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Abstract

Background: Mortality and other clinical outcomes between culture-negative and culture-positive septic patients
have been documented inconsistently and are very controversial. A systematic review and meta-analysis was per-
formed to compare the clinical outcomes of culture-negative and culture-positive sepsis or septic shock.

Methods: We searched the PubMed, Cochrane and Embase databases for studies from inception to the 1st of
January 2021. We included studies involving patients with sepsis or septic shock. All authors reported our primary
outcome of all-cause mortality and clearly compared culture-negative versus culture-positive patients with clini-
cally relevant secondary outcomes (ICU length of stay, hospital length of stay, mechanical ventilation requirements,
mechanical ventilation duration and renal replacement requirements). Results were expressed as odds ratio (OR) and
mean difference (MD) with accompanying 95% confidence interval (Cl).

Results: Seven studies including 22,655 patients were included. The primary outcome of this meta-analysis showed
that there was no statistically significant difference in the all-cause mortality between two groups (OR=0.95; 95% Cl,
08810 1.01; P=0.12; Chi->=30.71; > =80%). Secondary outcomes demonstrated that there was no statistically signifi-
cant difference in the ICU length of stay (MD=—0.19,95% Cl, —0.42 to 0.04; P=0.10;Chi->=5.73; > = 48%), mechani-
cal ventilation requirements (OR=1.02; 95% Cl, 0.94 to 1.11; P=0.61; Chi’=6.32; > =53%) and renal replacement
requirements (OR=10.82; 95% Cl, 0.67 to 1.01; P=0.06; Chi-*=1.21; > = 0%) between two groups. The hospital length
of stay of culture-positive group was longer than that of the culture-negative group (MD=—3.48;95% Cl, —4.34 to
—2.63; P<0.00001,Chi-*=1.03; > =0%). The mechanical ventilation duration of culture-positive group was longer
than that of the culture-negative group (MD =—0.64;95% Cl, —0.88 to —0.4; P < 0.00001;Chi-> = 4.86; > = 38%).

Conclusions: Culture positivity or negativity was not associated with mortality of sepsis or septic shock patients.
Furthermore, culture-positive septic patients had similar ICU length of stay, mechanical ventilation requirements and
renal replacement requirements as those culture-negative patients. The hospital length of stay and mechanical venti-
lation duration of culture-positive septic patients were both longer than that of the culture-negative patients. Further
large-scale studies are still required to confirm these results.
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Key messages

+ Culture positivity or negativity was not associated
with mortality of sepsis or septic shock patients.

« Culture-positive septic patients had similar ICU
length of stay, mechanical ventilation requirements
and renal replacement requirements as those culture-
negative patients.

+ The hospital length of stay and mechanical ventila-
tion duration of culture-positive septic patients were
both longer than that of the culture-negative patients.

Introduction

The incidence of sepsis and septic shock has been
increasing worldwide over the past decade, and its mor-
bidity and mortality are still unacceptably high [1]. Mor-
tality from sepsis and septic shock remains incredibly
high, ranging between 20 and 40%, depending on the
severity of illness [2, 3]. Guidelines and protocols for sep-
sis and septic shock treatment have been published and
modified over the past two decades. These guidelines
widely recommend empirical application of broad-spec-
trum antibiotics, and several studies have demonstrated
that time to effective antibiotic therapy reduces patient
mortality [4].

According to The Third International Consensus Defi-
nitions for Sepsis and Septic Shock (Sepsis-3), sepsis was
defined as life-threatening organ dysfunction caused by
a dysregulated host response to infection. Patients with
septic shock can be identified with a clinical construct of
sepsis with persisting hypotension requiring vasopressors
to maintain mean arterial pressure(MAP)>65 mm Hg
and having a serum lactate level >2 mmol/L (18 mg/dL)
despite adequate volume resuscitation [5]. Sepsis involves
a wide array of sources and microorganisms, only a frac-
tion of which are microbiologically documented. Sepsis/
septic shock without a microbiologically documented
infection is called culture-negative sepsis/septic shock.
Determination of culture-negative septic shock was
based on the diagnosis of septic shock in the absence of
positive pathogen cultures from blood, sputum, body
fluids, or other tissues. Previous studies have shown that
the proportion of culture-negative cases was between 28
and 49% of all patients with sepsis [6—8]. Culture-nega-
tive sepsis poses special diagnostic challenges to both
clinicians and microbiologists and further questions the
validity of sepsis definitions [9].

Sepsis or septic shock is a highly heterogeneous syn-
drome, affecting patients with various underlying con-
ditions. The possibility exists that culture-negative cases
may differ in fundamental ways from culture-positive
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sepsis or septic shock with respect to pathophysiology,
epidemiology, and treatment responses [10]. Mortality
and other clinical outcomes between culture-negative
and culture-positive septic patients have been docu-
mented inconsistently and are very controversial. There-
fore, we conducted a meta-analysis, which extracted
results from published cohort studies to compare the
clinical outcomes of culture-negative and culture-posi-
tive sepsis or septic shock.

Methods

This systematic review and meta-analysis is reported
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
[11]. Ethical approval was not necessary for this study
because it was a review of the published literature.

Search strategy

We searched the PubMed, Cochrane, and Embase data-
bases for studies from inception to the 1st of January
2021 using the following search terms: culture-positive,
culture-negative, sepsis, severe sepsis, septic shock. The
search was slightly adjusted according to the require-
ments of the different databases. The authors’ personal
files and reference lists of relevant review articles were
also reviewed. The flowchart of the search strategies is
summarized in Fig. 1.

Types of outcome measures

The primary outcome was all-cause mortality, all-cause
mortality included hospital mortality, 28-day mortality
and 90-day mortality. Secondary outcomes were inten-
sive care unit (ICU) length of stay, hospital length of stay,
mechanical ventilation requirements, mechanical ven-
tilation duration and renal replacement requirements.
Weighted means were calculated based on the number of
patients in each study.

Study selection

The inclusion criteria were as follows: (1) prospective
and retrospective cohort studies; (2) patients with sep-
sis or septic shock; (3) all authors reported our primary
outcome of all-cause mortality; (4) clearly comparing cul-
ture-negative versus culture-positive patients with clini-
cally relevant secondary outcomes. We excluded studies
including not estimable data [12] and without clear com-
parisons of the outcomes. In addition, we excluded letter
and review.

Quality assessment

Two reviewers (YL and JG) independently performed
quality assessment. The quality of studies was assessed
using the Newcastle-Ottawa scale (NOS) for cohort
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Fig. 1 Flowchart of literature selection

studies [13]. NOS allocates a maximum of 9 points
according to the quality of the selection, comparabil-
ity and outcomes of the cohort study populations. Study
quality was defined as poor (0-3), fair (4—6) or good
(7-9). The quality of the included cohort studies is pre-
sented in Table 1.

Statistical analysis

Statistical analyses were performed using Review Man-
ager Version 5.3 (RevMan, The Cochrane Collaboration,
Oxford, UK). Odds ratio (OR) with 95% confidence inter-
vals (CIs) was calculated for dichotomous variables. As to
the continuous variables, mean difference (MD) and 95%
CI were estimated as the effect result. A random-effect
model was used to pool studies with significant hetero-
geneity, as determined by the Chi-squared test (P<0.10)
and inconsistency index (I*>50%)[14]. Some of the
selected continuous variables were represented by the
median (interquartile range). We calculated their mean

and standard deviation according to the sample size with
an calculator [15] and then performed meta-analysis.
A P value<0.05 was set as the threshold of statistical
significance.

Results

Study characteristics

The search strategy identified 235 studies, and the data
were from seven cohort studies comprising 22,655
patients (Table 2) [16-22]. The characteristics of the
included studies are shown in Table 2. A total of seven
eligible studies were published between 2013 and 2021.
Among these studies, two studies were conducted in
USA, one study was conducted in Singapore, one study
was conducted in Germany, one study was conducted
in Saudi Arabia, one study was conducted in Korea, one
study was conducted in Canada, USA and Saudi Ara-
bia. Six of these studies were single-center studies, and
one was multicenter study. The proportion of patients
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Table 1 Quality of the included cohort studies (The Newcastle—Ottawa scale)
Study Selection Comparability Outcome
Representativeness Selection Ascertainment of Demonstration Comparability Assessment of Was Adequacy  Total
of the exposed of the non- exposure that outcome of  of cohorts on outcome follow-up of follow-up score
cohort exposed interest was not the basis of long of cohorts
cohort present at the the design or enough for
start of study analysis outcomes
to occur
Phua et al. * * * * Kk * * * 9
[16]
Bastetal. * * * * * * * * 8
(7]
Easawetal. % * * * Kk * * * 9
(8]
Kethireddy * * * * Fok * * 9
etal.[19]
Sigakisetal. % * * * Kk * * 9
[20]
Hazwani * * * * * * * 7
etal. [21]
Kim et al. * * * * Kk * * 9
[22]
Table 2 The basic characteristics of studies included in meta-analysis
Author Year Country Study period All-cause Study design No. of patients
mortality
Total Culture negative Culture positive
Phua et al. [16] 2013 Singapore 2004-2009 Hospital Single-center, pro- 1001 415 586
spective cohort
study
Bastetal. [17] 2015 Germany 2009-2014 28-day Single-center, 584 288 296
retrospective
cohort study
Easaw et al. [18] 2017 USA Apr. 2016-Dec. All-cause Single-center, 80 42 38
2016 retrospective
cohort study
Kethireddy et al. 2018 Canada, Jan. 1997-Dec. Hospital Multicenter, retro- 8670 2651 6019
[19] USA, Saudi 2010 spective cohort
Arabia study
Sigakis et al. [20] 2019 USA Jan. 2007-May Hospital Single-center, 10,393 9288 1105
2014 retrospective
cohort study
Hazwanietal. [21] 2020 SaudiArabia Apr. 2015-Jan. All-cause Single-center, 209 179 30
2018 retrospective
cohort study
Kim et al. [22] 2021 Korea Jan. 2014-Dec. 90-day Single-center, 1718 706 1012
2018 retrospective
cohort study
with culture-positive sepsis or septic shock is about Primary outcome

40.1% (9086/22655). The median percentage of sepsis
episodes, which were culture negative, was 49.3%, but
there was variability across studies from a minimum
of 30.6% to a maximum of 89.4% with an interquartile
range of 41.1-52.5%.

A total of seven studies including 22,655 patients were
included, and the all-cause mortality was about 29.2%
(2928/13569 in the culture-negative group and 3690/9086
in the culture-positive group). There was no statistically

significant difference in the all-cause mortality between
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two groups (OR=0.95; 95% CI, 0.88 to 1.01; P=0.12;
Chi-2=30.71; > =80%) (Fig. 2). A funnel plot was used to

assess the publication bias (Fig. 3).

Secondary outcomes
ICU length of stay

Four of included studies were analyzed to assess the ICU
length of stay (day). There was no statistically significant
difference in the ICU length of stay between two groups
(MD =-0.19;95% CI, —0.42 to 0.04; P=0.10; Chi*=5.73;

P =48%) (Fig. 4).
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Hospital length of stay

Three of included studies were analyzed to assess the
hospital length of stay (day). The hospital length of stay
of culture-positive group was longer than that of the
culture-negative group (MD=-3.48;95% CI, —4.34 to
—2.63; P<0.00001; Chi->=1.03; ’=0%) (Fig. 5).

Mechanical ventilation requirements

Four of included studies were analyzed to assess the
mechanical ventilation requirements. There was no
statistically significant difference in the mechanical

Bast 2015

Culture negative

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI

Culture positive

Odds Ratio Odds Ratio

M-H. Fixed, 95% CI

96 288 71
Easaw 2017 13 42 10
Hazwani 2020 35 179 13
Kethireddy 2018 1253 2651 2833
Kim 2021 231 706 326
Phua 2013 149 415 258
Sigakis 2019 1151 9288 179
Total (95% CI) 13569
Total events 2928 3690

Heterogeneity: Chi? = 30.71, df = 6 (P < 0.0001); I> = 80%
Test for overall effect: Z=1.56 (P = 0.12)

296 2.9%
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30 1.1%

6019 57.7%
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1.26 [0.47, 3.33]
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1.02[0.83, 1.26]
0.71[0.55, 0.92]
0.73[0.62, 0.87]

0.95 [0.88, 1.01]

—_—

—_

—_—

b

-
—_
-

!

0.01

0.1 1 10

100

Fig. 2 Forest plot for all-cause mortality

Favours [negative] Favours [positive]

__SE(log[OR])

017

03T

0.5

Sl

o

0.01
Fig. 3 Funnel plot for all-cause mortality

0.1

N

10 100




Li et al. Crit Care (2021) 25:167 Page 6 of 9
Culture negative Culture positive Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Fixed. 95% CI IV, Fixed. 95% CI
Hazwani 2020 7 82211 179 6.3333 7.7842 30 0.6% 0.67[-2.37,3.70]
Kethireddy 2018 7.6667 5.9337 2651 8 6.6733 6019 64.7% -0.33[-0.62,-0.05]
Kim 2021 6 51998 706 5.6667 5.1966 1012 20.6% 0.33[-0.17,0.83]
Phua 2013 4.6667 4.4635 415 5 5202 586 14.2% -0.33[-0.93,0.27]
Total (95% CI) 3951 7647 100.0% -0.19 [-0.42, 0.04]
i Chi2 = - - .12 = 489 k + t t d
?et?;ogeneltyl.l cfr;n t527_31 daf5 :;(_PO 1(()J.13),I 48% 100 50 0 50 100
est for overall effect: Z = 1.65 (P = 0.10) Favours [negative] Favours [positive]
Fig. 4 Forest plot for ICU length of stay

Culture negative Culture positive

Mean Difference Mean Difference

i % Cl IV, Fix % Cl
Hazwani 2020 20 21.6737 179 29.1667 41.2563 30 0.3% -9.17 [-24.27, 5.93]
Kethireddy 2018 24.6667 21.5096 2651 28.3333 24.4689 6019 69.7% -3.67[-4.69,-2.64]
Phua 2013 13.3333 10.4148 415 16.3333 14.863 586 29.9% -3.00[-4.57,-1.43] o
Total (95% CI) 3245 6635 100.0% -3.48 [-4.34, -2.63] {
Heterogeneity: Chiz = 1.03, df = 2 (P = 0.60); I* = 0% f f T y y
o -100 -50 0 50 100
Test for overall effect: Z = 7.97 (P < 0.00001) Favours [negative] Favours [positive]
Fig.5 Forest plot for hospital length of stay
Culture negative  Culture positive Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% CI
Kethireddy 2018 2213 2651 5031 6019 47.5% 0.99[0.88, 1.12]
Kim 2021 186 706 225 1012 12.7% 1.25[1.00, 1.56]
Phua 2013 315 415 469 586 8.8% 0.79[0.58, 1.06]
Sigakis 2019 2074 9288 239 1105 31.0% 1.04 [0.90, 1.21]
Total (95% CI) 13060 8722 100.0% 1.02 [0.94, 1.11]
Total events 4788 5964
Heterogeneity: Chi? = 6.32, df = 3 (P = 0.10); I> = 53% '0 01 0'1 1' 1'0 100‘
Test for overall effect: Z = 0.52 (P = 0.61) Favours [negative] Favours [positive]
Fig. 6 Forest plot for mechanical ventilation requirements
Culture negative Culture positive Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Hazwani 2020 7.6667 5.979 179 5.3333 7.0058 30 0.8%  2.33[-0.32, 4.99]
Kethireddy 2018 3.6667 5.9337 2651 4.3333 6.6733 6019 71.9% -0.67 [-0.95, -0.38]
Kim 2021 7.3333 6.6855 706 8 8.1661 1012 11.5% -0.67[-1.37,0.04]
Phua 2013 3.6667 4.4635 415 4.3333 5.202 586 15.8% -0.67[-1.27,-0.07]
Total (95% CI) 3951 7647 100.0% -0.64 [-0.88, -0.40]
Heterogeneity: Chi? = 4.86, df = 3 (P = 0.18); I? = 38% ‘_100 _5‘0 0 5‘0 100‘
Test for overall effect: Z = 5.27 (P < 0.00001) Favours [negative] Favours [positive]
Fig. 7 Forest plot for mechanical ventilation duration

ventilation requirements between two groups (OR=1.02;
95% CI, 0.94 to 1.11; P=0.61; Chi’=6.32; I*=53%)
(Fig. 6).

Mechanical ventilation duration
Four of included studies were analyzed to assess the
mechanical ventilation duration (day). The mechanical

ventilation duration of culture-positive group was
longer than that of the culture-negative group
(MD=-0.64;95% CI, —0.88 to —0.4; P<0.00001;Chi-
2=4.86; I’ =38%) (Fig. 7).
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Renal replacement requirements

Three of included studies were analyzed to assess the
renal replacement requirements. There was no statis-
tically significant difference in the renal replacement
requirements between two groups (OR=0.82; 95% CI,
0.67 to 1.01; P=0.06; Chi->=1.21; I*=0%) (Fig. 8).

Discussion

This systematic review and meta-analysis of seven stud-
ies including 22,655 patients compared clinical outcomes
of culture-negative and culture-positive sepsis or sep-
tic shock patients. We found that only about 40.1% of
patients with sepsis or septic shock had a culture-positive
infection. Culture-negative and culture-positive patients
with sepsis or septic shock demonstrated a similar mor-
tality. The all-cause mortality was about 29.2%, and we
did not identify there was statistically significant differ-
ence in the all-cause mortality between culture-negative
and culture-positive groups. Clinical picture of labora-
tory values and vital signs had only fair discrimination
between culture-negative and culture-positive patients
and that culture-negative and culture-positive patients
had mostly similar risk factors for death [20].

Why should patients presenting with a clinical syn-
drome of sepsis or septic shock have culture-negative
infection? First, the patients may have been prescribed
empirical antibiotics at local clinics before sepsis or sep-
tic shock developed [23]. The most important predictor
of culture negativity was receipt of antibiotics within
the preceding forty-eight hours [20]. Second, the pro-
portion of sepsis or septic shock cases caused by atypi-
cal pathogens, including fungal and viral infections,
might be increasing [24, 25]. Microbiologically docu-
mented infections may include non-culturable pathogens
such as viruses, parasites, and probably fungi. It should
be acknowledged that viral/fungal/parasite infections
might not be so different from culture-positive infec-
tions in terms of effective definitive antimicrobial ther-
apy. Conventional microbiological methods frequently
not succeed in identifying a microorganism due to vari-
ous reasons related to technical issues or intrinsic to the
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microorganism. Promising researches using polymerase
chain reaction (PCR) methods showed that microbial
deoxyribonucleic acid (DNA)could be rapidly detected in
blood of septic patients and could detect potentially sig-
nificant fungi and bacteria not retrieved from blood cul-
ture [26, 27]. In addition, sputum cultures had a quite low
positivity rate, but bronchial aspiration could enhance
the possibility of identifying the causative pathogens [28].
Third, many patients having culture-negative sepsis or
septic shock might actually have non-infectious causes,
such as metabolic disorders, tissue injuries, inflammatory
diseases, adverse effects of drugs, malignancies and suba-
rachnoid hemorrhage [29, 30].

Besides all-cause mortality, culture-negative and cul-
ture-positive patients with sepsis or septic shock demon-
strated similar ICU length of stay, mechanical ventilation
requirements and renal replacement requirements in
our meta-analysis. However, the hospital length of stay
and mechanical ventilation duration of culture-positive
group were both longer than that of the culture-negative
group. These differences are likely due to differences in
patient populations, proportions of the sites of infection,
and resistance of the bacteria to antibiotics. The longer
mechanical ventilation duration and hospital length of
stay that we observed in culture-positive patients are
likely attributed to the greater occurrence of risk factors,
such as older age, higher proportion of malignancies and
higher Acute Physiology and Chronic Health Evaluation
II (APACHE II) Score. Since sepsis and septic shock are
heterogeneous syndromes, the sites of infection were
also quite different between the two groups. Previous
retrospective studies demonstrated that culture-positive
patients with intra-abdominal and lung infections were
associated with poor clinical outcomes [31, 32]. However,
urinary tract infections were associated with better clini-
cal outcomes than that of the others [33]. We consider
that culture negativity might imply susceptibility to the
initial antibiotic regimens prescribed, leading to a lesser
severity of disease. In addition, the clinical outcomes may

Culture negative  Culture positive
en ota en 0

Kim 2021 81 706 144

Total events 360 232
Heterogeneity: Chiz = 1.21, df =2 (P = 0.55); I? = 0%
Test for overall effect: Z = 1.89 (P = 0.06)

Fig. 8 Forest plot for renal replacement requirements

Neigh

50.4%
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0.78 [0.58, 1.05]
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be associated with not only the infection sources but also
the management of the sepsis and septic shock.

What are the implications of our meta-analysis’s
results? The Surviving Sepsis Campaign guidelines rec-
ommended early administration of broad-spectrum
antibiotics in an effort to improve outcomes in culture-
negative or culture-positive sepsis [34]. Every hour of
delay in the administration of effective antibiotics from
the onset of septic shock will result in increased mortality
[35]. Early antimicrobial therapy is deemed appropriate
among culture-negative septic patients if they are con-
sistent with national guidelines for the clinical syndrome.
Multiplex PCR amplification techniques should be used
for the quantification of fungi, viruses and bacteria to
elucidate the true-negative and false-negative rates of
cultures [36, 37]. If pathogens are not detected, interven-
tional laboratory tests should be used to escalate, con-
tinue, narrow or cease antibiotics coupled with a search
for non-infectious causes [38].

There are several limitations in our meta-analysis. First,
the number of included cohort studies is small. Further
large-scale clinical studies should be conducted in order
to confirm these results. Second, many of the secondary
outcomes such as ICU length of stay, hospital length of
stay, mechanical ventilation requirements, mechanical
ventilation duration and renal replacement requirements
were not included in all of the studies examined in this
meta-analysis. Third, there was still substantial hetero-
geneity among the included cohort studies. Very hetero-
geneous populations were included in both retrospective
and prospective cohort studies. Fourth, suspected source
of infection might be the main effect modifiers because
some sources of infection have high rates of culture posi-
tivity and low rates of mortality (especially urinary tract)
and some have low rates of culture positivity and high
mortality (especially pulmonary). However, not all of the
included studies specified the suspected source of infec-
tion. Few of them provided the mortality comparison of
culture-negative versus culture-positive infection strati-
fied by source of infection. Fifth, due to the limitation of
enrolled studies, our primary outcome all-cause mortal-
ity included in-hospital mortality, 28-day mortality and
90-day mortality. As we all understand, these mortality
rates are not interchangeable and they are depending on
the mortality provided in each included study. Therefore,
our results should be interpreted with caution.

Conclusions

We found that only about 40.1% of patients with sepsis
or septic shock had a culture-positive infection. Culture
positivity or negativity was not associated with mortal-
ity of sepsis or septic shock patients. Early antimicrobial
therapy is deemed appropriate among culture-negative
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septic patients if they are consistent with national guide-
lines for the clinical syndrome. Furthermore, culture-
positive septic patients had similar ICU length of stay,
mechanical ventilation requirements and renal replace-
ment requirements as those culture-negative patients.
The hospital length of stay and mechanical ventilation
duration of culture-positive septic patients were both
longer than that of the culture-negative patients. Fur-
ther large-scale studies are still required to confirm these
results.
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