRP decline to
<50% or <25% of peak value. More than half of patients with

available observations achieved a CRP decline to <50% of
peak value by day 5 of illness, whereas the target of a decline
to <25% peak value was only met by more than half of the co-
hort by day 8 of illness (Supplementary Figure 7). Stratified by
90-day all-cause mortality, there was minimal separation at
days 3 and 4, but a lower proportion of nonsurvivors met
each CRP target from day 5 onwards.

In contrast to temperature, daily CRP did not demonstrate a
consistent or time-dependent association with mortality,
whether using a fixed cutoff threshold value of 50 mg/L
(Figure 3A), a relative threshold of decline to <50% from
peak (Figure 3B), or a relative threshold of decline to <25%
from peak (Figure 3C). However, repeating CRP at day 6 or 7
of illness may provide some prognostic information since a
more rapid CRP decline was associated with lower odds of
90-day mortality. Combining CRP and temperature variables
did not further improve the prognostic ability compared to
temperature alone (Supplementary Figure 8), though this was
limited by the smaller sample size of patients with both avail-
able observations.

WBC Count Trends and Association With Mortality

In contrast to temperature and CRP, WBC count trends
were fairly static, with mean WBC count fluctuating between
10.8 to 12.6 x10°/L throughout the first 9 days of illness
(Supplementary Figure 9A). Mean WBC count was also consis-
tently higher in the subgroups of patients with persistent
bacteremia (vs those without) (Supplementary Figure 9B) and
nonsurvivors (vs survivors) (Supplementary Figure 9C),
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Figure 3. Crude and adjusted odds ratios for 90-day all-cause mortality using different CRP interpretation criteria, for each day of illness. Points reflect the crude or odds
ratio while error bars reflect the 95% confidence interval. Blue points and bars show the crude odds ratio while orange points and bars show the adjusted odds ratio after
adjustment for age, sex, treatment group, immunosuppression status, and Charlson comorbidity index. Arrow points indicate that the limit of the confidence interval extends
beyond the range of the y-axis. The X-symbol indicates that the model for that day did not converge (due to insufficient data points). CRP = C-reactive protein.
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Figure 4. Crude and adjusted odds ratios for 90-day all-cause mortality, comparing patients with abnormal WBC count versus those with normal WBC count. Points reflect
the crude or odds ratio while error bars reflect the 95% confidence interval. Blue points and bars show the crude odds ratio while orange points and bars show the adjusted
odds ratio after adjustment for age, sex, treatment group, immunosuppression status, and Charlson comorbidity index. WBC = white blood cell.

although this distinction was smaller compared to the distinc-
tion seen in temperature and CRP trends. Abnormal WBC
count was also not consistently associated with increased
odds of 90-day all-cause mortality and showed a variable direc-
tion of effect depending on the day of illness (Figure 4).

DISCUSSION

In this post hoc analysis of the CAMERA? trial, we reviewed
trends of 3 common parameters used in the daily clinical as-
sessment of patients with MRSA bacteremia. We found that fe-
ver was consistently associated with both persistent bacteremia
and mortality, especially after 3 days. Temperature is readily as-
sessable in any resource setting, and persistent fever provides
an early indicator for clinicians to consider further diagnostic
or therapeutic interventions. The cutoff of >72 hours to define
persistent fever was based on the seminal paper by Fowler and
colleagues in a prospective cohort of 724 patients with SAB
from 1994 to 1999 [5], but there have been limited data validat-
ing this in other cohorts. Our data support this threshold and
support guidelines recommending that persistent fever lasting
>72 hours be included as a criterion for complicated MRSA
bacteremia [4, 10]. In contrast, in another recently published
study, van der Vaart and colleagues examined the utility of var-
ious risk factors to predict complicated SAB (defined as
infection-related mortality, metastatic or locally complicated
infection, embolic stroke, or relapse within 90 days) in a pro-
spective cohort of 490 patients, and found that persistent fever
was not significantly associated with having complicated SAB
(unadjusted OR 1.2; 95% CI, 0.6-2.1; positive predictive value

63%; 95% CI, 48.7-75.7) [9]. One potential explanation is
the difference in outcome between our study and their study
—fever may be predictive of mortality alone but may not be a
reliable indicator of complicated bacteremia. More data across
multiple diverse cohorts are required to better delineate the
prognostic significance of persistent fever in patients with SAB.

In our study, CRP and WBC count were both less reliable
than temperature in their associations with persistent bactere-
mia or mortality. There does not appear to be value in repeating
CRP and WBC early in the illness course, and in particular no
value in daily measurements [16]. However, a comparison of
peak CRP with the value 7 days following index blood culture
may have some prognostic significance, which requires further
study.

Molkdnen and colleagues evaluated in a prospective multi-
center cohort different absolute thresholds and relative per-
centage changes of CRP and found that both could predict
mortality or deep infection in patients with SAB, although fur-
ther validation in other settings is required [17]. Blot and col-
leagues explored either baseline WBC count or change in
WBC in the first 4 days in a prospective cohort of 574 patients
with SAB and did not identify any significant associations with
12-week mortality [18]. Beyond routinely available biomarkers,
the use of novel biomarkers such as interleukin-17a may be
more specific in prognosticating risk or identifying patients
with complicated SAB [19, 20]; however, further research is re-
quired before deploying these in routine clinical use.

There are several limitations to our study. First, this was a
post hoc analysis that used data from a randomized controlled
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trial, whose data collection protocol was not designed to answer
the questions we asked in this analysis. Although temperature
was measured daily, and CRP and WBC were measured sys-
tematically on days 2, 5, and 7, these timings were aligned to
the study randomization date rather than the fixed point of
date of onset of bacteremia. As such, there were variable num-
bers of available observations on different days. We thus avoid-
ed overinterpretation of any findings limited to specific days,
but instead interpreted the overall trend of means and ORs/ad-
justed ORs for each parameter. However, because the date of
enrollment into the trial relative to bacteremia onset date
(day 1, 2, or 3) is likely to be random, the spread of different
numbers of observations over different days is unlikely to
have resulted in significant selection bias. Second, we were lim-
ited in the sample size of our cohort and thus could only ex-
plore associations between individual parameters (and a
single combination of temperature and CRP) and the outcomes
of interest. Further research should explore the combination of
multiple parameters to determine if our current classification
algorithms used in the management of SAB could be improved.
Third, data on complications such as metastatic infections (eg,
delayed endocarditis) were not available, and hence we could
not determine a “gold standard” of complicated infection to
calculate the performance characteristics (eg, sensitivity, specif-
icity, positive/negative predictive values) of each parameter for
identifying complicated SAB. Last, the CAMERA2 cohort was
restricted to MRSA and thus caution should be taken before ex-
trapolation of our findings to methicillin-sensitive S aureus. As
vancomycin may be inferior to beta-lactam treatment for SAB,
dynamics of these clinical variables may be different comparing
MRSA and methicillin-sensitive S aureus due to differences in
treatment. Relatedly, generalizability may be an issue since
RCT patient populations may be systematically different (eg,
lower mortality, different comorbidity profile) from the general
population of patients, especially in the context of SAB [21, 22].
Patients enrolled in clinical trials are often younger than those
not enrolled, and this may be especially important because we
observed that age was negatively associated with temperature in
our cohort.

CONCLUSION

Persistent fever >72 hours is associated with persistent bacter-
emia and increased mortality in patients with MRSA bactere-
mia, supporting recommendations that this should be kept as
a criterion for classifying patients as either “high-risk” or “com-
plicated.” In contrast, the utility of serial WBC or CRP mea-
surements in the management of SAB is unclear and requires
further research.

Supplementary Data

Supplementary materials are available at Open Forum Infectious Diseases
online. Consisting of data provided by the authors to benefit the reader, the

posted materials are not copyedited and are the sole responsibility of the
authors, so questions or comments should be addressed to the correspond-
ing author.
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