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The world was ill-equipped for the emergence and outbreak 
of coronavirus disease (COVID-19). As of the March 2020, 
3 months after the appearance of the disease, there have 
been more than a quarter million confirmed cases around 
the world and more than 10,000 deaths (1). However, 
COVID-19 provides researchers, policymakers, and the 
public the opportunity to make methodological advancements 
on how to improve our response to this pandemic and to 
future public health disasters.

When looking over the sweep of history and prior disease 
outbreaks, the lack of preparation from policymakers, 
practitioners, and the public has been the rule, not the 
exception. Part of this lack of preparation has been a series 
of core challenges that combine to limit the response to 
public health disasters. The work of Yang et al. provides an 
important advancement for policymakers and researchers 
to overcome several of these core challenges. Yet, there 
still remains lingering challenges which we collectively 
face to limit future pandemics. Making advancements in 
our response to public health emergencies is particularly 
important as the likelihood and frequency of pandemics 
will increase as the world grows increasingly more 
interconnected through commerce, travel, and from the 
consequences of climate change (2,3).

One of the core challenges related to responding 
to pandemics and novel disease outbreaks, even with 
our collective prior experiences, is knowing which of 
the different policy tools are effective at containing the 
disease. Governments have an arsenal of different policy 
interventions they can make to reduce the spread of an 

epidemic. Though importantly, not all interventions are 
created equally. All interventions have costs, both economic 
and social, associated with them. Policymakers are faced 
with the balancing being overly aggressive when the disease 
does not call for such an approach, with doing too little and 
having a disease harm or kill more people (4). For example, 
the adoption of stringent quarantine practices may have the 
benefit of flattening the curve of a disease, but policymakers 
need information to know whether such an intervention 
creates more harm than what it would prevent, how high 
the curve may reach without adopting a strict quarantine, or 
what the effect adopting other interventions may have.

To this end, Yang et al. provide an important contribution 
to the growing literature of epidemics and policy response. 
The authors use Susceptible-Exposed-Infectious-Removed 
(SEIR) and artificial intelligence to help predict the extent 
of the COVID-19 epidemic. China, in response to the 
emergence of COVID-19, adopted a series of increasingly 
stringent preventive measures, including restrictions on 
travel, quarantines, and individual monitoring. Using 
a series of innovative methods, this research was able 
to closely predict the peak and size of the epidemic, 
predictions of future epidemics, and the effect of the control 
measures adopted by China (5). Chinese authorities were 
successfully at reducing the spread of COVID-19 through 
the policy interventions they adopted since the outbreak of 
the disease.

This latter point, of being able to understand the effect of 
each of the different approaches undertaken by the Chinese 
government in response to COVID-19, is particularly 
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important for containing future outbreaks. Policymakers 
and the public need not grasp wildly in the dark for 
whatever intervention is most politically or economically 
expedient. Rather, with further refinement, the work of 
Yang et al., along with other research that has emerged in 
the wake of COVID-19 (6-8), can improve policymakers 
and governments ability to address and respond to disease 
outbreaks and pandemics.

However, these improvements in modeling the effects 
of a disease outbreak stand in stark relief to the lingering 
challenges that policymakers face in responding to 
COVID-19 and future disease outbreaks. It is no longer 
enough that a single country selects the appropriate 
interventions to address a public health disaster. Rather, our 
collective response to a public health emergency is now only 
as strong as the country with the weakest response. Failure 
by any country to adequately respond to a disease outbreak 
can extend the spread of a disease, resulting in enclaves 
where the disease flourishes, constantly threatening an 
outbreak. It is not enough that China was able to adopt the 
interventions that they did, but they need to be concerned 
with the interventions taken by the 14 countries bordering 
them. The work from Yang et al. and others needs to be 
applied globally to rein in any future disease outbreaks.

Yet, this collective response to a public health emergency 
is shaped by differences individual countries political 
institutions and government capabilities, which can blunt 
the overall effectiveness of any one countries response to 
an epidemic. The United States is a case of these lingering 
challenges. Fragmentation of political institutions is 
common problem for health and public health systems 

globally, making a unified response to a public health 
emergency challenging (9). In the United States, public 
health governance and administration is shared across 
several different levels of government, with more than 
90,000 local governments, 50 states, territories, counties, 
and the federal government that have responsibility for 
some aspect of public health.

In the United States this fragmentation has resulted 
in a patchwork of laws and regulations that govern how a 
state may respond to a public health emergency (10,11). 
For example, by March 25, 2020, 17 states have adopted 
mandatory stay at home orders, while an additional 27 
states have set varying limits on the size of gatherings that 
are allowed in their states (12). Six states, representing 18% 
of the total population of the United States has merely 
recommended that individuals not gather, though without 
any enforcement these recommendations are toothless 
(See Figure 1). With no restrictions on domestic travel, the 
United States’ response to COVID-19 is limited by the 
variations in how individual states choose, or not, to adopt 
available interventions to slow the spread of the pandemic.

Fragmentation at the national level in the United 
States also blunts how any single country responds to  
COVID-19 (13). While the Trump administration has 
sought to frame their actions to COVID-19 as a “whole 
of government response”, public health emergencies like 
COVID-19 sits at the juncture between public health, 
national security, and commerce, requiring many different 
institutions to work together in short order. In the case of 
COVID-19, the National Institutes of Health is responsible 
for conducting basic research and science around the novel 

Figure 1 Variation in state limits on gatherings in the United States as of March 25, 2020.
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disease, the Centers for Disease Control and Prevention 
is responsible for tracking the disease, the Food and Drug 
Administration is responsible for ensuring vaccination and 
testing safety and efficacy, and the Department of Homeland 
Security is responsible for control measures related to 
travel. At the same time the agencies responsible for tax and 
commerce policy have to deal with the economic fallout of 
the virus. The United States is not unique in the level of 
fragmentation in its political and public health institutions, 
but highlights the lingering challenges for individual 
countries to adequately respond to a public health disaster.

The g lobal  e f for t  to  conta in  COVID-19,  and 
importantly, to contain the next public health disaster, 
is  hampered by the l imits of global public health 
organizations. Across countries, there is wide variation in 
spending on health and public health, limiting our collective 
efforts to monitor, diagnose, and treat a public health 
disaster. Low-income countries spend an average of $10 
per person on health, compared to the average of $2,021 in 
public funding for high-income countries (14). Yet, at the 
same time high-income countries are devoting less funding 
to development assistance in low-income countries to focus 
on health care (14) and the total percentage of United 
Nations (UN) expenditures for the primary global health 
organization, the World Health Organization (WHO), has 
decreased over the past decade (15) (See Figure 2).

But, how that money is spent is just as important as 
how much money is spent. Global shortages in personal 
protective equipment, mechanical ventilators, and the 
workforce necessary to provide care threatens public health 
capabilities and health system containment of COVID-19 

around the world (16). The United States should be one 
of the most prepared countries to respond to a pandemic; 
no country spends more on health care, it has a well-
developed health care system and has high levels of medical 
innovation (17). However, the United States does not spend 
the money in a way that is needed to adequately respond 
to the COVID-19 outbreak. For example, only 10% of all 
staffed beds in the United States are designated as Intensive 
Care Unit beds, the very type that are needed to care for 
individuals that are infected by COVID-19 (18) and less 
than half of all hospitals even have a single Intensive Care 
Unit bed (19). Rather, to combat pandemics policymakers 
should focus on the social determinants of health can reduce 
the spread of a disease by improving access to housing, food, 
and water. But countries vary substantially in the amount of 
social support they provide for their citizens (20).

The global efforts to contain the COVID-19 outbreak 
highlights the struggles that countries have and will 
continue to have to respond to public health disasters. 
Public health is focused on preventing the next outbreak, 
but it is largely ignored when an emergency is not 
occurring. We are newly reminded of the damage of failing 
to responding to a public health disaster when watching 
the damage incurred by failing to be prepared for the 
COVID-19 pandemic. Yet, the benefits of preparing for the 
next public health disaster are largely abstract and deferred, 
while the costs associated with that prevention are tangible 
and immediate. Preparing for and responding to the next 
public health disaster will require policymakers balance 
contentious issues like the restriction of individuals liberties 
and powerful economic interests with reducing the spread 

Figure 2 United Nations (UN) and World Health Organization (WHO) expenditures over time.
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of disease. This means that public health is largely invisible, 
under-funded, and overlooked. Making it that much more 
difficult to adequately respond when the next public health 
disaster emerges.

Whether it is in the coming months or years, the 
current outbreak of COVID-19 will eventually subside. 
Breakthroughs like the ones from Yang et al. will contribute 
to improving the functioning of governments to respond 
to COVID-19 as well as future outbreaks. It is essential to 
look to the past to inform the future of how we response to 
the next public health disaster. Yet, there are many lingering 
challenges we face in responding to what comes next.
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