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The COVID-19 pandemic has exposed weaknesses 
in disease surveillance in nearly all countries. Early 
identification of COVID-19 cases and clusters for rapid 
containment was hampered by inadequate diagnostic 
capacity, insufficient contact tracing, fragmented data 
systems, incomplete data insights for public health 
responders, and suboptimal governance of all these 
elements. Once SARS-CoV-2 became widespread, 
interventions to control community transmission 
were undermined by weak surveillance of cases 
and insufficient national capacity to integrate data 
for timely adjustment of public health measures.1,2 
Although some countries had little or no reliable data, 
others did not share data consistently with their own 
populations and with WHO and other multilateral 
agencies. The emergence of SARS-CoV-2 variants has 
highlighted inadequate national pathogen genomic 
sequencing capacities in many countries and led to calls 

for expanded virus sequencing. However, sequencing 
without epidemiological and clinical surveillance 
data is insufficient to show whether new SARS-CoV-2 
variants are more transmissible, more lethal, or more 
capable of evading immunity, including vaccine-
induced immunity.3,4

Public health decision making relies on real-time, 
accurate surveillance.5 As communities and economies 
struggle to recover from the consequences of these 
surveillance deficiencies, now is the time for countries 
and multilateral agencies to take a hard look at what 
failed and to act boldly to implement the necessary 
improvements to disease surveillance.

Future disease surveillance should comprise well 
integrated national systems based on five principles 
(table). First, a strong surveillance foundation should 
monitor the population in a systematic, consistent, and 
statistically sound way. Second, surveillance systems 
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the reduction of cardiovascular disease burden in 
women worldwide. The Commission’s recommendations 
on additional funding for women’s cardiovascular 
health programmes, prioritisation of integrated care 
programmes, including combined cardiac and obstetric 
care, and strengthening of the health systems accords 
with efforts to bridge the gap for the world’s worst off.5 
Such a shift in women’s cardiovascular care would be a 
major step towards equity, social justice, and sustainable 
development.
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must incorporate laboratory confirmation appropriately 
scaled for different diseases and risks. Third, surveillance 
systems must be digitised, with unique health identifiers 
to connect individual-level data and with privacy 
safeguards. Fourth, surveillance programmes must 
use standardised case definitions and common data 
elements, with appropriate access for the public, local 
and national health authorities, regional bodies, and 
WHO. Fifth, disease surveillance must be adequately 
financed.

Interpretation of disease surveillance data needs 
population representativeness, denominators, and 
historical baseline data. Civil registration and vital 
statistics (CRVS) systems are important for population 
estimation and understanding excess mortality but 
have historically taken years to build. Many countries 
that lack or have inadequate CRVS systems need 
to accelerate their development in alignment with 
the recommendations in the WHO SCORE for Health 
Data Technical Package report.6 In the meantime, 
representative sample registration systems can provide 
denominator and mortality data and can be designed 
to support the development of CRVS systems. Such 
sample registration systems are established in several 
middle-income countries and are being implemented in 
some low-income countries, such as Mozambique and 
Sierra Leone.7

Multiple surveillance systems can be integrated 
on such a population-representative foundation, 
according to the priorities of the country and leveraging 
internal resources, such as surveillance programmes 

run by academic and non-governmental institutions. 
A fully integrated surveillance system could include 
integrated disease surveillance and response, including 
COVID-19 case reporting; pathology-based cause of 
death surveillance;8 electronic health and laboratory 
record data transfer; serological surveillance; vaccine 
adverse events reporting; epizootic and food safety 
surveillance systems on the One Health model; 
participatory community surveillance; and disease-
specific systems for HIV, tuberculosis, malaria, vaccine-
preventable diseases, and many others. For data linkage 
it is crucial that all systems are digital and that unique 
health identifiers are assigned to everybody in the 
population. Privacy protection, including review by 
privacy watchdogs, must be established.

Surveillance data reviews should trigger rapid 
public health action locally. National public health 
institutes (NPHIs) should be charged with collating 
and analysing data nationally and coordinating 
or undertaking modelling of disease patterns and 
pathogen evolution to guide public health suppression 
measures, border policies, vaccine development and 
deployment, and treatment protocols. NPHIs should 
have the mandate and systems to share information 
about transnational health threats with international 
bodies under the International Health Regulations 
(2005), and these bodies must commit to full 
transparency of the data they receive. Additionally, 
NPHIs should monitor key performance indicators, 
such as time to detect, report, investigate, and control 
disease outbreaks.

Adequate financing and the creation of a sustainable 
market will be needed for the establishment and 
continual maintenance of surveillance infrastructure. 
Countries should expect to spend about US$1–4 per 
capita annually on disease surveillance infrastructure 
and personnel.9 For low-income and middle-income 
countries, substantially more start-up investment 
is likely to be required to strengthen laboratory 
capacities, data systems, and human resource capacity, 
as part of larger investments in health systems 
strengthening; some of this cost will need to be met 
by donors and high-income countries. Dedicated 
investments will also be needed to ensure that high-
risk populations, especially in humanitarian contexts, 
are not excluded from improved surveillance systems. 
The amounts are considerable but represent a small 

Benefits Implementation 
requirement

Population-
based

Denominators for 
mortality rates and disease 
burden

CRVS or sample 
registration system

Laboratory 
confirmation

Cases accurately tracked Capacity to scale testing 
and sequence pathogens

Digital data Systems interconnected 
and privacy protected

Unique health identifiers, 
standard metadata, 
web accessible

Data 
transparency

Visibility of all national 
threats by NPHIs and by 
WHO for transnational 
threats

Automated reporting to 
NPHI with a subset to 
WHO and regional bodies

Adequate 
financing

Sustainable country-
owned systems

Invest US$1–4 per capita 
annually

CRVS=civil registration and vital statistics. NPHI=national public health institute.

Table: Core principles for integrated disease surveillance
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Violent global conflict has forcibly displaced 
79·5 million people worldwide, many of whom have 
expe rienced torture.1 Although the systematic use of 
torture is not new, torture as experienced by refugees 
fleeing war and persecution has become increasingly 
brutal. Indeed, in many parts of the world, the purpose 
of torture is no longer to teach a lesson or to extract 
a confession, but to embody cruelty in its most 
extreme form.2 When appealing for refuge, asylum 
seekers describe experiencing violence that exceeds 

the standard definition of torture.3 Medical and legal 
communities have yet to adopt adequate language to 
describe this purposeful, extreme violence.

The World Medical Association Declaration of Tokyo 
defines torture as the “deliberate, systematic or 
wanton infliction of physical or mental suffering by 
one or more persons acting alone or on the orders 
of any authority, to force another person to yield 
information, to make a confession, or for any other 
reason”.4 Torture is the deliberate harm of a person by 

From torture to ultraviolence: medical and legal implications

proportion of the $249 per person average annual 
military spending and the more than $10 trillion in 
estimated economic costs from inadequate disease 
surveillance.10

Piecemeal, antiquated public health surveillance must 
be robustly transformed into a modern system. As the 
COVID-19 pandemic has shown, weak surveillance 
limits the ability of countries to detect and rapidly 
respond to health threats and harness the benefits from 
innovations such as pathogen genomic sequencing, 
mRNA vaccines, and novel antivirals. Bold changes to 
implement fully interconnected disease surveillance 
are needed to manage the risks posed by SARS-CoV-2 
variants and future pandemics.
OWM is the Director of Health Emergency Information and Risk Assessment, 
WHO. XA is the Director of the Center for Epidemiology and Health Policy, 
Universidad del Desarrollo Chile. AA is the Director of the European Centre for 
Disease Prevention and Control. ISF is the Assistant Director General of 
Emergency Response, WHO. TF is the President of Resolve to Save Lives. CI is the 
Director of the Nigeria Centre for Disease Control. E-kJ is the Commissioner of the 
Korea Disease Control and Prevention Agency. BM is the Senior Program Officer, 
Surveillance and Epidemiology, Bill & Melinda Gates Foundation. JN is the 
Director of the Africa Centres for Disease Control and Prevention. AS is the 
Principal Deputy Director of the US Centers for Disease Control and Prevention. 
LHW is the President of the Robert Koch Institute. SFD is the COVID-19 Response 
Lead, Bill & Melinda Gates Foundation. All authors declare no competing 
interests. Many public health colleagues have contributed to the approach 
described in this Comment; we gratefully acknowledge Torsten Semmler 
(Robert Koch Institute); David Blazes, Samantha Dolan, Vivian Hsu, 
Georgina Murphy, and Carolyn Wendell (Bill & Melinda Gates Foundation); 
and Amanda McClelland and Sydney Jones (Resolve to Save Lives). 

© 2021. World Health Organization. Published by Elsevier Ltd/Inc/BV. All rights 
reserved. 

*Oliver W Morgan, Ximena Aguilera, Andrea Ammon, 
John Amuasi, Ibrahima Socé Fall, Tom Frieden, 
David Heymann, Chikwe Ihekweazu, Eun-kyeong Jeong, 
Gabriel M Leung, Barbara Mahon, John Nkengasong, 
Farah Naz Qamar, Anne Schuchat, Lothar H Wieler, 
Scott F Dowell
omorgan@who.int

Health Emergency Information and Risk Assessment, WHO, Geneva 1211, 
Switzerland (OWM); Center for Epidemiology and Health Policy, Universidad del 
Desarrollo Chile, Santiago, Chile (XA); European Centre for Disease Prevention 
and Control, Solna, Sweden (AA); Global Health and Infectious Diseases 
Research Group, Kumasi Centre for Collaborative Research in Tropical Medicine, 
Kwame Nkrumah University of Science and Technology, Kumasi, Ghana (JA); 
Emergency Response, WHO, Geneva, Switzerland (ISF); Resolve to Save Lives, 
New York, NY, USA (TF); Infectious Disease Epidemiology, London School of 
Hygiene & Tropical Medicine, London, UK (DH); Nigeria Centre for Disease 
Control, Abuja, Nigeria (CI); Korea Disease Control and Prevention Agency, 
Osong-eup, Heungdeok-gu, Cheongju-si, Chungcheongbuk-do, South Korea 
(E-kJ); School of Public Health, LKS Faculty of Medicine, The University of 
Hong Kong, Hong Kong Special Administrative Region, China (GML); 
Bill & Melinda Gates Foundation, Seattle, WA, USA (BM, SFD); Africa Centres for 
Disease Control and Prevention, Addis Ababa, Ethiopia (JN); Aga Khan 
University, Nairobi, Kenya (FNQ); US Centers for Disease Control 
and Prevention, Atlanta, GA, USA (AS); Robert Koch Institute, Berlin, 
Germany (LHW) 

1 Arvisais-Anhalt S, Lehmann CU, Park JY, et al. What the coronavirus 
disease 2019 (COVID-19) pandemic has reinforced: the need for accurate 
data. Clin Infect Dis 2021; 72: 920–23.

2 Lewis D. Why many countries failed at COVID contact-tracing—but some 
got it right. Nature 2020; 588: 384–87.

3 Wadman M. United States rushes to fill void in viral sequencing. Science 
2021; 371: 657–58.

4 WHO. SARS-CoV-2 genomic sequencing for public health goals interim 
guidance. Geneva: World Health Organization, 2021.

5 Thacker SB, Qualters JR, Lee LM, Centers for Disease Control and 
Prevention. Public health surveillance in the United States: evolution and 
challenges. MMWR Suppl 2012; 61: 3–9.

6 WHO. SCORE for Health Data Technical Package. Global report on health 
data systems and capacity, 2020. Geneva: World Health Organization, 
2021.

7 Nkengasong J, Gudo E, Macicame I, et al. Improving birth and death data 
for African decision making. Lancet Glob Health 2020; 8: e35–36.

8 Mwananyanda L, Gill CJ, MacLeod W, et al. Covid-19 deaths in Africa: 
prospective systematic postmortem surveillance study. BMJ 2021; 
372: n334.

9 Craven M, Sabow A, Van der Veken L, Wilson M. Not the last pandemic: 
investing now to reimagine public-health systems. McKinsey & Company, 
2021. https://www.mckinsey.com/industries/public-and-social-sector/our-
insights/not-the-last-pandemic-investing-now-to-reimagine-public-
health-systems (accessed May 13, 2021).

10 Tian N, Kuimova A, Lopes Da Silva D, Wezeman PD, Wezeman ST. 
Trends in world military expenditure, 2019. SIPRI Fact Sheet. April, 2020. 
https://www.sipri.org/sites/default/files/2020-04/fs_2020_04_milex_0.pdf 
(accessed May 13, 2021).

Published Online 
April 6, 2021 
https://doi.org/10.1016/
S0140-6736(21)00222-1


	Disease surveillance for the COVID-19 era: time for bold changes
	References


