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   LKS Faculty of Medicine Public health surveillance 

⎼ “Public  health  surveillance  is  the  ongoing,  systematic  collection,  

analysis  and interpretation  of  health  data essential  to  the planning,  

implementation,  and evaluation  of  public  health  practice,  closely  

integrated  with  the  timely  dissemination  of  these data to  those who  

need  to  know.”  (Thacker, 2008) 

⎼ Improve  situational  awareness  and responsiveness  to  health  events 



  

    

  

 

        

       

     

  

   LKS Faculty of Medicine Main purposes of surveillance system 

Case management 

⎼ Support interventions in individual cases 

Outbreak detection and management 

⎼ Detect and monitor outbreaks 

⎼ Estimate the magnitude of disease and risk factors in a target 

population 

⎼ Understand the natural history of a disease or injury 

⎼ Identify patterns and changes in agents, conditions, and practices 

⎼ Probe epidemiologic investigation 



  

  

 

    

  

  LKS Faculty of Medicine Purposes of surveillance system 

Programme management 

⎼ Evaluation of interventions 

⎼ Programme planning and projection 

⎼ Support treatment guidance and policy development 

⎼ Identify research gap 
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Centre for Health Protection, Hong Kong 
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Ministry of Health, Singapore 
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Ministry of Health, Singapore 



  

 

 

LKS Faculty of Medicine 

• Estimate the burden of influenza-

associated ILI consultations 

• Surveillance systems: 

 ILI surveillance 

 Virologic surveillance 

Feng et al. Influenza Other Respir Viruses 2020 



  

 

        

     

     

     

      

        

   

        

        

 LKS Faculty of Medicine Surveillance approach 

Passive approach 

⎼ The surveillance organization does not contact potential reporters and 

leaves the initiative for reporting to others 

⎼ Most common for infectious diseases 

⎼ Usually less complete reporting but involve less resources 

⎼ e.g. sentinel ILI surveillance, AMR in hospitals 

Active approach 

⎼ The surveillance organization initiates procedures to obtain reports 

(regular phone calls or visits) 

⎼ e.g. adverse events of special interest (COVID-19 vaccination), 

regular PSA blood test for low-grade prostate cancer patients 



  

 

      

        

       

 

      

 

   

        

     

   

 

  

LKS Faculty of Medicine Surveillance approach 

Event-based surveillance 

⎼ Purpose: detect unusual events that might signal an outbreak 

⎼ Utilized unstructured information such as media reports, rumors, and 

other information about health events that could be a serious risk to 

public health 

⎼ e.g. discussion among a network of physicians 

Indicator-based surveillance 

⎼ Purpose: outbreak detection and epidemiology 

⎼ More structured information such as reports of specific diseases from 

health care providers to public health officials 

⎼ e.g. notifiable disease reporting 

US Centers for Disease Control and Prevention 



  

  

 

 

 

    

 LKS Faculty of Medicine Traditional surveillance systems 

⎼ Notifiable disease reporting 

⎼ Laboratory-based surveillance 

⎼ Sentinel surveillance 

⎼ Voluntary report 

⎼ More specific but may lose timeliness 



  

       

        

  LKS Faculty of Medicine Surveillance for COVID-19 

Feb 14 

⎼ Most complete surveillance for any (infectious) diseases ever 

⎼ Build on existing surveillance capacity for influenza and other communicable diseases 



  

       

         

 

   

       

   

        

          

    

       

         

  

   

 

LKS Faculty of Medicine Objectives of COVID-19 (communicable diseases) surveillance 

⎼ monitor SARS-COV-2 incidence and COVID-19 morbidity and mortality among 

different age groups and population groups at higher risk for developing severe 

disease and death 

⎼ track potential epidemiological changes over time 

⎼ detect and contain outbreaks of new SARS-CoV-2 variants and continue 

monitoring the trends of existing variants 

⎼ guide the implementation and adjustment of COVID-19 control measures including 

isolation of cases, contact tracing and quarantine of contacts, while enabling safe 

resumption of economic and social activities 

⎼ evaluate the impact of the pandemic on health care systems and society 

⎼ contribute to the understanding of the co-circulation of SARS-CoV-2, influenza, 

other respiratory viruses and other pathogens. 

WHO, Public health surveillance for COVID-19 



  

       

         

 

   

       

   

        

          

    

       

         

  

   

 

LKS Faculty of Medicine Objectives of COVID-19 (communicable diseases) surveillance 
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LKS Faculty of Medicine Hospitalization by age 

⎼ Omicron is most prevalent now 

⎼ More hospitalization among 
children who are unvaccinated 



  

       

         

 

   

       

   

        

          

    

       

         

  

  

 

LKS Faculty of Medicine Objectives of COVID-19 surveillance 

⎼ monitor SARS-COV-2 incidence and COVID-19 morbidity and mortality among 

different age groups and population groups at higher risk for developing severe 

disease and death 

⎼ track potential epidemiological changes over time 

⎼ detect and contain outbreaks of new SARS-CoV-2 variants and continue 

monitoring the trends of existing variants 

⎼ guide the implementation and adjustment of COVID-19 control measures including 

isolation of cases, contact tracing and quarantine of contacts, while enabling safe 

resumption of economic and social activities 

⎼ evaluate the impact of the pandemic on health care systems and society 

⎼ contribute to the understanding of the co-circulation of SARS-CoV-2, influenza, 

other respiratory viruses and other pathogens. 

WHO, Public health surveillance for COVID-19 



  

    

    

LKS Faculty of Medicine 

https://covid19.sph.hku.hk/ 
⎼ Control measures reduced transmission in late January 

⎼ Family gathering during CNY increase transmission 
Real-time COVID-19 dashboard, HKU 

http:https://covid19.sph.hku.hk


  

       

         

 

   

       

   

        

          

    

       

         

  

  

 

LKS Faculty of Medicine Objectives of COVID-19 surveillance 
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   LKS Faculty of Medicine Genomic surveillance 

CoV-Spectrum 



  LKS Faculty of Medicine 

Smyth et al. 2022 Nat Comm 



  

       

         

 

   

       

   

        

          

    

       

         

  

  

 

LKS Faculty of Medicine Objectives of COVID-19 surveillance 

⎼ monitor SARS-COV-2 incidence and COVID-19 morbidity and mortality among 

different age groups and population groups at higher risk for developing severe 

disease and death 

⎼ track potential epidemiological changes over time 

⎼ detect and contain outbreaks of new SARS-CoV-2 variants and continue 

monitoring the trends of existing variants 

⎼ guide the implementation and adjustment of COVID-19 control measures including 

isolation of cases, contact tracing and quarantine of contacts, while enabling safe 

resumption of economic and social activities 

⎼ evaluate the impact of the pandemic on health care systems and society 
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WHO, Public health surveillance for COVID-19 



     

 

LKS Faculty of Medicine Surveillance of multiple pathogens 

Sullivan et al. 2020 Eurosurveillance 



        LKS Faculty of Medicine Surveillance of public attitude in Hong Kong, 2020 

Wu et al., under review 



     

   

 

      
  

LKS Faculty of Medicine Attributes of surveillance system 

⎼ Completeness 

⎼ Timeliness 

⎼ Usefulness 

⎼ Sensitivity 

⎼ Positive predictive value (PPV) 

⎼ Specificity 

⎼ Representativeness 

⎼ Simplicity 

⎼ Flexibility 

⎼ Acceptability 

⎼ Reliability 

“… ongoing, systematic collection, analysis and 
interpretation of health data essential to the planning, 
implementation, and evaluation of public health practice, 
closely integrated with the timely dissemination of these 
data to those who need to know.” 

WHO. Communicable disease surveillance and response systems 



  

     

 

   

     

LKS Faculty of Medicine Completeness 

⎼ Indicators: number of reports, % missing 

⎼ ‘zero reporting’ 

⎼ Monitor reporting fatigue over time 

⎼ Identify surveillance sites with low reporting % 



  LKS Faculty of Medicine Timeliness 

⎼ Particularly  important  for  communicable  diseases  with  short generation  time 

 Monthly  for  HIV 

 Weekly  for  influenza 

 Daily  for  COVID-19 

⎼ Reporting  delay 

 Time  needed  for  testing,  data collection,  transfer,  analysis,  

dissemination  etc 

 COVID-19:  PCR vs  RAT? 

⎼ Determined  by  the surveillance  objectives 

 Daily  or  weekly  for  outbreak  detection 

 Monthly  or  yearly  for  monitoring 
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⎼ Nowcasting to improve 
timeliness 

⎼ Omicron BA.2 is <1% 
based on the latest data 
(2 weeks ago) 

⎼ Surveillance design need 
to support analytics 



  

  

         

   

LKS Faculty of Medicine Usefulness 

⎼ Surveillance objective accomplished? 

⎼ Inform prevention or interventions as a result of analysis and 

interpretation of surveillance data 

 Could  feedback t o  improve  surveillance  design  if  gaps are  

identified 

 e.g.  inadequate  data resolution  on  age /  population  subgroups 
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⎼ Inpatients from all acute Oxfordshire hospitals 

⎼ Policy initiatives and series of interventions 
including hand hygiene 

⎼ Later decision to institute mandatory surveillance 
of all S aureus bloodstream isolations 

Wyllie et al. 2011 BMJ Open 



        LKS Faculty of Medicine Sensitivity, positive predictive value (PPV) and specificity 

⎼ Accuracy  in generating  or  not generating  alerts/signals  for  the  

surveillance  target 

⎼ Sensitivity 

 Ability  to  generate  alerts  when  there is  an  outbreak 

⎼ Specificity 

 Ability  to  not  generating  alerts  when  there  is  no  outbreak  

⎼ Positive  predictive  value 

 When there is  a  alert, how  likely  it  indicates  a  real outbreak 

 Affected  by  the  frequency  of  the outbreak 

⎼ Need  to  avoid  alert  fatigue  by  false alarm 

 Especially  when  monitoring  a  large  number  of  diseases 

 e.g.  difficulty  in  novel  emerging  pathogens  based  on  event-based  

surveillance 



     

 

LKS Faculty of Medicine Timeliness and specificity of surveillance systems 

Cheng et al. 2009 BMC Public Health 



      

    

     

    

    

  

LKS Faculty of Medicine Other attributes of surveillance systems 

⎼ Representativeness: reflecting the target population 

⎼ Simplicity: ease of implementation, e.g. practical case definitions 

⎼ Flexibility: modifying coverage, case definition, data collection 

⎼ Acceptability for surveillance staff and end users 

⎼ Reliability: measurement/procedure replicable? 



        

 

 

     

LKS Faculty of Medicine More important surveillance attributes for different purposes 

Purpose of surveillance 

Attributes Case  

management 

Outbreak detection  

& management 

Programme planning 

& evaluation 

Timeliness  

Sensitivity  

Positive predictive value  

Negative predictive value 

Data quality  

Representativeness 

Flexibility 

Stability  

Reliability  

⎼ Completeness, usefulness, acceptability are always important 



   

    

 

  

  

 

LKS Faculty of Medicine Dissemination and visualization 

⎼ Always consider target audience 

and surveillance purpose 

⎼ Include all key information 

⎼ Information rich / infographics 

⎼ Good use of figures 

Public Health Agency, Canada 



  

  

 

      

  

   

    

     

  LKS Faculty of Medicine Emerging surveillance systems 

⎼ Pre-diagnostic data (e.g. over-the-counter-medication, syndromic) 

⎼ Digital surveillance 

⎼ Social media, search query, natural language processing 

⎼ Mobile apps, wearable sensors 

⎼ Participatory / crowdsource surveillance 

⎼ Can be very sensitive and very timely 

⎼ But need to deal with noises 
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https://www.healthmap.org/en/ 

https://www.healthmap.org/en
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Google flu trends / Dengue trends 



   LKS Faculty of Medicine Participatory surveillance 

https://www.flutracking.sph.hku.hk/ https://info.flutracking.net/ 

http:https://info.flutracking.net
http:https://www.flutracking.sph.hku.hk


 

Digital contact  tracing 

Compliance of interventions 

Indoor temperature and 
humidity 

Smartphone dongle 

Tracking cough and sorethroat? 

Wearable sensors 



  

 

 

    

    

 

   LKS Faculty of Medicine Further considerations and development 

⎼ Big data / analytics 

⎼ Digital data 

⎼ Integrated / complementary surveillance systems 

⎼ Connecting hospital-based surveillance to community 

⎼ One health 



  

        

       

       

        

   

 LKS Faculty of Medicine Public health surveillance 

⎼ “Public health surveillance is the ongoing, systematic collection, 

analysis and interpretation of health data essential to the planning, 

implementation, and evaluation of public health practice, closely 

integrated with the timely dissemination of these data to those who 

need to know.” (Thacker, 2008) 
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