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Abstract 

Background  Accurate prediction of bacteremia is essential for guiding blood culture collection and optimal anti-
biotic treatment. Shaking chills, defined as a subjective chill sensation with objective body shivering, have been 
suggested as a potential predictor of bacteremia; however, conflicting findings exist. To address the evidence gap, we 
conducted a systematic review and meta-analysis of studies to assess the diagnostic accuracy of shaking chills for pre-
dicting bacteremia among adult patients.

Methods  We included studies reporting the diagnostic accuracy of shaking chills or chills for bacteremia. Adult 
patients with suspected bacteremia who underwent at least one set of blood cultures were included. Our main analy-
sis focused on studies that assessed shaking chills. We searched these studies through CENTRAL, MEDLINE, Embase, 
the World Health Organization ICTRP Search Portal, and ClinicalTrials.gov. Study selection, data extraction, evalua-
tion for risk of bias, and applicability using the QUADAS-2 tool were conducted by two independent investigators. 
We estimated a summary receiver operating characteristic curve and a summary point of sensitivity and specificity 
of the index tests, using a hierarchical model and the bivariate model, respectively.

Results  We identified 19 studies with a total of 14,641 patients in which the accuracy of shaking chills was evaluated. 
The pooled sensitivity and specificity of shaking chills were 0.37 (95% confidence interval [CI], 0.29 to 0.45) and 0.87 
(95% CI, 0.83 to 0.90), respectively. Most studies had a low risk of bias in the index test domain and a high risk of bias 
and a high applicability concern in the patient-selection domain.

Conclusions  Shaking chills are a highly specific but less sensitive predictor of bacteremia. Blood cultures and early 
initiation of antibiotics should be considered for patients with an episode of shaking chills; however, the absence 
of shaking chills must not lead to exclusion of bacteremia and early antibiotic treatment.

Keywords  Bacteremia, Sepsis, Shivering, Chills, Rigor

*Correspondence:
Tetsuro Aita
gstetsuro@gmail.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12916-024-03467-z&domain=pdf
http://orcid.org/0000-0002-1693-361X


Page 2 of 18Aita et al. BMC Medicine          (2024) 22:240 

Background
Bacteremia is a relatively common yet life-threaten-
ing condition associated with high mortality rates [1, 
2]. Accurate diagnosis of bacteremia is essential for 
the selection of antibiotics and treatment duration [3]. 
Therefore, accurate diagnosis and prediction of bactere-
mia hold significant clinical importance. Blood culture 
remains the gold standard for diagnosing bacteremia in 
patients with suspected bacterial infections [3]. However, 
the diagnosis is delayed since the results of the blood cul-
ture are reported after several days, which often presents 
a dilemma for physicians to initiate empirical antibiotic 
treatment. Additionally, predicting bacteremia relies pri-
marily on the clinical context, including subjective symp-
toms such as chills and laboratory test findings [4–6]. 
Therefore, the identification of objective signs of bacte-
remia warrants attention to enable the early recognition 
and accurate prediction of bacteremia.

Shaking chills constitute objective and subjective mani-
festations characterized by extreme cold sensations lead-
ing to stiffness and shivering all over the body, even when 
covered with a thick blanket [7, 8]. Alternatively, chills 
represent subjective symptoms that are characterized 
only by a sensation of coldness without shivering. Thus, 
shaking chills possibly constitute a more reliable and rec-
ognizable sign in patients with suspected bacteremia, 
especially in cases where patients present with a diffi-
culty in their verbal communication, such as in dementia 
[9]. Previous studies have shown the predictive value of 
shaking chills in diagnosing bacteremia [8, 9]; however, a 
systematic review involving children has indicated con-
flicting results [10], and most of the original diagnostic 
studies had small sample sizes. Therefore, there is a need 
to synthesize these findings to better understand the clin-
ical impact of shaking chills on the prediction of bactere-
mia in adults.

In this systematic review, we aimed to perform a meta-
analysis of studies that report the diagnostic accuracy of 
shaking chills in addition to chills for predicting bactere-
mia in adult patients.

Methods
PRISMA reporting guidelines
To present our systematic review, we followed the 
PRISMA-DTA and PRISMA 2020 statements [11, 12]. 
The PRISMA-DTA checklist has been included as Addi-
tional file 1.

Eligibility criteria
Study design
In this review, we included all cohort studies, secondary 
analyses of randomized clinical trials, and case–control 

studies, documenting the diagnostic accuracy of shak-
ing chills or chills for bacteremia. We considered studies 
regardless of their publication status, including published 
articles, unpublished articles (e.g., articles not found 
in electronic databases), meeting abstracts, and let-
ters. However, we excluded case series and case reports 
from our review. To be eligible for inclusion, the studies 
needed to provide data on the number of true-positive, 
false-positive, true-negative, and false-negative patients 
for the index test based on the reference standard. We 
did not exclude any studies based on language, country of 
origin, or observation period.

Participants
We included patients aged ≥ 15 years with suspected bac-
teremia who had undergone at least one set of blood cul-
tures, comprising both an aerobic and anaerobic bottle. 
The presence of fever was not a requirement for inclusion 
in this review. We excluded patients who were undergo-
ing targeted temperature management, a procedure that 
can induce shivering by maintaining the body tempera-
ture between 33 and 36 °C [13].

Index test
The index test used in this study for the main analy-
sis was based on the presence of shaking chills, shiver-
ing, or rigors. Additionally, in the sensitivity analysis, 
we focused on a complaint of chills to assess the impact 
of the presence or absence of chills on diagnostic accu-
racy, while also exploring any difference in performance 
based on the extent of chills experienced by patients. The 
definitions for these manifestations were determined by 
the authors of each study. In this review, “all chills” was 
defined as any sensation of chills, including shaking chills 
and chills, as described in the original studies.

Reference standard
The reference standard utilized in this study was blood 
cultures. Generally, one set of blood cultures for adults 
represents one aerobic bottle and one anaerobic bottle, 
with 8–10  mL of blood typically required for each bot-
tle. Medical personnel practice skin sterilization before 
venipuncture and obtain a minimum of two sets of blood 
cultures from each of the two designated sites, such as 
both arms, before initiating antibiotic therapy. However, 
in this review, we defined the reference standard as at 
least one set of blood cultures to enhance the statistical 
power of this research by increasing the total number of 
included studies. No restrictions were placed on the bot-
tle types or manufacturers used for blood cultures across 
the original study facilities.
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Target condition
The target condition was true bacteremia, which refers 
to the presence of bacteria in the bloodstream, exclud-
ing contamination. Detailed definitions of true bactere-
mia and contamination were determined by the authors 
of the original studies. The review did not impose any 
restrictions on the types of organisms identified in the 
cultures.

Information sources and search strategy
For article retrieval, we searched several electronic 
databases, including the Cochrane Central Regis-
ter of Controlled Trials (CENTRAL), MEDLINE, and 
Embase. Additionally, we conducted searches on the 
World Health Organization International Clinical Tri-
als Platform (ICTRP) Search Portal and ClinicalTrials.
gov websites. Non-English language papers were trans-
lated and evaluated for potential inclusion. Further-
more, we comprehensively conducted manual searches 
of the references cited in all the included articles and 
examined other studies that cited them to gather rel-
evant information for this review. The search strategy 
employed in this review has been presented in Addi-
tional file 2.

Study selection
In the initial stage, all the identified articles were down-
loaded and processed using Rayyan (https://​www.​rayyan.​
ai/) [14]. Subsequently, two independent reviewers (TA, 
TN, ST, or HN) screened the titles and abstracts of these 
articles, following predefined inclusion and exclusion 
criteria. After this initial screening, the reviewers inde-
pendently reviewed the full texts of the extracted articles. 
In cases where an article only provided an abstract or its 
adherence to the study’s inclusion criteria was unclear, 
the original author was contacted for clarification. Any 
disagreements between the two reviewers were resolved 
through discussion and consensus. If necessary, a third 
reviewer was consulted to aid the resolution of any con-
flicting assessments.

Data extraction
The pre-checked data extraction form underwent amend-
ments based on our pilot review of 10 randomly selected 
studies. Following this, in studies that met the eligibility 
criteria, two authors (TA, TN, ST, or HN) independently 
extracted data on participant demographics, sample size, 
testing methods, as well as sensitivity and specificity val-
ues reported in each study. Any disagreements between 
the two reviewers were discussed and resolved. In cases 
where further clarification or missing information was 

required, the reviewers either consulted a third reviewer 
or contacted the original authors.

Risk of bias and applicability
Two independent authors (TA, TN, ST, or HN) assessed 
the risk of bias and applicability in the included studies 
using the Quality Assessment of Diagnostic Accuracy 
Studies 2 (QUADAS-2) tool, which was modified for 
this review [15]. Any disagreements between the two 
authors were resolved through discussion. If any conflict 
persisted despite this discussion, a third reviewer inter-
vened to resolve the disagreement. In cases where there 
was uncertainty regarding study designs or outcomes 
that needed to be assessed, the original authors of the 
respective studies were contacted for clarification. When 
no response to our inquiry was received, we proceeded to 
assess the risk of bias and applicability solely relying on 
the descriptions within the original articles.

Diagnostic accuracy measures
To evaluate the diagnostic accuracy, we extracted raw 
data on shaking chills for the main analysis or all chills 
for sensitivity analysis, as well as bacteremia diagnoses 
from each included study. These data were then used to 
construct 2 × 2 tables, which allowed us to calculate the 
diagnostic values such as sensitivity and specificity. Point 
estimates and 95% confidence interval (95% CI) were cal-
culated to estimate the diagnostic performance. These 
results were visually presented using a forest plot.

Synthesis of results and meta‑analysis
A summary receiver operating characteristic (SROC) 
curve was generated to illustrate the distribution of sen-
sitivity and specificity values observed in the original 
studies. To estimate an SROC curve that integrates the 
results, a hierarchical model was used. Additionally, the 
bivariate model was used to estimate a summary point 
with 95% CI and 95% prediction interval. Throughout the 
synthesis of results and meta-analysis, we followed the 
recommended methods in the Cochrane Handbook for 
Systematic Reviews of Diagnostic Test Accuracy (v2.0) 
[16]. All analyses were performed using RevMan 5.4 and 
Diagnostic Test Accuracy Meta-Analysis v2.01 (https://​
crsu.​shiny​apps.​io/​dta_​ma/).

Evaluation of heterogeneity
We evaluated the heterogeneity visually by using the 
SROC curves and forest plots and considered conduct-
ing subgroup analyses to investigate the diagnostic 
accuracy specifically in the older population, those with 
malignancy, individuals on steroids or immunosuppres-
sive agents, or those who had received antibiotic use 
prior to blood culture sample collection. However, the 

https://www.rayyan.ai/
https://www.rayyan.ai/
https://crsu.shinyapps.io/dta_ma/
https://crsu.shinyapps.io/dta_ma/


Page 4 of 18Aita et al. BMC Medicine          (2024) 22:240 

included studies did not report the stratified results for 
these particular subgroups. Thus, rather than performing 
a subgroup analysis for the prespecified populations, we 
presented the percentage of these covariates using study-
level summaries [17].

Moreover, to examine other potential sources of heter-
ogeneity, we performed additional subgroup analyses on 
the following categories:

1.	 The setting of patient enrollment [emergency depart-
ment (ED) vs. any setting including outpatient 
department, ward, intensive care unit, and ED]

2.	 Hemodialysis status [exclusively patients undergoing 
hemodialysis (HD) vs. others]

We calculated summary estimates of the sensitivity 
and specificity for the different subgroups by the bivari-
ate model and examined the difference of these values 
between subgroups through meta-regression using Stata 
18.0 [16].

Sensitivity analysis
In sensitivity analysis, we evaluated the diagnostic accu-
racy for bacteremia by incorporating an alternative index 
test that considered all chills. Furthermore, although not 
pre-specified, we conducted an assessment of diagnostic 
accuracy exclusively within studies that included patients 
with blood culture contamination, considering them 
within the non-bacteremia group during the analysis. 
This approach was adopted to prevent potential biases 
and ensure a more accurate estimation.

Evaluation of publication bias
We searched clinical trial registries (ClinicalTrials.gov 
and ICTRP) for completed but unpublished studies. 
Statistical tests were not performed according to the 
Cochrane Handbook [16].

Protocol publication and the difference between protocol 
and review
We registered the protocol for this review in PROSPERO 
(CRD42021282466). Although our initial plan was to 
assess heterogeneity by investigating potential differences 
in sensitivity, specificity, or both results among various 
subgroups (such as different age categories, individu-
als with malignancy, those taking immunosuppressants, 
and those who had received antibiotics prior to blood 
culture collection), we were unable to conduct this evalu-
ation due to insufficient data on these subgroups. Alter-
natively, we reported the proportion of these subgroups 
presented in each included study. Furthermore, for the 
same reason, we could not conduct a sensitivity analysis 
on the diagnostic accuracy of shaking chills for patients 

who received antibiotics before the collection of blood 
cultures. We implemented further subgroup analyses and 
sensitivity analyses based on covariates and scenarios 
that were not predefined, as mentioned previously.

Results
Study selection
We retrieved 728 articles from MEDLINE, 4862 articles 
from Embase, 79 articles from CENTRAL, 3 articles 
from ClinicalTrial.gov, and 1842 from citation searching. 
After screening 107 articles for eligibility, we included 19 
articles for the main analysis and 39 articles for the sen-
sitivity analysis. The detailed review process is depicted 
in Fig. 1, which comprises a flow diagram illustrating the 
selection and inclusion of the articles.

Characteristics of included studies
A total of 14,641 patients from 19 studies were included, 
utilizing shaking chills as the index test. The mean age 
in these studies varied between 50 and 84  years. These 
studies were conducted between 1990 and 2023 across 
multiple countries, including the USA, Australia, Euro-
pean, and Asian countries. Among the 19 studies, 11 had 
a prospective design, whereas 8 were retrospective. The 
primary sites for patient enrollment were ED in 7 stud-
ies and any hospital setting, including wards, in 12 stud-
ies. Patients with contaminated blood cultures from 15 
studies were included in the non-bacteremia group for 
the main analysis. Further information can be found in 
Table  1 and Additional file  3: Table  S1 [4, 7–9, 18–32] 
(Table  S1 includes other study characteristics regarding 
the incubation time of blood cultures, administered anti-
biotics before taking blood cultures, severity of patient’s 
conditions, and patient’s comorbidities). The characteris-
tics of the included studies that focused on chills are pre-
sented in Additional file 3: Table S2 [5, 33–51].

Assessment results of risk of bias and applicability
The assessment of risk of bias and applicability of the 
included studies for shaking chills and all chills as the 
index test have been presented in Figs. 2 and 3 and Addi-
tional file  4: Figs. S1 and S2, respectively. As shown in 
Figs. 2 and 3, 14 studies were deemed to have a high risk 
of bias in patient selection due to inappropriate exclusion. 
Although five studies had an unclear risk due to the lack 
of description of the blinding of blood culture results, the 
majority of studies showed a low risk of bias in the index 
test. Regarding the reference standard, the risk of bias 
was unclear in most studies, except in six, primarily due 
to the uncertainty of implementation of blinding for the 
index test results. A total of 18 studies exhibited unclear 
or high risk of bias in terms of flow and timing, primarily 
because of inappropriate intervals between the index test 
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and reference standard or the exclusion of patients with 
blood culture contamination from the analysis. With 
regard to the applicability, 15 studies generated concern 
about patient selection, as the study population differed 
from our target population. However, the majority of 
studies demonstrated low concern regarding the applica-
bility of the index test and reference standard.

Results of individual studies and synthesis of the results
The diagnostic accuracy measures observed in the 
included studies for shaking chills and all chills as the 
index test are shown in Fig. 4 and Additional file 5: Fig. 
S3, respectively. In Fig.  4, the summary point of speci-
ficity demonstrated a narrower range, from approxi-
mately 0.8 to 0.9, whereas the sensitivity values showed 
a wide range. Furthermore, the estimated sensitivity and 
specificity in all included studies show scattered values 
(Additional file  5: Fig. S3). Based on the results of the 
meta-analysis, hierarchical SROC (HSROC) based on the 
bivariate model of the included studies for shaking chills 
shows an estimated combined summary point, 95% con-
fidence region, and 95% prediction region. The estimated 
combined sensitivity and specificity were 0.37 (95% CI, 

0.29 to 0.45) and 0.87 (95% CI, 0.83 to 0.90), respectively 
(Fig. 5). Notably, a visual assessment revealed significant 
heterogeneity across the included studies.

Evaluation of heterogeneity
To elucidate the underlying reasons for the notable het-
erogeneity observed in the meta-analysis, we detailed 
the characteristics of each study and conducted sub-
group analyses. We reported the proportion of specific 
subgroups within each study, including patients who 
received antibiotics before blood culture, those with 
severe conditions, those with comorbidities such as 
malignancy, diabetes mellitus (DM), and chronic kidney 
disease (CKD), and those using steroids or immunosup-
pressants (Additional file 3: Tables S1 and S2). While the 
severity of patients’ conditions was scarcely reported, 
the proportion of patients receiving antibiotics before 
blood cultures varied across the studies, ranging from 
5.6 to 37.7%. Furthermore, the proportion of those with 
comorbidities that could suppress the immune function 
extremely differed between studies.

Subgroup analysis revealed significant heterogeneity in 
the patient enrollment setting, while the heterogeneity 

Fig. 1  PRISMA 2020 flow diagram. We re-searched the database, articles citing included studies, and those cited in the included research twice. In 
the flow of database re-search and citation search, the total number of articles based on the additional searches is described. CENTRAL, Cochrane 
Central Register of Controlled Trials; ICTRP, International Clinical Trials Registry Platform; RCTs, randomized controlled trials
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Fig. 2  Risk-of-bias assessment of the included studies for shaking chills using the QUADAS-2 tool*. *Two cohorts are presented separately as they 
were included in a study conducted by Sasaki in 2021
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between studies including only patients undergoing 
HD and those that did not was not significantly evi-
dent (Table  2). On a meta-regression, the absolute dif-
ferences in sensitivity and specificity between the ED 
setting and any setting were 0.21 (95% CI, 0.03 to 0.38) 
and − 0.08 (95% CI, − 0.15 to − 0.01), respectively. By con-
trast, the absolute differences in sensitivity and specific-
ity between the population on HD and others were − 0.15 
(95% CI, − 0.37 to 0.06) and 0.02 (95% CI, − 0.10 to 0.13), 
respectively.

Sensitivity analysis
We conducted a sensitivity analysis to assess the diagnos-
tic accuracy of all chills. In a meta-analysis of 39 included 
studies involving 48,910 individuals, we observed higher 
estimated combined sensitivity (0.43; 95% CI, 0.35 to 
0.52) and lower specificity (0.80; 95% CI, 0.75 to 0.84) for 
all chills than for shaking chills (Additional file 5: Fig. S4). 
Furthermore, heterogeneity among the included stud-
ies regarding all chills was more prominent than that 
observed specifically for shaking chills.

Considering the influence of uninterpretable outcomes 
such as contamination of our findings, we assessed the 

diagnostic accuracy exclusively within the studies that 
included patients with blood culture contamination, 
and we included these patients within the non-bactere-
mia group during analysis. Consequently, the combined 
sensitivity and specificity were 0.34 (95% CI, 0.28 to 
0.41) and 0.87 (95% CI, 0.83 to 0.91), respectively (Addi-
tional file 6: Figs. S5 and S6), and this HSROC suggests 
a reduced level of heterogeneity compared with that of 
the main analysis (Additional file 6: Fig. S6). These results 
suggest that the diagnostic accuracy is consistent with 
the main analysis. Therefore, our study findings can be 
considered robust.

Discussion
Summary of evidence
In this review, we assessed the diagnostic accuracy of 
shaking chills for bacteremia by conducting a systematic 
review and meta-analysis (Table 3). Additionally, we also 
examined the diagnostic accuracy of all chills in a sensi-
tivity analysis.

Overall, our analysis revealed that shaking chills have 
emerged as a highly specific manifestation of bacteremia. 
This finding is consistent with those of previous studies 

Fig. 3  Summary of the QUADAS-2 risk-of-bias assessments in included studies for shaking chills*. *Two cohorts were included in a study conducted 
by Sasaki in 2021; thus, this figure includes 20 studies although 19 studies were included in the main analysis in our review

Fig. 4  Forest plot of the included studies using shaking chills as the index test. ED, emergency department; any setting: outpatient department, 
ward, intensive care unit, and ED
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Fig. 5  HSROC analysis based on the bivariate model of the included studies for shaking chills. HSROC, hierarchical summary receiver operating 
characteristic

Table 2  Subgroup analysis

ICU intensive care unit, ED emergency department, CI confidence interval
a Two cohorts were included in a study conducted by Sasaki in 2021

Subgroup Number of studies (n) Participants (n) Sensitivity (95% CI) Specificity (95% CI)

The setting of patient enrollment

  Limited to emergency department 7 4260 0.51 (0.35–0.67) 0.81 (0.75–0.86)

  Any setting (outpatient department, 
ward, ICU, and ED)

12 (13 cohortsa) 10,381 0.30 (0.24–0.37) 0.89 (0.85–0.92)

Hemodialysis status

  Only patients on hemodialysis 2 (3 cohortsa) 749 0.23 (0.09–0.48) 0.88 (0.72–0.95)

  Others 17 13,892 0.39 (0.31–0.48) 0.86 (0.82–0.90)
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that have assessed the diagnostic accuracy of the differ-
ent degrees of chills for bacteremia [7–9]. A prospec-
tive cohort study reported that the adjusted risk ratio of 
shaking chills for bacteremia was 12.11 (95% CI, 4.06 to 
36.16), followed by moderate chills [4.14 (95% CI, 1.61 to 
10.66)] and mild chills [1.77 (95% CI, 0.94 to 3.33)] [8]. 
Other previous studies showed the adjusted odds ratios 
of shaking chills for bacteremia were 13.7 (95% CI, 4.47 
to 42.0) and 2.53 (95% CI, 1.50 to 4.28) [7, 9]. These stud-
ies concluded that the presence of shaking chills helped 
predict bacteremia. Additionally, although our review 
demonstrated that shaking chills have lower sensitivity 
than that of all chills, shaking chills are a more reliable 
marker for bacteremia because of higher specificity with 
less variation on comparing both forest plots. This robust 
finding highlights the increased value of shaking chills.

This is the first systematic review to have assessed the 
diagnostic accuracy of shaking chills in adult patients 
with suspected bacteremia, without consideration of 
underlying illnesses or the patient’s infective state. 
Although one systematic review focusing on shaking 
chills as an index test has been reported, this research 
focused on children and targeted not only bacteremia 
but also other serious bacterial infections, such as sepsis, 
meningitis, pneumonia, pyelonephritis, osteomyelitis, 
septic arthritis, or cellulitis [10]. Thus, while the diag-
nostic ability of shaking chills had been limited to diag-
nose these infections without malignancy, shaking chills 
was helpful in patients with malignancy due to a signif-
icantly positive likelihood ratio of 3.47 (95% CI, 2.58 to 
4.36). In contrast, our review exclusively concentrated on 
adult patients with suspected bacteremia, encompass-
ing a diverse array of coexisting medical conditions such 
as DM (at least 7% of the total cases), CKD (at least 6%), 
and malignancy (at least 5%). Additionally, the severity 
of infection-related conditions varied, including some 
patients requiring intensive care and others experiencing 
septic shock. Our findings revealed a notable specificity 
of shaking chills in distinguishing bacteremia, irrespec-
tive of the presence of comorbidities or the severity of the 
infection.

Clinical implications
The presence of shaking chills can be an indication 
for obtaining blood cultures, even from patients with-
out severe infection. In clinical practice, discerning the 
appropriate indications for blood cultures is a challeng-
ing task. The failure to detect bacteremia due to lack 
of blood cultures can lead to fatal consequences. Con-
versely, obtaining two sets of blood cultures is a relatively 
invasive and time-consuming procedure that usually 
involves drawing 36–40  mL of blood from the patient 
and requiring at least two healthcare professionals for 

the procedure, who must adhere to strict sterile tech-
niques. Thus, the indications for blood cultures should 
be carefully determined. To facilitate these decisions, 
several clinical prediction models for bacteremia have 
been developed [4–6, 20, 34, 40]. However, some of these 
models incorporate all chills, rather than just shaking 
chills, as one of the predictors of bacteremia [4–6, 42]. 
The complaint of chills is subjective, and obtaining a reli-
able history of chills is often difficult from patients with 
communication difficulties, such as those with dementia. 
However, shaking chills are a more objective and identifi-
able sign because of visible shivering. Therefore, although 
shaking chills serve as a highly specific but less sensitive 
predictor, its presence should prompt consideration for 
obtaining blood cultures, but blood cultures should not 
be omitted even in the absence of shaking chills.

The presence of shaking chills can also be an indication 
of early administration of antibiotics. To use appropri-
ate antibiotics, identification of the source of infection 
is necessary. Regarding sepsis, the relationship between 
prompt antimicrobial treatment and clinical outcomes 
remains controversial [52]. Furthermore, the associa-
tion between time-to-antibiotics and mortality is lim-
ited for patients with sepsis but without shock [53, 54]. 
However, in case of bacteremia, a > 5-h delay in antibiotic 
administration is associated with the progression to sep-
tic shock in sepsis [55], and a delay of > 12 h is correlated 
with increased 30-day mortality in bloodstream infec-
tions [56]. Therefore, while attempting to investigate the 
infectious origin, clinicians should sometimes consider 
prompt administration of broad-spectrum antibiotics 
even before identifying infectious sites if the patient has 
an episode of shaking chills.

Strengths and limitations
The strength of our systematic review is our compre-
hensive assessment of the diagnostic accuracy across 
different degrees of chills. Furthermore, this systematic 
review was conducted with methodological rigor and 
adherence to established guidelines such as PRISMA 
2020, PRISMA-DTA, and the Cochrane Handbook. 
Moreover, our study exhibits strong external validity, par-
ticularly relevant to patients suspected of having bacte-
remia. Notably, this meta-analysis encompassed a diverse 
range of infections, such as pneumonia, urinary tract 
infections, and cellulitis, as it included all adult patients 
who underwent at least one set of blood cultures. In 
real-world clinical scenarios, physicians often lack pre-
cise information regarding the source of infection when 
ordering blood cultures for patients. The inclusion of 
patients with a wide range of infection contexts enhances 
the generalizability of this study.
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Our study has some limitations in terms of data 
retrieval and the applicability of our research findings. 
First, the presence of shaking chills may be underre-
ported because this study included eight retrospective 
studies. In these studies, complaints of shaking chills 
were extracted from medical records. If medical staff had 
not reported the complaint regardless of the positive his-
tory, the number of complaints of shaking chills would 
have been underreported, potentially inducing a bias 
in the estimation of the diagnostic accuracy of shaking 
chills. Second, concerns regarding the applicability of our 
results are heightened by the significant heterogeneity 
observed in our research. This heterogeneity could stem 
from considerable variation in the study populations, 
including differences in settings and underlying diseases. 
Subgroup analysis revealed that shaking chills had a 
higher sensitivity and slightly lower specificity in patients 
enrolled via the ED. Although the noticeably high sensi-
tivity observed in the two studies within the ED subgroup 
[7, 23] may impact the results of this analysis, the diag-
nostic accuracy of shaking chills could vary across differ-
ent patient settings. Due to the lack of stratified data, we 
were unable to comprehensively investigate other sources 
of heterogeneity. Therefore, further research should aim 
to narrow the settings and specify the patients’ underly-
ing diseases. Such research, when meta-analyzed, will 
contribute to improving the applicability of our findings.

Conclusions
The presence of shaking chills has emerged as a specific 
but less sensitive predictor of bacteremia. Blood cultures 
should be considered for patients presenting with shak-
ing chills, even without severe conditions. In addition, 
timely blood culture collection and early initiation of 
antibiotics are crucial in cases of shaking chills to prevent 
septic deterioration. Nevertheless, the lack of shaking 
chills should not be a reason to dismiss the possibility of 
bacteremia and the initiation of early antibiotic therapy.
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