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Abstract 

Background Healthcare-associated bloodstream infections (BSI) threaten patient safety and are the third most com-
mon healthcare-associated infection (HAI) in low- and middle-income countries. An intensive-care-unit (ICU) based 
HAI surveillance network recording BSIs was started in India in 2017. We evaluated this surveillance network’s ability 
to detect BSI to identify best practices, challenges, and opportunities in its implementation.

Methods We conducted a mixed-methods descriptive study from January to May 2022 using the CDC guidelines 
for evaluation. We focused on hospitals reporting BSI surveillance data to the HAI network from May 2017 to Decem-
ber 2021, and collected data through interviews, surveys, record reviews, and site visits. We integrated quantitative 
and qualitative results and present mixed methods interpretation.

Results The HAI surveillance network included 39 hospitals across 22 states of India. We conducted 13 interviews, 
four site visits, and one focus-group discussion and collected 50 survey responses. Respondents included network 
coordinators, surveillance staff, data entry operators, and ICU physicians. Among surveyed staff, 83% rated the case 
definitions simple to use. Case definitions were correctly applied in 280/284 (98%) case reports. Among 21 site records 
reviewed, 24% reported using paper-based forms for laboratory reporting. Interviewees reported challenges, includ-
ing funding, limited human resources, lack of digitalization, variable blood culture practices, and inconsistent informa-
tion sharing.

Conclusion Implementing a standardized HAI surveillance network reporting BSIs in India has been successful, 
and the case definitions developed were simple. Allocating personnel, digitalizing medical records, improving cultur-
ing practices, establishing feedback mechanisms, and funding commitment are crucial for its sustainability.

Keywords Healthcare-associated infection (HAI) surveillance in developing countries, Sepsis, Surveillance system, 
Patient safety, Cross-infection, Nosocomial infections

Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by- nc- nd/4. 0/.

Antimicrobial Resistance
and Infection Control

*Correspondence:
Srividya K. Vedachalam
drsrividya.eisc8@gmail.com
Full list of author information is available at the end of the article

http://orcid.org/0009-0007-0188-6420
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13756-024-01501-6&domain=pdf


Page 2 of 14Vedachalam et al. Antimicrobial Resistance & Infection Control          (2024) 13:144 

Introduction
Globally, healthcare-associated infections (HAI) pose 
a significant threat to patient safety. Bloodstream infec-
tions (BSIs) are among the most common HAIs in low- 
and middle-income countries (LMIC), prolong hospital 
stays, and increase mortality rates [1–4]. Prospective and 
active surveillance is associated with reductions in HAI 
rates by up to 30% in high-income countries when used 
to measure the disease burden and direct targeted infec-
tion prevention and control (IPC) measures [1, 5–7]. Fur-
thermore, HAI surveillance systems can be instrumental 
in the timely detection of (multidrug-resistant) MDR 
pathogens in hospitals, especially in tertiary care, which 
are potential sites for the emergence of MDR pathogens 
owing to high antimicrobial pressure [8]. However, only 
16% (23/147) of LMICs reported having a functional 
national HAI surveillance system in a survey conducted 
by the World Health Organization (WHO) in 2010 [2]. 
There is limited information available from LMICs on the 
impact of these HAI surveillance systems and the imple-
mentation challenges faced.

In 2017, an HAI surveillance network was started 
in India by the All India Institute of Medical Sciences 
(AIIMS), New Delhi, with technical coordination by the 
Indian Council of Medical Research (ICMR) and the 
National Centre for Disease Control (NCDC), India, and 
with support from the United States Centers for Disease 
Control and Prevention (US CDC) [9] to document BSI 
trends [10]. The BSI surveillance was implemented in 
intensive-care units (ICUs) in selected tertiary-care hos-
pitals across the country.

After five years, we evaluated BSI surveillance in India’s 
first HAI surveillance network. We identified best prac-
tices, challenges, and opportunities in its implementa-
tion to help develop context-specific, cost-effective, and 
sustainable HAI surveillance systems in limited-resource 
settings.

Methods
Study design, population, and period
We conducted a descriptive mixed-methods study using 
a convergent parallel (concurrent) study design from 
January to May 2022. The evaluation focused on hospitals 
that reported BSI surveillance data to the HAI surveil-
lance network. The evaluation focused on staff trained to 
conduct and report active BSI surveillance using the HAI 
surveillance protocol within each hospital.

Operational definitions
Healthcare-associated BSI was defined in the HAI BSI 
protocol (available at haisindia.com) for patients admit-
ted for more than two calendar days in a selected hospital 

ICU participating in the HAI surveillance network. This 
standard operational definition used for BSI in the HAI 
network was modified for the Indian setting from the US 
CDC’s National Healthcare Safety Network (NHSN) case 
definition [11, 12].

We followed the updated CDC Morbidity and Mor-
tality Weekly Report (MMWR) guidelines 2001 [13] to 
evaluate BSI surveillance on the following attributes: 
simplicity, stability, acceptability, representativeness, data 
quality, timeliness, sensitivity, positive predictive value, 
and usefulness. We developed operational definitions 
and monitoring indicators for each of these attributes 
and created interview and survey questions to score the 
indicators (Table 1).

Data collection
Data was collected from both the network level and ter-
tiary-care hospitals, which is the reporting level used in 
document reviews. Data was collected by data extrac-
tion from the network database (www. haisi ndia. com), 
surveys, semi-structured interviews, focus group dis-
cussions, and on-site visits. We developed structured 
questionnaires for interviews at the network level and 
the  reporting level. We created three separate online 
surveys targeted at three groups of reporting-level staff 
involved in BSI surveillance: surveillance staff who vali-
dated each BSI case from the intensive care unit (ICU), 
data entry operators (DEO) who reported each case to 
the network database from a paper-based case report 
form (CRF), and ICU physicians (Tables 1 and 2).

Network level: We identified key stakeholders who 
had participated in developing and implementing the 
HAI surveillance network or were actively overseeing its 
operations and included them purposively. They included 
the project coordinator, statistician, and research fellow 
of the HAI surveillance program placed at AIIMS New 
Delhi and the technical advisers for the HAI surveillance 
program from the US CDC. We collected qualitative 
data from them using semi-structured interviews (net-
work coordinators) and focus group discussions (FGD) 
(technical advisors) to evaluate the simplicity, stability, 
acceptability, usefulness, funding and organization of 
the surveillance system; and to document best practices, 
opportunities, and challenges during implementation.

We reviewed monthly reporting pattern of reporting 
units, and time of submission of quarterly reports to eval-
uate timeliness. We examined reports from routine site 
visits to document the presence of a 24-h laboratory and 
access of surveillance staff to all positive culture reports 
(blood, urine, sputum, pus, etc.), the percentage of labo-
ratories having a laboratory information system (LIS) and 
monthly reporting pattern of units from 2017 to 2021 to 
evaluate system stability. We checked CRFs submitted 

http://www.haisindia.com
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Table 1 HAI Network’s BSI Surveillance system attributes, indicators and data collection method, India, 2022

Attribute and operational definition Indicator Data collection method

Simplicity: Simplicity of workflow and ease 
of implementation

1. Ease of collecting data (staff required and time 
spent in surveillance activities each day on aver-
age)
2. Proportion of surveillance staff who report 
applying BSI case definition as easy or very easy
3. Proportion of surveillance staff who replied 
online reporting as easy or very easy
4. Average amount of time spent by surveyed 
staff in reporting one BSI case in the portal
4. Number of levels of reporting in the system

Onsite observations
Survey of Surveillance staff and Data entry opera-
tor (DEO)

Stability: System’s reliability, availability, and sus-
tainability

1. Proportional of surveillance staff trained in BSI 
surveillance protocols
2. Proportion of sites where denominator data 
is collected everyday including holidays
3. Proportion of sites with a full-time (24 h) 
microbiology laboratory
4. Proportion of sites with Laboratory Informa-
tion System (LIS)
5. Proportion of sites where surveillance staff 
have access to all positive cultures
6. Proportion of sites who review every positive 
culture at month-end to capture missing cases
7. Availably of the system since its inception 
in 2017
8. Proportion of sites with funding support

Survey of surveillance staff and DEO
Review of network data
Review of site-visit records

Acceptability: Willingness of individuals 
and institutions to participate in the BSI surveil-
lance network

Number of hospitals participating in surveillance Review of HAI network database
Review of quarterly reports

Representativeness: System’s ability to accurately 
describe BSIs over time

Proportion of febrile episodes (in patients admit-
ted in surveillance ICUs) where a blood culture 
is collected

Review of patient case files during on-site visits

Data quality: Completeness and validity 
of the captured data

1. Data validity: Proportion of CRF with case 
definition applied correctly
2. Data completeness: Proportion of CRF 
with 100% mandatory fields filled

Record review of CRF during site visits
Review of site-visit records

Timeliness: System’s ability to detect BSI cases 
and outbreaks in timely fashion

1. Proportional of febrile episodes (in patients 
admitted in surveillance ICUs) where a blood 
culture is collected within 24 h of the febrile 
episode
2. Proportion of sites reporting BSI data 
within 10 days of the reporting month
3. Proportion of quarterly reports submitted 
by the network within one month of the report-
ing quarter
4. Proportion of ICU physicians who received 
monthly feedback on their ICU’s BSI rate
5. Proportion of BSI outbreaks detected and con-
trolled while still ongoing

Review of ICU patient case files
Review of HAI network database
Review of quarterly reports
Survey of physicians
Interview of site representatives

Sensitivity: System’s ability to detect BSI cases 
and outbreaks correctly

1. Proportion of BSI cases reported among all BSI 
cases detected
2. Proportion of quarterly BSI trend reports 
submitted in last five years (2017–2021)
3. Number of early warning signals generated 
in the last one year (Jan-Dec 2021) and last one 
month (Dec 2021)

Review of patient case files and laboratory records 
during site visits
Review of network database

Positive Predictive Value: Probability 
that a detected BSI case is true case of BSI

1. Proportion of true BSI cases among all BSI 
cases reported
2. Method for confirming true cases

Review of CRF during site visits

Usefulness: Usefulness of the system in achiev-
ing its objectives of monitoring BSI trends 
and using system data to reduce HAI in partici-
pating hospitals

1. Monitor network-based BSI trends over time
2. Number of BSI outbreaks detected using 
surveillance data
3. Proportion of sites using data to improve IPC 
practices at their ICUs

Review of network database
Survey of physicians
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by sites from October-December 2021 to evaluate data 
quality.

Reporting Unit level: We invited the principal inves-
tigators of all the sites (reporting units) enrolled in the 
network to participate in the evaluation and included the 
sites who volunteered to participate. We collected data 
using semi-structured interviews with key stakeholders 
of these sites to evaluate acceptability and usefulness and 
to document opportunities and challenges during imple-
mentation. Stakeholders who participated in interviews 
were asked to suggest at least one surveillance staff, DEO, 
and ICU physician from their site to receive the survey.

We included all suggested site staff and shared the 
surveys via email or WhatsApp Messenger. Each person 
could respond only once on the survey link provided. 
Questions included ease of applying the BSI case defini-
tion, the time required for data collection, ease of sub-
mitting data online to evaluate simplicity, and whether 
surveillance feedback was received monthly and used 
(only for physicians) to assess timeliness, acceptability, 
and usefulness. Given the BSI case definition required 
a positive blood culture, understanding blood culture 
ordering practices in eligible patients at surveillance 
sites was important to contextualize representativeness. 
Eligible patients were those admitted for more than two 
calendar days in a surveillance ICU, had a febrile episode 
and a potential BSI. During the on-site visits, we reviewed 

ICU patient files for the two months preceding the visit 
to look for febrile episodes. For each febrile episode, we 
searched for a blood culture entry in the corresponding 
laboratory records and if it was performed within 24  h. 
This information was used to calculate the percentage 
of febrile episodes that were cultured to investigate the 
blood culture ordering practices. We reviewed the list of 
positive blood cultures (sensitivity) and physical copies 
of CRF to assess the correct application of the case defi-
nition (positive predictive value) from October 2021 to 
December 2021.

Data analyses
After manually coding the transcribed qualitative data 
from interviews, we performed a thematic analysis. 
Quantitative data from monitoring indicators, surveys, 
and document reviews were calculated using Micro-
soft Excel, and are reported as counts and percentages. 
We combined qualitative and quantitative data to cre-
ate a mixed methods interpretation, which we presented 
under the domains of best practices, opportunities, and 
challenges.

Results
Description of the system
The HAI surveillance network started reporting in May 
2017 with 20 sites (66 ICUs) and increased to 39 sites 

Table 2 Qualitative questions and data collection method used, HAI Network’s BSI Surveillance system evaluation, India, 2022

Open-ended questions Probes Data collection method

Acceptability: How willing are individuals 
and institutions to participate in the BSI surveil-
lance network?

1. How willing were institutions to join this net-
work (is there more acceptance now than before)/ 
has the agency participation rate increased now 
than before?
2. Do you see horizontal expansion within hospi-
tals which are already part of the network?
3. Do you see more trust in institutions for report-
ing their BSI data now than before

Interview of Project Coordinator and site 
representatives
FGD of technical advisory team

Usefulness: Is the system useful in monitoring BSI 
trends?

1. How well is this system capturing BSIs?
2. Is the data generated by this system used?
3. Do you feel participation in BSI surveillance 
benefits the patient or your centre? How?
4. Do clinicians get feedback about their BSI rates
5. Is your feedback linked to IPC activities and QI 
initiatives- Could you give us a few examples

Interview: Project Coordinator and site repre-
sentatives
FGD of technical team

Best practices: What are the best practices 
for implementing this surveillance in India?

1. What are some of the successes of this network 
according to you?
2. Do you think it has led to QI initiatives/ any IPC 
practice change?
3. Has the data been used to detect HAI out-
breaks?

Interview of Project Coordinator and site 
representatives
FGD of technical team

Challenges: What are some of the challenges 
encountered during implementation?

1. What are some of the challenges you encoun-
tered during implementation?
2. What are the areas where you wish things could 
be better- at the network or facility level
3. Where do you think it’s not succeeding? Why 
is this?

Interview of Project Coordinator and site 
representatives and FGD



Page 5 of 14Vedachalam et al. Antimicrobial Resistance & Infection Control          (2024) 13:144  

(29 public and 10 private) with 131 surveillance units 
(ICUs) across 22 of the 36 states and union territories 
of India as of December 2021. Reporting ICUs included 
26/131 (20%) medical, 19/131(19%) neonatal, 16/131 
(12%) pediatric medical, 14/131 (11%) surgical, 10/131 
(8%) COVID-19 ICUs, and others. At the reporting ICU, 
the BSI event data flow starts once a patient admitted to 
one of the surveillance units has a positive blood culture 
(Fig.  1). This patient’s case details are checked to see if 
they fit the BSI case definition. If yes, then a case report 
form (CRF) is generated by the surveillance staff, and it 
is uploaded into the HAIS web portal by the data entry 
operator after validation by the site principal investigator 
(PI). Using the BSI case numbers and the denominator 
data from the respective sites, facility and network level 
rates are generated and communicated to all stakehold-
ers. To identify concerning BSI trends and outbreaks, 
the network database’s early warning signal generates 
an alert to users automatically when an ICU-specific BSI 
rate exceeds 20 per 1,000 patient days in that reporting 
unit/ ICU.

The network received funding support from the US 
CDC under a cooperative agreement between 2017–2022 
technically coordinated by ICMR. The CDC funding was 
provided to AIIMS, and AIIMS distributed the funds to 
the funded sites to hire surveillance staff depending on 

the units under surveillance. Sites that are not funded 
by the AIIMS-CDC projects and are part of the surveil-
lance network as voluntary participants receive technical 
support and reporting platform access. They use internal 
funds to hire surveillance staff or use existing staff for 
surveillance activities. Material resources for data col-
lection and any additional human resources required for 
surveillance expansion are financed through the site’s 
internal budget.

Evaluation of the system: Quantitative results
At the network level, we reviewed 21 site visit reports, 
14 quarterly reports, data reported to the network data-
base from 1st May 2017 to 31st December 2021, and 284 
CRF. Ten hospitals agreed to participate in our evalu-
ation. At the reporting level, surveys were distributed 
to 20 surveillance staff (two from each of the 10 sites), 
20 DEOs (two from each of the 10 sites), and 20 physi-
cians (two from each of the 10 sites). Among these, 
all the surveillance staff, all DEOs and ten physicians 
responded. Surveillance staff who responded to the sur-
veys included infection control nurses (ICN), laboratory 
technicians, and research fellows (RF). We visited four 
(two funded and two non-funded) sites. We reviewed 135 
ICU patients clinical case files, 72 positive blood culture 
reports (reported during the evaluation period) and 26 
CRFs (reported during the evaluation period) from six 
surveillance ICUs in these four sites to evaluate system 
attributes (Table 3).

Simplicity
Among the surveyed staff, 83% rated the modified NHSN 
case definitions as easy to apply and found the online 
reporting platform user-friendly.

Stability
The network functioned throughout these five years 
(May 2017 to December 2021) with variable reporting. 
The number of reporting ICUs dropped from 125/131 
(95%) in February 2020 to 84/131 (64%) in April 2020 
coinciding with the start of the COVID-19 pandemic. 
Reporting gradually increased to 100% in March 2021 
before decreasing again in April 2021 during the second 
wave of COVID-19. The reporting increased till August 
2021(128/131, 98%) before decreasing again to 63/ 131 
(48%) in December 2021 when external funding for this 
project was interrupted (Fig. 2). Despite reduced project 
funding, 25% of the hospitals continued to provide data 
to the system with their own dedicated infection preven-
tion and control (IPC) staff.

Among the 21 site visit reports reviewed, 76% of sites 
reported that surveillance staff had access to all positive 
cultures (cultures taken from other body sites). All sites 

Fig. 1 Data flow in HAI Network’s Bloodstream Infection Surveillance 
(BSI), India, 2022
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which reported challenges in surveillance staff access-
ing all positive culture reports were public hospitals. 
These hospitals used manual registers for recording and 
reporting laboratory results and did not have a Labora-
tory Information System (LIS) or Hospital Management 
Information System (HMIS).

Representativeness
Among the 135 ICU patient case files reviewed, blood 
culture was collected within 24 h in 27/61 (44%) febrile 
episodes identified in these patient files. Two of these 
hospitals cultured blood based on patient symptoms 
(with 44% of patients being cultured within 24  h of a 
febrile episode in both hospitals), and the other two 
hospitals cultured patients twice a week irrespective 
of patient symptoms (26% and 62% of patients having a 
febrile episode being cultured in each hospital respec-
tively). Eight physicians reported sending paired blood 
cultures from each febrile patient, while five physicians 
reported culturing up to 80% of febrile patients in their 
ICU.

Data quality
Among the 284 CRFs reviewed, 91% had complete data, 
and 98% had correctly applied the BSI case definition.

Timeliness
From 2017, the network submitted 13/14 (93%) quarterly 
HAI surveillance reports to the Ministry of Health and 
Family Welfare within one month of the reporting quar-
ter. Of the ten ICU physicians surveyed, 60% reported 

receiving consistent monthly feedback on BSI rates from 
their ICUs.

Sensitivity
Among 72 positive blood cultures reports reviewed, 26 
positive blood cultures and their corresponding patient 
case files met the BSI case definition criteria and all 26 
were correctly reported as BSIs by the sites to the net-
work database. The 14 quarterly reports reported on 
pooled network trends mapped for each quarter. The sys-
tem generated 684 ICU-specific BSI rate alerts from May 
2017 to December 2021.

Positive Predictive Value
All 26 CRFs reported from site-level surveillance staff to 
the network database during site visits met the BSI case 
definition, with a positive predictive value (PPV) of 100%.

Usefulness
Using data from this network, 12 of the 39 (31%) partici-
pating sites had implemented targeted IPC measures to 
reduce their BSI rates. Three major healthcare-associated 
BSI outbreaks, including an outbreak caused by Bur-
kholderia cepacia, were detected and controlled [14]. 
Among surveyed physicians, 70% stated that surveillance 
data feedback positively impacted care in the ICU by 
improving documentation and increasing adherence to 
recommended central-line practices.

Evaluation of the system: Qualitative results
At the network level, we conducted three interviews (the 
program coordinator, one statistician, and one research 

Fig. 2 Reporting pattern of HAI Network ICUs reporting BSIs, May 2017 to December 2021
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fellow of the HAI surveillance program) and one FGD 
(with three technical advisers from the US CDC). At the 
site level, we conducted ten interviews (one per site, with 
one to two staff participating in each). The interviewees 
included six microbiologists, four ICNs, six RFs, and 
two DEOs. The qualitative analysis from the interviews 
yielded ten themes related to implementing the surveil-
lance (Tables 4 and 5).

Mixed-methods integration: We consolidated the 
quantitative attributes, their indicators, and the qualita-
tive themes under best practices, challenges, and oppor-
tunities (Table 6). Best practices encompassed developing 
case definitions suitable for the available resources in a 
diverse health system, establishing network-based sur-
veillance, and IPC training of surveillance staff. Chal-
lenges identified included limited human resources, 
lack of digitalization, variable blood culturing prac-
tices, inconsistent information sharing, funding, and the 
COVID-19 pandemic. Opportunities highlighted the 
awareness and acceptance of BSI surveillance among par-
ticipating sites.

In all domains, the evidence from surveys, interviews, 
and document reviews aligned with each other except in 
blood culturing practices. While the surveyed physicians 
reported culturing 80% of febrile patients, document 
reviews indicated a figure of 44%.

Discussion
Our evaluation demonstrates that implementing a stand-
ardized BSI surveillance among a diverse resourced 
network across India has been successful, with lessons 
learned for other countries interested in initiating simi-
lar HAI surveillance networks. The BSI surveillance is 

simple, acceptable, and sensitive in reporting trends. 
but there are challenges to sustainability due to lim-
ited human resources, lack of digitalization of medical 
records, variable blood culture practices, limited infor-
mation sharing among key stakeholders, and funding.

The BSI surveillance conducted by the HAI surveil-
lance network has achieved many successes since its 
inception. The team has established network-level sur-
veillance of BSI for India by assembling hospitals with 
varying capacities and from different Indian states on 
a common platform. They have adapted CDC’s NHSN 
case definitions for resource-limited settings and trained 
network sites using a common modified case definition 
that can track trends at the facility, subnational, and 
national levels. The surveillance established is an active, 
prospective surveillance with higher specificity and sen-
sitivity than passive or retrospective surveillance. Beyond 
detecting BSI rates, this study shows that sites are will-
ing to use surveillance data to improve IPC processes 
and reduce BSI rates if provided human resources and 
training. This is a best practice to adopt and is consistent 
with other studies [15, 16]. While not a primary purpose 
of the network, interviewed staff felt they benefited from 
the efficient and timely dissemination of IPC information 
and guidelines during the COVID-19 pandemic. The use 
of such networks can be leveraged to quickly disseminate 
and amplify information in epidemics and pandemics.

Our study highlights the importance of stable, dedi-
cated funding to the stability of a surveillance network, 
including the impact on staff retention, institutional 
knowledge, and data reporting. Unreliable funding 
also limited expansion of surveillance to other inten-
sive care units (ICUs) within these hospitals. We found 

Table 4 Summary of Themes from Qualitative Analysis, BSI Surveillance Evaluation, India, 2022

1. Developed a context-specific resource-appropriate case definition: Simple case definitions and easy-to-follow SOPs permitted implementation 
in low-resource settings

2. Established surveillance through a network-based approach: Starting with a few committed, well-resourced sites before gradually expanding 
to more sites was important

3. Regular IPC training and use of QI to improve IPC: Regular IPC and QI training helped sites use data for targeted IPC interventions to improve 
patient care

4. Awareness and acceptance of BSI surveillance among participating sites: Site representatives felt joining this network helped them prior-
itize scarce resources to tackle the threat of HAIs
5. Limited human resources: Limited staff allotted to surveillance impacted data collection and reporting in sites

6. Lack of digitalization of medical and laboratory records: Without hospital and laboratory management systems, it was difficult to track patients 
outside of ICUs and follow multiple positive cultures for a single patient

7. Variable blood culturing practices: Surveillance protocols were not always followed; instead, some decisions to collect blood cultures were based 
on the treating physician’s judgment, the availability of culture bottles, and the patient’s ability to pay

8. Inconsistent information sharing and data use: Analyzed data was not always shared with physicians; even when it was shared, they did 
not always accept the results

9. Funding and sustainability: Funding commitment was important to maintain and expand the surveillance network and to retain staff

10. Impact of the COVID-19 Pandemic: Surveillance stopped in many sites. Staff were reassigned for COVID-19 duties in other sites, which reduced 
the number of reporting ICUs
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that external funding partially mitigated the shortage of 
human resources in funded public hospitals in the short-
term. It should be noted that relying solely on external 
funding may serve as an initial step to initiate work and 
pilot a surveillance program. Sustainable long-term solu-
tions to address resource limitations should be sought, as 
demonstrated by funding challenges faced by antimicro-
bial resistance surveillance programs in LMICs [17, 18] 
and aligns with WHO guidance to allot dedicated fund-
ing to build IPC programs with capacity to conduct HAI 
surveillance [19].

Our study’s findings regarding the impact of a short-
age of trained staff on data collection, data use, and 
surveillance expansion are consistent with previous 
research conducted in both low- and high-resource set-
tings. These studies have consistently identified inad-
equate staffing as a common barrier to performing 

essential IPC activities [20–23]. Our study also showed 
that the lack of sufficient supplies specific to blood 
culture and the lack of digital medical records, issues 
unique to public hospitals, compromise data quality 
and increase the time required for surveillance activi-
ties. Specifically, the challenges highlighted in our 
study at the facility level align with challenges in IPC 
core component 6 (monitoring/audit of IPC practices 
and feedback), and 7 (workload, staffing and bed occu-
pancy) reported in the WHO’s Global IPC report [24]. 
Considering these findings, and the disruption seen 
with turnover of staff, we believe that appointing full-
time infection control professionals in both public and 
private hospitals, along with allocating adequate mate-
rial resources, implementing a robust supply chain 
management system and digitalization of medical and 
laboratory records in public hospitals, are fundamental 

Table 6 Integration of qualitative themes and quantitative indicators, HAI Network’s BSI surveillance evaluation, India, 2022

Domain Qualitative themes Corresponding quantitative indicator result

Best practices Developed a resource-appropriate case definition Simplicity: easy to apply case definition

Established a network-based surveillance to detect BSI trends 
and outbreaks

Stability: All 21 (100%) sites checked had access to 24 by 7 lab 
facility
Sensitivity and PPV: Checked events had 100% PPV and 100% 
sensitivity
Sensitivity: Sensitive in detecting BSI trends from May 2017 to Dec 
2021
One outbreak of Burkholderia cepacia detected in the network 
using surveillance data

Ensured regular ongoing IPC trainings with Quality Improvement 
(QI) projects

Acceptability: 90% physicians surveyed starting a QI initiative 
in their ICU based on the feedback received from surveillance
Usefulness: 70% reported the feedback and trainings affecting care 
in the ICU by improving documentation of, and increasing adher-
ence to, recommended central-line practices, 31% sites imple-
mented one or more QI measures to decrease BSI rates 

Challenges Limited human resources

Lack of digitalization of medical and laboratory records Stability: 76% sites had access to all positive cultures, required 
for classifying BSI type, rest 24% did not have LIS, recorded lab 
results in manual registers
Stability: 71% sites capture missing cases at end of month
Simplicity: 80% of surveyed surveillance staff reported spend-
ing two hours or more per day collecting data from paper-based 
reports

Variable blood culturing practices Representativeness: 55% had their blood cultured with 44% cul-
tured within 24 h of a febrile episode
Survey: 50% physicians reported culturing 80% of the febrile 
patients
Timeliness: 44% of the febrile episodes reviewed had blood cul-
tured within 24 h

Inconsistent information sharing and data use Timeliness: 6/10 (60%) ICU physicians reported getting consistent 
monthly feedback

Funding and sustainability Stability: reporting ICUs decreased to 63/131 (48%) and report-
ing sites to 30/39 (77%) during quarter 4, 2021 when funding 
was interrupted

Impact of the COVID-19 pandemic Stability: Surveillance stopped in 22/39 (56%) sites during March–
April 2020 as staff were absorbed in COVID-19 duties

Opportunities Awareness and acceptance of BSI surveillance among participat-
ing sites

Acceptability: Acceptable among stakeholders at national and site 
level
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to establishing a successful HAI surveillance program 
as reported in previous research [25, 26].

Our study highlights the presence of inconsist-
ent culturing practices during febrile episodes and a 
lack of agreement between actual and reported febrile 
patients among physicians, which is not exclusive to 
low-resource settings. Similar deficits in blood culture 
ordering and adherence to guidelines have also been 
observed among inpatient care physicians in high-
resource settings [27–29]. The underlying reasons for 
these variations in culturing practices remain unclear 
but should be studied to provide ways to enhance the 
detection of BSIs and improve the representativeness of 
the surveillance system. Contrary to physician opinions 
in our study suggesting that conducting cultures is too 
costly, studies conducted in low-resource settings dem-
onstrates investing in laboratory capacity and cultur-
ing practices can result in cost savings despite greater 
upfront investments and lead to improved health out-
comes by reducing inappropriate antibiotic use [30].

Several limitations were identified in our study. The 
participating sites joined the study voluntarily, which 
might have introduced a potential selection bias as 
these sites may have had a more favorable opinion 
towards the network. The onsite visits were conducted 
in four network hospitals, and blood culture ordering 
practices documented in these hospitals might not rep-
resent the entire network.

Conclusion
An active, prospective BSI surveillance, utilizing a 
common definition, is feasible in a low-resource set-
tings. Prioritizing allocation of dedicated personnel 
for surveillance, training them to use data for action, 
digitalizing medical records, improving blood culturing 
practices, establishing systematic feedback mechanisms 
to share data with treating physicians, and long-term 
funding commitment from policymakers are crucial to 
make HAI surveillance networks sustainable.
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