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Background 
In low- and middle-income countries (LMIC), neonatal healthcare-associated infections 
(HAI) are associated with increased morbidity, mortality, hospital stay, and costs. When 
resources are limited, addressing HAI through infection prevention and control (IPC) 
requires prioritizing interventions to maximize impact. However, little is known about the 
gaps in LMIC that contribute most to HAI. 

Methods 
A literature review was conducted to identify the leading IPC gaps contributing to 
neonatal HAIs in intensive care units and specialty care wards in LMIC. Additionally, a 
panel of 21 global experts in neonatology and IPC participated in an in-person modified 
Delphi process to achieve consensus on the relative importance of these gaps as 
contributors to HAI. 

Results 
Thirteen IPC gaps were identified and summarized into four main categories: facility 
policies such as prioritizing a patient safety culture and maintaining facility capacity, 
general healthcare worker behaviors such as hand hygiene and proper device insertion 
and maintenance, specialty healthcare worker behaviors such as cleaning and 
reprocessing of medical equipment, and infrastructural considerations such as adequate 
medical equipment and hand hygiene supplies. 

Conclusions 
Through a modified Delphi process, we identified the leading IPC gaps contributing to 
neonatal HAIs; this information can assist policymakers, public health officials, 
researchers, and clinicians to prioritize areas for further study or intervention. 

Hospital-onset neonatal sepsis, of which bacteremia is a 
leading cause, is a rapidly growing cause of neonatal mor-
bidity and mortality, prolonging hospital stays and increas-
ing costs.1,2 Hospital-onset neonatal sepsis has an esti-
mated annual global burden of 3.0 million cases and an 
overall mortality of 11-19%.3 Rates of neonatal healthcare-
associated infections (HAI) in low- and middle-income 
countries (LMIC) are 3-20 times higher than high-resource 
settings.4,5 Recent studies from LMIC report a majority of 
invasive bacterial infections in neonates are caused by 
multi-drug resistant pathogens, organisms that are usually 
acquired in the healthcare setting.6,7 

In LMIC, many infection prevention and control (IPC) 
programs are not fully resourced and therefore cannot 
adopt all best practices within all key IPC domains. In these 
cases, IPC programs would have to prioritize the areas that 
are felt to be the most important and yield the most impact. 
Although each healthcare setting is likely to be different, in 
resource-limited settings it is often challenging to conduct 
a full individualized assessment and identify context-spe-
cific priorities; therefore, identifying IPC gaps that are com-
monly encountered may help policymakers, public health 
officials, infection preventionists, researchers, and clini-
cians prioritizing interventions. We sought expert opinions 
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from neonatologists and IPC experts and conducted a mod-
ified Delphi process to understand the most common and 
relevant IPC gaps in neonatal settings in LMIC. Here, we 
aim to summarize the process of examining common gaps 
and discuss its implications for policy and practice. 

METHODS 
LITERATURE REVIEW 

A literature review was conducted from December 2018 to 
March 2019. A combination of search terms was used (Ap-
pendix S1 in the Online Supplementary Document) to 
describe neonatal HAIs, IPC, and LMIC. The search was 
conducted with the following databases: Medline, Embase, 
Global Health, CINAHL, and Cochrane Library. Following 
the initial search, additional articles were found manually 
using the reference list of identified articles. The articles in-
cluded were based on the eligibility criteria shown in Table 
1. 

Information was extracted using a standardized data ab-
straction form. IPC gaps were identified from outbreak re-
ports, cohort studies, case-control studies and intervention 
studies. Risk factors not related to IPC practices such as low 
birth weight, prematurity, or maternal health were docu-
mented but not analyzed. 

Identified IPC gaps were based on expert-opinion 
grouped in the following categories: invasive devices, hand 
hygiene, injection safety, receipt of total parenteral or par-
enteral nutrition (TPN/PN), environmental cleaning, spac-
ing, built environment, staffing and training, and other. 

MODIFIED DELPHI PROCESS PART 1 

A group of eight global subject matter experts in neonatol-
ogy, IPC, and epidemiology in LMIC were identified (Appen-
dix S2 in the Online Supplementary Document) to review 
the findings from the literature search and provide input 
into the list of IPC gaps related to neonatal HAIs in LMIC. 
The list was narrowed to 39 gaps specific to NICU care and 
excluded those associated with labor, delivery, and prenatal 
care such as group B streptococcal (GBS) screening or ma-
ternal immunization. 

Using a modified Delphi process,9,10 the experts then in-
dividually categorized the gaps based on perceived contri-
bution towards neonatal HAIs. For this process, the partici-
pants were asked to rank the 39 identified gaps as very low, 
low, medium, high, or very high contribution toward neona-
tal HAIs. Responses were compiled and converted to a nu-
meric scale, 1-5. The median response was then calculated 
for each gap and results were shared with the group for 
additional discussion. This process was repeated two more 
times and included additional criteria for each round, in-
cluding the size of affected population, applicability to the 
level of care, and contribution to possible outbreaks. A total 
of 21 gaps were ranked high or very high and included in the 
final list. 

MODIFIED DELPHI PROCESS PART 2 

To further prioritize the list of 21 high priority gaps, a sec-
ond modified Delphi process was conducted in a two-day 

Table 1: Eligibility criteria for literature review 

Inclusion Criteria: 

Exclusion Criteria: 

NICU: neonatal intensive care unit, IPC: infection prevention and control, HAI: health-
care-associated infection 

in-person meeting with an additional 13 subject matter ex-
perts, including 11 from LMIC (Appendix S2 in the Online 
Supplementary Document). Participants were asked to rank 
the gaps from lowest to highest contribution to neonatal 
HAIs on a numerical scale from 1 to 21. 

For each gap, we calculated the percentage of partici-
pants who ranked it in the top five and bottom five scores. 
We then ranked the gaps based on the difference between 
those percentages. Positive differences indicated a highly 
ranked gap and negative differences indicated a low ranked 
gap. Those ranking lowest were removed and the results 
were shared with the expert group after each round of vot-
ing. Discussions were held after each round to build consen-
sus and develop a final list. 

RESULTS 
LITERATURE REVIEW 

The database search returned 3,386 articles; 12 articles 
were added manually. After the removal of duplicates, 2,325 
articles remained. Following an initial title and abstract re-
view, 1,987 articles were excluded using the criteria in Table 
1. Of the 338 articles undergoing full-text review, 225 were 
excluded using the same criteria and 113 were included 
in the analysis (Appendix S3 in the Online Supplementary 
Document). Among them, 87 were risk studies (eg., out-
break reports, cohort studies, case-control studies) and 26 
were intervention studies (Table S1 in the Online Supple-
mentary Document). 

A total of 141 gaps were identified from 87 risk studies. 
Table 2 shows the gaps by category. Gaps in IPC practices 
related to prevention of device-related HAI were most com-
monly identified (45%): intravenous lines (n=31, 22%), ven-
tilators (n=30, 21%), and tube feeding or transfusion (n=3, 
2%). Inadequate hand hygiene was also frequently cited, ap-
pearing in 19 (13%) studies followed by inappropriate injec-
tion safety in 11 studies (8%). 

• NICU setting 

• IPC gaps contributing to neonatal HAI 

• IPC interventions to reduce infection 

• Original articles from low- and middle-income countries (based 

on 2018 World Bank definition)8 

• Full-text available 

• Treatment or prophylaxis drug use 

• Non-healthcare-associated infections 

• Non-neonatal populations 

• Non-healthcare settings 

• Non-English languages 

• Commentary, conference abstracts 
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MODIFIED DELPHI PROCESS PART 1 

Part 1 of the modified Delphi process was conducted in 
three rounds of ranking with response rates of 63% (5/8), 
63% (5/8), and 88% (7/8), respectively. Some gaps such as 
‘patient proximity to toilets, infectious waste bins, and 
sluice rooms’ were deemed less of a concern than ‘unsafe 
sterilization and reprocessing of medical devices’ and ‘in-
sertion and maintenance of central venous catheters,’ 
which were ranked as very high contribution to HAI. The 
group also discussed gaps that could potentially lead to an 
outbreak in the healthcare unit such as ‘poor adherence to 
processing or sterilization measures,’ ‘reuse of single-use 
equipment’, and ‘poor healthcare worker compliance with 
proper hand hygiene.’ 

After discussing the results with the expert group, the 
gaps rated as very high or high were compiled to create a list 
of the 21 primary IPC gaps contributing to neonatal HAIs 
(Appendix S4 in the Online Supplementary Document). 

MODIFIED DELPHI PROCESS PART 2 

Part 2 of the modified Delphi process was conducted in-per-
son with the goal of establishing the priority areas within 
21 primary IPC gaps identified during Part 1. Two rounds of 
voting occurred with response rates of 90% (19/21) and 95% 
(20/21), respectively. 

In the initial round of the in-person Delphi process, 67% 
of participants agreed that low healthcare worker (HCW) 
hand hygiene compliance and inadequate nurse to neonate 
ratio were in the top five IPC gaps while 100% of partic-
ipants put availability of personal protective equipment 
(PPE) in the bottom five IPC gaps. The other gaps that were 
commonly placed in the bottom five were sink designs that 
proliferate biofilm (83%), lack of sinks for handwashing 
(67%), and inadequate cleaning of medical equipment 
(50%). 

These low-ranking gaps were removed for the final round 
of the process. In this round, 90% of participants agreed 
that poor patient safety culture was among the top five 
IPC gaps along with low HCW hand hygiene compliance 
(75%) and inadequate nurse-to-neonate ratio (65%). Half of 
the participants placed limited IPC knowledge and practices 
among primary caregivers and visitors in the bottom five so 
it was removed from the list. 

Following voting and discussion, the final list of 13 pri-
mary gaps contributing to neonatal infections in LMIC was 
determined (Table 3). These 13 gaps were then categorized 
as facility policies, general healthcare worker behaviors, 
specialty healthcare worker behaviors, and infrastructure 
and consumables. Lack of patient safety culture, in partic-
ular, was identified as one of the most important IPC gaps 
contributing to neonatal HAIs. 

DISCUSSION 

To our knowledge, this is the first attempt at identifying 
the most common, and most important, IPC gaps that con-
tribute to neonatal sepsis in LMIC. Our final list is based 
on a review of the literature, expert opinion, and experience 
working in resource-limited neonatal wards. This informa-

Table 2: Identified IPC gaps from risk studies (n=87) 

IPC gaps by category Number (%) 

Device 
        •    Venous line (CV, PICC, other) 
        •    Ventilation* 
        •    Other device** 

64 
31 
30 

3 

45 
22 
21 

2 

Hand hygiene 19 13 

Injection safety 11 8 

TPN/PN 10 7 

Environmental cleaning 8 6 

Spacing 5 4 

Built environment 2 1 

Staffing and training 1 1 

Other 21 15 

Total 141 100 

IPC: infection prevention and control, CVC: central venous catheter, PICC: peripherally 
inserted central catheter, TPN: total parenteral nutrition 
*Ventilation includes: mechanical ventilation, prolonged ventilation, intubation, and re-
intubation 
**Other devices include: tube feeding and transfusion 

Table 3: Final list of IPC gaps most contributing to 
neonatal HAI in LMIC as determined by the modified 
Delphi process 

Facility policies: 

General healthcare worker behaviors: 

Specialty healthcare worker behaviors: 

Infrastructure and consumables: 

HAI: healthcare-associated infection, HCW: healthcare worker, IV: intravenous, LMIC: 
low- and middle-income countries 

tion may be used by policymakers, public health officials, 
clinicians, and researchers to prioritize interventions. 

The group agreed that poor patient safety culture was 
one of the most important contributors to weak IPC in 
healthcare facilities. Improving patient safety culture, de-
fined as the product of individual and group beliefs, values, 
attitudes, perceptions, competencies, and patterns of be-

• Poor patient safety culture 

• Inadequate nurse to neonate ratio 

• Multiple neonates in a single patient incubator or warmer 

• Exceeds facility capacity 

• Low HCW (and caregiver) hand hygiene compliance 

• Improper aseptic technique for device insertion 

• Poor adherence to device and IV maintenance, care, and admin-

istration 

• Inadequate cleaning of non-critical items in contact with skin 

• Inadequate sterilization or reprocessing of multi-use, semi-criti-

cal and critical items 

• Improper sterile compounding of medication or fluids and im-

proper multi-dose vial or solution use 

• Reuse of single use semi-critical and critical items 

• Lack of alcohol-based hand rub at point of care 

• Lack of running water, sink, soap and paper towels on ward 
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havior that determine the organization’s commitment to 
quality and patient safety,11 has been demonstrated to 
lower HAI rates.12 Several studies have demonstrated that 
interventions targeting patient safety culture, including 
comprehensive unit-based safety programs (CUSP), can be 
a highly important intervention to prevent HAI.13–16 CUSP 
is a method that includes both technical and socioadaptive 
aspects, and it can help clinical teams make care safer by 
combining improved teamwork, clinical best practices, and 
the science of safety. This approach has been attempted in 
LMIC with some success.17 

We identified some important gaps that IPC specialists 
often do not have the mandate to address in LMIC. For 
example, improper sterile compounding and use of multi-
dose vials or solutions were identified as critically impor-
tant risk factors for infection; however, these tasks typically 
are conducted by clinical pharmacists or clinical nurses. 
Likewise, the group also identified inadequate environmen-
tal cleaning and reprocessing of equipment; these tasks are 
often carried out by contracted cleaning staff. Establishing 
linkages with IPC to these services and professions can be 
critical to address these deficiencies. 

The group identified lack of human resources or space 
(e.g., inadequate nurse-to-neonate ratio; multiple neonates 
in a single incubator/warmer; exceeding facility capacity) 
as being major contributors to poor IPC. Understaffing and 
overcrowding have been well-described in the literature as 
risk factors for HAIs.18–20 While it is certainly not surpris-
ing that these factors, which are very resource-intensive to 
rectify, were seen as vital contributors to risk, it was rec-
ognized that many of these problems stem from the same 
common underlying issue of overcrowding and a lack of suf-
ficient special care for small and sick newborns.21 Advocat-
ing for “right-sized” neonatal wards or admissions policies, 
where the number of patients do not exceed the capacity of 
the facility, is one critical policy that could make a substan-
tial difference in addressing these gaps. This implies a po-
tential need for government buy-in for these policies to be 
put in place. Recognition that these gaps require policy so-
lutions has been increasingly evident. In South Africa, for 
example, a framework for a nationally endorsed HAI pre-
vention strategy features the need for IPC policy and infra-
structure development.22 

There are several limitations to our process. First, the 
data from our literature search was limited by the detail and 
quality of the original articles. Some articles did not provide 
detailed information about each IPC gap; for example, if the 
device was identified as an IPC gap, it is also possible that 
the facility also had inappropriate hand hygiene practice or 
a lack of safety culture. Similarly, it was sometimes difficult 
to assess whether gaps were identified through conjecture 
or epidemiological or biological evidence. Second, since the 
first rounds of voting were facilitated via email, there were 
low response rates in part 1 of the Delphi process contribut-
ing to a small sample size. Third, although there was good 
consensus among participants, these data are based on the 
collective experience of the group and may not be applica-
ble to all similar settings. 

CONCLUSIONS 

Using a modified Delphi approach, we developed a list of 
some of the most important IPC gaps to address to prevent 
neonatal HAI in LMIC. Although additional epidemiological 
research is needed, these data can be used immediately to 
approach IPC improvements in neonatal settings to reduce 
risk of infection and death among this vulnerable popula-
tion. Our study included experts from various countries and 
backgrounds and thus this study does not represent any one 
specific country. Since the epidemiological situation and re-
sources vary by country, conducting a similar process with 
neonatal and IPC experts in specific country settings may 
be recommended for a more tailored approach. Future work 
should also include systematic assessments of neonatal set-
tings to improve our understanding of baseline IPC con-
ditions, in addition to published implementation science 
studies highlighting the challenges and solutions for reduc-
ing neonatal infection in LMIC. 

ACKNOWLEDGMENTS 

We would like to thank the Bill and Melinda Gates Foun-
dation for their generous funding of this project. We would 
also like to thank the IPC and neonatalogy experts who par-
ticipated in the Delphi process. 

DISCLAIMER 

The findings and conclusions in this report are those of the 
authors and do not necessarily represent the official posi-
tion of the Centers for Disease Control and Prevention or 
the U.S. Agency for International Development. 

FUNDING 

This project was funded by the Bill and Melinda Gates Foun-
dation. 

AUTHOR CONTRIBUTIONS 

DY, HO, JW, and JK conceptualized and designed the study, 
conducted the literature review, and organized the online 
and in-person Delphi processes. AK, JJ, JH, SC, PR, and FS 
provided input on the initial list of IPC gaps and partici-
pated in the Delphi process. BP conceptualized and over-
saw study design and implementation and conceived of the 
manuscript. DY drafted the manuscript. All authors re-
viewed, edited, and approved the manuscript. 

COMPETING INTERESTS 

Joost Hopman acts for the Radboudumc as a consultant for 
Médecins Sans Frontières, Amsterdam, the Netherlands. All 
other authors completed the Unified Competing Interest 
form at www.icmje.org/coi_disclosure.pdf (available upon 
request from the corresponding author), and declare no 
conflicts of interest. 

Identifying the priority infection prevention and control gaps contributing to neonatal healthcare-associated infections...

Journal of Global Health Reports 4

http://www.icmje.org/coi_disclosure.pdf


CORRESPONDENCE TO: 

Daiva Yee 
Centers for Disease Control and Prevention, Atlanta, Geor-
gia, USA 
nrr3@cdc.gov 

Submitted: February 01, 2021 GMT, Accepted: February 21, 

2021 GMT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-

mons.org/licenses/by/4.0/legalcode for more information. 

Identifying the priority infection prevention and control gaps contributing to neonatal healthcare-associated infections...

Journal of Global Health Reports 5

mailto:nrr3@cdc.gov


REFERENCES 

1. Shane AL, Sánchez PJ, Stoll BJ. Neonatal sepsis. 
The Lancet. 2017;390(10104):1770-1780. doi:10.1016/
s0140-6736(17)31002-4 

2. Karagiannidou S, Zaoutis T, Maniadakis N, 
Papaevangelou V, Kourlaba G. Attributable length of 
stay and cost for pediatric and neonatal central line-
associated bloodstream infections in Greece. J Infect 
Public Health. 2019;12(3):372-379. doi:10.1016/j.jip
h.2018.12.004 

3. Fleischmann-Struzek C, Goldfarb DM, Schlattmann 
P, Schlapbach LJ, Reinhart K, Kissoon N. The global 
burden of paediatric and neonatal sepsis: a 
systematic review. The Lancet Respiratory Medicine. 
2018;6(3):223-230. doi:10.1016/s2213-2600(18)3006
3-8 

4. Zaidi AK, Huskins WC, Thaver D, Bhutta ZA, Abbas 
Z, Goldmann DA. Hospital-acquired neonatal 
infections in developing countries. Lancet. 
2005;365(9465):1175-1188. doi:10.1016/s0140-6736(0
5)71881-x 

5. Allegranzi B, Bagheri Nejad S, Combescure C, et al. 
Burden of endemic health-care-associated infection 
in developing countries: systematic review and meta-
analysis. Lancet. 2011;377(9761):228-241. doi:10.101
6/s0140-6736(10)61458-4 

6. Okomo U, Akpalu ENK, Le Doare K, et al. Aetiology 
of invasive bacterial infection and antimicrobial 
resistance in neonates in sub-Saharan Africa: a 
systematic review and meta-analysis in line with the 
STROBE-NI reporting guidelines. Lancet Infect Dis. 
2019;19(11):1219-1234. doi:10.1016/s1473-3099(19)3
0414-1 

7. Madhi SA, Pathirana J, Baillie V, et al. Unraveling 
Specific Causes of Neonatal Mortality Using 
Minimally Invasive Tissue Sampling: An 
Observational Study. Clin Infect Dis. 
2019;69(Supplement_4):S351-s360. doi:10.1093/cid/ci
z574 

8. World Bank. World Bank Country and Lending 
Groups. Published 2018. Accessed December 2018. htt
ps://datahelpdesk.worldbank.org/knowledgebase/arti
cles/906519-world-bank-country-and-lending-groups 

9. Okoli C, Pawlowski SD. The Delphi method as a 
research tool: an example, design considerations and 
applications. Information & Management. 
2004;42(1):15-29. doi:10.1016/j.im.2003.11.002 

10. Fink A, Kosecoff J, Chassin M, Brook RH. 
Consensus methods: characteristics and guidelines 
for use. American Journal of Public Health. 
1984;74(9):979-983. doi:10.2105/ajph.74.9.979 

11. The Joint Commission USA. The essential role of 
leadership in developing a safety culture. Sentinel 
Event Alert. 2017;(57):1-8. 

12. van Buijtene A, Foster D. Does a hospital culture 
influence adherence to infection prevention and 
control and rates of healthcare associated infection? 
A literature review. J Infect Prev. 2019;20(1):5-17. do
i:10.1177/1757177418805833 

13. Saint S, Greene MT, Krein SL, et al. A Program to 
Prevent Catheter-Associated Urinary Tract Infection 
in Acute Care. New England Journal of Medicine. 
2016;374(22):2111-2119. doi:10.1056/NEJMoa150490
6 

14. Palomar M, Alvarez-Lerma F, Riera A, et al. 
Impact of a national multimodal intervention to 
prevent catheter-related bloodstream infection in the 
ICU: the Spanish experience. Crit Care Med. 
2013;41(10):2364-2372. doi:10.1097/CCM.0b013e318
2923622 

15. Pronovost P. Interventions to decrease catheter-
related bloodstream infections in the ICU: The 
Keystone Intensive Care Unit Project. American 
Journal of Infection Control. 
2008;36(10):S171.e171-S171.e175. doi:10.1016/j.aji
c.2008.10.008 

16. Ntumba P, Mwangi C, Barasa J, Aiken A, Kubilay Z, 
Allegranzi B. Multimodal approach for surgical site 
infection prevention – results from a pilot site in 
Kenya. Antimicrobial Resistance and Infection Control. 
2015;4(1):P87. doi:10.1186/2047-2994-4-S1-P87 

17. Clack L, Willi U, Berenholtz S, Aiken AM, 
Allegranzi B, Sax H. Implementation of a surgical 
unit-based safety programme in African hospitals: a 
multicentre qualitative study. Antimicrob Resist Infect 
Control. 2019;8:91. doi:10.1186/s13756-019-0541-3 

18. Haley RW, Bregman DA. The Role of Understaffing 
and Overcrowding in Recurrent Outbreaks of 
Staphylococcal Infection in a Neonatal Special-Care 
Unit. Journal of Infectious Diseases. 
1982;145(6):875-885. doi:10.1093/infdis/145.6.875 

Identifying the priority infection prevention and control gaps contributing to neonatal healthcare-associated infections...

Journal of Global Health Reports 6

https://doi.org/10.1016/s0140-6736(17)31002-4
https://doi.org/10.1016/s0140-6736(17)31002-4
https://doi.org/10.1016/j.jiph.2018.12.004
https://doi.org/10.1016/j.jiph.2018.12.004
https://doi.org/10.1016/s2213-2600(18)30063-8
https://doi.org/10.1016/s2213-2600(18)30063-8
https://doi.org/10.1016/s0140-6736(05)71881-x
https://doi.org/10.1016/s0140-6736(05)71881-x
https://doi.org/10.1016/s0140-6736(10)61458-4
https://doi.org/10.1016/s0140-6736(10)61458-4
https://doi.org/10.1016/s1473-3099(19)30414-1
https://doi.org/10.1016/s1473-3099(19)30414-1
https://doi.org/10.1093/cid/ciz574
https://doi.org/10.1093/cid/ciz574
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://doi.org/10.1016/j.im.2003.11.002
https://doi.org/10.2105/ajph.74.9.979
https://doi.org/10.1177/1757177418805833
https://doi.org/10.1177/1757177418805833
https://doi.org/10.1056/NEJMoa1504906
https://doi.org/10.1056/NEJMoa1504906
https://doi.org/10.1097/CCM.0b013e3182923622
https://doi.org/10.1097/CCM.0b013e3182923622
https://doi.org/10.1016/j.ajic.2008.10.008
https://doi.org/10.1016/j.ajic.2008.10.008
https://doi.org/10.1186/2047-2994-4-S1-P87
https://doi.org/10.1186/s13756-019-0541-3
https://doi.org/10.1093/infdis/145.6.875


19. Andersen BM, Lindemann R, Bergh K, et al. 
Spread of methicillin-resistant Staphylococcus aureus 
in a neonatal intensive unit associated with 
understaffing, overcrowding and mixing of patients. 
Journal of Hospital Infection. 2002;50(1):18-24. doi:1
0.1053/jhin.2001.1128 

20. Harbarth S, Sudre P, Dharan S, Cadenas M, Pittet 
D. Outbreak of Enterobacter cloacae Related to 
Understaffing, Overcrowding, and Poor Hygiene 
Practices. Infection Control & Hospital Epidemiology. 
1999;20(9):598-603. doi:10.1086/501677 

21. Moxon SG, Lawn JE, Dickson KE, et al. Inpatient 
care of small and sick newborns: a multi-country 
analysis of health system bottlenecks and potential 
solutions. BMC Pregnancy and Childbirth. 
2015;15(2):S7. doi:10.1186/1471-2393-15-S2-S7 

22. Dramowski A, Cotton MF, Whitelaw A. A 
framework for preventing healthcare-associated 
infection in neonates and children in South Africa. 
South African Medical Journal. 2017;107(3):192. doi:1
0.7196/samj.2017.v107i3.12035 

Identifying the priority infection prevention and control gaps contributing to neonatal healthcare-associated infections...

Journal of Global Health Reports 7

https://doi.org/10.1053/jhin.2001.1128
https://doi.org/10.1053/jhin.2001.1128
https://doi.org/10.1086/501677
https://doi.org/10.1186/1471-2393-15-S2-S7
https://doi.org/10.7196/samj.2017.v107i3.12035
https://doi.org/10.7196/samj.2017.v107i3.12035


SUPPLEMENTARY MATERIALS 

Online Supplementary Document 
Download: https://www.joghr.org/article/21367-identifying-the-priority-infection-prevention-and-control-gaps-
contributing-to-neonatal-healthcare-associated-infections-in-low-and-middle-income-cou/attachment/54606.docx 

Identifying the priority infection prevention and control gaps contributing to neonatal healthcare-associated infections...

Journal of Global Health Reports 8

https://www.joghr.org/article/21367-identifying-the-priority-infection-prevention-and-control-gaps-contributing-to-neonatal-healthcare-associated-infections-in-low-and-middle-income-cou/attachment/54606.docx
https://www.joghr.org/article/21367-identifying-the-priority-infection-prevention-and-control-gaps-contributing-to-neonatal-healthcare-associated-infections-in-low-and-middle-income-cou/attachment/54606.docx

	Background
	Methods
	Results
	Conclusions
	METHODS
	Literature review
	Modified Delphi process part 1
	Modified Delphi process part 2

	RESULTS
	Literature review
	Modified Delphi process part 1
	Modified Delphi process part 2

	DISCUSSION
	CONCLUSIONS
	Acknowledgments
	Disclaimer
	Funding
	Author Contributions
	Competing Interests
	Correspondence to:

	References
	Supplementary Materials

