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Abstract

It has been established that the urinary tract is not sterile; however, research related to the study of
urinary bacteria is limited. This study aimed to investigate the frequency and patterns of resistance
of normal urinary aerobic bacterial flora and clean catch midstream urine specimens collected from
120 young healthy females and cultured. Bacterial identification and antimicrobial susceptibility
were performed using the Biomérieux VITEK® 2 automated system. Participants who had undergone
antimicrobial treatment within one month were not included. The incidence of positive bacterial
cultures was 54.2%, of which 21.5% were polymicrobial. Approximately 107 bacterial isolates that
encompass 12 genera and 27 species that were predominated by gram-positive bacteria (72%) were
cultivated. Staphylococcaceae (46.1%) and Enterobacteriaceae (17.8%) were the most frequent isolates
among gram-positive and gram-negative bacteria, respectively, of which 36 species have been identified
as B-lactamase producers. The top four frequently isolated bacteria were Micrococcus spp. (16%),
Staphylococcus haemolyticus (13.2%), Staphylococcus aureus (10%), and Klebsiella pneumoniae (10%).
Twenty-two bacterial species were subjected to antimicrobial susceptibility testing using broad- and
narrow-spectrum antibiotics and antimicrobials, which showed the lowest susceptibility rate against
gram-positive bacteria, followed by erythromycin and azithromycin. A lower antimicrobial susceptibility
potential among gram-negative bacteria was observed against ampicillin, followed by piperacillin and
cefotaxime. Our findings emphasize the importance of highlighting urine bacterial flora in studies,
especially those related to susceptibility patterns, by employing more advanced culture methods as
multiple drug-resistant bacteria were isolated.
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INTRODUCTION

Recent studies have emphasized the
presence of bacteria in the urine of women; the
fact decided that the use of antibiotics based
on a positive culture should be accompanied by
clinical symptoms.»? For the time being, culture
methods were regarded by some microbiologists
as ineffective in reflecting bacterial diversity in the
human body, as are some technological methods
that were developed after the tremendous
progress in genomics, which has led to an
unprecedented revolution in deep recognition of
body flora.> However, despite their limitations in
identifying many types of bacteria, as well as the
fact that they are accused of being the cause of
ancient prevailing concept, which states that the
urinary tract is not occupied naturally by bacteria,
notwithstanding, the culture methods remain with
all strength at a number that cannot be exceeded
due to their importance in identifying patterns of
bacterial susceptibility to antimicrobial agents,
which represents the initial phase in setting up
suggestions for powerful treatment of infectious
diseases.*® Therefore, unsurprisingly, Robert Koch
considered them fundamental to infectious disease
studies.® Under usual conditions, normal flora do
not pose a danger to the host, but recent studies
have reported that these bacteria possessed or
can extrinsically acquire some genes responsible
for resistance to some antibiotics, which has
sounded the alarm bell for this emergency and
drew attention to the necessity of conducting
susceptibility testing for them.”® After tracing and
extrapolating the study that focused on bacterial
flora, it became clear to us that information on
susceptibility patterns of these microorganisms
is very limited, especially those that settle in the
urinary tract. Therefore, this study was conducted
to investigate the urinary flora in young, healthy
females and to assess the antibiotic susceptibility
of recovered bacteria.

METHODOLOGY

Study Population

Participants enrolled in the study were
unmarried Saudi females between 21-23 years
of age recruited at the Princess Nourah bint
Abdulrahman University and King Khalid Hospital

(n=120). The females had no history of overactive
bladder syndrome, urinary incontinence, urgency,
or frequency.

Study Area and Specimen Collection

The study was conducted at the Princess
Nourah Bint Abdulrahman University and King
Saud University Research Centre in Riyadh. After
collection of the urine sample, the midstream
clean catch urine specimen was aliquoted into
sterile 15 mL conical tubes and stored at -20°C.

Ethical Approval

All procedures and techniques used in this
study were in accordance with national regulations
that govern the protection of human participants.
The study protocols were approved by the
Princess Nourah Bint Abdulrahman Institutional
Review Board ( IRB number:17-0060). Urine
specimens were collected after obtaining signed
informed consent from all the participants. All the
participants were >16 years of age.

Specimen Culture and Bacterial Identification

Urine culture was performed byinoculating
200 pL of urine onto the entire blood agar plate.
The plates were then incubated overnight at 37°C
under aerobic conditions. Identification of bacteria
and antibiotic susceptibility were carried out using
the Biomerieux VITEK® 2.

Data Analysis

Data were analyzed using SPSS (version
21) and Microsoft Excel 2010 software. Descriptive
statistics were performed for the numbers of
susceptible and resistant bacterial species, and
the results are expressed as mean * standard
deviation. The Kruskal-Wallis test was used to
determine statistical differences between the
means of antibiotic resistance. The Mann-Whitney
U test was performed for each pair of antibiotics
and bacteria to determine the cause of the
difference. The mean difference was significant
at the level of 0.05.

RESULTS
There were 120 female participants

recruited at the Princess Nourah bint Abdulrahman
University and King Khalid Hospital. In the
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Table 1. The profile, percentage and numbers of the isolated Gram-positive bacteria

Genus Species No. of (%)
the isolates
Enterococcus Enterococcus faecalis 3 2.8
Enterococcus faecium 3 2.8
Kocuria Kocuria kristinae 1 0.9
Micrococcus Micrococcus 17 16
Rothia Rothia dentocariosa 3 2.8
Rothia mucilaginosa 1 0.9
Staphylococcus  Staphylococcus aureus 10 9.4
Staphylococcus auricularis 2 1.9
Staphylococcus cohnii 1 0.9
Staphylococcus epidermidis 6 5.7
Staphylococcus haemolyticus 14 13.2
Staphylococcus hominis 2 1.9
Staphylococcus hyicus 1 0.9
Staphylococcus intermedius 2 1.9
Staphylococcus lugdunensis 3 2.8
Staphylococcus sciuri 6 5.7
Staphylococcus simulans 1 0.9
Staphylococcus warneri 1 0.9

Table 2. The profile, percentage, and numbers of the isolated Gram-negative bacteria

Genus Species No. of (%)
the isolates

Acinetobacter  Acinetobacter baumannii 2 1.9
Cadecea Cedecea lapagei 1 0.9
Citrobacter Citrobacter murliniae 1 0.9
Escherichia Escherichia coli 7 6.6
Klebsiella Klebsiella pneumoniae 10 9.4
Pseudomonas  Pseudomonas aeruginosa 5 4.7

Pseudomonas fluorescens 1 0.9

Pseudomonas stutzeri 1 0.9
Burkholderia Burkholderia cepacia 1 0.9

20-25-year-old age group, none of them showed
signs or symptoms of urinary tract infection. It was
observed that 45.8% of the investigated midstream
urine specimens were sterile. Positive cultures
were obtained from 65 (54.2%) specimens, of
which 14 were ploymicrobial. One hundred
and seven bacterial isolates that encompass 12
genera and 27 species that were predominated
by gram-positive bacteria, which represent
72%, were cultivated. Staphylococcus (46.1%)
and Enterobacteriaceae (17.8%) were the most
frequent isolates among the gram-positive
and gram-negative bacteria, respectively. The
frequency, percentage, and number of isolated

urinary floras are presented in Tables 1 and 2.
Of the 10 isolates, two Staphylococcus aureus
strains were identified as methicillin-resistant
Staphylococcus aureus (MRSA); however, they
remained susceptible to vancomycin. It is worth
noting that 36 B-lactamase-producing gram-
positive bacteria were identified. Twenty-two
bacterial species were subjected to antimicrobial
susceptibility testing using broad- and narrow-
spectrum antibiotics and antimicrobials. The mean
numbers of susceptible, relatively resistant, and
resistant species among gram-negative bacteria
were 1.19 + 0.81, 1.19 + 1.25, and 3.86 + 2.17,
respectively. In contrast, the mean number of
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susceptible, relatively resistant, and resistant
species among gram-positive bacteria were 2.63
+1.92,3.68 + 2.26, and 6.42 * 3.49, respectively.
Figures 1 and 2 describe the numbers
and patterns of susceptibility of gram-positive
and gram-negative bacteria to antibiotics used
for each species. Table 3 shows the patterns of
susceptibility to seven antibiotics simultaneously
tested against both types of bacteria.
Ampicillin showed the lowest
susceptibility against gram-positive bacteria,
followed by erythromycin and azithromycin. High

S = N WA N

m100% resistant

m Relatively resistant

susceptibility rates were reported for vancomycin
(0%), daptomycin (1.3%), and linezolid (2.6%). The
susceptibility profiles of gram-positive bacteria
to the 19 antibiotic agents are summarized in
Table 4.

The susceptibility profile of gram-negative
bacteria to 22 antibiotic agents is summarized
in Table 5. A lower antimicrobial potential
was observed against ampicillin, followed by
piperacillin and cefotaxime. Ciprofloxacin and
levofloxacin remained active with a resistance rate
of 0%.

m Susceptible

Figure 1. Numbers and susceptibility patterns of Gram-negative urinary flora
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Figure 2. Numbers and susceptibility patterns of Gram-positive urinary flora

Journal of Pure and Applied Microbiology 2794

www.microbiologyjournal.org



Shami et al. | J Pure Appl Microbiol. 2022;16(4):2791-2801. https://doi.org/10.22207/JPAM.16.4.52

Table 3. Susceptibility patterns to the antibiotics tested against both bacterial types

Antimicrobial agent 100% resistant Relatively resistant Susceptible Total
Gram Gram Gram Gram Gram Gram Gram Gram
negative positive negative positive negative positive negative positive

Amoxicillin/Clavulanic 2 5 0 6 2 1 4 12
acid

Ampicillin 0 8 1 3 3 3 4 14
Gentamicin 1 2 1 4 6 6 8 12
Levofloxacin 0 2 0 2 8 10 8 14
Ciprofloxacin 0 3 0 3 8 8 8 14
Moxifloxacin 1 2 1 1 2 9 4 12
Sulfamethoxazole/ 1 2 1 4 3 6 5 12

Trimethoprim

DISCUSSION

Natural bacteria in the urinary tract
have not been extensively studied, similar to skin
and gut bacteria and not included in the human
microbiome project,* study on their antimicrobial
susceptibility patterns have not obtained enough,
which may be because the urinary system
was formerly deemed to be a sterile niche.'%!
However, recent studies have shown that the
urinary tract is naturally colonized by a variety
of bacterial species,*? and it has become certain
that their lop-sidedness somehow have a role
in the system’s physiology and susceptibility to
infection, as they represent a biological defence
line against “pathogen induced inflammation”.?*%4
Numerous studies have confirmed differences in
bacterial communities between healthy women
and women with urgency urinary incontinence
(UUI).’>®*Thomas et al and Mueller et al correlated
response to treatment in patients with UUI with
dysbiosis of the urinary flora.'”!

In the present study, antibiotics did not
undergo susceptibility tests against Micrococci,
Rothiae, Kocuriakristinae, and Burkholderiaceae.
This is because automated identification systems,
although they allow accurate identification,
unfortunately do not perform susceptibility
tests for some bacterial species, which remains
one of the most important deficiencies of these
systems.’®?° There are no adequate recent studies
to indicate the pattern of micrococcal response
to antibiotics, but it is convenient here to refer to
the Dirstetal findings that showed the response

of Micrococcus luteus to penicillin.?* Scarce
information is available on the pathogenesis
of Micrococcus spp. as well, but in general,
Micrococcus spp. seldom produce B-lactamases,*
and it is difficult to attribute the etiology of the
infection to this genus if it is isolated from a clinical
specimen, as it rarely affects people with a healthy
immune system. The high virulence remains limited
to people with low immunity, such as Acquired
immunodeficiency syndrome (AIDS) patients.?*?*
Nevertheless, the high virulence have given rise to
infections, such as pneumonia, meningitis, septic
arthritis, peritonitis, and endophthalmitis.?>*
We isolated 5 genera out of the six multiple drug
resistant (MDR) bacteria, which are abbreviated
by “ESKAPE” using their acronyms as follows:
Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa and Enterobacter spp.*°

Approximately 14.3% of Escherichia coli
isolates were resistant to ampicillin, piperacillin,
tetracycline, and moxifloxacin; however, they
were inhibited by penicillin agents combined with
B-lactamase inhibitors (amoxicillin/cavulanic acid
[amoxiclav] and piperacillin/tazobactam [TZP]).
None of the isolates were resistant to imipenem,
tigecycline, or colistin, similar to the findings
of Rasheed et al.,? who reported resistance
to ampicillin and tetracycline. However, they
documented resistance to cefotaxime (5.3%),
gentamycin, and amoxicillin/cavulanic acid (4.6
%), which is in agreement with our results,
where no resistance was encountered, as the
above-mentioned antibiotics. Of 11 antibiotics,
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et al.,, who demonstrated bacterial susceptibility
to meropenem and ciprofloxacin along with
resistance to tetracycline and tigecycline.?®
Citrobacter murliniae was identified as an
operational taxonomic unit in female urine in
2017,%° but to our knowledge, no literature
is available about its susceptibility profile.
Citrobacter murliniae expressed a MDR phenotype
similar to that of Cedecea lapagei (Table 5). The
two enterococci were susceptible to ampicillin,
levofloxacin, and daptomycin. A similar percentage
of penicillin (96%) was reported by Rudy et al. in
their screening of Enterococcus faecalis isolated
from urine, but they observed a higher resistance
rate to ciprofloxacin (43%).** They found that
14% of the Enterococcus faecium strains were
resistant to ciprofloxacin, 32% to ampicillin,
and 19% to tetracycline. Our study is consistent
with previous studies, showing that the urinary
tract is predominantly inhabited by coagulase-
negative staphylococci (CONS).*>*® Staphylococcus
haemolyticus was documented as a part of the
normal female urinary flora*’; however, Pindar
et al. reported the organism’s susceptibility to
vancomycin.*

Staphylococcus simulans was found
to be resistant to all B-lactams and quinolones.
Staphylococcus simulans was isolated by Shields
et al. as a skin-associated pathogen*; however,
a few data are available about the antimicrobial
susceptibility of this emerging pathogen, and we
did not recover Staphylococcus saprophyticus,
although it is associated with community-
acquired urinary tract infections, secondary to
Escherichia coli.*** To best of our knowledge, it
was not isolated from midstream urine except
in low percentages, ranging between 2-4% in
sexually active females and pregnant women,*-°
where it was encountered in low bacteriuria.>!
The difference in the prevalence percentages
can also be attributed to the fact that the
prevalence of Staphylococcus saprophyticus
changes seasonally and increases significantly at
the end of summer.> We isolated three coagulase-
positive Staphylococci: Staphylococcus aureus,
Staphylococcus intermedius, and Staphylococcus
hyicus (which were found to be MDR), but it is
surprising that the second and third are related
to dogs and pigs, respectively,**** and there

is no evidence. To the best of our knowledge,
there is no evidence that this bacterium is
part of the natural components of the human
urinary system. Staphylococcus aureus exhibited
a significantly lower susceptibility (P<0.05)
to tetracycline, erythromycin, azithromycin,
clindamycin, mupirocin, and fusidic acid than
CONS. However, the latter demonstrated a higher
resistance rate to the remaining antibiotics, which
is consistent with the results reported by Tao et
al.>®> Compared to CONS with a resistance rate
average of 20.3%, Staphylococcus aureus showed
lower resistance rate of 0.0-10% to quinolone.
Likewise, resistance to vancomycin and linezolid
was not observed among Staphylococcus aureus
isolates. This also emphasizes compatibility with
the findings of Tao et al.

CONCLUSION

Our study showed that the number of
isolated aerobic bacterial flora in clean catch
midstream urine was significantly higher in gram-
positive bacteria. This is a good indication that
gram-positive bacteria, including MRSA and other
B-lactamase producers do not show any resistance
to vancomycin. Imipenem, levofloxacin, and
ciprofloxacin were completely effective against
gram-negative bacteria. However, it is concerning
that resistance to some antibiotics is mediated by
mobile genetic elements that can be transmitted
between bacterial species. Therefore, these results
are not conclusive, rather we recommend more
studies in this field by employing modern methods
of culture, such as matrix-assisted laser desorption
ionization-time of flight mass spectrometry, to
isolate broader spectra of bacteria, ensuring a
deeper study of susceptibility and resistance
patterns of urine bacterial flora.
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