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Abstract

What is known and objective: Gram-negative bacteremia remains a major health
problem around the world. The optimal duration of antibiotic treatment has been
poorly defined, and there are significant differences of opinion between clinicians.
We conducted this systematic review and meta-analysis to compare the clinical out-
comes of short-course and long-course treatments in patients with uncomplicated
gram-negative bacteremia.

Methods: We searched public databases (PubMed, EMBASE and Cochrane Library)
to identify eligible studies. The primary outcomes were all-cause mortality and the
incidence of recurrent bacteremia through day 30. We used the Cochrane risk of bias
assessment tool to evaluate the risk of bias for randomized controlled trials (RCTs)
and the Newcastle-Ottawa Scale for non-RCTs.

Results and discussion: Six studies involving 2689 patients were included in the
systematic review and meta-analysis. No significant difference was found between
short-course and long-course antibiotic treatments in 30-day mortality (risk ratio
[RR] 0.85; 95% confidence interval [Cl] 0.65-1.13; P = .26), 30-day recurrent bactere-
mia (RR 1.07; 95% Cl1 0.68-1.67; P = .78), 90-day mortality (RR 0.84; 95% CI| 0.57-1.24;
P = .38), 90-day recurrent bacteremia (RR 0.98; 95% Cl 0.50-1.89; P = .94), adverse
events (RR 1.14; 95% Cl 0.89-1.45; P = .30), Clostridium difficile infection (RR 0.86;
95% Cl 0.40-1.86; P = .71) or resistance development (RR 1.19; 95% Cl 0.66-2.14;
P=.57).

What is new and conclusion: Short-course was non-inferior to long-course an-
tibiotic treatments for patients with uncomplicated gram-negative bacteremia.
Considering the drug-related side effects and cost-effectiveness, a shorter duration
of antibiotic treatment may be preferable for this particular population. However,
additional high-quality RCTs are needed to further assess whether a shorter course
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negative bacteremia.

KEYWORDS

uncomplicated

1 | WHAT IS KNOWN AND OBJECTIVE

Although great progress has been made in medical science in the
past few decades, bloodstream infections (BSI), particularly those
due to gram-negative bacilli (GNB), remain a major health problem
worldwide and are associated with high morbidity and mortal-
ity.! More than 30% of hospital-acquired infections and approxi-
mately 45% of community-acquired infections are due to GNB, and
gram-negative bacteremia increases the length of hospital stays and
medical burdens.??

For patients with gram-negative bacteremia, the optimal dura-
tion of antibiotic treatment has been poorly defined and there is a
significant difference of opinion between clinicians. In the absence
of strong evidence on this issue, the duration of antibiotic treat-
ment for patients with gram-negative bacteremia ranges from 7 to
14 days, which are based to some extent on clinical practice guide-
lines for catheter-related infections and expert opinion.* Timely
and adequate antibiotic treatment may improve the prognosis of
patients with BSI®; however, prolonged exposure to antibiotics
may increase the incidence of adverse drug events, such as multi-
drug-resistant organisms and Clostridium difficile infections (CDI).6”
Reducing the treatment duration is one way to reduce antibiotic
consumption, which has become a major public health priority.®

There are several systematic reviews and meta-analyses compar-
ing the efficacy of short-course vs long-course antibiotic treatment
for bacteremia, and no significant differences in terms of clinical out-
comes have been identified.”*° However, no reviews have focused
on uncomplicated gram-negative bacteremia. A retrospective cohort
study conducted by Nelson et al concluded that long-course antibiotic
treatment may be superior to short-course.** Two recently completed
non-inferiority randomized controlled trials (RCTs) indicated that an
antibiotic course of 7 days was non-inferior to a 14-day course in pa-
tients with uncomplicated gram-negative bacteremia.*>*® In order to
examine the therapeutic equivalence between short-course and long-
course antibiotic treatment for uncomplicated gram-negative bactere-

mia, we conducted this systematic review and meta-analysis.

2 | METHODS

We followed the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA statement) guidelines to perform the

meta-analysis.'*

of antibiotic treatment is of greater benefit for patients with uncomplicated gram-

antibiotic treatment, duration, gram-negative bacteremia, meta-analysis., systematic review,

2.1 | Selection of studies

We reviewed PubMed, EMBASE and the Cochrane Central Register
of Controlled Trials Library database on 6 June 2020. The following
keywords were included in our search strategy: ‘duration’, ‘short-
course’, ‘long-course’, ‘prolonged’ AND ‘uncomplicated’ AND ‘bac-
teremia’ OR ‘bacteraemia’ OR ‘bloodstream infection’. We did not
impose any language restrictions. To find additional citations, the
reference lists of the included studies and recent review articles
were manually reviewed as necessary.

Studies were selected if they met the following criteria: (a) pop-
ulation: patients, whether adults or children, were diagnosed with
uncomplicated gram-negative bacteremia; (b) intervention: patients
received antibiotic treatment; (c) comparison intervention: short-
course vs long-course antibiotic treatment (as defined by the study
authors); and (d) outcome: at least one of the following clinical out-
comes were available (30-day mortality, 90-day mortality, recurrent
bacteremia, adverse events, CDI and resistance development). The
exclusion criteria were as follows: (a) uncomplicated gram-negative
bacteremia was not specified; (b) data regarding clinical outcomes
were unavailable; and (c) animal studies. Two authors (X. L.and C. L.)
independently assessed the selected studies for final analysis, and
any discrepancies were resolved through consultation with a third
author (F. Z.).

2.2 | Data extraction and quality assessment

The following information was extracted using a standard form by
two authors (X. L. and C. L.) and reviewed by a third (Z. M.): first
author, year of publication, study design, sample size, male per-
centage, median age of each group, duration of short-course and
long-course treatment, main causative pathogen, main source of
bacteremia and clinical outcomes, including 30-day mortality, 90-
day mortality, recurrent bacteremia, adverse events, CDI and resist-
ance development.

For RCTs, the Cochrane risk of bias assessment tool was used to
evaluate the risk of bias. Items included random sequence genera-
tion, allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data, selec-
tive reporting and other biases. For non-RCTs, the risk of bias was
assessed using the Newcastle-Ottawa Scale (NOS), which included

selection, comparability and outcome.*>*®
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2.3 | Data synthesis and analysis

The primary outcomes were the incidence of all-cause mortality
and recurrent bacteremia within 30 days. The secondary out-
comes included the incidence of all-cause mortality and recurrent
bacteremia through day 90, CDI, resistance development and ad-
verse events.

Clinical outcomes between the two groups were reported as
risk ratios (RRs) and 95% confidence intervals (Cls). Statistical het-
erogeneity among the trials included in the meta-analysis was as-
sessed and quantified using the I? statistic and chi-squared test,
which estimates the percentage of total variation across studies
due to heterogeneity rather than chance. When > < 50% and
P > .10 were considered to have no significant heterogeneity, we
used the fixed-effect mode. Otherwise, the random-effects model
was used as appropriate.”‘18 We performed Egger's test to assess
publication bias.’ To further ascertain which factors may have
influenced clinical outcomes among the included studies, sensi-
tivity and subgroup analyses were conducted within the particular
groups: RCTs vs non-RCTs, special bacteremia vs non-special bac-
teremia and adults vs children.

If the two-sided P value was <.05, the results were considered
statistically significant. Except for Egger's test, which was conducted
using STATA (version 14.0, Stata Corporation, College Station, TX),
all other statistical analyses were performed using Review Manager
(version 5.3, The Cochrane Collaboration, Oxford, UK).

3 | RESULTS
3.1 | Selection and characteristics of the studies

A total of 247 potentially relevant studies were identified by our
search strategy, of which 124 duplicate publications were excluded.
According to the inclusion and exclusion criteria, we excluded 112
studies by evaluating the titles and abstracts. After reading the full
texts of the remaining eleven studies, only six studies containing a
total of 2689 patients were included in the systematic review and
meta-analysis.>*3202% Two studies were excluded due to the una-
vailability of data.'%?* Three studies were excluded because patients
were not clearly defined as having uncomplicated gram-negative

25-27 (

bacteremia Figure 1).

The characteristics of the included studies are presented in
Table 1 (RCT: 2; prospective: 1; retrospective: 3). The definition of
short course and long course varied among the included studies, but
ranged from 6 to 11 days for the short course and more than 10 days
for the long course. The main causative pathogen was Escherichia
coli, and the main source of bacteremia was the urinary tract. Five

12,13,21-23

studies involved adults, while one involved children.?° Four

studies included patients diagnosed with uncomplicated gram-nega-

12,13,20,23

tive bacteremia, whereas two studies only included patients

with Enterobacteriaceae bacteremia®! or Pseudomonas aeruginosa in

the bloodstream.??
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247 potentially relevant articles identified by search
PubMed (n= 83)
EMBASE (n = 143)
Cochrane (n = 21)

—bl 124 Excluded (duplicate study)

123 potentially articles screened in
titles and abstracts

112 Excluded after screening
titles and abstracts

11 articles remained for full review

5 Excluded

2 Data unavailable

1 Not uncomplicated bacteremia

2 Not differentiate Gram-negative or
Gram-positive bacteremia

6 studies included in the meta-analysis

FIGURE 1 Flow diagram for the identification of eligible studies

3.2 | Study quality and publication bias

Because blinding was not performed in one RCT study, we assessed
performance bias and detection bias as unclear, while the other
items were assessed as having low bias (Appendix S1). For non-RCTs,
which were assessed by NOS, two scored 7 points, one 8 points and
one 9 points (Appendix S2). Egger's test indicated that publication
bias may exist (P = .010; Appendix S3).

3.3 | Primary outcomes

All studies reported 28- or 30-day all-cause mortality. There was
no significant difference between the short-course and long-course
groups (7.3% vs 6.3%, respectively). The pooled RR of 30-day all-
cause mortality was 0.85 (95% Cl 0.65.1.13; P = .26; Figure 2A).
No heterogeneity was detected among the studies (> = 0%). Four
studies reported the occurrence of recurrent bacteremia through
day 30,32922 3nd the pooled RR of 1.07 (95% Cl1 0.68.1.67; P = .78;
Figure 3) indicated no significant difference between the two groups
(4.2% vs 5.1%, respectively). No significant heterogeneity was de-
tected among the studies (12 = 23%).

We conducted subgroup analyses divided by study type, and
neither the RCT subgroup nor the non-RCT subgroup showed
statistically significant differences in 30-day all-cause mortality
between short-course and long-course antibiotic treatments. The
pooled RR was 0.83 (95% CI 0.44-1.55; P = .56) and 0.86 (95%
Cl 0.63-1.17; P = .34), respectively (Figure 2A). Subgroup analy-
ses according to the type of bacteremia showed no statistically
significant differences (specific bacteremia subgroup: RR 0.96;
95% Cl 0.65.1.43; P = .85; non-specific bacteremia subgroup: RR
0.77; 95% Cl1 0.52-1.13; P = .18; Figure 2B). When we excluded the

0

study on children,?® we also did not find a statistically significant
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long-course  short-course Risk Ratio Risk Ratio
(A) _studyor Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% Cl M-H., Fixed, 95% ClI
2.2.1 RCT subgroup
Dach 2020 4 163 6 166 6.1% 0.68 [0.20, 2.36] S
Yahav 2019 13 298 15 306 15.1% 0.89[0.43, 1.84] =
Subtotal (95% CI) 461 472 21.2% 0.83 [0.44, 1.55] -
Total events 17 21
Heterogeneity: Chiz = 0.14, df =1 (P = 0.71); I? = 0%
Test for overall effect: Z = 0.59 (P = 0.56)
2.2.2 Non-RCT subgroup
Chotiprasitsakul 2018 39 385 37 385 37.8% 1.05[0.69, 1.62] .
Fabre 2019 6 179 5 72 73% 0.48 [0.15, 1.53] e
Park 2014 5 170 6 170 6.1% 0.83[0.26, 2.68] i
Sousa 2019 23 232 23 163  27.6% 0.70 [0.41, 1.21] —& T
Subtotal (95% Cl) 966 790 78.8% 0.86 [0.63, 1.17] <+
Total events 73 71
Heterogeneity: Chi? = 2.37, df = 3 (P = 0.50); I = 0%
Test for overall effect: Z = 0.95 (P = 0.34)
Total (95% Cl) 1427 1262 100.0% 0.85 [0.65, 1.13]
Total events 90 92 ) ) ) )
Heterogeneity: Chi? = 2.51, df =5 (P =0.77); I? = 0% 0f01 0t1 i 1'0 160
Tt foraverel effgct: 211 _(P ~0.26) Favours [long-course] Favours [short-course]
Test for subgroup differences: Chi*=0.01. df =1 (P = 0.92). I?= 0%
long-course short-course Risk Ratio Risk Ratio
(B) —Study or Subgroup Events Total Even | Weight M-H, Fix % Cl M-H, Fix % ClI
2.3.1 Specific bacteremia
Chotiprasitsakul 2018 39 385 37 385 83.8% 1.05 [0.69, 1.62]
Fabre 2019 6 179 5 72 16.2% 0.48 [0.15, 1.53]
Subtotal (95% CI) 564 457 100.0% 0.96 [0.65, 1.43]
Total events 45 42
Heterogeneity: Chiz = 1.55, df =1 (P = 0.21); I? = 35%
Test for overall effect: Z = 0.19 (P = 0.85)
2.3.2 Nonspecific bacteremia
Dach 2020 4 163 6 166  11.1% 0.68 [0.20, 2.36] = e
Park 2014 5 170 6 170 11.2% 0.83[0.26, 2.68] s
Sousa 2019 23 232 23 163 50.3%  0.70[0.41,1.21] —
Yahav 2019 13 298 15 306 27.5% 0.89[0.43, 1.84] T
Subtotal (95% CI) 863 805 100.0% 0.77 [0.52, 1.13]
Total events 45 50
Heterogeneity: Chi? = 0.32, df = 3 (P = 0.96); I = 0%
Test for overall effect: Z = 1.35 (P = 0.18)
0.01 0.1 1 10 100
) i _ _ o Favours [long-course]  Favours [short-course]
Test for subgroup differences: Chi?=0.65.df = 1 (P = 0.42). = 0%
long-course  short-course Risk Ratio Risk Ratio
(©) _ Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% ClI M-H, Fix % Cl
2.4.1 Adult subgroup
Chotiprasitsakul 2018 39 385 37 385 40.3% 1.05 [0.69, 1.62]
Dach 2020 4 163 6 166  6.5% 0.68 [0.20, 2.36] - -
Fabre 2019 6 179 5 72 7.8% 0.48 [0.15, 1.53] B
Sousa 2019 23 232 23 163  29.4% 0.70[0.41, 1.21] N T
Yahav 2019 13 298 15 306 16.1% 0.89[0.43, 1.84] -
Subtotal (95% CI) 1257 1092 100.0% 0.86 [0.64, 1.14] <
Total events 85 86
Heterogeneity: Chi? = 2.51, df = 4 (P = 0.64); I = 0%
Test for overall effect: Z = 1.07 (P = 0.28)
2.4.2 Children subgroup
Park 2014 5 170 6 170 100.0% 0.83[0.26, 2.68] i
Subtotal (95% CI) 170 170 100.0% 0.83 [0.26, 2.68]
Total events 5 6
Heterogeneity: Not applicable
Test for overall effect: Z =0.31 (P = 0.76)
0.01 0.1 1 10 100

Test for subgroup differences: Chi* = 0.00. df = 1 (P = 0.97). I?= 0%

Favours [long-course]

Favours [short-course]

FIGURE 2 Forest plot of comparison: long course vs short course. A, Subgroup analyses for 30-d mortality divided by study type (RCTs
vs non-RCTs); (B) subgroup analyses for 30-d mortality divided by infecting organisms (specific bacteremia vs non-specific bacteremia); and
(C) subgroup analyses for 30-d mortality divided patient's age (adult group vs children group). RCT, randomized controlled trial [Colour figure
can be viewed at wileyonlinelibrary.com]
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long-course  short-course Risk Ratio Risk Ratio

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

Chotiprasitsakul 2018 9 385 5 385 14.2% 1.80 [0.61, 5.32] N

Dach 2020 2 163 1 166  2.8%  2.04[0.19, 22.24]

Fabre 2019 20 179 5 72  20.3% 1.61[0.63, 4.12] Y B R

Park 2014 15 170 22 170 62.6% 0.68 [0.37, 1.27] —

Total (95% CI) 897 793 100.0% 1.07 [0.68, 1.67]

Total events 46 33

Heterogeneity: Chiz = 3.91, df = 3 (P = 0.27); I = 23% o.’o ; of 7 : 1‘0 n 80

Test for overall effect: Z=0.29 (P = 0.78)

Favours [long-course] Favours [short-course]

FIGURE 3 Forest plot of 30-d recurrent bacteremia [Colour figure can be viewed at wileyonlinelibrary.com]

No. of Risk ratio P
Outcome No. of trials patients (95% ClI) value
90-d all-cause 2[12][13] 921 0.84 0.38
mortality (0.57-1.24)
90-d recurrent 3[12][13][23] 1316 0.98 0.94
bacteremia (0.50-1.89)
Adverse events  2[12][13] 933 1.14 0.30
(0.89-1.45)
Clostridium 4[12][13][20][21] 2043 0.86 0.71
difficile (0.40-1.86)
infection
Resistance 2[12][21] 1374 1.19 0.57
development (0.66-2.14)

difference between short-course and long-course antibiotic treat-
ments (RR 0.86; 95% Cl 0.64.1.14; P = .28; Figure 2C). No het-
erogeneity between studies was detected for the RCT subgroup,
non-RCT subgroup, non-specific bacteremia subgroup or adult
subgroup. The specific bacteremia subgroup showed mild hetero-
geneity (I = 35%).

3.4 | Secondary outcomes

Only two RCTs reported 90-day all-cause mortality and adverse
events.}?!® No statistically significant difference was found in ei-
ther 90-day all-cause mortality or adverse events, and the pooled
RR was 0.84 (95% Cl 0.57-1.24; P = .38; I = 0%; Appendix S4a)
and 1.14 (95% Cl 0.89-1.45; P = .30; I?> = 0%: Appendix S4b), re-
spectively. The main adverse event in the study by Dach et al was
CDI,*® while Yahav et al reported diarrhoea as the main adverse
event.’? The data of 90-day recurrent bacteremia in three stud-
ies involving 1316 patients were available.!?'323 The results failed
to show that long-term treatment could reduce 90-day recurrent
bacteremia compared with short-course treatment (RR 0.98; 95%
C10.50-1.89; P = .94; I> = 0%; Appendix S4c). Four studies!?1%20:21

12.2% ipvolv-

involving 2043 patients reported CDI and two studies
ing 1374 patients reported resistance development. These results
indicated that the duration of antibiotic treatment was not as-

sociated with CDI (RR 0.86; 95% Cl 0.40-1.86; P = .71; I> = 0%;

TABLE 2 Summary of secondary

Heterogeneit
# outcomes analyses

i P value
% for I?

0 0.47

0 0.77

0 0.62

0 0.61
59  0.12

Appendix S4d) or resistance development (RR 1.19; 95% Cl 0.66-
2.14; P = .57; 1> = 59%; Appendix S4e). Detailed results of the
secondary analysis are presented in Table 2.

4 DISCUSSION

|
This systematic review and meta-analysis identified studies com-
paring short-course and long-course antibiotic treatment in patients
with uncomplicated gram-negative bacteremia. In terms of clinical
outcomes, including 30-day mortality, 90-day mortality, recurrent
bacteremia, adverse events, CDI and resistance development, no
significant difference was detected between the two groups.
Although we only included a specific population of uncompli-
cated gram-negative bacteremia, there were differences in patho-
genic bacteria, infection site and infection severity among the
studies, leading to differences in antibiotic treatment regimens and
duration of antibiotic treatment. As a result, the definitions of short
course and long course varied among the included studies. One
problem was that patients who were classified in the short-course
group in one study could be classified into the long-course group
in another. However, the main demographics, clinical outcomes and
antibiotics prescribed were comparable between the short-course
and the long-course groups in each study.
There has been continuous debate regarding the optimal dura-

tion of antibiotic treatment for BSI. Prolonged antibiotic treatment
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duration can increase adverse events and antibiotic resistance,®”28

while inadequate antibiotic treatment may be associated with poor
clinical prognosis.>?3! A meta-analysis conducted by Havey et al,
including 24 RCTs, concluded that, in terms of a clinical cure, mi-
crobiologic cure and survival among most patients with BSI, short-
er-duration therapy may be as effective as longer-duration therapy.9
Another meta-analysis conducted by Tansarli et al focusing on pa-
tients with bacteremia due to Enterobacteriaceae drew a similar con-
clusion that there was no significant difference in clinical outcomes
between the short-course and long-course antibiotic treatment
groups.'® Compared with complicated BSI, such as BSI complicated
by osteoarticular infections, central nervous system infections and
endocarditis, uncomplicated BSI may require a shorter duration of
antibiotic treatment and have a better prognosis. Moreover, for pa-
tients with uncomplicated gram-negative bacteremia, shortening
the antibiotic treatment duration may be more feasible and safer
than for complicated gram-negative bacteremia.

Among the included studies, the 30-day all-cause mortality
rate ranged from 3.5% to 14.1% and from 2.5% to 10.1% in the
short-course and long-course groups, respectively. Different in-
clusion and exclusion criteria among the studies may account for
these differences. The highest overall mortality rate was found in
a study conducted by Sousa et al, which included patients with im-
munosuppression. Moreover, a higher rate of inadequate empirical
antibiotic treatment, an independent risk factor for mortality,25
existed in that study. In contrast, in an RCT conducted by Dach
et al, the 30-day all-cause mortality rate was 3.6% and 2.5% in
the short-course and long-course groups, respectively.'® Patients
with hemodynamic instability, immunosuppression and compli-
cated infections, which were associated with poor prognosis, were
excluded.

Adverse events, recurrent bacteremia, CDI, and resistance de-
velopment must be taken into consideration when planning to adjust
the duration of antibiotic treatment. In our study, no significant dif-
ference was detected, which indicates that the safety and efficacy of
short-course and long-course antibiotic treatment were comparable.
Only two RCTs had available data on distal complications and sup-
purative complications, and both studies found no significant differ-
ence between the short-course and long-course groups.*?*3

Although our study suggested that short course was non-inferior
to long-course antibiotic treatment, the results should be interpreted
with caution. Our study has several limitations. First, non-RCTs
were included in our meta-analysis, meaning the data were prone to
confounding factors. Second, inclusion and exclusion criteria were
significantly different among the studies. Four studies included pa-
tients with mixed GNB infection, while one study only included pa-
tients with P aeruginosa infection and another study only included
patients with Enterobacteriaceae infection. Moreover, one study of
children was also included in our meta-analysis. However, no signifi-
cant heterogeneity was detected in any of the analyses. Third, due to
the limited data, we did not perform further analysis of medical costs
and length of hospital stay. There is an underlying assumption that

the antibiotics used were equally appropriate across studies. Finally,
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our study focused on uncomplicated gram-negative bacteremia;
consequently, the findings cannot be generalized to other types of

bacteremia, so additional high-quality studies are required.

5 | WHAT IS NEW AND CONCLUSIONS

This systematic review and meta-analysis found that short-course
antibiotic treatment was not inferior to long-course antibiotic treat-
ment for patients with uncomplicated gram-negative bacteremia.
Considering the drug-related side effects and cost-effectiveness, a
shorter duration of antibiotic treatment may be preferable for this
particular population. However, additional high-quality RCTs are
needed to compare efficacy, resistance development, cost-effec-
tiveness, and safety between short- and long-course treatments, and
to further assess whether a shorter course of treatment is of greater

benefit to patients with uncomplicated gram-negative bacteremia.
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