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BACKGROUND: Predicting the presence of true bacteremia
based on clinical examination is unreliable.

OBJECTIVE: We aimed to construct a simple algorithm for
predicting true bacteremia by using food consumption and
shaking chills.

DESIGN: A prospective multicenter observational study.
SETTING: Three hospital centers in a large Japanese city.

PARTICIPANTS: In total, 1,943 hospitalized patients aged 14
to 96 years who underwent blood culture acquisitions be-
tween April 2013 and August 2014 were enrolled. Patients
with anorexia-inducing conditions were excluded.

INTERVENTIONS: We assessed the patients’ oral food in-
take based on the meal immediately prior to the blood culture
with definition as “normal food consumption” when >80% of
a meal was consumed and “poor food consumption” when
<80% was consumed. We also concurrently evaluated for a
history of shaking chills.

MEASUREMENTS: We calculated the statistical characteris-
tics of food consumption and shaking chills for the presence

of true bacteremia, and subsequently built the algorithm by
using recursive partitioning analysis.

RESULTS: Among 1,943 patients, 223 cases were true bac-
teremia. Among patients with normal food consumption,
without shaking chills, the incidence of true bacteremia was
2.4% (13/552). Among patients with poor food consumption
and shaking chills, the incidence of true bacteremia was
47.7% (51/107). The presence of poor food consumption
had a sensitivity of 93.7% (95% confidence interval [Cl],
89.4%-97.9%) for true bacteremia, and the absence of poor
food consumption (ie, normal food consumption) had a neg-
ative likelihood ratio (LR) of 0.18 (95% Cl, 0.17-0.19) for ex-
cluding true bacteremia, respectively. Conversely, the pres-
ence of the shaking chills had a specificity of 95.1% (95% ClI,
90.7%-99.4%) and a positive LR of 4.78 (95% CI, 4.56-5.00)
for true bacteremia.

CONCLUSION: A 2-item screening checklist for food con-
sumption and shaking chills had excellent statistical prop-
erties as a brief screening instrument for predicting true
bacteremia. Journal of Hospital Medicine 2017;12:510-515.
© 2017 Society of Hospital Medicine

Fever in hospitalized patients is a nonspecific finding with
many potential causes. Blood cultures (BC) are commonly
obtained prior to commencing parenteral antibiotics in fe-
brile patients. However, as many as 35% to 50% of positive
BCs represent a contamination with organisms inoculated
from the skin into culture bottles at the time of sample col-
lection.!” Such results represent false-positive BCs that can
lead to unnecessary investigations and treatment.
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Recently, Coburn et al. reviewed the severity of chills
(graded on an ordinal scale) as the most useful predictor
of true bacteremia (positive likelihood ratio [LR], 4.7; 95%
confidence interval [CI], 3.0-7.2),*%and the lack of the sys-
temic inflammatory response syndrome (SIRS) criteria as
the best negative indicator of true bacteremia with a nega-
tive LR of 0.09 (95% ClI, 0.03-0.3).%” We have also previous-
ly reported normal food consumption as a negative indicator
of true bacteremia, with a 98.3% negative predictive val-
ue.’ Henderson’s Basic Principles of Nursing Care emphasizes
the importance of evaluating whether a patient can eat and
drink adequately,’ and the evaluation of a patient’s food con-
sumption is a routine nursing staff practice, which is treated
as vital sign in Japan, in contrast to nursing practices in the
United States.

However, these data were the result of a single-center
retrospective study using the nursing staff’s assessment of
food consumption, and they cannot be generalized to larger
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patient populations. Therefore, the aim of this prospective,
multicenter study was to measure the accuracy of food con-
sumption and shaking chills as predictive factors for true
bacteremia.

METHODS

Study Design
This was a prospective multicenter observational study
(UMIN ID: R0O00013768) involving 3 hospitals in Tokyo,
Japan, that enrolled consecutive patients who had BCs ob-
tained. This study was approved by the ethical committee
at Juntendo University Nerima Hospital and each of the
participating centers, and the study was conducted in accor-
dance with the Declaration of Helsinki 1971, as revised in
1983. We evaluated 2,792 consecutive hospitalized patients
(mean age, 68.9 + 17.1 years; 55.3% men) who had BCs ob-
tained between April 2013 and August 2014, inclusive. The
indication for BC acquisition was at the discretion of the
treating physician. The study protocol and the indication for
BCs are described in detail elsewhere.® We excluded patients
with anorexia-inducing conditions such as gastrointestinal
disease, including gastrointestinal bleeding, enterocolitis,
gastric ulceration, peritonitis, appendicitis, cholangitis, pan-
creatitis, diverticulitis, and ischemic colitis. We also exclud-
ed patients receiving chemotherapy for malignancy. In this
study, true bacteremia was defined as identical organisms iso-
lated from 2 sets of blood cultures (a set refers to one aerobic
bottle and one anaerobic bottle). Moreover, even if only one
set of blood cultures was acquired, when the
identified pathogen could account for the
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(one interacted with and rated the patient while the other
observed and rated the same patient).

Prediction Variables of True Bacteremia

1. Food consumption. Assessment of food consumption has
been previously described in detail.® Briefly, we characterized
the patients’ oral intake based on the meal taken immediate-
ly prior to the BCs. For example, if a fever developed at 2 pym,
lunch consumption was evaluated. If a fever developed at 2
aM, dinner consumption was evaluated. We categorized the
patients into 3 groups: low food consumption (<50% con-
sumed), moderate food consumption (>50% to <80% con-
sumed), and high food consumption (>80% consumed). To
simplify our prediction rule, we subsequently divided food
consumption into just 2 groups: high food consumption, re-
ferred to as the “normal food consumption group,” and the
combination of low and moderate food consumption, re-
ferred to as the “poor food consumption group.”

2. Chills. As done previously, the physician evaluated the
patient for a history of chills at the time of BCs and classified
the patients into 1 of 4 grades*: “no chills,” the absence of
any chills; “mild chills,” feeling cold, equivalent to needing
an outer jacket; “moderate chills,” feeling very cold, equiva-
lent to needing a thick blanket; and “shaking chills,” feeling
extremely cold with rigors and generalized bodily shaking,
even under a thick blanket. To distinguish between those
patients who had shaking chills and those who did not, we
divided the patients into 2 groups: the “shaking chills group”

clinical presentation, we also defined this as

TABLE 1. Characteristics of Patients?

true bacteremia. Briefly, contaminants were
defined as organisms common to skin flora,

True Bacteremia Non-Bacteremia

. ] . . (n=221) (n=1626) Pvalue
including Bacillus species, coagulase-nega-
tive Staphylococcus, Corynebacterium species, — Age () 715149 68.1177 <01
and Mlcr'ococcus species, .w1thout 1solat10r'1 gf No. %) of women 113 (51.1) 734 45.1) Py
an identical organism with the same antibi-
otic susceptibilities from another potentially  Vital signs
infected site in a patient with incompatible ~ BoW temperature (C) Bhx12 37910 <0
linical feat d isk factors for inf Heart rate (bpm) 102 +19.5 92.7£19.3 <.01
clinical teatures and no risk factors Tor INTEC- qug1c bigod pressure (mmHg) 1268 +28.5 127.9.+ 24.4 55
tion with the isolated organism. Single BCs  pegyiratory rate treaths/min 224+65 207 6.2 <01
that were positive for organisms that were
unlikely to explain the patient’s symptoms ~ aboraon data
1 idered tami ts. P White blood cell counts (x10° WBC/uL) 121+85 10314 .06
were also considered as contaminants. Fa- ¢ o protein (mo/dL) 116+96 73+69 <01
tients with contaminated BCs were excluded o, (%) o patents administered antibiotics 37 (16.6) 452 (27.8) <01
from the analyses.
Degree of chills, No. (%)
o No chills 136 (61.5) 1378 (84.7) <01
Structu're of Rellgblllty Study Procedures Mild chills 25 (11.2) 123.7.6) 054
Nurses in the 3 different hospitals performed  yogerate chills 8(3.6) 4502.8) 48
aily independent food consumption rat- aking chills . : <.
daily independent food pt t Shaking chill 52 (23.5) 80 (4.9) 01
ings during each patient’s stay. Interrater ,
liabilit ¢ ducted i Degrees of food consumption, No. (%)
reliability assessments were conducted in 174 78.0) 790 48.6) o1
the morning or afternoon, and none of the  poderate 33(14.9) 273 (16.8) 49
raters had access to the other nurses’ scores  High 14(6.3) 563 (34.6) <01
at any time. The study nurses performed si- — —
. . Plus-minus values are mean + standard deviation (SD).
multaneous ratings during these assessments
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Patients satisfying
inclusion criteria
n=2792

<Excluded patients>

Gastroenterological disease n =273
TPN or PPN alone n=091

NPO n=313
Tube feeding n=172

n=1943

Y Y

Blood culture: positive Blood culture: negative
n=2317 n= 1626
> Contaminated
v n =96

True positive
n =221

FIG. 1. Study population. During the study period, 2,792 patients were eligible
for inclusion.

Note: Abbreviations: NPO: nothing by mouth; PPN, peripheral parenteral nutrition; TPN, total parenteral nutrition.

and the combination of none, mild, and moderate chills, re-
ferred to as the “negative shaking chills group.”

3. Other predictive variables. We considered the fol-
lowing additional predictive variables: age, gender, axillary
body temperature (BT), heart rate (HR), systolic blood pres-
sure (SBP), respiratory rate (RR), white blood cell count
(WBC), and serum C-reactive protein level (CRP). These
predictive variables were obtained immediately prior to the
BCs. We defined SIRS based on standard criteria (HR >90
beats/m, RR >20/m, BT <36°C or >38°C, and a WBC <4 x
10* WBC/uL or >12 x 10> WBC/uL). Patients were subcate-
gorized by age into 2 groups (<69 years and >70 years). CRP
levels were dichotomized as >10.0 mg/dL or <10.0 mg/dL.
We reviewed the patients’ charts to determine whether they
had received antibiotics. In the case of walk-in patients, we
interviewed the patients regarding whether they had visited
a clinic; if they had, they were questioned as to whether any
antibiotic therapy had been prescribed.

Statistical Analysis

Continuous variables are presented as the mean with the
associated standard deviation (SD). All potential variables
predictive of true bacteremia are shown in Table 1. The vari-
ables were dichotomized by clinically meaningful thresholds
and used as potential risk-adjusted variables. We calculated
the sensitivity and specificity and positive and negative pre-
dictive value for each criterion. Multiple logistic regression

analysis was used to select components that were significant-
ly associated with true bacteremia (the level of statistical
significance determined with maximum likelihood methods
was set at P < .05). To visualize and quantify other aspects
in the prediction of true bacteremia, a recursive partitioning
analysis (RPA) was used to make a decision tree model for
true bacteremia. This nonparametric regression method pro-
duces a classification tree following a series of nonsequential
top-down binary splits. The tree-building process starts by
considering a set of predictive variables and selects the vari-
able that produces 2 subsets of participants with the greatest
purity. Two factors are considered when splitting a node into
its daughter nodes: the goodness of the split and the amount
of impurity in the daughter nodes. The splitting process is
repeated until further partitioning is no longer possible and
the terminal nodes have been reached. Details on this meth-
od are discussed in Monte Carlo Calibration of Distributions
of Partition Statistics (www.jmp.com).

Probability was considered significant at a value of P < .05.
All statistical tests were 2-tailed. Statistical analyses were
conducted by a physician (KI) and an independent statisti-
cian (JM) with the use of the SPSS® v.16.0 software package
(SPSS Inc., Chicago, IL) and JMP® version 8.0.2 (SAS In-
stitute, Cary, NC).

RESULTS

Patients Characteristics

Two thousand seven hundred and ninety-two patients met
the inclusion criteria for our study, from which 849 were
excluded (see Figure 1 for flow diagram). Among the re-
maining 1,943 patients, there were 317 patients with posi-
tive BCs, of which 221 patients (69.7%) were considered to
have true-positive BCs and 96 (30.3%) were considered to
have contaminated BCs. After excluding these 96 patients,
221 patients with true bacteremia (true bacteremic group)
were compared with 1,626 nonbacteremic patients (non-
bacteremic group; Figure 1). The baseline characteristics of
the subjects are shown in Table 1. The mean BT was 38.4
+ 1.2°C in the true bacteremic group and 37.9 + 1.0°C in
the nonbacteremic group. The mean serum CRP level was
11.6 £ 9.6 mg/dL in the true bacteremic group and 7.3 + 6.9
mg/dL in the nonbacteremic group. In the true bacteremic
group, there were 6 afebrile patients, and 27 patients without
leukocytosis. The pathogens identified from the true-pos-
itive BCs were Escherichia coli (n = 59, 26.7%), including
extended-spectrum beta-lactamase producing species, Staph-
ylococcus aureus (n = 36, 16.3%), including methicillin-re-
sistant Staphylococcus aureus, and Klebsiella pneumoniae (n =
22, 10.0%; Supplemental Table 1).

The underlying clinical diagnoses in the true bacteremic
group included urinary tract infection (UTI), pneumonia,
abscess, catheter-related bloodstream infection (CRBSI),
cellulitis, osteomyelitis, infective endocarditis (IE), chorio-
amnionitis, iatrogenic infection at hemodialysis puncture
sites, bacterial meningitis, septic arthritis, and infection of
unknown cause (Supplemental Table 2).
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Interrater Reliability Testing of Food Consumption

Patients were evaluated during their hospital stays. The in-
terrater reliability of the evaluation of food consumption was
very high across all participating hospitals (Supplemental
Table 3). To assess the reliability of the evaluations of food
consumption, patients (separate from this main study) were
selected randomly and evaluated independently by 2 nurses
in 3 different hospitals. The kappa scores of agreement be-
tween the nurses at the 3 different hospitals were 0.83 (95%
CI, 0.63-0.88), 0.90 (95% CI, 0.80-0.99), and 0.80 (95%
CI, 0.67-0.99), respectively. The interrater reliability of food
consumption evaluation by the nurses was very high at all
participating hospitals.

Food Consumption

The low, moderate, and high food consumption groups con-
sisted of 964 (52.1%), 306 (16.6%), and 577 (31.2%) patients,
respectively (Table 1). Of these, 174 (18.0%), 33 (10.8%),
and 14 (2.4%) patients, respectively, had true bacteremia.
The presence of poor food consumption had a sensitivity of
93.7% (95% CI, 89.4%-97.9%), specificity of 34.6% (95%
CI, 33.0%-36.2%), and a positive LR of 1.43 (95% CI, 1.37-
1.50) for predicting true bacteremia. Conversely, the absence
of poor food consumption (ie, normal food consumption) had

anegative LR of 0.18 (95% CI, 0.17-0.19).

Chills

The no, mild, moderate, and shaking chills groups consisted
of 1,514 (82.0%), 148 (8.0%), 53 (2.9%), and 132 (7.1%)
patients, respectively (Table 1). Of these, 136 (9.0%), 25
(16.9%), 8 (15.1%), and 52 (39.4%) patients, respectively,
had true bacteremia. The presence of shaking chills had a
sensitivity of 23.5% (95% CI, 22.5%-24.6%), a specificity
of 95.1% (95% CI, 90.7%-99.4%), and a positive LR of 4.78
(95% CI, 4.56-5.00) for predicting true bacteremia. Con-
versely, the absence of shaking chills had a negative LR of
0.80 (95% ClI, 0.77-0.84).

Prediction Model for True Bacteremia

The components identified as significantly related to true
bacteremia by multiple logistic regression analysis are indi-
cated in Table 2. The significant predictors of true bactere-
mia were shaking chills (odds ratio [OR], 5.6; 95% CI, 3.6-
8.6; P < .01), SBP <90 mmHg (OR, 3.1; 95% CI, 1.6-5.7;
P < 01), CRP levels >10.0 mg/dL (OR, 2.2; 95% ClI, 1.6-3.1;
P < .01), BT <36°C or >38°C (OR, 1.8; 95% ClI, 1.3-2.6;
P<.01), WBC <4 x 10°/uL or >12 x 10*/uL (OR, 1.6;95% CI,
1.2-2.3; P = .003), HR >90 bpm (OR, 1.5; 95% CI, 1.1-2.1;
P =.021), and female (OR, 1.4;95% CI, 1.0-1.9; P = .036). An
RPA to create an ideal prediction model for patients with true
bacteremia or nonbacteremia is shown in Figure 2. The orig-
inal group consisted of 1,847 patients, including 221 patients
with true bacteremia. The pretest probability of true bactere-
mia was 2.4% (14/577) for those with normal food consump-
tion (Group 1) and 2.4% (13/552) for those with both normal
food consumption and the absence of shaking chills (Group
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TABLE 2. Components of Predicting True Bacteremia
Identified by Multiple Logistic Regression Method

Variables OR (95% CI) P value
E::wi?; vs male) 140019 o
Eegzﬂbfs;e 15(1.1-2.1) 021
pdyiag e
iyg;s(t)or\Ti]cmb':(;od pressure 3.1(1.6:5.7) <.01
w12 MBI ez
Syl ey o
Chills 5.6 (3.6-8.6) <.01

shaking chills vs negative shaking chills

NOTE: Abbreviations: Cl, confidence interval; OR, odds ratio.

2). Conversely, the pretest probability of true bacteremia was
16.3% (207/1270) for those with poor food consumption and
47.7% (51/107) for those with both poor food consumption
and shaking chills. The patients with true bacteremia with
normal food consumption and without shaking chills consist-
ed of 4 cases of CRBSI and UTI, 2 cases of osteomyelitis, 1
case of IE, 1 case of chorioamnionitis, and 1 case for which the
focus was unknown (Supplemental Table 4).

DISCUSSION
In this observational study, we evaluated if a simple algo-
rithm using food consumption and shaking chills was use-
ful for assessing whether a patient had true bacteremia. A
2-item screening checklist (nursing assessment of food con-
sumption and shaking chills) had excellent statistical prop-
erties as a brief screening instrument for true bacteremia.
We have prospectively validated that food consumption, as
assessed by nurses, is a reliable predictor of true bacteremia.®
A previous single-center retrospective study showed similar
findings, but these could not be generalized across all institu-
tions because of the limited nature of the study. In this multi-
center study, we used 2 statistical methods to reduce selection
bias. First, we performed a kappa analysis across the hospitals
to evaluate the interrater reliability of the evaluation of food
consumption. Second, we used an RPA (Figure 2), also known
as a decision tree model. RPA is a step-by-step process by
which a decision tree is constructed by either splitting or not
splitting each node on the tree into 2 daughter nodes.'® By
using this method, we successfully generated an ideal approach
to predict true bacteremia using food consumption and shak-
ing chills. After adjusting for food consumption and shaking
chills, groups 1 to 2 had sequentially decreasing diagnoses of
true bacteremia, varying from 221 patients to only 13 patients.
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Appetite is influenced by many factors that are integrated
by the brain, most importantly within the hypothalamus. Sig-
nals that impinge on the hypothalamic center include neural
afferents, hormones, cytokines, and metabolites.!! These fac-
tors elicit “sickness behavior,” which includes a decrease in
food-motivated behavior.”? Furthermore, exposure to patho-
genic bacteria increases serotonin, which has been shown to
decrease metabolism in amphid neurons by transcriptional and
post-transcriptional mechanisms."> Therefore, nonbacteremic
patients retain their appetites. Shaking chills are a well-known
predictor of true bacteremia.*’ Several cytokines, including tu-
mor necrosis factor-alpha and interleukins 6 and 10, may be
related to shaking chills."* Coburn et al. reviewed that shak-
ing chills appear to be useful for identifying true bacteremia
(positive LR, 4.7; 95% ClI, 3.0-7.2),>¢ similar to our study. In
our study, the pretest probability of true bacteremia was the
same whether shaking chills was included or not (ie, 2.4%
for normal food consumption and 2.4% for normal food con-
sumption plus absence of shaking chills). This would seem to
imply that the assessment of shaking chills does not appear to
add anything over food assessment alone when trying to rule
out bacteremia. Rather, shaking chills seem more important
for ruling in bacteremia rather than ruling it out. Moreover,
the recent retrospective study revealed that age >60 years
(OR = 2.75, 95% CI, 1.23-6.48, P = .015), female sex
(OR = 2.21, 95% CI, 1.07- 4.67, P = .038), heart rate >90

bpm (OR = 5.18, 95% CI, 2.25-12.48, P < .001) and neu-
trophil percentage >80% (OR = 3.61, 95% CI, 1.71- 8.00,
P = .001) were independent risk factors for true bacteremia.!®
Conversely, the lack of the SIRS criteria was reported as the
best negative indicator of true bacteremia with a negative
LR of 0.09 (95% CI, 0.03-0.3).5" However, the evaluation of
SIRS criteria requires the acquisition of laboratory data. To
our knowledge, no previous prospective studies have evaluated
food consumption in terms of a risk prediction for true bacte-
remia. This extremely simple model can enable a physician to
make a rapid bedside estimation of the risk of true bacteremia.

The strengths of this study include its relatively large sam-
ple size, multicenter design, uniformity of data collection
across sites, and completeness of data collection from study
participants. All of these factors allowed for a robust analysis.

However, there are several limitations of this study. First,
the physicians or nurses asked the patients about the presence
of shaking chills when they obtained the BCs. It may be diffi-
cult for patients, especially elderly patients, to provide this in-
formation promptly and accurately. Some patients did not call
the nurse when they had shaking chills, and the chills were
not witnessed by a healthcare provider. However, we used a
more specific definition for shaking chills: a feeling of being ex-
tremely cold with rigors and generalized bodily shaking, even
under a thick blanket. Second, this algorithm is not applica-
ble to patients with immunosuppressed states because none of

Original group
All patients
| True bacteremia
Total Non-B (%) Il Non-bacteremia (Non-B)
1847 1626 (88.0%)
Food consumption <80% Food consumption >80%
| |
Total Non-B (%) Total Non-B (%)
1270 1063 (83.7%) 577 563 (97.6%)
Shaking chill No shaking chill Shaking chill No shaking chill
| | | |
Total Non-B (%) Total Non-B (%) Total Non-B (%) Total Non-B (%)
107 56 (52.3%) 1163 1007 (86.6%) 25 24 (96.0%) 552 539 (97.6%)
¥ & [ 4 ¥
High possibiity | H'\S/itglysfgﬁgg | Low possiviity
of true bacteremia Physical examinations of true bacteremia

FIG. 2. Decision tree obtained from recursive partitioning analysis for predicting true bacteremia in patients with suspected true bacteremia. The red line indicates the

sequential approach to predicting nonbacteremia.
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the hospitals involved in this study perform bone marrow or
organ transplantation. Third, although we included patients
with dementia in our cohort, we did not specifically evaluate
performance of the algorithm in patients with this medical
condition. It is possible that the algorithm would not perform
well in this subset of patients owing to their unreliable ap-
petite and food intake. Fourth, some medications may affect
appetite, leading to reduced food consumption. Although we
have not considered the details of medications in this study,
we found that the pretest probability of true bacteremia was
low for those patients with normal food consumption regard-
less of whether the medication affected their appetites or not.
However, the question of whether medications truly affect pa-
tients’ appetites concurrently with bacteremia would need to
be specifically addressed in a future study.
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CONCLUSION

In conclusion, we have established a simple algorithm to
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model can enable physicians to make a rapid bedside estima-
tion of the risk of true bacteremia.
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