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Abstract
Hospital-acquired infection (HAI) is a bane for modern medical 
practice across the world. It accounts for prolonged hos-
pital stay and aggressive and expensive treatment, thereby 
increasing the healthcare expenses. In many developing 
countries, HAI is predominantly due to antibiotic abuse, anti-
biotic resistance, overcrowding, and unclean hospital envi-
ronment due to cost cutting; however, in developed countries, 
it is due to several interventions, foreign body implants, and 
antibiotic resistance. The morbidity and mortality rates due to 
HAI are significant.

Simple hygiene measures such as hand washing, developing 
antibiotic policies, deploying infection control teams, spacing 
in the wards, creating proper ventilation, and supplying clean 
water go a long way in the reduction of this menace. This 
article dwells into various clinicopathologic aspects of HAI and 
also explains the management and prevention of HAIs.
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Introduction
Microbes, particularly bacteria and viruses, have played 
havoc with human life since time immemorial. The 
discovery of antimicrobials had a significant impact on 
the control of bacterial infections along with preven-
tion of a few dreaded bacterial and viral infections 
with the invention of vaccines. However, irrational 

use of antimicrobials and lack of new effective drugs 
have led to the development of multidrug-resistant 
(MDR) bacteria, leaving fewer therapeutic options for 
those patients infected with MDR strains, particu-
larly in healthcare settings. This is an ideal niche for 
breeding of these hardy microbes. It is, therefore, essen-
tial to adopt stringent infection control measures in the 
healthcare establishments to prevent the spread of the 
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drug-resistant strains and thereby reduce the morbidity 
and mortality associated with these infections. 

Hospital-acquired infection (HAI), also called health-
care-associated infection (HCAI) or nosocomial infec-
tion, is an infection not present in a person at the time 
of admission to the hospital but acquired during the 
hospital stay or incubating at the time of admission 
to the hospital. The disease may be due to the infec-
tious agent or its toxins and usually manifests after 48 
hours following admission or after discharge from the 
hospital. 

Risk Factors for Acquisition 
of HAIs
•	 Prolonged stay in intensive care units (ICUs), 

burns or trauma care units, etc 
•	 Invasive procedures for diagnostic or therapeutic 

purpose 
•	 Presence of indwelling devices (eg, intravenous 

[IV] catheter, urinary catheter, and endotracheal 
tubes) 

•	 Prolonged use of broad-spectrum antibiotics, ster-
oids, or immunosuppressive agents 

Source of Infection
•	 Contaminated hands of healthcare workers 

(HCWs) 
•	 Inanimate objects in the vicinity 
•	 Contaminated medications (eg, eye drops and IV 

fluids) 
•	 Contaminated instruments and antiseptic lotions, 

etc.

Routes of Infection
•	 Contact with skin (percutaneous) or mucus 

membrane 
•	 Inhalation of airborne droplet nuclei 

Common Types of HAIs
•	 Catheter-associated urinary tract infections 

(CA-UTIs) 
•	 Catheter-associated blood stream infections 

(CA-BSIs) 
•	 Surgical site infections (SSIs) 
•	 Ventilator-associated pneumonia (VAP) 

Most Common Pathogens 
Associated with HAIs
•	 Methicillin-resistant Staphylococcus aureus (MRSA) 
•	 Methicillin-resistant Staphylococcus epidermidis 

(MRSE) 
•	 Vancomycin-resistant enterococci 
•	 Extended-spectrum β-lactamase–producing 

(ESBL) gram-negative bacilli 
•	 Mycobacterium tuberculosis
•	 Candida species 
•	 Aspergillus species 
•	 Human immunodeficiency virus (HIV), hepatitis 

B virus (HBV), and hepatitis C virus (HCV) 
•	 Herpes viruses: Herpes simplex and Varicella zoster 

Standard Precautions to 
Prevent HAIs
Standard precautions are safety practices to be followed 
in all healthcare settings. These are based on the 
assumption that every patient is potentially infectious 
through blood, body fluids, secretions, and excretions, 
except sweat. Nonintact skin and mucus membranes 
may contain transmissible infectious agents. The prac-
tice of standard precautions contributes to a signifi-
cant decrease in HCAI. The major components under 
standard precautions are as follows. 

Hand hygiene 
The hands of HCWs are important vehicles for trans-
mission of infectious agents and therefore hand 
hygiene is of utmost importance in the control of HAI. 
Different types of hand hygiene practices are followed 
as per the situation. These practices remove or reduce 
the transient and/or resident bacterial flora of the hands, 
thus reducing the transmission of the potentially infec-
tious agents. A simple “hand wash” with plain soap 
and water helps remove the dirt and organic matter 
from the hands and is sufficient for routine noninvasive 
contacts with the otherwise healthy patients before and 
after contact. “Surgical handwash” requires the use of 
a medicated soap and water for preoperative prepara-
tion of the surgeon’s hand and includes thorough and 
intense scrubbing of all areas of the hands. 
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Hand rub
It is the process of disinfection of hands by application 
of alcohol-based compounds for quick and in-between 
patient contacts as in ICU as a practically convenient 
method. 

Personal protective equipment  
The use of personal protective equipment (PPE) 
protects the HCW and the patient from cross infection. 
The type of PPE used varies with the situation. 

1. Gloves: Clean gloves act as an important mechan-
ical barrier and protect the HCWs’ hands from 
being contaminated with potential infectious 
material. Some of the applications include use by 
phlebotomists, dental surgeons for performing an 
oral cavity examination, surgeons performing per 
rectal examination, and gynecologists performing 
per vaginal examination.

2. Sterile gloves: These are used for all invasive proce-
dures in which the equipments come in direct 
contact with potentially infectious substances, 
such as blood, body fluids, and tissues of patients 
(eg, invasive procedures such as urinary catheteri-
zation and surgical procedures). 

3. Gowns/aprons: These are used whenever contact 
with blood or body fluid is a possibility as in the 
operation theaters or other invasive procedures. 
A nonpermeable plastic gown may be necessary 
in addition to the absorbent gown where huge 
blood spills are anticipated. Gowns/aprons should 
be changed in between 2 patients or when visibly 
soaked with blood or body fluids. Donning of 
surgical gowns to enter into the ICU as a routine is 
not required. 

4. Masks: Face masks are to be worn in the operation 
theater and in wards/rooms with patients suffering 
from respiratory tract infections, as in the case of 
patients with pulmonary tuberculosis or whose 
respiratory or oropharyngeal secretions are infec-
tive.

5. Cap: These are mostly used in operation theaters by 
HCWs to protect the patient from being infected.

6. Eye shield: These are to be worn by HCWs when 
anticipating a blood or body fluid spill (eg, dental 
surgeons during manipulations in the oral cavity). 

Transmission-based 
Precautions 
These are indicated when standard precautions alone 
would not suffice for control of the spread of infectious 
agents. 

Airborne precautions
Airborne infection isolation rooms
Special air handling and ventilation systems are 
required to contain the spread of airborne infectious 
agents, such as M tuberculosis, spores of certain fungi, 
and varicella virus, from patients. These can remain 
viable in the air over a period of time and distance. 
Patients should preferably be kept in single isolation 
rooms under negative pressure and instructed to use 
disposable face masks while coughing or sneezing. 
HCWs should use high-level respirator masks while 
entering rooms of patients with highly infectious and 
virulent pathogens such as severe acute respiratory 
syndrome, corona virus, H1N1 influenza virus, and 
viral agents of hemorrhagic fevers like Ebola virus. Posi-
tive pressure ventilation, directed room airflow, and 
high-efficiency particulate air (HEPA) filtration of 
incoming air are some of the measures advocated for 
patients who have undergone hematopoietic stem cell 
transplant. 

Contact precautions
These are indicated for the prevention of transmission 
of infectious agents spread by direct or indirect contact. 

Methods
•	 Cohorting of patients 
•	 Maintaining the minimum distance of 3 feet 

between adjacent patients
•	 Appropriate stringent disinfection of floor and 

materials including the frequent contact points  
such as bed railings, table, and toilet
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Catheter-associated urinary tract 
infections
CA-UTIs are the most common type of HAI. UTIs 
are CA-UTI if the patient had an indwelling catheter 
at the time of or within 48 hours of onset of the event. 
Approximately 95% of UTIs in hospitals are catheter 
associated. The proximity of the urethral meatus to the 
anal sphincter in females, the passage of the catheter 
through a natural orifice and location in the bladder, 
and deposition of Tamm–Horsfall proteins around the 
catheter facilitate the adherence of uropathogens and 
initiation of infection. 

Some of the important risk factors for CA-UTIs are:
•	 Female gender 
•	 Prolonged catheterization 
•	 Diabetes mellitus
•	 Severe underlying diseases 
•	 Elderly patients 
•	 Poor catheter care 

Prevention of CA-UTIs
By adopting the following procedures, the occurrence 
of CA-UTIs can be reduced. 
•	 Adopting aseptic technique of catheterization 
•	 Proper care of the catheter and collection bag 
•	 Use of the narrowest size of catheter as possible 
•	 Ensuring dependent drainage 
•	 Minimizing the duration of catheterization 
•	 Use of closed drainage system 
•	 Use of silver-impregnated or antibiotic catheter, as 

indicated by the duration and risk
•	 Use of condom catheters in men 
•	 Use of systemic antimicrobials

Blood stream infections
Vascular catheterization has become an inevitable 
procedure as a part of patient care, particularly in ICUs, 
and is a known risk factor for CA-BSIs. CA-BSI is 
defined as bacteremia or fungemia in a patient who has 
an intravascular device and a positive result of culture 
of blood samples obtained from peripheral vein with 
clinical features of infection and no apparent source of 
infection except the catheter. 

Risk factors of CA-BSIs
•	 Severe underlying illness 
•	 Loss of skin integrity 
•	 Plastic catheters 
•	 Central catheters 
•	 Prolonged catheterization
•	 Inadequate care of catheter site 

Common agents associated with 
CA-BSIs
•	 Coagulase-negative staphylococci 
•	 S aureus
•	 Candida species
•	 Enterococcus species
•	 Pseudomonas aeruginosa 
•	 Serratia marcescens

Preventive measures of CA-BSIs
•	 Hand hygiene plays an important role. Hand 

washing before and after insertion of the catheter 
and subsequent contacts with the insertion site 

•	 Use of 2% chlorhexidine as skin disinfectant
•	 Strict aseptic practices 
•	 Avoiding unnecessary manipulations once the 

catheter is secured in situ
•	 Proper education and training of HCWs involved 

in such care
•	 Use of subclavian site rather than jugular or 

femoral site in adults for nontunnelled central 
venous catheter placement

•	 Use of jugular or femoral veins for hemodialysis 
and pheresis

•	 Use of upper extremity instead of lower extremity 
for peripheral vein and midline catheter insertion

•	 Use of antimicrobial-impregnated catheters, such 
as chlorhexidine silver sulfadiazine–impregnated 
catheters and/or minocycline–rifampin–impreg-
nated catheters, reduces the risk of CA-BSIs by 
nearly 40%.

•	 Prophylactic use of anticoagulants reduces the 
occurrence of thrombosis at the site of catheter 
insertion, which serves as a nidus for colonization 
with microbes

“Bundle approach” includes the simultaneous appli-
cation of selected interventions, which when applied 
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together, drastically reduce the CA-BSI. The essential 
components involved in bundle approach include
•	 handwashing, 
•	 full barrier precautions, 
•	 preparation of the skin with antiseptics, like chlo-

rhexidine,
•	 avoiding femoral site if possible, and
•	 removal of catheter as early as possible.

Surgical site infections
SSIs constitute about 20% of HAIs. SSI is defined as 
infection at the surgical site that occurs within 30 days 
of the surgical procedure or within 1 year of an implant 
or foreign body such as prosthetic heart valve or joint 
prosthesis. Most of the SSIs result from contamination 
of the surgical wound with patients’ own flora or that 
of HCWs or the environment in the operating room. 
Infection may manifest during hospitalization or after 
discharge. Common clinical features of SSIs are local-
ized pain, redness, and discharge. Most common bacte-
rial agents of SSI are S aureus, E coli, Klebsiella, Proteus 
spp, and Pseudomonas spp. Drug-resistant pathogens 
like MRSA-producing and ESBL-producing gram-
negative bacilli are also more common. Outbreaks 
have occurred following the use of contaminated adhe-
sive dressings, elastic bandages, and contaminated 
antiseptic lotion. SSI can be superficial, deep, or may 
involve any complete organ or space. 

Risk factors
•	 Very old or very young age 
•	 Poor nutritional status
•	 Uncontrolled diabetes mellitus
•	 Smoking
•	 Use of steroids 
•	 Obesity 
•	 Coexisting morbidity 
•	 Colonization of carrier 
•	 Prolonged preoperative stay 
•	 Preoperative shaving within 24 hours of surgery 

Prevention of SSIs
•	 Strict hand hygiene measures and use of proper 

surgical attire

•	 Use appropriate antimicrobial agent depending on 
the site and type of surgery: 

 – Cefazoline, being a first-generation cephalo-
sporin, provides adequate coverage for most 
contaminated wounds 

 – Cefoxitin is preferred for surgery on distal 
intestinal tract 

 – Aztreonam is a suitable alternative for cepha-
losporin

 – Metronidazole or clindamycin should also be 
added for coverage of anaerobes 

•	 Maintenance of positive pressure in the operating 
rooms 

•	 Use of HEPA filters 
•	 Optimum room temperature between 20°C and 

22°C 
•	 Unidirectional air flow 
•	 Use of appropriate drains
•	 Debridement of devitalized tissues 
•	 Effective hemostasis
•	 Adequate postoperative care 
•	 Periodic surveillance of operation suites 

Hospital-acquired pneumonia
Pneumonia is the second most common HAI and it 
carries a high rate of morbidity and mortality. VAP 
is the specific type of hospital-acquired pneumonia 
(HAP) that occurs 48 hours after initiation of mechan-
ical ventilation. The most important risk factor for 
HAP is prolonged mechanical ventilation. Other risk 
factors include
•	 Prolonged administration of broad-spectrum anti-

microbials 
•	 Underlying chronic lung disease 
•	 Insertion of nasogastric tube 
•	 Surgical procedures involving head, neck, and 

thorax 
•	 Comorbidities 

The first step in the pathogenesis of HAP is coloniza-
tion of the oropharynx with resistant pathogens and its 
subsequent translocation to the lower respiratory tract. 
Most of the HAPs are of bacterial origin. Early-onset 
HAP is usually caused by antimicrobial-sensitive path-
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ogens, while late-onset HAP is usually caused by MDR 
pathogens such as Pseudomonas spp, Acinetobacter spp, 
and S aureus. About 40% are polymicrobial. 

Prevention of HAP
•	 Selective decontamination of digestive tract by 

local administration of antimicrobial agents 
such as polymyxin/colistin, aminoglycosides, 
and quinolones coupled with amphotericin B or 
nystatin prevents colonization of oropharynx with 
potential pathogens 

•	 Frequent mouth wash, preferably with an anti-
septic and brushing of teeth 

•	 Semirecumbent position unless contraindicated
•	 Enteral feeding as soon as the patient’s condition 

permits
•	 Appropriate care of devices used in mechanical 

ventilation
•	 Avoidance of invasive ventilation where feasible
•	 Use of silver-coated endotracheal tubes
•	 Use of orotracheal or orogastric tubes in preference 

to nasogastric tube
•	 Avoidance of prolonged nasal intubation 
•	 Avoidance of frequent reintubation

Bundle approach to prevention of VAP
Ventilator bundle is defined as a group of preventive 
interventions that when executed together result in a 

better outcome than when implemented individually. 
The 4 components of the bundle are 
•	 elevation of the head end of the bed by 30°–45°, 
•	 prophylaxis for deep venous thrombosis and peptic 

ulcer disease, 
•	 daily interruption of sedation, and
•	 daily assessment of feasibility to extubate. 

Prompt and appropriate use of antibiotics improves the 
outcome of VAP; monotherapy may be used in patients 
with no risk factor for MDR pathogens and infections 
caused by gram-positive bacteria. Combination therapy 
is to be preferred for gram-negative pathogens and in 
the presence of risks factors for MDR pathogens. 
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