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Objectives: To describe the characteristics of nosocomial cases of Ebola virus disease (EVD) in the Demo- 

cratic Republic of the Congo between July 2018 and May 2020 in order to inform future interventions. 

Methods: Nosocomial cases of EVD were identified during outbreak response surveillance, and a retro- 

spective analysis of cases was conducted according to demographic characteristics and type of health 

facility (HF). 

Results: Of 3481 cases of EVD, 579 (16.6%) were nosocomial. Of these, 332 cases occurred in women 

(57.3%). Patients and visitors accounted for 419 cases (72.4%), of which 79 (18.9%) were aged 6–≤18 years 

and 108 (25.8%) were aged ≤5 years. Health workers (HWs) accounted for the remaining 160 (27.6%) 

nosocomial cases. The case fatality rate (CFR) for HWs (66/160, 41.3%) was significantly lower than the 

CFR for patients and visitors (292/419, 69.7%) ( P < 0.001). The CFR was higher among cases aged 6–

≤18 years (54/79, 68.4%) and ≤5 years (89/108, 82.4%). Referral HFs ( > 39 beds) had the highest preva- 

lence of nosocomial EVD (148/579, 25.6%). Among HFs with at least one case of nosocomial infection, 

50.0% (98/196) were privately owned. 

Conclusions: Nurses and traditional healers should be targeted for infection prevention and control train- 

ing, and supportive supervision should be provided to HFs to mitigate EVD transmission. 

© 2021 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND IGO license 

( http://creativecommons.org/licenses/by-nc-nd/3.0/igo/ ) 
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Ebola virus disease (EVD) has affected countries in Africa since 

976 ( Chowell and Nishiura, 2014 ; Jacob et al., 2020 ). Recent EVD 

utbreaks in West Africa (2014–2016) and the Democratic Republic 

f the Congo (DRC) (2018–2020) have been declared Public Health 

mergencies of International Concern by the World Health Orga- 

ization (WHO) ( WHO, 2014a , 2019a ). The 2018–2020 DRC EVD 
us Diseases. This is an open access article under the CC BY-NC-ND IGO license 
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utbreak (the largest in the country) involved cases transmitted 

ithin health facilities (HFs) [i.e. nosocomial infections (NIs)], re- 

ulting in further transmission chains and prolongation of the out- 

reak. Prior to the EVD outbreak, no established NI surveillance 

ystem existed in DRC. 

Transmission of EVD mainly occurs through direct contact with 

lood and bodily fluids, or indirect contact with contaminated sur- 

aces ( Chowell and Nishiura, 2014 ). In HFs, health workers (HWs) 

requently handle blood and bodily fluids, increasing the risk of 

VD cross-contamination among patients as well as HW exposure 

 Kaner and Schaack, 2016 ). During EVD outbreaks, HFs can be- 

ome amplification epicentres, enabling transmission chains to ex- 

end into communities from contact with infected patients, visi- 

ors or HWs ( Allegranzi et al., 2017 ; Selvaraj et al., 2018 ). Under-

tanding the epidemiology of NIs is key in the development of ef- 

ective infection prevention and control (IPC) interventions during 

utbreaks, particularly in limited-resource settings. However, es- 

ablishing a robust NI definition and validating cases in the con- 

ext of a large EVD outbreak is a major challenge, as boundaries 

etween nosocomial and community acquisition are unclear. 

This article describes the characteristics of nosocomial cases of 

VD that occurred in the provinces of Ituri, North Kivu and South 

ivu in DRC between 2018 and 2020, and aims to: (i) identify pri- 

rity IPC strategies to strengthen outbreak preparedness, readiness 

nd response; and (ii) facilitate the development of future EVD NI 

urveillance systems. 

etting and outbreak response 

DRC is the second largest country in Africa, with approximately 

0% of the total population living in the provinces of Ituri, North 

ivu and South Kivu ( INS, 2019 ). DRC has a Human Development 

ndex of 0.459 ( UNDP, 2020 ) and a Healthcare Access and Qual- 

ty Index of 29.6 ( Fullman et al., 2018 ). Only 52% and 29% of the

opulation have access to clean water and improved sanitation, re- 

pectively ( UNICEF, 2020 ). More than 3500 HFs ( HDX, 2018 ) are

egistered in the three affected provinces, including informal HFs 

uch as traditional practitioners. During the outbreak response, HFs 

ere classified according to capacity (Category 1: > 39 beds; Cate- 

ory 2: 20–39 beds; Category 3: 5–19 beds; and Category 4: 0–4 

eds) to facilitate the EVD IPC operational response [e.g. number 

f consumable items, such as personal protective equipment (PPE) 

equired per HF]. Category 1 HFs include general referral hospitals 

non-EVD treatment centre) within the local health zone, and Cat- 

gory 4 HFs include those operated by traditional practitioners or 

ealers, whose formal clinical training is highly variable. 

Within the DRC health system, each province is subdivided into 

ealth zones, and each health zone is subdivided into health ar- 

as. For the outbreak response, intermediary and temporary strate- 

ic divisions, or ‘sub-coordinations’, were set up across the EVD- 

ffected provinces. Each sub-coordination incorporated one to 12 

ealth zones pertaining to the routine health system [see Ta- 

le S1 (online supplementary material) for more information] . Re- 

ponse teams (including the IPC pillar) were embedded within 

ach sub-coordination. On identification of an EVD case, an ‘IPC 

ing’ ( Hageman et al., 2016 ) was activated to prevent further trans- 

ission chains by strengthening IPC measures at HF and commu- 

ity levels within the ring perimeters. IPC ring interventions in- 

luded decontamination of affected HFs and/or households, HW 

riefing, IPC/WASH kit donation, and a rapid HF assessment using 

 standardized tool (scorecard) followed by development of an im- 

rovement action plan ( Ousman et al., 2019 ). To further strengthen 

PC measures and encourage consistent, evidence-based IPC prac- 

ices across all response organizations, in September 2019, the 

inistry of Health (MoH) endorsed a package of over 70 standard- 
127 
zed IPC tools, including training modules and standard operational 

rocedures, for affected localities. 

ethods 

tudy design 

A descriptive analysis of nosocomial cases of EVD identified be- 

ween July 2018 and May 2020 in DRC was performed. 

urveillance and data collection 

From July 2018 to May 2020, data were collected prospectively 

y MoH and WHO through the established response surveillance 

ystem. EVD cases were classified as ‘confirmed’ or ‘probable’ de- 

ending on laboratory availability, using reverse transcriptase poly- 

erase chain reaction, genetic sequencing and epidemiological in- 

estigation, and entered into a line-list database. NI identification 

as conducted jointly by the surveillance and IPC pillars; all EVD 

ases (patients, visitors, family members and caregivers) that had 

ither visited or worked in a HF prior to symptom onset were as- 

essed to determine whether the NI case definition criteria was 

et. Procedures for the identification of EVD cases are described 

n more detail elsewhere ( WHO, 2014b ; Aruna et al., 2019 ). 

I case definition 

As the outbreak evolved, the inclusion criteria for a NI case 

ere reviewed and revised accordingly. A confirmed or probable 

VD case was defined as a NI if it met the following criteria: 

• Period 1 (July–December 2018): being a HW or a patient being 

cared for by a HW identified as having EVD; 
• Period 2 (January–August 2019): having any exposure to a HF 

within 21 days preceding symptom onset; and 

• Period 3 (September 2019–May 2020): having any exposure to 

a HF (admission, visit or work) where a confirmed or proba- 

ble symptomatic case was located, within 2–21 days preceding 

symptom onset, and no documented exposure to an EVD case 

in the community. 

ata analysis 

The EVD surveillance line-list database was cross-linked to the 

PC monitoring database of each HF to include additional informa- 

ion whenever applicable. Relevant variables recorded, such as age, 

ex, health zone, HF category, individuals affected, professional oc- 

upation (if a HW), time between symptom onset and reporting to 

urveillance, and mortality were analysed retrospectively. Regard- 

ng ownership, HFs were classified as public, private or private not- 

or-profit (i.e. owned by a religious entity). 

Analyses were stratified using SPSS and R software by the three 

eriods corresponding to the different inclusion criteria for NI 

ases. Where applicable, differences in variables were analysed by 

hi-squared test for categorical data, or Student’s t -test or analysis 

f variance for quantitative data. The significance level was 0.05. 

ole of funding source 

Data collection for this study was part of the support to MoH 

y the WHO Health Emergencies international response to the 

VD outbreak in DRC (2018–2020) . The US Centers for Disease 

ontrol and Prevention cooperative agreement with WHO (award 

umber: 6 NU2GGH002225-01-02) supported data analysis and 

anuscript compilation. 
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Figure 1. Distribution of weekly confirmed or probable nosocomial and community cases of Ebola virus disease (EVD) during the July 2018––May 2020 outbreak in the 

Democratic Republic of the Congo (DRC). Note: Periods 1–3 correspond to the different inclusion criteria for nosocomial infection, which was modified as the outbreak 

progressed. 
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In total, 3481 cases of EVD were identified within the three 

rovinces between July 2018 and May 2020. Of these, 660 (19.1%) 

ere reported as NIs; however, this analysis is of the 579 (87.7%) 

ases for whom data were available. The distribution of nosocomial 

VD during the outbreak mirrored the time distribution of overall 

VD cases ( Figure 1 ). The characteristics of the nosocomial cases 

f EVD are provided in Table 1 ; the majority of cases were adults

67.7%) and female (57.3%). 

The overall nosocomial case fatality rate (CFR) was 61.8% 

358/579). The CFR was 2.8 times higher among children compared 

ith adults [odds ratio 2.8, 95% confidence interval (CI) 1.7–4.5; 

 < 0.001], impacting those aged ≤5 years most severely ( Table 1 ).

eventeen adults were aged > 65 years, and demonstrated the 

ighest group-specific CFR (94.0%). 

The average time between the onset and reporting of symptoms 

as 8.2 days ( Table 2 ) [standard deviation (SD) 12.3, 95% CI 7.0–

.4]. Where information was available, 84.5% (359/419) of NI cases 

isited at least two HFs (range 2–5) before detection and/or trans- 

er to an EVD transit centre. 

eographic distribution 

The majority of cases of NI occurred in North Kivu province 

484/579, 83.6%), followed by Ituri province (94/579, 16.2%); only 
128 
ne case was reported in South Kivu province (Table S2, see on- 

ine supplementary material). Cases were concentrated in the sub- 

oordinations of Butembo (294/579, 50.8%), Beni (115/579, 19.9%) 

nd Mangina (152/579, 26.3%). Within these sub-coordinations, 21 

f 29 health zones were affected, with almost half of all cases 

402/579, 69.4%) in four health zones: Beni, Katwa, Mabalako 

in the North Kivu) and Mandima (in Ituri). Temporal trends in 

he data within health zones demonstrated that a few localized 

VD clusters (Aloya, Biakato mines, Lwemba, Muchanga, Masuli, 

anzulinzuli) were responsible for 162 cases of NI ( Figure 2 ). 

F category and ownership 

Nosocomial cases of EVD were linked to 196 HFs. Among cases 

f NI with available category information (403 cases occurring in 

41 HFs), the highest proportion of cases occurred in Categories 1 

148/403) and 3 (123/403), accounting for 67.2% of cases. Of note, 

lusters in Aloya (Mangina sub-coordination), Kanzulinzuli, Masuli 

nd Muchanga (Beni sub-coordination) occurred mainly in Cate- 

ory 3 HFs. The average number of NIs per HF of Categories 1–4 

as 4.8, 2.7, 1.8 and 4.5 respectively. 

HFs for which category information was available and that had 

t least one case of NI were mainly Category 3 (48.9%, 69/141), 

ollowed by Category 1 (22.0%, 31/141), Category 2 (20.6%, 29/141) 

nd Category 4 (8.5%, 12/141). Category information about the HF 

n which 176 cases of NI occurred was not available for many HFs 
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Table 1 

Characteristics of cases of Ebola virus disease nosocomial infections in the Democratic Republic of the Congo, 

2018–2020. 

Characteristics No. 

Period 1: 

Jul–Dec 2018 a 
Period 2: 

Jan–Sept 2019 a 
Period 3: 

Oct 2019–May 2020 a 
Total 

n = 579 (%) 

Sex ( n = 579) 

Female 40 247 45 332 (57.3) 

Male 27 190 29 246 (42.5) 

No data 0 1 0 1 (0.2) 

Age (years) ( n = 579) 

≤5 5 86 17 108 (18.7) 

6–18 2 67 10 79 (13.7) 

> 18 60 285 47 392 (67.7) 

Age of deceased (years) ( n = 358; 66 health workers and 292 patients/visitors 

≤5 5 74 10 89 (24.9) 

6–18 1 48 5 54 (15.1) 

> 18 24 180 11 215 (60.1) 

Health workers 54 98 8 160 (27.2) 

NA, not applicable. 
a Periods 1–3 correspond to the different inclusion criteria for nosocomial infection, which was modified as 

the outbreak progressed. 

Table 2 

Number of days between the onset and reporting of nosocomial Ebola virus disease in the Democratic Republic 

of the Congo, 2018–2020. 

Statistical measure Time between onset and reporting of symptoms (days) 

Period 1: 

Jul–Dec 2018 a 

( n = 66) b 

Period 2: 

Jan–Sept 2019 a 

( n = 424) b 

Period 3: Oct 

2019–May 2020 a 

( n = 73) b 

Average 

( n = 563) b 

Mean 3.0 8.3 5.0 7.6 

Median 10.4 6.0 5.0 6.0 

Standard deviation 10.4 12.2 2.9 11.3 

a Periods 1–3 correspond to the different inclusion criteria for nosocomial infection, which was modified as 

the outbreak progressed. 
b Data were not available for all cases described in Table 1 . 

Figure 2. Timeline distribution of clusters of nosocomial cases of Ebola virus disease (EVD) in Aloya, Biakato mines, Lwemba, Masuli, and Muchanga health areas, Democratic 

Republic of the Congo (DRC), 2018–2020. NI, nosocomial infection. 

129 
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Figure 3. Distribution of weekly confirmed or probable nosocomial and community cases of Ebola virus disease (EVD) according to the category of health facility (HF) during 

the July 2018–May 2020 outbreak in the Democratic Republic of the Congo (DRC). Note: Periods 1–3 correspond to the different inclusion criteria for nosocomial infection 

(NI), which was modified as the outbreak progressed. 
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28.1%, 55/196). The distribution of NIs according to HF category is 

hown in Figure 3 , and according to ownership in Figure S2 (see 

nline supplementary material); additional details are provided in 

able S3 (see online supplementary material). 

Among the HFs associated with at least one case of NI and with 

vailable information on ownership (information was unavailable 

or three HFs), privately owned HFs accounted for 69.5% (98/141), 

ublic HFs accounted for 19.9% (28/141), and private not-for-profit 

Fs accounted for 10.6% (15/141). The private sector accounted for 

he majority of HF ownership across all categories, with the ex- 

eption of Category 1 (Figure S1, see online supplementary ma- 

erial). Information on whether HFs benefited from the support 

f non-governmental organizations (NGOs) was not available for 

8.4% (134/196) of HFs. Among the HFs with available data, 16.3% 

32/196) of HFs received support from at least one NGO, and 15.3% 

30/196) of HFs received no NGO support. 

Is among patients and visitors 

Patients and visitors accounted for 72.4% (419/579) of cases of 

I described in this study. The majority of NIs in patients and visi- 

ors occurred in females (264/419; 63.0%), who ranged in age from 

 to 82 years; the mean age ( ±SD) was 25.9 ± 17.8 years. A total of

4.8% (146/419) of cases among patients and visitors were of repro- 

uctive age (15–49 years), and 64.4% (94/146) of these were among 
130 
omen. The difference in age between females (36.2 ± 16.3 years) 

nd males (34.5 ± 13.4 years) was not significant ( P = 0.445). Chil- 

ren aged ≤18 years represented 43.7% (183/419) of cases of NI 

mong patients and visitors, while children aged ≤5 years repre- 

ented 25.8% (108/419). The CFR among patients and visitors of all 

ges with HF-associated EVD was 69.7% (292/419), with CFRs of 

2.0% (54/75) among children aged 6–18 years and 82.4% (89/108) 

mong children aged ≤5 years. 

Is among HWs 

During this outbreak, 179 cases of EVD among HWs were 

ecorded. However, 19 of these HWs did not meet the criteria for 

I because they had community links; these 19 cases were there- 

ore not included in the total for nosocomial cases of EVD among 

Ws. HWs accounted for 27.6% (160/579) of NIs analysed. The af- 

ected HWs were male in 57.7% of cases (92/160). The CFR among 

Ws was lower (66/160, 41.3%) compared with the CFR among pa- 

ients or visitors (292/419, 69.7%) ( P < 0.001). Nurses were the most 

ffected (108/160, 67.5%), followed by physicians (13/160, 8.1%), tra- 

itional healers (10/160, 6.3%), laboratory staff (7/160, 4.4%) and 

ygiene workers (5/160, 3.1%). Seventeen cases (10.6%) had no 

pecified occupation. Seventy-six of 160 (47.5%) HWs worked in 

ategory 1 HFs. Half of the cases among traditional healers (5/10, 

0.0%) occurred in Mangina. The proportion of infected HWs was 
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igh in some NI clusters. For instance, HWs represented 40.5% 

15/37) of nosocomial cases in Aloya, 20.0% (4/20) in Kanzulinzuli, 

nd 13.3% (4/30) in Biakato mines. 

iscussion 

The occurrence of nosocomial cases during an outbreak of 

VD highlights the importance of IPC for global health security 

 Allegranzi et al., 2017 ). Although the epidemiology of EVD is bet- 

er understood now than in the past ( Chowell and Nishiura, 2014 ; 

etter et al., 2016a ), this is the first study on NI in a large EVD

utbreak. This particularly challenging outbreak affected urban and 

ural areas, challenged HFs with limited IPC capacity and resources, 

nd occurred within the context of an armed conflict ( Aruna et al., 

019 ). Surveillance of NI is one core component of IPC at national 

nd HF levels ( Storr et al., 2017 ). In countries with weak national

rogrammes, the prevention of NI is particularly challenging; in- 

estment in a national IPC programme is required to prevent fu- 

ure EVD and emerging disease outbreaks ( Vetter et al., 2016b ). 

aganga et al. (2014) suggested that the responses in DRC have 

mproved in terms of expertise in managing EVD outbreaks. How- 

ver, the duration of the 2018–2020 outbreak demonstrated that 

ajor gaps still exist, particularly those related to IPC measures 

ithin HFs. 

These findings highlight the substantial burden of NI in chil- 

ren during an EVD outbreak. The authors did not find other stud- 

es on NI in children; however, the CFR observed in this research 

orroborates a study reporting a high CFR in children admitted to 

bola holding units in Sierra Leone ( Fitzgerald et al., 2016 ). Chil- 

ren are potentially more vulnerable to NI because of their care 

eeds, resulting in frequent contact with HWs or caregivers. High 

FRs in children highlight the need for a targeted IPC strategy for 

his group, including caregivers and families ( Dixit et al., 2020 ). 

his study also reported high CFRs in adults aged > 65 years; how- 

ver, details on potential comorbidities in this group were unavail- 

ble. 

The geographic distribution of cases of NI followed a similar 

rend to cases within the community ( Aruna et al., 2019 ). Clusters 

f nosocomial cases contributed to outbreak amplification, demon- 

trating that targeted strategies, such as the IPC ring approach, 

ere appropriate. The existence of clusters also indicates that early 

ase detection is critical to control and mitigate HFs and commu- 

ity transmission chains. A few clusters were responsible for the 

nal trends in the epidemiological curve, which demonstrated a 

igher proportion of nosocomial cases than case numbers within 

he community. The non-specific early clinical presentation of EVD 

an result in its misclassification for other infectious diseases (e.g. 

alaria, typhoid fever; Ilunga et al., 2019 ). The resulting delay 

n diagnosis and implementation of critical IPC measures such as 

solation, combined with overcrowded and resource-limited HFs, 

acilitates rapid EVD dissemination. Another recognized threat in 

esource-limited countries, potentially contributing to the chain of 

osocomial EVD in DRC, is that of unsafe injections ( Adewuyi and 

uta, 2020 ). Furthermore, as patient care-seeking behaviour usu- 

lly involves several visits to different HFs, EVD could be transmit- 

ed rapidly between HFs and the community. 

Active case-finding within a HF results in early identification 

nd prompt implementation of control measures ( Shears, 2007 ; 

unn et al., 2016 ; Kunkel et al., 2019 ). The IPC ring approach

argets HFs and homes of affected cases, and includes site de- 

ontamination, IPC kit donations, IPC HW briefings, HF assess- 

ent, and the development of an improvement action plan, fol- 

owed by supportive supervision and mentorship ( Hageman et al., 

016 ; Ousman et al., 2019 ). This short-term response strategy is 

seful when resources are limited and IPC standards are not es- 

ablished. However, a robust IPC programme is essential to build 
131 
 sustainable and resilient health system providing quality care 

 Biedron et al., 2019 ). 

In the context of DRC, Category 3 HFs represented a principal 

ource of NI; these HFs with limited capacity are generally more 

umerous and accessible, meaning they are often the first point of 

ntry into the health system. The established outbreak referral sys- 

em, in which a suspected case presenting at a HF should be trans- 

erred directly to an EVD treatment centre, meant that a suspected 

ase may have remained at that Category 3 HF for some time until 

ransfer and transport were available; the limited isolation capacity 

f such HFs would have prolonged the exposure period to staff and 

ther patients. In contrast, Category 1 HFs (public and private) are 

eferral hospitals that cover larger catchment areas and, because of 

heir higher capacity, would have received more IPC support from 

VD response teams. It should also be noted that, during the final 

hase of the outbreak, cases occurred mainly in rural areas, where 

ategory 3 and 4 HFs are more common. These findings demon- 

trate that HFs of all categories should receive support during fu- 

ure outbreak responses, including training of HWs in IPC and the 

rovision of material resources (e.g. PPE and cleaning products for 

Ws; posters to inform patients and visitors). 

Privately owned HFs accounted for 50% of HFs affected in this 

utbreak. It is unknown whether this is representative of owner- 

hip distribution in these provinces. As well as regulation loop- 

oles in their implementation ( DRC, 2016 ), there is no compre- 

ensive census of private HFs in the country. A relatively high 

urnover of both HFs and HWs is observed in this sector. For fu- 

ure outbreaks, the private sector should be engaged early in the 

esponse to ensure that IPC standards and measures are imple- 

ented, and include training programmes, audits and, whenever 

pplicable, supply of PPE. 

The lack of HWs trained in IPC was a major obstacle in 

ontaining the West African outbreak between 2014 and 2016 

 Shoman et al., 2017 ). According to a study performed by the Social

ciences Analytic Cell ( Carter et al., 2020 ), HWs in DRC reported 

hat a lack of resources and training meant they were unable 

o prevent transmission within HFs, resulting in an atmosphere 

f fear, stigma and rejection within communities ( Shoman et al., 

017 ). The present study demonstrated that the majority of HW 

nfections occurred among nurses, the largest proportion of health 

rofessionals, highlighting the need to target this group with EVD 

utbreak preparedness training programmes. Nurses often have the 

ole of HF IPC focal point and community outreach liaison, empha- 

izing their central role in IPC ( Shoman et al., 2017 ). Traditional 

ealers are also an important type of infected HW; they perform 

 critical role with respect to health-seeking behaviour in DRC 

 DRC, 2016 ), and should therefore be another priority group for fu- 

ure IPC strategies ( Shears and O’Dempsey, 2015 ). 

CFRs among HWs were lower compared with patients and vis- 

tors; this may be the result of differences in age, health or vacci- 

ation status, health-seeking behaviour, time between case recog- 

ition and reporting ( Maganga et al., 2014 ; Jacob et al., 2020 ), and

he availability and early implementation of therapeutics for HWs 

 Fischer et al., 2018 ). According to a WHO situation report pub- 

ished in June 2020 ( WHO, 2020 ), 99.4% of people identified as el- 

gible received a vaccination. However, vaccination coverage rates 

mong HW are not available. 

During outbreaks of highly transmissible diseases, the surveil- 

ance and IPC response teams should work in collaboration to 

dentify cases of NI and perform contact tracing, aiming to inter- 

upt transmission chains promptly. A timely investigation of IPC 

ractices within HFs would provide a better understanding of the 

ource of NI, including information on invasive procedures and 

ther risk factors for IPC interventions. 

This study has limitations. The evolving definition of cases of 

I, necessary in outbreaks of longer duration, limited comprehen- 
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S  
ive interpretation of the results, with potential underestimation of 

I cases. A good balance between sensitivity and specificity for NI 

efinition is of utmost importance. The lack of baseline data on the 

ategory or ownership of HFs may have affected associations re- 

orted in this study. Other issues that may also have affected the 

nalysis and interpretation include: the unknown number of HWs 

mployed in these provinces; the varying qualifications of nurses 

nd traditional healers (whose details were not collected by the 

urveillance system); the insecurity making access challenging, es- 

ecially in rural areas; and the lack of qualified personnel for out- 

reak surveillance. 

Achieving an adequate level of preparedness, readiness, and re- 

ponse to EVD and other highly transmissible diseases in DRC re- 

uires a stronger health system ( Burki, 2020 ). A stepwise approach 

o ensure that at least minimum requirements ( WHO, 2019b ) are 

n place, while aiming to achieve the full core components of IPC 

rogrammes in a sustainable manner ( Storr et al., 2017 ), includes 

uilding capacity for IPC, strengthening IPC advocacy, improving 

nfrastructure and implementing evidence-based recommendations 

 Allegranzi et al., 2017 ). 

This study highlights the importance of NI surveillance, early 

ase detection for prompt isolation, implementation of IPC mea- 

ures, and an actionable definition of cases of NI. Going forward, 

tudy designs that allow the examination of detailed risk factors 

or nosocomial EVD are required to understand the role of certain 

ractices (e.g. injections, traditional healing) and to identify poten- 

ial targeted interventions. HWs and traditional healers should be 

argeted for IPC training, and supportive supervision of HFs is re- 

uired to mitigate transmission during EVD outbreaks. Implemen- 

ation research is key to the identification of efficient strategies to 

dvance and sustain IPC in DRC. 
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