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Abstract
Introduction: In the 21st century, antibiotic resistance is becoming one of the major global public health threats. Several complex
factors are associated with the emergence and spread of antibiotic resistance. Emerging evidences are indicating that drugs used for
chronic illness conditions might have a contribution for antibiotic resistance either through drug-drug interactions or metabolism of
the drugs by gut microbiota.

Objective: The aim of this study was to compare the bacteria pro�le and resistance patterns of gut bacteria isolated from participants
using psychotropic drugs and apparently healthy controls.

Methods: Socio demographic data were collected from patients using psychotropic medications and apparently healthy persons.
Clinical data was collected from patient records.  Stool samples were collected from 107 patients using psychotropic medications and
107 apparently healthy controls. Gut bacteria �ora were isolated as per recommended bacteria culture isolation and identi�cation
methods. Antibiotic susceptibility test was done using the disk diffusion method and Mast disks were used to identify extended-
spectrum betalactamase (ESBL) and/or AmpC producing isolates.

Result: A total of 245 bacterial isolates were isolated and identi�ed. From these 124 (50.6%) bacteria were isolated from patients
using Psychotropic medications. There was no bacteria pro�le difference between the two groups. Escherichia coli was the prevalent
[100(80.6%) and 102 (84.3%)] bacteria isolated from patients using psychotropic medications and apparently healthy controls,
respectively. Escherichia coli isolated from patients using psychotropic medications showed signi�cantly higher resistance against
tested amoxicillin-clavulanic acid, cephalosporin (2nd, 3rd, 4th generations), Meropenem, cipro�oxacin and Tetracycline. The odds of
isolating ESBL producing Enterobacteriaceae [(OR=2.3, 95% C.I: (1.4-4.0)] and MDR [OR=5.4, 95% C.I:(1.5-29.8)] was higher on patients
using psychotropic medications.

Conclusion: The observed antibiotic resistance pattern of bacteria isolated from guts of patients using psychotropic medications was
very high. The magnitude of antibiotic resistance is more pronounced among E.coli isolates.

Introduction
Emergence and spread of antibiotic resistance are a long standing universal public health problem in the past few decades[1, 2].
Antibiotic resistant in gram-negative bacteria, particularly in coliform opportunistic Enterobacteriaceae are a priority global public
health concern[3, 4]. These group of bacteria reside in the human gut and have already acquired resistance against most beta lactam
antibiotics including 3rd generation cephalosporins and carbapenem antibiotics and they can be the source of drug resistance for
other pathogenic microbes[5].

The human gut contains a tightly populated microbial ecosystem that provides ample opportunities for horizontal transfer of genetic
materials like antibiotic resistant genes [6] or colonization with MDR bacteria [7]. Various internal and external factors such as age,
mode of delivery, environment, diet, genetics and immune responses, prebiotics, probiotics, antibiotics, and non-antibiotic medications
can affect the composition and potentially disrupt the ecological balance of the gut microbiota [8, 9].

Though, non-antibiotic drugs are developed to treat non-infectious disease, they might have an effect against bacteria. A number of
non-antibiotic drugs such as anti-in�ammatory drugs, calcium channel blockers, and antidepressants have been reported to exhibit
some bactericidal or bacteriostatic activity [10]. For example, the antidepressant Fluoxetine induces multiple antibiotics resistance in
Escherichia coli via reactive oxygen species ( ROS)-mediated mutagenesis [11]. Thus �uoxetine may play a crucial role in the spread
of drug resistance in a community because commensal bacteria serve as the reservoir of antibiotic resistance genes and resistance to
a more virulent organism [12]. Other non-antibiotic medications like antipsychotics inhibits the growth of at least one strain of bacteria
commonly found in the gut of healthy humans [9].

The current knowledge on the association between non-antibiotic medication usage with gut bacteria pro�le and resistance pattern is
not conclusive given that most of the evidences are reported from high income settings. Therefore, this study aimed to compare the
gut bacteria pro�le and antibiotic resistance pattern of opportunistic coliforms isolated from psychotropic drug users and non-users at
low resource settings, Jimma Medical Center, Ethiopia.
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Methods

Design and Settings
A comparative cross-sectional study was carried out from March to June 2019 at Jimma medical center (JMC) psychiatric clinic. In
the setting, a total of 750 psychiatric patients have regular follow-up visit to the clinic every month. Currently, the clinic has more than
60 inpatient beds for general adult and child psychiatric patients and substance detoxi�cation treatment [13].

Subjects
Group A: are psychiatry patients who were admitted or had follow up at JMC psychiatry clinic and taking single or combined
psychotropic drugs from antipsychotics, antidepressants, or mood stabilizers medications during the study period. Group B: are some
volunteer postgraduate students or patient companions from medical outpatient department (OPD) in JMC who had never been on
psychotropic drugs and also who did not take antibiotic drugs with in the last six months of the data collection date and whose age
and sex were matched with group A.

Sample size
The sample size was calculated by using EPI- INFO version 7 using the following assumptions. Since there were no similar studies
conducted on this speci�c research topic so far, by considering psychotropic drug use as an exposure variable, it was decided to take
50% of exposure in both groups. In addition 95% CI, 80% power and 1:1 ratio was taken. Finally, the sample size includes a total of
107 psychiatry patients and 107 apparently healthy controls. Consecutive sampling technique was employed to include study
participants who met the inclusion criteria.

Data collection

Background data
Pre-designed and semi-structured questionnaire was used to collect socio-demographic characteristics. The clinical information for
group A participants was collected from patient records.

Laboratory data

Five-gram fecal samples were collected in a sterile wide-mouth screw-capped container and then inoculated on MacConkey agar
(Oxoid, Ltd., UK). After overnight incubation at 35–37 °C, suspected colonies on MacConkey agar plates were further identi�ed and
con�rmed by the pattern of biochemical test using oxidase, indole, and BD BBL crystal Enteric/Non-fermenter identi�cation system
(BD, USA) [14].

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing of the isolates were performed using the Kirby–Bauer disk diffusion technique against to the
following antibiotics: Ampicillin (10 µg), Tetracycline (30 µg), Chloramphenicol (30 µg), Cipro�oxacin (5 µg), Trimethprim-
Sulphamethazole (25 µg), Gentamycin (10 µg), Ceftriaxone (30 µg), Cefotaxime (30 µg), Ceftazidime (10 µg), Cefepime(30 µg),
Ampicillin-sulbactam (20 µg), Amoxicillin-clavulanic acid (30 µg), Cefuroxime (30 µg), and Meropenem (10 µg). Then, the plate was
incubated at 35–37 °C for 18–24 hours, and the results were interpreted according to CLSI [15].

ESBL and/or AmpC detection:
The presence of an ESBL and/or AmpC was determined with Cefpodoxime (10 µg), Cefotaxime (30 µg), Cefepime (30 µg) and
Ceftazidime (30 µg) containing antibiotic discs (Mast Group ltd, UK) by disc diffusion con�rmation test. Finally, zones of inhibition
were read and recorded on excel sheet and transported to Mast group ESBL/AmpC and CARBA plus calculator spreadsheet and
reported as negative or positive for ESBL or/and AmpC.

Quality control
To standardize the inoculums density of bacterial suspension for the susceptibility test, a 0.5 McFarland standard was used.
Susceptible reference strains of American Type Culture Collection (ATCC) E. coli 25922 was used to assure antimicrobial susceptibility
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testing using exactly the same procedure as for the test organisms and the results were only accepted when the inhibition zone of
control strain was within the ranges as described by CLSI [15] and K. pneumoniae ATCC 700603 were also used for ESBL detection as
a positive control.

Statistical analysis
The data were entered into Epi data manager version 4.4.1 and exported to statistical package for social science (SPSS) version 21
for statistical analyses. Descriptive statistics for percentages and mean were calculated. Odds ratio and Fisher's exact test were
employed to compare the bacteria pro�le and antibiotic resistance of gut bacteria between group A and Group B participants. P-value 
≤ 0.05 was considered as statistically signi�cant.

Ethical consideration

This research was approved by Jimma university health institute, institutional review board (IRB). Permission was obtained from the
JMC management unit. Written informed consent was obtained from the study participants and /or their guardians. The collected
data was kept con�dential. The specimens collected from the participants were analyzed only for the intended purposes. The pros
and cons of the result was communicated to the study participants.

Result
Background characteristics

A total of 107 patients using psychotropic medications and 107 apparently healthy controls were enrolled in the study. The mean age
of patients was 30.95 (SD ± 9.6) years, and for healthy controls was 30.59 (SD ± 8.96). Nearly three fourth 80 (74.8%) of the patients
and controls were males. Almost half of the patient 54(50.5%) and 42 (39.3%) of the controls live in urban settings. Of the total
patients using psychotropic medications, 57(53.3%), 28(26.2%), and 21(19.6%) had schizophrenia, bipolar disorder, and depression
respectively. About 75(70.1%) of the patients had duration of illness greater than 12 months. Regarding type of drugs, about
54(50.5%) of patients have been taking anti-psychotics only, 14(13.1%) mood stabilizers only, 11(10.3%) anti-depressants only, and
28(26.1%) took combination therapy of either of the above medications (Fig. 1). A total of 72 (67.3%) patients were used the drug for
more than 12 months.

Bacterial pro�le and antimicrobial resistance patterns of isolates

From 214 stool samples collected from both groups, 124 and 121 bacteria were isolated from patients and apparently healthy
controls respectively. The most frequently isolated bacteria from patients and apparently healthy controls were E. coli, which was
100(80.6%) and 102 (84.3%) respectively (Table 1). Among 100 E. coli isolated from patients, 99(99.0%) were resistant to tetracycline
and ampicillin each and 58(58.0%) to cefotaxime. On the other hand, among bacteria isolated from control groups, 96(94.1%),
57(55.9%) and 50(49.0%) of E. coli were found to be resistant to ampicillin, tetracycline, and trimethoprim-sulfamethoxazole
respectively. Generally, the proportion of resistant isolates of cases were higher than the isolates of controls in all of the tested
antibiotics except trimethoprim-sulfamethoxazole (Table 1).



Page 5/10

Table 1
Drug resistance patterns of bacteria isolated from cases and controls to different antibiotics

Isolated bacteria AMP CN AMC CXM CRO CAZ FEP CTX MRP CIP SXT CHL AMS TE

E. coli Group
A (n = 
100)

99 1 17 19 18 18 26 58 21 17 36 8 23 99

Group
B (n = 
102)

96 0 5 8 6 10 6 17 5 5 50 7 25 57

Klebsiella
spp.

Group
A (n = 
8)

8 0 0 0 0 1 1 6 2 1 4 0 1 8

Group
B (n = 
9)

9 0 0 0 0 0 0 0 0 2 6 1 1 7

Enterobacter
spp.

Group
A (n = 
6)

6 0 0 1 1 1 1 2 0 1 1 1 0 6

Group
B (n = 
6)

6 0 0 0 1 0 0 2 0 0 0 0 0 5

Citrobacter
spp.

Group
A (n = 
6)

6 0 1 2 2 2 3 4 0 2 2 2 4 6

Group
B (n = 
3)

3 0 0 0 0 0 0 0 0 0 2 1 1 1

S. rubidaea Group
A (n = 
1)

1 0 0 0 0 1 0 0 0 0 1 0 1 1

Group
B (n = 
1)

1 0 0 0 0 0 0 0 0 0 1 0 1 1

P.
agglomerans
(n = 3)

Group
A (n = 
3)

3 0 1 0 0 0 0 3 0 0 1 0 2 3

Total (n = 
245)

Group
A (n = 
124)

123 1 19 30 21 23 31 73 23 21 45 11 31 123

Group
B (n = 
121)

115 0 5 8 7 10 6 19 5 7 59 9 8 71

Key: AMP = Ampicillin, CN = Gentamycin, AMC = Amoxicillin-clavulanic Acid, CXM = Cefuroxime, CRO = Ceftriaxone, CAZ = 
Ceftazidime, FEP = Cefepime, CTX = Cefotaxime, MRP = Meropenem, CIP = Cipro�oxacin, SXT = Trimethoprim-sulfamethoxazole,
CHL = Chloramphenicol, AMS = Ampicillin-sulbactam, TE = Tetracycline, Group A = Psychiatry patients, Group B = Apparently health
controls

Comparison of drug resistance pattern of E. Coli isolated from patients taking Psychotropic drugs with apparently healthy controls

Escherichia coli is the leading bacteria isolated from both group of participants. Comparison of antibiotic resistance pattern of E. coli
was described in (Table 2). Accordingly, amoxicillin clavulic acid, cefuroxime, ceftriaxone, cefepime, cefotaxime, meropenem,
cipro�oxacin, and tetracycline resistance are signi�cantly higher among E. coli bacteria isolated from participants taking psychotropic
drugs than E. coli bacteria isolated from apparently healthy controls (Table 2).
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Table 2
Comparison of resistance pattern frequency of E. coli isolated from patients and controls

Antibiotic Pattern E. coli

(patients)

E. coli

(controls)

Chi-square P-value

AMC S 83 97 7.62 0.005

R 17 5

CXM S 81 94 5.43 0.020

R 19 8

CRO S 82 96 7.08 0.008

R 18 6

FEP S 74 96 15.33 0.000

R 26 6

CTX S 42 85 36.96 0.000

R 58 17

MRP S 79 97 11.67 0.001

R 21 5

CIP S 83 97 7.62 0.005

R 17 5

TE S 1 45 53.38 0.000

R 99 57    

Total   100 102    

Key: AMC = Amoxicillin-clavulanic Acid, CXM = Cefuroxime, CRO = Ceftriaxone, FEP = Cefepime, CTX = Cefotaxime, MRP = 
Meropenem, CIP = Cipro�oxacin, TE = Tetracycline, S = Susceptible, R = Resistance

Multidrug resistance in bacterial isolates

The overall rate of multidrug resistance (resistant to at least one agent in three or more antimicrobial categories) among bacteria
isolated from psychiatry patients were 78(63%) whereas it accounts 51(42.1%) among bacteria isolated from apparently healthy
controls. The odds of isolating MDR bacteria from patients was higher than healthy controls [OR = 5.4, 95% C. I:(1.5–29.8)] (Table 3).
The majority of MDR bacteria 48(61.5%) and 29(56.9%) were isolated from the age category between 25–34 years from patients and
healthy controls respectively. More than half 42(53.8%) of MDR bacteria were isolated from patients who had Schizophrenia,
56(71.8%) were from patients with duration of illness for more than one year, 41(52.6%) were from patients who have been taking
antipsychotic medications only and 52(66.7%) were from patients who had used the drug for more than one year.

Proportion of ESBL producing isolates
Out of the total 124 bacteria isolated from patents, 15(12.1%) were ESBL producers. Likewise, out of the 100 E. coli bacteria isolated
from patients, 13(13%) were ESBL producers. In comparison, only three E. coli bacteria isolated from the healthy controls were ESBL
producers. More than half of ESBL producing bacteria 8(53.3%) were isolated from patients with schizophrenia, having duration of
illness greater than 1 year, and treated with antipsychotic drugs only. In this study, the proportion of ESBL producing bacterial isolates
were higher in cases than controls (12.1% vs 2.5%). The odds of isolating ESBL producing Enterobacteriaceae is higher on patients
than healthy controls (OR = 2.3, 95% C.I: (1.4-4.0) (Table 3).
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Table 2
The association between psychotropic drug use with ESBL producing and MDR bacteria of gut

Variables ESBL producer Odds Ratio MDR Odds Ratio

Yes No Yes No

Cases 15 109 5.4(1.5–29.8)

P ≤ 0.003

78 46 2.3(1.4-4.0)

P ≤ 0.001Controls 3 118 51 70

Key: MDR = resistant to at least one agent in three or more antimicrobial categories, ESBL = extended spectrum beta-lactamases

Discussion
A total of 245 strains of bacteria were isolated. There is no difference in bacteria pro�le isolated from patients and healthy controls.
The most frequently isolated bacteria from patients and healthy controls were E. coli, followed by Klebsiella and Enterobacter species.
This might be due to the close similarity in the age, geographical region, and environment for both groups, which are the possible
factors that affect the composition of gut bacteria [16]. The predominance of E. coli and Klebsiella species in this �nding was
supported by a research done in Nepalese [17].

In this study, it is observed that amoxicillin clavulic acid, cefuroxime, ceftriaxone, cefepime, cefotaxime, meropenem, cipro�oxacin, and
tetracycline resistance are more common among E. coli isolated from participants taking psychotropic drugs. Conversely there is no
statistical difference against ampicillin, gentamycin, ceftazidime, trimethoprim-sulfamethoxazole, chloramphenicol and ampicillin-
sulbactam. Depicting the mechanism for the observed high resistance of E. coli isolated from patients using psychotropic
medications is out of the scope of this study. However, one previous evidence has indicated that E. coli exposed to �uoxetine
increased resistance to tetracycline via the overproduction of reactive oxygen species, which causes mutations in the transcriptional
regulator genes that result in the over-expression of the multidrug e�ux system and promote antibiotics e�ux and decreased outer
membrane porin protein to block antibiotics from entering the cell [11]. Furthermore, another study in the Slovak showed high
proportion of antibiotic resistance in coliforms isolated from wastewater with high concentration of psychoactive compounds like
cotinine, tramadol, methamphetamine and venlafaxine, and compounds[18].

Multidrug resistant (MDR) and extended spectrum beta lactam antibiotic resistance was higher on bacteria isolated from patients
using psychotropic drug as compared with isolates from apparently health controls. This inferred that psychotropic drug use might
have a direct contribution for the emergence of MDR and ESBL producing gut bacteria in psychotropic medication users. This
hypothesis is substantiated by previous study which reported that MDR was observed in commensal bacteria isolated from patients
who took psychotropic drug due to the induction of multiple antibiotics resistance genes [11].

Although there is no much evidence about the contribution of psychotropic drugs in the emergence of antibiotic resistance in gut
bacteria, the studies done in different parts of the world depicted exposure to the antidepressants like �uoxetine [11, 19], a tricyclic
antidepressant (amitriptyline hydrochloride) [20], escitalopram [19] sertraline and paroxetine [21, 22] have been shown to have
antimicrobial activity against Gram-positive and Gram-negative bacteria residing in the human gut such as E.coli, L. rhamnosus,
Citrobacter and P. aeruginosa.

These psychotropic drugs could contribute to drug resistance in different ways. The use of antipsychotic drugs may also cause the
bacteria to induce both ESBL and AmpC production which might be due to mutation of genes that encode beta-lactamases enzyme,
modi�cations of the antimicrobial target, activation of e�ux mechanisms to extrude the drug and global changes in important
metabolic pathways via modulation of regulatory networks [23].

Generally, prolonged antimicrobial effects of psychotropic drugs may cause the emergence of drug resistance in commensal gut
bacteria, gut colonization with MDR commensal bacteria could be the source of infections to themselves, their families, other
individuals, hospitalized patients, and the community at large [7].

Conclusion
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There is a high antibiotic resistance Enterobacteriaceae among patients using psychotropic medications than health controls.
Speci�cally, E.coli isolated from patients using psychotropic medications showed signi�cantly higher resistance against tested beta
lactam and other antibiotics. The magnitude of ESBL producing and MDR bacteria carriage among patients using psychiatric
medications were very concerning.
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Figure 1

The proportion psychotropic drugs used by cases at Jimma Medical Center


