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ABSTRACT
Objectives  A previous study reported that food 
consumption is useful to rule out bacteraemia in 
hospitalised patients. We aimed to validate the diagnostic 
performance of (1) food consumption and (2) a previously 
reported algorithm using food consumption and shaking 
chills for bacteraemia in patients admitted to hospital with 
suspected infection.
Design  Prospective cohort study.
Setting  Department of General Medicine in two acute 
care hospitals in Japan.
Participants  A total of 2009 adult patients who 
underwent at least two blood cultures on admission.
Primary outcome measures  The reference standard 
for bacteraemia was judgement by two independent 
specialists of infectious diseases. Food consumption was 
evaluated by the physician in charge asking the patient 
or their caregivers the following question on admission: 
‘What percentage of usual food intake were you able to eat 
during the past 24 hours?’
Results  Among 2009 patients, 326 patients were 
diagnosed with bacteraemia (16.2%). Diagnostic 
performance of food consumption was sensitivity of 84.4% 
(95% CI 80.1 to 88), specificity of 19.8% (95% CI 18 to 
21.8), positive predictive value (PPV) of 16.9% (95% CI 
15.2 to 18.9) and negative predictive value (NPV) of 86.8% 
(95% CI 83.1 to 89.8). The discriminative performance was 
an area under the curve of 0.53 (95% CI 0.50 to 0.56). 
The performance of the algorithm using food consumption 
and shaking chills was sensitivity of 89% (95% CI 85.1 
to 91.9), specificity of 18.8% (95% CI 17 to 20.7), PPV of 
17.5% (95% CI 15.7 to 19.4) and NPV of 89.8% (95% CI 
86.2 to 92.5).
Conclusion  Our results did not show the usefulness 
of food consumption and the algorithm using food 
consumption and shaking chills for the diagnosis of 
bacteraemia in patients admitted to hospital with 
suspected infection.

INTRODUCTION
Blood cultures are essential for correct iden-
tification and management of bacteraemia.1 
Positive blood cultures provide information 
about the causative organism of the infec-
tion and its susceptibility to antibiotics.2 

Since the sensitivity of the cultures is dimin-
ished by antibiotics, blood cultures should 
be obtained before antibiotics are adminis-
tered.3 Consequently, physicians are likely 
to perform blood cultures in patients with 
suspected infection even when the suspicion 
of bacteraemia is low, resulting in positive 
results in only about 10% of patients.4 This 
low yield of blood cultures leads to an unnec-
essary increase in medical costs, burden on 
both patients and healthcare workers and 
risk of contamination.5–7 Thus, it is crucial to 
identify patients who truly need assessment 
by blood cultures.

Among several clinical and laboratory items 
reported as useful predictors for bacteraemia, 
Komatsu et al8 found that food consumption 
assessed by nursing staff is useful to rule out 
bacteraemia in hospitalised patients, with a 
negative predictive value (NPV) of 98.3% 
for patients with a normal amount of food 
consumption.9 They also developed a simple 
algorithm consisting of two items: food 

Strengths and limitations of this study

►► This was the first study to evaluate the external 
validity of the diagnostic performance of food con-
sumption and an algorithm using food consumption 
and shaking chills for bacteraemia in patients ad-
mitted to hospital with suspected infection.

►► The value of adding food consumption to previously 
reported predictors for the diagnosis of bacteraemia 
was also assessed.

►► Food consumption was evaluated by the physician 
in charge asking the patient or their caregivers the 
following question on admission: ‘What percentage 
of usual food intake were you able to eat during the 
past 24 hours?’

►► Rather than the inclusion criterion of those who un-
derwent blood cultures based on physicians’ judge-
ment, more objective criteria (eg, based on patient’s 
signs and symptoms) would be more appropriate.
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consumption and shaking chills. This simple algorithm was 
reported as useful for the risk estimation of bacteraemia. 
However, the assessment of food consumption by nursing 
staff is possible only in patients who have an episode of 
suspected infection during hospitalisation. Thus, it is not 
applicable to patients admitted for work-up/management 
of suspected infection that occurs outside the hospital. Still, 
in these patients, food consumption can be assessed by the 
patients themselves or their caregivers.

Accordingly, the aims of this study were to validate the 
diagnostic performance of (1) food consumption, and 
(2) the algorithm using food consumption and shaking 
chills for bacteraemia in patients admitted to hospital 
with suspected infection.

MATERIALS AND METHODS
This study was a prospective observational study at two 
acute care hospitals: Shirakawa Kosei General Hospital 
(471-bed capacity, Fukushima, Japan) and Iizuka Hospital 
(1048-bed capacity, Fukuoka, Japan). All patients provided 
written informed consent. We followed the Standards for 
Reporting of Diagnostic accuracy guideline.10

Patients
Between April 2017 and January 2019, we consecutively 
included patients using the following inclusion criteria: (1) 
patients who underwent at least two sets of blood culture 
within 24 hours of admission to the Department of General 
Medicine and (2) aged 18 years or older. As in previous 
studies,6–8 we used the physicians’ decision to obtain blood 
cultures as a surrogate indicator of suspected infection. 
The exclusion criteria were as follows: (1) patients under 
tube feeding (because the amount of food consumption is 
not affected by the patients’ status) and (2) use of gluco-
corticoid or immunosuppressants (because blood cultures 
should be taken for these high-risk patients).

Food consumption
In the previous study by Komatsu et al,8 food consumption 
was defined as the amount of meal intake during hospital-
isation just before blood cultures as rated by nursing staff. 
However, this assessment by nursing staff was not appli-
cable to patients who underwent blood cultures on admis-
sion. Therefore, food consumption needed to be assessed 
by the patients themselves or by their caregivers in this 
study. From a previous study that evaluated the diagnostic 
performance of food consumption for the diagnosis of 
community-acquired pneumonia, we used a definition of 
food consumption based on self-assessment of 24-hour 
food intake in proportion to the usual intake.11 On 
admission, the physician in charge of the management of 
a patient during hospitalisation asked the patient ‘What 
percentage of usual food intake were you able to eat 
during the past 24 hours?’ and recorded the responses. In 
cases where patients could not assess food consumption 
by themselves (eg, those with dementia), we asked their 
caregivers to rate it. Although the cut-off point for food 

consumption in the study by Komatsu et al8 9 was 80% (ie, 
normal: >80% intake of a meal, low: ≤80% intake), this 
cut-off was not defined to optimise its diagnostic perfor-
mance (ie, it was clinically defined). Therefore, we eval-
uated its diagnostic performance with various cut-off 
points. Further details of the evaluation are given in the 
Statistical analyses section.

Algorithm using food consumption and shaking chills
In the algorithm developed by Komatsu et al,8 shaking chills 
was used in addition to food consumption. According to 
a previous study,12 shaking chills was defined as ‘feeling 
extremely cold with rigours and generalised bodily shaking, 
even under a thick blanket’. Based on these two dichoto-
mised variables of food consumption and shaking chills, 
patients were categorised into four groups: normal food 
consumption without shaking chills (group 1), normal 
food consumption with shaking chills (group 2), low food 
consumption without shaking chills (group 3) and low food 
consumption with shaking chills (group 4). In the original 
study by Komatsu et al8, the prevalence of bacteraemia in 
each group was 2.4%, 4%, 14.4% and 47.7%, respectively. 
Groups 1 and 4 were classified as low and high risk of true 
bacteraemia, respectively, while group 2 and 3 were classi-
fied as ‘further assessment is required’.

Definition of bacteraemia
At least two sets of blood cultures (one aerobic and 
one anaerobic bottle) were collected in all patients 
within 24 hours of admission. For blood cultures, BacT/
Alert (bioMérieux, Marcy-l’Etoile, France) was used 
in Shirakawa Kosei General Hospital, while BACTEC 
(Becton Dickinson, Sparks, USA) was used in Iizuka 
Hospital. In both hospitals, the minimum incubation 
period was 7 days. Positive blood cultures do not always 
indicate true bacteraemia as it is sometimes caused by 
contamination of common skin pathogens.13 In this study, 
cases with two or more positive blood cultures of a certain, 
unique pathogen were judged as true bacteraemia. In 
addition, in cases with only one positive blood culture 
(including cases with two or more positive blood cultures 
of different pathogens), they were independently judged 
by two infectious disease specialists (YT and HI), who 
were blinded from the information on food consumption 
and shaking chills to avoid incorporation bias.14 Those 
specialists made their judgement based on other clinical 
information including the clinical course and the type of 
bacteria. Conflicts between two specialists were resolved 
by discussion between them.

Statistical analyses
Sample size estimation
Based on the study by Komatsu et al,8 we assumed a sensi-
tivity of food consumption and the algorithm as 94%. To 
estimate the assumed sensitivity with 3% absolute preci-
sion and a 95% confidence level, a sample size of at least 
241 patients with bacteraemia was required.
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Missing data
In our data set, there were some missing values (ranging 
from 0% to 11.5%). To avoid biased results by excluding 
patients with missing values, we imputed them using 
chained equations with all available information 
including the outcome under the assumption of missing 
at random.15 16 Ten imputed data sets were separately anal-
ysed and the results were pooled using Rubin’s rules.17

Agreement in the judgement of bacteraemia
The agreement in the judgement of the presence of 
bacteraemia between the two infectious disease specialists 
was assessed using Cohen’s kappa coefficient (κ).18

Diagnostic performance of food consumption and the algorithm
Between those with and without bacteraemia, food 
consumption and the proportion of patients with shaking 
chills were compared using the Mann-Whitney-Wilcoxon 
test and the χ2 test, respectively. The diagnostic perfor-
mance of food consumption was evaluated in terms of 
sensitivity (Sn), specificity (Sp), positive predictive value 
and NPV, respectively, positive likelihood ratio and nega-
tive likelihood ratio (LR+ and LR–, respectively) and 
diagnostic OR (DOR). DOR was calculated by dividing 
LR+ by LR–. Higher DOR indicates better performance 
of discrimination, while a DOR of 1 indicates that the 
information does not contribute to the diagnosis at all.19 
These indexes were assessed using various cut-off points. 
In addition, we used the area under the curve (AUC) to 
evaluate discriminative performance. AUC ranges from 
0.5 (no discrimination) to 1 (perfect discrimination).20 
The diagnostic performance of shaking chills was also 
evaluated.

Next, we applied Komatsu et al’s algorithm to our 
patients. The prevalence of bacteraemia in each of the 
four groups was calculated. Also, the diagnostic perfor-
mance of the algorithm was calculated in a conservative 
scenario in which all patients in group 2 and group 3 were 
categorised as the high-risk group (ie, blood cultures 
should be performed).

Subgroup analysis
Because self-reported food consumption could be unre-
liable, especially in elderly patients, we performed a 
subgroup analysis based on age with the cut-offs of 65, 75 
and 85 years old. In this subgroup analysis, the diagnostic 
performance of food consumption was evaluated with the 
cut-off of 80%.

Value of adding food consumption to previously reported predictors
We also evaluated if the information about food 
consumption had any additional diagnostic value to 
previously reported predictors for the diagnosis of bacte-
raemia. Based on a systematic review of existing predic-
tion models for bacteraemia,21 we selected the following 
predictors: age, performance status, living in a nursing 
home, indwelling vascular catheter, shaking chills, suspi-
cion of infective endocarditis, consciousness disturbance, 
systolic blood pressure, pulse rate, respiratory rate, body 

temperature, serum creatinine and C reactive protein. 
For performance status, a simplified scale with four levels 
was used.22 First, we fitted a logistic regression model 
including those predictors and the presence/absence 
of bacteraemia as the outcome (base model). Next, we 
added food consumption to the base model (extended 
model). The functional form of all continuous variables 
was evaluated using restricted cubic splines with three 
knots, and incorporated as such when a non-linearity 
association was significant.23 The added value of food 
consumption for the diagnosis of bacteraemia was quan-
tified as the difference in model performance between 
the base model and the extended model. The model 
performance was evaluated in terms of likelihood ratio 
test, discrimination (c-index) and calibration (calibra-
tion plots).

All values above were reported as point estimates with 
95% CI. The Wilson Score method was used to estimate 
95% CI for Sn, Sp, PPV and NPV.24 P values less than 
0.05 were considered statistically significant. We used R 
statistical software (V.3.6.0; R foundation for statistical 
computing, www.​R-​project.​org) for all analyses.

Patient and public involvement
No patients were involved in the development of the 
research question, the outcome measures or in the design 
and implementation of the study.

RESULTS
Patient characteristics
Among the 2226 eligible patients, 12 patients under 
tube feeding, 205 patients with the use of glucocorticoid 
or immunosuppressants were excluded. A total of 2009 
patients were analysed. Patient characteristics are shown 
in table 1. Median age was 81 years (IQR 69–88). Bacter-
aemia was diagnosed in 326 patients (16.2%). Escherichia 
coli was the most frequent pathogen (n=157, 48.2%). 
Among patients with bacteraemia, common clinical diag-
noses were urinary tract infection (n=153 (46.9%)), hepa-
tobiliary tract infection (n=24 (7.4%)) and skin and soft 
tissue infection (n=18 (5.5%)). On the other hand, among 
those without bacteraemia, respiratory infection (n=514 
(30.5%)), urinary tract infection (n=204 (12.1%)) and 
viral infection (n=82 (4.9%)) were common diagnoses. 
The assessment of food consumption was completed in 
96.7% of the patients. Food consumption was not signifi-
cantly different between patients with and without bacter-
aemia (30% (IQR 10–60) vs 40% (IQR 10–70); p=0.194). 
The proportion of patients with shaking chills was signifi-
cantly higher in those with bacteraemia than in those 
without (22.7% vs 5.2%; p<0.001).

Agreement in the judgement of bacteraemia
The agreement in the judgement between the two special-
ists was κ of 0.83 (substantial agreement).18

www.R-project.org
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Diagnostic performance of food consumption and shaking 
chills
In table 2, the diagnostic performance of food consump-
tion and shaking chills are summarised. With the cut-off 
of 80%, the diagnostic performance of food consumption 
was Sn of 84.4% (95% CI 80.1 to 88), NPV of 86.8% (95% 
CI 83.1 to 89.8) and DOR of 1.3 (95% CI 1 to 1.9). With 
the cut-off between 60% and 90%, the diagnostic perfor-
mance of food consumption did not change dramatically 
with Sn around 80%, NPV less than 90% and DOR around 
1.3. The AUC of food consumption was 0.53 (95% CI 0.50 
to 0.56). Shaking chills showed Sp of 94.7 (95% CI 93.6 to 
95.7), PPV of 45.4 (95% CI 37.9 to 53.1) and DOR of 5.3 
(95% CI 3.7 to 7.4).

Diagnostic performance of the algorithm
In figure 1, the prevalence of bacteraemia in each group 
categorised based on the algorithm is shown. Among 
352 patients categorised as low risk of bacteraemia (with 
normal food consumption without shaking chills), 36 
(10.2%) patients were diagnosed with bacteraemia. The 
prevalence of bacteraemia was 10.2% (95% CI 7.5 to 
13.9) in group 1, 46.9% (95% CI 30.9 to 63.6) in group 2, 

14.5% (95% CI 12.8 to 16.4) in group 3 and 44.6% (95% 
CI 36.3 to 53.2) in group 4. In a conservative scenario 
assuming that all patients in groups 2 and 3 underwent 
blood cultures, the diagnostic performance of the algo-
rithm was Sn of 89% (95% CI 85.1 to 91.9), Sp of 18.8% 
(95% CI 17 to 20.7), PPV of 17.5% (95% CI 15.7 to 19.4), 
NPV of 89.8% (95% CI 86.2 to 92.5), LR+ of 1.1 (95% CI 
1.1 to 1.1), LR– of 0.6 (95% CI 0.6 to 0.6) and DOR of 1.9 
(1.7 to 2).

Subgroup analysis
The results of the subgroup analysis based on age are 
summarised in table 3. The diagnostic performance was 
not different among the subgroups with Sn around 80% 
and NPV around 86%.

Added value of food consumption
The base model and the extended model are shown 
in online supplemental table 1. The model fit did not 
improve by adding food consumption (p=0.095). The 
c-index of the base model and the extended model was 
0.761 (95% CI 0.732 to 0.790) and 0.762 (95% CI 0.734 
to 0.791), respectively (p=0.546). The calibration plots 

Table 2  Diagnostic performance of food consumption and shaking chills

Sn Sp PPV NPV LR+ LR– DOR

Food consumption with cut-off 
of 60%

77.6
(72.7–81.8)

29
(26.9–31.2)

17.5
(15.6–19.5)

87
(83.9–89.5)

1.1
(1–1.2)

0.8
(0.6–1)

1.4
(1.1–1.9)

Food consumption with cut-off 
of 70%

79.4
(74.7–83.5)

24.5
(22.5–26.6)

16.9
(15.1–18.9)

86
(82.6–88.8)

1.1
(1–1.1)

0.8
(0.7–1.1)

1.3
(0.9–1.7)

Food consumption with cut-off 
of 80%

84.4
(80.1–88)

19.8
(18–21.8)

16.9
(15.2–18.9)

86.8
(83.1–89.8)

1.1
(1–1.1)

0.8
(0.6–1)

1.3
(1–1.9)

Food consumption with cut-off 
of 90%

86
(81.8–89.3)

17.8
(16.1–19.7)

16.9
(15.1–18.7)

86.8
(82.8–90)

1.1
(1–1.1)

0.8
(0.6–1.1)

1.3
(1–1.9)

Shaking chills 22.5
(18.3–27.4)

94.7
(93.6–95.7)

45.4
(37.9–53.1)

86.3
(84.7–87.8)

4.3
(3.2–5.7)

0.8
(0.8–0.9)

5.3
(3.7–7.4)

Values in parentheses are 95% CIs.
DOR, diagnostic OR; LR–, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive 
value; Sn, sensitivity; Sp, specificity.

Figure 1  Categorisation of patients based on the algorithm using food consumption and shaking chills among 352 patients 
categorised as low risk of bacteraemia (with normal food consumption without shaking chills), 36 (10.2%) patients were 
diagnosed with bacteraemia.

https://dx.doi.org/10.1136/bmjopen-2020-044270
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of the base model and the extended model are shown 
in figure 2. The base model already shows good calibra-
tion and adding food consumption resulted in minimal 
improvement.

DISCUSSION
Diagnostic performance of self-reported food consump-
tion for bacteraemia was poor in patients admitted to 
hospital with suspected infection, with Sn of 84.4% (95% 
CI 80.1 to 88), NPV of 86.8% (95% CI 83.1 to 89.8) and 
DOR of 1.3 (95% CI 1 to 1.9) at the previously reported 
cut-off point of 80%. This poor performance of food 
consumption was consistent with various cut-off points 
between 60% and 90%. The performance of the algo-
rithm using food consumption and shaking chills was also 
poor, missing 36 patients (10.2% (95% CI 7.5 to 13.9)) 
with bacteraemia among 352 patients categorised in the 
low risk of bacteraemia group. Furthermore, the informa-
tion about food consumption did not show added diag-
nostic value to previously reported predictors.

Comparison with previous findings
In the study by Komatsu et al, the performance of food 
consumption was reported as Sn of 93.7%, Sp of 34.6%, 
LR+ of 1.43, LR– of 0.18 and DOR of 7.9,8 which was much 
better than our findings. Also, only 2.4% of patients were 
diagnosed with bacteraemia in the low-risk group cate-
gorised by the algorithm using food consumption and 
shaking chills.8

There were several possible explanations for these 
dissociated findings. First, food consumption was rated 
by nursing staff in the study by Komatsu et al, while 
it was self-reported in this study. Compared with the 
food consumption rated by nursing staff who received 
instruction on how to evaluate food consumption, self-
reporting by patients themselves or their caregivers 
could be much less reliable. We hypothesised that self-
reported food consumption was imprecise because there 
might be many patients with memory disturbance in this 
super-aged population (median age 81 (IQR 69–88)). 
Thus, we conducted a subgroup analysis comparing the 

Table 3  Diagnostic performance of food consumption in subgroups based on age

Sn Sp PPV NPV LR+ LR– DOR

Age <65 years
n=371

80.9
(62.3–95.9)

20.2
(11.7–29.4)

16.1
(10.7–22.3)

86.3
(75.1–93.5)

1
(0.8–1.4)

0.8
(0.3–2.4)

1.2
(0.3–4.5)

Age 65–75 years
n=334

80
(60.7–95.4)

20.6
(12–30)

15.9
(10.3–22.5)

86.7
(75.3–93.6)

1
(0.8–1.3)

0.8
(0.3–2.6)

1.2
(0.3–4.9)

Age 75–85 years
n=523

81.1
(64.7–94.9)

20.5
(13–28.5)

16.1
(11.3–21.6)

86.8
(77.8–93)

1
(0.8–1.3)

0.8
(0.3–2.4)

1.3
(0.4–4.8)

Age ≥85 years
n=781

82.8
(71–92.8)

19.9
(13.4–26.7)

16.6
(12.6–20.9)

86.6
(79.5–91.7)

1
(0.9–1.2)

0.8
(0.4–1.6)

1.3
(0.6–2.9)

Values in parentheses are 95% CIs.
DOR, diagnostic OR; LR–, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative predictive value; PPV, positive predictive 
value; Sn, sensitivity; Sp, specificity.

Figure 2  Calibration plots of the base model and the extended model. The base model (left) already shows good agreement, 
with the calibration curve close to the dashed diagonal line (the line of perfect calibration). Improvement in the extended model 
(right) is minimal.



7Takada T, et al. BMJ Open 2021;11:e044270. doi:10.1136/bmjopen-2020-044270

Open access

performance of self-reported food consumption between 
younger and older patients. However, performance did 
not differ among age groups, which implies that the poor 
diagnostic performance of self-reported food consump-
tion was not due to the high proportion of older patients 
in the present study. Also, food consumption in the study 
by Komatsu et al was based on the meal just before the 
blood cultures were taken, while it was based on 24-hour 
food intake before presentation in proportion to the 
usual intake in this study. The food consumption of the 
last meal latest before presentation may reflect patients’ 
status better than that of meals during the 24 hours before 
presentation. Second, the study population was different 
between the two studies. We included patients who were 
admitted for work-up/management of suspected infec-
tion (ie, community-acquired infection), while Komatsu 
et al included hospitalised patients (ie, infection could 
have been acquired either in the community or in the 
hospital). While the prevalence of bacteraemia was 
similar in the two studies (16.2% in this study and 13.6% 
in Komatsu et al), patients with bacteraemia in the study 
by Komatsu et al could be more severe than our patients as 
the former included severe hospital-acquired conditions 
like catheter-related blood stream infection. A larger 
difference in severity between patients with and without 
bacteraemia might lead to better discriminative perfor-
mance of food consumption. However, vital sign parame-
ters in patients with bacteraemia (eg, body temperature, 
heart rate, systolic blood pressure and respiratory rate) 
showed almost similar values in both studies, implying 
this hypothesis for the difference between the findings of 
the two studies is not very convincing.

Furthermore, our findings were not in line with our 
previous study which suggested the usefulness of self-
rated food consumption (using the same definition as the 
present study) for the diagnosis of community-acquired 
pneumonia in older patients who presented with upper 
respiratory symptoms.11 In this previous study, food 
consumption with the cut-off of 50% showed Sn of 66.7%, 
Sp of 79.3%, LR+ of 3.2, LR– of 0.4 and DOR of 7.7 for 
the diagnosis of community-acquired pneumonia.11 The 
previous study aimed to differentiate pneumonia from 
other viral infection (ie, upper respiratory infection), 
while we aimed to differentiate bacteraemia from other 
bacterial infection in the present study. Thus, the severity 
between the two conditions was less prominent in the 
present study than in the previous one, which might have 
led to the poorer performance of food consumption.

Clinical implications
Our findings suggest that self-reported food consump-
tion is not useful for the diagnosis of bacteraemia in 
patients admitted for work-up of suspected infection. In 
a questionnaire survey, Lautenbach et al asked physicians 
about the acceptability of the performance of a clinical 
prediction rule for the diagnosis of bacteraemia.25 They 
revealed that physicians required a very high Sn of 95% 
and infectious disease specialists required an even higher 

Sn of 98% for the clinical implementation of a prediction 
rule for the diagnosis of bacteraemia. This high expec-
tation hampered the use of existing prediction rules 
for the diagnosis of bacteraemia. Considering the diag-
nostic performance of Sn of less than 90% when applied 
to patients admitted with suspected infection, food 
consumption alone and its algorithm in combination 
with shaking chills seemed unacceptable in clinical prac-
tice, at least with the current definition of self-reported 
food consumption. The performance of the algorithm in 
the original paper by Komatsu et al (Sn of 94.1%) also did 
not satisfy this expected high Sn. Physicians may use the 
prediction model developed by Shapiro et al.7 The model 
consists of three major criteria (suspected endocarditis, 
body temperature >39.4°C and indwelling vascular cath-
eter) and nine minor criteria (body temperature between 
38.3°C–39.3°C, age >65 years, chills, vomiting, systolic 
blood pressure <90 mm Hg, white blood cell count 
>18 000/ µL, bands >5%, platelets <150 000/ µL and creat-
inine >2.0 mg/dL).7 Either one major criterion or two or 
more minor criteria are deemed an indication for blood 
culture. Although the model is less simple than the algo-
rithm using only the two items of food consumption and 
shaking chills, it has been well validated in emergency 
and in-hospital settings with Sn of around 95%.26 27

Strength and limitations
To the best of our knowledge, this is the first study to eval-
uate the external validity of the diagnostic performance 
of food consumption for bacteraemia. Some limitations 
should be noted. First, our cohort included many elderly 
patients (median age 81 years). Thus, the external validity 
of our findings, particularly in young patients, should be 
further evaluated. Second, we included those who under-
went at least two sets of blood culture. This criterion has 
been frequently used as a surrogate indicator of suspected 
infection in previous studies reporting prediction rules/
algorithms for the diagnosis of bacteraemia.6–8 Whether 
to order blood culture was based on physicians’ judge-
ment, therefore, it could be subjective. To improve the 
reproducibility of our findings, more objective criteria 
(eg, based on patient’s signs and symptoms) would be 
more appropriate. However, it is unethical and unfea-
sible to obtain blood cultures in patients who do not have 
clinical indication. Third, we performed the subgroup 
analysis based on age to investigate the effect of memory 
disturbance on the performance of food consumption. 
However, this should be assessed by subgroup analysis 
based on the presence/absence of memory disturbance 
and whether the judgement was rated by patients them-
selves or their caregivers. Unfortunately, since we did 
not collect these variables, we could not conduct such 
subgroup analyses. In addition, it should be noted that 
the sample size calculation of this study was performed 
for the main analyses. Therefore, the number of patients 
in each subgroup was not large enough to precisely esti-
mate the diagnostic performance of food consumption.
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CONCLUSIONS
Contrary to previous findings, our results did not show 
the usefulness of food consumption and the algorithm 
using food consumption and shaking chills for the diag-
nosis of bacteraemia in patients admitted to hospital with 
suspected infection.
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