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Abstract

Objective: To compare the occurrence and prognosis of antibiotic-associated diarrhea (AAD)

between patients treated with cefoperazone/sulbactam and piperacillin/tazobactam in the neu-

rosurgery department.

Methods: This study retrospectively analyzed patients who received cefoperazone/sulbactam or

piperacillin/tazobactam to prevent or treat hospital-acquired infections in the Department of

Neurosurgery of The First Medical Center of Chinese PLA General Hospital between

October 2019 and October 2020. For patients with AAD, clinical data, antibiotic usage, the

incidence of diarrhea, treatment, and prognosis were collected and analyzed.

Results: In total, 356 patients were enrolled, and 65 (18.6%) experienced AAD, 38 patients in

the cefoperazone/sulbactam group and 27 patients in the piperacillin/tazobactam group. The

AAD rate did not differ between the treatment arms. Conversely, the dosage, intensity, and

duration of antibiotic therapy differed between the groups, whereas no differences were noted in

the time to the appearance of diarrhea and prognosis. According to regression analysis, the

incidence of AAD did not differ between the groups (odds ratio [OR]¼ 0.85, 95% confidence

interval [CI]¼ 0.46–1.48).

Conclusion: Cefoperazone/sulbactam or piperacillin/tazobactam can lead to a similar incidence

rate of AAD. The combined application of antibiotics and empiric therapy often occurs. The

rational use of antibiotics should be improved.
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Introduction

Antibiotic-associated diarrhea (AAD) is a

common adverse drug reaction occurring

during high-intensity antibiotic therapy.

AAD describes the gastrointestinal dys-

function caused by the application of anti-

biotics. The main symptoms of the disease

including the passage of loose, watery

stools three or more times a day after

taking medications used to treat bacterial

infections.1 With the increasing application

of broad-spectrum antibiotics, the incidence

of AAD has gradually increased in recent

years.2,3 Epidemiological investigations

have found that the incidence of AAD in

hospitalized patients can be as high as 5%

to 39%.4 Nearly all antibiotics can cause

AAD, albeit at different frequencies.2,5

The most commonly used antibiotics in

Chinese tertiary hospitals to prevent or

treat hospital-acquired infections are carba-

penems, combination b-lactamase inhibi-

tors (such as cefoperazone/sulbactam and

piperacillin/tazobactam), and fluoroquino-

lones. Cefoperazone/sulbactam and pipera-

cillin/tazobactam are two of the most

commonly used treatments in neurosurgery

departments. However, few studies have

compared the incidence of AAD induced

by these two treatments. Thus, this study

explored the incidence and prognosis of

AAD induced by cefoperazone/sulbactam

and piperacillin/tazobactam.

Materials and methods

This study is reported in line with the

Strengthening the Reporting of

Observational Studies in Epidemiology
(STROBE) statement.6 A retrospective

observational analysis was performed in
the Neurosurgery Department of First

Medical Center of Chinese PLA General

Hospital (Beijing, China). Hospital infec-
tion control measures were implemented

in accordance with standard procedures
and remained unchanged during the study

period. The decision to use antibacterial

drugs and the choice of antibacterial drugs
were made by the clinician based on the

patient’s clinical manifestations, although
most patients were treated for hospital-

acquired pneumonia. All treatment plans
were approved by patients or their family

members. The need for ethical approval

and informed consent was waived because
of the retrospective nature of the study. No

protected health information has been
disclosed.

Inclusion and exclusion criteria

Patients who used cefoperazone/sulbactam

or piperacillin/tazobactam to prevent or
treat hospital-acquired infections from

October 2019 to October 2020 were consec-
utively enrolled. The “Diagnostic Criteria

for Hospital Infections” were used to diag-

nose AAD, patients with food poisoning,
steatorrhea, irritable bowel syndrome,

viral diarrhea, bacillary dysentery, salmo-
nella diarrhea, ischemic diarrhea, and

chronic diarrheal diseases were excluded.3

The clinical data of the patients, includ-
ing demographic data (such as height,

weight, age, and BMI), the incidence of
AAD, anti-infective treatment dosage,
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medication time, antibiotic combination,

use of empiric therapy or targeted therapy,

nutritional support, the time to the appear-

ance of diarrhea, diarrhea etiology, AAD

treatment (such as vancomycin and probi-

otics), liver and kidney function, the length

of hospital stay, and prognosis, were retro-

spectively analyzed.

Grouping

Patients with AAD were grouped according

to the receipt of cefoperazone/sulbactam

(SCF group) and piperacillin/tazobactam

(TZP group).

Laboratory testing of stool samples

Fecal smear and diarrhea pathogen culture

were performed by the hospital laboratory

according to standard operating proce-

dures. The pathogenic examination of diar-

rhea in our hospital only provides the

intestinal flora distribution or clarifies the

presence of fungi, and no drug susceptibility

test is performed.

Statistical methods

Statistical analysis was conducted using

SPSS Statistics 24 (IBM, Armonk, NY,

USA). Normally distributed data were

expressed as the mean� standard deviation,

and non-normally distributed data were

expressed as the median (interquartile

range). Cross-group comparisons were

made using Student’s t-test or the Mann–

Whitney U test. Moreover, the chi-squared

test was applied to compare classified vari-

ables. Bivariate correlation analysis was

performed using Pearson’s or Spearman’s

correlation tests. P< 0.05 indicated statisti-

cal significance. Logistic regression model-

ing was used to compare AAD rates

between the two groups. Confounding var-

iables were those significant at P< 0.05 in

univariate analysis.

Results

Basic characteristics of patients

In total, 356 patients who used cefopera-
zone/sulbactam (n¼ 221) or piperacillin/
tazobactam (n¼ 135) were enrolled in the
study. Among them, 65 patients (18.26%)
were diagnosed with AAD attributable to
the use of these two combination drugs,
including 38 (17.19%) and 27 patients
(20.00%) in the SCF and TZP groups,
respectively. The incidence of AAD did
not significantly differ between the two
groups (P¼ 0.506). Among the 65 patients
with AAD, the primary disease was brain
trauma in 23 patients, cerebral hemorrhage
in 15 patients, and brain tumor in 28
patients. The 38 patients with AAD in the
SCF group included 20 men and 18 women,
and the 27 patients with AAD in the TZP
group included 19 men and 8 women. There
were no significant differences in gender,
age, BMI, liver function, and renal function
between the two groups (P> 0.05), as pre-
sented in Table 1.

Factors related to the occurrence of AAD

The two groups of patients had statistically
significant differences in the anti-infective
drug dosage, therapeutic course, and
defined daily dose (DDD, 4 for
“cefoperazone and b-lactamase inhibitor”
and 14 for “piperacillin and b-lactamase
inhibitor;” all P< 0.05). There were signifi-
cant differences in the use of antibiotic com-
binations, empiric therapy, or targeted
therapy; provision of nutritional support
(including parenteral nutrition and paren-
teral nutrition assistance) and the time to
the appearance of diarrhea (all P> 0.05),
as presented in Table 2.

Treatment and outcome of AAD

Among the patients with AAD in the SCF
group, 14 underwent fecal smear testing,
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and 4 patients (28.57%) had fungal pseu-
dohyphae all patients had cocci/bacilli
ratio imbalance. In patients with AAD in
the TZP group, 15 underwent fecal smear
testing tested, and 3 patients had fungal
pseudohyphae (20.00%). Moreover, 14
patients had cocci/bacilli ratio imbalance
(93.33%). None of the patients stopped
anti-infective treatment, and all received
anti-diarrheal therapy. Oral vancomycin
and probiotics were sometimes used as
treatment. There was no significant differ-
ence in the use of vancomycin and probi-
otics between the two groups (both
P> 0.05). Regarding the outcome, there
were no significant differences in the time
to the appearance of diarrhea, the length
of hospitalization, and patient prognosis

between the two groups (P> 0.05), as pre-

sented in Table 3.
Table 4 presents the results of logistic

regression analysis comparing the incidence

of AAD between the two groups. After

adjusting for confounding factors such as

the treatment course and DDD, the adjust-

ed OR was 0.85 (95% CI¼ 0.46–1.58,

P¼ 0.61), indicating that the incidence of

AAD did not differ between the groups.

Discussion

Among all hospitalized patients, neurosur-

gery patients have among the highest inten-

sities of antibiotic treatment. As such,

antibiotic-related adverse reactions have

become an important concern.

Table 2. Factors related to the occurrence of AAD.

SCF group (n¼ 221) TZP group (n¼ 135) P

Dosage (mg/kg/day) 54.0 (36.0–105.8) 94.5 (63.0–182.2) /

Therapy course (day) 8 (6–11) 14 (8–21) 0.001*

Number of DDDs used 1.4 (1.0–1.5) 1.0 (0.9–1.0) <0.001*

Empiric therapy 167 (76.32%) 105 (77.78%) 0.890

Targeted therapy 52 (23.68%) 30 (22.22%)

Combined antibiotics 111 (50.23%) 80 (59.26%) 0.461

Nutrition support 167 (76.32%) 125 (92.59%) 0.165

*P< 0.05.

SCF, cefoperazone/sulbactam; TZP, piperacillin/tazobactam; AAD, antibiotic-related diarrhea; DDD, defined daily dose.

Table 1. Basic characteristics of the patients.

SCF group (n¼ 221) TZP group (n¼ 135) P

AAD incidence rate 38 (18.26%) 27(17.19%) 0.506

Sex (male:female) 116:105 95:40 0.150

Age (years) 63.53� 15.52 61.52� 18.11 0.636

BMI (kg/m2) 25.65� 6.30 23.84� 3.90 0.300

Liver function

ALT 22.19� 28.64 22.20� 22.42 0.712

DBIL 5.19� 1.99 5.53� 1.59 0.681

Renal function

Ccr 71.20� 36.67 69.65� 41.74 0.591

*P< 0.05.

SCF, cefoperazone/sulbactam; TZP, piperacillin/tazobactam; AAD, antibiotic-related diarrhea; BMI, body mass index; ALT,

alanine aminotransferase; DBIL, direct bilirubin; Ccr: creatinine clearance rate.
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Cefoperazone/sulbactam and piperacillin/

tazobactam are two commonly used antibi-

otic regimens in neurosurgery departments,

and few studies have compared the inci-

dence of AAD induced by these treatments.

In the present study, the incidence of AAD

was 18.26, and the incidence did not differ

between the treatment groups (OR¼ 0.85,

95% CI¼ 0.46–1.58, P¼ 0.61) Treatment

and prognosis also did not differ between

the groups.

Clinical manifestations and treatment

of AAD

With the widespread use of antibiotics, the

incidence of AAD is increasing annually,

and AAD has become one of the most

common intestinal diseases.4 More than

90% of the intestinal bacteria belong to

the genus Bacteroides. Because of antibac-

terial drug use, most of the sensitive bacte-

ria in the intestine are inhibited, whereas the

resistant bacteria multiply and grow in the

intestine.5 Etiological examinations can

reveal cocci/bacilli ratio imbalance. In

severe cases, pseudohyphae formation or

Clostridium difficile (CD) infection (CDI)

might be present.7 Unlike other studies,

CD was not detected in the pathogenic eval-

uation in this study. It is reported that

China has a lower rate of CDI and fewer

toxic strains than the United States.

Although not all patients with AAD under-

went etiological examinations of diarrhea,

cocci/bacilli ratio imbalance was the most

common manifestation in the etiological

examination. According to the guidelines,

vancomycin is the drug of choice for the

treatment of AAD caused by CD.8 In our

study, vancomycin was used less frequently

than expected, and its use did not differ

between the two groups. In this study, pro-

biotics were used more frequently, but there

was no significant difference in their use

between the two groups, probably because

CD was not detected and cocci/bacilli ratio

imbalance was the primary manifestation of

AAD. Several studies reported that the use

of probiotics can reduce symptoms and

shorten the duration of diarrhea, which

are conducive to improving patient progno-

ses.8,9 However, the specific composition of

probiotics remains controversial.11

Termination of the antibiotic(s) that

induced AAD is the preferred first step of

AAD treatment.8 In the real world, this is

sometimes impossible or ignored by the sur-

geon. None of our patients terminated

Table 3. Treatment and outcome of AAD.

AAD SCF group (n¼ 38) TZP group (n¼ 27) P

Vancomycin 4 (10.53%) 7 (25.93%) 0.103

Probiotics 24 (63.16%) 18 (66.67%) 0.771

Time to the appearance of diarrhea (days) 4.97� 2.57 4.11� 2.82 0.205

Length of stay (days) 31.50 (21.00–49.25) 43 (28.00–83.00) 0.085

Outcome: cured 33 (86.84%) 24 (88.89%) >0.99

SCF, cefoperazone/sulbactam; TZP, piperacillin/tazobactam.

Table 4. Logistic regression analysis of the inci-
dence of AAD between the two groups.

Item AAD

SCF group 38 (18.26%)

TZP group 27 (17.19%)

crude OR (95% CI) 0.84 (0.48–1.45)

crude P 0.525

adj. OR (95% CI) 0.85 (0.46–1.58)

P (Wald’s test) 0.61

AAD, antibiotic-related diarrhea; SCF, cefoperazone/sul-

bactam; TZP, piperacillin/tazobactam; OR, odds ratio; CI,

confidence interval.
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antibiotic therapy after a diagnosis of

AAD. Consider the long treatment course

and high ratio of empiric therapy in our

study, more efforts must be focused on anti-

microbial stewardship (AMS) to promote

the rational use of antibiotics in the neuro-

surgery department.

Influence of the use of cefoperazone/

sulbactam or piperacillin/tazobactam on

the incidence of AAD

Although several reports stated that differ-

ent antibiotics induce AAD at different fre-

quencies, no studies compared the incidence

of AAD associated with cefoperazone/sul-

bactam and piperacillin/tazobactam. To

our knowledge, few studies directly com-

pared the incidence of AAD among

b-lactam/b-lactamase inhibitor regimens in

China. The mechanism of AAD is mainly

believed to be related to antibiotics’ direct

or indirect influence on the intestinal flora.

Different antibiotics have different effects

on the intestinal flora.8,11 b-lactam antibi-

otics can significantly inhibit the growth

and reduce the diversity of the intestinal

flora and simultaneously induce the massive

growth of clostridia.13 Among them, cefo-

perazone is excreted through the liver and

gallbladder, and it can inhibit the conver-

sion of bile acid to dehydroxylated bile acid

in the intestine and reduce the inhibitory

effect of hypobile acid on CD, thereby

increasing the risk of CDI.12 However, in

our study, the incidence of AAD and the

time to appearance of diarrhea did not

differ between the groups, meaning that

the route of excretion is not the only

factor influencing this adverse drug reac-

tion. Existing studies have not clarified

which b-lactam/b-lactamase inhibitor com-

bination is most likely to cause AAD.2 It is

necessary to expand the sample size and

population to conduct further research.

Limitations

Our study had some limitations. First, the

high ratio of empiric therapy and relatively

low etiological examination submission rate

may have affected the result. However, in

the neurosurgery department, antibiotics

are typically used as preventative and

empiric therapy, which makes it difficult

to detect pathogens. Second, most patients

were previously healthy with mild AAD

symptoms, and thus, the interpretation of

the outcome might differ in other patient

populations, such as older and less healthy

patients. Finally, cefoperazone/sulbactam is

one of the three most commonly used drugs

in China but not in the US, and thus, few

studies have compared this treatment with

other regimens. Our study compared two

commonly used antibiotics in terms of

AAD risk, and we hope the findings pro-

vide useful information for clinical

treatment.
In summary, cefoperazone/sulbactam

and piperacillin/tazobactam were not asso-

ciated with significant differences in the

occurrence and prognosis of AAD. The

incidence rate of AAD was 18.26% in the

study. Oral vancomycin and probiotics can

be used to treat AAD. Considering the long

treatment course, high rate of empiric ther-

apy, low rate of treatment discontinuation

after a diagnosis of AAD, and relatively

low rate of etiological examination in our

study, more efforts regarding AMS are

required to promote the rational use of

antibiotics in the neurosurgery department.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

This research received no specific grant from any

funding agency in the public, commercial, or

not-for-profit sectors.

6 Journal of International Medical Research



ORCID iD

Yue Chen https://orcid.org/0000-0002-3907-
7641

References

1. Litao G, Jingjing S, Yu L, et al. Risk
Factors for Antibiotic-Associated Diarrhea
in Critically Ill Patients. Med Sci Monit

2018; 24: 5000–5007. doi: 10.12659/
MSM.911308.

2. Daneman N, Bronskill SE, Gruneir A, et al.
Variability in Antibiotic Use Across Nursing
Homes and the Risk of Antibiotic-Related
Adverse Outcomes for Individual
Residents. JAMA Intern Med 2015; 175:
1331–1339. doi: 10.1001/jamainternmed.
2015.2770.

3. Rondanelli M, Faliva MA, Perna S, et al.
Using probiotics in clinical practice: Where
are we now? A review of existing meta-anal-
yses. Gut Microbes 2017; 8: 521–543. doi:
10.1080/19490976.2017.1345414. Epub 2017
Jul 21.

4. Workie GY, Akalu TY and Baraki AG.
Environmental factors affecting childhood
diarrheal disease among under-five children
in Jamma district, South Wello zone,
Northeast Ethiopia. BMC Infect Dis 2019;

19: 804. doi: 10.1186/s12879-019-4445-x.
5. Ma H, Zhang L, Zhang Y, et al. Combined

administration of antibiotics increases the
incidence of antibiotic-associated diarrhea
in critically ill patients. Infect Drug Resist

2019; 12: 1047–1054. doi: 10.2147/IDR.
S194715.

6. Von Elm E, Altman DG, Egger M, et al.
The Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) statement: guidelines for report-
ing observational studies. Ann Intern Med

2007; 147: 573–577. doi: 10.7326/0003-

4819-147-8-200710160-00010. Erratum in:
Ann Intern Med. 2008 Jan 15; 148(2): 168.

7. Ma H, Zhang L, Zhang Y, et al. Combined
administration of antibiotics increases the
incidence of antibiotic-associated diarrhea

in critically ill patients. Infect Drug Resist

2019; 12: 1047–1054. doi: 10.2147/IDR.
S194715.

8. McDonald LC, Gerding DN, Johnson S,
et al. Clinical Practice Guidelines for
Clostridium difficile Infection in Adults

and Children: 2017 Update by the
Infectious Diseases Society of America
(IDSA) and Society for Healthcare
Epidemiology of America (SHEA). Clin

Infect Dis 2018; 66: e1–e48. doi: 10.1093/

cid/cix1085.
9. Zhang S and Chen DC. Facing a new chal-

lenge: the adverse effects of antibiotics on
gut microbiota and host immunity. Chin

Med J (Engl) 2019; 132: 1135–1138. doi:
10.1097/CM9.0000000000000245.

10. Agamennone V, Krul CA, Rijkers G, et al.

A practical guide for probiotics applied to
the case of antibiotic-associated diarrhea in
The Netherlands. BMC Gastroenterol 2018;
18: 103.

11. Issa I and Moucari R. Probiotics for

antibiotic-associated diarrhea: do we have
a verdict?. World J Gastroenterol 2014; 20:
17788–17795.

12. Ianiro G, Tilg H and Gasbarrini A.
Antibiotics as deep modulators of gut micro-
biota: between good and evil. Gut 2016; 65:

1906–1915. doi: 10.1136/gutjnl-2016-312297.
Epub 2016 Aug 16.

13. Yin J, M P, Wang S, et al. Different
Dynamic Patterns of b-Lactams,
Quinolones, Glycopeptides and Macrolides
on Mouse Gut Microbial Diversity. PLoS

One 2015; 10: e0126712. doi: 10.1371/jour-
nal.pone.0126712.

Chen et al. 7

https://orcid.org/0000-0002-3907-7641
https://orcid.org/0000-0002-3907-7641
https://orcid.org/0000-0002-3907-7641

	table-fn3-03000605211019661
	table-fn4-03000605211019661
	table-fn1-03000605211019661
	table-fn2-03000605211019661
	table-fn5-03000605211019661
	table-fn6-03000605211019661

