Modeling Estimating the Potential of COVID-19 Pandemic Spread in Delta State and Impact of NPI Use 

Purpose of this memo: To inform discussions about how to respond to COVID-19 in Delta State.

[bookmark: _Hlk42769561]Summary and Recommendations: We use two models to estimate future pandemic spread in Delta, both models estimate total infections (detected and undetected).  In July: Model 1 estimates ~4,130 (+/- 10% force of infection (FoI): ~3,400 – ~4,700) cumulative cases by end of July under continuation of current non-pharmaceutical interventions (NPIs) and ~56,630 (+/- 10% FoI: ~36,800 – ~80,000) prevalence of total infections by the end of the month. Model 2 predicts up to ~43,086 (95% CI: ~6,450 – ~132,160) new infections, assuming a 20% reduction in transmission for 180 days. NPI implementation in Delta should consider concentration of cases in Asaba and Warri, proximity to Edo and improving testing uptake. Policymakers should offer palliatives to informal workers during lockdown. Given that COVID-19 can spread quite rapidly on oil rigs, policymakers should consider measures such as additional screening and testing for oil workers.

Context: As of July 9th, Delta State had 1,348 confirmed cases and 31 deaths[endnoteRef:1].  With the number of confirmed cases continuing to rise, policymakers can consider options to contain pandemic spread and to scale medical response. Furthermore, policymakers may need to consider other factors likely to impact effective NPI implementation (e.g. population density, pandemic spread in neighboring states and proportion of informal workers). In this paper, we present estimated levels of pandemic spread, required hospitalization and ICU capacity, and deaths in the state and discuss considerations to inform pandemic response.  [1:  NCDC, “COVID-19 in Nigeria”, https://covid19.ncdc.gov.ng/, July 9, 2020] 


Caveat – Importance and limitations of testing data: Testing data provides insights into the current state of the pandemic, helps identify geographies for targeted interventions, and allows for more accurate projections of spread. However, positivity rates of 40%[endnoteRef:2] in Delta which is higher than the national average of 21%[endnoteRef:3] may indicate an underlying data challenge. Anecdotal reports suggest that these positivity rates may be artificially high as positive results are reported more quickly than negatives.  [2:  NCDC SORMAS Database as of June 24, 2020]  [3:  NCDC SORMAS Database as of June 24, 2020] 


Modelling methodology: We use two models to estimate future pandemic spread in Delta. Model 1 is an SEIR model that predicts the number of detected cases and total infections (detected and undetected) based on historically reported cases, which is dependent on the current testing approach and previous interventions. Model 1 also estimates total deaths based on historical deaths. For Model 1, we show a scenario in which NPIs continue as is.  Model 2 is an SEIR model that estimates total infections (detected and undetected) based on historical deaths and previous interventions. For Model 2, we show a scenario where transmission is reduced by 20% for 180 days as a result of NPIs. The range of number of detected cases or infections per month, new cases / infections per month, hospital bed capacity required, ICU bed capacity required and number of deaths July and August 2020 for the scenarios is listed below. Note: for Model 1, hospital bed capacity needed is shown as cumulative numbers of cases requiring hospitalization since the beginning of the epidemic (appendix 1).

Modelling results for Delta state 
Model 1 - “Continuation of current NPIs as is”
	July 2020
	August 2020

	Cumulative cases by end of month 
	Total infections (July 31st )
	Cumulative Hospital bed capacity required 
	Cumulative deaths by end of month
	Cumulative cases by end of month 
	Total infections (August 31st )
	Cumulative Hospital bed capacity required 
	Cumulative deaths by end of month

	4,130 (+/- 10% FoI: ~3,400 – ~4,700)
	56,630 (+/- 10% FoI: ~36,800 – ~80,000)
	185 (+/- 10% FoI: ~153 – ~211)
	68 (+/- 10% FoI: ~55 – ~106)
	12,530 (+/- 10% FoI: ~8,100 – ~19,800)
	134,000 (+/- 10% FoI:  ~63,000 –~246,000)
	565 (+/- 10% FoI:  ~365 –~890)
	218 (+/- 10% FoI: ~140 – ~340)



Model 2 – 20% reduction in transmission for 180 days scenario
	July 2020
	August 2020

	New infections / month
	Hospital person-days / month 
	ICU person-days / month 
	Number of deaths / month
	New infections / month
	Hospital person-days / month 
	ICU person-days / month 
	Number of deaths /month

	43,086 (95% CI: ~6,450 – ~132,160)
	2969 (95% CI: ~600 – ~7,090)
	486 (95% CI: ~220 - ~880)
	348 (95% CI: ~12 – ~1175)
	103,726 (95% CI: ~12,285 – ~376,400)
	6,170 (95% CI: ~1,365 – ~20,030)
	780 (95% CI:  ~320 – ~1,950)
	982 (95% CI: ~60 – ~3730)



Implications for pandemic response: 
[bookmark: _Hlk42770052]There are a series of NPIs that can be implemented regardless of state-specific circumstances such as risk communication, general hand hygiene, respiratory etiquette, wearing of face masks in public, banning of large public gatherings and physical distancing. There are other NPIs where decisions on whether / how to implement NPIs may vary by state-specific considerations. Delta has a number of unique factors that inform NPI implementation:
· Population density: As of June 24th, Delta State had cases across 21 different LGAs, with the highest number of confirmed cases in cities and surrounding metropolitan areas: Warri South (where the most populated city in Delta, Warri, is located) has 104 cases, followed by 
· Oshimili South (where the capital Asaba is partially located) has 94 cases and Uvwie, (a gateway area to Warri) has 81 cases[endnoteRef:4]. Policymakers should implement a set of NPIs that balance the goal of slowing transmission with potential negative economic and social impacts, especially in Asaba and Warri. Consider NPIs such as general hand hygiene, wearing of face masks in public, and physical distancing as they have relatively limited economic and social impacts, or NPIs such as workplace modifications for non-essential services, as recommended by the WHO[endnoteRef:5] and NCDC[endnoteRef:6]. [4:  NCDC SORMAS Database as of June 24, 2020]  [5:  WHO, “COVID-19 Strategy Update”, April 14, 2020]  [6:  NCDC, “National Guidelines on Implementing Non-Pharmaceutical Interventions (NPI) – an Adaptive Approach to Targeted Interventions”, May 27, 2020 ] 

· Pandemic spread in neighboring states: Given Delta’s lower-case count compared to neighboring states (Rivers and Edo), policymakers should consider measures to ensure that individuals coming from these states have been tested for COVID-19 / isolated as needed, and to ensure that they are aware of other key NPIs (e.g. handwashing).
· Informal sector workers: Delta State has one of the lowest percentages of informal workers in Nigeria with only ~26% of the total workforce participating in the informal sector[endnoteRef:7]. Nevertheless, policymakers should consider different economic and food security aid packages to support informal workers.  [7:  Nigerian Labour Force Statistics, National Bureau of statistics, 2020] 

· Oil: Delta state is one of the largest producers of petroleum products in Nigeria, providing about 30% Nigeria’s total oil and gas output[endnoteRef:8]. Policymakers should consider implementing additional screening measures such as temperature checks and testing for oil rig workers, especially as oil rigs may have limited medical facilities and closely packed living spaces.  [8:  Government of Delta State, “Delta State Medium-term Development Plan, 2016 – 2019,” May 2016] 


Given that many states will likely eventually move into widespread transmission, these NPIs may slow transmission or reduce / delay peak number of cases even if they may not reduce overall cases. By slowing transmission, NPIs help buy valuable time for governments to prepare and scale up their medical response (appendix 2).


Appendix 1: Modelling Methodology
[bookmark: _Hlk42771093]Model 1
We use a compartmental SEIR model to estimate the numbers of infected cases (disaggregated by asymptomatic, symptomatic and notified) and number of deaths in among infectious populations. The model is age-structured and divides the population among the following age groups: 0-14, 15-59 and 60+. This model incorporates case data and deaths data from the NCDC as of June 23, 2020. 

[image: ]
Model 2
We use an age-structured SEIR model incorporating explicit passage through healthcare settings and explicit progression through disease severity stages that calibrates itself to death data and previous interventions. This is then used to simulate the impacts of different control interventions (including general social distancing, specific shielding of elderly populations, and more stringent suppression strategies).
By fitting to death data, which is likely more robust than case data (which may be more of a product of the surveillance system than actual transmission), the model seeks to produce an estimate of the true underlying dynamics of infection regardless of surveillance issues related to cases. 

[image: cid:e5446449-3747-4a05-829c-eb9ad71e5651]

Appendix 2: Options for medical responses 
· Isolation and supportive care: 
· Hospital and medical facility isolation remain a crucial factor in effective case management with at least 6.8%[endnoteRef:9],[endnoteRef:10] of patients estimated to require hospitalization. These cases will need to be separated from non-COVID-19 admissions, with appropriate care taken to minimize cross-contact via staff movements.  [9:  Imperial, “Impact of NPI reduce COVID-19 mortality and healthcare demand”, https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf), March 16, 2020]  [10:  Population pyramid, “Population Pyramids of the World from 1950 to 2010”, https://www.populationpyramid.net/nigeria/2019/, June 11, 2020] 

· Nigeria’s current isolation and case management capacity has been reported as 5,000 beds as of 19th May 2020[endnoteRef:11], but there remains limited information on actual health care staff levels devoted to care of patients in isolation wards. Based on this, a total of ~36,000 confirmed infections needing treatment at the same time could be enough to exceed national isolation supply – this is a conservative estimate, assuming total nationwide capacity is directed at COVID-19 care which is unlikely.  [11:  Business Day Newspaper, 19 May 2020] 

· While it may be challenging for the federal government to ramp up isolation capacity to meet demand, other contextually relevant countries have leveraged private sector support in attempt to increase capacity. In India, a high-net-worth individual has partnered with the Brihanmumbai Municipal Corporation to set up 2 fully equipped isolation facilities in Mumbai[endnoteRef:12].  [12:  Busines Insider India, “Mukesh Ambani sets up a hospital, builds an isolation center and much more to combat Coronavirus”, March 23 2020] 


· Medical oxygen and ventilators: 
· Studies show that medical oxygen therapy is likely to be critical for COVID-19 treatment in severe cases and has a high impact on reduced disease fatality. Furthermore, it is likely to be present long-term benefits to health systems which have long faced systemic shortages in oxygen before the pandemic.
· Of hospitalized, severe COVID-19 cases, ~85% are estimated to survive with oxygen therapy; without oxygen, a nearly ~100% fatality rate anticipated[endnoteRef:13] [13:  Based on 26 March Imperial College analysis, overall patient progression for African countries, “low peak” scenario with suppression at 0.2 deaths per 100K. Average rate of hospitalization from total infections is 1.8%, with fatality rate based on clinician interviews regarding COVID hospitalization and critical care treatment] 

· Medical oxygen therapy requirements include consumables (e.g. nasal cannulas) and monitoring devices, the availability of which may need to be scaled up in Nigeria (CHAI survey Only 55% of Nigerian hospitals provided oxygen therapy) to match potential demand (14% of total COVID-19 infected cases are estimated to require hospitalization and oxygen therapy)[endnoteRef:14] 	 [14:  WHO, “Clinical management of severe acute respiratory infection (SARI) when COVID-19 disease is suspected”, March 12, 2020] 

· Investments to scale up supply must consider critical enablers such as necessary equipment, staff training, and government and private sector support. Delivery modes (e.g. Bulk liquid supply, PSA plants or cylinders) must also be evaluated based on operational feasibility in the Nigerian context and health impact. The Federal Ministry of Health has detailed delivery options in its 2017, 5-year strategy to scale up medical oxygen in health facilities[endnoteRef:15]. Given the likely significant surge in demand for medical oxygen due to the COVID-19 pandemic, it may be necessary to expedite some of its delivery initiatives [15:  Nigerian Federal Ministry of Health, “National Strategy for the Scale-up of Medical Oxygen in Health Facilities, 2017-2022” ] 

· The average cost of oxygen therapy is calculated at between N600 to N7,000 per patient per hour, but in some cases, patients are charged a flat fee per cylinder used[endnoteRef:16]. This cost may prove challenging for many Nigerians and may need to be subsidized for most – especially low-income earners in rural regions where supply is likely to be even more strained  [16:  Nigerian Federal Ministry of Health, “NATIONAL STRATEGY FOR THE SCALE-UP OF MEDICAL OXYGEN IN HEALTH FACILITIES, 2017-2022” ] 

· Scaling up of ventilators not considered here due to the larger cost of acquisition and treatment per patient[endnoteRef:17] [17:  WHO, “Clinical management of severe acute respiratory infection (SARI) when COVID-19 disease is suspected: Interim Guidance,” March 13, 2020] 


· Evidence base for Pharmaceutical Management: 
· Plasmapheresis aims to serve as a prevention and treatment mechanism by transferring plasma from a recovered COVID-19 patient to critically ill COVID-19 patients and those potentially at risk for infection[endnoteRef:18] [18:  Transfus Apher Sci. 2020 Apr 23., 102794.] 

· Two studies (sample sizes of 10 severely patients[endnoteRef:19] and 5 clinically ill patients[endnoteRef:20]) in China have indicated improvement in clinical status of patients after having undergone plasmapheresis. However, further data is needed to confirm the efficacy of this treatment approach  [19:  JAMA. March 27, 2020]  [20:  Proceedings of the National Academy of Sciences Apr 2020, 117 (17) 9490-9496] 

· As of June 5, no antiviral / antibody treatment is widely available for COVID-19 although human clinical trials are underway and results from many are expected in the summer
· Remdesivir has been approved for emergency use in the US, UK and Japan, although its efficacy has been shown in clinical trials only for moderately ill persons[endnoteRef:21] [21:  Businesswire, “Gilead Announces Results From Phase 3 Trial of Remdesivir in Patients With Moderate COVID-19”, https://www.businesswire.com/news/home/20200601005310/en/Gilead-Announces-Results-Phase-3-Trial-Remdesivir, June 1, 2020] 

· Preliminary results for favipiravir are mixed with multiple clinical trials expected in July or August[endnoteRef:22] [22:  NYTimes, “Health Coronavirus Glenmark Pharms Study”, https://www.nytimes.com/reuters/2020/05/26/world/asia/26reuters-health-coronavirus-glenmark-pharms-study.html?searchResultPosition=5, May 26, 2020] 

· Two major trials indicate that hydroxychloroquine is not effective in preventing COVID-19[endnoteRef:23] or improving outcome for admitted patients.[endnoteRef:24] [23:  Boulware DR, Pullen MF, Bangdiwala AS, et al. A Randomized Trial of Hydroxychloroquine as Postexposure Prophylaxis for Covid-19 [published online ahead of print, 2020 Jun 3]. N Engl J Med. 2020;10.1056/NEJMoa2016638.]  [24:  https://www.recoverytrial.net/news/statement-from-the-chief-investigators-of-the-randomised-evaluation-of-covid-19-therapy-recovery-trial-on-hydroxychloroquine-5-june-2020-no-clinical-benefit-from-use-of-hydroxychloroquine-in-hospitalised-patients-with-covid-19] 

· Initial results suggest promising signs for interferon beta 1b with antivirals (opinavir–ritonavir, and ribavirin) compared to antivirals alone.[endnoteRef:25] [25:  Hung IF, Lung KC, Tso EY, et al. Triple combination of interferon beta-1b, lopinavir-ritonavir, and ribavirin in the treatment of patients admitted to hospital with COVID-19: an open-label, randomised, phase 2 trial. Lancet. 2020;395(10238):1695‐1704.] 


· Evidence base on proportion of symptomatic cases, those in need of hospital care, and those that require critical care: 
· An Imperial College study shows that ~50% - 60%[endnoteRef:26] of all cases could be symptomatic cases and that 6.8%[endnoteRef:27],[endnoteRef:28]  of these could require hospitalization. Finally, 30%[endnoteRef:29] of hospitalized cases may require critical care.   [26:  Imperial, “Impact of NPI reduce COVID-19 mortality and healthcare demand”, https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf), March 16, 2020]  [27:  Imperial, “Impact of NPI reduce COVID-19 mortality and healthcare demand”, https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf), March 16, 2020]  [28:  Population pyramid, “Population Pyramids of the World from 1950 to 2010”, https://www.populationpyramid.net/nigeria/2019/, June 11, 2020]  [29:  Imperial, “Impact of NPI reduce COVID-19 mortality and healthcare demand”, https://www.imperial.ac.uk/media/imperial-college/medicine/sph/ide/gida-fellowships/Imperial-College-COVID19-NPI-modelling-16-03-2020.pdf), March 16, 2020] 




























The analysis in this paper is purely the work of the Nigeria COVID-19 evidence synthesis group* for use by the PTF. Unauthorized use or publication of this material without the permission of the PTF is prohibited.
* The Nigeria COVID-19 evidence synthesis group is chaired by Prof Ibrahim Abubakar, scientific and technical advisor to the PTF. 
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