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Norfloxacin versus alternative antibiotics 2
for prophylaxis of spontaneous bacteria

peritonitis in cirrhosis: a systematic review

and meta-analysis
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Abstract

Background Spontaneous bacterial peritonitis (SBP) is a life-threatening complication in patients with advanced
cirrhosis. Prophylactic Norfloxacin used to be considered effective in SBP prevention, but in recent years its efficacy
has been partially compromised by increasing quinolone-resistant bacteria. However, whether the effects of
alternative prophylactic regimens are superior to norfloxacin remains controversial. The goal of this study is to
compare the effects of norfloxacin with other antibiotics in SBP prophylaxis for cirrhotic patients.

Methods We systematically searched Pubmed, Embase, and Cochrane Library Databases. Two reviewers
independently identified relevant random control trials (RCTs) comparing the role of norfloxacin and other antibiotics
in SBP prevention.

Results Eight studies comprising 1043 cirrhotic patients were included in this study. Norfloxacin and alternative
antibiotics displayed comparable effects in SBP prophylaxis, survival benefit, overall infection prevention, and safety.
Subgroup analyses revealed that rifaximin prophylaxis could reduce the recurrence of SBP with fewer adverse events
but failed to improve overall survival compared with norfloxacin.

Conclusions Other antibiotics are a reasonable alternative to norfloxacin in the prophylaxis of SBP. Rifaximin
prophylaxis could be an alternative choose of antibiotic for SBP prevention because of its better protective effect and
safety.
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Introduction

Spontaneous bacterial peritonitis (SBP) is a deleterious
and lethal complication for patients with cirrhosis and
ascites [1, 2]. The one-year mortality of cirrhotic patients
with SBP or a prior SBP history ranged from 30 to 50%
in the natural course [2—4]. Thus, prophylaxis of noso-
comial- and community-acquired SBP is pivotal for cir-
rhotic patients.

Patients with active gastrointestinal bleeding (GIB)
and low ascitic protein concentrations were considered
susceptible to SBP [5], and thus, are recommended for
timely primary prophylaxis. In addition, secondary pro-
phylaxis has been taken into consideration for patients
who have experienced an episode of SBP since the one-
year recurrence rate is as high as 70% in the absence of
adequate prophylaxis [6]. Currently, antimicrobial pro-
phylaxis has been suggested to prevent SBP in cirrhotic
patients [3, 7]. Norfloxacin is the most widely appli-
cated antibiotic in SBP prophylaxis [8]. A series of stud-
ies have revealed the prophylactic role of norfloxacin in
primary and secondary SBP [9, 10]. However, the efficacy
of norfloxacin is decreasing with the change in the pat-
tern of causative organisms. A rising prevalence of gram-
positive, quinolone-resistant, and multi-drug-resistant
(MDR) bacterial are detected over the last few years [11,
12]. Possible reasons for the aforementioned shifts in the
bacteriology of SBP are complex, among which extensive
and long-term applications of prophylactic quinolines are
unignorable components. Prolonged norfloxacin prophy-
laxis has even been regarded as an independent predictor
of multi-resistant bacteria infections [13]. Taking bacte-
rial resistance into consideration, antibiotic prophylaxis
must be used judiciously and sparingly in patients with
high risks of developing SBP, and antibiotic alternatives
to norfloxacin have been explored in SBP prophylaxis.
However, although several studies have suggested alter-
native antibiotics should be advised in SBP prophylaxis
[14, 15], whether these strategies are reasonable alterna-
tives to norfloxacin is still in debate.

Therefore, we performed the present meta-analysis pri-
marily to compare the effects of norfloxacin and other
antibiotics in SBP prophylaxis for patients with high
risks of developing SBP. The secondary objectives were
evaluating the survival rate, incidence of infections, and
adverse events with norfloxacin and other treatment
strategies.

Methods

Literature search

We searched papers in English language. We system-
atically searched clinical studies from Pubmed (1966
to March 2023), Embase (1974 to March 2023), and
Cochrane Central Register of Controlled Trials (Febru-
ary 2023). We also checked the proceedings of annual
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meetings of EASL and AASLD meetings from 2018 to
2022. Studies were limited to comparing the effects of
prophylactic norfloxacin and other antibiotics in the pre-
vention of SBP. A literature search was completed by two
independent reviewers (SL.S and Y.Y) using the following
terms: spontaneous bacterial peritonitis, SBP, cirrhosis,
ascites, infection, norfloxacin, norfloxacine, noroxin. In
addition, references in relevant studies were further man-
ually screened.

Eligibility criteria

The following inclusion criteria were applied to screen
eligible studies: (1) study was designed as a clinical ran-
domized controlled trial (RCT); (2) enrolled cirrhotic
patients were at high risk of developing SBP; (3) study
assessed the effect of prophylactic norfloxacin and other
antibiotic strategies in SBP prevention. A high risk of
developing SBP was defined as a presence of at least one
of the following factors: (i) a history of SBP; (ii) ascitic
protein concentration of <1.5 g/dL; (iii) serum bilirubin
of >43 pmol/L (2.5 mg/dL) [1, 16]. The following exclu-
sion criteria were applied: (1) patients with malignant
ascites or without advanced cirrhosis; (2) patients with
active GIB; (3) patients had previously undergone liver
transplantation; (4) patients received antibiotic therapy
within 2 weeks of enrollment; (5) placebo and no treat-
ment in the control group; (6) different co-interventions
between the intervention arms. Two reviewers (SL.S and
YY) independently identified the eligible studies based
on the aforementioned inclusion and exclusion criteria.
Reviewers resolved discrepancies by reviewing together
or consulting a third reviewer (X.L) to reach a consensus.

Data extraction

Data of interest, including publication year, study type,
population, patient age, gender, treatment drugs, and
dosage, were extracted in each study by two independent
reviewers (SL.S and C.G). The primary outcomes were
the incidence of SBP, and the secondary outcomes were
mortality, overall infection rate, and incidence of adverse
events.

Quality assessment

The methodological quality of the included studies was
evaluated by two independent reviewers (X.L and CH.W)
according to the Cochrane Handbook for Systematic
Reviews of Interventions. The criteria included: (1) ran-
dom sequence generation; (2) allocation concealment;
(3) blinding of participants and personnel; (4) blind-
ing of outcome assessment; (5) incomplete outcome
data; (6) selective reporting. Each criterion was identi-
fied as having a low, high, or unclear risk. A discussion
was implemented to reach a consensus in the event of a
discrepancy.
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Records identified through
database searching
N=233

Additional records identified
through other sources
N=0

Records screened
N=233

Excluded N = 160

-According to the title and
abstract screen (not RCTs, not
related to SBP or Norfloxacin)
=160

Titles and abstracts screened
N=73

Excluded N = 36
-Impertinent comparisons = 36

Full-text articles screened
N=37

Excluded N =29
-Not RCTs = 10
-Impertinent outcomes = 4

-Conference abstracts = 10
-Impertinent patients = 5

Included articles
N=8

Fig. 1 Flowchart diagram for study selection in meta-analysis. “imperti-
nent”means not meeting the inclusion criteria

Statistical analysis

Statistical analysis was performed using Revman 5.2 soft-
ware (Cochrane Collaboration, Oxford, United States).
All results were presented as pooled risk ratios (RRs)
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and 95% confidence intervals (CIs). Potential bias was
checked by the funnel plot method with Egger’s test. To
heighten the robustness of the results, the pooled RRs
and 95% CI were all calculated by the random effects
model. Heterogeneity was evaluated by x> tests with p
values and I statistic values. We reported heterogeneity
when the p value was less than 0.1 and further explored
potential heterogeneity. Subgroup analysis was also
employed based on the study design.

Results

Study characteristics and quality assessment

The details of the screen flow are summarized in Fig. 1.
And a PRISMA checklist was provided in Additional
file 1: Table S1. Eight RCTs [1, 14, 15, 17-21] compar-
ing the prophylactic effects of norfloxacin and alterna-
tive antibiotics in the prevention of SBP were included.
Of those, four RCTs compared norfloxacin with rifaximin
with respect to the prevention of SBP [15, 17, 19, 20],
two RCTs showed different efficacy between norfloxacin
prophylaxis and trimethoprim-sulfamethoxazole (T-S)
prophylaxis [1, 14], and the other two studies reported
the incidence of SBP after taking prophylactic norfloxa-
cin in comparison with rufloxacin [18] and ciprofloxacin
[21], respectively. Additionally, four studies evaluated
the effects of antibiotics for both primary and secondary
prophylaxis [1, 14, 20, 21], with one for primary prophy-
laxis [17] and two for second prophylaxis [15, 19]. The
characteristics of the included studies are summarized
in Table 1. A detailed quality assessment of the included

Table 1 Characteristics of the included randomized controlled trials (RCTs)

Study Center  Type of Antibiot- Main cause of Number Meanage Meanas- Mean Mean Maxi-
prophylaxis ics for cirrhosis of patients  (year) ¥ citictotal TB creatinine mum
prophylaxis  (percentage) f (total/ protein (mg/ (mg/d)T  follow-up
male) (mgrd)t  di) Tt period

Bauer, Multiple  Secondary Norfloxacin HBV or HCV (67%) 40/26 59 NA 290 1.10 12
2002 Rufloxacin HBV or HCV (62%)  39/29 62 NA 300  1.00 months
Alvarez,  Multiple  Both Norfloxacin Alcohol (28%) 32/20 52 960 494 1.76 547 days
2005 TS Alcohol (44%) 25/18 44 1370 353 1.00
Lontos,  Multiple  Both Norfloxacin Alcohol (47.5%) 40/32 53 NA NA NA 12
2014 TS Alcohol 37.5%)  40/28 54 NA NA  NA months
Mostafa, Single Secondary Norfloxacin HCV (100%) 30/16 57 NA 236 168 6 months
2015 Rifaximin HCV (100%) 40/20 56 NA 246 1.70
Assem,  Multiple  Primary Norfloxacin HCV (93.6%) 78/56 58 930 2.80 1.60 6 months
2016 Rifaximin HCV (90.2%) 82/60 55 890 280 150

Combination  HCV (94.9%) 79/60 57 930 3.00 1.60
Elfert, Single Secondary Norfloxacin NA 131/68 54 1100 2.76 1.24 6 months
2016 Rifaximin NA 131/74 54 1000 2.69 127
Yim, Multiple  Both Norfloxacin HBV (50.0%) 62/46 56 1030 3.35 0.95 12
2018 Ciprofloxacin  Alcohol (48.4%) 62/44 55 1050 394 088 months
Praharaj, Single Both Norfloxacin NA 62/48 46 1050 355 1.05 6 months
2022 Rifaximin NA 54/41 48 1250 365 110

T The upper column represents the norfloxacin group, and the lower column represents the other antibiotic group

T-S: trimethoprim-sulfamethoxazole; HBV: hepatic B virus; HCV: hepatic C virus; NA: not applicable; TB: total bilirubin
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studies is described in Additional file 2: Figure SI1. In
addition, the funnel plots for SBP, mortality, incidence of
overall infection, and incidence of adverse events were
shown in Additional file 3: Figure S2, and Egger’s test
indicated that there was no significant publication bias.

Overall incidence of SBP

First, we compared the effects of norfloxacin with alter-
native antibiotics in the prevention of overall SBP. As
shown in Fig. 2, the overall incidence of SBP was com-
parable between prophylactic norfloxacin and alternative
antibiotics (RR: 1.46; 95% CI: 0.83, 2.59; p=0.19). In sub-
group analyses, the data showed that the effect of rifaxi-
min prophylaxis was much superior to norfloxacin in
SBP prevention (RR: 2.46; 95% CI: 1.18, 5.10; p=0.02). In
addition, pooled analyses from two trials [1, 14] indicated
that T-S prophylaxis could not reduce the incidence of
SBP when compared with norfloxacin (RR: 0.71; 95% CI:
0.23, 2.19; p=0.55).
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Primary and secondary prophylaxis of SBP

As the risk of SBP occurrence is different in cirrhotic
patients who had an episode of SBP or not, we further
evaluated the effects of norfloxacin and other antibiotics
in primary and secondary SBP prophylaxis. Four studies
[1, 17, 20, 21] compared norfloxacin to other antibiotics
for primary SBP prophylaxis and five studies [1, 15, 18—
20] for secondary prophylaxis. The results showed the
effects of other antibiotics were comparable to norfloxa-
cin for primary SBP prophylaxis (RR: 1.36; 95% CI: 0.94,
1.98; p=0.10) and secondary SBP prophylaxis (RR: 2.55;
95% CI: 0.81, 7.97; p=0.11) (Fig. 3a-b). Subgroup analy-
ses indicated that for primary prophylaxis, there was a
decreased tendency in SBP occurrence with rifaximin
treatment compared to norfloxacin (RR: 1.41; 95% CI:
0.96, 2.06; p=0.08). In addition, prophylactic rifaximin
significantly decreased the reoccurrence of SBP in the
secondary prophylaxis, compared with norfloxacin (RR:
4.59; 95% CI: 2.02, 10.43; p=0.0003) (Fig. 3b).

Norfloxacin Other antibiotics Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total M-H, Random, 95% Cl Year M-H, Random, 95% CI
1 Nofloxacin vs. other antibiotics

Bauer, 2002 6 40 12 39 0.49[0.20, 1.17] 2002 ==+

Alvarez, 2005 3 32 4 25 0.59 [0.14, 2.38] 2005 -

Lontos, 2014 2 40 2 40 1.00[0.15, 6.76] 2014 - 1

Mostafa, 2015 5 30 0 40 14.55 [0.84, 253.33] 2015 ]

Elfert, 2016 13 92 4 103 3.64 [1.23, 10.77] 2016 -

Assem, 2016 34 78 26 82 1.37[0.92, 2.06] 2016 [

Yim 2018 4 55 3 57 1.38[0.32,5.89] 2018 N

Praharaj, 2022 20 62 6 54 2.90[1.26, 6.70] 2022 —

Subtotal (95% CI) 429 440 1.46 [0.83, 2.59] <>

Total events 87 57

Heterogeneity: Tau? = 0.32; Chi? = 15.93, df = 7 (P = 0.03); I* = 56%
Test for overall effect: Z=1.31 (P = 0.19)

2 Nofloxacin vs. rifaximin

Mostafa, 2015 5 30 0 40 14.55[0.84, 253.33] 2015 7
Assem, 2016 34 78 26 82 1.37[0.92, 2.06] 2016 ™
Elfert, 2016 13 92 4 103 3.64 [1.23,10.77] 2016 —
Praharaj, 2022 20 62 6 54 2.90[1.26, 6.70] 2022 —
Subtotal (95% CI) 262 279 2.46 [1.18, 5.10] ’
Total events 72 36
Heterogeneity: Tau? = 0.29; Chi? = 7.24, df = 3 (P = 0.06); |12 = 59%
Test for overall effect: Z =2.41 (P = 0.02)

3 Nofloxacin vs. T-S
Alvarez, 2005 3 32 4 25 0.59[0.14, 2.38] 2005 ——
Lontos, 2014 2 40 2 40 1.00 [0.15, 6.76] 2014 f
Subtotal (95% Cl) 72 65 0.71[0.23, 2.19]
Total events 5 6

Heterogeneity: Tau? = 0.00; Chi> = 0.20, df = 1 (P = 0.66); I> = 0%
Test for overall effect: Z = 0.60 (P = 0.55)

} t t t
0.002 0.1 1 10 500
Favours [Norfloxacin] Favours [Other antibiotics]

Fig. 2 Forest plot of the overall incidence of SBP between the norfloxacin group and the other antibiotic group. SBP, spontaneous bacterial peritonitis
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Norfloxacin Other antibiotics Risk Ratio Risk Ratio
tudy or Subgrou Events Total Events Total M-H, Random, 95% Cl Year M-H. Random, 95% CI

1 Nofloxacin vs. other antibiotics

Lontos, 2014 1 29 1 30 1.03 [0.07, 15.77] 2014

Assem, 2016 34 78 26 82 1,37 [0.92, 2.06] 2016 L3

Yim 2018 1 50 2 48 0.48 [0.04, 5.12] 2018

Praharaj, 2022 7 29 4 28 1.69[0.55, 5.14] 2022 -

Subtotal (95% CI) 186 188 1.36 [0.94, 1.98] -

Total events 43 33

Heterogeneity: Tau? = 0.00; Chi? = 0.93, df = 3 (P = 0.82); 1= 0%

Test for overall effect: Z = 1.63 (P = 0.10)
2 Norfloxacin vs. rifaximin

Assem, 2016 34 78 26 82 1.37[0.92, 2.06] 2016 1.'

Praharaj, 2022 7 29 4 28 1.69 [0.55, 5.14] 2022 N

Subtotal (95% ClI) 107 110 1.41 [0.96, 2.06] <

Total events 41 30

Heterogeneity: Tau? = 0.00; Chi? = 0.12, df =1 (P =0.73); = 0%

Test for overall effect: Z = 1.76 (P = 0.08)

0.01 0.1 1 10 100

(b)

Favours [Norfloxacin] Favours [Other treatment]

Norfloxacin Other antibiotics Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total M-H, Random, 95% CI Year M-H. Random, 95% Cl
1 Nofloxacin vs. other antibiotics
Bauer, 2002 6 40 12 39 0.491[0.20, 1.17] 2002 —
Lontos, 2014 1 11 1 10 0.91[0.07, 12.69] 2014
Mostafa, 2015 5 30 0 40 14.55 [0.84, 253.33] 2015 >
Elfert, 2016 13 92 4 103 3.64 [1.23,10.77] 2016 - &
Yim 2018 3 5 1 9 5.40[0.74, 39.17] 2018 T T
Praharaj, 2022 13 33 2 26 5.12[1.27, 20.71] 2022 N
Subtotal (95% CI) 211 227 2.55[0.81, 7.97] e
Total events 41 20
Heterogeneity: Tau? = 1.26; Chi* = 16.21, df = 5 (P = 0.006); I> = 69%
Test for overall effect: Z=1.60 (P = 0.11)
2 Nofloxacin vs. rifaximin
Mostafa, 2015 5 30 0 40 14.55 [0.84, 253.33] 2015 >
Elfert, 2016 13 92 4 103 3.64 [1.23, 10.77] 2016 —i—
Praharaj, 2022 13 33 2 26 5.12[1.27,20.71] 2022 - &
Subtotal (95% CI) 155 169 4.59 [2.02, 10.43] N
Total events 31 6
Heterogeneity: Tau? = 0.00; Chi? = 0.85, df = 2 (P = 0.65); 1> = 0%
Test for overall effect: Z = 3.64 (P = 0.0003)
0.01 0.1 1 10 100

Favours [Norfloxacin] Favours [Other antibiotics]

Fig. 3 Forest plot of the incidence of SBP between the norfloxacin group and the other antibiotic group in the primary prophylaxis (a) and the secondary

prophylaxis (b). SBP, spontaneous bacterial peritonitis

Mortality

Eight studies [1, 14, 15, 17-21] evaluated the mortality
regarding norfloxacin and other antibiotics in the pro-
phylaxis of SBP (Fig. 4). Overall pooled analyses indi-
cated patients with other antibiotic prophylaxis achieved
comparable survival benefits compared with norfloxacin
(RR: 1.26; 95% CI: 0.92, 1.74; p=0.16). Specifically, sub-
group analyses showed that rifaximin prophylaxis failed

to decrease mortality compared to norfloxacin (RR: 1.49;
95% CI: 0.93, 2.38; p=0.10). A consistent result was found
when comparing T-S with norfloxacin prophylaxis (RR:
1.36; 95% CI: 0.71, 2.60; p=0.36).

Incidence of overall infection
Of note, four studies [1, 14, 18, 21] reported the inci-
dence of overall infections (Fig. 5). The incidence of
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Norfloxacin Other antibiotics Risk Ratio Risk Ratio
r Even Total Even Total ight M-H. Random. 95% CI Year M-H ndom, 95% ClI
1 Nofloxacin vs. other antibiotics
Bauer, 2002 3 40 5 39 5.2% 0.58 [0.15, 2.28] 2002
Alvarez, 2005 7 32 5 25 8.8% 1.09 [0.39, 3.04] 2005 I¥
Lontos, 2014 11 40 7 40 12.4% 1.57 [0.68, 3.64] 2014 1™
Mostafa, 2015 5 30 0 40 1.2% 14.55[0.84, 253.33] 2015 >
Assem, 2016 1 78 8 82 12.0% 1.45[0.61, 3.40] 2016 =
Elfert, 2016 32 131 18 131 25.8% 1.78 [1.05, 3.00] 2016 L
Yim 2018 8 62 1 62 12.4% 0.73[0.31, 1.68] 2018 =
Praharaj, 2022 18 62 15 54 22.3% 1.05[0.59, 1.87] 2022 ——
Subtotal (95% CI) 475 473 100.0% 1.26 [0.92, 1.74]
Total events 95 69
Heterogeneity: Tau? = 0.03; Chi? = 8.25,df =7 (P = 0.31); I? = 15%
Test for overall effect: Z =1.42 (P = 0.16)
2 Nofloxacin vs. rifaximin
Mostafa, 2015 5 30 0 40 2.6% 14.55 [0.84, 253.33] 2015 >
Assem, 2016 1" 78 8 82 21.9% 1.45[0.61, 3.40] 2016 e
Elfert, 2016 32 131 18 131 39.7% 1.78 [1.05, 3.00] 2016 L
Praharaj, 2022 18 62 15 54 35.8% 1.05[0.59, 1.87] 2022 L
Subtotal (95% ClI) 301 307 100.0% 1.49 [0.93, 2.38] @
Total events 66 41
Heterogeneity: Tau? = 0.07; Chi? =4.47,df =3 (P =0.21); I?=33%
Test for overall effect: Z = 1.64 (P = 0.10)
3 Nofloxacin vs. T-S
Alvarez, 2005 7 32 5 25 40.4% 1.09 [0.39, 3.04] 2005
Lontos, 2014 11 40 7 40 59.6% 1.57 [0.68, 3.64] 2014
Subtotal (95% CI) 72 65 100.0% 1.36 [0.71, 2.60]
Total events 18 12
Heterogeneity: Tau? = 0.00; Chi? = 0.29, df =1 (P = 0.59); I? = 0%
Test for overall effect: Z=0.92 (P = 0.36)
I t t {
0.01 0.1 1 10 100
Favours [Norfloxacin] Favours [Other antibiotics]
Fig. 4 Forest plot of the morbidity
Norfloxacin Other antibiotics Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events  Total Weight M-H, Random, 95% Cl Year M-H, Random, 95%Cl
in vs. other i
Bauer, 2002 13 40 18 39 41.5% 0.70 [0.40, 1.23] 2002 —
Alvarez, 2005 13 32 10 25 321% 1.02[0.54, 1.92] 2005 e
Lontos, 2014 10 40 9 40 21.1% 1.11[0.51, 2.44] 2014 N
Yim 2018 3 62 3 62 53% 1.00 [0.21, 4.76] 2018 I a—
Subtotal (95% Cl) 174 166 100.0% 0.89 [0.62, 1.27] <*
Total events 39 40
Heterogeneity: Tau? = 0.00; Chi? = 1.17, df = 3 (P = 0.76); I = 0%
Test for overall effect: Z = 0.64 (P = 0.52)
=ovo1 0?1 1 1’0 100:

Fig.5 Forest plot of the overall infection

overall infections in prophylactic norfloxacin was similar
as other antibiotics in SBP prevention (RR: 0.89; 95% CI:
0.62,1.27; p=0.52).

Adverse events

To comprehend the safety of prophylactic antibiotics in
SBP prevention, we evaluated the incidence of adverse
events reported in studies. As shown in Fig. 6, the inci-
dence of adverse events in patients with norfloxacin pro-
phylaxis revealed no significant difference compared with
other antibiotics (RR: 0.69; 95% CI: 0.06, 8.20; p=0.77).
The Chi-square test indicated statistical heterogene-
ity existed among the studies (p=0.001, ’=82%), and

Favours [Norfloxacin] Favours [Other antibiotics]

subgroup analyses were further performed. The results
demonstrated that the incidence of adverse events asso-
ciated with rifaximin prophylaxis displayed a reduction
tendency that was almost marginally significant (RR:
3.46; 95% CI: 0.85, 14.07; p=0.08). However, patients with
prophylactic T-S had an obvious increase in the incidence
of adverse events compared to norfloxacin (RR: 0.06; 95%
CI: 0.01, 0.45; p=0.006).

Discussion

SBP is a frequent and severe complication in cirrhotic
patients with ascites. Even when appropriate treatments
are adopted, acute kidney injury and acute-on-chronic
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Norfloxacin  Other antibiotics Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events otal Weight M-H, Random, 95% CI Year M-H. Random, 95%Cl
1 in vs. other antibioti

Alvarez, 2005 0 32 5 25 22.7% 0.07 [0.00, 1.24] 2005 — %

Lontos, 2014 0 40 9 40 22.9% 0.05[0.00, 0.87] 2014 - = |

Mostafa, 2015 5 30 0 40 22.6% 14.55 [0.84, 253.33] 2015 e, ==

Elfert, 2016 33 92 15 103  31.8% 2.46[1.43,4.23] 2016 B

Subtotal (95% CI) 194 208 100.0% 0.69 [0.06, 8.20] ——

Total events 38 29

Heterogeneity: Tau? = 4.96; Chi = 16.24, df = 3 (P = 0.001); I> = 82%

Test for overall effect: Z=0.30 (P = 0.77)
2 Nofloxacin vs. rifaximin

Mostafa, 2015 5 30 0 40 19.1% 14.55 [0.84, 253.33] 2015

Elfert, 2016 33 92 15 103 80.9% 2.46 [1.43,4.23] 2016 l

Subtotal (95% Cl) 122 143 100.0% 3.46 [0.85, 14.07] g

Total events 38 15

Heterogeneity: Tau? = 0.56; Chi? = 1.51, df = 1 (P = 0.22); I? = 34%

Test for overall effect: Z = 1.73 (P = 0.08)
3 Nofloxacin vs. T-S

Alvarez, 2005 0 32 5 25 49.3% 0.07 [0.00, 1.24] 2005 — &

Lontos, 2014 0 40 9 40 50.7% 0.05[0.00, 0.87] 2014 — &

Subtotal (95% CI) 72 65 100.0% 0.06 [0.01, 0.45] ——

Total events 0 14

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df =1 (P = 0.88); I’ = 0%

Test for overall effect: Z = 2.74 (P = 0.006)

0.001 o1 1 10 1000

Fig. 6 Forest plot of the adverse events

liver failure occur in 54% and 35%-60% of patients,
respectively [22-25]. About 30-50% of cirrhotic patients
could die from SBP within one year, as mentioned before
[2-4]. Mechanically, intestinal bacterial overgrowth,
impaired intestinal barrier function with consequent
bacterial translocation, and systematic immune dys-
regulation are generally considered to be involved in the
pathophysiology of SBP [26]. Traditionally, gram-nega-
tive bacilli are the major pathogenic bacteria of SBP, with
E. coli and Klebsiella being the most frequently isolated
bacteria [27, 28]. Therefore, norfloxacin has been widely
applied to prevent SBP because of its action against
gram-negative bacteria and its low systematic avail-
ability. However, an alteration has occurred to the pat-
tern of pathogens in SBP, characterized by an increase
in gram-positive bacteria and drug-resistant bacteria,
which is attributed to the massive use of prophylactic
quinolones, the widespread use of invasive procedures,
the increasing administration of broad-spectrum anti-
biotics, and the broadening criteria for hospitalization
in intensive care units [29]. And this shift in the bacte-
riology of SBP has challenged the traditional antibiotic
strategy represented by norfloxacin [30]. In the current
study, based on publication years of studies, we com-
pared the prophylactic effects of norfloxacin in SBP pre-
vention before [14, 18] and after 2010 [1, 15, 17, 19-21].
It is worth noting that the incidence of SBP in patients
receiving norfloxacin prophylaxis increased from 12.50
to 21.85%. This finding was consistent with the previous
meta-analysis that pointed out that the incidence rate
ratios (IRRs) for placebo versus norfloxacin significantly
decreased from 15.35 to 1992 to 2.13 in 2015 [31]. It
implies that the positive treatment effect of norfloxacin
decreased over time. Given the dismal prognosis of SBP

Favours [Norfloxacin] Favours [Other antibiotics]

and the altered epidemiology of bacterial infections in
cirrhosis, it is essential to adjust prophylactic strategies.
Alternative antibiotics had been proposed to prevent SBP
in specific cirrhotic patients. However, the prophylactic
effects of alternative strategies relative to norfloxacin are
still ambiguous.

In the current meta-analysis, we enlisted eight RCTs
[1, 14, 15, 17-21] to compare the preventive effects of
norfloxacin to those of other antibiotics, including rifaxi-
min, T-S, rufloxacin, and ciprofloxacin. Norfloxacin and
other antibiotics had comparable overall occurrences
of SBP. However, rifaximin-treated patients had bet-
ter prophylactic effects for SBP prevention than those
using norfloxacin (12.90% vs. 27.48%, p=0.02), accord-
ing to subgroup analysis results. In addition, we further
analyzed the effects of antibiotics in primary and second-
ary SBP prophylaxis. Subgroup analysis of the available
data indicated that the prophylactic effects of norfloxacin
were comparable to those of other antibiotics. Of note,
an overt decreased tendency without significance was
observed in rifaximin intervention for primary SBP pro-
phylaxis compared with norfloxacin (27.27% vs. 38.32%,
p=0.08). Interestingly, for secondary SBP prevention,
rifaximin exhibited more robust prophylactic effects than
norfloxacin (3.56% vs. 20%, p=0.0003). These findings
suggested that rifaximin was a promising and effective
alternative to norfloxacin in SBP primary and secondary
prevention. Rifaximin, as a gut-selective, low microbe-
resistant antibiotic with a broad anti-bacteria spectrum,
had been proposed as an oral alternative antibiotic to
norfloxacin to prevent SBP [15, 20]. Mechanism stud-
ies showed that rifaximin exerts a limited impact on
microbial composition in cirrhosis [32-34]. In contrast,
norfloxacin has been proven to be more effective than
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rifaximin in avoiding episodes of bacterial translocation,
at least in experimental cirrhosis [32]. Maybe the very
subtle changes in the microbiome composition induced
by rifaximin are sufficient to improve the metabolism
of the host in cirrhosis. In addition, our meta-analysis
showed that rifaximin exploited its advantage over nor-
floxacin mainly for SBP secondary prophylaxis. This may
be because, compared with norfloxacin, rifaximin exerts
a more significant impact on the microbial environment
of secondary infections, where different isolated bac-
teria from first infections, increasing fungal infections,
and multi-drug resistant bacteria are usually found [35].
More underlying mechanisms need to be investigated.
Similarly, it could explain why a comparable efficacy was
detected between T-S prophylaxis and norfloxacin pro-
phylaxis in the present study, as the majority of quino-
lone-resistant strains are also resistant to T-S [36]. From
our analysis, rifaximin seems to be an attractive alterna-
tive to norfloxacin to reduce SBP recurrence.

The overall prognosis of cirrhotic patients with high
risks of developing SBP is poor. In the present study, the
pooled analyses indicated consistent mortality with nor-
floxacin and other antibiotic prophylaxis. Consistently,
subgroup analysis indicated that rifaximin exerted a com-
parable impact to norfloxacin on the survival benefit of
cirrhotic patients, despite its advantage over norfloxacin
in SBP secondary prophylaxis. Of note, other liver-related
complications like acute kidney injury [37, 38], acute-on-
chronic liver failure [39], and nosocomial infection [40]
are also related to poor outcomes in liver cirrhosis. These
components should be taken into consideration when we
talk about the survival benefit brought by antibiotic pro-
phylaxis for SBP.

Patients with cirrhosis and ascites were susceptible
to developing systemic infections. The mortality rate in
cirrhotic patients with infections obviously increased
[41]. Usually, cirrhotic patients accompanied by infec-
tions would have a dismal prognosis, and gut microbi-
ota alternation and translocation were considered to be
associated with systematic inflammation and an unde-
sirable prognosis [42, 43]. Hence, intestinal decontami-
nation drugs were suggested to prevent SBP in cirrhotic
patients. Previous meta-analyses have reported the posi-
tive effects of norfloxacin in reducing overall infections
in cirrhotic patients when compared with placebo or
no-treatment groups [44]. However, in the present study,
we reported non-superior effects of alternative antibiot-
ics to norfloxacin in the prevention of overall infections
in cirrhotic patients. Of note, given the limited studies
included, this result necessitated further verification by
more RCTs.

Drug safety as well could not be ignored in the appli-
cation of antibiotics. Here, four studies [1, 14, 15, 19]
compared and reported the adverse events of norfloxacin
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with rifaximin or T-S, respectively. Side effects such as
headache, dizziness, nausea, abdominal pain, and flatu-
lence were occasionally observed in cases using norfloxa-
cin or rifaximin; and anorexia, rash, and vomiting were
individually reported in cases using T-S. Almost all of
the adverse events were mild and disappeared after drug
withdrawal or expectant treatment. Overall, our results
illuminated comparable incidences of adverse events
with other antibiotics and norfloxacin. What should be
particularly pointed out was that the adverse events in
T-S prophylactic patients obviously increased compared
to norfloxacin (21.54% vs. 0%, p=0.006), suggesting
more drug safety should be considered when prophylac-
tic T-S is attempted in SBP patients. Of note, additional
subgroup analysis revealed patients with rifaximin pro-
phylaxis were likely to experience fewer adverse events
compared with those receiving norfloxacin (10.49% vs.
31.15%, p=0.08). We speculated that the high safety of
rifaximin might be due to its minimal intestine-absorbed
property.

We evaluated the risk bias of all the included RCTs to
assess the quality of evidence. Notably, the evaluation of
risk bias was somewhat different from other articles. For
instance, the risk of bias for blinding of outcome assess-
ment in Alvarez’s RCT was considered high in our study,
unclear in Komolafe’s article [45], and low in Soni’s arti-
cle [46]. We suspected this inconsistency may be caused
by the low reliability of the risk of bias tool [47]. There-
fore, improved guidelines for the RoB tool and revisions
to the tool are needed.

Our study has certain limitations. Because only a few
RCTs have compared rifaximin versus norfloxacin, the
strength of the positive results presented in our meta-
analysis is undermined by methodological drawbacks.
Additionally, the results are affected by heterogeneous
and low-quality studies. Therefore, more well-conducted
and larger RCTs are needed.

Conclusions

In summary, the present meta-analysis updated and
comprehensively demonstrated the effects of norfloxa-
cin vs. other prophylactic antibiotics in SBP prevention.
Generally, for cirrhotic patients with high risk, rifaximin
prophylaxis for SBP showed greater efficacy and safety.
Thus, we suggested that the use of rifaximin or a combi-
nation with norfloxacin might have more advantages in
high-risk patients for the prophylaxis of SBP compared
with norfloxacin alone. This updated meta-analysis could
contribute to developing appropriate antibiotic strategies
and provide evidence to support the use of rifaximin in
the prevention of SBP.
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