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Diagnostic Challenges in Emerging Pathogens 

(largely focused on SARS-CoV-2)

HepHIV Conference, Madrid, 15th November 2023

Thanks to Katy Shaw-Saliba, DCR, NIAID
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Technologies used for ID diagnosis

Harsh and Tripathi Virology Journal (2023) 20:143
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General challenges
▪ Specimen type choice: least 

invasive but most likely to have 
virus

▪ Testing of asymptomatic 
contacts

▪ Antigen tests are more rapid but 
more prone to false negatives

▪ Turnaround time for molecular 
tests

▪ Scarcity of testing materials 
(swabs, UTM)

Created with BioRender.com

Mina, M et al., N Engl J Med 2020; 383:e120 DOI: 10.1056/NEJMp2025631

https://www.nejm.org/doi/full/10.1056/nejmp2025631
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First challenge with a newly emerging pathogen: 

Identification of target regions for diagnostic assays

▪ Rapid sequence analysis and 

deposit in a public database 

of the SARS-CoV-2 genome 

sequence was key

▪ Pathogen target region 

decision: 

▪ Specific for the emerging 

pathogen but also conserved 

enough to detect variants

▪ For antigen tests: expression 

level of the protein matters
Zhou, P., Yang, XL., Wang, XG. et al. Nature 579, 270–273 (2020).; 

Chan, Jasper Fuk-Woo et al. The Lancet, Volume 395, Issue 10223, 514 - 523

https://www.nature.com/articles/s41586-020-2012-7#citeas
https://www.thelancet.com/article/S0140-6736(20)30154-9/fulltext
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Impact of viral variants on molecular tests: deletions and 

point mutations can result in target amplification failure 

so it is important to have multiple targets
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Turn-around time of the essence:
case example of 3 emergency departments using 

cohort isolation until test results became available

Hinson et al, J Hosp Inf 2021

Standard 

platform

Rapid return P-value

Order to result time 

- median

7.8 hrs

(IQR) 3.71–11.68] 

1.9 hrs

(IQR 1.40–2.82) 

<0.0001

% with available

result before

departure from ED

51% 92% <0.0001

Exposure time for 

uninfected - median

19.2 hrs

(IQR 9.45–44.59)

6.6 hrs

(IQR 4.13–13.57)

<0.001
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Image: https://www.sciencedirect.com/science/article/pii/S2211383520305505

Nucleocapsid 

protein

▪ Antigen assays recognize a 

tertiary structure

▪ For SARS-CoV-2: most antigen 

assays target nucleocapsid 

(tends to be more conserved 

than spike)

▪ Mutations in nucleocapsid could 

result in reduced sensitivity

▪ The limit of detection in antigen 

assays is lower than PCR so 

decreased viral load can impact 

performance 

SARS-CoV-2 protein

Lateral flow
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Impact of viral variants on 
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Antigen assays: other considerations

https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html; https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/covid-19-

test-uses-faqs-testing-sars-cov-2; https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7799021/; https://www.medrxiv.org/content/10.1101/2022.01.05.22268788v1; 

https://academic.oup.com/cid/article/73/9/e2861/6105729; https://www.nejm.org/doi/full/10.1056/NEJMp2025631; 

https://www.medrxiv.org/content/10.1101/2022.01.04.22268770v1.full.pdf; https://www.medrxiv.org/content/10.1101/2021.12.22.21268246v1.full; 

https://www.nejm.org/doi/full/10.1056/NEJMcp2117115?query=RP&cid=NEJM%20Recently%20Published,%20January%207,%202022%20DM609583_NEJM_Non_Subscriber&

bid=763041445#section_key_clinical_points

▪ Sensitivity on antigen assays is lower than molecular assays

▪ Particularly when a person is asymptomatic/pre-symptomatic or viral load is low

▪ Testing algorithm depends on the pretest probability 

https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antigen-tests-guidelines.html
https://www.fda.gov/medical-devices/coronavirus-covid-19-and-medical-devices/covid-19-test-uses-faqs-testing-sars-cov-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7799021/
https://www.medrxiv.org/content/10.1101/2022.01.05.22268788v1
https://academic.oup.com/cid/article/73/9/e2861/6105729
https://www.nejm.org/doi/full/10.1056/NEJMp2025631
https://www.medrxiv.org/content/10.1101/2022.01.04.22268770v1.full.pdf
https://www.medrxiv.org/content/10.1101/2021.12.22.21268246v1.full
https://www.nejm.org/doi/full/10.1056/NEJMcp2117115?query=RP&cid=NEJM%20Recently%20Published,%20January%207,%202022%20DM609583_NEJM_Non_Subscriber&bid=763041445#section_key_clinical_points
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Performance evaluations of new diagnostics 

with emerging pathogens can be challenging 

• No gold standard at the start of an outbreak 
with an emerging pathogen

– Usually, molecular tests (questions around if 
nucleic acid correlates to infectious agent)

• Performance evaluations are dependent on 
clinical specimens which may be limiting 
and difficult to source

• Emergency Use Authorization/Emergency 
Use Listing often rely on performance 
evaluations with smaller numbers of 
specimens

– Independent evaluations (e.g. FIND) 

• Government-lead programs are aimed at 
accelerating development and evaluation of 
diagnostics (e.g. USG RADx) 

https://www.nih.gov/research-training/medical-research-initiatives/radx/radx-programs; Reitsma, Johannes B. et al. Journal of Clinical 

Epidemiology, Volume 62, Issue 8, 797 – 806; Escadafal C, et al. BMJ Glob Health. 2023 Jul;8(7):e012506; 

https://www.finddx.org/covid-19/find-evaluations-of-sars-cov-2-assays/

https://www.nih.gov/research-training/medical-research-initiatives/radx/radx-programs
https://www.jclinepi.com/article/S0895-4356(09)00063-8/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10335566/
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Potter, Christina et al. Journal of Public Health Management and Practice 28(6):p 607-614, 2022

Escadafal et al, BMJ Global Health, 2023

Summary of challenges

2022https:/journals.lww.com/jphmp/fulltext/2022/11000/identifying_operational_challenges_and_solutions.5.aspx
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The diagnostic dilemma

Pre-test probability for a

given disease ?

How to deal with the 

dilemma ?
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Antimicrobial

resistance

▪ Caused by interaction between

▪ Humans, food-producing animals, 

wildlife, insects and the environment

▪ Genomic technologies can be used 

to monitor

▪ “One-health” genomic surveillance

Djordjevic et al, Nature Reviews Genetics, 2023



13

Zoonotic outbreak in last decade in Africa*

Hikaambo et al, Sci. Transl. Med. 15, 2023

*63% increase in number of zoonotic outbreaks in last decade 

compared with former decade
https://www.afro.who.int/news/africa-63-jump-diseases-spread-animals-people-seen-

last-decade
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Global inequity
▪ Global inequality: resource 

limited/Global South often not 
able to purchase and support 
testing capacity
▪ Leveraging of resources in 

West Africa grown out of the 
Ebola outbreak in 2014 

▪ Importance of lower cost 
diagnostics with the ability to 
test near the point-of-care 
(without elaborate laboratory 
setup)

Narayanasamy S, Okware B, Muttamba W, et al. J Epidemiol Community Health 2022;76:972–975; Diarria, B, et 

al. Front. Trop. Dis, 31 January 2022 Sec. Disease Prevention and Control Policy Volume 2 - 2021

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/jech.bmj.com/content/jech/76/12/972.full.pdf
https://www.frontiersin.org/articles/10.3389/fitd.2021.788616/full
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Key areas to build from COVID-19 that can

boost access to testing for all diseases

▪ Political focus and collaboration

▪ Sequencing capacity for disease surveillance and rapid 

response

▪ Diagnostic prioritization within health systems

▪ Technologies to improve diagnostics use, including mobile and 

digital tools

▪ Health worker training and diagnostic literacy

▪ Innovation and manufacturing capacity

ACT-Accelerator Diagnostics Pillar working group leads
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