Considerations on Surge Response to Coronavirus Disease 2019 in Italy



This brief draws from the World Bank’s analytical knowledge to provide insight into Italy’s response to the ongoing pandemic of Corona Virus Disease 2019 (COVID-19). It examines the key lessons in surge response from international experience with COVID-19 and other health emergencies. [footnoteRef:1] [1:  A second complementary note could focus on Italy’s way out of the epidemic and on mitigation, and systems strengthening measures to ensure recovery and preparedness for potential future waves of COVID-19. The World Bank’s team seeks feedback from Italy on other topics of interest for the policy briefs.
] 


Key Messages 

· In response to previous epidemics of SARS and MERS China, Singapore, and South Korea overhauled their emergency systems and strengthened public health and disease surveillance response systems, which enabled a swift response to the COVID-19 pandemics. Different countries worldwide have different levels of preparedness and have adopted different measures to combat COVID-19 pandemic (Table 1), offering vital insight into the response. 

· Lack of swift disease detection and containment measures can lead to overwhelmed health systems swiftly, and exceeding healthcare capacity can further exacerbate the community spread of SARS-CoV-2/COVID-19.

· Timely disease control measures need to be accompanied with surge capacity to curb the exponential spread of COVID-19. The evidence suggests that travel restrictions only work if coupled with rapid testing, physical distancing, isolation, infection prevention and Control in HCWs etc. to break the chain of transmission. 

· In a globalized world where epidemics and pandemics are increasingly common, pandemic surge planning using the 4 S framework (Space, Stuff, Staff, and System) can enable bolstered surge response. The proposed recommendations contain short, medium, and long-term measures to operationalize surge response to COVID-19 in Italy; including short-term measures to scale up surge response using the 4 S framework; medium and long-term measures of gap analysis for legislative and institutional reforms, and health system strengthening respectively.





2

Table 1: COVID-19 comparison between select countries
	As of March 21, 2020
	Italy
	China
	Singapore
	South Korea
	Japan
	Spain
	USA

	Confirmed Cases
	53,578
	81,345
	432
	8,897
	1,055
	25,496
	26,747

	Deaths

	4,825
	3,265
	2
	102
	35
	1,381
	340

	CFR (Deaths/confirmed cases)*100
	9%
	4%
	0.46%
	1.1%
	3.3%
	5.4%
	1.3%

	Tests per million people
	3498
	2820
	NA
	6148
	118
	646
	314

	Total Tests
	206,886
	320,000
(Guangdong)
	NA
	316,664
	14,901
	30,000
	103,945

	Doubling Time (days)

	5
	35
	NA
	12
	9
	3
	3

	Percent population over 65
	23%
	11%
	12%
	14%
	26%
	19%
	16%

	Population pyramid
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Global Health Security Index[footnoteRef:2] [2:  https://www.ghsindex.org/] 

	Rank: 31/195
Country Score: 56.2
Prevent: 47.5
Detect: 78.5
Respond 47.5
Health System: 36.8

	Rank 51/195
Country Score: 48.2
Prevent: 45
Detect: 48.5
Respond 48.6
Health System: 45.7

	Rank 24/195
Country Score: 58.7
Prevent: 56.2
Detect: 64.4
Respond : 64.6
Health System: 41.4

	Rank 9/195
Country Score: 70.2
Prevent: 57.3
Detect: 92.1
Respond 71.5
Health System: 58.7

	Rank 21/195
Country Score: 59
Prevent: 49.3
Detect: 70.1
Respond: 53.6
Health System: 46.6

	Rank 15/195
Country Score: 65.9
Prevent: 52.9
Detect: 83
Respond 61.9
Health System: 58.6

	Rank 1/195
Country Score: 83.5
Prevent: 83.1
Detect: 98.2
Respond: 79.7
Health System: 73.8


	Joint External Evaluation
	Not done
	Not Done
	Done
	Done
	Done
	Not Done
	Done

	Strategies for disease control
	Lockdown, travel restrictions, followed by testing

	Mass-scale provincial and country-wide quarantine and border closures, extension of holidays,  social distancing, contact tracing
	Strict quarantine rules, PoE screenings, rigorous contact tracing and testing of suspected cases, risk communication, free masks distributed, daily life not disrupted.
	Innovative means of contact tracing, and aggressive testing (including multiple drive through testing points), voluntary isolations, proactive community engagement
	Border closure, quarantine, isolation of elderly.
	Border closure, declaration of emergency, lock down, centralized coordination of response
	Border closure, declaration of emergency

	Unique constraints
	High proportion of elderly population, decentralized provinces
	Sheer population size, decentralized health system
	Major airport hub with heavy to and fro traffic from China. One of the first countries affected with multiple local transmission.
	Major cluster in Daegu religious sect
	High proportion of elderly population
	Decentralized provinces
	Initial delays in availability of tests

	Unique surge capacity strategies
	Decree signed to enhance the capacity of the National Health System (NHS) to face the Covid-19 emergency by allocating funds for response, hiring extra HCWs, setting up new health facilities, purchasing of new equipment from the private sector.


	Surge capacity HCWs transferred to hotspot, quarantine centers, designated facilities established in record time.

Outside of Hubei, provincial staff divided into groups to: (1) support Wuhan; (2) set up fever clinics and triage; (3) work in isolation facilities; (4) quality control and supervision. WeChat used for trainings and capacity building of HCWs.
	Satellite primary health care fever clinics activated, non-ICU staff trained in resuscitation, infection control, information flow, ICU etc.
Staff morale boosting measures

	Repurposed corporate facilities to provide medical support for patients with moderate symptoms. High-risk patients prioritized for hospitalization
	NA
	Nationalization of private hospitals, Central government has assumed command of response, Hiring of final year graduates for surge staffing, protocol for prioritization of tests, cancellation of non-emergency surgeries, repurposing of hotels to increase surge hospital bed capacity
	Defense Production Act can be invoked by the President to force private sector to manufacture surge equipment and PPE; Strategic National Stockpile

	As of March 21, 2020
	Italy
	China
	Singapore
	South Korea
	Japan
	Spain
	USA



1. COVID-19 in Italy 

On December 29, 2019, a cluster of cases of pneumonia of an unknown origin was reported to the Chinese National Health Commission in the city of Wuhan, in Hubei province. The outbreak, identified as the Coronavirus Disease 2019 (COVID-19), has since spread to 167 countries with over 303,000 confirmed cases and 12,940 deaths as of March 21, 2020[footnoteRef:3].The World Health Organization (WHO) declared the COVID-19 to be a Public Health Emergency of International Concern (PHEIC) on January 30, 2020 and officially declared it a pandemic on March 11, 2020. COVID-19 is distinct from other Coronaviruses,[footnoteRef:4] with greater pandemic potential and reproductive rate but lower-Case Fatality Rate (CFR) than both Severe Acute respiratory Syndrome (SARS) and Middle-Eastern Respiratory Syndrome (MERS) (Table 2, Annex).  [3:  The Center for Systems Science and Engineering (CSSE) at JHU (data as of March 21, 2020)]  [4:  Middle Eastern Respiratory Syndrome (MERS) and Severe Acute Respiratory Syndrome (SARS)] 


First person-to-person transmission was reported in Italy on February 21, 2020 in northern Italy. Since then, Italy has implemented extraordinary measures to limit the spread including: interrupting flights from China, quarantines for travelers from China, and strict controls at international borders. Local medical authorities adopted specific WHO recommendations to identify and isolate suspected cases of COVID-19. Despite the measures, cases in Italy escalated fast and the number of confirmed cases is now over 53,000 and deaths due to COVID-19 in Italy have surpassed China, reaching 4,825 deaths (Figure 1) , with a Case Fatality Rate (CFR) higher than China. [footnoteRef:5] Deaths due to SARS-CoV-2 between March 20th and 21st increased by over 793 and total number of confirmed cases increased by nearly 14 percent. The northern regions of Lombardy, Veneto and Emilia-Romagna, have been most affected by the outbreak. Over 85% of infected patients are in the region but the virus has been confirmed in all 20 regions of the country. The situation in Italy is made worse by a high prevalence of smoking (23.7 percent[footnoteRef:6]), and an ageing population (23 percent of population is over 65 years), which suffers greater mortality and morbidity due to COVID-19. [5:  The Center for Systems Science and Engineering (CSSE) at JHU (data as of March 20, 2020)]  [6:  https://ourworldindata.org/smoking] 


To ensure containment, the government imposed a state-of-emergency lockdown on March 7, 2020, which started in northern regions where most cases were confirmed and has expanded to the whole country.[footnoteRef:7] Public spaces, such as gyms, theatres and cinemas, have also been closed by the government. The response efforts to COVID-19 have overwhelmed the country’s broader health systems requiring to create more testing and Intensive Care Unit (ICU) capacities, and to enforce stronger community containment. As per a report[footnoteRef:8], patients in ICU constitute 9-11% of those affected in Italy and estimates suggest that by mid-April up to 4000 additional hospital beds will be needed as the ICUs will be at maximum capacity. Further, as per a study, nearly 20% of health-care professionals working on COVID-19 cases (n=350) have become infected. This highlights urgent need for surge ICU capacity, surge HCW staff, and timely provision of Personal Protective Equipment (PPE), Infection Prevention Control (IPC) in hospitals to stem the nosocomial transmission. The government has allocated funding for more healthcare workers and equipment, to try to ensure that patients who need an ICU bed are allocated one.[footnoteRef:9] These measure, coupled with strong risk communication measures, and individual citizen responsibility could slow down virus transmission. However, as the number of COVID-19 cases increasing exponentially, there is an urgent need to strengthen the containment measures and scale up surge capacity of Italy’s health systems.  [7:  On the front lines of coronavirus: the Italian response to covid-19 ]  [8:  Remuzzi, A., & Remuzzi, G. (2020). COVID-19 and Italy: what next?. The Lancet.]  [9:  Doctors: COVID-19 pushing Italian ICUs toward collapse ] 


The country’s biggest challenges are thus containment on one hand and a shortage of staff (including specialists), equipment like oximeters, ventilators, shortage of Personal Protective Equipment (PPE), ICU capacity. Recent reports from Bergamo highlight the dismal situation of over-capacity ICUs, and of older patients dying without resuscitation or palliative care due to exhausted HCWs[footnoteRef:10]. Most hospitals are overcrowded, nearing collapse while medications, mechanical ventilators, oxygen, and personal protective equipment are not available. Consequentially, essential health service delivery such as vaccinations or pregnancy care and child delivery have suffered major interruptions and even Cemeteries are overwhelmed. There are also concerns regarding exacerbation of the epidemic in Southern Italy, which has fewer health facilities and lower quality of care compared to the wealthier province of Lombardy. [10:  https://catalyst.nejm.org/doi/full/10.1056/CAT.20.0080
] 


Italy’s governments is making extensive efforts to prevent health systems across the country from being overwhelmed and has announced financing and scaling up of Italy’s capacity by: 1) expanding availability of ICUs; 2) intensive use of existing staff; 3) hiring additional staff; and 4) buying of new equipment. The Italian government also issued a Decree on March 16th that aimed at enhancing the capacity of the National Health System (NHS) to face the Covid-19 emergency by allocating funds for response, staff hiring of 20,000 temporary workers, and new equipment and facilities. The Decree allows for the possibility of setting up new health facilities, not necessarily within a hospital. Furthermore, new equipment and facilities may be purchased, confiscated from the private sector or built (including, for example, hotels or other properties etc.).
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Figure 1: COVID-19 deaths in Italy have surpassed deaths from China





2. Practical measures for consideration to bolster Italy’s surge response 

The following measures for consideration have been extracted from lessons from other countries’ efforts to combat COVID-19,  as well as lessons learned from other epidemics and natural disasters – all of which can further inform Italy’s efforts to scale its response to COVID-19. These are further described in various cases studies included in the Annex. 

Short-Term and Acute Measures (under 6 months) to strengthen surge capacity of health systems

· Learning from Italy’s experience – Italy offers unique lessons for evidence-based response towards the COVID1-9 pandemic.  For example, within the country itself, Veneto resorted to aggressive testing than Lombardia and its COVID-19 related outcomes have improved significantly. 

· Switching from patient-centric model of care to a community-centric model that utilizes innovations like tele-medicine and better triaging based on case severity for hospitalization and ICU; and gate keeping the gate to inpatient specialized care at the community level. Measures such as redefining standard treatment protocols to provide needed care at the “right place” would also avoid burdening of health systems, and continuous engagement of public health experts, epidemiologists, anthropologists, community leaders to investigate, develop, and implement interventions will further break the chain of nosocomial and community transmission. Supporting families to cope with death of family members and face difficult living conditions during the lockdown can further enhance effectiveness of the response. 

· Timely interventions for diseases detection and containment – Timely and aggressive contact tracing and testing coupled with proactive risk communication, isolation of patients in designated COVID-19 facilities, Point of Entry measures, and physical distancing seem to be the early measure best practice for breaking the chain of transmission. In particular, evidence from other countries like Singapore and South Korea (Table 1) suggests the importance of effective contact tracing, and rigorous testing in the effectiveness of the response. 

· Scaling up “Stuff” or surge PPE and equipments 
i. Arrangement on getting disaster boxes with PPE from international NGOs. Pharmaceutical companies and pharmacies can be asked to support and maintain a minimum stockpile in national warehouses.
ii. Liaising with WHO on guidance for reuse of limited equipment and medical devices including some consumables like hemodialysers, goggles or face shields; or innovations such as using a Y connector to simultaneously ventilate in times of equipment shortage or protocol for reuse can improve efficient use and cost containment. However, this will require assessment of the efficacy of sterilization and decontamination among other things.  
iii. Leveraging private sector for swift manufacturing of equipment and PPE – Private sector can be leveraged in time of need to support manufacturing of PPE and equipment that are in short supply. For example, in France LVMH is converting its perfume factories to make hand sanitisers, and in Spain, fragrance and in Italy, pharmaceutical company Menarini has converted its production plant to produce and donate sanitizers and Miroglio, a textile company has decided to support Italy by manufacturing masks[footnoteRef:11]. [11:  https://www.ilsole24ore.com/art/da-miroglio-menarini-fabbriche-che-si-riconvertono-contro-coronavirus-ADLIFdD ] 

iv. Private sector can also be leveraged for: (1) sharing manufacturing knowledge with other companies to meet the stringent quality or design requirements of medical device manufacturing in a short time frame; (2) engage in joint ventures/collaborations to increase production of medical devices such as ventilators and other emergency equipment. Companies that do not currently produce essential equipment can be connected with firms already making the equipment; (3) sharing of regulatory approvals with new entrants through manufacturing arrangements between a licensed manufacturer and a new entrant to enable clone production.
v. Requisitioning power and legislations such as Defence Production Act in the US can enable governments to nationalize or pivot private sector to manufactures urgent commodities and equipment during emergencies.
vi. Potential centralization of emergency response – In a highly decentralized context like in Italy, it an be difficult to coordinate public health emergencies because of the legal and regulatory obstacles to swift action and provincial differences. Italy may consider looking into way of centralizing public health preparedness and response. The appointment of Special Commissioner at the central level to coordinate the response is helpful but provisions for institutionalization of response further might further support swift action in future emergencies. 

· Scaling up Systems: 
i. Establish a national and regional incident command centre/EOC to facilitate coordination between regions.
ii. Establish a centralized triage mechanism with specified referral hospitals that can direct patients to designated facilities and develop a system to monitor patients.
iii. Engage with partners, other countries, international NGOs, local NGOs to enable surge response support. 

· Scaling up surge critical care space and capacity 
i. Utilize a telemedicine and call-center based hotline to triage and deliver care to increase non-emergency number capacity and provide self-help. This was used in H5N1 epidemic in the UK.
ii. Delivering care to home via deployment of outreach services – Home care, mobile clinics, satellite fever clinics, tele-medicine implementation can avoid unnecessary movements and release pressure from hospitals. Early oxygen therapy, pulse oximeters, and nutrition can be delivered to the homes of mildly ill and convalescent patients, setting up a broad surveillance system with adequate isolation and leveraging innovative telemedicine instruments. This approach would limit hospitalization to a focused target of disease severity, thereby decreasing contagion, protecting patients and health care workers, and minimizing consumption of protective equipment. 
iii. Separate COVID-19 designated facilities, ambulances to ensure minimal spread of disease from COVID-19 infected patients to other patients. 
iv. Adopt off-loading tactics to free up ICU and critical care bed space through off-loading non-emergency patients, reverse triaging[footnoteRef:12] wherein inpatients at low risk for untoward events would be discharged or transferred back to the community, giving inpatients and individuals affected by the disaster equal consideration for inpatient resources; altering standards of care; canceling elective surgeries, transferring patients to other facilities etc.  [12:  Kelen, G. D., Troncoso, R., Trebach, J., Levin, S., Cole, G., Delaney, C. M., ... & Sauer, L. (2017). Effect of reverse triage on creation of surge capacity in a pediatric hospital. JAMA pediatrics, 171(4), e164829-e164829.
] 

v. Adopt onboarding tactic by creating extra space – Converting single rooms to double rooms or utilizing non-traditional patient care areas like hallways, lobbies, or waiting rooms; repurposing hotels or private facilities for patients with moderate symptoms; converting a step-down unit to a critical care unit; establishing outpatient facilities and satellite clinics; temporary structures; altering standards of care; holding areas etc.
vi. Leverage specialized Field Hospitals, Ships, Plane hospitals, and military facilities to increase critical care capacity to enhance response and resource pooling for response.
vii. Potential re-opening of hospitals that had been closed. In the past 20 years some smaller hospitals had closed in Italy too to increase efficiency. They can be potentially turned into poli-ambulatory or multi purpose outpatients facilities.

· Surge staffing and infection control
i. Just in time training and cross-training by utilizing personnel who have the aptitude to quickly learn, adapt, and assist and utilizing final year students and medical residents; leveraging army clinicians and HCWs/clinicians with traditional credentials but who may be unaccustomed to the specialized care that will need to be delivered etc.  
ii. Modifying or extending work hours, task shifting measures to free valuable specialist time, calling back off-duty staff; training and leveraging non-traditional care providers, such as family members, volunteers, or nonclinical staff or non-ICU staff 
iii. Provision of training in infection control and PPE to all staff (Eg., Provision of training in intubation whilst wearing PPE); private sector can be leveraged to provide training.
iv. Boosting staff morale and providing psychosocial support.
v. Development of rosters can augment personnel pools.
vi. Telemedicine platforms may also be used to augment staff and provide expert assistance “virtually” from anywhere (Example, Teladoc). Retiree doctors, pneumologists, anesthesiologists etc. (who otherwise would be at higher risk due to age) can be leveraged via telemedicine platforms.
vii. Mobilizing technical assistance and HCWs from other provinces and countries at the epi-centre.

Moderate-Term strengthening of surge systems capacity
i. Testing major hospitals for surge response by utilizing simulation exercises, PPE training, and maintaining rosters, and development of hospital and provincial level contingency plans. 
ii. Develop a national, and if possible, a pan-European, registry of hospital capacity, medical supplies and stockpiles of PPE, essential medicines with real time capability to help maintain an overview in a dynamic crisis situation.
iii. Conduct a gap analysis of emergency legislations to bolster future surge response to emergency. 

Long-Term strengthening of preparedness and readiness for emergency operations     
i. Conduct a Joint External Evaluation (JEE) and develop and implement a prioritized and costed National Action Plan for Health Security (NAPHS). Italy has not had a JEE, which can help identify gaps in Italy’s IHR capacities to prevent, detect, and respond to epidemics and other health crises. As per Global Health Security Index, Italy has lower than global average score for emergency response operations and communication with HCWs. 
ii. Investments in Italy’s health systems strengthening and the national health service, Servizio Sanitario Nazionale (SSN).
iii. Efforts to strengthen multisectoral coordination on preparedness and response in collaboration with regional authorities.




ANNEX

3. Relevant COVID-19 and other Epidemic Lessons From Around The World

Post-SARS reforms led to an overhaul of China’s public health emergency response systems

The SARS outbreak served as the tipping point not only for WHO’s International Health Regulations (IHR) reforms in 2005, but also for reforms in China’s public health and emergency management systems as well as in Chinese rural health systems. The lack of information, accountability, and communication enabled the disease to ultimately afflict over 8,000 patients and cause over 744 deaths[footnoteRef:13] across three continents. Specifically, the SARS outbreak magnified the need in information sharing and disease prevention, detection, and control. It also highlighted the lack of effective public health regulations for health emergencies.[footnoteRef:14] Post-SARS outbreak, a new round of reform was launched in China. This reform aimed to establish a public health emergency response system and sought to strengthen China’s disease prevention and control system in both urban and rural China.[footnoteRef:15]  [13:  Wang, Ming-Dong and AMJ. Changing virulence of the SARS virus: the epidemiological evidence. Bull World Health Organ. 2004;82(7):547–8]  [14:  Wei, Pengfei, et al. "Pains and gains from China’s experiences with emerging epidemics: from SARS to H7N9." BioMed research international 2016 (2016).]  [15:  Wagstaff, Adam, et al. Reforming China's rural health system. The World Bank, 2009.] 


China implemented government administration reforms, including legislation that established a unified public health emergency management system[footnoteRef:16], stronger surveillance systems, and expanded laboratory capacity.[footnoteRef:17] From 2003 to 2006, with financing from both national and local governments, China reinforced the disease prevention and control system, as well as the public health emergency response system covering urban and rural areas. During this period, the government increased its financial support to public health institutions and prioritized funding for biotechnology and biomedicine industrialization and development of vaccines and diagnostics. China also established a rapid-response infectious diseases prevention and control system, which included the setup of emergency alert mechanisms.[footnoteRef:18] China strengthened its risk communication drastically and established one of the largest reporting system of infectious disease epidemics and public health emergencies. Additionally, China introduced a major overhaul of the rural health care system through the creation of the New Rural Cooperative Medical System (NRCMS), with a focus to strengthen the Chinese health care system, especially in rural areas.[footnoteRef:19]  The aforementioned measures enabled China to drastically improve its capacity to respond to outbreaks.  [16:  M. Xu and S.-X. Li, “Analysis of good practice of public health Emergency Operations Centers,” Asian Pacific Journal of Tropical Medicine, vol. 8, no. 8, pp. 677–682, 2015.]  [17:  X. Lu and L. Xue, “Managing the Unexpected: Sense-Making in the Chinese Emergency Management System,” Public Administration, vol. 94, no. 2, pp. 414–429, 2016.]  [18:  ICR SARS Emergency Response Project]  [19:  Wagstaff, Adam, et al. Reforming China's rural health system. The World Bank, 2009.] 


COVID-19 in China – swift disease control measures coupled with surge capacity measures can reduce the epidemic size and the overwhelming demands on health systems[footnoteRef:20] [20:  Li, R., Rivers, C., Tan, Q., Murray, M. B., Toner, E., & Lipsitch, M. (2020). The demand for inpatient and ICU beds for COVID-19 in the US: lessons from Chinese cities. medRxiv.] 


Analysis of the intensive care unit (ICU) and inpatient bed needs from two affected Chinese cities (Wuhan and Guangzhou) shows that the timing of disease control interventions is crucial. Lack of swift disease containment and control measures can lead to overwhelmed health systems swiftly and exceeding healthcare capacity can further exacerbate the community spread of SARS-CoV-2. Consequentially, swift disease control measures need to be accompanied with strengthening of surge capacity to curb the exponential spread of the disease. As an example, in Wuhan strict disease control measures were implemented six weeks after the confirmation of sustained local transmission of SARS-CoV-2, which led to hospitalization of 19,425 patients (with 9689 in critical conditions) and critical care for 2087 patients per day[footnoteRef:21]. Limited healthcare capacity in a time of exponential increase in cases meant secondary transmission in the community continued as patients and their household contacts moved between hospitals to seek care. Further decreased quality of care due to lack of access to ventilators meant a much higher Case-Fatality-Rate (CFR) of 4.5% compared to 0.8% in rest of China (not counting Hubei). As a contrast, in Guangzhou, strict disease control measures (including stringent contact tracing) implemented within one week of case importation meant that during the epidemic peak, 15 patients were in critical condition, and 38 were classified as serious, resulting in a much smaller size of outbreak. Evidence from 1918 Spanish Flu pandemic in the US also emphasizes that nonpharmaceutical interventions when imposed early in the epidemic course resulted in lower peaks and fewer total cases of pandemic influenza than those which waited. [21:  This included isolation, quarantine, suspension of public transportation, compulsory mask wearing, and lockdown.] 


 In both Wuhan and Guangzhou, the lockdowns did not lead to immediate downturns in the demand for hospitalization or the number of serious cases; rather, the peak in these measures occurred approximately a month after the lockdown in Wuhan, and two weeks after the lockdown in Guangzhou. This delay reflects the potentially long time from infection to severe conditions as many COVID-19 patients who eventually require ICU care initially present only mild symptoms. To deal with shortage of hospital and ICU beds and other resources, over eighteen thousand health care workers (HCWs) were sent to Wuhan from other parts of China to help with the coronavirus response. Forty eight hospitals (including two new hospitals built specifically for COVID-19 patients) and over 26,000 inpatient beds were designated for the isolation and treatment of patients with confirmed SARS-CoV2. Quarantine centers with over 13,000 total beds were also swiftly established to isolate confirmed patients with milder illnesses. Outside Hubei provinces, HCWs in less-affected provinces were divided into four groups for support to Wuhan, triaging and fever clinics, isolation facilities, and supervision and quality control for IPC[footnoteRef:22]. The aforementioned measures significantly eased the pressures on the Chinese health systems and the epidemic in China seems to be waning. Health authorities reported just 16 new cases on 15th March, of which most were people who had entered China from other countries. No new domestic cases have been seen in China in the last three days[footnoteRef:23]. Workplaces and shops have begun reopening throughout the country, including in Hubei province[footnoteRef:24],[footnoteRef:25]. China is now extending cooperation to other countries, having sent a plane of nine doctors and nine pallets of medical equipment to help Italy[footnoteRef:26]. [22:  Wang, H., Wang, S., & Yu, K. (2020). COVID-19 infection epidemic: the medical management strategies in Heilongjiang Province, China.]  [23:  https://www.aa.com.tr/en/asia-pacific/china-no-domestic-coronavirus-cases-in-last-3-days/1774544]  [24:  Tanne, J. H., Hayasaki, E., Zastrow, M., Pulla, P., Smith, P., & Rada, A. G. (2020). Covid-19: how doctors and healthcare systems are tackling coronavirus worldwide. BMJ, 368.]  [25:  https://metro.co.uk/2020/03/21/china-relaxes-social-distancing-wuhan-reports-no-new-cases-three-days-12436253/]  [26:  Tanne, J. H., Hayasaki, E., Zastrow, M., Pulla, P., Smith, P., & Rada, A. G. (2020). Covid-19: how doctors and healthcare systems are tackling coronavirus worldwide. BMJ, 368.] 


South Korea – Learned from MERS to leverage extensive and innovative testing, contact tracing, and risk communication to slow the spread of COVID-19
In 2015, the Middle Eastern Respiratory Syndrome (MERS) – another Coronavirus epidemic – impacted South Korea to infect 186 cases and led to 36 deaths. The MERS experience emphasized the importance of tracing, testing, and quarantining during an epidemic for South Korea. Since then, South Korea has established Emergency Operations Center (EOC), strengthened risk communication strategy, and enacted legislation to enable utilization of cell phone data, credit card data for contact tracing during emergencies[footnoteRef:27].  [27:  Cho, H. W. (2020). Effectiveness for the Response to COVID-19: The MERS Outbreak Containment Procedures. Osong Public Health and Research Perspectives, 11(1), 1.] 


After the emergence of SARS-CoV-2 and sharing of its sequence by China, Korean Center of Disease Control (KCDC) raced to develop testing kits, which were approved on February 7th. With the cluster of cases that emerged from the  Shincheonji megachurch in Daegu (near Seoul), more than 2900 new cases were identified in the next 12 days. The sudden surge in cases overwhelmed the hospitals with 2300 people left waiting for admittance at one point in March, and at least two people died waiting in a hospital room. Reports of fatigue among HCWs were widespread. Sixteen of 100 nurses at Pohang Medical Center resigned from 29 February and 1 March owing to “various personal reasons compounded by overwork. Daegu Medical Center put out a plea for doctor and nurse reinforcements, and 250 physicians responded. However, regions were never put into strict lockdown. Rather, South Korea leveraged a unique strategy of voluntary social distancing, isolation of patients in designated facilities, proactive risk communication and community engagement, coupled with an aggressive scaling up of testing (as many as 18 000 a day have been conducted using innovative strategies such as drive through testing; Figure 2), and contact tracing using innovative mechanisms such as CCTV and credit card transactions[footnoteRef:28].  [28:  Tanne, J. H., Hayasaki, E., Zastrow, M., Pulla, P., Smith, P., & Rada, A. G. (2020). Covid-19: how doctors and healthcare systems are tackling coronavirus worldwide. BMJ, 368.] 

South Korea dealt with sudden demands on health system by sending patients with moderate symptoms to repurposed corporate training facilities and spaces to get medical support, whilst high-risk patients with underlying illnesses got priority for hospitalization. Close contacts of confirmed patients were placed in self-quarantine but a local monitoring team calls twice daily to make sure the quarantined stay put and to ask about symptoms. Quarantine violators face up to 3 million won ($2500) fines[footnoteRef:29]. South Korea’s success in COVID-19 response. [29:  https://www.sciencemag.org/news/2020/03/coronavirus-cases-have-dropped-sharply-south-korea-whats-secret-its-success] 

[image: ]
Figure 2: South Korea has adopted an aggressive COVID-19 detection strategy

COVID-19 in Singapore: Lessons from SARS helped strengthen the response to COVID-19
Singapore, a global travel hub in Southeast Asia, was one of the first countries to be affected by COVID-19, and for a while was the country with the highest COVID-19 numbers outside of China[footnoteRef:30]. It rekindled memories of 2003 when Singapore experienced a SARS outbreak that spread to four health-care facilities leading to over 238 cases and 33 deaths making it one of countries worst affected by the outbreak[footnoteRef:31]. Transmission within the healthcare and household settings accounted for more than 90% of the cases. The PPE was in short supply and IPC measures were weak. Based on the lessons learned, Singapore built established a contact tracing center and strengthened country’s emergency response operations. These included the construction of a new purpose-built National Centre for Infectious Diseases (NCID), a 330-bed purpose built infectious diseases management facility with integrated clinical, laboratory and epidemiologic functions; significant expansion in the number of negative-pressure isolation beds throughout the public hospital system; stockpiling of PPE and masks; establishment of formal platforms for multi-Ministry and cross-agency coordination; development of a strong capability to perform contact tracing quickly and at scale; training of health professionals including in the correct use of PPE etc. [30:  Feb 5, 2020 to Feb 18, 2020]  [31:  Goh, K. T., Cutter, J., Heng, B. H., Ma, S., Koh, B. K., Kwok, C., ... & Chew, S. K. (2006). Epidemiology and control of SARS in Singapore. Annals-Academy of Medicine Singapore, 35(5), 301.] 


As a result, when Singapore’s Ministry of Health reported a COVID-19 case on January 2nd, 2020, it immediately rolled out entry screening and temperature checks at Points of Entry (PoE) from January 3rd onwards. Singapore swiftly implemented aggressive contact tracing, quarantine of close contacts of suspected cases, entry restrictions from affected regions among other measures[footnoteRef:32]. Given that initial reports suggested that nearly a third of patients infected with severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) become critically ill and require intensive care unit (ICU) admission[footnoteRef:33], Singapore started preparing for a surge response. By February 17th, Singapore recorded the highest number of confirmed cases outside of mainland China with several clusters of local transmission. Consequentially, the country implemented a multipronged surveillance strategy[footnoteRef:34] coupled with containment and border control, health measures, and community engagement and social measures – all of which collectively slowed the spread. As per a recent study, Singapore has the highest surveillance and detection capacity for COVID-19 among all countries [footnoteRef:35]. All healthcare institutions adopted a common strategy of containment with isolation of all suspected or confirmed cases of COVID-19 until 2 consecutive respiratory samples for RT-PCR become negative over 2 days and active monitoring of contacts. A network of more than 800 Public Health Preparedness Clinics (PHPCs) was activated to enhance management of respiratory infections in the primary care setting, with subsidies extended to Singapore residents to incentivize them to seek care at these PHPCs. As early COVID-19 disease is mild and undifferentiated, medical practitioners were instructed to provide extended medical leave of up to five days for patients with respiratory symptoms. This allowed possible COVID-19 cases to self-isolate at home to reduce the number of undetected cases seeding community transmission. The country also adopted a strategy of training non-ICU acute medical staff dealing with critically ill patients prior to ICU admission, for resuscitation, infection control, information flow and advanced ICU services. Special attention was given to boost staff morale, which had taken a hit due to multiple factors, including increased workload due to implementation of strict infection control measures, uncertainty over the effectiveness of personal protective equipment, anxiety over the lethality of any infection, concern for the well-being of their family members and stigmatization by members of the public[footnoteRef:36]. Singapore also rigorously engaged in risk communication to advocate regular handwashing, seeking medical treatment early, and staying at home when unwell. The use of masks was only encouraged for ill persons to prevent them from infecting others, and the government distributed four masks to every household. Consequentially, despite multiple importations resulting in local chains of transmission, Singapore has been able to control the COVID-19 outbreak without major disruption to daily living. [32:  Lee, V. J., Chiew, C. J., & Khong, W. X. (2020). Interrupting transmission of COVID-19: lessons from containment efforts in Singapore. Journal of Travel Medicine]  [33:  Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 2020;395(10223):497–506.]  [34:  that included applying the case definition at medical consults, tracing contacts of patients with laboratory-confirmed COVID-19, enhancing surveillance among different patient groups, and allowing clinician discretion to identify COVID-19 patients.]  [35:  Niehus R, De Salazar P, Taylor A, Lipsitch M. Quantifying bias of COVID-19 prevalence and severity estimates in Wuhan, China that depend on reported cases in international travelers [Preprint]. Medrxiv, February 18, 2020. https://www.medrxiv.org/content/10.1101/2020.02.13.20022707v2external icon]  [36:  Liew, M. F., Siow, W. T., MacLaren, G., & See, K. C. (2020). Preparing for COVID-19: early experience from an intensive care unit in Singapore. Critical Care, 24(1), 1-3.] 


Japan’s approach to COVID-19
Japan is home to the largest proportion of elderly people in the world—over 26% of its citizens are above 65 years of age and hence, vulnerable to COVID-19 associated mortality and morbidity. In contrast to South Korea, Japan has adopted a different approach of firewalling with travel restrictions, and isolation of elderly[footnoteRef:37]. The Japanese public health strategy is similar to the Japanese military concept of ‘mizugiwa sakusen’, which refers to the military doctrine of repelling invaders as soon as they reach the shore and focused on prevention of importation of cases into Japan.[footnoteRef:38] The main features of this strategy are bans on the entry of travelers from hard-hit regions of China and quarantines for travelers arriving from other countries/regions with active COVID-19 outbreaks.  An example of Japan’s approach of preventing importation of cases is the case of the Diamond Princess cruise ship. On February 4, the Japanese government prevented the people onboard the Diamond Princess from disembarking but forced them to stay on the ship anchored in Yokohama harbor. The quarantined ship became a breeding ground for SARS-CoV-2, and more than 700 cases were reported from the people on-board. Concern that the COVID-19 pandemic might overwhelm the Japanese health systems has started rising. Already there are reports that hospitals in Nagoya, in Japan’s industrial heartland, are getting overwhelmed with COVID-19 patients, forcing transfers to nearby areas and offering a glimpse of the challenges the pandemic poses for a country with a huge elderly population. Confirmed coronavirus cases in Nagoya totaled 98 as of March 15, 2020, far exceeding the city’s 27 beds that meet conditions for patients with severe disease[footnoteRef:39]. [37:  Tanne, J. H., Hayasaki, E., Zastrow, M., Pulla, P., Smith, P., & Rada, A. G. (2020). Covid-19: how doctors and healthcare systems are tackling coronavirus worldwide. BMJ, 368.]  [38:  https://globalbiodefense.com/2020/03/16/united-states-lessons-learned-covid-19-pandemic-response-south-korea-japan-observations-hyunjung-kim-gmu-biodefense/]  [39:  https://www.japantimes.co.jp/news/2020/03/17/national/science-health/nagoya-hospital-beds-coronavirus-aging-japan/#.Xnbg3JNKhsM] 


Spain declares emergency to activate Article 116 of Spanish constitution to bolster surge response to COVID-19
With over 25,000 confirmed cases and 1381 deaths (as of March 21, 2020), Spain is among the worst COVID-19 affected countries in Europe and has seen over 25% surge in cases in the last 24 hours. Hospitals in Madrid – the worst affected region with over 774 cases in intensive care[footnoteRef:40] – are already overwhelmed. Dozens of health workers have been affected by quarantine, further exacerbating the situation. Health facilities in the worst affected regions are struggling, with inadequate intensive care capacity, shortage of PPE, and an insufficient number of ventilators in particular. The shortage of staff is further exacerbated by the quarantining of a growing number of HCWs exposed to patients who are infected. The Health Alert and Emergency Coordination Centre  (HAECC) created in 2004, provides a mechanism for coordination between the national and regional governments. Decentralized nature of country however means that different provinces have resorted to different disease containment strategies. For example,  the Basque Country declared a public health emergency before any other region, whereas Catalonia requested a complete shutdown of the region, including closure of air, sea, and land ports.  [40:  Tanne, J. H., Hayasaki, E., Zastrow, M., Pulla, P., Smith, P., & Rada, A. G. (2020). Covid-19: how doctors and healthcare systems are tackling coronavirus worldwide. BMJ, 368.
] 


The Spanish cabinet declared a state of emergency on 14 March, placing the entire country in lockdown. Travel and all commercial activities have been shut down, except for food shops and some essential services such as pharmacies. Spain is the second hardest hit country in Europe, after Italy[footnoteRef:41]. The State of Emergency allows the Spanish Prime Minister to activate Article 116 of the Spanish constitution, which allows the government to requisition factories and assets needed to scale up the surge capacity in emergencies[footnoteRef:42]. Consequentially, the government has assumed command of the response throughout Spain’s state territories under the leadership of the Ministry of Health and has taken control of all private medical facilities in the country to help shoulder the burden[footnoteRef:43]. The new decree permits hiring graduates without specialization, final year medical and nursing students, and extends contracts of medical residents. A 15 March protocol issued by the Ministry of Health reserves laboratory diagnostic tests for admitted patients or those in need for admission with acute respiratory symptoms, as well as essential service personnel, such as healthcare workers, with acute respiratory symptoms. In a country in which regional autonomy has been politically important, the new decree gives the central government sweeping new powers over health services, transport, and internal affairs, including giving members of the armed forces powers of law enforcement. To further bolster the surge response, provinces like Madrid have cancelled non-emergency surgery and cleared beds where possible. COVID-19 telephone help lines have long delays or have simply collapsed in some regions. Primary care doctors are attempting to provide consultations by telephone, giving preference to elderly patients and people with multiple pre-existing conditions. The government has also converted some of the Madrid hotels and the Fair of Madrid to facilities. [41:  Legido-Quigley, H., Mateos-García, J. T., Campos, V. R., Gea-Sánchez, M., Muntaner, C., & McKee, M. (2020). The resilience of the Spanish health system against the COVID-19 pandemic. The Lancet Public Health.]  [42:  https://www.ft.com/content/d184a0af-3fcd-3e94-8779-575379b8116d]  [43:  https://www.businessinsider.com/coronavirus-spain-nationalises-private-hospitals-emergency-covid-19-lockdown-2020-3] 


USA can leverage Defense Production Act to strengthen surge response 
A recent study[footnoteRef:44] highlights that many parts of the United States (US) will face a shortage of hospital beds if the COVID-19 continues to spread (Figure 3). Even a moderate scenario of 40% adults becoming infected with SARS-CoV-2 over a year will require doubling of hospital beds and require increase of the ICU capacity by over 74% (even if all ICU beds are used for COVID-19 cases). Further, nearly 5 percent of infected cases would require ventilators and the country will face immense shortage of equipment and PPE. This overwhelming of American health systems could potentially lead to limiting of elective surgeries and difficult choices for the providers on provision of intensive care – a scenario not dissimilar to Italy[footnoteRef:45].  [44:  https://projects.propublica.org/graphics/covid-hospitals]  [45:  https://www.independent.co.uk/news/health/coronavirus-italy-hospitals-doctor-lockdown-quarantine-intensive-care-a9401186.html] 


The United States declared a national emergency on 13 March as covid-19 spread to 49 of the country’s 50 states and announced a US$ 50 billion package to combat the pandemic. The focus of the US has been on border closures, and on the partnership between the government, private companies, and commercial and public laboratories to make testing available, despite initial delays. The US has the option of invoking the Defense Production Act (DPA) of 1950, which confers upon the President authority to force private industry to pivot towards manufacturing medical equipment, ventilators, and PPE for combating the pandemic[footnoteRef:46]. The US Department of Health and Human Services also maintains the Strategic National Stockpile, which includes a stockpile of emergency pharmaceuticals, intravenous fluids, mechanical ventilators for emergencies. [46:  https://fas.org/sgp/crs/natsec/RS20587.pdf] 

[image: ]Figure 3:Even a mild and moderate COVID-19 spread can result in shortage of beds and overwhelmed health systems in the US



Critical Lessons in Surge Capacity from Influenza A (H1N1) pandemic, 2009 to 2010
Critical care services were also challenged worldwide during the SARS epidemic, and novel 2009 influenza A (H1N1) pandemic in 2009. The H1N1 pandemic in particular, spread worldwide and caused approximately 300,000, of which 200,000 were due to respiratory failure. The lessons from H1N1 pandemic and the SARS epidemic highlight that the loss of clinical personnel to epidemic can detrimentally impact the effectiveness of the response. Hence, ensuring availability of appropriate PPE, training for HCWs in conjunction with the provision of critical care for patients is vital. Nosocomial amplification is a common aspect of many outbreaks. While influenza is regularly spread through contact and droplet transmission, certain procedures in hospitals—intubation, ventilation, and bronchoscopy can also create potential for disease transmission. In a large-scale pandemic, shortages of equipment and medications can further limit an ICU’s ability to provide the normal standard of care. Hospital preparedness for epidemics must include strategies to maintain staff safety, secure adequate supplies, and have plans for triage and prioritization of care when necessary[footnoteRef:47]. Further, as with disasters, planning for “stuff, staff, space, and system” surge capacity is relevant to ensure a scaled response to pandemics from the perspective of critical care. [47:  Intensive Care Unit Preparedness During Pandemics and Other Biological Threats Maves, Ryan C. et al. Critical Care Clinics, Volume 35, Issue 4, 609 - ] 

4. [bookmark: _GoBack]Lessons from Disasters

Natural disasters, accidents, pandemics, and chemical/biological/terror events can all result in sudden large-scale escalations or surge needs for medical care. During disasters and epidemics, medical contingency system needs to take into account surge[footnoteRef:48]  for the “Four S”[footnoteRef:49]: Staff (the trained personnel needed to care for patients); Stuff (supplies and equipment needed for infection prevention and provision of care); Space (appropriate physical area to provide medical care and support services); and Systems ( command and control centers, supply chain, that ensures coordinated flow of resources and information) [footnoteRef:50]. The systems aspect in particular is often overlooked but is vital to bridge the gap between capacity (the availability of resources) and capability (utilization of the available resources). Prior lessons from China’s experience with disasters and earthquakes also include centralized response to maximize effectiveness of limited resources in the aftermath of a disaster. This approach allows concentration of medical resources and experts to respond to a large-scale medical surge in a state of limited resources through a centralized management system.  [48:  Surge capacity is defined as the maximum potential augmentation of resources beyond routine to provide treatment to the sudden unexpected influx of a large number of patients]  [49:  Hamele, M., Neumayer, K., Sweney, J., & Poss, W. B. (2018). Always ready, always prepared-preparing for the next pandemic. Translational pediatrics, 7(4), 344–355. https://doi.org/10.21037/tp.2018.09.06]  [50:  Davidson, R. K., Magalini, S., Brattekås, K., Bertrand, C., Brancaleoni, R., Rafalowski, C., & Rostrup Nakstad, E. (2019). Preparedness for chemical crisis situations: experiences from European medical response exercises. European review for medical and pharmacological sciences, 23(3), 1239-1247.] 


There are multiple tactics  to strengthen surge capacity during emergencies[footnoteRef:51] [footnoteRef:52] [footnoteRef:53] [footnoteRef:54]:  [51:  Kearns, R. D. (2020). Managing a Medical Surge. In WSES Handbook of Mass Casualties Incidents Management (pp. 11-29). Springer, Cham.]  [52:  Menefee, C. M. (2018). When The House Is Full, But The Guests Keep Coming: Determining The Impact Of Daily Hospital Overcrowding On Disaster Response. Naval Postgraduate School Monterey Monterey 93943 United States.]  [53:  Shen, W., Jiang, L., & He, X. (2020). Precision Augmentation of Medical Surge Capacity for Disaster Response. Emergency Medicine International, 2020.]  [54:  Sheikhbardsiri, H., Raeisi, A. R., Nekoei-Moghadam, M., & Rezaei, F. (2017). Surge capacity of hospitals in emergencies and disasters with a preparedness approach: a systematic review. Disaster medicine and public health preparedness, 11(5), 612-620.
] 

1. Space/structure for critical care – (1) Off-loading tactic– Decompressing the hospital (off-loading non-emergency patients), reverse triaging, canceling elective surgeries, hospitals may also off-load patients by transferring patients to other facilities etc. (2) Onboarding tactic by creating extra space – Converting single rooms to double rooms or utilizing non-traditional patient care areas like hallways, lobbies, or waiting rooms; repurposing hotels or private facilities; converting a step-down unit to a critical care unit; Foreign Field Hospitals (FFH); outpatient facilities and satellite clinics; temporary structures; altering standards of care; holding areas etc.
2. Staffing – Modifying or extending work hours, calling back off-duty staff; training and leveraging non-traditional care providers, such as family members, volunteers, or nonclinical staff or non-ICU staff; IPC training; boosting staff morale to prevent absenteeism; Just-in-Time Training by utilizing personnel who have the aptitude to quickly learn, adapt, and assist; Cross-training before a disaster;  Development of rosters can augment personnel pools; Telemedicine platforms may also be used to augment staff and provide expert assistance “virtually” from anywhere; utilizing final year students and medical residents; leveraging HCWs/clinicians with traditional credentials but who may be unaccustomed to the specialized care that will need to be delivered etc.  
3. Stuff/availability of resources – stockpiling; private sector engagement; inventory lists; Transportation and referral of patients, samples, PPE, or tests; altering standards of care in accordance with limitation of resources.
4. Systems – Incident command system to support coordination and information sharing;  Rapid triage and isolation of the sick, detection, and allocating resources in a manner that leverages and maximizes existing personnel, space, and equipment; Monitoring of supplies and patient utilization through strong hospital information systems.; contingency planning for facilities; reverse triage and triaging; developing staff rosters (including medical volunteers, retirees, interns etc; guidance on allocation of scarce resources, based on the principles of “prepare, conserve, substitute, adapt, reuse, and reallocate” of certain resources; Healthcare coalitions[footnoteRef:55] for resource coordination/harmonization; contingency plans etc. [55:  “Groups of health care and response organizations that collaborate to prepare for and respond to medical surge events.” They are “a formal collaboration among hospitals, public health departments, emergency management and response agencies, and possibly other types of healthcare entities in a community that are organized to prepare for and respond to mass casualty and catastrophic health events.”] 


Surge Critical Care – Foreign Field Hospitals[footnoteRef:56] and pooling of Civilian-Humanitarian-Government-Military resources to enhance surge response in Haiti [56:  A field hospital  is defined as a mobile, self-contained, self-sufficient health care facility capable of rapid deployment and expansion or contraction to meet immediate emergency requirements for a specified period of time] 

The earthquake that struck Haiti in January 2010 caused an estimated 230,000 deaths and injured approximately 250,000 people offers vital lessons for the ongoing COVID-19 response efforts. Haiti Earthquake emphasizes how Foreign Field Hospitals (FFH)[footnoteRef:57] and resource pooling between civilian-humanitarian-government-military nexus can enable swift surge response[footnoteRef:58]. In the aftermath of the Haitian earthquake in 2010, Fast Israel Rescue Search Team (FIRST) - a civilian, non-governmental organization (NGO) arrived in Haiti within seven days with two teams of volunteer physicians, nurses, paramedics and psychologists. FIRST swiftly deployed a network of small tent FFHs in the city of Port au Prince to provide surge primary health-care capacity and provide risk communication to prevent epidemics. Concurrently, the Israel Defense Forces Medical Corps set up a FFH, which was fully operational on-site within 89 hours after the earthquake. This FFH provided secondary care and within 10 days, its staff treated 1111 patients, hospitalized 737 patients, and performed operations on 203 patients. To deploy its services quickly, the hospital brought all required supplies[footnoteRef:59] with it from Israel. The field hospital served as a referral center for medical teams and leveraged early discharge, re-routing of non-severe patients for treatment/recovery to deal with the growing demand for bed spaces. The arrival of US Navy Hospital Ship COMFORT[footnoteRef:60] within seven days of Earthquake further provided surge tertiary and critical care capacity as well as ancillary services such as laboratories. Within 72 h of its arrival, the ship had treated 254 patients. The US Navy Ship (USNS) COMFORT was unique because it treated patients whose medical needs were beyond the expertise of other FFHs and local medical facilities. By providing highly specialized care, USNS COMFORT allowed other medical facilities and temporary FFHs to concentrate on treating patients with moderate and minor injuries while local hospitals were reconstructed. The International Federation of Red Cross and Red Crescent Societies (IFRC) also sent a 20-bed surgical bed FFH to Haiti’s Port au Prince Haitian Hospital after the earthquake with medical supplies, generator, sanitation equipment,  PPE, and two ambulances. The Port au Prince Haitian Hospital worked as a primary care facility, admitting patients and transferring them for surgery at the Red Cross FFH, which acted as its adjunct secondary care facility. The FFH included staff and wards for an outpatient clinic, which treated over 75 patients daily and engaged in epidemic prevention measures.  [57:  Kreiss, Y., Merin, O., Peleg, K., Levy, G., Vinker, S., Sagi, R., ... & Bar-On, E. (2010). Early disaster response in Haiti: the Israeli field hospital experience. Annals of internal medicine, 153(1), 45-48.]  [58:  Naor, M., Dey, A., Meyer Goldstein, S., & Rosen, Y. (2018). Civilian-military pooling of health care resources in Haiti: a theory of complementarities perspective. International Journal of Production Research, 56(21), 6741-6757.]  [59:  including medical equipment (e.g. antibiotics, imaging machines and lab facilities), energy sources, and temporary staff accommodations.]  [60:  The ship contained 12 operating rooms, a 50-bed trauma emergency room, a 30-bed intensive care unit, a 20-bed recovery room, 400 intermediate-care beds and 500 minimal-care beds. The USNS COMFORT had a variety of service wards such as internal medicine, paediatrics, intensive care, cardiology, critical care, infectious disease, orthopaedics, etc. Many of the 1000 physicians and staff on-board were U.S. Navy personnel, and some were volunteers from other armed forces] 


Consequentially, resource pooling among FFHs by level of care (primary, secondary and tertiary), implementation of patient transfer based on medical specialty in the absence of central triage, and partnership between the Port au Prince Haitian Hospital and the Red Cross FFH helped address the shortage of HCWs, specialists, critical care and surgical capacity, PPE etc. Training of local volunteers/interns to undertake some FFH roles enabled HCWs to focus on provision of care. Some other lessons include:
· Foreign Field Hospitals (FFH) can greatly enhance response and the intersection and resource pooling and sharing of humanitarian aid and health care services can be leveraged for response. 
· Partnership and training with local NGOs and community can strengthen surge response.
· A centralized triage and coordinating mechanism with specified referral hospitals that directs patient to a facility helps.


Table 2: Comparison among recent epidemics/pandemics
	
	SARS-CoV (2002-2003)
	H1N1 (2009-2010)
	EVD (2014-2015)
	MERS -CoV (2015)
	Zika virus (2015-2016)
	SARS-CoV-2 (2019-) 

	Reproduction Number (R0)
	3[footnoteRef:61] [61:  Qun Li et al. 2020.  Early Transmission Dynamics in Wuhan, China, of Novel Coronavirus–Infected Pneumonia. New England Journal of Medicine. DOI: 10.1056/NEJMoa2001316] 

	1.1-1.5 [footnoteRef:62] [62:  The effective reproduction number of pandemic influenza: Prospective estimation ] 

	1.7-2.0 [footnoteRef:63]  [63:  After Ebola in West Africa — Unpredictable Risks, Preventable Epidemics ] 

	Less than 1 [footnoteRef:64] [64:  WHO MERS-CoV Global Summary and risk assessment ] 

	2.5 [footnoteRef:65] [65:  Modeling the transmission and control of Zika in Brazil ] 

	1.5-3.5 [footnoteRef:66] [66:  Impact of non-pharmaceutical interventions (NPIs) to reduce COVID19 mortality and healthcare demand ] 



	
Case Fatality Rate
	9.6% [footnoteRef:67] [67:  Summary of probable SARS cases with onset of illness from 1 November 2002 to 31 July 2003] 

	0.05% [footnoteRef:68] [68:  Researchers estimate relatively low H1N1 fatality rate ] 

	50% [footnoteRef:69] [69:  Ebola virus disease ] 


	34.4%
	-
	0.2-14.8% [footnoteRef:70] (age stratified); 3.5% globally [70:  COVID-19 in Italy: momentous decisions and many uncertainties ] 


	Incubation Period
	2-7 days [footnoteRef:71] [71:  Summary of probable SARS cases with onset of illness from 1 November 2002 to 31 July 2003] 

	1-4 days [footnoteRef:72] [72:  H1N1 Influenza (Swine Flu) ] 

	2-21 days [footnoteRef:73] [73:  Ebola virus disease ] 

	2-14 days [footnoteRef:74] [74:  MERS Clinical Features ] 

	3-14 days [footnoteRef:75] [75:  Zika virus ] 

	5-11 days[footnoteRef:76] [76:  COVID-19 Incubation Period: An Update ] 


	Transmission Modes
	Airborne droplet
	Airborne droplet
	Body fluids
	Airborne droplet
	Vector-borne (mosquitoes), mother to fetus, sexual transmission, body fluids
	Airborne droplet

	Geographic Spread
	East Asia, Canada, UK
	Americas, Asia, Europe, World
	West Africa
	Arabic Peninsula
	Americas, Asia
	Asia, Europe, world

	Number of people Affected (Deaths)
	8,096 (774) [footnoteRef:77] [77:  Summary of probable SARS cases with onset of illness from 1 November 2002 to 31 July 2003] 

	39-50 million (at least 18,449) [footnoteRef:78], [footnoteRef:79] [78:  CDC Estimates of 2009 H1N1 Influenza Cases, Hospitalizations and Deaths in the United States, April – December 12, 2009 ]  [79:  Pandemic (H1N1) 2009 - update 112 ] 

	28,646 (11,323) [footnoteRef:80] [80:  Ebola virus disease ] 


	2,494 (858) [footnoteRef:81] [81:  Middle East respiratory syndrome coronavirus (MERS-CoV) (data as of November 2019) ] 

	1.5 million in Brazil (no death reported due to initial infection, 76 deaths due to microencephaly/CNS malformation) [footnoteRef:82] [82:  Zika Situation Report ] 

	245,484 (10.031) [footnoteRef:83] [83:  The Center for Systems Science and Engineering (CSSE) at JHU (data as of March 20, 2020) ] 


	Percentage of HCWs affected 
	21% [footnoteRef:84] [84:  Summary of probable SARS cases with onset of illness from 1 November 2002 to 31 July 2003] 

	-
	7.9% (Guinea) [footnoteRef:85], 5.2% (Sierra Leone) [footnoteRef:86] [85:  Ebola Virus Disease in Health Care Workers--Guinea, 2014]  [86:  Ebola Virus Disease in Health Care Workers — Sierra Leone, 2014 ] 

	18.7% [footnoteRef:87] [87:  MERS-CoV infection among healthcare workers and risk factors for death: Retrospective analysis of all laboratory-confirmed cases reported to WHO from 2012 to 2 June 2018 ] 

	-
	-

	Economic Impact
	USD 54 billion [footnoteRef:88] [88:  Estimating global economic costs of SARS ] 

	USD 55 billion [footnoteRef:89] [89:  Containing the spread of panic is as important as stopping the coronavirus itself, says WTTC ] 

	USD 53 billion [footnoteRef:90] [90:  The Economic and Social Burden of the 2014 Ebola Outbreak in West Africa ] 

	USD 15-20 billion [footnoteRef:91] [91:  The Wider Impacts of MERS ] 

	USD 3.5 billion in the Latin American and the Caribbean region [footnoteRef:92] [92:  Economic Impact of Zika Virus ] 

	March:  Japan ($9.6 billion, or 0.19 percent of GDP), South Korea ($9.2 billion, 0.56 percent of GDP), and Italy ($4.1 billion, 0.20 percent of GDP) [footnoteRef:93] [93:  The Global Economic Impacts of COVID-19 ] 


	Worst Affected Countries
	Canada, China, Hong Kong, Taiwan, Singapore, UK, Vietnam
	Mexico, US, Canada
	Guinea, Liberia, Sierra Leone
	Saudi Arabia, South Korea, UAE [footnoteRef:94] [94:  Distribution of confirmed cases of MERS-CoV by place of infection and month of onset, from March 2012 to 2 December 2019 ] 

	Brazil, Mexico, Columbia
	China, Italy, Iran, Spain, Germany, US [footnoteRef:95] [95:  The Center for Systems Science and Engineering (CSSE) at JHU (data as of March 20, 2020) ] 
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