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Background: Gram-positive cocci are clinically important pathogens that cause infections and their development of antibiotic
resistance continues to pose a severe threat to public health. Therefore, this study aims to investigate the level of antimicrobial
resistance among Gram-positive cocci isolated from different clinical samples among patients referred to Arsho Advanced Medical
Laboratory, Addis Ababa, Ethiopia.

Methods: From January to April 2018, a cross-sectional study was conducted at Arsho Advanced Medical Laboratory. Seven hundred
ninety-two (792) different clinical samples were obtained from 792 individuals and inoculated into blood culture bottles and Blood
Agar base. Bacterial identification was done using the number, type, and morphology of colonies, as well as Gram staining, catalase
testing, and coagulase test after isolation of pure growth on culture media using the standard operating procedure. VITEK 2 compact
system was used for bacterial identification and drug susceptibility testing. The information entry and analysis were performed by
using SPSS version 20.

Results: Out of 792 clinical samples cultured, the prevalence of Gram-positive cocci was 12.6% (n=100/792). The most frequent one
is S. aureus 54% (n=54/100) followed by coagulase-negative Staphylococcus species 42% (n=42/100), S. agalactiae 1% (n=1/100) and
E. faecalis 3% (n=3/100). Penicillin showed the highest resistance rate 85% (n=85/100), followed by sulfamethoxazole/trimethoprim
(47%), and oxacillin (38%); however, highest sensitivity was seen towards linezolid 97% (n=97/100) and vancomycin 94% (n=94/
100). The total multi-drug resistance (MDR) Gram-positive cocci were 44% (n=44/100).

Conclusion: This study demonstrated high antimicrobial resistance and multi-drug resistance. This suggests that the importance of
continuous monitoring of antimicrobial resistance patterns is crucial for selecting the suitable drug for treatment and infection
prevention.
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Introduction

Antimicrobial resistance poses a serious threat to the public’s Health and places a heavy financial and health burden on
people and the healthcare system. If preventive measures are not taken to address antimicrobial resistance, it is predicted
that by 2050, global costs reach $ 3 trillion yearly and an additional 10 million people may die annually; total
expenditures may also exceed $ 100 trillion." Due to their quick potential to develop resistance to the currently prescribed

medicines, gram-positive bacteria are the main cause of healthcare-associated and community-acquired infections.” For
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both hospital and community-associated infections, Gram-positive bacteria, especially Gram-positive cocci (GPC) such
staphylococci, streptococci, and enterococci, are among the most frequent pathogens.® ¢

Staphylococcus aureus (causes wound infections) and coagulase-negative staphylococci (CoNS) (causes nosocomial
bloodstream infections), and Enterococci are the most commonly isolated Gram-positive cocci from nosocomial infec-
tions. Among community-acquired infections, preumococci is a common cause of upper (sinusitis, otitis media) and
lower (pneumonia) respiratory tract infections, meningitis, bacteremia, and other suppurative infections and
Streptococcus pyogenes is the most common bacteria which causes pharyngitis.’

Prolonged usage of the available effective antibiotics against GPC coupled with their decreasing susceptibility rates
have led to the emergence and spread of multidrug-resistant pathogens.> Gram-positive cocci bacteria have shown the
ability to acquire and express numerous antimicrobial resistance mechanisms which lead to a multidrug-resistant (MDR)
phenotype that further complicates treatment efforts in addition to the innate virulence exhibited by bacteria like
S. aureus and S. pneumoniae.®

Infections caused by MDR pathogens are an increasing problem and remain one of the main challenges in the
treatment of infectious diseases. Multidrug-resistant GPC such as methicillin-resistant Staphylococcus aureus
(MRSA) and enterococci with vancomycin (VAN) and linezolid (LNZ) resistance or decreased susceptibility to
daptomycin (DAP) and multidrug-resistant coagulase-negative staphylococci (CoNS) had been alerted. In addition,
new mechanisms of resistance have been recently found in Europe such as beta-lactamase production in Enterococcus
faecium.”

The ongoing increase of antimicrobial resistance among GPC infections continues to be a big threat to public health,
which complicates antimicrobial therapy leading to treatment failures and imposing additional costs on health systems
and patients. In addition, the emergence of antibiotic resistance in GPC has had a significant impact on patterns of
prescribing and has created a clinical demand for effective novel therapeutic agents.* '

The global increase of antimicrobial-resistant bacteria infection in both community and hospital settings is endanger-
ing the ability to effectively treat patients. Hence, recent data is needed for more appropriate antimicrobial prescribing,
and careful infection control. Therefore, this study aims to investigate the prevalence and antimicrobial resistance profile
of Gram-positive cocci isolates from different clinical samples among patients referred to Arsho Advanced Medical
Laboratory, Addis Ababa, Ethiopia.

Materials and Methods
Study Setting

A laboratory-based cross-sectional study was conducted from January to April 2018 at Arsho Advanced Medical
Laboratory (AAML), Addis Ababa, Ethiopia. A total of 792 different clinical samples were collected from 792 patients
who were referred to AAML for culture and drug sensitivity tests during the study period. Informed written consent was
taken from all study participants. Study participants who were not willing to participate and who took antibiotics within
the last week (7 days) were excluded from the study. The information concerning socio-demographic characteristics was

obtained from the laboratory request form which was requested by physicians.

Specimen Collection and Processing

Different clinical samples (wound, blood, urine, ear swab, nasal swab, body fluid, eye swab, CSF, semen, and urogenital)
were collected from study subjects following standard microbiological procedures. All samples were transported to the
microbiology laboratory of AAML aseptically for culture and drug sensitivity tests. All samples were inoculated on
blood culture bottles and Blood Agar base (Oxoid, Basingstoke, and Hampshire, UK) with 10% sheep blood. The blood
culture bottles were incubated at 37°C in a 5% CO2 incubator for five to seven days, where similarly all plates were
incubated accordingly based on their specimen type and the organism expected. Bacterial isolates were characterized by
colony morphology, hemolysis, and Gram stain, catalase test, slide coagulase test, and tube coagulase test were
performed according to the standard methods.'*
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Bacterial Identification and Antimicrobial Susceptibility Testing

VITEK 2 compact system (bioMérieux, France) was used for bacterial identification and antimicrobial susceptibility
testing as per the instruction of the manufacturer. The bacterial suspension for the inoculation of ID-GP (Gram-
positive identification) cards which was used for the automated identification of 115 taxa of the most significant non-
spore-forming Gram-positive bacteria (primarily cocci) was prepared by transferring a sufficient number of colonies
of pure culture using a sterile swab or applicator stick into 3 mL of sterile saline (aqueous 0.45% to 0.50% NaCl, pH
4.5 to 7.0) in a 12 x 75 mm clear plastic (polystyrene) test tube and the turbidity of the suspension was adjusted
accordingly and measured using a turbidity meter called the DensiChek. Then, suspension for inoculation of AST GP
71 card which was used for drug susceptibility test was done by transferring 280uL of culture suspension from the
first suspension into another 3mL of sterile saline solution (0.45% to 0.50% NaCl, pH 6.8-7.2) to obtain the final
turbidity of 8 x 10° CFU/mL. AST-GP71 card which was used for drug susceptibility tests of Gram-positive bacteria
contains; penicillin (0.125, 0.25, 1, 2, 8, 64), ciprofloxacin (1, 2, 4), clindamycin (0.5, 1, 2), daptomycin (0.5, 1, 2, 4,
16), erythromycin (0.25, 0.5, 2), gentamicin (8, 16, 64), levofloxacin (0.25, 2, 8), linezolid (0.5, 2, 8), minocycline
(0.12, 0.5, 2), moxifloxacin (0.25, 2, 8), nitrofurantoin (16, 32, 64), oxacillin (0.5, 1, 2), quinupristin/dalfopristin
(0.25, 0.5, 2), rifampicin (0.25, 0.5, 2), tetracycline (0.5, 1, 2), tigecycline (0.25, 0.5, 1), trimethoprim/sulfamethox-
azole (2/38, 8/152, 16/304), and vancomycin (1, 2, 4, 8, 16). The concentration values are expressed in pg/mL, which
were obtained from the package insert information provided in the kit of AST-GP71 card. The result interpretation

was performed according to the Clinical and Laboratory Standards Institute (CLSI) guidelines.'>'

Quality Control
Standard reference strains S. aureus (ATCC 25923), S. agalactiae (ATCC 12386), and S. pyogens (ATCC 19645) were
used as control reference strains for identifications and drug susceptibility testing.

Statistical Analysis
Data entry and analysis were done using Statistical Package for Social Science (SPSS) version 20 (IBM-SPSS Inc.,
Chicago, IL, USA).

Results

Socio-Demographic Characteristics

Out of 792 study participants, 63% (499/792) were females and 37% (293/792) were males. Concerning the age groups
of the study participants, 44.4% (n=352/792) were 25-44 and 15.5% (n=123/792) were 1-14 years of age. Among the
total clinical samples, growth for gram-positive cocci was observed only in 12.6% (n=100/792) samples. Females had
a 51% (n=51/100) isolation rate of gram-positive cocci while male had 49% (n=49/100) as shown in Table 1. The age
classification is based on the World Health Organization (WHO) age classification for health.!”

Prevalence of Gram-Positive Cocci from Different Clinical Samples

Among the gram-positive cocci isolates 12.6% (n=100/792), the most frequent one is S. aureus 54% (n=54/100) followed
by CoNs 42% (n=42/100), E. faecalis 3% (n=3/100) and S. agalactiae 1% (n=1/100). Most of the isolates were from
wound 48% (n=48/100) followed by blood 18% (n=18/100), and urine 17% (n=17/100) (Table 2).

Antimicrobial Susceptibility Pattern of Gram-Positive Cocci Isolates

A total of eighteen antimicrobial drugs were used for the drug susceptibility profile of GPC isolates and the results are
summarized in Table 3 and Figure 1. A high resistance rate was detected in penicillin (85%), followed by sulfamethox-
azole/trimethoprim (47%), and oxacillin (38%). The highest sensitivity towards linezolid (97%), vancomycin (94%),
minocycline (95%), daptomycin (95%), quinupristin/dalfopristin (95%), gentamicin (92%), and tigecycline (95%) were
observed among GPC isolates.
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Table | Frequency of Gram-Positive Cocci Isolates with Sex and Age Group

Variables | Category No Growth for Growth for Total
GRAM Positive Gram Positive Processed
Cocci Bacteria Cocci Bacteria Samples
N (%) N (%) N (%)
Sex Female 448(64.7) 51(51) 499(63.0)
Male 244(35.3) 49(49) 293(36.9)
Total 692(87.4) 100(12.6) 792(100)
Age <l 8(1.2) 0 8(1.01)
group
1-14 102(14.7) 21(21) 123(15.5)
15-24 65(9.4) 17(17) 82(10.3)
25-44 315(45.5) 37(37) 352(44.4)
45-64 135(19.5) 12(12) 147(18.6)
>65 67(9.7) 13(13) 80(10.1)
Total 692(87.4) 100(12.6) 792

S. aureus which is the most frequently isolated bacteria that showed high resistance rates for penicillin (81.5%),
followed by trimethoprim/sulfamethoxazole (51.8%), tetracycline (22.2%), and oxacillin (18.5%) which is MRSA. The
least resistance was seen for vancomycin, daptomycin, and rifampicin (1.9%), respectively, whereas gentamycin,
quinupristin/dalfopristin, linezolid minocycline, nitrofurantoin, and tigecycline showed no resistance. The second com-
monly isolated GPC CoNS exhibited high resistance for penicillin (90.4%), oxacillin (64.2%), and tetracycline (47.6%).
The least resistance was observed in quinupristin/dalfopristin, linezolid, minocycline, and nitrofurantoin (4.7%) each
followed by vancomycin and daptomycin (7.1%), respectively.

E. faecalis showed 100% resistance to penicillin, minocycline, tetracycline, clindamycin, and quinupristin/dalfopristin
and 33.3% resistance for oxacillin, gentamycin, linezolid, daptomycin, vancomycin, tigecycline, nitrofurantoin, rifampi-
cin, and trimethoprim/sulfamethoxazole. One isolate of E. faecalis was found to be vancomycin-resistant. S. agalactiae,
which is the least isolated GPC organism, was susceptible to most of the drugs but it showed 100% resistance to
ciprofloxacin, levofloxacin, moxifloxacin, and nitrofurantoin.

Multidrug Resistance Patterns of Gram-Positive Cocci Isolates
A total of 44% of GPC showed multi-drug resistance. Among the isolated GPC, S. aureus showed 24.1% (n=13/54),
CoNS 66.7% (n=28/42) and E. faecalis 100% (n=3/3) were MDR (Table 4). Multi-drug resistance is defined as non-

susceptibility to at least one agent in three or more antimicrobial categories.'®

Discussion

In the present study, the gram-positive cocci isolate rate was 12.6% (n=100/792), which is lower compared to the previous
studies from Ethiopia; in Addis Ababa, Gram-positive isolates constitute 45.2% (n=76/168),'° in Jimma, 47% (68/145)
were Gram-positive,”’ and in Bahir Dar, 52.6% (123/234) of the isolates were Gram-positive.?' The difference may be due
to the difference in the study settings, study place, sample type, and sample size/number. S. aureus (54%) was the most
common isolated bacteria, which is consistent with the previous reports conducted in Jimma 28.4% and Mekelle 37.5%
from Ethiopia, Cameron 20.9%, India 47.7%, and Nepal 65%.%> 2° The overall drug susceptibility profile of GPC, penicillin
showed the highest resistance rate (85%), followed by sulfamethoxazole/trimethoprim (47%), and oxacillin (38%) which
was consistent with the study in Jimma and Gondar.>*?” The most effective drugs for gram-positive cocci isolates in our
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Table 2 Frequency of Gram-Positive Cocci Isolated from Different Clinical Specimens

Sample Types | E. faecalis | S. agalactiae | S. aureus | CoNs Total
S. epidermidis | S. haemolyticus | S. hominis S. intermedius | S. saprophyticus | S. simulans | S. warneri

Wound 0 0 42 | | 0 3 0 0 | 48
Blood | 0 | 3 4 | 0 [ 2 5 18
Urine 2 | | 2 0 0 [ 5 3 2 17
Ear swab 0 0 4 0 0 0 3 0 0 0 7
Nasal 0 0 2 0 0 0 0 0 0 | 3
Body fluid 0 0 | 0 0 0 0 0 0 | 2
Eye swab 0 0 2 0 0 0 0 0 0 0 2
CSF 0 0 0 0 0 0 0 0 0 | |
Semen 0 0 0 0 0 0 0 0 0 | |
Urogenital 0 0 | 0 0 0 0 0 0 0 |
Total 3 | 54 6 5 | 7 6 5 12 100
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Table 3 Antimicrobial Susceptibility Pattern of Gram-Positive Cocci Isolates from Different Clinical Specimens

Organism P PEN | OXA | GEN | CIP LEV MXF | ERY | CL | QDA | LNZ | DAP | VAN | MNO | TET TGC NIT | RIF TMP
S. aureus (N=54) | 0 0 0 37 1.9 0 0 0 0 0 0 0 0 1.9 0 5.6 0 0

R 82 18.5 0 37 1.9 1.9 9.3 5.6 0 0 1.9 1.9 0 222 0 0 1.9 519

S 18 81.5 100 92.6 96.2 98.1 90.7 | 944 | 100 100 98.1 98.1 100 759 100 94.4 98.1 48.1
E. faecalis (3) | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R 100 333 333 67 66.7 66.7 67 100 | 100 33 33 333 100 100 33 333 333 333

S 0 66.7 66.7 33 333 333 33 0 0 67 67 66.7 0 0 67 66.7 66.7 66.7
S. agalactiae (N=1) | | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R 0 0 0 100 100 100 0 0 0 0 0 0 0 0 0 100 0 0

S 100 100 100 0 0 0 100 100 | 100 100 100 100 100 100 100 0 100 100
CoNS (n=42) | 0 0 47 4.7 23 9.5 0 0 0 0 0 24 0 24 0 24 0 0

R 90.5 64.3 1.9 28.5 28.5 14.3 50 36 4.7 4.7 7.1 7.1 47 47.6 9.5 47 214 | 428

S 9.5 35.7 83.3 66.6 69 76.1 50 64 95.2 95.2 92.8 90.4 95.2 50 90.4 90.4 78.6 57.1
Total (n=100) | 0 0 2 4 2 4 0 0 0 0 0 | 0 2 0 3 0 0

R 85 38 6 17 16 6 28 21 5 3 5 5 5 35 5 11 20 47

S 15 62 92 79 82 86 72 79 95 97 95 94 95 63 95 86 80 53

Abbreviations: PEN, penicillin; OXA, oxacillin; GEN, gentamicin; CIP, ciprofloxacin; LEV, levofloxacin; MXF, moxifloxacin; ERY, erythromycin; CL, clindamycin; QDA, quinupristin/dalfopristin; LNZ, linezolid; DAP, daptomycin; VAN,

vancomycin; MNO, minocycline; TET, tetracycline; TGC, tigecycline; NIT, nitrofurantoin; RIF, rifampicin; TMP, sulfamethoxazole/trimethoprim; P, pattern; |, intermediate; R, resistant; S, susceptible.
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Figure | Antimicrobial resistance patterns of Gram-positive cocci isolated from different clinical samples.

Abbreviations: PEN, penicillin; OXA, oxacillin; GEN, gentamicin; CIP, ciprofloxacin; LEV, levofloxacin; MXF, moxifloxacin; ERY, erythromycin; CL, clindamycin; QDA,
quinopristin/dalfopristin; LNZ, linezolid; DAP, daptomycin; VAN, vancomycin; MNO, minocycline; TET, tetracycline; TGC, tigecycline; NIT, nitrofurantoin; RIF, rifampicin;
TMP, sulphamethazole/trimethoprim.

study were linezolid (97%), vancomycin (96%), minocycline (95%), quinupristin/dalfopristin (95%), daptomycin (95%),
which are similar to the finding of a study from Ethiopia.*®

In this study, the most frequently isolated S. aureus showed high resistance rates for penicillin (81.5%), followed by
trimethoprim/sulfamethoxazole (51.8%), tetracycline (22.2%), and oxacillin (18.5%) which is MRSA. The penicillin
resistance rate (81.5%) of S. aureus was lower than the report from Jimma (91.5%) and Debre Markos (93.8%).2%°
Oxacillin (18.5%) resistance rate of S. aureus is comparable with the report in Bahir Dar (18.5%) and Addis Ababa
(17.5%) from Ethiopia,”'”° and Nigeria (16%)>" but lower than the report of study in Gondar, Ethiopia (34.6%),”
Uganda (25%),*? and Italy (54.4%).%* In addition, S. aureus isolated in this study showed 1.9% resistance to vancomy-
cin which is higher than the previous studies in Nigeria,”' and Namibia®* which showed no vancomycin resistance
however lower than 5.1% resistance reported in Ethiopia®® and 6% resistance in a study done in Rwanda,*®> whereas
gentamycin, quinupristin/dalfopristin, linezolid minocycline, nitrofurantoin, and tigecycline showed no resistance.

In this study, CoNs showed high resistance to penicillin (90.4%) and oxacillin (64.2%), which is similar to the report
in Iran.*® On the other hand, it showed 7.1% resistance for vancomycin, which is higher than the study done in Gondar,
Ethiopia, which is 4.5%" and 4.4% in Iran®® but lower than the finding in Addis Ababa, Ethiopia, which is 13.4%.3”

Table 4 Multidrug Resistance Pattern of Gram-Positive Cocci Isolates

Gram-Positive Cocci Isolates Antibiotics Resistant N (%)

RO RI R2 R3 R4 >R4 MDR(=R3)
S. aureus (n=54) 5(9.3) 12(22.2) 23(42.6) 7(12.9) 5(9.3) 1(1.8) 13(24.1%)
CoNS (n=42) 3(7.1) 4(9.5) 7(16.7) 5(11.9) 7(16.7) 16(38) 28(66.7%)
E. faecalis (n=3) 0 0 0 0 0 3 3(100%)
S. agalactiae (n=1) 0 0 1(100) 0 0 0 0(0%)
Total (n=100) 8(8) 17(17) 31(31) 12(12) 12(12) 20(20) 44(44%)

Notes: RO - no resistance for any antibiotic; R1- resistant for | class of antibiotic; R2 - resistant for 2 classes of antibiotics; R3 - resistant for 3 classes of antibiotics; R4 -
resistant for 4 classes of antibiotics; > R4 - resistant for more than 4 class of antibiotics; MDR (2 R3) - resistant for three or more class of antibiotics.

Infection and Drug Resistance 2022:15 hetps: 4209

Dove:


https://www.dovepress.com
https://www.dovepress.com

Gebremariam et al Dove

A total of 44% multidrug resistance levels of gram-positive cocci isolates were observed in this study. This finding
was lower compared to the report from Bahir Dar, North-west Ethiopia, where the MDR level was 54.3%,21 Dessie,
North-east Ethiopia, where 65.2% of MDR was reported,’® and Jimma, South-west Ethiopia, which reported 85.2% of
MDR.?’ S. aureus which was the most frequently isolated GPC showed a 24.1% of MDR level in our study is lower
compared to the report from Jimma University Specialized Hospital, Ethiopia, which reported 86.2%.*° However, our
report is comparable to the study from Bahir Dar, North-west Ethiopia, which reported 48%.?' The second commonly
isolated gram-positive cocci, CoNs, showed a 66.7% of MDR level in our study, which is consistent with the study at
Tikur Anbessa Specialized Hospital, which was 66.7% from septicemia and urinary tract infections.*® On the other hand,
our study result was lower than the study done on postoperative wound infections at Tikur Anbessa Specialized Hospital
which was 84.2%."? In this study, resistance was observed to the commonly prescribed drugs in the country, in Ethiopia
like other developing countries prescribing drugs without knowing their antibiotic sensitivity profile due to lack of
infrastructure for drug susceptibility testing, irrational or inappropriate usage of drugs, and purchasing drugs without
prescription could be the possible reason for raising of antimicrobial resistance in the country.

Limitations

The lack of patient clinical information in their request paper could have been a good variable for this study due to the
study being laboratory-based. In addition, there is a lack of representativeness because this study was conducted only
using a single laboratory.

Conclusions

High antimicrobial and multi-drug resistance were demonstrated. Penicillin was the most resistant followed by trimetho-
prim/sulfamethoxazole and oxacillin, while linezolid and vancomycin were exhibited as the most susceptible drug. This
suggests that the importance of continuous monitoring of antimicrobial resistance patterns is crucial for selecting the
suitable drug for treatment and infection prevention.
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