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Clinical manifestations 

• Large variety of signs and symptoms mimicking other 
diseases 

(Influenza, hepatitis, yellow fever, dengue, Hantavirus infections and other 

viral hemorrhagic fevers, rickettsiosis, brucellosis, typhoid and other 

enteric fevers, aseptic meningitis, pneumonia, malaria, borreliosis) 

 

Asymptomatic, mild influenza-like to severe course 
• Weil’s syndrome: CFR 10-20% 
• Severe Pulmonary Hemorrhage Syndrome (SPHS): globally 
emerging form with CFR 50-70% 
 

• Diagnosis on clinical grounds is challenging 
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Conventional tests 

Conventional tests: DFM, MAT, ELISA, IFAT, IHA, MSAT 
etc. 
Many drawbacks: slow, unreliable, low detection 
threshold, difficult to standardize, require well-trained 
personnel and/or expensive media/equipment 
 
 
Isolation confirms leptospirosis but is too slow for 
individual diagnosis and has mainly epidemiological value 
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Laboratory diagnosis 

Serological tests 
MAT 

Gold or reference standard 
Requires panels of ‘locally’ representative serovars 
May provide indication for infecting serogroup 
 
 

 
 

 
ELISA 

IgM antibodies against leptospires 
Genus specific 
In-house ELISA: dilution titers 
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Sensitivity of MAT and IgM ELISA according to 
stage of disease 

Main findings 
• ELISA ‘rules’ outcome 
 at early phase 
• (Early) follow up  
sample increase  
case detection 
• ELISA earlier  
positive and  
> sensitive MAT (80%) 



MAT: the gold standard? 

MAT sensitivity ~ 80% (supported by Bayesian approaches of 
others): i.e. misses 20% of the cases 
 
Consequences 

• Underestimation of BoD  
• MAT reference: ‘false’ reduction of specificity of index tests  
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Rapid Diagnostic Tests 
• Confirmation by conventional tests is required 

• Relatively low diagnotic accuracy 
• Varying diagnostic accuracy => repeated local 
evaluations 
• Need for improved QA at production and/or test 
performer (easy does not exclude experience) 
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Early diagnosis 

Application of current rapid diagnostic tests (RDT) does not 
provide early diagnosis! 
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Early diagnosis 

 
 
 
 
 
 
 
•Early diagnostic gap  
  with serology 
 
•Leptospires circulate in the blood notably first 4-7 days 
after onset of disease: Several NA amplification 
techniques on blood samples like PCR can fill in this gap 
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Hand held PCR equipment 

 

 

 

•  Battery-powered stand-alone device: 

  More than 4 hours of operation on a single charge 

•  High amplification speed: 

• Extreme high efficiency: 

 Near single-copy amplification sensitivity 

•  Dynamic range sufficient for genetic identification: 

• Unmatched well-to-well uniformity: 

• Simple and adaptable: 

  Easy to program and compatible with standard tools 

•  Affordable costs 
Palm PCR F1-12 

T-COR 4 qPCR 



Future (tests) 

• Early and rapid – antigen detection based? 
 

• Discriminative (multiplex testing/differential diagnosis) 
 
• Traceable (online data transfer to e.g. MoH) - early outbreak 

warning (RDT with QR/barcodes or chip; data and location 
recording by smart phone?) 
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Future tests: Antigen detection 

Antigen test sens 102-103/ml – improve by use of nanobiosensors? 
 
Isothermal molecular tests with easy signal detection system 
• Loop mediated amplification (LAMP): singleplex, yet sub-

optimal and complex (>60oC, runtime >40 min, 2-3 primer 
sets) 

• Recombinase polymerase amplification (RPA): multiplex, easy 
design (37-42oC, runtime 30 min, PCR-like primers/probes) 
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Piepenburg et al. (2006). DNA detection using recombination proteins. PLoS Biol 4:e204 



Diagnosis by sequencing 
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Leptospira 

genome is 

~4 Mb 

(0.004 Gb) 



Portable sequencers for ‘ambulant’ 
diagnosis 
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Clinical 

sample 

Meta epidemiological data 
Big data 

GIS 

Remote sensing 

Weather, climate 

Conventional data 

• Online surveillance 

• Early outbreak warning 

• Identification outbreak factors 

     (prediction and prevention) 

• Identification of vaccine components 

sequences Diagnosis within one day 

Comparison with sequences 

of all (known) organisms in 

databases for identification 



Disciplines in future diagnosis and 
surveillance 
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Microbiology 

Epidemiology Bioinformatics  

Molecular biology 

Quality management 

sequences Diagnosis within one day 



Bottlenecks and limitations 

NGS has limited ‘time frame’: leptospires only circulate in the 
blood the first 5-10 DPO 

For other infectious diseases this is even shorter (multiplex 
disease detection/meta-genomic approaches) 

Adjacent serology remains a requirement 
 
Knowledge of disease dynamics is essential: what sample to take 

at a certain phase of the disease 
 
Ethical concerns (privacy issue; co-sequencing of human/patient 

DNA is difficult to avoid) 
Sensitivity of NGS still is lower than e.g. PCR 
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Revolution in diagnostic and 
surveillance approaches 
It will be possible to sequence genome DNAs from various 

microorganisms in a sample in a single run and thus 
establish their presence (multiplex sequencing: meta 
genomics) 

Identity of (micro)organisms will be based on whole genome 
sequence 

Reversed genomics: e.g. serovar can be deduced from 
genome sequence 

 
From single disease diagnosis and surveillance to multi-

disease diagnosis and surveillance 
Within the coming 5 – 10 years 
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Validation of diagnostics is essential 

Always perform local validation of tests prior to implementation 
and regularly repeat validation 

• Geographic and temporal variations in diagnostic accuracy of 
all tests 

• Optimal MAT depends on (varying) local serovars in the panel 
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Sustainable implementation of 
diagnostic and surveillance systems 

Observation: Recommendations on  diagnostic and 
surveillance systems itself find agreement but are not 
implemented or sustained.  

Solution: implement a suitable Quality Management 
System (QMS) 
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Summary 

• Leptospirosis is difficult to diagnose in the clinic: laboratory 
support is indispensable 

• Early diagnosis (PCR) differs from rapid diagnosis (RDT) 
• Rapid development in portable, battery-driven rt PCR 

machines and diagnostic tools with the potential to that 
provide online information (Ref Centre, MoH/MoA) 

• Increasing availability of small size Next Generation 
Sequencers 

• NGS for the diagnosis of (multiple) infectious diseases – cloud 
mediated diagnosis and direct data distribution (early 
outbreak warning) 
 

• Implementation of QMS at several levels is badly needed 
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Thanks 


