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AbstrACt
background and objectives C-reactive protein (CRP) has 
been proposed to guide the use of antibiotics. However, 
study results are controversial regarding the benefits of 
such a strategy. We synthesised the evidence of CRP-
based algorithms on antibiotic treatment initiation and 
on antibiotic treatment duration in adults, children and 
neonates, as well as their safety profile.
Design Systematic review and meta-analysis.
Data sources MEDLINE, EMBASE, CENTRAL and CINAHL 
from inception to 20 July 2017.
Eligibility criteria for selecting studies We included 
randomised controlled trials (RCTs), non-RCTs and cohort 
studies (prospective or retrospective) investigating CRP-
guided antibiotic use in adults, children and neonates with 
bacterial infection.
Data extraction and synthesis Two researchers 
independently screened all identified studies and 
retrieved the data. Outcomes were duration of antibiotic 
use, antibiotic initiation, mortality, infection relapse and 
hospitalisation. We assessed the quality of the included 
studies using the Cochrane Collaboration’s tool (RCTs), 
and A Cochrane Risk Of Bias Assessment Tool: for Non-
Randomized Studies of Interventions and the Newcastle-
Ottawa scale (non-RCTs). We analysed our results using 
descriptive statistics and random effects models.
results Of 11 165 studies screened, 15 were included. 
In five RCTs in adult outpatients, the risk difference 
for antibiotic treatment initiation in the CRP group was 
−7% (95% CI: −10% to –4%), with no difference in 
hospitalisation rate. In neonates, CRP-based algorithms 
shortened antibiotic treatment duration by −1.45 days 
(95% CI −2.61 to –0.28) in two RCTs, and by −1.15 days 
(95% CI −2.06 to –0.24) in two cohort studies, with no 
differences in mortality or infection relapse.
Conclusion The use of CRP-based algorithms seems 
to reduce antibiotic treatment duration in neonates, as 
well as to decrease antibiotic treatment initiation in adult 
outpatients. However, further high-quality studies are still 
needed to assess safety, particularly in children outside the 
neonatal period.
PrOsPErO registration number CRD42016038622

IntrODuCtIOn 
Antibiotic resistance is an increasingly 
important problem worldwide, as resistant 
pathogens continue to emerge and few new 

antibiotics have been developed over the past 
decades.1–7 In the USA, two million cases of 
antibiotic-resistant infections are diagnosed 
annually, with more than 23 000 attribut-
able deaths.8 According to the Centers for 
Disease Control and Prevention, antibiotic 
resistance also leads to $20 billion in excess 
healthcare costs, $35 billion in societal costs 
and eight million additional hospital-days 
per year.8 Antibiotic overuse is a major factor 
contributing to the development of bacterial 
resistance.9 Thus, the rational use of antibi-
otics is critical to prevent the emergence of 
resistant organisms.10 11

Evidence on the optimal duration of anti-
biotic treatments is sparse, with many recom-
mendations based on expert opinion.12 13 The 
use of infection markers such as C-reactive 
protein (CRP) has been proposed to improve 
the objectiveness of antibiotic-related deci-
sions, including antibiotic initiation and 
treatment duration. CRP is an acute-phase 
reactant secreted in response to inflamma-
tion.14 In bacterial infections, CRP stimulates 
bacterial phagocytosis by binding bacte-
rial polysaccharides and functioning as an 
opsonin for neutrophils and macrophages, 
and by activating the classical complement 
pathway.15–19 After the bacterial trigger for 
inflammation is eliminated, CRP levels 
decrease quickly, with a half-life of about 

strengths and limitations of this study

 ► First meta-analysis to evaluate the use of 
C-reactive protein to guide antibiotic treatment de-
cisions, as well as its safety, in adults, children and 
neonates.

 ► Use of a comprehensive search strategy and screen-
ing of a large number of studies.

 ► Inclusion of both interventional and observational 
studies which increased generalisability.

 ► Relatively small number of included studies for both 
neonatal, paediatric and adult populations.
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19 hours.20–23 Given its physiological behaviour in bacte-
rial infections, CRP use has been proposed to guide initi-
ation and duration of antibiotic therapy.14 However, its 
effectiveness as a biomarker to guide antibiotic initiation 
in different settings remains controversial. Furthermore, 
no systematic review or meta-analysis has been performed 
to evaluate the benefit of using CRP to guide antibiotic 
treatment duration and none have been done in the 
neonatal or paediatric populations assessing its utility to 
guide antibiotic initiation.23–27

We hypothesise that a strategy based on CRP levels may 
safely decrease unnecessary antibiotic use for patients in 
whom a bacterial infection is suspected. Thus, the main 
objective of our systematic review and meta-analysis is to 
determine the effect of using a CRP-based algorithm on 
antibiotic consumption in patients with a suspected bacte-
rial infection. Moreover, we aim to determine the safety of 
using a CRP-based strategy to guide antibiotic use.

MEthODs
Protocol
We developed our protocol according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Anal-
yses Protocols 2015 statement.28

Information sources and search strategy
We searched Medline, MEDLINE (Ovid), EmBase 
(Ovid), Cochrane Central Register of Controlled Trials 
and CINAHL (EBSCOhost) from their inception to 20 
July 2017 for eligible studies. In collaboration with a 
medical librarian (GG), we developed our search strategy 
combining search terms related to CRP and antibiotic 
treatment (see online supplementary materials section 
1). Moreover, we searched for trial protocols through 
metaRegister (http://www. controlled- trials. com), and 
used Scopus for forward citation searching. We also hand 
searched the citations of recent reviews and included 
articles.

Eligibility criteria
We included original peer-reviewed articles in which CRP 
was used to guide decisions regarding antibiotic treatment 
initiation or duration. Eligible studies were randomised 
controlled trials (RCTs), quasi-RCTs or prospective/
retrospective cohort studies. Studies had to include a 
comparison group that used any combination of clinical, 
laboratory, radiological and microbiological findings, but 
not CRP, to guide treatment. Included studies evaluated 
adult (>18 years old), paediatric (≥30 days to <18 years 
old) and neonatal (<30 days old corrected gestational age) 
patients in any clinical setting with suspected bacterial 
infection. We excluded case–control and cross-sectional 
studies, abstracts, literature reviews, editorials and studies 
not conducted in humans. Languages were restricted to 
English, French, Spanish, Italian and Portuguese.

Interventions and outcomes
Our primary intervention was the use of CRP levels to 
inform antibiotic initiation and/or duration. Our primary 

outcome was length of antibiotic use (number of days of 
antibiotic treatment received by each patient). Secondary 
outcomes included antibiotic initiation (proportion of 
patients who received antibiotic treatment), mortality 
and infection relapse (return of signs and symptoms 
related to initial infection within 2 weeks after stopping 
antibiotics and/or growth of at least one initial causative 
bacterial strain from a new culture).29

study selection
Two reviewers (DP and NW) independently performed 
the first screen (title and abstract), and the full-text 
screen of the studies retrieved by our search. Discrepan-
cies were resolved by consensus or by the opinion of an 
arbitrator (PSF).

Data extraction
Three researchers (DP, NW and PSF) created the 
data extraction form that was piloted with 13% of the 
included publications. We then modified and final-
ised the form. The same two reviewers independently 
extracted the data. We recorded data pertaining to 
population demographics, study design/setting, author, 
publication year, journal, funding sources, sample size, 
intervention (CRP cut-off values, type of CRP test (labo-
ratory or point-of-care)), the aforementioned study 
outcomes and study quality. Detailed information on 
extracted variables is presented in online supplemen-
tary materials section 2.

Quality assessment
Three trained reviewers (DP, NW and PSF) independently 
assessed the quality of the included studies. We used the 
Cochrane Collaboration’s tool for assessing risk of bias in 
RCTs.30 The tool’s items include: adequacy of randomisa-
tion and allocation concealment; blinding; completeness 
of outcome data; and selective reporting. Each item was 
graded as ‘low’, ‘high’ and ‘unclear’ risk of bias.

We assessed the quality of quasi-RCT and cohort studies 
using A Cochrane Risk Of Bias Assessment Tool: for 
Non-Randomized Studies of Interventions tool.31 The 
items included are: presence of confounding, selection 
bias, intervention measurement bias, bias due to depar-
tures from intended interventions, missing data, outcome 
measurement bias and reporting bias. Studies were 
graded as ‘low’, ‘moderate’, ‘serious’ and ‘critical’ risk 
of bias, with ‘no information’ used to represent missing 
data. Moreover, non-randomised studies were also 
assessed using the Newcastle-Ottawa scale which focuses 
on comparability and selection of study participants, and 
outcome ascertainment.32 This grading scale uses a ‘star 
system’ with a maximum of nine stars allotted (highest 
possible quality).

Patient and public involvement
No patients were involved in the development of this 
study.
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Data synthesis and statistical analysis
We pooled studies that were clinically comparable (ie, 
similar populations, designs and treatments) and assessed 
statistical heterogeneity using the I2 statistic.30 To estimate 
summary differences in the duration of antibiotic treat-
ment between the control and CRP treatment groups, 
we calculated the standardised mean difference (SMD) 
and their 95% CIs in the number of treatment days 
using random effects (DerSimonian and Laird method) 
models.33 34 For studies that only reported medians, we 
estimated the mean and SD using the methods proposed 
by Wan et al.35 For antibiotic initiation, mortality and 
relapse, we estimated absolute risk differences (RD) 
and their 95% CI using random effects models. When 
assessing safety outcomes, we used non-inferiority 
margins of 5% for infection relapse and hospitalisation, 
and 2% for mortality. We stratified our analyses by patient 
population (adult, paediatric, neonatal), and then by 
study design (RCT or non-randomised). We could not 
assess publication bias because of the limited number 

of studies available. All analyses were conducted in Stata 
V.12 (StataCorp).36

rEsults
We identified 11 165 titles. After removal of duplicates, we 
screened the titles/abstracts of 8504 records and assessed 
the full text of 57 articles (figure 1). Of the 15 studies 
included in this review (table 1), 10 were RCTs, 1 was a 
quasi-RCT and 4 were cohort studies (two retrospective 
and two prospective).21 24–27 37–46

Eight studies used CRP to guide initiation of antibi-
otics and six studies (75%) included adult populations. 
CRP cut-offs used to guide treatment were similar across 
adult studies, with most studies withholding antibiotics 
when CRP was <20 mg/L, using discretion when CRP was 
between 20 mg/L and 100 mg/L, and initiating treatment 
when CRP >100 mg/L. Comparators used in the antibi-
otic initiation studies were similar. Regarding infection 
type, all adult studies included patients with respiratory 

Figure 1 Flow diagram of search results and study inclusion according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses statement guidelines. CRP, C-reactive protein.

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022133 on 22 D

ecem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


4 Petel D, et al. BMJ Open 2018;8:e022133. doi:10.1136/bmjopen-2018-022133

Open access 

Ta
b

le
 1

 
C

ha
ra

ct
er

is
tic

s 
of

 in
cl

ud
ed

 s
tu

d
ie

s

A
ut

ho
r, 

ye
ar

, l
o

ca
ti

o
n

S
am

p
le

 
si

ze

A
g

e 
(in

 y
ea

rs
, 

un
le

ss
 s

ta
te

d
),

m
ea

n 
(S

D
)

N
um

b
er

 o
f 

p
at

ie
nt

s

S
tu

d
y 

se
tt

in
g

S
tu

d
y 

d
es

ig
n

C
R

P
 c

ut
-o

ff
C

R
P

 t
es

t 
an

d
 

m
et

ho
d

Ty
p

e 
o

f 
In

fe
ct

io
n

C
o

m
p

ar
at

o
r

C
R

P
C

o
nt

ro
l

A
nt

ib
io

tic
 t

re
at

m
en

t 
d

ur
at

io
n 

st
ud

ie
s 

(c
ut

-o
ffs

 t
o 

st
op

 a
nt

ib
io

tic
 t

re
at

m
en

t)

N
um

b
en

ja
p

on
 e

t 
al

,40
 

20
15

, T
ha

ila
nd

22
N

eo
na

te
s*

C
R

P
: 1

8.
6 

(N
R

)
C

on
tr

ol
: 1

7.
7 

(N
R

)

11
11

N
IC

U
R

C
T

<
10

 m
g/

L
N

S
N

eo
na

ta
l s

ep
si

s:
 N

S
R

ou
tin

e 
ca

re
 (>

5 
d

ay
s 

of
 

tr
ea

tm
en

t)

C
og

gi
ns

 e
t 

al
,43

20
13

, U
S

A
56

9
P

re
m

at
ur

e*
C

R
P

: 2
9 

(2
7–

30
)

C
on

tr
ol

: 2
7 

(2
5–

29
)

40
9

16
0

N
IC

U
R

et
ro

sp
ec

tiv
e 

co
ho

rt
 s

tu
d

y
<

10
 m

g/
L

N
S

N
eo

na
ta

l s
ep

si
s:

 E
O

S
R

ou
tin

e 
ca

re

O
liv

ei
ra

 e
t 

al
,41

 2
01

3,
 B

ra
zi

l
94

A
d

ul
ts

C
R

P
: 5

9.
6 

(1
8.

5)
C

on
tr

ol
: 5

9.
6 

(1
3.

3)

45
49

IC
U

R
C

T
<

25
 m

g/
L

La
b

or
at

or
y

S
ep

si
s

P
ro

ca
lc

ito
ni

n 
(<

0.
1 

ng
/

m
L)

G
ao

 e
t 

al
,45

20
10

, C
hi

na
46

A
d

ul
ts

C
R

P
: 5

7.
7 

(1
0.

4)
C

on
tr

ol
: 5

8.
7 

(1
1.

7)

18
28

H
os

p
ita

l (
ge

ne
ra

l 
se

tt
in

g)
R

et
ro

sp
ec

tiv
e 

co
ho

rt
 s

tu
d

y
N

S
N

S
P

yo
ge

ni
c 

liv
er

 a
b

sc
es

s
R

ou
tin

e 
ca

re
/

no
rm

al
 b

od
y 

te
m

p
er

at
ur

e
(>

14
 d

ay
s)

C
ou

to
 e

t 
al

,44

20
07

, B
ra

zi
l

22
3

N
eo

na
te

s*
C

R
P

: 3
0 

(2
3–

28
)

C
on

tr
ol

: 3
2 

(2
4–

40
)

13
8†

85
†

N
IC

U
P

ro
sp

ec
tiv

e 
co

ho
rt

 
st

ud
y

<
12

 m
g/

L
La

b
or

at
or

y
N

eo
na

ta
l s

ep
si

s:
 L

O
S

R
ou

tin
e 

ca
re

(>
14

 d
ay

s)

Ja
sw

al
 e

t 
al

,46

20
03

, I
nd

ia
28

N
eo

na
te

s
N

R
14

14
N

IC
U

P
ro

sp
ec

tiv
e 

co
ho

rt
 

st
ud

y
<

6 
m

g%
 (<

60
 m

g/
L)

N
S

N
eo

na
ta

l s
ep

si
s:

 N
S

R
ou

tin
e 

ca
re

 (C
R

P
 t

es
t 

on
 7

th
 d

ay
)

E
hl

 e
t 

al
,21

19
97

, G
er

m
an

y
82

P
re

m
at

ur
e*

To
ta

l: 
38

 w
ee

ks
43

39
Lo

w
 a

nd
 

in
te

rm
ed

ia
te

 c
ar

e 
nu

rs
er

y

R
C

T
<

10
 m

g/
L

N
S

N
eo

na
ta

l s
ep

si
s:

 N
S

R
ou

tin
e 

ca
re

 (>
5 

d
ay

s 
of

 
tr

ea
tm

en
t)

A
nt

ib
io

tic
 t

re
at

m
en

t 
in

iti
at

io
n 

st
ud

ie
s 

(c
ut

-o
ffs

 t
o 

w
ith

ho
ld

 o
r 

in
iti

at
e 

an
tib

io
tic

 t
re

at
m

en
t)

D
o 

et
 a

l,39

20
16

, V
ie

tn
am

10
08

A
d

ul
ts

‡
C

R
P

: 1
6 

(8
–3

9)
C

on
tr

ol
: 1

5 
(8

–4
1)

50
7

50
1

P
rim

ar
y 

ca
re

R
C

T
≤2

0  
m

g/
L—

w
ith

ho
ld

>
10

0 
m

g/
L—

in
iti

at
e

P
oi

nt
 o

f c
ar

e
A

cu
te

 R
TI

R
ou

tin
e 

ca
re

D
o 

et
 a

l,39

20
16

, V
ie

tn
am

10
59

C
hi

ld
re

n‡
C

R
P

: 1
6 

(8
–3

9)
C

on
tr

ol
: 1

5 
(8

–4
1)

52
6

53
3

P
rim

ar
y 

ca
re

R
C

T
P

at
ie

nt
s 

<
6 

ye
ar

s 
ol

d
≤1

0 
m

g/
L—

w
ith

ho
ld

>
50

 m
g/

L—
in

iti
at

e
P

at
ie

nt
s 

6–
65

 y
ea

rs
 o

ld
≤2

0 
m

g/
L—

w
ith

ho
ld

>
10

0 
m

g/
L—

in
iti

at
e

P
oi

nt
 o

f c
ar

e
A

cu
te

 R
TI

R
ou

tin
e 

ca
re

R
eb

no
rd

 e
t 

al
,26

20
16

, N
or

w
ay

39
7

C
hi

ld
re

n
C

R
P

: 2
.1

3 
(1

.7
)

C
on

tr
ol

. 2
.4

4 
(1

.9
)

13
8

25
9

P
rim

ar
y 

ca
re

 (o
ut

-
of

-h
ou

rs
 s

er
vi

ce
)

R
C

T
C

R
P

 v
s 

no
 t

es
t 

(c
ut

-o
ff 

N
S

)
N

S
Fe

ve
r 

an
d

/o
r 

re
sp

ira
to

ry
 s

ym
p

to
m

s
R

ou
tin

e 
ca

re

C
al

s 
et

 a
l,37

20
13

, N
et

he
rla

nd
s

37
9

A
d

ul
ts

C
R

P
: 4

9.
4 

(1
4.

5)
C

on
tr

ol
: 5

0.
4 

(1
5.

6)

20
3

17
6

G
en

er
al

 p
ra

ct
ic

e
R

C
T

<
20

 m
g/

L—
w

ith
ho

ld
20

–9
9 

m
g/

L—
d

is
cr

et
io

n
>

10
0 

m
g/

L—
in

iti
at

e

P
oi

nt
 o

f c
ar

e
R

TI
R

ou
tin

e 
ca

re C
on

tin
ue

d

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022133 on 22 D

ecem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


5Petel D, et al. BMJ Open 2018;8:e022133. doi:10.1136/bmjopen-2018-022133

Open access

A
ut

ho
r, 

ye
ar

, l
o

ca
ti

o
n

S
am

p
le

 
si

ze

A
g

e 
(in

 y
ea

rs
, 

un
le

ss
 s

ta
te

d
),

m
ea

n 
(S

D
)

N
um

b
er

 o
f 

p
at

ie
nt

s

S
tu

d
y 

se
tt

in
g

S
tu

d
y 

d
es

ig
n

C
R

P
 c

ut
-o

ff
C

R
P

 t
es

t 
an

d
 

m
et

ho
d

Ty
p

e 
o

f 
In

fe
ct

io
n

C
o

m
p

ar
at

o
r

C
R

P
C

o
nt

ro
l

Li
tt

le
 e

t 
al

,27

20
13

, M
ul

ti-
na

tio
na

l
42

64
A

d
ul

ts
C

R
P

: 5
1 

(1
7.

5)
C

on
tr

ol
: 5

0.
9 

(1
7.

3)

22
24

20
40

G
en

er
al

 p
ra

ct
ic

e
R

C
T

<
20

 m
g/

L—
 w

ith
ho

ld
21

–5
0 

m
g/

L—
m

aj
or

ity
 

w
ith

ho
ld

51
–9

9  
m

g/
L—

m
in

or
ity

 
w

ith
ho

ld
>

10
0  

m
g/

L—
in

iti
at

e

P
oi

nt
 o

f c
ar

e
R

TI
R

ou
tin

e 
ca

re

Ll
or

 e
t 

al
,42

20
12

, S
p

ai
n

53
85

A
d

ul
ts

N
R

54
5

48
40

P
rim

ar
y 

ca
re

Q
ua

si
-R

C
T

<
20

 m
g/

L—
w

ith
ho

ld
>

10
0 

m
g/

L—
in

iti
at

e
P

oi
nt

 o
f c

ar
e

LR
TI

R
ou

tin
e 

ca
re

C
al

s 
et

 a
l,38

20
10

, N
et

he
rla

nd
s

25
8

A
d

ul
ts

C
R

P
: 4

3 
(1

3.
4)

C
on

tr
ol

: 4
5.

5 
(1

4)

12
9

12
9

G
en

er
al

 p
ra

ct
ic

e
R

C
T

<
20

 m
g/

L—
w

ith
ho

ld
20

–9
9 

m
g/

L—
d

is
cr

et
io

n
>

10
0 

m
g/

L—
in

iti
at

e

N
S

R
TI

R
ou

tin
e 

ca
re

Fr
an

z 
et

 a
l,25

20
04

, M
ul

ti-
na

tio
na

l
12

91
N

eo
na

te
s†

C
R

P
: 3

8 
(2

4–
42

)
C

on
tr

ol
: 3

8 
(2

4–
43

)

65
6

63
5

N
R

R
C

T
>

10
 m

g/
L—

in
iti

at
e

La
b

or
at

or
y

N
eo

na
ta

l s
ep

si
s:

 E
O

S
R

ou
tin

e 
ca

re

D
ie

d
er

ic
hs

en
 e

t 
al

,24
 

20
00

, D
en

m
ar

k
81

2
A

d
ul

ts
C

R
P

: 3
7 

(0
–8

4)
C

on
tr

ol
: 3

7 
(0

–9
0)

41
4

39
8

G
en

er
al

 p
ra

ct
ic

e
R

C
T

N
o 

st
ric

t 
gu

id
el

in
e:

<
10

 m
g/

L 
no

rm
al

>
50

 m
g/

L 
ab

no
rm

al

P
oi

nt
-o

f-
ca

re
R

es
p

ira
to

ry
R

ou
tin

e 
ca

re

 *
A

ge
s 

ar
e 

m
ea

n 
ge

st
at

io
na

l a
ge

 in
 w

ee
ks

. 
†n

 is
 fo

r 
to

ta
l n

um
b

er
 o

f e
ve

nt
s 

p
er

 a
rm

, n
ot

 p
at

ie
nt

s.
‡A

d
ul

t 
(>

15
 y

ea
rs

 o
f a

ge
) a

nd
 c

hi
ld

re
n 

(≤
15

 y
ea

rs
 o

f a
ge

) d
at

a 
fr

om
 t

he
 s

tu
d

y 
of

 D
o 

et
 a

l w
er

e 
an

al
ys

ed
 s

ep
ar

at
el

y.
 

§M
ed

ia
n 

ag
e 

(IQ
R

) f
or

 e
nt

ire
 p

op
ul

at
io

n.
  

C
R

P,
 C

-r
ea

ct
iv

e 
p

ro
te

in
; E

O
S

, e
ar

ly
-o

ns
et

 s
ep

si
s;

 IC
U

, i
nt

en
si

ve
 c

ar
e 

un
it;

 L
O

S
, l

en
gt

h 
of

 s
ta

y;
 L

R
TI

, l
ow

er
 R

TI
; N

IC
U

, n
eo

na
ta

l I
C

U
; N

R
, N

ot
 r

ep
or

te
d

; N
S

, n
ot

 s
p

ec
ifi

ed
; R

C
T,

 r
an

d
om

is
ed

 c
on

tr
ol

le
d

 t
ria

l; 
R

TI
, r

es
p

ira
to

ry
 

tr
ac

t 
in

fe
ct

io
n.

Ta
b

le
 1

 
C

on
tin

ue
d

 

 on A
pril 23, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-022133 on 22 D

ecem
ber 2018. D

ow
nloaded from

 

http://bmjopen.bmj.com/


6 Petel D, et al. BMJ Open 2018;8:e022133. doi:10.1136/bmjopen-2018-022133

Open access 

tract infections. Details of the outcomes used in analyses 
are found in online supplementary materials section 3 
table 1.

We included seven studies that investigated duration of 
antibiotics. Their patient populations included neonates 
(three studies; 42%), premature infants (two studies; 
28%) and adults (two studies; 28%). The CRP cut-offs 
used to stop antibiotics were similar and ranged from 
10 mg/L to 25 mg/L, while one study reported a cut-off 
value of 6 mg% (60 mg/L). The comparators used were 
similar across studies, and the only difference was the 
minimum duration of antibiotic use (7 days or 14 days of 
treatment). The type of infections varied between studied 
patient populations, e.g., all neonatal studies included 
septic patients, but the categorisation of early or late 
sepsis was inconsistent.

Quality of included studies
Figure 2 shows the results of the quality assessment of 
included studies. Most RCTs presented low risk of bias 
regarding randomisation and allocation concealment. 
However, in seven (70%) of the included RCTs, the 
authors were unable to either blind the participants and 
personnel or blind the assessment of the outcome which 
led to a high risk of bias for this criterion. Furthermore, 
we could not assess selective reporting because only 
three (20%) studies had protocols either registered or 
published. However, no evidence was found within the 
included studies to indicate that such bias was present. 
Overall, the included cohort studies were at moderate 
to serious risk of bias, primarily due to confounding and 
selection bias, and no studies were at critical risk of bias 
in any category. According to the Newcastle-Ottawa scale, 
the mean ranking of the four cohort studies was 7 (out of 
9) stars.

use of CrP to guide initiation of antibiotics
Eight studies investigated the use of CRP to guide anti-
biotic treatment initiation. The pooled RD for initiation 
of antibiotics from five RCTs conducted in adult popula-
tions (figure 3) was −7% (95% CI −10% to –4%), and the 
statistical heterogeneity between studies was moderate 
(I2=38%). We also preformed a sensitivity analysis by 
removing Little et al’s RCT that led to comparable results 
(RD −7%; 95% CI −11% to –2%). Similar results were 
observed in one cohort study in adults (RD −8%; 95% CI 
−11% to –4%).42

Regarding neonates, in one RCT the estimated reduc-
tion in the absolute risk of initiating antibiotics was 7% 
(95% CI −11% to –2%).25 Finally, two RCTs including chil-
dren indicated no difference between CRP and control 
groups (RD −3%; 95% CI −14% to 8%).26 39

use of CrP to guide duration of antibiotic use
We stratified our analyses by population and study design, 
as these categorisations provided a greater clinical homo-
geneity of pooled data. After combining the two RCTs 
including neonatal and premature patients (figure 4), the 
SMD for duration of antibiotic use was −1.45 days (95% CI 
−2.61 to –0.28). The pooled SMD for duration of antibi-
otic treatment from two neonatal cohort studies was −1.15 
days (95% CI −2.06 to –0.24). Despite the low clinical 
heterogeneity between the studies, the statistical hetero-
geneity for the pooled estimates from RCTs and cohorts 
was substantial (I2=75.7% and 96.4%, respectively).

Only one RCT and one cohort study were conducted 
in adult populations; both showed a reduction in dura-
tion of antibiotic use. In the study by Oliveira et al, the 
difference was −0.25 days (95% CI −0.66 to 0.16).41 Mean-
while, in the cohort study by Gao et al, the SMD was −1.10 
days (95% CI −1.74 to –0.47).45 No paediatric studies 

Figure 2 Quality assessment of the included studies according to Cochrane Collaboration’s tools for randomised controlled 
trials (RCTs) and A Cochrane Risk Of Bias Assessment Tool: for Non-Randomized Studies of Interventions tool for cohort 
studies and quasi-RCTs.
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evaluating CRP use to guide antibiotic treatment dura-
tion were retrieved.

Mortality
In the studies of neonates and premature populations 
where CRP was used to guide duration of antibiotic treat-
ment, the pooled RD for hospital mortality from two RCTs 
and from two cohort studies was 0% (95% CI −4 to 4) and 
−5% (95% CI −10 to 0), respectively (figure 5).21 40 43 44 In 
the single RCT conducted in adults, there was no differ-
ence between treatment groups regarding mortality (RD 
2%; 95% CI −14 to 17).41 No deaths were observed in 
adult studies where CRP was used to guide antibiotic initi-
ation (online supplementary materials section 4 figure 
1).27 37–39 No paediatric studies evaluating CRP use and 
mortality were retrieved.

Infection relapse
Data regarding relapse were only reported in studies 
where CRP was used to guide treatment duration. For 
studies of neonates and premature populations, the 
pooled RD for relapse between treatment groups from 
two RCTs was −4% (95% CI −12% to 3%) and from two 
cohort studies was −1% (95% CI −4% to 3%), as seen in 
figure 6.21 40 44 46 One RCT and one cohort conducted in 
adult populations both indicated no difference in relapse 
between groups (data not shown).41 45 We did not retrieve 

paediatric studies evaluating CRP use and infection 
relapse.

hospitalisation
Data for hospitalisations were only reported in adult 
outpatient studies where CRP was used to guide antibi-
otic initiation. From four RCTs, the pooled RD for hospi-
talisation between treatment groups was 0% (95% CI 
−0.00% to 0.01%) as can be seen in supplementary mate-
rials section 4 –figure 2.37–39

DIsCussIOn
This systematic review and meta-analysis showed that the 
use of CRP-driven antibiotic therapy was associated with a 
decreased duration of antibiotic use in neonatal patients. 
Similarly, CRP-based algorithms also reduced antibiotic 
initiation in adult outpatients. The above findings were 
consistent regardless of the varied designs of included 
studies in this review and also diversity of the study popu-
lations which come from both high and low-income coun-
tries. Thus, based on our results, the recommended CRP 
cut-off for antibiotic treatment stopping in newborns 
with neonatal sepsis is <10 mg/L. In adult outpatients 
with respiratory tract infections, the recommended 
CRP cut-offs for antibiotic withholding and treatment 
initiation are <20 mg/L and ≥100 mg/L, respectively. 

Figure 3 Forest plot of the pooled RD for adult RCTs on antibiotic use initiation. CRP, C-reactive protein; RCT, randomised 
controlled trial; RD, risk difference.
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Importantly, the use of CRP algorithms to guide anti-
biotic treatment appears to be safe, as neonatal studies 
using CRP to determine duration of antibiotic treatment 
showed no difference in mortality or in infection relapse. 
Furthermore, adult studies that used CRP to guide anti-
biotic initiation showed no differences in mortality and 
hospitalisation rates.

CRP is an acute-phase reactant synthetised mainly in 
the liver, but also by macrophages and lymphocytes, and 
secreted in plasma in response to inflammation, infection, 
tissue damage and malignancy.15 Its secretion is regulated 
by cytokines, with levels beginning to rise 6 hours after 
the initial stimulus and reaching a peak in 48 hours.15 20 
During infection, CRP stimulates bacterial phagocytosis 
by binding bacterial polysaccharides and functioning as 
an opsonin for neutrophils and macrophages, and by acti-
vating the classical complement pathway.15–19 Once the 
trigger for inflammation is eliminated, CRP is catabolised 
by hepatocytes and rapidly cleared from circulation.20–23 
In healthy adults, the median CRP concentration is 
1.5 mg/L, with levels above 100 mg/L being associated 
with bacterial infections.47–49

In healthy term neonates, CRP normal levels depend 
mainly on postnatal age, with median levels grad-
ually increasing from birth (0.4 mg/L) to 48 hours 

post partum (2.7 mg/L), and then declining at 96 hours 
(1.4 mg/L).50 51 Importantly, CRP values above 10 mg/L, 
the cut-off most often used to diagnose neonatal sepsis, 
are not uncommonly observed during the first 72 hours 
after birth which may jeopardise its utility for the diagnosis 
of early-onset sepsis and, consequently, to determine the 
appropriateness of antibiotic treatment initiation in this 
population.50 51 This may also partially explain the great 
variability in CRP sensitivity (30% to 80%) to diagnose 
neonatal sepsis for cut-offs between 4 mg/L and 15 mg/L 
observed in Hedegaard et al’s systematic review.52 Given 
the suboptimal diagnostic performance of CRP in a 
patient population with high mortality risk due to sepsis, 
it is not surprising that our meta-analysis showed incon-
clusive results regarding antibiotic treatment initiation in 
neonates.

We demonstrated that the use of CRP decreases anti-
biotic treatment duration in full-term and premature 
newborns. Nevertheless, the question about a potential 
difference in the performance of CRP to guide antibiotic 
duration in early-onset versus late-onset sepsis remains. 
As included studies used different sepsis definitions, it 
was not possible to address this limitation. This may be 
important because early-onset sepsis is mainly caused 
by Gram-negative bacilli and group B streptococcus 

Figure 4 Forest plot for the SMD in duration of antibiotic use in studies of neonates and premature populations, stratified by 
study design. CRP, C-reactive protein; RCT, randomised controlled trial; SMD, standardised mean differences.
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which typically provoke a much stronger host inflamma-
tory response than the coagulase-negative Staphylococci 
frequently associated with late-onset sepsis.53 Thus, the 
ability of CRP to guide antibiotic use may differ across 
these two scenarios.

The diagnostic performance of CRP for respira-
tory tract infections in adult patients was evaluated in 
different meta-analyses. Falk et al showed that at CRP 
cut-off ≤20 mg/L, the pooled positive and negative likeli-
hood ratios were 2.1 (95% CI 1.8 to 2.4) and 0.33 (95% CI 
0.21 to 0.53), respectively.54 Furthermore, the individual 
patient data meta-analysis of Minnaard et al including 
5308 subject showed that the addition of CRP to a pneu-
monia prediction model improves its discriminatory 
ability, with a pooled improvement of the area under the 
curve of 0.075 (95% CI 0.04 to 0.11).55

Regarding the effect of CRP on antibiotic use for respi-
ratory tract infections, the reduction in antibiotic initia-
tion observed in our study is well aligned with Huang et 
al’s meta-analysis results.56 In that study, the use of point-of 
care CRP was associated with a reduction in antibiotic 
prescription (relative risk 0.75; 95% CI 0.67 to 0.83) at the 
index consultation for adult outpatients with respiratory 
tract infections. The low risk of morbidity and mortality 
associated with such infections allows physicians to use a 
‘wait and see’ approach. However, differently from the 
aforementioned meta-analyses, our study showed that 
CRP-based algorithms also reduce antibiotic treatment 
duration, with no increase in hospitalisation rates. The 

latter outcome is essential to evaluate the safety of CRP to 
guide antibiotic use.

Our meta-analysis showed that the use of CRP-based 
algorithms to determine antibiotic treatment duration 
did not impact infection relapse in neonates. This is 
important since the prolonged use of antibiotics in infants 
without culture-proven infection has been associated with 
higher risk of mortality or morbidity.57 However, while 
the non-inferiority margin for mortality of cohort studies 
was 0%, the non-inferiority margin of the two included 
RCTs was 5%. The heterogeneity of such results, due to 
the relatively small sample sizes of the RCTs (n=82 and 
n=22),21 40 demonstrates the need for further studies of 
larger sample size to evaluate the safety of using CRP 
based algorithms to guide antibiotic treatment duration 
for these patients.

Regarding adult patients, no deaths were observed and 
hospitalisation rates were similar (by a non-inferiority 
margin of 1%) in adult studies that used CRP to guide 
antibiotic initiation. Nevertheless, the non-inferiority 
margin for mortality in the study41 evaluating the use of 
CRP algorithms to guide duration of antibiotic treatment 
in this patient population was 18% which breaches any 
reasonable non-inferiority margin to determine safety. 
Finally, due to the low number of deaths and relapses 
observed in neonates and adults, we should interpret the 
aforementioned safety results with caution.

There is scarce literature comparing the performance 
of CRP to other biomarkers to guide antibiotic use. The 

Figure 5 Forest plot of the RD for mortality between CRP treatment and control groups from studies investigating the duration 
of antibiotic use in neonates and premature populations, stratified by study design. CRP, C-reactive protein; RCT, randomised 
controlled trial; RD, risk difference. 
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RCT of Oliveira et al comparing the use of CRP and 
procalcitonin algorithms to determine antibiotic treat-
ment duration included 94 critically ill adult patients 
with severe sepsis or septic shock. No difference in the 
median duration of treatment was observed between the 
procalcitonin (7 days; IQR 6–8.5) and CRP groups (6 
days; IQR 5–7).58 Importantly, the study treatment algo-
rithm imposed an upper limit of 7 days of antibiotic treat-
ment for patients who showed signs of clinical resolution 
of sepsis, independently of CRP and procalcitonin levels 
which may have contributed for the lack of difference 
between groups.

Our study presents limitations. The relatively small 
number of included studies, both for neonatal, paediatric 
and adult populations, limited our ability to interpret 
and generalise our results and lessened their precision. 
The overall quality of the included RCTs was affected 
by the inability to blind participants, while quality of 
included cohort studies overall appeared slightly better. 
Moreover, we were unable to assess the presence of selec-
tive reporting, as many RCTs did not provide original 
study protocols; however, we do not suspect that this 
was an important issue in the included studies. Finally, 
there were no data available on the use of CRP to guide 

antibiotic treatment duration in paediatric patients. It is 
possible that CRP cut-offs and performance are not the 
same in children, as their baseline cytokine levels are 
higher compared with neonates.59–62

Nevertheless, our study also has important strengths. 
It is the first meta-analysis to explore the use of CRP to 
guide antibiotic treatment duration. We succeeded in 
using a comprehensive search strategy to retrieve and 
screen a very large number of articles, including both 
interventional and observational studies. The inclusion 
of both study designs allowed for a realistic analysis of 
CRP use in conditions representative of clinical prac-
tice. Importantly, although there was high statistical 
heterogeneity between studies, they were clinically 
homogeneous which led to our decision of performing 
a meta-analysis.

In summary, CRP-guided treatment decreases the dura-
tion of antibiotic treatment in neonates. Antibiotic initi-
ation and treatment duration were also reduced in adult 
outpatients when CRP was used. This practice appears to 
be safe, as rates of infection relapse, hospitalisations and 
mortality did not differ between study groups. However, 
due to the small number of included studies, further eval-
uations, mainly high-quality RCTs, are still necessary to 

Figure 6 Forest plot for the risk differences (RD) in infection relapse between treatment and control group for studies 
investigating duration of antibiotic use in neonates and premature populations, stratified by study design. CRP, C-reactive 
protein; RCT, randomised controlled trial; RD, risk difference. 
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definitively establish the safety and efficacy of CRP-guided 
algorithms.
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