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abstract

PURPOSE Infection prevention among children with cancer is a major challenge at Children Hospital Lahore
(CHL), a public health care facility in Pakistan with 1,000 new pediatric cancer admissions annually. The
objective has been to reduce infections through collaboration between CHL and the St Jude Children’s Hospital
Global Infectious Disease program via a grant by the Sanofi Espoir foundation through the My Child Matters
program. The aim of the current study was to describe the effect of the collaborative improvement strategy on
existing infection prevention and control (IPC) standards at CHL.

MATERIALS AND METHODS Our work was a prospective before-and-after study to improve IPC standards. We
compared the WHO Hand Hygiene Self-Assessment Framework and four modules of the St Jude modified
Infection Control Assessment Tool (ICAT) scores over a 3-year period. Our strategy included creating a mul-
tidisciplinary team of pediatric oncologists, infectious disease physicians, nurses, a microbiologist, and a data
manager; engaging in monthly online IPC mentoring sessions with St Jude Children’s Hospital Global Infectious
Disease program and My Child Matters mentors; performing daily inpatient health care–associated infection
surveillance rounds; and performing regular hand hygiene training and compliance audits.

RESULTS Baseline needs assessment showed health care–associated infections identified by positive blood
cultures as 8.7 infections per 1,000 patient-days. Deficient hand hygiene supplies, health education measures,
and bed sharing of neutropenic patients were identified as major challenges. Our hand hygiene facility level, per
WHO scores, increased from Inadequate to Intermediate/Consolidation by the end of the 3-year implementation
(122 v 352 WHO Hand Hygiene Self-Assessment Framework scores). The sink:bed and hand sanitizer:bed
ratios improved to 1:6 and 1:1, respectively. The ICAT general infection control module increased by 40% (45 v
78 ICAT scores) and hygiene compliance improved by 20%.

CONCLUSION Implementing a collaborative improvement strategy improved IPC standards in our center, which
can be easily replicated in other pediatric oncology centers in lower- and middle-income countries.
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INTRODUCTION

Pediatric patients with cancer are immunosuppressed,
putting them at a higher risk of life-threating infections.
The situation is worse in lower- and middle-income
countries, with higher infection rates and antibiotic-
resistant, gram-negative bacteria associated with in-
creased morbidity and mortality. Infection control is
an under-recognized practice in lower- and middle-
income countries like Pakistan.

The Children’s Hospital and Institute of Child Health,
Lahore, is the largest, solely pediatric, government-run
tertiary hospital in Pakistan. Limited infection pre-
vention and control (IPC) measures and inadequate
knowledge and monitoring, along with insufficient
operational funds for IPC for the care of immune-deficient

patients were identified as major risk factors for health
care–associated infections (HAIs). To overcome these
challenges between January 2013 till 2018, we re-
ceived two 3-year grants from the Sanofi Espoir
Foundation through its My Child Matters program for
implementing systematic improvements to the existing
IPC practices for our patients. Through the My Child
Matters program, St Jude Global Infectious Disease
experts helped us implement this ambitious program.
Additional improvement in infrastructure was achieved
through government funding, which the My Child
Matters program helped us obtain through highlighting
need. The study objective was to describe the effect
of a collaborative improvement strategy on IPC stan-
dards in a pediatric oncology unit in a resource-limited
setting.

Author affiliations
and support
information (if
applicable) appear at
the end of this
article.

Accepted on
September 10, 2020
and published at
ascopubs.org/journal/
go on October 16,
2020: DOI https://doi.
org/10.1200/GO.20.
00403

1540

http://ascopubs.org/journal/go
http://ascopubs.org/journal/go
http://ascopubs.org/doi/full/10.1200/GO.20.00403
http://ascopubs.org/doi/full/10.1200/GO.20.00403
http://ascopubs.org/doi/full/10.1200/GO.20.00403


MATERIALS AND METHODS

Methods

We used the oncology-adapted St Jude Infection Control
and Assessment Tool (ICAT),1 which has four modules:
hospital information, infection control, general ward, and
hand hygiene. It offers a practical approach to baseline
assessment, intervention, and monitoring of IPC measures.

The mandatory preliminary step was to identify a committed
on-the-ground team, which consisted of pediatric hemato-
oncologists (M.F., S.A., and A.H.), infection control physicians
(R.K. and A.H.), an infection control officer (R.S.), and mi-
crobiology experts (H.J. and A.Z.), with local hospital ad-
ministrative support (A.W.R. and M.S.). An infection control
coordinator was hired solely for IPC through this project.

Formal orientation and training of this team by the St Jude
Global Pediatric Medicine (SJ-GPM) team (M.A.C., M.G.,
M.H., and A.Z.) and mentors (M.T. and M.A.C.) was done
through monthly online sessions. Training involved the
completion of online educational modules, as well as
training and guidance about data collection with the cre-
ation of a monthly report for discussion/evaluation during
monthly live online meetings with the SJ-GPM team using
Cure4Kids Web conferencing, which is St Jude’s free Web
site for health professionals.

Monitoring involved the collection of patient HAI data,
teaching and training sessions, hand hygiene audits, and
sharing results with the St Jude team in monthly sessions
using Cure4Kids. Direct observations of hand hygiene
practices and ward environmental cleaning practices were
performed on a weekly basis and hand hygiene audits were
done on a monthly basis.

Baseline needs assessment of the unit was performed and
areas that lacked good IPC measures were identified using
ICAT modules and WHO Hand Hygiene Self-Assessment

Framework guidelines.2 Ward infrastructure changes were
made to support IPC services for patients. Workplace re-
minders for hand hygiene and infection control were
increased.

Teaching and training sessions for the local team, patients,
and parents were started with collaboration between the
Global Infectious Disease program at St Jude and CHL.
Training of provincial pediatricians through workshops—
two per year—and seminars were also done to help improve
early detection and management of infections even though
this was not the primary aim of the project.

Operational Definitions

• HAIs:
s HAIs are infections that patients acquire during the
course of receiving treatment for other conditions in
a health care setting.

• Patient days:
s The total number of days for all patients who were
admitted for an episode of care.

• Number of infections:
s The number of cases identified by surveillance ac-
tivities during a defined timeframe in a defined
population.

• Number of infected patients:
s The number of patients identified with infection by
surveillance activities during a defined timeframe in
a defined population.

• Number of infections per 1,000 patient-days:
s Total number of infections/Total patient days × 1,000

• Number of infections per 100 discharges:
s Total number of infections/Total number of discharges
× 100

• Number of infected patients per 100 discharges:
s Total number of infected patients/Total number of
discharges × 100

CONTEXT

Key Objective
There is an urgent need to improve andmonitor existing infection prevention and control standards in pediatric oncology units,

particularly in lower- and middle-income countries using low-cost interventions and standards tools.
Knowledge Generated
We used the St Jude oncology-adapted Infection Control and Assessment Tool (ICAT) and WHO hand hygiene modules for

baseline needs evaluation as well as for ongoing progress measurement at the Children Hospital Lahore, Lahore, Pakistan,
through collaboration with St Jude Global Pediatric Medicine team and Sanofi Espoir foundation via the My Child Matters
project. Our hand hygiene facility level, per WHO scores, increased from “Inadequate” during the baseline assessment to
“Intermediate/Consolidation” (122 v 352 Hand Hygiene Self-Assessment Framework scores). The ICAT general infection
control module increased by 40% (45 v 78 ICAT score) and hygiene compliance improved by 20%.

Relevance
This is a successful model of public-private collaboration and can be easily replicated in other lower- and middle-income

countries to improve their infection prevention and control standards.
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RESULTS

Baseline needs assessment over 6 months of culture-
proven HAIs collected showed 101 HAIs in 83 patients.
The number of infections per 100 discharges was 11.24,
whereas the number of infected patients per 100 dis-
charges was 9.24. Total number of infections per
1,000 patient-days was 6.66. The most common culture-
proven HAI was bloodstream infection (49.5%; n = 50) and
the most common organism was Klebsiella species (19%;
n = 19; Fig 1 and Table 1). Of those patients with proven
HAI, 40% died of the infection. There were deficient hand
hygiene supplies and the sink:bed ratio was greater than 1:
10. There was no dedicated/available budget for the
continuous procurement of hand hygiene products—for
example, alcohol-based hand rubs. There was no formal
system of training of health care workers regarding hand
hygiene in our facility. We did monthly audits of hand
hygiene and consumption of alcohol-based hand rub was
monitored every 3 months. Health care worker knowledge
of IPC topics was assessed 3 monthly after education
sessions. Direct observation of hand hygiene compliance
was performed using the WHO Hand Hygiene Observation
tool and immediate feedback was given to health care
workers at the end of each hand hygiene compliance
observation session. Improvements after our interventions
are shown in Table 2.

Focused interventions were performed, keeping infection
control a priority. Renovation of our unit was completed in
2017 with government funding, which increased the
number of beds, sinks, and wash rooms, and included
an allocation of a separate bay in ward for neutropenic
patients as well as a chemotherapy bay. Previously, our
unit consisted of a 60-bed hematology-oncology indoor
block, and there was no segregation of neutropenic pa-
tients. After renovation, our unit is divided into two separate

bays: a 40-bed bay (bay 1) with one patient-one bed,
reserved for neutropenic patients and those receiving
high-dose chemotherapy, and bay 2, which has 20 beds
where mostly new patients are managed. A separate 60-
bed outpatient chemotherapy bay and transfusion unit
was setup, which caters to patients requiring outpatient
chemotherapy as well as the delivery of intravenous an-
tibiotics for patients with febrile neutropenia and blood
and platelet transfusions. Six washrooms were added to
our unit. The total number of wash basins—hand-washing
stations—was increased and bed-to-bed alcohol hand
rubs were fixed.

Hand hygiene supplies increased and hand hygiene audits
showed progressive improvement from September 2016 to
September 2018, from 40% to 90% for senior doctors,
40% to 76% for resident doctors, 35% to 75% for nurses,
25% to 64% for patient attendants, and to 71% for
paramedical staff. The one patient-one bed policy was
strictly followed in bay 1. The patient:alcohol hand rub ratio
increased to 1:1 in bay 1. The estimated total amount of
alcohol hand rub used per month increased from 72 L per
month in 2016 to 160 L per month in 2018. The sink:bed
ratio increased to 1:6. Hand Hygiene Self-Assessment
Framework from WHO showed “inadequate hand hy-
giene level (score 122.5)” in 2017, which improved to
“intermediate/consolidation” level (score 352.5) in March
2018. Formal assessment tools were used to document
results that showed significant improvement in infection
control, hand hygiene, and general ward hygiene (Table 2).
Training of other local team members was done by the on-
site team through mandatory IPC training for new post-
graduate residents and teaching sessions for patients,

Urinary tract
infection

15%

Skin infection 10%

Otitis media 6%

Septic arthritis 2%

Respiratory tract
infection 17%

Meningitis 1%

Blood stream 
infection

50%

FIG 1. Percentages of infections according to the site of infection.

TABLE 1. Percentage of Various Types of Organisms Isolated

Organism
No. of Isolations

(N = 101) Percentage

Klebsiella 19 18.81

Acinetobacter Baumannii 17 16.83

Pseudomonas aeruginosa 15 14.85

Escherichia coli 13 12.87

Staphylococcus aureus 10 9.9

Coagulase –ve staphylococci 9 8.91

Enterococcus Faecalis 3 2.97

Streptococcus pyogenes 3 2.97

Streptococcus viridans 3 2.97

Citrobacter Species 2 1.98

Aspergillus flavus 2 1.98

Proteus mirabilis 1 0.99

Pentoea species 1 0.99

Salmonella species 1 0.99

Stenotrophomonas maltophilia 1 0.99

Candida species 1 0.99
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families, doctors, and paramedical staff after being trained
by SJ-GPM team (Table 3).

DISCUSSION

Pediatric cancer is a major health problem in lower- and
middle-income countries, where 90% of the world’s
childhood population resides.3 After infections and acci-
dents, cancer is a major health burden. Whereas childhood
cancer survival in high-income countries has dramatically
improved, the prognosis is still poor in lower- and middle-
income countries, where overall prognosis varies from
20% to 80% for different malignancies. High infection-
related mortality further reduces survival. The magnitude of
HAIs and subsequent mortality remains underestimated,
primarily because HAI diagnosis is complex and surveil-
lance activities to guide intervention require expertise and
resources that are not often available in lower- and middle-
income countries. As in our patients, HAIs have been shown
to be a major cause of morbidity and mortality in different
studies from Pakistan4 and other lower- and middle-income
countries.5,6 This can be explained by deficient supportive
care services, limited funds, and patient overload, resulting
in bed sharing of neutropenic patients. There is a lack of
availability of diagnostic and treatment facilities at other
district-level medical centers/hospitals, along with malnu-
trition and poor socioeconomic status of our patients, which
make infection control even more difficult.

Infection control strategies have now become an integral
part of modern oncologic care and comprise a multilevel

approach, including patient, health care environment,
community, and health care worker.7 Interventions require
training, funding, and education on IPC measures.8

Over the past decade, there has been a remarkable dem-
onstration of progress and examples of good practice, where
a holistic approach tomanaging childhood cancer—medical,
social, and economic—with collaboration and partnership
has had a tremendous influence on outcomes in lower- and
middle-income countries.9 Many centers in other resource-
constrained countries have formed long-term twinning
partnerships with high-income countries to improve existing
local standards10 and showed significant improvements.
Twinning partnerships provide advice, expertise, support, and
technology transfer fromestablishedpediatric oncology centers
to developing ones to help them overcome the challenges they
face.11 Hand hygiene practices constitute a cornerstone of any
infection control program. There was significant improvement
in hand hygiene supplies, reminders, and practices, which
were frequently monitored and their success documented over
time (Table 2) using the WHO Hand Hygiene Self-Assessment
Framework2 and WHO’s My Five Steps of Hand Washing:
before touching a patient, before cleaning/aseptic procedures,
after body fluid exposure/risk of such exposure, after touching
a patient, and after touching a patient’s surroundings.12 These
practices must continuously be revaluated and require
a multidisciplinary team, including infection control practi-
tioners, physicians, nurses, and administrators, as well as local
government involvement, particularly in public hospitals like
ours. This has been successfully demonstrated in our project.

TABLE 3. Number of People Impacted Through Teaching and Training Sessions
Year Children Impacted, No. Physicians Trained, No. Nurses and Health Care Workers Trained, No. Patient/Public Education, No.

2016 3,176 254 267 482

2017 3,850 370 440 151

TABLE 2. Infection Prevention and Control Assessment
Hand Hygiene Self-Assessment Framework (WHO)

Component Baseline Ratings (2013) Current Ratings (2018)

System change 35.0/100 85.0/100

Education and training 10.0/100 60.0/100

Evaluation and feedback 10.0/100 70.0/100

Reminders in the workplace 47.5/100 57.5/100

Institutional safety climate 20.0/100 80.0/100

Total 122.5 352.5

Hand hygiene level Inadequate Intermediate/Consolidation

Assessment per ICAT modules

Infection control module C A

Hand hygiene C A

General ward module C A

Hospital information module C C

Abbreviation: ICAT, Infection Control Assessment Tool.
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Infrastructural changes would not have been possible without
local administration and government support, which has
proved to be invaluable.

Since this collaboration was established, there has been
significant improvement in the understanding of the
magnitude of the problem and concrete steps have been
taken for IPC. These collaborative improvement strategies
have significantly improved current IPC practices in our
unit via improved surveillance, education, infrastructural
changes, and, most importantly, better hand-washing
practices. The St Jude oncology-adapted ICAT tool and
the WHO Hand Hygiene Self-Assessment framework are
useful tools with which to monitor progress as demon-
strated by our study in Pakistan and in other lower- and
middle-income countries.13,14

Significant challenges still exist, the majority being high
patient turnover, as CHL is the only public hospital pro-
viding free treatment and diagnostic facilities to all of its
patients. There is a need for shared care and regular
surveillance, teaching and training of patients and families,

and mobilization of government agencies and media to
spread the message of the importance of IPC in improving
pediatric cancer prognoses. This is an ongoing struggle and
targets can be effectively achieved through continuous
collaborative efforts.

In conclusion, active surveillance and good infection
control practices are of critical importance in a good pe-
diatric oncology unit. The St Jude oncology-adapted ICAT
tool andWHO hand hygienemodules are effective objective
tools for baseline needs evaluation as well as for ongoing
progress measurement. Our project demonstrates the
positive effects of simple and relatively low-cost in-
terventions, like hand hygiene compliance, clinical sur-
veillance, and training and education, on improving current
IPC practices at CHL. This model can be easily replicated in
other lower- and middle-income countries to improve IPC.
On the basis of our above experience, additional targeted
interventions are being developed to decrease HAI
rates and infection-related morbidity and mortality in our
population.
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