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CONSPECTUS: The spread of infectious diseases due to travel
and trade can be seen throughout history, whether from early
settlers or traveling businessmen. Increased globalization has
allowed infectious diseases to quickly spread to different parts of
the world and cause widespread infection. Posthoc analysis of
more recent outbreaksSARS, MERS, swine flu, and COVID-
19has demonstrated that the causative viruses were circulating
through populations for days or weeks before they were first
detected, allowing disease to spread before quarantines, contact tracing, and travel restrictions could be implemented. Earlier
detection of future novel pathogens could decrease the time before countermeasures are enacted. In this Account, we examined a
variety of novel technologies from the past 10 years that may allow for earlier detection of infectious diseases. We have arranged
these technologies chronologically from prehuman predictive technologies to population-level screening tools. The earliest detection
methods utilize artificial intelligence to analyze factors such as climate variation and zoonotic spillover as well as specific species and
geographies to identify where the infection risk is high. Artificial intelligence can also be used to monitor health records, social media,
and various publicly available data to identify disease outbreaks faster than traditional epidemiology. Secondary to predictive
measures is monitoring infection in specific sentinel animal species, where domestic animals or wildlife are indicators of potential
disease hotspots. These hotspots inform public health officials about geographic areas where infection risk in humans is high. Further
along the timeline, once the disease has begun to infect humans, wastewater epidemiology can be used for unbiased sampling of large
populations. This method has already been shown to precede spikes in COVID-19 diagnoses by 1 to 2 weeks. As total infections
increase in humans, bioaerosol sampling in high-traffic areas can be used for disease monitoring, such as within an airport. Finally, as
disease spreads more quickly between humans, rapid diagnostic technologies such as lateral flow assays and nucleic acid amplification
become very important. Minimally invasive point-of-care methods can allow for quick adoption and use within a population. These
individual diagnostic methods then transfer to higher-throughput methods for more intensive population screening as an infection
spreads. There are many promising early warning technologies being developed. However, no single technology listed herein will
prevent every future outbreak. A combination of technologies from across our infection timeline would offer the most benefit in
preventing future widespread disease outbreaks and pandemics.
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5PATHOGEN X: CRITICAL TIME PERIODS, WHAT ARE OUR OPTIONS?

Figure 1. Timeline depicting point of implementation for various early warning systems

Oeschger TM, McCloskey DS, Buchmann RM, et al. Early Warning Diagnostics for Emerging Infectious Diseases in Developing into 
Late-Stage Pandemics. Accounts of Chemical Research. 2021;54(19):3656-3666.
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Figure 2. (A) Examples of sentinel animals and the corresponding human diseases they can be used to 
monitor. (B) Sample technology for microfluidic biochip for detecting Lyme antigens from sentinel animals  
using silver reagent precipitate and gold conjugated antibodies.  Reproduced with permission from ref  (25) 
. Copyright 2016 Springer Nature
Oeschger TM, McCloskey DS, Buchmann RM, et al. Early Warning Diagnostics for Emerging Infectious Diseases in 
Developing into Late-Stage Pandemics. Accounts of Chemical Research. 2021;54(19):3656-3666.



7PATHOGEN X: WASTEWATER MONITORING

Figure 3. Graphical representation of detecting the SARS-CoV-2 virus in wastewater 1 to 2 weeks 
prior to the medically confirmed cases of COVID-19 in Gandhinagar, India. Reproduced with 
permission from ref  (40). Copyright 2021 Elsevier Ltd.
Oeschger TM, McCloskey DS, Buchmann RM, et al. Early Warning Diagnostics for Emerging Infectious Diseases in 
Developing into Late-Stage Pandemics. Accounts of Chemical Research. 2021;54(19):3656-3666.



8PATHOGEN X: BIO-AEROSOL SAMPLING

Figure 4. (A) Common systems for capturing bioaerosols. Reproduced with permission from ref  (45)  
Copyright 2019 Springer Nature. (B) Bioaerosol samplers: (1) SKC impinger BioSampler, (2) Coriolis 
cyclone sampler, (3) SKC BioStage Impactor, and (4) SKC button filter sampler. Reproduced with 
permission from ref  (50) . Copyright 2016 Elsevier Ltd.
Oeschger TM, McCloskey DS, Buchmann RM, et al. Early Warning Diagnostics for Emerging Infectious Diseases in 
Developing into Late-Stage Pandemics. Accounts of Chemical Research. 2021;54(19):3656-3666.
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Figure 5. (A) Portable energy flexible isothermal nucleic acid  amplification device for the field screening of viral diseases, 
shown here powered by flame and sunlight. Reproduced with permission from ref  (1)  Copyright 2018 Springer Nature. 
(B) Sample technology for label-free optofluidic sensing of viruses with the corresponding light transmission profile 
readout. Reproduced with permission from ref  (69).  Copyright 2010 American Chemical Society. (C) Examples of 
detection methods for electrochemical biosensors for bacterial (1) cell-secreted electroactive metabolites, (2) 
electroactive enzymatic products, (3) impedance from mediated electron transfer, and (4) surface dielectric properties. 
Reproduced with permission from ref  (66) . Copyright 2020 American Chemical Society.

Oeschger TM, McCloskey DS, Buchmann RM, et al. Early Warning Diagnostics for Emerging Infectious Diseases in 
Developing into Late-Stage Pandemics. Accounts of Chemical Research. 2021;54(19):3656-3666.
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• COVID-19 Ag and IgG/IgM tests

• Dengue Virus Infection 

• Malaria

• Chikungunya Virus 

• Zika Virus 

• Chagas 

• Inflammation markers PCT/CRP

FeverPhone platform - includes a portable low-cost reader, mobile app for guiding the user 
and data handling, a custom-designed test strip for the infectious disease of interest
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Architecture of multiplex lateral flow test strip. Red and 
blue nanoparticle conjugates are able to bind to DENV and 
CHIKV antibodies present in the sample, respectively

Test strip results for human samples from colorimetric 
data. Samples were tested in random order and in 
duplicate, and average test line  intensities are shown as 
individual data points grouped by ELISA positive/negative 
classificat ion. The optimal intensity cutoff, as 
subsequently determined through ROC curve analysis is 
represented by the horizontal dotted line.

Wang R, Ongagna-Yhombi SY, Lu Z, et al. Rapid Diagnostic Platform for Colorimetric Differential Detection of Dengue and 
Chikungunya Viral Infections. Analytical Chemistry. 2019;91(8):5415-5423.

Colorimetric Differential Detection of Dengue and Chikungunya Viral Infections
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Schematics of a typhoid/malaria duplex LFA Calibration curve for LPS antigens with 
concentrations from 5 to 500  ng/mL.C) 
Calibration curve for pLDH  antigens 
with concentrations from 5 to 500 ng/
mL.

Two-Color Duplex Platform for Point-of-Care Differential Detection of Malaria and Typhoid Fever

Cao XE, Kim J, Mehta S, Erickson D. Two-Color Duplex Platform for Point-of-Care Differential Detection of Malaria and Typhoid 
Fever. Analytical Chemistry. 2021;93(36):12175-12180.

PATHOGEN X: FEVERPHONE 
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 Validation with clinical samples in progress at Ecuador field site. Comparison of three 
types of nanoparticles as label for lateral flow assay.

Features of RAPID COVIDx screening technology at point of care.

COVID-19 Antigen and IgG/IgM test on FeverPhone platform
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1. Predictive technologies and animal monitoring can 
help identify areas of high risk, whereas non-invasive 
testing can occur at the community level, before 
minimally invasive individual and group sampling is 
required 


2. Point of care diagnostic technology increases 
surveillance capacity in primary health care centers, 
low-economic status and remote areas 


3. Technologies for human and animal health monitoring 
could be integrated with other surveillance systems 
at the community, country and global level to identify 
early warnings and vulnerable populations


4. This combination approach offers a framework for 
monitoring and minimizing potential infectious 
disease spread, ultimately reducing the tangible and 
intangible burdens of a future pandemic  
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1. Point of care and other predictive 
technologies face adoption barriers 
such as regulatory approvals and 
policy development that allows local 
use outside of the research 
framework 


2. Improve capacity for both 
development and manufacturing 
globally 
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