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ABSTRACT
Introduction: The Hospital Infection Control Committee (HICC) has an arduous role in a tertiary care hospital
where lapses in infection control measures can adversely impact patient morbidity and survival. Outbreaks of
epidemiologically important Gram-negative and Gram-positive pathogens can further worsen the scenario due
to development of multiple drug resistant strains. WHONET is a freely downloadable software that can be used
to monitor the impact of hospital infection control measures with the intensive care unit as an indicator.
Objective: To assess the impact of Hospital Infection Control Committee (especially the activities of the
Infection Control Team) on infection control measures in an intensive care unit on the isolation of Gramnegative and Gram-positive pathogens by the use of WHONET.
Methods: Hospital infection surveillance using the WHONET data collection tool is a routine activity in our
780-bed teaching tertiary health care hospital in Lucknow. From Nov 2015 through Dec 2015, interventional
and educational activities were reinitiated for health care workers (HCWs). The education included lectures to
residents, medical officers and nursing and paramedical staff on best practices in Infection control and how hand
washing could impact infection control amidst ICU intervention measures. Organism surveillance ICU data
from pre-intervention (Jan-Dec 2015) and post- intervention (Jan-Mar 2016) were imported from the
surveillance system and statistically analyzed.
Results: During the period from January 2015 to December 2015, a total of 1014 patients were admitted to the
intensive care unit (ICU), which includes Medical, Surgical and Step-down units of the hospital. The activities
initiated by the members of the HICC resulted in an overall reduction in the Gram-positive and Gram-negative
isolation rates from the ICU.
Conclusion: With the widespread dissemination of multidrug-resistant (MDR) bacteria globally there is a
renewed need for a relook at the role of the HICC. A multipronged approach of the HICC works well to
optimize the management of patients infected or colonized with these bacteria.
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INTRODUCTION
Healthcare-associated infections caused by multi
drug resistant organisms are increasing and only
limited effective antibiotics are currently available
to treat critically ill patients. Lapses in infection
control measures result in increased morbidity,
mortality, and cost1. Although a Hospital Infection
Control Committee (HICC) through its Infection
Control Team (ICT) ensures infection control
practices in most hospitals, the fragility of the
quality of medical care requires repeated
interventions of the HICC at various levels2. The
clinical laboratory as a part of the HICC team
provides diagnostic and advisory services to

clinicians and support surveillance for hospital
infection control3. Moreover, using the Intensive
Care Unit (ICU) rather than the patient as the
primary unit of statistical analysis permits
evaluation of factors that vary at the ICU level4.
Since the ICU is the basic unit of critical care and
is maximally loaded with critically ill patients, this
study looks at the role and impact of ICT
intervention on infection control practices by a
comparison of pre intervention and post
intervention isolation rates of pathogens from the
ICU as an indicator.
The objective of the present work is to demonstrate
the impact of intervention measures by the
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Infection Control Team of HICC on infection
control by analysis of Gram-positive and Gramnegative pathogen isolation rates from an intensive
care ward using WHONET.

Table-2 lists the number of patients admitted to the
intensive care unit quarter wise, the total number of
samples received for culture by the laboratory and
the positive cultures (%) for the period from Jan
2015 till Mar 2016. Table-3 compares the
incidence of isolation of the Gram-positive and
Gram-negative organisms isolated from the clinical
specimens from the ICU during 2015-Q1 to Q4 and
2016-Q1 as percent of total organisms isolated.
Though a majority of the Gram-positive isolates
were Staphylococcus aureus, other isolates
included Enterococcus spp. and Streptococcus spp.
In 2015, the quarterly average (in %) prior to the
period of focused intervention was at 9.9 but fell to
5.8 in 2016-Q1, while the MRSA isolated (in %)
fell from 28 to 16. The % of “all” Gram-negative
organisms isolated also dropped post intervention,
though this drop was minimal measuring at 4.9
(Table-3). Also a drop in isolation rates of the gram
negatives was noticed across the board with the
difference being the maximum at 8.6 % for
Klebsiella pneumoniae and minimal in the isolates
of Proteus spp. at 1.6%. The isolation of
Pseudomonas aeruginosa also dropped by 7.5%.
Acinetobacter baumannii continues to be a problem
in ICUs worldwide but a drop of 2.1% was
nevertheless still seen between the pre intervention
and post intervention periods when the total
number of organisms isolated all through the year
was taken as the denominator. Extended-Spectrum
Beta-Lactamase producers (ESBLs) in both
Escherichia coli and Klebsiella pneumonia dropped
from quarterly average of 38% to 15% while the
number of isolates of Escherichia coli fell by 5.8
%.

MATERIALS AND METHODS
Intervention was carried out over a period of one
month where HICC meetings were held chaired by
the Chairman, HICC. Initially, all Heads of
Departments were addressed in the HICC meeting
and intervention by HICC was initiated. During
one such meeting, the microbiologist shared
Quarterly antibiotic susceptibility data with treating
physicians and surgeons, implemented proactive
infection control measures with an emphasis on
education of postgraduate residents and health care
workers in best practices along with encouraging
simple control measures such as hand washing
during ward rounds. The ICU receives the most
critically ill patients and is likely to benefit
maximally from revised implementation of
infection control protocols. The Critical Care
Intensivist in charge, ICU contributed by making
weekly air surveillance a practice and encouraging
ward cleanliness by reformulating and insisting on
cleaning protocols and critical care bundles. This
began with removal of excess wall mounted
fixtures, filling of small holes in the ICU wall with
putty and distempering followed sequentially by
floor washing, cleaning of separator curtains, and
reorganizing duties of paramedical staff for routine
cleaning activities. Pre and post intervention
infection rates by Gram-negative pathogens such as
Escherichia
coli,
Klebsiella
pneumoniae,
Pseudomonas aeruginosa, Proteus spp. and
Acinetobacter baumannii, as well as Gram-positive
organisms such as Staphylococcus aureus were
studied. Isolation of pathogens from the patients
and the environmental air surveillance was carried
out by conventional methods.Vitek2 ID cards were
used for identification and characterization of the
clinical isolates and Antimicrobial Susceptibility
Testing (AST). The data entry and analysis were
done using the WHONET 5.6 software and
statistical analysis was carried out using Microsoft
exel.

The quarterly distribution of the Gram negative and
Gram positive organisms isolated from the clinical
specimens from the ICU during 2015-Q1 to Q4 and
2016-Q1 is listed in Table-4. Although “all” Grampositives isolated ranged (%) across 2015-Q1 to Q4
between 6.9 to 18.7, the quarterly average was at
10.6%. The quarterly average (in %) following the
period of focused intervention was higher at 15.5%
with a smaller no of “all” organisms isolated
(n=103) in 2016-Q1 versus 113 in 2015-Q1 to Q4.
Also, Staphylococcus aureus was at 92% of the
Gram positives, which fell to 37.5% post focused
intervention. In 2015, the quarterly average of “all”
Gram-negatives (as a % of “all” organisms) was at
87.8% but dropped to 77% (by 10.8%) following
the period of focused intervention. Similarly, a
comparison of the quarterly average (as a % of
“all” organisms) showed a range of 0.3% to 1.8%
drop in the isolation rates for Escherichia coli,
Klebsiella pneumonia, Pseudomonas aeruginosa
and Proteus spp. Acinetobacter baumannii
however showed an increase of 4.1% when the
quarterly average (as a % of “all” organisms) was

RESULTS
During the period from January 2015 to December
2015, a total of 23,786 patients were admitted to a
780-bedded tertiary care hospital in Lucknow, UP,
India. 1014 (4.2%) of these patients were admitted
to the intensive care unit (ICU), which includes
Medical, Surgical and Step-down units of the
hospital. The activities initiated by the members of
HICC is listed in Table-1.
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compared between 2015 Q1-Q4 and 2016-Q1,
demonstrating the urgent need to put infection
control practices in place before this organism
becomes a larger problem.

surveillance and this played a major role in the
quality of microbiology services provided.
Respiratory route of transmission of pathogens is
commonly blamed for transmission of pathogens
and non pharmacologic interventions such as
limiting nosocomial spread have been suggested
for mitigation of respiratory epidemics at health
care facilities10. Weekly environmental air
surveillance of the ICU and other critical care
wards can contribute to preventing an outbreak of
epidemiologically
important
pathogens
as
correlated by our study.

Before Oct 2015, air surveillance of the ICU was
not a routine procedure and was initiated in Nov
2015 on the insistence of the Critical Care
Intensivist. This has now become a weekly
procedure and is carried out every Tuesday,
separately for each of the three units of the ICU.
Table-5 lists the results of pre and post intervention
Air particle surveillance of ICU in Colony Forming
Units (CFU)/ml. A major improvement in the
quality of all three units of the ICU is obvious
following the initiation of vigorous infection
control practices beginning Nov 2015.

The value of such intermittent point-prevalence
surveys of healthcare-associated infections for
evaluating infection control interventions11 has
been demonstrated in studies earlier. Ider BE et al
looked at the perceptions of eighty seven healthcare
professionals including policy and hospital-level
managers, doctors, nurses and infection control
practitioners regarding the main challenges and
barriers to effective hospital infection control. He
found that the challenges and barriers were
complex in nature and related to poor funding,
suboptimal knowledge and attitudes, and
inadequate management12. Potential hospital
hazards that may pose a threat to the health as well
as safety and welfare of patients include the failure
to apply behavioral-change and insufficient
obligation by infection control personnel and this
study highlights the need of enforcement of
infection control in a hospital. In addition,
surveillance and early reporting of infections,
evaluation of risk-based interventions, and
production of evidence-based guidelines in our
country are recommended13.

DISCUSSION
Health care-associated infections have become
more common due to advances in modern medical
care that has grown more complex5. The role of
infection control programs continues to grow as
rates of antimicrobial resistance rise and HAIs lead
to increasing risk to patient morbidity and mortality
and expanding health care costs6. Hospital infection
control cannot be comprehensively implemented
without the joint efforts of the hospital
administration, heads of various clinical
departments, microbiology and nursing and
paramedical staff. Effective implementation of
infection control programs and adherence to
standard precautions are challenging in resourcelimited settings. The clinical microbiology
laboratory plays a critical role in the hospital
infection control as a valuable member of infection
control team7. The objective of this study was to
describe and emphasize on the role of an active
HICC. Also, since it is difficult to estimate the
infection rates in a spread out large tertiary care
hospital to assess the quality of intervention work
by the HICC, the ICU works as a reliable indicator
to provide proof of the quality of these services.
This is especially as not only are the most critically
ill patients admitted here but also any focused
intervention practices by HICC in the ICU would
provide the maximum advantage to critically ill
patients reducing the morbidity and mortality rates.

The success of infection control is determined by
rates of infections by resistant organisms such as
Methicillin-resistant
Staphylococcus
aureus
(MRSA) - a major cause of preventable nosocomial
infections that is endemic in hospitals worldwide14.
In our study, the rates of infection by MRSAs and
ESBLs pathogens fell post period of focused
intervention.
Research in this direction could also do with a
much needed boost. One hundred and two separate
items were itemized to 21 high-ranked research
priorities by an expert panel. The highest-ranked
subject areas involved research to improve
compliance with excellent practices, study of
antibiotic usage and resistance, measurement of the
financial impact of complications and value of
interventions, surveillance of infectious and
noninfectious complications across the spectrum of
care delivery, and the study of effectiveness of
interventions to prevent complications at specific

Incidentally an analysis of the relationship between
hospital use of automated surveillance technology
for identification and control of hospital-acquired
infections5 and implementation of evidence-based
infection control practices has demonstrated that
more progress in implementing infection control
practices is seen in hospitals with automation rather
than hospitals that rely on manual surveillance8,9.
Our hospital has the latest technology in automated
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sites15. This study attempts a small step in that
direction.

CONCLUSION
The hospital Infection Control Team (ICT), the
working arm of the HICC has a major role in the
surveillance and prevention of infectious diseases.
The purpose of this study was to investigate
whether the groundwork by the ICT at a tertiary
care hospital had any effect using the ICU as an
indicator. Air particle surveillance can give an idea
about the environmental bacterial load and is an
indicator of the quality of infection control
practices being carried out in the ward.

The knowledge and self-perceived practices
regarding infection control among nursing students
and staff also plays a major role16. Simple control
measures such as hand washing can play a major
role in reducing the transfer of microorganisms
between patients in a critical care ward. PiaiMorais TH et.al. indicated a very low adherence to
hand hygiene (1.2% before procedures, 2.9% after
procedures), inappropriate use of gloves, and other
instances of noncompliance such as a lack of
concurrent/terminal cleaning of dirty beds and
careless manipulation of sharp devices in a critical
care ward17.

With the widespread dissemination of multidrugresistant (MDR) bacteria globally there is a
renewed need for a relook at the role of the HICC.
A multipronged approach along of the ICT works
well to optimize the management ofpatients
infected or colonized with these bacteria.
Surveillance of pathogen profile may help not only
in infection prevention efforts but also in taking
appropriate decisions regarding anti-microbial
therapy.

Also, with antibiotic resistant bacteria becoming a
global problem, a new paradigm in fighting drugresistant hospital bacteria with “Less antibiotics
and more infection control” by improved
compliance with hand hygiene is advocated to stop
the vicious circle of drug-resistance18.

Table-1: List of activities carried out by members of HICC as part of “Intervention”
Appointment
Function
i.
Ensured adequate staffing and availability of expendable and nonHICC team
expendable stores required for infection control
ii.
Administrative action against routine defaulters
iii.
Empowered the HODs and Microbiologist to take corrective action
i.
Formulated a list of antibiotics which will be issued only by specialists
OiC
Medical
and ensure action
Stores
ii.
Strict monitoring of antibiotics issued to wards
iii.
Monitoring of prescription slips for diagnosis and correct drug
prescription
i.
Formulated Standard Treatment Guidelines (STG)
Heads
of
ii.
Monitored instructions of medical officers/physicians in the use of
Department
broad-spectrum antibiotics
i.
Ensured that appropriate standard precautions are in place
OiC Wards
Nursing Head
I/c
Paramedical
staff
i.
Surveillance of pathogenic isolates and anti-biograms in hospital and
Microbiologist
investigated changes in both the HAI and anti-biograms every quarter
(3 months)
ii.
Targeted screening for MDR bacteria in high risk situations done
iii.
Communication with physicians in bacteremia/other urgent cases
iv.
Propagated and convinced stakeholders for the need for antibiotic
formulary and antibiotic holiday
v.
Multiple one day training for hospital staff conducted
vi.
Preparation of recommendations and guidelines for hospital to reduce
the number and severity of hospital infections
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Table-2: Quarter wise list of patients admitted and samples collected for culture to the ICU in 2015-Q1 to
Q4& 2016-Q1
Details of patient and sample load of
ICU
No of patients admitted (n=1014)
(Medical, Surgical, Step down)
Total no of samples for culture
received from ICU
Total no of samples positive on culture
(% of samples)

2015
Q1
255

2015
Q2
245

2015
Q3
243

2015
Q4
271

2016
Q1
292

398

259

376

397

391

173

48

110

121

103

Table-3: Number (% of n) of organisms isolated from clinical samples from ICU over Jan – Dec 2015 and
2016-Q1
Name of Isolate
2015
2016 Q1
(n=452)
(n= 103)
All Gram positive pathogens
48(10.6%)
16(15.5%)
Staphylococcus aureus
45(9.9%)
6(5.8%)
All Gram negative pathogens
Escherichia coli
Klebsiellapneumoniae
Proteus vulgaris
Acinetobacterbaumannii
Pseudomonas aeruginosa

404(89.4%)
74(18.4%)
109(27%)
22(5.4%)
75(18.6%)
77(19.1%)

87(84.5%)
13(12.6%)
19(18.4%)
4(3.8%)
17(16.5%)
12(11.6%)

Table-4: Quarterly distribution of Gram-negative and Gram-positive organisms isolated from clinical
specimens from the ICU during 2015-Q1 to Q4 and 2016-Q1

Q3

Q4

All organisms
All Gram positives
(% of all organisms)

173
12
(6.9)

48
09
(18.7)

110
11
(10)

Staph aureus
Major
Gram
Positive
(% of All
Gram
positives)
All Gram Negatives
(% of All organisms)
Escherichia
coli

12
(100)

09
(100)

161
(90)
31
(19.2)

Klebsiellapn
eumoniae

Major
Gram
Negatives
(% of All
Gram
Negatives)

121
16
(13)

Total
Q1-Q4
452
48
(10.6)

Qtrly
Avg
113
12
(10.6)

10
(91)

14
(88)

45
(94)

11
(92)

39
(76)
8
(20.5)

99
(89)
12
(12)

105
(86)
23
(22)

404
(87.4)
74
(18.3)

101
(87.8)
19
(18.8)

58
(36)

11
(28)

18
(18)

22
(21)

109
(26.9)

27
(26.7)

Proteus
vulgaris

14
(8.6)

2
(5)

2
(2)

6
(5.7)

24
(5.9)

6
(5.9)

Acinetobacte
rbaumannii

24
(14.9)

9
(2.3)

27
(27)

15
(14.2)

75
(18.6)

19
(18.8)

Pseudomona
s aeruginosa

25
(15.5)

11
(2.5)

23
(23)

18
(17)

77
(19)

19
(18.8)
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2016
Q1
103
16
(15.
5)
6
(37.
5)

87
(77)
14
(16)

PERIOD OF FOCUSSED INTERVENTION

Q2

Quarter

PERIOD OF FOCUSED INTERVENTION

2015
Q1

Pathogen

23
(26.
4)
4
(4.5)
20
(22.
9)
15
(17)
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Table-5: Results of pre and post intervention Air particle surveillance of ICU initiated in Nov 2015 (in
CFU/ml where CFU stands for Colony Forming Units)

ICU(M)
ICU(S)
ICU(S/D)

04 Nov 15
216
232
207

24 Nov 15
173
95
184

PERIOD
OF
FOCUSSED
INTERVENTION

19 Jan 16
104
95
76

26 Jan 16
05
29
31
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