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Objective: Over the past decades, the world has experienced a series of emerging and re-emerging infectious disease pandemics with dire consequences for economies and healthcare delivery. Hospitals are expected to have the ability to detect and respond appropriately to epidemics with minimal disruptions to routine services. We sought to review the John F. Kennedy Medical Center's readiness to respond to the COVID-19 pandemic.

Methods: We used the pretest-posttest design in June 2021 and May 2023 to assess the hospital's improvements in its COVID-19 readiness capacity by collecting data on the hospital's characteristics and using the WHO COVID-19 Rapid hospital readiness checklist. We scored each readiness indicator according to the WHO criteria and the hospital's overall readiness score, performed the chi-square test for the change in readiness (change, 95% CI, p-value) between 2021 and 2023, and classified the center's readiness (poor: <50%, fair: 50–79%, or satisfactory: ≥80%). The overall hospital readiness for COVID-19 response was poor in 2021 (mean score = 49%, 95% CI: 39–57%) and fair in 2023 (mean score = 69%, 95% CI: 56–81%). The mean change in hospital readiness was 20% (95% CI: 5.7–35%, p-value = 0.009). Between 2021 and 2023, the hospital made satisfactory improvements in leadership and incident management system [from 57% in 2021 to 86% in 2023 (change = 29%, 95% CI: 17–41%, p < 0.001)]; risk communication and community engagement [38–88% (change = 50%, 95% CI: 39–61%, p < 0.001)]; patient management [63–88% (change = 25%, 95% CI: 14–36%, p < 0.001)]; and rapid identification and diagnosis [67–83% (change = 16%, 95% CI: 4.2–28%, p = 0.009)]. The hospital made fair but significant improvements in terms of coordination and communication [42–75% (change = 33%, 95% CI: 20–46%, p < 0.001)], human resources capacity [33–75% (change = 42%, 95% CI: 29–55%, p < 0.001)], continuation of critical support services [50–75% (PD = 25%, 95% CI: 12–38%, p < 0.001)], and IPC [38–63% (change = 25%, 12–38%, p < 0.001)]. However, there was no or unsatisfactory improvement in terms of surveillance and information management; administration, finance, and business continuity; surge capacity; and occupational and mental health psychosocial support.

Conclusion: Substantial gaps still remain in the hospital's readiness to respond to the COVID-19 outbreak. The study highlights the urgent need for investment in resilient strategies to boost readiness to respond to future outbreaks at the hospital.
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Introduction

Over the past decades, there has been a series of pandemics around the world as a result of various emerging and re-emerging infectious diseases (1, 2). These outbreaks have had dire consequences characterized by unprecedented socioeconomic disruption coupled with strained healthcare systems, especially in resource-poor settings (3, 4). For example, COVID-19 has resulted in an exacerbation of economic challenges due to restricted movement, closure of businesses, increased transaction costs, and a decline in demand for services requiring physical human interaction (5). It also worsened the plight of already vulnerable individuals. For example, among women refugees in Iran and Afghanistan, COVID-19 resulted in increased cases of psychological stress, unwanted pregnancies, depression, suicidal ideation, aggression, disappointment stigma, and rejection (6–9). Mutambara et al. also reported increased domestic violence in South Africa among women refugees (10).

The World Health Organization's (WHO) Africa region has experienced a high burden of infectious diseases. In 2018 alone, there were 96 new disease outbreaks reported to the WHO (11). Between 1976 and 2022, the region experienced 49 Ebola Virus Disease (EVD) outbreaks (12, 13). The WHO also reported a 400% increase in the number of cases of measles in 2022 compared to 2021, and more countries in the region have reported outbreaks of polio and yellow fever (14). As such, the WHO has developed and implemented a series of health system interventions to enable health systems in poor countries to become more prepared to detect and respond to epidemics and prevent shocks to routine health services, an example being the COVID-19 Strategic Preparedness and Response Plan (15). However, we do not know the extent to which countries have implemented the WHO recommendations and, thus, their effectiveness.

Liberia was one of the three heavily affected West African countries during the 2013–2016 EVD outbreak, with 28,000 cases and about 11,000 deaths (16–20). This pandemic exposed the weaknesses in the health system and the unpreparedness of the response to a pandemic of such deadliness in Liberia (21). One of the main causes of the nation's preexisting vulnerabilities was the 14 years of civil unrest that led to damaged infrastructure and equipment, as well as the loss of resources and medical personnel (20–22). However, the country managed to contain the outbreak using a variety of public health interventions, including the development of the country's 2015–2021 Investment Plan for Building a Resilient Health System (23), with the assistance of international partners. Some of these preparedness interventions led to strengthened public health systems (23, 24). However, despite this robustness and improved readiness capacities in public health institutions, health facility-level preparedness in the country is still believed to be inadequate, but no data exist.

The COVID-19 epidemic reached Liberia in 2020 (25), ~6 years after EVD devastated the country's health system and created the first opportunity to test health facility readiness capacities to respond to a large-scale epidemic while retaining routine health services. Despite the national response to the epidemic, COVID-19 rapidly spread across the country and is believed to have affected a large proportion of the population, but the exact extent is unknown due to low testing capacity and mild symptoms in the majority of cases (26). It was also noted that many cases occurred in health facilities despite reports of screening and IPC measures (26). Investigating health facility readiness forms the foundation for instituting interventions to boost preparedness (26), but none have been done in Liberia despite the existence of validated tools.

To understand health facility readiness capacity to respond to epidemics, we assessed the John F. Kennedy Medical Center's (JFKMC) readiness to respond to the COVID-19 pandemic. The JFKMC is Liberia's only tertiary and teaching hospital, established in 1971 (27), and serves an estimated population of just over 5 million people (28). This should help hospital management and policymakers generate contextual solutions that will make significant population-level gains with improved hospital pandemic responses in the future.



Materials and methods


Study design

We used the pretest-posttest design in June 2021 and May 2023 to assess improvements to the JFKMC's COVID-19 pandemic response readiness. After the first survey in June 2021, lessons learned were communicated across the facility, followed by the implementation of necessary interventions to address the gaps identified during the survey. We then conducted a second survey in May 2023 using the same survey tools to assess changes in the facility's readiness to respond to the COVID-19 pandemic. The surveys were approved by the Office of the Chief Medical Officer.



Study site

The JFKMC is Liberia's premier tertiary, referral, and teaching hospital, situated in the capital, Monrovia. It has a capacity of 500 beds but currently has more than 400 functional beds. It was commissioned in 1971 (27). The hospital provides all levels of health care, that is, primary, secondary, and tertiary medical services. The first two services are provided to the communities around it and tertiary health services to the whole of Liberia. It receives referrals from all 15 counties of Liberia, which in 2022 had an estimated population of 5.3 million (28). Funding for the hospital's operations comes mainly from government allotments and fees-for-service, with additional support from both local and international organizations.



Data collection

We used the WHO COVID-19 Rapid hospital readiness checklist, WHO reference number: WHO/2019-nCoV/hospital_readiness_checklist/2020.2 and license number CC BY-NC-SA 3.0 IGA (29), to assess and guide the hospital's response to the pandemic, first during the peak of the pandemic in June 2021 and then again in May 2023. Additionally, we collected data on the hospital's characteristics, including the presence of an isolation unit and its capacity, the presence and capacity of the intensive care unit, the number of ventilators and other equipment, and the staff dedicated to COVID-19 management. The checklist has 12 thematic areas or components, for a total of 79 indicators. The 12 components are leadership and incident management system; coordination and communication; surveillance and information management; risk communication and community engagement; administration, finance, and business continuity; human resources; surge capacity; continuity of essential support services; patient management; occupational health, mental health, and psychosocial support; rapid identification and diagnosis; and infection prevention and control. It was designed to help policymakers and administrators identify major areas in hospitals that require investment and action, can be used periodically to assess hospitals' capacity to handle pandemics, and can be adapted for use in long-term care facilities (29). It can be used from before the start of an emergency and throughout its various stages (29). Soft copies of the questionnaire and checklist were completed by the authors in consultation with the Epi-surveillance and Infection Prevention and Control (IPC) teams over a period of 2 weeks each time, with additional data being collected from the hospital records. The responses to each of the indicators in the WHO COVID-19 Rapid hospital readiness checklist were classified as not available, partially functional, and fully functional. Non-available was defined as a component that was planned but has not started or does not exist. Partially functional was defined as a component that exists but is not comprehensive enough to achieve all of the core elements required to act. Fully functional was defined as a component that is effectively and efficiently operational.



Statistical analysis

We report the characteristics of the hospital, followed by a cross-sectional analysis of the level of readiness for COVID-19 management in June 2021 and May 2023. We scored the responses to each of the 79 hospital readiness indicators (fully functional = 1, partially functional = 0.5, and not available = 0) and converted the scores to percentages. We then calculated the score for each of the 12 thematic components as the average of the thematic indicator scores for that thematic component and performed the chi-square test to calculate the change in readiness as a difference (95% CI, p-value) between the 2021 and 2023 scores (%s). We performed the same operation to calculate the overall hospital readiness score (%) at each time point and the change (95%CI, p-value) in readiness between 2021 and 2023. The overall hospital readiness scores at each time point were classified as unsatisfactory (< 50%), fair (50–79%), or satisfactory (≥80%), according to the WHO scoring classification. The analysis was performed with Stata version 17.0 (StataCorp, Texas, United States).




Results


Hospital characteristics

Table 1 provides a general overview of the hospital and also highlights some specific features that were pertinent to providing holistic medical care to COVID-19 patients but not directly addressed in the WHO COVID-19 Rapid hospital readiness checklist. Of note is that there were no changes in the hospital's bed capacity, with the only notable changes being in the number of staff dedicated to COVID-19 care and IPC, though the overall number of staff in the hospital remained largely unchanged.


TABLE 1 General overview of the John F. Kennedy Medical Center, Monrovia, Liberia.
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Rapid hospital readiness checklist
 
Hospital readiness scores

The overall hospital readiness for COVID-19 response was fair (mean score in 2021 = 49%, 95% CI: 39–57% and in 2023= 6 9%, 95% CI: 56–81%). The mean change in hospital readiness was 20% (95% CI: 5.7–35%, p-value = 0.0087). Between 2021 and 2023, the hospital made satisfactory improvements in leadership and incident management system [from 57% in 2021 to 86% in 2023 (change = 29%, 95% CI:17–41%, p < 0.001)]; risk communication and community engagement [38–88% (change = 50%, 95% CI: 39–61%, p < 0.001)]; patient management [63–88% (change = 25%, 95% CI: 14–36%, p < 0.001)]; and rapid identification and diagnosis [67–83% (change = 16%, 95% CI: 4.2–28%, p = 0.0090)]. The hospital made fair but significant improvements in terms of coordination and communication [42–75% (change = 33%, 95% CI: 20–46%, p < 0.001)], human resources capacity [33–75% (change = 42%, 95% CI: 29–55%, p < 0.001)], continuity of essential support services [50–75% (change = 25%, 95% CI: 12–38%, p < 0.001)], and IPC [38–63% (change = 25%, 12–38%, p < 0.001)]. However, there was no or unsatisfactory improvement in terms of surveillance and information management [75–75% (change = 0%, 95% CI: −12 to 12%, p = 1.000)]; administration, finance, and business continuity [44–44% (change = 0%, 95% CI: −14 to 14%, p = 1.000)]; surge capacity [30–30% (change = 0%, 95% CI: −13 to 13%, p = 1.000)]; and occupational and mental health psychosocial support [40–40% (change = 0%, 95% CI: −14 to 14%, p = 1.000)] (Table 2).


TABLE 2 JFK Hospital readiness scores for COVID-19 response by WHO thematic component in 2021 and 2023.
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Leadership and incident management systems

During the 2023 survey, the hospital attained satisfactory improvements in leadership from 57% in 2021 to 86% in 2023 (change = 29%, 95% CI: 17–41%, p < 0.001) (Table 2). An emergency response plan was developed soon after the first case of COVID-19 in Liberia was announced, and committees were established to lead the hospital's response to the pandemic. The team had experiential advantages that enabled it to rapidly establish and skill up its operations, given its past participation in the 2014–2016 EVD epidemic in Liberia. They identified an emergency operation area with limited resources and established an incidence management system (IMS) that met periodically and participated in the national IMS at the MOH. Another advantage was that the national IMS selected the hospital's Chief Executive Officer (CEO) to serve as the thematic lead of COVID-19 case management, thereby strengthening coordination and communication between the hospital and the national response. A business continuity plan was developed during the pandemic, but no simulation exercises were carried out. Procedures were established for risk management, including the restructuring of clinical services, daily monitoring, risk assessment, and procedures to investigate risks and breaches in the hospital's health security measures. Policies were instituted to ensure daily screening of staff, visitors, and patients and the movement of patients, supplies, and staff within and without the facility (Supplementary Table 1A). From the beginning, measures were put in place to have patients suspected of having COVID-19 transferred to treatment centers.



Coordination and communication

In the area of coordination and communication, the hospital scored fairly 42% in 2021 and 75% in 2023 (change = 33%, 95% CI: 20–46%, p < 0.001) (Table 2). Following the initial assessment, standard operating procedures were developed, and a focal person was identified. A directory was developed, and the team set up to lead the hospital's response to the pandemic was tasked with keeping the staff and administration updated (Supplementary Table 1A). The team, however, lacked resources for its activities, and team members were using their cellphones for this purpose while the hospital provided data at times. Several training sessions and update meetings were held with staff, and approximately 90% of the hospital's staff, both clinical and non-clinical, were briefed and trained on COVID-19 emergency policies and procedures. The head of the team, together with several other members, was trained by the MoH and County Health Team (CHT) and served as the spokesperson of the team. However, the hospital did not have regular updates for the public, despite having a weekly radio talk show hosted by the national broadcaster, the Liberian Broadcasting System, as this was the responsibility of the MoH. However, at the facility level, designated staff provided health promotional messages and mandatory COVID-19 response measures every morning to patients and visitors in the Out Patient Department (OPD), at the facility's main entry point, visitor-waiting areas, and COVID-19 screening points. Coordination was maintained with key stakeholders, such as suppliers of oxygen and pharmaceuticals.



Surveillance and information management

The hospital's fair (75%) performance in surveillance and information management remained unchanged (change = 0%, 95% CI: −12 to 12%, p = 1.000) (Table 2). The already existing Epi-Surveillance team was modified to lead the hospital's response to the pandemic with the addition of other key staff with representations from nearly all the hospital units. The team was responsible for case identification, investigation, reporting, and data storage. This was achieved through regular COVID-19 screening on standard COVID-19 triage forms at the JFK triage. Within the hospital, the clinicians specifically screened all patients, regardless of reason for clinic visit or admission, for COVID-19 and reviewed and included the COVID-19 assessment reports in the patient charts. Standardized forms and standard operating procedures, provided by the CHT, were used for information gathering and dissemination. They also created awareness through the printing of COVID-19 case definitions that were posted on every unit, and together with the administration, they modified the triage forms to include COVID-19-specific information (Supplementary Table 1B). Additionally, the team generated contact line listings specifically for staff, which were sent to the IPC team for risk assessment. However, there were no formal channels developed for collecting feedback from patients and visitors. The hospital's administration, the CHT, and the MoH received data gathered by the Epi-surveillance team on individuals who tested positive and their contacts, which was then compiled and shared with other stakeholders and the public.



Risk communication and community engagement

The hospital made substantial and satisfactory improvements in risk communication and community engagement, which improved from 38% in 2021 to 88% in 2023 (change = 50%, 95% CI: 39–61%, p < 0.001) (Table 2). Most of the risk communication protocols received for the MoH had messages directed toward healthcare workers, while those with messages meant for patients, their visitors, and the general public were limited. Key messages were modified as needed as new information was being released, mainly by the WHO, and these new messages were shared with the concerned staff (Supplementary Table 1B).



Administration, finance, and continuity

No changes were noted in the overall scores of this thematic area [44–44% (change = 0%, 95% CI: −14 to 14%, p = 1.000)] (Table 2; Supplementary Table 1B). There were no legal procedures or financial mechanisms specifically created for COVID-19, even though special interventions were made to address some challenges, such as reducing procurement turnaround times. Additionally, there was no liability or insurance coverage for staff managing COVID-19 suspects and confirmed cases. The hospital, however, facilitated the care of exposed staff and those who got infected, including providing basic supplies and food when they were admitted into the COVID-19 unit. No staff turnover surge plan was in place, and as such, absenteeism due to COVID-19 infection or exposure created gaps that affected services. No funding was available for the deployment of emergency staff. Attempts were made to reassign staff to various areas or units to manage cases of COVID-19 while continuing to provide routine healthcare services. There was no formal system of billing COVID-19 suspects or confirmed cases, though most had part of their bills eventually waived. Stable patients being followed up in the outpatient department were given prescriptions lasting several months and advised to call their primary doctors before returning to the hospital unless it was an emergency.



Human resources

Fair improvements [from 33% in 2021 to 75% in 2023 (change = 42%, 95% CI: 29–55%, p < 0.001)] were made to human resources management between 2021 and 2023 (Table 2; Supplementary Table 1C), largely due to staffing-needs evaluations being conducted, resulting in only a few disruptions to the routine services provided by the hospital. Staff were sometimes repurposed and assigned to problem areas as needed. Staff at risk of severe COVID-19, for example, the older adult, diabetics, and pregnant women, were given forced leave of absence. All staff were also trained on COVID-19-specific IPC techniques, and attempts were made to ensure staff safety, though this was hampered by the lack of appropriate personal protective equipment (PPE).



Surge capacity

The hospital had surge and replenishment plans, but due to increased demand and limited supplies, the traditional sources of supplies, especially PPEs, were no longer reliable, thus the overall score for this thematic area was poor [30–30% (change = 0%, 95% CI: −13–13%, p = 1.000)] (Table 2; Supplementary Table 1C). Most of the PPEs used at the hospital at the beginning of the pandemic were supplies remaining from stocks acquired during the Ebola outbreak of 2013–2016. Equipment, especially oxygen concentrators, were mostly acquired through donations. Some organizations donated oxygen tanks and offered to procure oxygen at regular intervals. However, there were no short-term plans to create bed space for suspected or confirmed COVID-19 cases. The cases were only to be stabilized while awaiting transfer to the designated COVID-19 treatment centers.



Continuity of essential support services

The management of the hospital made attempts to ensure the continuity of routine and essential services, with the readiness score increasing from 50% in 2021 to 75% in 2023 (change = 25%, 95% CI: 12–38%, p < 0.001) (Table 2; Supplementary Table 1C) in 2021 and 2023, respectively. Contingency plans were put in place to ensure fewer stock-outs of essential drugs, medical supplies, and other essential supplies such as detergents and food. The disruption of global supply chains, however, made it difficult to have certain items always in stock, such as face shields, face masks, gowns, and plastic aprons.



Patient management

The hospital scored 63% in the initial assessment and then 88% in 2023 (change = 25%, 95% CI: 14–36%, p < 0.001) (Table 2; Supplementary Table 1C). Initially, the use of symptomatic screening tools for COVID-19 had limited effectiveness because a substantial number of COVID-19 patients are asymptomatic or have mild disease. As a result, some cases were missed and admitted to the hospital, while additional cases emerged from community or nosocomial exposure. Point-of-care testing was later added to screening at points of entry, thereby substantially improving patient management and boosting staff confidence.

The hospital was not designated as a treatment center; the initial plan was to receive, diagnose, and transfer cases of COVID-19. This, however, changed when the designated treatment center was overwhelmed and the hospital had nowhere to transfer patients. As a result, a total of 69 patients were admitted and treated for COVID-19 using updated protocols in the medical ER over a period of 6 weeks, starting during the third week of June 2021. Later, the management of the hospital began the construction of an eight-bed isolation unit next to the emergency room (ER) to provide a more suitable space to hold and begin treatment, not only for COVID-19 patients but also for other communicable diseases of concern such as Lassa fever and measles. This structure, whose construction began ~2 years ago, is yet to be completed and utilized. The major challenge cited for the delays has been a lack of funding. It is also because of a lack of funding that the hospital has been unable to construct a standalone isolation unit.



Occupational health, mental health, and psycho-social support

The hospital scored 40% in both 2021 and 2023 (change = 0%, 95% CI: −14–14%, p = 1.000) (Table 2; Supplementary Table 1D). Although the staff were well-trained, they were not well-equipped and protected to provide initial medical screening and care to people with suspected, probable, or confirmed COVID-19 (Supplementary Table 1D). There were no ICU beds or ventilators for the management of severe COVID-19, no surge capacity or public health staff (Table 1), frequent stockouts of PPE, NIOSH-approved respirators, other essential COVID-19 supplies, and a lack of pulse oximeters at screening points. Staff who became infected, injured, or developed severe COVID-19 had no insurance coverage (Supplementary Tables 1D, E). All infected staff were encouraged to self-isolate or be referred to the national COVID-19 treatment unit, and some support was provided by the hospital. This included daily feeding and refreshments for those admitted to the national treatment center and basic groceries for the families in isolation. Team leads and unit heads were key in keeping the morale of the staff high. They tried to ensure that the patients were catered to by staff with limited resources without overly endangering them. The Social Services Department, a department made up largely of staff with psycho-social counseling skills, was often called upon to counsel exposed staff who had been quarantined. Because of their small numbers, the counseling was limited to affected staff. Counseling of patients and relatives was done mostly by the physicians and nursing staff. However, no formal mental health and psychosocial service protocols were available.



Rapid identification and diagnosis

Satisfactory improvement was made between the 2021 and 2023 surveys [67–83% (change = 16%, 95% CI: 4.2–28%, p = 0.009)] (Table 2; Supplementary Table 1D) regarding rapid identification and diagnosis of COVID-19 cases. Staff on the Epi-Surveillance team were adequately trained by the MoH and CHT on how to rapidly diagnose COVID-19 using WHO guidelines, and these were updated as needed and reported formally to the CHT. Heads of various clinical units were also drafted into the response team, and they had effective means of communication among them. Patients were triaged at multiple points in the hospital, beginning at the main gate, then at the point of registration and areas where vital signs were checked. The Epi-Surveillance team, together with laboratory technicians, was trained in standardized procedures for collecting samples and transferring them to the reference laboratory, according to current recommendations. At the time of the first assessment, the hospital could not carry out any COVID-19 tests, including rapid tests. Samples for COVID-19 polymerase chain reaction (PCR) testing were taken to the national reference laboratory, with results only becoming available 2–3 days later. As the number of cases increased during the epidemic, timely case identification became a challenge, as the surveillance team became overwhelmed as they still had to continue carrying out regular surveillance of priority diseases, mostly Lassa fever, measles, and cholera.

After the 2021 survey, the hospital established rapid point-of-care PCR testing for COVID-19 testing in collaboration with the US National Institute of Health-funded clinical-research Partnership for Research on Vaccines and Infectious Diseases in Liberia (PREVAIL). Test results were available in less than a day for clinical decision-making. However, the COVID-19 testing was unavailable during evening and night hours, weekends, and holidays. The hospital lacked the capacity to conduct PCR testing; hence, the testing gaps during after-hours, weekends, and holidays were never addressed.



Infection prevention and control

The hospital's overall IPC score was poor [from 38% in 2021 to 63% in 2023 (change = 25%, 12–38%, p < 0.001)] (Table 2). The IPC team implemented IPC protocols from the MoH and CHT and other health security precautions (Supplementary Table 1E). Health services were restructured to enhance health security. The facility ensured that everyone accessing it entered through one point, and mandatory hand-wishing and mask mandates were implemented. COVID-19 symptom screening and later on, rapid point-of-care testing were established close to the entrance of the hospital to screen all patients, visitors, and hospital staff. However, several lapses were identified (Supplementary Table 1E). On several occasions, improvised hand-washing stations were either without soap or water, and hand sanitizers were not always available. Face masks were in short supply, and though everyone was forced to produce and wear one at the hospital's main gate, once inside the hospital compound, most people were seen without them. Exits from the hospital also occurred at one exit gate. Within the hospital, patient beds were placed 3 m apart according to the recommendation, but appropriate PPE for each procedure was not always available. Additionally, staff were encouraged to call their supervisors if they developed any symptoms suggestive of COVID-19 so they could be allowed to go for testing at centers nearest to them without presenting to the hospital. An open space outside the medical emergency room was designated for suspected and confirmed cases while awaiting transfer to a treatment unit. In the maternity center, an unused operating room near the emergency room was kept for suspected and confirmed cases in need of treatment. Protocols were available for the movement of patients within the hospital and transport by ambulance. Those working in direct contact with patients did not have their names recorded formally. Protocols on how to manage the bodies of those who died of COVID-19 were available from the beginning and enforced.

IPC protocols for waste management, including labeled/standard colored bins, waste sorting, incineration, and sharp boxes per bed were inconsistently followed. Although mask mandates and hand hygiene were instituted, the protocols were not followed consistently; water and soap for hand washing were not available in all key locations; some patients, staff, and visitors were observed without masks during the surveys; and use of a new pair of gloves and hand washing was not performed in between patients at all times due to inadequate supplies.





Discussion

The hospital's overall readiness in 2023 was fair (69%), resulting from inadequate improvements (20%) made to address gaps identified during the first survey in 2021 (49%). Despite the existence of assessment tools, our study is among the few to assess health facility readiness for COVID-19 response in sub-Saharan Africa and the first in Liberia.

Emergency preparedness, a state of being in constant readiness, has four phases, namely, the mitigation, preparation, response, and recovery phases (30). An emergency response plan is expected to result in a robust and efficient response to public health threats with no, or minimal, disruptions to routine services. After 1 year of the pandemic, the WHO reported that about 90% of countries worldwide still had substantial disruptions to the provision of essential health services as a result of inadequate emergency preparedness (31).

Our findings revealed that, though there was a significant improvement in the overall readiness score of the hospital over the 2 years, these improvements were non-uniform, with significant gaps remaining. Significant improvements were noted in the hospital's leadership and incident management systems; risk communication and community engagement; patient management; and rapid identification and diagnosis. These achievements could be attributed to the fact that the hospital already had an active Epi-Surveillance team that was actively looking out for cases of Lassa fever, measles, and cholera, as there were outbreaks of these diseases in Liberia at the time. The team therefore simply needed slight modifications and training on COVID-19-related responses. Being the only hospital in the country with consultant physicians, including infectious disease consultants, the sourcing and sharing of up-to-date guidelines on COVID-19 was relatively easy. The COVID-19 pandemic has been described as a catalyst for change, ushering in accelerated changes and the adoption of specific public health interventions (32). It is thus anticipated that future pandemics will be met with robust, effective, and efficient responses. Improvements in rapid identification and diagnosis helped improve decisions for care as the time to receive results was reduced from 3 days to a few hours. The challenges of testing for COVID-19 at the beginning of the pandemic were not unique to the hospital; many African countries faced the same challenges, which may have resulted in under-reporting of cases and unnecessary quarantine (33).

Significant gaps remained for some components, with unsatisfactory end-of-review scores noted in administration, finance, and business continuity; surge capacity; and occupational health, mental health, and psychosocial support. These gaps generally highlight the pre-existing gaps the hospital had prior to the pandemic.

Our findings are not unique to the JFKMC and Liberia, as similar observations have been made in hospitals across the globe. A survey of 20 hospitals in Nigeria for 5–8 months after the country reported its index case showed that most hospitals were not adequately prepared to respond to the COVID-19 pandemic, though the overall readiness scores were higher than those observed at the JFKMC. Most hospitals in that survey had gaps in infrastructure, equipment, human resources, processes, and procedures related to the COVID-19 response (34). Even developed countries were unprepared for the impact of the pandemic. In the United States of America, for example, the Department of Health and Human Services did a national pulse survey in March 2020 and reported that most of the challenges faced by hospitals were centered on testing and caring for patients with known or suspected COVID-19 while keeping healthcare workers safe. There were also significant challenges in maintaining or expanding hospitals' capacity to treat patients with COVID-19. Hospitals had to request assistance in acquiring personal PPEs, testing, staffing, equipment and supplies, and funding from the department (35). It was reported that supply chain disruptions were resulting in as much as 6-month delays in the delivery of much-needed medical supplies (35). Limited funding appears to be a common factor in the limited responses to the pandemic globally. In 2021, the WHO reported that 43% of countries globally cited financial challenges as major causes of disruptions in service utilization, with developed countries not being spared (31).

A facility of this size and a tertiary teaching hospital are expected to at least have a large enough isolation unit or infectious disease hospital that is adequately manned and equipped (36). An isolation unit is key to interrupting the transmission of communicable diseases (37). Currently, no such facility is available in the hospital. Instead, an eight-bed holding unit is presently under construction but will not be able to serve as a treatment center for any of the communicable diseases with epidemic potential due to its size and the lack of a supporting laboratory and other necessary amenities. It appears that having adequate space for isolation is a major challenge in some African countries. Uganda, for example, was forced to convert its major psychiatric hospital into an isolation unit as constructing an isolation unit was deemed not feasible due to funding limitations (38). High-income countries could easily and rapidly construct new facilities, as was witnessed in China (39). However, in the City of New York, administrators found more success in repurposing existing hospital space than building field hospitals, as these hospitals would have required replicating staffing and equipment needs (40). During the period reviewed, no space was available to accommodate a surge in cases, and some services had to be reduced or suspended to admit COVID-19 cases, including elective surgical cases. A review of the hospital's admission records over the past 5 years (unpublished data) shows that there has been a steady increase in the bed occupancy rate, with the current rates close to 100%. This limited the flexibility and ability of the hospital to adapt to COVID-19-related needs without disrupting routine services. Though the facility has an ICU with three ventilators, these were never used for COVID-19 cases, as this would have meant no other critical cases could be managed in the ICU. In a survey of 13 hospitals in Malawi in early 2020, it was revealed that several hospitals could provide both non-invasive ventilation and mechanical ventilation to COVID-19 patients (41), yet the JFKMC reserved its ventilators for non-COVID-19 patients.

Ensuring adequate stocks of PPEs was a huge undertaking, as there was a huge surge in the demand for and utilization of gloves, facemasks, and goggles. The usual vendors and suppliers of these materials had limited stocks and ran out of these items often. This led to staff improvising at times, for example, reusing face masks or washable cloth face masks and using non-medical plastic gloves. Increased global demand for PPEs and global supply chain disruptions are largely to blame for these shortages (42, 43).

The need for psychosocial support for medical staff cannot be overemphasized, as has been witnessed in other African countries (44). As a direct consequence of the COVID-19 pandemic, witnessing the suffering patients went through and the fear of being infected made the staff at the hospital vulnerable to psychological stress, and the Social Services department was tasked with counseling and providing psychosocial services to affected staff. This worked well in the beginning; however, as the number of affected staff increased, the department became overwhelmed and could not offer its services to all those in need. Irandoost et al., after reviewing the challenges and adaptation strategies of nurses caring for COVID-19, concluded that more attention should be paid to nurses' physical and mental wellbeing, among other things (9).

Administratively, the JFKMC has three pillars, namely, clinical services, teaching, and research (45). The WHO states that to manage cases of COVID-19 adequately, a facility needs to have sufficient oxygen, ICU beds, ventilators, isolation space, and PPE, among other resources (46). A closer look at this list shows that these are basic things that a tertiary hospital should have for it to meet its clinical service, teaching, and research objectives. The lack of a research laboratory, an infectious disease unit, and limited equipment such as ventilators certainly affect all three pillars negatively. This is more worrisome considering that the facility is still recovering from the worst African EVD outbreak of 2014 (16, 18) and the only positive and significant change to the hospital is its triaging system and IPC practices, which again are not perfect.

Some limitations of this review are worth noting. The data was collected by the authors in consultation with other relevant persons employed by the hospital, which could have introduced some bias. Second, the first review, which served as the baseline review, was conducted 1 year after the index case was seen at the hospital. The review, therefore, did not account for the changes made in response to the pandemic before the review. Additionally, this study was limited to one facility only, yet the national response to COVID-19 involved other facilities. As such, our findings may not be generalized to other facilities in the country.

Nonetheless, this study is the first of its kind at the JFKMC, and it formally highlights the hospital's strengths while also bringing to light the glaring challenges that the hospital needs to address if it is to successfully meet its mission and goals as well as fend off the impact of future epidemics. Assessing the hospital at two time points provides insight into how much investment is needed for each thematic area. Having experienced the worst Ebola outbreak in history and now the COVID-19 outbreak, it is expected that lessons drawn from these experiences should be used to build a robust, adaptive, and resilient tertiary hospital.



Conclusion

This study provides a unique understanding of the strengths and weaknesses of the hospital regarding COVID-19 readiness. It highlights the urgent need for cost-effective, innovative, all-encompassing strategies to respond to future outbreaks at the hospital, with a special focus on its administration, finance, and business continuity; surge capacity; and occupational health, mental health, and psychosocial support. Additionally, in the long term, health system strengthening is needed for the provision of improved clinical services, teaching, and research at the JFKMC to ensure an improved capacity to prepare, mitigate, respond, and recover from future shocks.

Further studies would need to be carried out to identify factors associated with the successes and failures to implement the components included in the WHO COVID-19 Rapid hospital readiness checklist so that specific interventions can be devised to address the hospital's weaknesses while further bolstering its strengths.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent from the participants was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

IW: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Visualization, Writing—original draft. SC: Writing—review & editing. TK-T: Data curation, Formal analysis, Writing—review & editing. FG: Data curation, Writing—review & editing. YB-K: Data curation, Writing—review & editing. JB-G: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration, Visualization, Writing—original draft. JM: Formal analysis, Writing—original draft, Writing—review & editing.



Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpubh.2023.1258938/full#supplementary-material



References

 1. Dikid T, Jain SK, Sharma A, Kumar A, Narain JP. Emerging & re-emerging infections in India: an overview. Indian J Med Res. (2013) 138:19–31.

 2. Morens DM, Folkers GK, Fauci AS. The challenge of emerging and re-emerging infectious diseases. Nature. (2004) 430:242–9. doi: 10.1038/nature02759

 3. World Health Organization. Impact of COVID-19 on People's Livelihoods, Their Health and our Food Systems. (2023). Available online at: https://www.who.int/news/item/13-10-2020-impact-of-covid-19-on-people%27s-livelihoods-their-health-and-our-food-systems (accessed September 6, 2023).

 4. Madhav N, Oppenheim B, Gallivan M, Mulembakani P, Rubin E, Wolfe N. Pandemics: risks, impacts, and mitigation. In:Jamison DT, Gelband H, Horton S, Horton S, Jha P, Laxminarayan R, et al., , editors. Disease Control Priorities: Improving Health and Reducing Poverty, 3rd ed. Washington, DC: The International Bank for Reconstruction and Development/The World Bank (2017).

 5. Maliszewska M, Mattoo A, van der Mensbrugghe D, Mattoo A. The Potential Impact of COVID-19 on GDP Trade: A Preliminary Assessment. Policy Research Working Paper; No. 9211. Washington, DC: © World Bank (2020). Available online at: http://hdl.handle.net/10986/33605 (accessed September 06, 2023).

 6. Yoosefi Lebni J, Enayat H, Irandoost SF, Dehghan AA. Exploring the challenges of afghan refugee women facing COVID-19: a qualitative study in Iran. Front Public Health. (2022) 10:838965. doi: 10.3389/fpubh.2022.838965

 7. Ahmadi S, Irandoost SF, Ahmadi A, Yoosefi Lebni J, Mohammadi Gharehghani MA, Baba Safari N. Explaining experiences, challenges and adaptation strategies in COVID-19 patients: a qualitative study in Iran. Front Public Health. (2022) 9:778026. doi: 10.3389/fpubh.2021.778026

 8. Yoosefi Lebni J, Irandoost SF, Safari H, Xosravi T, Ahmadi S, Soofizad G, et al. Lived experiences and challenges of the families of COVID-19 victims: a qualitative phenomenological study in Tehran, Iran. Inquiry. (2022) 9:469580221081405. doi: 10.1177/00469580221081405

 9. Irandoost SF, Yoosefi Lebni J, Safari H, Khorami F, Ahmadi S, Soofizad G, et al. Explaining the challenges and adaptation strategies of nurses in caring for patients with COVID-19: a qualitative study in Iran. BMC Nurs. (2022) 21:170. doi: 10.1186/s12912-022-00937-8

 10. Mutambara VM, Crankshaw TL, Freedman J. Assessing the impacts of COVID-19 on women refugees in South Africa. J Refug Stud. (2021) 1–18. doi: 10.1093/jrs/feab044

 11. Mboussou F, Ndumbi P, Ngom R, Kassamali Z, Ogundiran O, Beek JV, et al. Infectious disease outbreaks in the African region: overview of events reported to the World Health Organization in 2018. Epidemiol Infect. (2019) 147:e299. doi: 10.1017/S0950268819001912

 12. Jacob ST, Crozier I, Fischer WA, Hewlett A, Kraft CS, de La Vega MA, et al. Ebola virus disease. Nat Rev Dis Prim. (2020) 6:13. doi: 10.1038/s41572-020-0147-3

 13. Centers for Disease Control Prevention. History of Ebola Disease Outbreaks. (2023). Available online at: https://www.cdc.gov/vhf/ebola/history/chronology.html (accessed October 13, 2023).

 14. World Health Organization. Vaccine-Preventable Disease Outbreaks on the Rise in Africa. (2023). Available online at: https://www.afro.who.int/news/vaccine-preventable-disease-outbreaks-rise-africa (accessed October 27, 2023).

 15. World Health Organization. COVID-19 Strategic Preparedness and Response Plan. (2021). Available online at: https://www.who.int/publications/i/item/WHO-WHE-2021.02 (accessed October 3, 2023).

 16. Centers for Disease Control Prevention. 2014-2016 Ebola Outbreak in West Africa. (2020). Available online at: https://www.cdc.gov/vhf/ebola/history/2014-2016-outbreak/index.html (accessed July 29, 2023).

 17. Spengler JR, Ervin ED, Towner JS, Rollin PE, Nichol ST. Perspectives on West Africa ebola virus disease outbreak, 2013–2016. Emerg Infect Dis. (2016) 22:956–63. doi: 10.3201/eid2206.160021

 18. Omoleke SA, Mohammed I, Saidu Y. Ebola Viral disease in West Africa: a threat to global health, economy and political stability. J Public Health Africa. (2016) 7:534. doi: 10.4081/jphia.2016.534

 19. Gostin LO. Ebola: towards an international health systems fund. Lancet. (2014) 384:e49–51. doi: 10.1016/S0140-6736(14)61345-3

 20. Buseh AG. Empowering Resilience: Improving Health Care Delivery in War-impacted African Countries: A Case Study of Liberia. New York, NY: University Press of America (2008). 304 p.

 21. World Health Organization. Liberia: A Country and Its Capital are Overwhelmed. (2015). Available online at: https://www.who.int/news-room/spotlight/one-year-into-the-ebola-epidemic/liberia-a-country-and-its-capital-are-overwhelmed-with-ebola-cases (accessed June 1, 2023).

 22. Kentoffio K, Kraemer JD, Griffiths T, Kenny A, Panjabi R, Sechler GA, et al. Charting health system reconstruction in post-war Liberia: a comparison of rural vs. remote healthcare utilization. BMC Health Serv Res. (2016) 16:478. doi: 10.1186/s12913-016-1709-7

 23. Kanagasabai U, Ballah JB, A. Historical review of Liberia's public health evolution—past, present & future. Hygiene. (2022) 2:251–66. doi: 10.3390/hygiene2040023

 24. World Bank. After Ebola, Liberia's Health System on Path to Recovery. (2017). Available online at: https://www.worldbank.org/en/news/feature/2017/06/07/after-ebola-liberias-health-system-on-path-to-recovery (accessed October 27, 2023).

 25. Babalola OJ, Sesay HW, Blebo LS, Whesseh FK, Umeokonkwo CD, Adewuyi PA, et al. The influence of first wave of COVID-19 outbreak on routine healthcare services, Liberia, August 2020: a mixed study approach. BMC Health Serv Res. (2022) 22:684. doi: 10.1186/s12913-022-08074-3

 26. Marsh RH, Plyler C, Miller M, Klar R, Adeiza M, Wachekwa I, et al. Facing COVID-19 in Liberia: adaptations of the resilient and responsive health systems initiative. Ann Glob Health. (2021) 87:101. doi: 10.5334/aogh.3245

 27. Joseph NN. The Beginning and Growth of Modern Medicine in Liberia and the Founding of the John F. Kennedy Medical Centre, Liberia. Lagos: Panaf (2018). 209 p.

 28. World Bank. Population, Total – Liberia. (2023). Available online at: https://data.worldbank.org/indicator/SP.POP.TOTL?locations=LR (accessed July 23, 2023).

 29. World Health Organization. Rapid Hospital Readiness Checklist: Interim Guidance. (2020). Available online at: https://www.who.int/publications/i/item/WHO-2019-nCoV-hospital-readiness-checklist-2020.1 (accessed May 18, 2021).

 30. McLoughlin D. A framework for integrated emergency management. Public Adm Rev. (1985) 45:165–72. doi: 10.2307/3135011

 31. World Health Organization. COVID-19 Continues to Disrupt Essential Health Services in 90% of Countries. (2021). Available online at: https://www.who.int/news/item/23-04-2021-covid-19-continues-to-disrupt-essential-health-services-in-90-of-countries (accessed August 17, 2023).

 32. Jazieh AR, Kozlakidis Z. Healthcare transformation in the post-coronavirus pandemic era. Front Med. (2020) 7:429. doi: 10.3389/fmed.2020.00429

 33. Adebisi YA, Oke GI, Ademola PS, Chinemelum IG, Ogunkola IO, Lucero-Prisno III DE. SARS-CoV-2 diagnostic testing in Africa: needs and challenges. Pan Afr Med J. (2020) 35:4. doi: 10.11604/pamj.2020.35.4.22703

 34. Ogoina D, Mahmood D, Oyeyemi AS, Okoye OC, Kwaghe V, Habib Z, et al. A national survey of hospital readiness during the COVID-19 pandemic in Nigeria. PLoS ONE. (2021) 16:e0257567. doi: 10.1371/journal.pone.0257567

 35. US Department of Health Human Services. Hospital Experiences Responding to the COVID-19 Pandemic: Results of a National Pulse Survey. (2020). Available online at: https://www.oversight.gov/sites/default/files/oig-reports/oei-06-20-00300.pdf (accessed August 29, 2023).

 36. World Health Organization. Algorithm for COVID-19 Triage and Referral: Patient Triage and Referral for Resource-Limited Settings During Community Transmission. (2020). Available online at: https://iris.who.int/bitstream/handle/10665/331915/COVID-19-algorithm-referral-triage-eng.pdf?sequence=1 (accessed November 13, 2023).

 37. De Foo C, Haldane V, Jung A, Gepin KA, Wu S, Singh S, et al. Isolation facilities for COVID-19: towards a person-centered approach. BMJ. (2022) 378:e069558. doi: 10.1136/bmj-2021-069558

 38. Mwesiga EK, Nakasujja N, Muhwezi WW, Musisi S. The COVID-19 pandemic has reinforced the need for community mental health-care models in Uganda. Lancet Psychiatry. (2021) 8:362. doi: 10.1016/S2215-0366(21)00070-5

 39. Zhou Y, Zhang Z, Wang B, Ren G, Qi H, Wang X. Construction time, cost and testing data of a prefabricated isolation medical unit for COVID-19. Data Brief. (2020) 32:106068. doi: 10.1016/j.dib.2020.106068

 40. Wei EK, Long T, Katz MH. Nine lessons learned from the COVID-19 pandemic for improving hospital care and health care delivery. JAMA Intern Med. (2021) 181:1161–3. doi: 10.1001/jamainternmed.2021.4237

 41. Sonenthal PD, Masiye J, Kasomekera N, Marsh RH, Wroe EB, Scott KW, et al. COVID-19 preparedness in Malawi: a national facility-based critical care assessment. The Lancet Global Health. (2020) 8:e890–2. doi: 10.1016/S2214-109X(20)30250-3

 42. World Health Organization. Shortage of Personal Protective Equipment Endangering Health workers Worldwide (2020). Available online at: https://www.who.int/news/item/03-03-2020-shortage-of-personal-protective-equipment-endangering-health-workers-worldwide (accessed October 27, 2023).

 43. Cohen J, van der Rodgers YM. Contributing factors to personal protective equipment shortages during the COVID-19 pandemic. Prev Med. (2020) 141:106263. doi: 10.1016/j.ypmed.2020.106263

 44. Dawood B, Tomita A, Ramlall S. ‘Unheard,' ‘uncared for' and ‘unsupported': the mental health impact of COVID−19 on healthcare workers in KwaZulu-Natal Province, South Africa. PLoS ONE. (2022) 17:e0266008. doi: 10.1371/journal.pone.0266008

 45. John F. Kennedy Medical Center. About the John F Kennedy Medical Center Monrovia (2022). Available online at: https//www.jfkmc.gov.lr (accessed August 29, 2023).

 46. World Health Organization. Priority Medical Devices List for the COVID-19 Response and Associated Technical Specifications: Interim Guidance. (2020). Available online at: https://apps.who.int/iris/handle/10665/336745 (accessed July 27, 2023).



OPS/xhtml/Nav.xhtml




Contents





		Cover



		A review of the John F. Kennedy Medical Center's response to the COVID-19 pandemic in Liberia



		Introduction



		Materials and methods



		Study design



		Study site



		Data collection



		Statistical analysis







		Results



		Hospital characteristics



		Rapid hospital readiness checklist



		Hospital readiness scores



		Leadership and incident management systems



		Coordination and communication



		Surveillance and information management



		Risk communication and community engagement



		Administration, finance, and continuity



		Human resources



		Surge capacity



		Continuity of essential support services



		Patient management



		Occupational health, mental health, and psycho-social support



		Rapid identification and diagnosis



		Infection prevention and control













		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		Supplementary material



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Public Health

A review of the John F. Kennedy
Medical Center’s response to the
COVID-19 pandemic in Liberia





OPS/images/fpubh-11-1258938-t001.jpg
June May

2021
Routine bed capacity 410
Hospital surge bed capacity 0 0
Routine bed capacity by department
Medical emergency 12 12
Pediatric emergency 16 16
Trauma/accident 14 14
Medicine 46 46
Pediatrics 2 2
Obstetrics/gynecology 160 160
Surgery* 50 50
Psychiatry 70 70
ICUY capacity
Beds 8 8
Ventilators 2 3
Oxygen concentrators 3 3
Oxygen cylinders 4 5
Clinical staff 15 17

Clinical staff dedicated to patient care

Nursing/midwifery 240 254
Internal medicine 6 6
Infectious disease 1 2
Emergency medicine 1 1
Surgery 11 11
Laboratory 2 3
Imaging/radiology 2 2
COVID-19 case management 2 3
Infection prevention and control 2 11
Public health/epidemiology 0 0

COVID-19 isolation capacity

ICU beds 0 0
Non-ICU beds 1 1

Holding area stretchers 12 12
Ventilators 0 0
Oxygen concentrators 5 8
Oxygen cylinders 4 12
Trained clinical staff dedicated to 3 18
COVID-19

Trained IPC staff 3 14
Public health staff 0 0

*The hospital has 13 functional operating theaters, hence the rapid surgical bed turnover rate.
Plntensive care unit.





OPS/images/fpubh-11-1258938-t002.jpg
Compone June 2021 May 202. Change* (95% Cl) p-value
1. Leadership and incident management system 57% 86% 29% (21-49%) <0.001
2. Coordination and communication 42% 75% 33% (21-47%) <0.001
3. Surveillance and information management 75% 75% 0% (—16 to 16%) =1,000
4. Risk communication and community engagement 38% 88% 50% (42-65%) <0.001
5. Administration, finance, and business continuity 44% 44% 0% (—14 to 14%) 1,000
6. Human resources 33% 75% 42% (30-55%) <0.001
7. Surge capacity 30% 30% 0% (—15 to 15%) 1,000
8. Continuity of essential support services 50% 75% 25% (13-40%) <0.001
9. Patient management 63% 88% 25% (19-48%) <0.001
10. Occupational, mental health, and psychosocial support 40% 40% 0% (—14 to 14%) 1,000
11. Rapid identification and diagnosis 67% 83% 16% (6.0-37%) 0.001
12. Infection prevention and control 38% 63% 25% (12-38%) <0.001
Mean score (95%CI) 49% 69% 20% (5.7-35%) 0.004

*Difference or change in readiness with chi-square test p-values.










OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Public Health





