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ABSTRACT

Urinary Tract Infections (UTI) is one of the most common infections, especially among women. Presently
accessible antibiotics are a clinician’s first line of defense to treat infections, but antimicrobial resistance
menace to reduce their efficacy. The consequences of multi-drug resistance to antibiotics are enhanced
morbidity and mortality rates. The yearly death toll is >700,000 population worldwide, rising to ~10
million by 2050. There is a lack of novel antibiotics for UTIs as the return on its investment is poor
compared to medicines for lifestyle diseases. The three organisms of utmost worry are methicillin-
resistant Staphylococcus aureus (MIRSA), Carbapenems and third-generation Cephalosporins resistant
Klebsiella pneumoniae, Fluoroquinolones and third-generation Cephalosporins resistant Escherichia
coli (E. coli). Among these, Escherichia coliis the foremost cause of community-acquired UTl infections
throughout the globe, mainly due to the absence of alertness and inappropriate wastewater treatment.
The purpose of this review article is to explore literature on uropathogens, the pattern of their
antimicrobial resistance, and the hospital practices concerning the spread, as inadequate studies
have been carried out and published on this topic. Hospital personnel are usually familiar with the
management of infections, but most do not understand the conditions in their hospital. Implications
of hospital practices play a major role in controlling hospital-acquired UTIs and the burden of its
antimicrobial resistance. A complete approach involving financial and human resources will improve the
infection control practices in hospitals without a doubt. Strict infection control measures in hospitals
can help to reduce the number of hospital-acquired infections in pregnant women.
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Urinary tract infections (UTI) are among
the most common infections, especially in
women. They are typically treated with currently
accessible antibiotics as a clinician’s first line
of defense, but their efficacy is reduced by
antimicrobial resistance. Multidrug resistance
to antibiotics results in increased morbidity and
mortality rates. Globally, the yearly death toll
related to antimicrobial resistance is >700,000
population, which will increase to ~10 million by
2050. Furthermore, novel antibiotics for UTls are
insufficient because their return on investment is
lower than that of medicines for lifestyle diseases.

The three most common organism
resistant to antimicrobials are methicillin-resistant
Staphylococcus aureus (MRSA), carbapenem-
and third-generation cephalosporin-resistant
Klebsiella pneumoniae, fluoroquinolone- and
third-generation cephalosporin-resistant
Escherichia coli. Among them, E. coli is the main
cause of community-acquired UTI worldwide
mainly because of the absence of alertness and
inappropriate wastewater treatment.

Given that inadequate studies on this
topic, this review article aimed to explore studies
on uropathogens, their antimicrobial resistance

pattern, and hospital practices concerning their
spread. Hospital personnel are usually familiar with
infection management; however, most of them do
not understand the conditions in their hospitals.
Implications of hospital practice play a major
role in controlling hospital-acquired UTls and the
burden of antimicrobial resistance. Therefore, a
complete approach involving financial and human
resources will improve infection control practices
in hospitals. Strict infection control measures in
hospitals can also help reduce the number of
hospital-acquired infections in pregnant women.
Antibiotic epoch

Inthe early 1900s, Paul Ehrlich, a German
physician, discovered the first antimicrobial drug*
that led to the start of an innovative period
when microbial infections could be treated for
the first time and cured with a high success rate.
In 1909, Ehrlich applied the concept of “magic
bullet,” discovered the active compound 606
against Treponema pallidum, the cause of syphilis,
which was sold later under the name Salvarsan.?
Motivated by Ehrlich’s victorious discovery,
pharmaceutical industries and researchers
focused on screening of drugs and compounds for
antimicrobial activity; in 1932, dye manufactures
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Fig. 1. Timeline of development/discovery of antimicrobial drugs.
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at IG Farben in Germany introduced the first
sulfa drug as an antimicrobial agent, which was
patented under the name Prontosil in 1935.%3
During the same period, Alexander Flemming
found an antimicrobial compound produced by
Penicillium in 1928 and named it penicillin.* This
breakthrough initiated the discovery of natural
compounds and served as a basis for developing
new antimicrobial agents.

Fig. 1 shows the timeline of the evolution
of various antimicrobial agents obtained either
naturally or synthetically to fight various microbial
infections. It clearly shows a decline in the
development or discovery of new antimicrobial
drugs in recent decades.

As the discovery of penicillin, scientists
have actively been searching for microbes that
produce antimicrobial compounds. In 1943, Albert
Schatz, a student of Selman Waksman, discovered
streptomycin in his laboratory. Similar to many
other successful antibiotics that were later found,
streptomycin is produced by Streptomyces, a
bacterial genus, hence its name.® It is the first
antibiotic to show considerable efficacy against
Mycobacterium tuberculosis, which causes
tuberculosis. Furthermore, streptomycin was
the first pharmaceutical medicine to undergo a
randomized controlled trial.® Over the next 40
years, new antimicrobial agents have emerged.
Although the modification of natural chemicals
has resulted in some effective semisynthetic
derivatives, few synthetic substances have been
created.’

Decline of the antibiotic era

In response to the amplified use
of antimicrobial drugs throughout the 20t
century, microorganisms have developed ways
to defeat the effect of these drugs, consequently
becoming resistant. As a result, formerly effective
antimicrobial drugs are no longer effective
in curing infections, leading to an increase in
morbidity and death.®° Drug resistance remarkably
varies among species and geographical locations.
However, previously effective medications against
some species have almost completely lost their
clinical utility. For example, Staphylococcus
aureus was once susceptible to ampicillin and
penicillin; however, it is now entirely resistant to
these antibiotics. With the increased prevalence
of methicillin-resistant S. aureus (MRSA) in many

countries, beta-lactamase-resistant compounds
such as nafcillin and dicloxacillin have become
ineffective.’®!! Similarly, among the most prevalent
uropathogens, approximately half of E. coliisolates
that were formerly responsive to sulfa medicines
and ampicillin are now resistant.’® Fortunately,
other available antibiotics are effective against
these microorganisms, but resistance to these last-
resort medications are frequently documented.*>*3

Although antibiotics are still successful in
treating most infections, further research on novel
and safer antibiotics should be performed. Because
drug development takes several years, it should
ideally begin while resistance is still manageable.
Over time, the scientific community has become
increasingly focused on informing legislators and
other decision-makers about the lack of progress
in the development of new antibiotics.**®
Professionals in hospitals worldwide encounter
pan-resistant microorganisms such as multidrug-
resistant Enterobacteriaceae and extensively
drug-resistant tuberculosis. Consequently,
pharmaceuticals that were no longer used
because of their severe toxicity are considered
as last-resort medications.>!” Resistance does not
usually occur as quickly as it did in the examples
above. S. pneumonia, which causes pneumonia,
has been successfully treated with penicillin for
more than 60 years, but penicillin resistance in S.
pneumonia rarely occurs.’®** With these disparities
in resistance development, variables that drive
resistance evolution in different organisms should
be determined in the development of strategies
that prevent resistance emergence.
Urinary tract infections

In hospital and community settings,
urinary tract infections (UTIs) are among the most
common bacterial infections.’*?! These are also
the most common bacterial illnesses acquired
by women.?! Because germs can easily enter
the bladder through the shorter female urethra,
women are more susceptible to UTls than men,%*°
but UTIs are still more prevalent in men than in
women.*® Although various bacterial and fungal
pathogens can cause UTI, the most common
pathogen isolated in patients is E. coli, a gram-
negative bacterium.?*? The health consequences
of a UTl include 2.4 days of limited daily activity
and loss of about 1.2 days of work. In patients
with underlying health disorders such as diabetes,
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Table 1. Microbiology of UTI

Organism Type Name of the Organism that causes UTI

Gram-positive
bacteria

Staphylococcus aureus
Enterococcus faecalis
Staphylococcus saprophyticus
Coagulase-negative staphylococci
(CoNS)

Escherichia coli

Acinobacter spp.

Proteus mirabilis

Klebsiella pneumonia
Pseudomonas aeruginosa
Candida albicans
Torulopsisglabrata
Cryptococcus neoformans
Candida parapsilosis

Candida cystitis

Candida tropicalis

Gram-negative
bacteria

Fungus

complicated infections (such as paraurethral
or renal abscesses) may occur more frequently
than in patients without other underlying
health issues, resulting in higher morbidity and
hospitalization.??> Furthermore, UTI can extend
to the bloodstream, resulting in bacteremic UTI,
which is linked to an increased death rate.?
Almost 50 % to 60 % of women experience
a UTl at least once in their life.?® It is also typical for
UTI episodes to recur if the influencing variables
responsible for the occurrence of UTI are not
properly diagnosed and treated.??® Untreated
UTIs can lead to major problems such as kidney
damage, renal scarring, and renal failure. Gram-
negative bacteria such as E. coli, Enterobacter
species, Citrobacter species, Acinetobacter
species, Pseudomonas aeruginosa, Proteus
species, and Klebsiella species are the most
common causes of UTls. Among gram-positive
microorganisms, Enterococcus species, coagulase-
negative Staphylococcus, and Staphylococcus
saprophyticus are the common causes of UTls.?”%8
Table 1 presents a categorized list of
various microorganisms that cause UTls in humans.
Among them, E. coli, K. pneumoniae, and Proteus
mirabilis are the major gram-negative UTI-causing
pathogens. Candida spp. are the most common
fungi causing UTlIs in pregnant women.?
Bacteria responsible for UTIs have more
hostile virulence factors than nonpathogenic
microorganisms, thereby improving their host

cell attachment, colonization, and attack abilities.
They evade their host’s immune system by
using specific virulence factors, which include
various cellular components, such capsules,
pili, lipopolysaccharides, and other external
cell structures.”® Certain human anatomical and
physiological factors play a role in the incidence
of UTls. For example, the urethra is shorter in
women than in men, thereby increasing the risk
of UTI. Similarly, atrial bladder emptying, which
occurs frequently in pregnant women, leads to the
accumulation of residual urine in the bladder and
causes vesicoureteral reflux; these conditions are
important variables that can predispose a host to
UTls.?

UTIs are treated repeatedly by using
broad-spectrum antimicrobial drugs; however,
such treatments are administered empirically
without prior culture sensitivity tests. This
improper and nonjudicious use/practice of
antimicrobial drugs significantly increases the
global antimicrobial resistance of microorganisms,
ultimately favoring the reproduction of multidrug-
resistant bacterial strains.** According to a review
by the European Survey of Antibiotic Consumption,
multidrug-resistant bacteria are responsible for
the death rate of about 25,000 Europeans every
year due to complications in UTIs.?! As a result,
antibiotic overuse must be avoided to prevent
resistance development, and the most appropriate
antibiotics should be recommended as the first-
choice empiric therapy for UTI. Antimicrobial
susceptibility patterns among microorganisms
differ across countries.?? According to the
Infectious Diseases Society of America, provincial
observation should be conducted to track changes
in uropathogen vulnerability in certain regions.?
Etiology of UTI in pregnant women

Because pregnant women have a narrow
urethra and their urinary tract can be easily
contaminated with fecal microbes, they are more
vulnerable to UTIs than men. Pregnancy and
sexual activity are two other major variables that
increase the risk of UTI in women. Women develop
glycosuria during pregnancy as a result of the
normal increase in plasma volume and decrease in
urine concentration, eventually leading to bacterial
growth in the urine. The three most common
clinical manifestations of UTI in pregnancy are
asymptomatic bacteriuria, acute cystitis, and acute
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Table 2. Pervasiveness of UTI in pregnant women of various studies

Reference % of UTI causing Uropathogens

Found UTI
positive

No. of Pregnant
women tested

Percentage

Escherichia coli - 26%,

S. aureus - 10%,

Klebsiella aerogenes - 8%,
Proteus mirabilis - 7%.
Pseudomonas aerogenes - 5%
Escherichia coli - 57.25%
Klebsiella species - 20.85%

Nwachukwu E et al*

Amiri M et al®®

200 112 56%

22,600 1,132 5%

Coagulase-negative staphylococci - 8.39%

Streptococus species - 6.63%
Acinetobacter - 2.47%

Proteus Mirabilis - 2.38%
Staphylococcus aureus - 1.68%
Enterobacter aerogenes - 0.35%
Eschericia coli - 38%
Staphylococcus species - 23%
Klebsiella species - 12%
Staphylococcus aureus - 12%

Lee AC et al*®

4,034 360 8.90%

Group B Streptococcus (GBS) - 5.3%

Eschericia coli - 43%,
Enterococcus faecalis — 28%
Klebsiella aerogenes — 8.5%,

Ranjan et al*”

Pseudomonas aerogenes —5.7%

El-Kashif MM?3® Eschericia coli - 37%
Staphylococcus species - 3.7%
Klebsiella species - 27%
Eschericia coli - 37%

Turpin CA et al* Staphylococcus aureus - 31%
Blas FH et al*® Escherichia coli - 76%
Staphylococcus aureus - 5.5%
Proteus sp. - 2.7%

Klebsiella sp - 4.1%
Escherichia coli - 47%
Staphylococcus aureus - 18%)

C. freundi - 12%

Tadesse*

120 42 35%

303 162 53.50%

220 16 7.30%

874 73 8.40%

173 17 9.80%

pyelonephritis. Other symptoms include nausea,
vomiting, frequent urination, dysuria, early birth,
and low birth weight. Table 2 summarizes studies
on the occurrence of UTls in pregnant women
and reveals that UTIl is a common disease among
pregnant women if no proper measurements are
taken during pregnancy.

UTls in pregnancy are associated with
early delivery, caesarean delivery, morphological
abnormalities, low birth weight in newborns,
and infant death. UTIls in pregnant women start
during the sixth week of pregnancy and peak
between weeks 22 and 24; about 90% of these

women develop urethral dilatation. Because of
an increase in urine volume and urethral dilation
in pregnant women, this condition causes greater
urine stasis in the bladder, urine reflux to the
urethra, and a physiological increase in plasma
volume, which reduces urinary concentration.
Another prevalent explanation is glycosuria,
which affects around 70% of pregnant women,
causes an increase in progesterone and estrogen
levels in the urine, and reduces a patient’s ability
to fight invasive microorganisms. These factors
may play a role in the development of UTIs during
pregnancy.*>* This condition in pregnancy has also
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been attributed to various factors. For example,
resistant E. coli species have been the most
common microbiological agent causing UTls, and
they require special attention.*#

Control of hospital infections

Inadequate infection management
consequently causes pathogen spread in healthcare
settings, leading to healthcare-associated
illnesses (HAIs).* HAls in turn result in increased
antimicrobial treatments; consequently, bacterial
antibiotic resistance occurs. The increasing number
of germs and resistant infections in hospitals and
other healthcare settings contributes significantly
to the global burden of antibiotic resistance. The
death toll from HAIs caused by multidrug-resistant
microbes is predicted to exceed 25,000 per year
in Europe, and this situation may worsen in other
countries.”

In hospitals, the behavior of healthcare
personnel plays a key role in executing infection
control programs.*® “Compliance to infection
management defense is globally suboptimal.”*
The primary problem is healthcare personnel’s
insufficient use of infection control guidelines.**°
Particularly, in middle- and low-income nations,
the concern of inadequate healthcare staff
needs important consideration.®® The lack of
understanding and compliance with basic infection
control procedures, such as hand hygiene, are
major factors in the high prevalence of HAls
in these settings.*®? As a result, evaluating
the current information and behaviors among
healthcare personnel is critical in designing an
effective infection control strategy. Several studies
have identified a know-do gap in infection control
measures. For example, Paudyal et al.>* have found
that even though all clinicians in two government
and three private Nepalese hospitals understand
the importance of handwashing, only around half
of them follow the suggested practice. In China, a
systemic study involving 1,444 nurses (2010) has
indicated that their understanding of standard
safety measures is average, but their acquiescence
to standard safety measures is low.>* Tenna et
al.* have observed that healthcare staff from two
higher education institute hospitals in Ethiopia
have strongly comprehend the importance of
hand cleanliness and tuberculosis infection
control procedures. However, this awareness

does not translate into efficient infection control
procedures.®

Most studies have qualitatively evaluated
healthcare workers’ understanding and behaviors
of infection control. Qualitative advances are useful
for characterizing background elements and hidden
influences and gaining a better understanding of
facilitators and barriers to healthcare person
performance. Some qualitative studies have
provided a comprehensive overview of hospital
employees’ awareness of not only medical waste
management or hand hygiene but also infection
management issues.>®>” Woith et al.>® qualitatively
investigated barriers and motivators affecting
tuberculosis infection management practices of
healthcare personnelin Russia and discovered that
poor awareness and an unenthusiastic approach
impede the implementation of good infection
control practices. Ider et al.>” described the attitude
of Mongolian healthcare professionals and their
lack of understanding, along with other factors
such as limited finance and management, as
problems obstructing the efficient implementation
of infection control programs.
Residues of antimicrobial substances in hospital
wastewater

Antimicrobial drugs are critical medicines
used to treat infectious disorders such as HAls in
healthcare settings. Because of the antibacterial
residual excretion and the improper disposal of
unneeded compounds, large volumes of antibiotics
can be released into hospital wastewater, which
canthen be discharged into the environment.*® The
presence of antibiotics in aquatic environments
can cause the spread of antibiotic-resistant
microorganisms. In general, antibiotic pollution
of the environment, as well as aquatic habitats,
is a growing concern worldwide.>*®° Hospital
wastewater treatment plants and effluents
represent a significant source of antibiotics and
antibiotic-resistant bacteria being released into
the environment.®*®2 Diwan et al.®? reported that
“antibiotics are discharged in hospital wastewater
continually.” The concentration of antibiotics in
hospital effluents ranges from 1.4 ug/L to 236.6
ug/L.%

Ciprofloxacin is a fluoroquinolone
antibiotic excreted as a parent component in
urine in over 70% of cases. Antibiotics are not
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with antibacterial properties help ARB survive
in the wastewater microbiota.”* The horizontal
transfer of resistance genes within and between
species is favored by antimicrobial selective
pressure.” Therefore, a precise and progressive
machinery for hospital wastewater treatment
must be developed to prevent the outspread of
harmful microorganisms. Consequently, microbial
presence in hospital wastewater must be detected
to quantify contamination and establish specific
treatment methods for environmental health
protection.

Table 3 summarizes the concentrations
of antibiotics accounted in various literature
in hospital outlet wastewaters and effluents in
respective hospitals. Many of these studies have
found Ciprofloxacin to be amongst the most
perceived in hospital effluents.
Antimicrobial-resistant strains in hospital
wastewater

Antibiotic residues in the environment
can have an indiscriminate effect on bacteria,
contributing to the increase in antimicrobial
resistance. In hospital wastewater, significant
connections have been discovered between the
concentration of drug residues and the incidence
of antimicrobial-resistant microorganisms.®2 Akter
et al.® observed that E. coliisolates in Bangladeshi
hospital wastewater develop multidrug resistance
to antibiotics used by practitioners to treat
patients. In a similar investigation, Reinthaler et
al.8* discovered a multidrug-resistant E. coli in
hospital sewage in Southern Austria. Antimicrobial-
resistant bacteria (S. aureus, E. coli, Shigella, and
Salmonella) have also been detected in hospital

effluents in South Ethiopia, and they are released
into receiving water bodies.®*

Fig. 2 depicts how antibiotics and their
residues enter hospital water and are released
into the environment due to a lack of effective
hospital wastewater treatments, resulting in
antimicrobial resistance from diverse pollution
sources. National (and/or regional) policies have
rarely outlined measures on how to treat hospital
effluent for drug residues and antibiotic-resistant
microbes before they are discharged into either
community sewage for treatment at a municipal
wastewater treatment facility or into a surface
water body. In low- and middle-income nations,
where wastewater treatment is less prevalent and
direct discharge of raw hospital wastewater into
surface rivers is common, the situation is likely
worse. Such water can be dumped into water
bodies, where it can be utilized for irrigation or
eventually wind up in drinking water, resulting
in resistant illnesses in humans and animals.
Antibiotic residues, antibiotic-resistant bacteria,
and ARGs that spread through hospitals can
aggravate antibiotic resistance, thereby posing a
public health risk.

How to overcome challenges in infection control

Healthcare personnel have a good
understanding of hospital infection control.
Although their self-reported practices are
acceptable or competent, infection control
measures in hospitals appear poor. The reported
infection control issues are insufficient resources,
lack of awareness, and patient overload.
Nevertheless, they can be overcome by providing
sufficient data on HAIs to healthcare personnel to

Untreated wastewater

AB residues Conartionl
— ABR bacteria Wastewater Treatment Environment
am(i’:'&c u:, ARG o AB residues AB residues ~ Agriculture use
Hospital A ABR bacteria AB residues (selective ABR bacteria
residues (selective ARGs pressure) ARGs
wastewater | ey it Livestock use
ABR bacteria Hospital effluent AR (gene transier) Surface water
ARGs (gene transfer)

. Household use

AB: antibiotics; ABR: antibiotic resistance; ARGs: antibiotic resistance genes

Fig. 2. Flowchart representing the transmission of microorganisms from wastewater to humans.
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raise their awareness, motivate them to apply their

existing knowledge into practice, and urge them

to use infection-control facilities.

To overcome AMR-related challenges,
healthcare staff and cleaning workers must
undergo constant tailor-made education and
training. A standard monitoring system for
hospital infection control should be established;
every hospital should incorporate tools and
monitoring software. Various measures, such
as training, examination, access to equipment
and facilities, and recurrent control and audit,
should also be implemented to improve microbial
infection management. An all-encompassing
strategy involving financial and human resources
is also required to optimize such practices. After
wastewater treatment, several crucial tests should
be conducted to reduce antibiotic concentrations
in hospital wastewater. Other suggestions are
presented as follows:

e A multidimensional approach is required
to optimize hospital infection management
practices. It should involve sequencing
infection control in hospital organization,
implement infection control in medical
curricula, provide adequate infrastructure,
and continue patient and health professional
education.

e Training healthcare staff to increase their
knowledge of infection control, particularly
HAls in hospitals can be a viable intervention
to improve their practices in current hospital
conditions.

e Cleaning workers should undergo
individualized training.

e Hospital wastewater treatment systems
that are effective in removing antibiotic
residues, antibiotic-resistant microorganisms,
and antibiotic resistance genes must be
developed.

e Further research should focus on the
relationship between antibiotic residues
discharged from hospitals and antibiotic-
resistant bacteria, their occurrence in the
surrounding environment, human acquisition
of antibiotic-resistant bacteria upon exposure
to this environment, and public health
implications.

CONCLUSION

UTIs are caused by a wide range of
gram- and gram-negative bacteria. To treat
patients with UTI appropriately, clinicians must
accurately identify the causal organism. Failure
to do so not only prolongs sickness and exposes
patients to complications, but also contributes
to the development of bacterial resistance as a
result of injudicious antibiotic use. The presence
of clinical signs and symptomes, as well as a positive
urine culture, are required for the diagnosis of
UTI; nonetheless, in many healthcare settings,
diagnosis and treatment are given without prior
culture and antimicrobial sensitivity tests.

Further studies should be performed on
a priority basis to advance rapid diagnostic tests
(point of care testing) for timely targeted therapy
amid the increasing antibiotic resistance. A drug
monitoring system must also be established to
supplement drug administration and aid in the
development of a more tailored methodology for
prescribing treatments. Furthermore, community-
wide education initiatives should be implemented
to reduce disease prevalence and improve the
quality of life of patients in low- and middle-
income areas.

Effluent water from healthcare settings
is @ major source of antibiotic-resistant bacteria,
particularly multidrug-resistant microbes, such as
gram-negative bacteria. However, further research
is needed to assess the impact of wastewater
treatment techniques on the total antibiotic
resistance in aquatic environments.

Numerous measures such as training,
surveillance, access to equipment and facilities, and
periodic control and audit should be implemented
to strengthen infection control methods. A holistic
approach involving financial and human resources
is also required to optimize such practices. After
wastewater treatment, several crucial tests should
be performed to reduce antibiotic concentrations
in hospital wastewater. Further research should
focus on the association of antibiotic residues
discharged from hospitals, antibiotic-resistant
bacteria, their presence in the surrounding
environment, human acquisition of these bacteria
upon exposure to this environment, and their
impact on public health.
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