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Abstract

Background: The outbreaks in oncology settings result in dreaded complications, especially in cancer patients who
are already immunocompromised. Here, we describe the identification and response to an unusual hospital-acquired
outbreak of bloodstream infections (BSIs) in cancer patients due to intrinsic contamination of a heparin injection vial
with New Delhi metallo-beta-lactamase (blaNDM)-positive Klebsiella pneumoniae. Methods: An increased cluster
of sepsis cases in cancer patients with chemoports was noted in the medical oncology department of a cancer center in
North India in July 2024. These case clusters were identified by reviewing microbiological reports, and blood cultures
were tested by automated identification and susceptibility testing, the Carba-R test, and molecular testing. Outbreak
investigations were performed; causality assessment was also done. The clinical and demographic details of the case
patients, along with other relevant histories, were collected from electronic medical records. Environmental samples
were collected from high-touch surfaces, intravenous medications, saline, and heparin. Results: A cluster of 10 sepsis
cases with culture-confirmed bloodstream infections (BSIs) was identified in the medical oncology department. Out of
the 10 patients, 5 (50%) were admitted to the ward after visiting the central venous access device (CVAD) clinic, and 5
(50%) presented to the emergency department after recent chemotherapy. All cases had Klebsiella pneumoniae isolated
from blood cultures, which alerted the oncology team to a possible outbreak. All isolates were multidrug-resistant strains
sensitive to ceftazidime-avibactam and tigecycline. The multidrug resistance gene detected in all isolates was blaNDM.
The heparin injection vial was found to be the primary cause and single source of the outbreak. All isolates from heparin
and patients’ clinical samples were confirmed by molecular typing using Enterobacterial Repetitive Intergenic Consensus
Polymerase Chain Reaction (ERIC-PCR). Interestingly, the contamination was found to be intrinsic to a new batch of
heparin manufactured by the company. Conclusion: This study highlights the importance of an infection surveillance
system as part of pharmacovigilance, which helped detect the source of infection within a few days of the outbreak
alert. Implementing standardized healthcare-associated infection (HAI) surveillance in a low-resource setting detected
an ongoing heparin-associated outbreak. The outbreak investigation and the use of a multimodal approach reduced
incident cases and informed changes in infection prevention and control (IPC) practices. The regulatory authorities
(CDSCO and the Indian Pharmacopoeia Commission) were also notified, which helped them enforce strict quality
control and regulatory oversight in drug manufacturing.
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Introduction

Healthcare-associated infection (HAI) outbreaks
remain a significant threat to patient care and safety in
hospital settings. In addition to increasing morbidity
and mortality, such outbreaks impose substantial
financial burdens and can adversely affect the reputation
of healthcare institutions. Although outbreaks are

frequently reported, they are not always systematically
investigated. The absence of standardized policies and
guidelines for the timely detection and response to HAI
outbreaks contributes to delayed recognition and increased
severity of complications, particularly among vulnerable
populations such as cancer patients [1].

HALI outbreaks are typically identified by clustering
of infection cases linked by time, place, and person.
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However, the true burden is likely underestimated, as
many outbreaks remain unrecognized due to inadequate
surveillance and underreporting. This issue is particularly
critical in oncology settings, where patients are inherently
immunocompromised and thus more susceptible to severe
infectious complications [2].

Patients with cancer represent a high-risk group with
increased incidence of hospital-acquired infections,
especially central line-associated bloodstream infections
(CLABSIs), compared to the general hospital population.
This heightened risk is largely attributed to the use of
long-term vascular access devices such as chemo ports
and peripherally inserted central catheters (PICCs),
which are essential for administering chemotherapy and
supportive care. These devices are inserted using strict
aseptic protocols, including surgical aseptic non-touch
technique (SANTT), typically in operation theatre settings
by trained personnel [3, 4].

To maintain catheter patency and prevent thrombosis,
heparin is routinely used for catheter flushing. Despite
adherence to aseptic insertion techniques, bloodstream
infections may still occur, commonly due to breaches
in sterile technique during insertion or lapses in catheter
maintenance practices. Additionally, contamination
of intravenous (IV) fluids and medications is a well-
recognized but often underdiagnosed source of hospital-
acquired bacteraemia, as routine culturing of infuses is
not commonly performed [5-7].

In India, the development of HAI surveillance
networks supported by agencies such as ICMR, NCDC,
and CDC has demonstrated the feasibility and importance
of standardized surveillance systems in detecting
bloodstream infections and improving infection control
practices across healthcare facilities [7-9].

In this study, we describe an unusual outbreak of
sepsis in cancer patients with chemo ports and PICCs,
caused by multidrug-resistant Klebsiella pneumoniae
harboring the New Delhi metallo-$-lactamase (blaNDM)
gene. To the best of our knowledge, this represents a
rare and previously unreported occurrence of an HAI
outbreak linked to intrinsically contaminated heparin vials
containing blaNDM-producing K. pneumoniae

Materials and Methods

Hospital setting and patients

The study was conducted at the in 350 bedded
Mahamana Pandit Madan Mohan Malviya Cancer
Center of the Tata memorial Cancer Centre in Varanasi,
India. Our center is a 350-bed, state of art tertiary care
oncology center and teaching hospital in North India. As
aregional referral cancer center, approximately one third
of annual admissions of cancer patients transferred from
other nearby or tertiary care hospital. The microbiology
department along with Nursing department supervise
the hospital’s infection prevention control program. The
infection prevention and control program participates in
active ongoing Hospital acquired infection surveillance
mainly CLABSI and CAUTI in collaboration to AIIMS,
New Delhi and CDC Atlanta [10]. Under this collaboration,
surveillance protocol of healthcare-associated infections
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is adapted from protocols published by the US Centers
for Disease Control and Prevention National Healthcare
Safety Network. As per the baseline data retrieved from
the HAI surveillance, the prevalence of carbapenem
resistance among K. pneumoniae isolated from blood
specimens is more than 70% comparable to recent
national estimates [11]. The Hospital infection prevention
control program also manages containment efforts for
multidrug-resistant organisms (MDROs); these efforts
involve implementation of standard contact precautions
and isolation of patients, increased sensitization of hand
hygiene, increased environmental cleaning of affected
wards and communication among the staff working in
the affected wards.

Study population, case definitions: The study
population included all the sepsis patients in the medical
oncology department and cases were defined as patients
from whom multidrug-resistant K. pneumoniae in paired
blood culture were isolated. Isolates were classified as
multidrug-resistant (MDR) if they were non susceptible to
3 or more antibiotic classes as per the reference [12]. The
patients enrolled under case definition were reviewed for
their clinical details in their medical charts, demographic
information, antibiotic prescription details, type of
admission, collection of the blood culture and outcome.

Detection and confirmation of the outbreak: A
routine review of laboratory reports of medical oncology
department by clinicians and by Infection control team
in July 2024 was done. This has found a high rate of
BSIs caused by Klebsiella pneumoniae in medical
oncology department. The clinical team also suspected
the increasing number of cases of chemo port associated
blood stream infections especially from CVAD and
medical oncology wards. This review of HAI data also
showed that these cases were associated with sepsis.
Microbiology team investigated bacteriology laboratory
records and the automated bacterial identification system
(VITEK-2 Compact) master registers for Klebsiella
pneumoniae cases starting on July 2024. Identification
of Pathogen and antimicrobial susceptibility testing data
from outbreak cases was collected from microbiology
laboratory. Descriptive epidemiology data were collected
from patient records using a standardized investigation
form adapted from the CDC healthcare-associated-
outbreak investigation tool kit [13]. The form captured
sociodemographic data; clinical history; and exposure
to intravenous medications, oral medications, fluids,
procedures, and antibiotics. The data were stored and
analyzed using Epi Info version 7.2 software.

Investigation of Outbreak and Infection control
assessment: A multidisciplinary team consisting medical
oncologists, microbiologists, ICNs, CVAD, nursing in
charges were prepared. ICNs and other staff of team
observed medication and intravenous fluid preparation
and administration and adherence to hand hygiene and
standard and transmission-based precautions in the CVAD,
IR OT and medical oncology wards.

Outbreak Interventions and laboratory investigation
Blood cultures of the patients were sent to microbiology
laboratory for the identification of cause of the sepsis.



Outbreak cases were identified by reviewing laboratory
records and patient medical record forms. Bacterial
identification and antimicrobial susceptibility testing data
from outbreak cases was collected from microbiology
laboratory. Blood specimens were collected and
incubated as per standard laboratory protocols. Isolates
were tested on Vitek 2 (bioMérieux, Marcy I’Etaile,
France); identification was performed using the Vitek 2
GN card (bioMérieux); and antimicrobial susceptibility
testing was performed using the Vitek 2 AST-N406 card
(bioMérieux). All minimum inhibitory concentrations
(MICs) were interpreted according to CLSI break points
[14], except for colistin and tigecycline, which were
interpreted according to EUCAST guidance [15]. Isolates
that were determined to be resistant to colistin by Vitek 2
were also tested by BMD for confirmation. Antimicrobial
susceptibility of the isolates was performed by the VITEK
2 system against amoxycillin clavulanic acid, cefuroxime,
cefotaxime, ceftriaxone, cefepime, ertapenem, imipenem,
meropenem, piperacillin-tazobactam, ciprofloxacin,
levofloxacin, amikacin, gentamicin, tigecycline and
trimethoprim-sulfamethoxazole. Escherichia coli ATCC
25922 was used as quality control strain for antibiotic
susceptibility tests. Results were interpreted following
Clinical and Laboratory Standards Institute (CLSI)
guidelines (M-100, Ed 2024) [14] Strains not susceptible
to at least one agent in three or more antimicrobial classes
were defined as multidrug-resistant and were used in
the study [12]. Bacterial identification and antibiotic
susceptibility were performed by automated identification
system (Vitek-2 system, Biomeriux Germany and the
results were evaluated according to CLSI 2024 criteria
[12]. In antimicrobial sensitivity testing it was Multidrug-
Resistant (MDR) strain resistant to third generation of
cephalosporins, beta-lactam and beta-lactamase-inhibitor
combinations, resistant to carbapenems, flouroquinolones,
aminoglycosides and sensitive to tigecycline, Ceftriaxone-
Sulbactam-EDTA (CSDE) and Ceftazadime-avibactum
(CZA). Carbapenem resistant gene was detected by
performing molecular assay Carba R test (Xpert®
Carba-R, Cepheid). Molecular analysis was done to
check clonal similarity between the isolates. ERIC-PCR
technique was carried out in thermocycler (Thermo ABI
VeritiTM Biosystems) using ERIC primers-forward:
5'-ATG TAA GCT CCT GGG GAT TCAC-3" and reverse:
5'-AAG TAA GTG ACT GGG GTG AGC G3'. The PCR
protocol consisted of an initial denaturation cycle at
95°C for 5 min, followed by 30 cycles of denaturation at
94°C for 1 min, annealing at 48°C for 1 min, extension
at 72°C for | min, and a final cycle of amplification at
72°C for 10 min. PCR products were loaded on 1.5%
agarose gel at constant voltage of 70V for one hour, and
the banding patterns were visualized under ultraviolet
radiation (Figure S1) [16]. Ethical approval for this study
was provided Institutional ethical committee with IEC no.
OIEC/11000947/2026/00002.

Environmental samples were collected from
high-touch surfaces, air, water, and medication preparation
areas using Hi Culture swabs (HI Media, India) (Table
1). Samples were enriched in thioglyocate broth and
incubated at 37°C for 18 hours. Samples of intravenous
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medications, saline IV Heparin fluid were collected. The
enriched broth was then inoculated on tryptic soy agar
supplemented with 5% sheep blood and MacConkey agar.
Water samples were test kits (HI Media, India), incubated
at 37°C for 12 hours, and then sub cultured on Mac Conkey
agar. Identification and antimicrobial susceptibility testing
(AST) of environmental isolates was performed on Vitek
2 system.

Results

In total, 10 patients met the outbreak case definition
whose paired blood culture (one from chemo port and
other from PICC) flashed positive for Gram Negative
Bacteria (GNB) and differential time positivity between
central line and peripheral blood was found approximately
2 hours and central line blood flashed positive before the
peripheral line. All GNB grew hyper mucoid colonies of
Klebsiella pneumoniae Figure 1.

Detailed clinical characteristics and demographic
details of the patients are provided in the Table 2. All
patients infected with K. pneumoniae cases began to
increase in June 2024 and peaked in July 2024 (Figure 1).
The median age was 33 years (range, 3 months—78 years).
Although 2 (20%) of the case patients died (Table 2), these
deaths could not be solely attributed to the K. Pneumoniae
related infection or complications. Among them, 5 (50 %)
of these cases were visited to emergency department and
then admitted to medical oncology wards at the time of
the infection. Medical records were available to review for
all cases showed history of recent chemotherapy. As part
of the investigation, efforts were made to identify MDR
K. pneumoniae BSIs that occurred before the outbreak
period. Between January and April 2024, there are zero
cases of MDR blaNDM K. pneumoniae were reported
from the medical oncology department. Figure shows the
epidemic curve and onset and peak of the outbreak cases.

Almost all outbreak cases were having chemo port and
underwent a documented chemotherapy cycle before K.
pneumoniae BSIs detection. Among these cases, 7 (71%)
had a chemo port insertion inside the hospital and in 3
of which 30% were inserted in the outside the hospital.
The median number of days from chemotherapy cycle to
positive K. pneumoniae blood culture collection for these
cases was 2 (range, 1-4).

Table 1. Environmental Sampling Sites and Sample
Numbers (68)

S. Sample Source Number of
No. Samples

1 IR OT Water 5

2 Water — CVAD supply 2

3 Air sampling (settle plate method) IR OT 5

4 Ultrasound machine ports and transducers 6

5 Air sampling (settle plate method) CVAD 5

7 Dialysate water 10

8 IV normal saline 10

9 IV Heparin (Used and New Open) 5

10 Disinfectants — alcohol solution, glutaraldehyde 10
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Table 2. Clinical and Epidemiological Characteristics of
the Case Patients (n=10)

Table 3. Antibiogram of All the Outbreak-Associated bla
NDM Positive Klebsiella Pneumoniae Isolates (N=10)

Variable No.=10 (%) S.no.  Antibiotics Interpretation
Age, median y (range) 33 (3 month-72 year) 1 Amoxycillin —Clavulanic acid Resistant
Male: Female 1:01 2 Cefuroxime Resistant
Diagnosis of the patients 3 Cefotaxime Resistant
Ca Breast 5 (50%) 4 Ceftriaxone Resistant
Ca pancreas 1 (10%) 5 Cefepime Resistant
Hematolymphoid malignancy 1 (10%) 6 Ciprofloxacin Resistant
Colorectal Adenocarcinoma 1(10%) 7 Levofloxacin Resistant
Ewing sarcoma Right Distal Leg 1 (10%) 8 Piperacillin-tazobactam Resistant
Gastro Esophageal Junction Cancer 1 (10%) 9 Cefeperazone sulbactam Resistant
Location of Chemo port Insertion 10 Imipenem Resistant
OT of the hospital 7 (70%) 11 Meropenem Resistant
Outside hospital 3 (30%) 12 Tigecycline Sensitive
Origin of admission 13 Amikacin Resistant
Direct admission from emergency 5(50%) 14 Gentamicin Resistant
Transferred from CVAD 5(50%) 15 Trimethoprim- Sulfamethoxazole Resistant
Location on date of collection of first positive specimen 16 Ceftazadime-avibactum Susceptible
CVAD follow-up 1 (10%) 17 Ceftraixone-sulbactum EDTA Susceptible
Intensive care unit 1 (10%) 18 Colistin (BMD) Susceptible
Medical Oncology OPD 8 (80%) 19 Synergy testing between Ceftazadime- Synergy
Deceased 2 (20%) Avibactum & Aztreonam (Tested by present

All (100%) were MDR and antimicrobial sensitivity
interpretation is described in Table 3. All isolates
were resistant to carbapenems, extended-spectrum
cephalosporins, and penicillin/ B-lactamase inhibitors. The
isolates were most commonly susceptible to tigecycline
(100%), and CSDE. The most common carbapenemase
genes among isolates were blaNDM. The patients were
prescribed intravenous CZA and AT in slow infusion.
After starting of the antibiotic patients’ symptoms
resolved and patients recovered from sepsis. ERIC PCR
revealed all isolates clonally related K. pneumoniae
clusters comprising 10 case-patients

The GNB were isolated from 5 (8.6 %) of 58
environmental samples. Samples from total 3 used and
2 open batch of heparin vial (Biotech) were identified as
K. pneumoniae which was tested for resistance gene and
found to carbapenemase blaNDM positive strain.

Broth disc elution)

All isolates from 10 clinical samples of patients
and contaminated heparin medications had the same
antimicrobial susceptibility as mentioned above for the
patients. All isolates were confirmed by molecular typing
by Enterobacterial Repetitive Intergenic Consensus
Polymerase Chain Reaction followed by pulsed-field gel
electrophoresis which showed the similar bands of same
base pair both from patients’ sample and from intrinsically
contaminated heparin medicine (Figure 2).

Outbreak response

In response to the ongoing chemo port sepsis
outbreak, removal of chemo port done in patients with K.
pneumoniae BSI as soon as blood culture positive flashes.
All new and old batch of heparin injection vials was
withdrawal from all wards, OT, CVAD clinic and IPDs
by pharmacy team. Causality assessment of the adverse

Epidemic Curve

Jan-24 Feb-24 Mar-24 Apr-24 May-24 Jun-24  Jul-24  Aug-24 Sep-24 Oct-24

PICC

Chemo port

Figure 1. Epidemic Curve of outbreak showing the Chemoport Blood stream Infections (BSIs) cases represented by
orange line, while Blue lines representing the PICC related BSIs.
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NDM positive strain Band size 628 bp,
Negative for KPC, OXA-48, IMP, VIM

Figure 2. Molecular Analysis of Klebsiella Pneumoniae Isolates of Heparin Vial Blood Stream Infections associated

Outbreak

event from heparin injection vial and the sepsis was
undertaken by the Causality Assessment Committee of
the Institute. The Adverse Drug Reaction Monitoring Cell
(AMC) notified the adverse drug event with the causality
assessment report to the Pharmacovigilance Commission
of India and to the Central Drugs Standard Control
Organization (CDSCO) with details of the brand name,
formulation, batch number of the heparin injection vials
for their independent inquiry and causality assessment,
and subsequent regulatory actions. The Hospital Pharmacy
procured single-use prefilled heparin lock flush syringes
for use in patients with chemo ports and PICC. The use of
multi-dose heparin vials was stopped in all over hospital.
All patients were treated for sepsis and no mortality
reported among these patients.

Discussion

To our knowledge, this is the first reported outbreak of
bloodstream infections linked to intrinsically contaminated
heparin injection vials containing blaNDM-producing
Klebsiella pneumoniae in a tertiary oncology centre.
Previous studies have described outbreaks and adverse
events associated with heparin; however, these have
largely focused on hypersensitivity reactions, including
anaphylaxis leading to hypotension and mortality [17-
24]. In contrast, our study highlights a microbiologically
driven outbreak due to intrinsic contamination of a
pharmaceutical product.

The high prevalence of multidrug-resistant (MDR)
and carbapenem-resistant Klebsiella pneumoniae in
tertiary care settings poses a significant challenge for
outbreak investigations, often obscuring the identification
of uncommon sources of infection. [25, 26] In this
context, the detection of a contaminated heparin vial as
the source of infection underscores the importance of
considering non-conventional reservoirs during outbreak
investigations. Notably, heparin plays a critical role in
maintaining the patency of chemo ports and peripherally
inserted central catheters (PICCs), and is routinely used
in oncology practice. Therefore, outbreaks related to
contaminated infusions or injectable medications caused

by MDR Gram-negative bacilli such as K. pneumoniae
and Escherichia coli may remain underrecognized and be
misclassified as routine healthcare-associated infections
[27].

In the present study, a standardized, multidisciplinary
approach involving clinicians, microbiologists, infection
control teams, and pharmacovigilance units enabled early
detection and effective containment of the outbreak. Real-
time HAI surveillance and systematic data monitoring
facilitated identification of case clustering and tracking of
outbreak progression in response to infection prevention
and control (IPC) interventions.

Several key factors contributed to the successful
containment of chemo port—associated sepsis. First, the
implementation of robust HAI surveillance protocols,
including continuous training of healthcare workers
and strengthening of microbiology laboratory capacity,
enabled timely identification and reporting of bloodstream
infections, including those caused by blaNDM-producing
K. pneumoniae. Second, close coordination between
clinical teams and infection control units allowed real-time
analysis of surveillance data and exclusion of alternative
sources of infection. The use of digital platforms for data
reporting, analysis, and visualization further enhanced
outbreak detection.

The short interval between chemotherapy
administration and onset of sepsis suggested a potential
role of central venous access devices. However,
retrospective analysis revealed that a subset of patients
had chemo ports or PICCs inserted at external healthcare
facilities, thereby reducing the likelihood of a common
breach in insertion practices within the study centre [28].
Subsequent evaluation of injectable medications identified
heparin as the only common exposure among affected
patients. Microbiological testing confirmed contamination
of heparin vials, establishing it as the primary source
of the outbreak. Withdrawal of the implicated heparin
batches from all hospital areas resulted in a rapid decline
in incident cases (Figure 1), further supporting causality.

This study has several limitations. First, incomplete
medical records for patients referred from other institutions
limited comprehensive data analysis. Second, the absence

Asian Pacific Journal of Cancer Prevention, Vol 27 3633



Vijeta Bajpai et al

of dedicated infection control personnel across all units
constrained the collection of detailed data on multimodal
IPC interventions. Third, although molecular typing
demonstrated clonal relatedness among isolates, advanced
genomic characterization (e.g., whole genome sequencing
or subtype analysis) was not performed, limiting deeper
epidemiological insights.

Our findings confirm that the heparin contamination
was intrinsic, i.e., present at the time of manufacture.
Intrinsic contamination represents a significant public
health concern, as such products are widely distributed
and may affect multiple patients across different healthcare
facilities. This contrasts with extrinsic contamination,
which is usually localized and easier to control.

These findings emphasize the urgent need for robust
infection surveillance systems, strengthened microbiology
services with rapid turnaround times, and close integration
between infection control teams and pharmacovigilance
programs such as the Indian Pharmacopoeia Commission
and regulatory authorities like the Central Drugs Standard
Control Organization. Strengthening these systems is
essential to ensure early detection of outbreaks, improve
patient safety, and maintain public trust in healthcare
systems

In conclusion, this outbreak confirmed intrinsically
contaminated heparin injection vials as the single source of
blaNDM K. pneumoniae bloodstream infections in cancer
patients with chemo ports and PICCs. Rapid detection
through surveillance, microbiological confirmation,
causality assessment, and regulatory notification enabled
timely containment and prevented mortality. Strengthening
hospital infection control systems, pharmacovigilance
linkages, and regulatory oversight of drug manufacturing
is essential to prevent similar events.
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