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Nosocomial infection, which are also called healthcare- associated infections (HAIs),
are a big problem for public health around the word. They lead to illness that is more
serious, more deaths, longer hospital visits, and higher cost for medical care. Even with
better medical tools and efforts to stop infection, healthcare-associated infection are still
common in places with lots of resources and place with fewer resources. The main
reasons include the heavy use of invasive devices, increasing resistance to antibiotics,
more people with weakened immune system, and poor practices in preventing
infections. This review gives an overview of the latest information about how
healthcare-associated infections spread, the getting them, how they are diagnosed, and
how they are treated. Intensive care units are especially impacted, with infection rates
between 3 to 6 percent in high-income countries and much higher in low- and middle-
income countries. Some bacteria and fungi that are hard to treat with many drugs, like
carbapenem-resistant Enterobacterales, MRSA, VRE, and new types of fungi such as
Candida auris, make it harder to cure infections and lead to worse health results. Major
risk factor are having a catheter for a long time, using a ventilator, being older, having
a weak immune system, and not following infection control rules properly. Good
management depends on starting antibiotic treatment quickly based on real evidence,
then narrowing it down to the right choice later and taking care of the source of the
infection early on. It is very important to improve infection control, the responsible use
of antibiotics, and quick testing methods to lower the worldwide impact of hospital-
acquired infection.

INTRODUCTION

Definition

Nosocomial infections, also known as healthcare-
associated infections (HAIls), are infections that
patients contract while receiving care in healthcare
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settings, such as hospitals, long-term care
facilities, outpatient clinics, and other clinical
settings, but which were neither present nor
incubating at the time of initial admission. The
definitions and surveillance criteria used by major
public health agencies (e.g., WHO, CDC, NHSN)
are intended to distinguish between community-
acquired infections and those attributable to
healthcare = exposure. In  practice, many
surveillance systems define a HAI as an infection
that manifests 48 hours or more after hospital
admission, or that occurs within a specified
window after a healthcare procedure or

discharge.!

Clinical forms and common pathways

Surgical site infections (SSIs), catheter-associated
urinary tract infections (CAUTI), central line-
associated bloodstream infections (CLABSI),
ventilator-associated pneumonia (VAP), and
Clostridium difficile infection are among the most
commonly monitored clinical syndromes that are
HAIs. Numerous healthcare-
associated infections (HAIs) are linked to
equipment or procedures and occur when intrusive
technologies compromise the host's natural
defences or when environmental controls and
aseptic technique are insufficient. Cross-
transmission  (healthcare =~ worker  hands,
contaminated  surfaces), endogenous flora
(overgrowth following antibiotic exposure), and

included in

contaminated fluids or devices are examples of
transmission mechanisms. ®

Global burden and epidemiology

HAIs are a significant worldwide public health
issue with significant clinical and financial
repercussions. According to surveillance and
systematic studies, incidence and prevalence differ
significantly by geography and healthcare context.
Pooled estimates from many low- and middle-
income countries are several times higher,
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reflecting differences in
resources, overcrowding, infrastructure, and
surveillance capacity. In contrast, point-
prevalence surveys from high-income countries
have estimated HAI prevalence in acute-care

infection-prevention

hospitals at roughly 3—4% of inpatients on a given
day. Both the scope of the issue and the greater
relative burden carried by settings with fewer
resources are highlighted by the World Health
Organization's global assessment (2011) and
subsequent meta-analyses. ?

Clinical and economic significance

HAIs significantly boost direct and indirect
healthcare expenses, lengthen hospital stays, and
increase patient morbidity and death. Additionally,
they have a significant role in the usage of
antibiotics and, as a result, in antimicrobial
resistance (AMR). The relationship between HAIs
and the AMR epidemic has been highlighted by
modelling studies and burden assessments that
have documented significant numbers of deaths
and disability-adjusted life years (DALYs) owing
to illnesses caused by antibiotic-resistant
organisms in Europe and worldwide. Beyond
death, HAIs compromise patient safety, impose a
burden on hospital capacity, and can result in
expensive outbreak interventions and damage to
an institution's image.

Trends and changing context

The risk and patterns of HAIs have changed
significantly during the past ten years. Despite
significant advancements in focused preventive
initiatives, the risk of HAI has persisted due to
increased use of invasive equipment and
complicated procedures, an ageing population
with more comorbidities, increased ICU
utilisation, and changing microbial ecology,
including the expansion of multidrug-resistant
species. The COVID-19 pandemic significantly
changed the epidemiology of healthcare-
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associated infections (HAIs) in a variety of
contexts. Increased use of antibiotics, shifting
patient mixes, staffing shortages, and changes in
infection-control priorities all contributed to
increases in various HAI rates and in resistant
organisms in many studies. Worldwide estimates
at the same time point to ongoing regional
differences and, according to certain research, an
increasing worldwide prevalence signal. ¥

Types of Nosocomial (Healthcare-Associated)
Infections

1. Central line-associated  bloodstream
infection (CLABSI)
Definition: A CLABSI is a primary bloodstream
infection that occurs in a patient who had a central
venous catheter (central line) in place at the time
of the infection or within 48 hours prior to the
infection's onset and for which there is no other
known cause. CDC/NHSN (NHSN Patient Safety
Component Manual) provides case-classification

and surveillance definitions.

Epidemiology & impact. Because CLABSIs are
linked to substantial morbidity, death, and costs
(estimates of cost per case vary greatly by
location), they are considered high-impact HAIs.
Although rates are still higher in certain low-
resource settings, CLABSI rates vary by hospital
type, ward (ICU vs. non-ICU), and have declined
in many high-income settings following bundle-
based preventative initiatives. ©

Common pathogens Typical CLABSI infections
include Gram-positive organisms (particularly
coagulase-negative staphylococci and
Staphylococcus aureus), Gram-negative bacilli
(such as Enterobacterales, Pseudomonas), and
Candida spp.; the proportional contribution varies
depending on patient demographics, region, and
device care practices. ©
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Risk factors. The risk of CLABSI is increased by
prolonged central line dwell time,
multiluminal/epicatheters, placement resulting
from non-sterile settings, aseptic technique
violations during insertion or maintenance,
immunosuppression, and a lack of standard
insertion/maintenance protocols.

2. Catheter-associated urinary tract infection
(CAUTI)

Definition CAUTI is defined as a urinary tract
infection that occurs in a patient who had an
indwelling urinary catheter in place for more than
two calendar days on the date of the event, and the
catheter either was in place or removed on the day
of the event. The CDC/NHSN surveillance criteria
include specific signs and symptoms as well as
microbiologic thresholds. (")

Epidemiology & impact. Among the most
prevalent HAIs are CAUTISs, particularly in long-
term care and hospitalised populations. The length
of an indwelling catheter increases the daily risk of
bacteriuria; CAUTIs are linked to higher antibiotic
use, potential subsequent bloodstream infections,
longer hospitalisations, and higher expenses. Rates
are closely linked to the facility's catheter-use
practices and catheter prevalence. ®

Common pathogens. Escherichia coli and other
Enterobacterales, Enterococcus species,
Pseudomonas aeruginosa, Proteus species, and
Candida species are examples of common
pathogens.  Antibiotic  recalcitrance  and
persistence are influenced by biofilm growth on
catheter surfaces. ®

Risk factors. Risk factors include prolonged
catheterisation, indwelling time, gaps in closed
drainage systems, female sex, urine retention,
comorbidities (such diabetes), improper catheter
insertion technique, and a lack of catheter-removal
protocols.
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3. Ventilator-associated pneumonia (VAP) /
Hospital-acquired (HAP)
related to ventilation

pneumonia

Definition. Pneumonia that develops more than 48
hours after endotracheal intubation is known as
ventilator-associated  pneumonia, or VAP.
Hospital-acquired pneumonia (HAP) is defined as
pneumonia that does not incubate at admission and
develops >48  hours after  admission;
recommendations (such as IDSA/ATS) treat HAP
and VAP differently. Definitions of surveillance
integrate laboratory, clinical, and radiographic
standards.

Epidemiology & impact. One of the most
common and dangerous infections acquired in the
care ventilator-associated
pneumonia (VAP) is linked to higher ventilator
days, ICU stays, and death (although estimated
attributable mortality differs). ICU patient mix,
sedation and movement techniques, ventilator-
bundle adherence, and local pathogen prevalence

all have an impact on VAP incidence. *

intensive unit,

Common pathogens While multidrug-resistant
organisms (Pseudomonas, Acinetobacter, MRSA,
resistant Enterobacterales) are frequently involved
in late-onset VAP and VAP in patients who have
previously been exposed to antibiotics, early-onset
VAP frequently involves community-type
organisms (e.g., Streptococcus pneumoniae,
susceptible Enterobacterales).

Risk factors. Prolonged mechanical breathing,
supine positioning, poor oral hygiene, aspiration
risk, previous antibiotic exposure, high illness
severity, and absence of ventilator care bundles
increase the risk
pneumonia (VAP). ©

of ventilator-associated

4. Surgical site infection (SSI)
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Definition Surgical site infections include those in
the incision or in deep tissue, organs, or spaces
after an operative procedure. Infections must occur
within 30 days after the operative procedure (or
within 90 days if an implanted device was used).
SSIs are classified as superficial incisional, deep
incisional, or organ/space infections. 1%

Epidemiology & impact. A significant amount of
surgical morbidity and readmissions globally are
caused by SSIs, which are frequent postoperative
consequences. Procedure type, wound class,
patient  comorbidities, and  perioperative
management all affect incidence; worldwide
pooled data indicate that SSI rates are greater in
LMICs than in high-income settings. SSIs can
increase surgical mortality, extend hospital stays,

and raise healthcare expenses. !V

Common pathogens Common SSI infections
include  Staphylococcus aureus (including
MRSA), coagulase-negative  staphylococci,
Enterobacterales, and anaerobes; the combination
varies depending on the surgical location and
degree of contamination. !

Risk factors. SSI risk is influenced by system
variables (operating room sterility, preoperative
hair scheduling of antibiotic
prophylaxis), procedure-related factors (prolonged

removal,

surgery, implant usage, emergency surgery), and
patient-level factors (diabetes, smoking, obesity,
malnutrition). (!9

Nosocomial pathogens
1. Bacteria parasites

e Enterococcus faecalis / Enterococcus
faecium- Vancomycin-resistant enterococci
(VRE) are a major source of wound
infections, bloodstream infections, and
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catheter-associated urinary tract infections
(CAUTI) in hospitals. 1

Klebsiella pneumonia- common sources of
bloodstream and urinary tract infections,
ventilator-associated pneumonia (VAP), and
carbapenem-resistant and ESBL-producing
strains are significant nosocomial risks.-!¥)
Escherichia coli- prevalent cause of intra-
abdominal sepsis and catheter-associated
UTIs in hospitals; both drug-sensitive and
multidrug-resistant strains can be found in
HAI settings. (!4

Pseudomonas aeruginosa- known for its
inherent resilience and capacity to endure in
hospital water and ventilation systems; linked
to VAP, bloodstream infections, urine
infections, and wound infections. (1%
Clostridioides (Clostridium) difficile- major
cause of pseudomembranous colitis and
infectious diarrhoea linked to healthcare;
closely linked to previous antibiotic exposure
and hospital visits. !

Viruses’ parasites

SARS-CoV-2 (hospital-acquired COVID-
19)- respiratory transmission in wards or
rooms; linked to patient and healthcare worker
outbreaks and higher death rates in certain
cohorts. 19

Influenza A and B- significant source of
respiratory infections acquired in hospitals
(including ward and long-term care
outbreaks), particularly during peak seasons.
a7

Rhinovirus / Enteroviruses- associated with
clusters of hospital-acquired respiratory or
feverish illnesses, especially in paediatric
settings. 17

Rotavirus- causes nosocomial diarrhoea in
paediatric wards (more common in the pre-
vaccine period; remains important in
populations not immunised). ®
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Hepatitis B virus (HBV)- Transfusions,
dialysis, contaminated equipment, and
dangerous injections are among known ways
that healthcare-associated transmission can
occur. 1

Hepatitis C virus (HCV)- Unsafe injection,
transfusion, and dialysis procedures, as well
as outbreaks in medical facilities, are
associated with nosocomial transmission. 1?
Human immunodeficiency virus (HIV)-
uncommon as a hospital-acquired infection,
but it has been linked to industrial exposures,
tainted blood supplies, and infection control
violations. 20

3. Fungal parasites

Candida spp. (especially C. albicans, C.
parapsilosis, C. tropicalis, C. glabrata)-
Intra-abdominal infections, device-related
infections, and catheter-associated
bloodstream infections (candidemia) are
frequently caused in intensive care units and
surgical wards. There is a substantial
correlation between C. parapsilosis and
healthcare = professionals’ hands  and
indwelling lines. "

Candida auris- An major global infection-
control concern is a developing, frequently
multidrug-resistant yeast that easily colonises
skin and surfaces and causes protracted
hospital epidemics. 2

Aspergillus spp. (especially 4. fumigatus)-
causes invasive pulmonary aspergillosis in
individuals with impaired immune systems;
nosocomial clusters frequently accompany
sources of polluted air or dust or building or
remodelling. ?®

Fusarium spp. and other opportunistic
moulds (e.g., Scedosporium,
Lomentospora)- cause invasive diseases
(skin, bloodstream, lung) in patients who are
neutropenic or severely
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immunocompromised; tainted solutions,
flowers, or gadgets have occasionally been
linked to hospital epidemics. ?¥

e Cryptococcus spp- (primarily C.
neoformans)- Community-acquired in HIV
or immunocompromised hosts is the norm,
however uncommon reports of hospital-
acquired/cluster cases and device-associated
presentations have been made, particularly in

transplant units and extended hospital stays.
(25)

Epidemiology of Nosocomial
Associated) Infections

(Healthcare-

Overview: prevalence versus incidence

Both incidence (new infections per patient-time or
per operation) and prevalence (point prevalence
surveys, PPS) metrics are used in epidemiologic
descriptions of HAIs. While incidence data are
required to estimate risk over time and to compute
attributable outcomes (e.g., increased length of
stay, mortality), prevalence surveys offer a
snapshot of how many inpatients have >1 HAI on
a particular day and are valuable for international
comparisons and trend tracking. For modern HAI
epidemiology, large multi-center PPSs and
national surveillance networks continue to be the
key sources.

Global burden and pooled estimates

It is difficult to quantify a single "global"
since  healthcare
monitoring standards, and study methodologies
differ greatly. However, systematic reviews and
meta-analyses offer unambiguous evidence of

prevalence environments,

significant regional variations and helpful pooled
estimates. A 2023 systematic review and meta-
analysis of nosocomial infection studies revealed
significant regional variation, with comparatively
low reported prevalences in Western Europe and
parts of North America and significantly higher
reported prevalences in several studies from Asia,
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Latin America, and Africa (study-level estimates
in some settings reported prevalences many times
higher than high-income settings). The hidden yet
significant burden of HAIs in low- and middle-
income countries was also emphasised in previous
WHO-sponsored syntheses. When combined, the
data show a global prevalence spectrum that
ranges from about 3% to 6% in various high-
income settings to significantly higher and far
more variable rates in many LMIC studies
(sometimes reported as double-digit percentages
in smaller or resource-constrained institutions). ¥

High-income regions

According to multi-state point-prevalence surveys
conducted in the United States, around 3.2% of
inpatients experienced at least one HAI on the day
of the survey (Multistate PPS, 2014 with follow-
up in 2018 indicating generally comparable
findings). This data serves as a baseline for
temporal monitoring and national burden
assessment. Pooled hospital prevalence estimates
in Europe were reported by ECDC-coordinated
PPSs to be in the ~5-6% range (country ranges
typically 2.9%—10.0percentage across EU/EEA
countries in the 2016-2017 survey), with
significant inter-country variation and higher
prevalence in certain countries and high-risk
settings (e.g., ICUs). These surveys demonstrate
that HAIs are still prevalent and vary by nation,
ward type, and technique even in well-resourced
institutions. ¢

Low- and middle-income countries (LMICs)
The burden and variability of HAIs are
consistently higher in LMICs, according to
systematic research and WHO evaluations. The
pooled prevalence or incidence in many LMIC
studies is significantly greater than in high-income
settings, according to the classic Lancet systematic
review (endorsed by the WHO) and more
subsequent meta-analyses. Insufficient infection-
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prevention resources (personnel, water/sanitation,
and  supplies), insufficient
antimicrobial stewardship, and gaps in routine
monitoring that can both underreport and
underdetect outbreaks are contributing reasons.

overcrowding,

These results are supported by other regional
systematic studies conducted in Africa, South
Asia, and Latin America, which show a wide range
of HAI incidence in healthcare institutions as well
as frequent reports of surgical-site infections and
device-associated illnesses. 7

ICU and device-associated infections

The incidence of HAIs per patient-day is
significantly greater in high-risk settings like
intensive care units (ICUs) than in ordinary wards.
Ventilator-associated pneumonia (VAP), central
line-associated bloodstream infection (CLABSI),
and catheter-associated urinary tract infection
(CAUTI) are device-associated infections that
continue to be major global contributors to the
incidence of healthcare-associated infections
(HAIs) in intensive care units (ICUs) and are
responsible for a disproportionate amount of
morbidity, mortality, and antibiotic exposure. ICU
incidence and prevalence are important factors
influencing hospital HAI burden, according to a

number of national monitoring systems and PPSs.
(28)

Antimicrobial resistance (AMR) and HAI
epidemiology

The large and increasing percentage of infections
brought on by microbes resistant to antibiotics is
an important epidemiologic aspect of HAIs.
Studies using burden-of-disease modelling have
connected AMR to millions of deaths and many
DALYs worldwide; these models indicate that
sub-Saharan Africa and South Asia have
especially significant burdens. Multidrug-resistant
Gram-negative bacilli, MRSA, and resistant
Enterobacterales are common HAI infections in

U
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healthcare settings that complicate treatment, raise
mortality, and extend hospital stays. Therefore,
HAI and AMR epidemiology are treated as related
issues in surveillance and modelling studies. ?*

Temporal trends and the effect of the COVID-
19 pandemic

Longer-term trends show mixed progress: new
technology, more sophisticated treatment, and
more ICU capacity have perpetuated risk, although
some high-income systems observed consistent
drops in particular HAI types (e.g., CLABSI
reductions following bundle installation). The
COVID-19  pandemic  disrupted  standard
infection-prevention practices (staffing shortages,
overcrowded intensive care units, changes in
patient mix and device use), and various analyses
report varying effects. Several studies and meta-
analyses found that during pandemic surges in
many hospitals, CLABSIs and some device-
associated infections increased, while trends for
other HAIs wvaried by setting. Overall, the
pandemic brought to light the brittleness of
preventative gains and the necessity of robust
surveillance and IPC (infection prevention and
control) systems. %

Regional summary

e Europe (EU/EEA): According to ECDC
PPSs (2016-2017; 2022-2023 surveillance
updates), pooled hospital prevalence typically
varies from ~2.9% to ~10%, with greater
incidence in some long-term and acute-care
facilities. @®

e North America (USA): In extensive surveys,
multistate PPS data show a frequency of
around 3% in acute care hospitals; national
surveillance also shows a significant burden in
intensive care units and device-associated
infections. ¢®

e Asia, Africa, and Latin America: Pooled
LMIC estimates are consistently higher than
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similar  high-income pooled estimates;
systematic reviews and numerous PPS reports
reveal significantly higher and more varied
prevalence, with some facility-level studies
indicating prevalence in double digits. ¢”

Interpretation and limitations of the data
Heterogeneity in case definitions, sampling
frames, diagnostic capabilities, and research
design (surveys vs. continuous monitoring)
restricts cross-study comparisons. Pooled meta-
analytic statistics must be viewed with caution
since small hospital studies in LMICs may reveal
relatively high incidence due to epidemic settings
or inadequate resources. However, the persistent
pattern across decades and approaches is that
AMR exacerbates the clinical and public health
effect of HAIs, which are widespread worldwide,
have a higher absolute burden, and frequently
result in worse outcomes in settings with limited
resources. Epidemiologic goals include combating
AMR, investing in IPC systems, and enhancing
standardised surveillance."

Risk Factors for Nosocomial (Healthcare-

Associated) Infections

1. Host/ Patient-related Risk Factors-

e Reduced immune response and higher
sensitivity due to advanced age (elderly) or

extreme age (neonates). 2%
e Underlying  comorbidities, such  as
immunosuppression,  diabetes  mellitus,

chronic lung or renal illness, and cancer. 29

e Low functional status, poor nutritional status,
or malnutrition, ¢!

e Higher risk due to the severity of the disease
and critical care status (e.g., ICU
hospitalisation). ¢?

e In certain instances, blood transfusions have
been linked to immunological modulation risk
in paediatric populations. ¢V
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2. Hospital / Environment / Care-related
Risk Factors

Prolonged hospital stays and frequent ward

transfers result in increased exposure to

nosocomial infections. ¢

High device use and admission to high-risk

environments (such as ventilator wards and

intensive care units). ¢?

Use of invasive devices / procedures:

Multiple lumens and central venous catheters

(CVCs)

Urinary catheters that are implanted

Mechanical ventilation and endotracheal

tubes

Tracheostomy

Prosthetic implants and drains ¢%

Surgical variables include infected wounds,

recent surgery, emergency surgery, extended

surgical duration, and prosthetic implants. ?%

Inadequate hand hygiene, poor equipment and

room cleaning, colonised personnel, or

contaminated gadgets are examples of poor

adherence to infection prevention methods.

(34

The high frequency of multidrug-resistant

organisms in hospital settings and the

inappropriate use of antimicrobial drugs,

which results in resistant organisms. ¢>

The danger of exposure is increased by

intrahospital patient transfers, or travelling

between wards. ¢%

Procedure / Device Specific Risk Factors

The length of time the device is used (longer
indwelling duration = higher risk). %

The quantity of device manipulations (such as
catheter hub entries). ¢¢

Mechanical ventilation variables include re-
intubation, sedation, supine posture, and poor
oral hygiene. ??

3857 |Page



Dr. Abhilash Rai, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 4, 3850-3872 | Review

e Urinary catheterisation: extended usage,
inadequate insertion and upkeep methods. ¢®

4. Specific Populations / Contextual Risk
Factors

e Children and newborns: identical risk factors
plus transfusions, gadgets, and malnutrition.
(€2Y)

e Patients undergoing neurosurgical or critical
surgery, such as those following a craniotomy,
have been proven to be at higher risk due to
ICU hospitalisation, hypertension, and
antibiotic exposure. 2

Transmission routes in healthcare settings

1. Contact transmission (direct & indirect) —
the most important route for many HAIs.

e Direct: individual-to-individual (e.g., staff
members' infected hands touching patient
wounds).

e Indirect: through-contaminated surfaces or
intermediary items (such as infusion pumps,
bed rails, and stethoscopes). On fomites,
several infections endure long enough to
spread. Hand hygiene and contact precautions
focus on this path. ¢7)

2. Droplet transmission —Large respiratory
droplets from a cough or sneeze that land on
mucous membranes in the mouth, nose, and
eyes after travelling a short distance (often
less than one to two meters). Masks and
patient location lower risk; influenza and
some respiratory infections in hospital
epidemics are two examples. %)

3. Airborne transmission- tiny aerosols that
may travel longer and stay suspended, such as
varicella, measles, and TB. Airborne
precautions and suitable ventilation/filtration
are necessary because some operations (such
as suctioning, bronchoscopy, and aerosol-
generating procedures) can produce aerosols
and raise the risk of airborne illness. ©¥
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4.

Common-vehicle transmission — when
numerous patients are infected by a single
contaminated source (such as tainted food,
water, drugs, or intravenous fluids), outbreak
investigation and source management are
necessary. (!9

Vectorborne transmission — Insects are
uncommon in the majority of acute care
facilities, but they can occur in certain and are
mostly avoidable through environmental

management, (19

Key Diagnostic Components & Approaches

Defining infection onset/context
Differentiating between an infection acquired
in the community and one linked to healthcare
is an important first step. For instance, in acute
care settings, an infection that develops more
than 48 hours after hospital admission is
frequently classified as HAIL ©?

The establishment of certain criteria (e.g.,
procedure type, device use, ward/ICU
exposure) aids identifying probable HAIs. %

2. Clinical evaluation

o

Identify symptoms that are indicative of an
infection, such as fever, elevated white-cell
count, local indications of inflammation (such
as wound redness for SSI), problems at the
catheter site, new respiratory symptoms in
ventilated patients, etc. ¥

Check for infections connected to devices
(such as ventilators, urine catheters, and
central lines) by evaluating the insertion site,
maintenance problems, length of use, and
potential contamination pathways. ¢%

Microbiological and laboratory diagnostics
Blood cultures, urine cultures, wound swabs,
catheter tip cultures, and respiratory
secretions are examples of culture-based
techniques that are still fundamental. ¢*)
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o Acknowledge the limits of conventional
cultures: they are comparatively slower and
may overlook infections that are fastidious or
encased in biofilms. ¢?

o Advanced  diagnostics:
sequencing (NGS) for pathogen identification
and gene  detection,
spectrometry (e.g., MALDI-TOF),
molecular tests (PCR). 49

o As an illustration, a recent study discussed
how microbiological data combined with
artificial intelligence (AI) and machine
learning is becoming a diagnostic assistance
tool. 4%

next-generation
resistance mass
and

4. Syndrome-specific diagnostic approach

e Bloodstream infections / CLABSI

Gold standard: blood cultures (where a line
infection is suspected, paired peripheral + line
cultures). For CLABSI surveillance, NHSN/CDC
offer specific criteria (organism recovery + time,
exclusion restrictions). Applying MALDI-TOF
and rapid molecular panels to positive blood
cultures improves early treatment and reduces ID
time. In some situations, remove or culture the
catheter tips. 4!

e Catheter-associated urinary tract infection
(CAUTI)

A substantial quantitative urine culture from a

correctly obtained specimen is used in conjunction

with symptoms (fever, suprapubic discomfort,

urgency) to make the diagnosis.#?

e Ventilator-associated / hospital-acquired

pneumonia (VAP/HAP)
In addition to microbiology from lower respiratory
samples (endotracheal aspirate, BAL), the

diagnosis is clinical (new/progressive infiltration
on chest imaging + new purulent discharges or
oxygenation deterioration). Molecular PCR panels
can identify viral or bacterial causes more quickly,
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but they need to be interpreted -carefully
(colonisation vs. infection), according to NHSN
surveillance regulations. 43

e Surgical-site infection (SSI)
Clinical indicators (redness, swelling, purulent
drainage) during specified post-operative periods,

together with wound culture if drainage is present.
(44)

Treatment of nosocomial infection

1. General Principles of Treating Nosocomial
Infections
Recent evaluations emphasise a bundle strategy
for all HAIs, including early source management,
quick suitable empiric treatment, prompt
diagnosis, and antibiotic stewardship, particularly
given the rise in MDR Gram-negative infections.
(45)
o Assess severity & risk of MDR pathogens
Take broad-spectrum
antibiotic use, ICU stays, mechanical ventilation,
indwelling devices, previous colonisation or
infection with MDR organisms, and local
resistance data (unit-specific antibiogram). “4©)
e Start empiric therapy promptly, then de-
escalate

into account recent

Start wide empirical coverage for septic or
critically sick patients based on the local
antibiogram; once culture results and clinical
response are known, narrow or cease. MDR-
focused evaluations consistently that
although needless broad treatment causes

resistance, delaying active therapy harms results.
(46)

show

o Use short, evidence-based durations
According to more recent evaluations on MDR
Gram-negative infections, where there is effective
source control and clinical response, many
HAP/VAP, complex UTlIs, and intra-abdominal
infections should be treated within 7 days. 47

e Source control
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Almost all contemporary HAI evaluations
emphasise the need to remove or replace infected
catheters, drain abscesses, debride infected
surgical sites, and optimise device management
(CAUTI, CLABSI, and SSI). %

e Combine with infection prevention &

stewardship

2025 MDRO-HALI assessments emphasise that in
order to prevent recurrence and the establishment
of resistance, proper treatment must be combined
with antimicrobial stewardship initiatives and
infection prevention bundles. *>

2. Syndrome-Specific Treatment

A. Hospital-Acquired & Ventilator-
Associated Pneumonia (HAP/VAP)

« Empiric therapy

o Cover S. aureus (MRSA risk?), Pseudomonas,
and other Gram-negative bacteria.

o No major MDR risk factors / low local
resistance:

= MRSA coverage with anti-pseudomonal [-
lactam (such as piperacillin-tazobactam,
cefepime, and meropenem).

o High MDR risk or high local resistance:

* For suspected MDR Gram-negatives, take
into account newer drugs (such as
ceftazidime—avibactam, ceftolozane—
tazobactam, meropenem—vaborbactam, and
cefiderocol) depending on patient
characteristics and local susceptibility. ¢

< De-escalation

o If the cultures are negative, reduce the
coverage of MRSA to just the highest active
agent.

o When an absorbable oral medication is
available and the patient is clinically stable,
switch to oral treatment.

¢ Duration

o If the patient recovers and there is sufficient
source control (e.g., secretions clearing,

ot
P
/4

7
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afebrile, increasing oxygenation), the majority
of current guidelines allow 5-7 days for
HAP/VAP.

B. Catheter-Associated
Infection (CAUTI)

Urinary Tract

1. Remove or replace the catheter

If a Foley is still required, replace it prior to urine
culture collection; if not, remove it entirely. This
lowers recurrence and increases cure rates. ®

2. Distinguish asymptomatic bacteriuria from
CAUTI
To prevent needless antibiotic exposure, treat only

symptomatic individuals (fever, suprapubic
discomfort, flank pain, delirium with no apparent
explanation, haemodynamic instability),

particularly in older persons. ®

Empiric antibiotics

o Base on local resistance pattern; options
include:

e C(Ceftriaxone, piperacillin-tazobactam, or
fluoroquinolone (if local resistance is
minimal) are recommended for stable patients
with low MDR risk.

e If ESBL/CRE or other MDR infections are
common, consider carbapenem or newer -
lactam/p-lactamase inhibitor combos for high
MDR risk/ICU patients. ®

4. Duration

e For simple CAUTI with quick -catheter
removal, it usually takes 5—7 days; if there is
a sluggish clinical response or bacteremia, it
may take up to 10-14 days. ®

C. Central Line—Associated Bloodstream
Infection (CLABSI) / Catheter-Related BSI

1. Immediate management
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In high-risk situations, start comprehensive IV
empiric treatment for sepsis, which usually
consists of broad anti-pseudomonal B-lactam
+ MRSA coverage (vancomycin/linezolid) +
antifungals.

Prior to beginning antibiotics, take peripheral
and line blood cultures.

Catheter management

Remove the catheter if:

Haemodynamic instability or severe sepsis
Pseudomonas, mycobacterial, fungal, or S.
aureus BSI

Only low-risk organisms should be
considered for catheter salvage, and if
vascular access is restricted, systemic

antibiotics + antibiotic lock treatment should
be used.

3. Targeted therapy & duration
Adapt  according the
susceptibility, and existence of metastatic
infection:

to organism,

For simple Gram-negative BSI after
catheter removal, effective IV/IV-to-oral
treatment is often administered for seven
days. 47

S. aureus BSI: typically at least 14 days; if
endocarditis or deep infection is present, 4-6
weeks (mostly based on long-standing data
but nonetheless current practice).

Candida BSI: remove the catheter and
provide echinocandin or fluconazole (if
susceptible) for at least 14 days following the
last positive culture and symptom remission.

Surgical Site Infections (SSI)

Superficial SSI (skin/subcutaneous)
Perform local wound care, drain pus, and open
the incision.

=/ 4

Systemic antibiotics should only be used if
systemic symptoms or surrounding cellulitis
are present.

If necessary,
staphylococcal
cefazolin, cloxacillin,
vancomycin/linezolid when MRSA risk is
high).

use narrow-spectrum anti-

medications  (such as

or

2. Deep/organ-space SSI

Surgical source management, which includes
debridement, drainage, and re-exploration, is
essential.

For abdominal surgery, enteric Gram-
negative bacteria and anaerobes, or pathogens
common to the process, should be covered
with empirical antibiotics.

According to recent research on antibiotic
duration for and deep
infections, the duration is usually 4-7 days
following sufficient source management.*”

intra-abdominal

Management of MDR & XDR Pathogens in
Nosocomial Infections

A. General MDR principles

When available, use fast diagnostics (PCR
panels, MALDI-TOF, carbapenemase
detection) to optimise treatment early. 4%
Whenever feasible, use new medicines or f3-
lactam/p-lactamase inhibitor combos over
polymyxins, as recent research indicates
better results and lower toxicity. 4

If source control is sufficient and clinical
response is satisfactory, use short, customised
periods (typically ~7 days). 47

B. Examples of agent selection
ESBL-producing Enterobacterales

For serious infections, carbapenems (such
meropenem) continue to be the gold standard.
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If the isolate is susceptible and local statistics
support it, piperacillin-tazobactam may be
utilised for some low-risk, non-severe
infections.

In certain areas, newer cefepime/zidebactam
or other developing drugs are being
researched or used in early stages.
Carbapenem-resistant  Enterobacterales
(CRE)

Depending on the kind and susceptibility of
carbapenemase, cefiderocol, imipenem—
relebactam, meropenem—vaborbactam, or
ceftazidime—avibactam. ¢

MDR Pseudomonas aeruginosa

There is still a dearth of high-quality data;
regimens frequently use sulbactam-based
therapy (such as high-dose
ampicillin/sulbactam or sulbactam—
durlobactam when available) +/- additional
drugs; polymyxin B is still used as salvage but
with close toxicity monitoring. 4%

MRSA and VRE

MRSA: Depending on the infection location
and susceptibility, linezolid, daptomycin, and
ceftaroline are utilised; vancomycin is still the
norm.

VRE: daptomycin or linezolid (typically high-
dose for severe infections).

linked with EHRs and IPC processes, it can
lessen human labour and perhaps reduce the
incidence of local HAIs. 4%

Practical uses & examples

Automated EHR-based surveillance that
detects possible VAP, CAUTI, or CLABSI
before manual review. %

Early-warning  systems  that  forecast
deterioration/infection  risk and initiate
preventive review by combining vital signs, test
results, and device data. ®V

Limitations & next steps

Prospective trials and transparent/validated
methods are required; model generalisability,
data quality, physician trust, and interaction
with IPC procedures continue to be obstacles.
(52)

Phage therapy (bacteriophages) for MDR
nosocomial pathogens

What is new include early trials aimed at
MDR  Gram-negatives and challenging
device-associated infections (Pseudomonas,
Klebsiella, Acinetobacter, Enterococcus), as
well as more compassionate-use cases and
revived clinical interest. Many patients have
shown clinical benefits, according to recent
systematic reviews; nonetheless, the evidence
is inconsistent and the data from controlled
trials is still few. 3

Recent advances & research trends in

preventing and treating nosocomial  Practical uses & examples

(healthcare-associated) infections e Inhaled/instilled phages or IV usage for severe
pulmonary or bloodstream infections in
compassionate use or early-phase studies;
topical/locoregional phage formulations for
infections related to wounds and devices. ¥

Challenges

1. Artificial intelligence (AI) & data-driven
surveillance
Al models (deep learning, machine learning)
are being used to prioritise infection-
prevention  measures (hand  hygiene
compliance, device removal reminders),
automate = HAI  surveillance,  forecast
individual patient risk, and identify outbreaks
earlier. Research indicates that when Al is

Limited host range (requires phage screening or
cocktails), possible immunological
neutralisation, bacterial resistance to phages,
problems with biofilm delivery, and obstacles
related to regulation and standardisation.
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Manufacturing/regulatory  frameworks and

larger, controlled RCTs are still needed. *
Nanotechnology & antimicrobial
nanomaterials/surfaces
New developments include the development
of engineered nano-coatings
nanomaterials (such as silver, copper, metal
oxides, photodynamic nanoparticles, and
nanostructured surfaces) for high-touch
surfaces, medical device coatings, and wound
dressings that can inactivate viruses, disrupt
membranes, and reduce microbial adhesion.
highlight
applications, prototype device coatings, and
encouraging in-lab antimicrobial and anti-
biofilm effects. ¢®

and

Reviews environmental

Practical uses & examples

Coatings based on copper or silver for high-
touch surfaces, endotracheal tubes,
catheters; nanostructured surfaces intended to
physically rip bacterial membranes or lessen
adhesion. ©7

and

Challenges & safety

JEx

7
VA

$72=\
=Y
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Long-term biocompatibility,
environmental/toxicity assessment, and proof
of decreased clinical HAI rates (not simply in
vitro kill) are necessary to translate lab
effectiveness into robust, secure, and
regulatory-approved clinical devices.
Ecological effects and resistance should be
tracked. %)

Rapid diagnostics &  point-of-care
pathogen/resistance testing

What is new: next-generation sequencing
(NGS) techniques, MALDI-TOF, quick
phenotypic AST platforms, and rapid
molecular syndromic panels are reducing the
time to resistance discovery and diagnosis.
Rapid testing have been linked to lower
mortality and improved antibiotic
optimisation in bloodstream infections when

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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used in conjunction with antimicrobial-
stewardship programs (ASP). For respiratory
and bloodstream diseases,
phenotypic susceptibility tests (hours) and

multiplex panels are becoming more popular.
(59)

new quick

Practical uses & examples

Multiplex PCR panels for respiratory and
bloodstream infections; MALDI-TOF + rapid
resistance indicators for quicker organism
identification; and point-of-care AST to direct
early targeted therapy (e.g., rapid UTT AST) ©°)

Limitations

Cost, the possibility of panel-restricted false
negatives, the necessity for stewardship
integration to convert quicker results into better
outcomes, and the difficulties of adoption in
settings with limited resources. ¢

Challenges & Future Directions for Nosocomial
(Healthcare-Associated) Infections

Major current challenges

1.

Rising antimicrobial resistance (AMR) and
limited new antibiotics

AMR is making HAIs more severe and
expensive (more treatment failures, longer
hospital stays, greater mortality). Global
assessments  indicate  significant  and
increasing AMR-attributable loads and
predict catastrophic future mortality in the
absence of intervention, (¢!

Diagnostic delays and limited access to
rapid testing

Targeted treatment and IPC response are
delayed by the slowness of conventional
cultures, which may overlook biofilm-
embedded or picky organisms. Additionally,
the absence of quick point-of-care AST and
molecular diagnostics (or their integration
with stewardship) causes delays. The
deployment of improved fast diagnostics is
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still inconsistent because of implementation
and cost issues. ¢?

Environmental reservoirs & complex
device-associated infections

Hardy organisms (including C. difficile, C.
auris, and MDR Acinetobacter) endure in
environments and biofilms on devices;
outbreaks associated with tainted goods or
improperly reprocessed equipment still
happen. Advanced identification and focused
remediation are required for these situations.
(63)

Surveillance, data fragmentation and
limited genomic capacity

Outbreak  identification and precision
therapies are delayed because routine
surveillance is frequently uneven and many
institutions lack real-time dashboards or
genetic typing capabilities to quickly map
transmission. It is still a technological and
governance problem to integrate lab,
genomic, and EHR data. %

Workforce, behavioural and
organisational barriers

Adherence to bundles and protocols is
decreased by understaffing, heavy workloads,
insufficient IPC training, and issues with
safety culture. Without consistent leadership,
audit/feedback, and incentives, behavioural
change at scale is challenging. ¢*

needless  broad-spectrum usage. Cost-
effectiveness, implementation science, and
methods for converting quicker outcomes into
clinical action should be the main areas of
research. 9

Expand genomic surveillance & real-time
outbreak analytics

Precise transmission mapping and quicker,
targeted outbreak control are made possible
by routine access to whole-genome
sequencing (WGS) or tailored sequencing for
high-risk diseases; investment in lab networks
and analytical processes is a top goal. ©®

Harness Al and data science for early
detection & decision support

Prioritising IPC activities, predicting high-
risk  patients, and automating HAI
surveillance are all possible using machine-
learning models based on EHR, device, and
lab data. Prospective validation, clinical
integration, fairness, and generalisability must
all be addressed in research. ©¢7)

Develop and rigorously test alternative
therapeutics (phage, endolysins,
microbiome approaches)

Although they require high-quality RCTs,
standardised manufacturing, and regulatory
frameworks, bacteriophage treatment,
modified phages/endolysins, and microbiome

High-priority future directions & research /

] . restoration techniques offer promise against
implementation themes

MDR, biofilm-associated illnesses. ¢

1. Scale up rapid diagnostics + actionable
stewardship
Increased use of quick ID and rapid
phenotypic AST (including multiplex panels
and point-of-care testing) in conjunction with
antimicrobial stewardship programs (ASP) is

5. Translate nanotechnology & antimicrobial
surfaces into safe clinical products In vitro,
surface and medical device contamination can
be decreased by nanocoatings and
antimicrobial compounds; however, future
research must demonstrate long-term

a proven, high-impact strategy that shortens i o )
P & P 2 biocompatibility, = environmental  safety,

the time to successful therapy and decreases
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durability, and clinical efficacy (lower HAI
rates) through carefully planned studies. ¢

6. Strengthen IPC implementation,

workforce & health systems (global equity
focus)
It is crucial to invest in basic IPC programs,
supply chains (PPE, disinfectants), training,
regular audits, and sustainable financing,
particularly in LMICs. Scalable, affordable
IPC packages should be found through policy
and implementation research. 7%

7. Integrate One-Health approaches & AMR
policy actions
Reducing AMR drivers that feed nosocomial
dangers will need coordinated effort across human
health, animal/agriculture, and the environment
(vaccines,  stewardship, surveillance).
Vaccines that stop infections that frequently cause
healthcare-associated infections (HAIs) and policy
studies aimed at reducing the overuse of

antibiotics are among the top research objectives.
(1)

and

8. Build implementation science & behavioural
interventions into IPC research

Studies on maintaining compliance (rather than
just short-term benefits) and extensive trials of
behavioural interventions (audit/feedback,
incentives, workflow redesign) are required.
Policymakers will be able to prioritise investments
with the aid of economic research. ©¢©

CONCLUSION

One of the biggest problems in contemporary
healthcare is nosocomial or healthcare-associated
infections, which significantly increase morbidity,
mortality, length of hospital stays, and financial
burden worldwide. Because of changing pathogen
resistance, greater use of invasive equipment,
diverse patient populations, and ongoing gaps in
‘V/V:uh'?‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES
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infection-control policies, healthcare-associated
infections (HAIs) remain despite advancements in
medical technology, antimicrobial treatment, and
infection-prevention frameworks.A multifaceted,
system-wide strategy that incorporates strict
infection-prevention and control (IPC) procedures,
robust antimicrobial stewardship, quick diagnoses,
environmental and device-related safety, and
ongoing staff training is necessary for effective
prevention.  Multidrug-resistant ~ organisms,
biofilms on  medical and
environmental persistence of infections, highlight
the necessity for coordinated monitoring, early

equipment,

diagnosis, and prompt response.

Al-driven  surveillance, phage treatment,
nanotechnology, and quick molecular diagnostics
are examples of recent advancements that present
potential answers but call for validation that is
more extensive, implementation research, and fair
access across healthcare systems. To lower
avoidable infections and enhance patient safety,
IPC capability must be strengthened, particularly
in environments with limited resources.

In the end, lowering the burden of HAIs
necessitates cooperation between administrators,
researchers, legislators, healthcare
practitioners. Nosocomial infections can be
considerably decreased with the constant use of
evidence-based procedures and the responsible
integration of developing technology, resulting in

and

safer healthcare settings and improved patient
outcomes.
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