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• Describe current Human Immunodeficiency Virus (HIV) testing 
algorithm and status of genotyping in Florida

• List steps in implementation of next generation sequencing (NGS) for 
HIV genotyping

• Discuss challenges and solutions with NGS implementation in the 
Public Health Laboratory (PHL)

Objectives
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• The Florida Department of Health (Florida Health) Bureau of Public 
Health Laboratories (BPHL) performs the 2014 Centers for Disease 
Control and Prevention/Association of Public Health Laboratories’ HIV 
Diagnostic Algorithm, for identification of acute and established HIV-1 
infection

• BPHL performs clinical management testing including HIV-1 viral load, 
CD4 testing, and genotyping

• Florida Health HIV program supports a “Test & Treat” approach with 
the goal of early HIV diagnosis and timely patient care
→ Improve health outcomes
→ Reduce transmission

HIV Testing Algorithm at the Florida State Public Health 
Laboratory
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Test & Treat Model

HIV Testing Algorithm at the Florida State Public Health 
Laboratory

Blood is drawn on patient 
for HIV testing.
Sample is sent to BPHL.

Ab/Ag EIA positive, 
Geenius HIV-1 positive.
HIV-1 infection is 
diagnosed.
Treatment initiated.

Viral load and CD4 
testing performed.
Genotype and resistance 
profile determined.

New 
diagnosis
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HIV Testing in the PHL
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HIV Testing in the PHL
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• Current method: ViroSeq HIV-1 
Genotyping System v2.0, Abbott 
• Sequences the entire HIV-1 protease 

gene and two-thirds of the reverse 
transcriptase (RT) gene in seven Sanger 
sequencing reactions

• ABI Prism® 3130 Genetic Analyzer
• Testing applicable to:

- HIV-1 infected individual at time of 
initial presentation and diagnosis 
before initial drug therapy

- HIV-1 infected individual at drug 
therapy failure, i.e. increase viral load, 
prior to drug therapy change

HIV Genotyping and Resistance Determination by DNA 
Sequencing
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• NGS has recently become accessible technology for the clinical and 
public health laboratory
• The whole genome of a microorganism may be sequenced in a matter of 

hours or amplicon sequencing can be performed to target specific 
regions of the genome

• NGS is performed through the following basic steps: 
• DNA sequencing to produce multiple random sequence fragments, 

called ‘reads’ 
• Sequence reads cleaned to ensure quality
• Reads assembled into contiguous pieces, ‘contigs’ that can be aligned 

with a known sequence, ‘reference strain’
• Analysis of aligned sequence is performed using software programs, 

‘pipeline’

Application of NGS for HIV Genotyping
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Amplicon-based whole genome sequencing for HIV

“Massively 
parallel” 

sequencing
SmartGene

Bioinformatics

Sequence 
data 

generated

HIV RNA 
extracted from 

specimen

cDNA made,
DNA amplicons 
generated by 
nested PCR

Application of NGS for HIV Genotyping
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• Amplicon-based NGS was performed on an Illumina® MiSeq or iSeq
platform with Nextera XT reagents

• Targeted sequencing of the cDNA amplicon containing the protease 
(PI), reverse transcriptase (RT), and integrase (INSTI) genes was 
performed on HIV-positive specimens with a viral load of 1,000 RNA 
copies/ml or greater

• Sequencing data was analyzed using the SmartGene IDNS® 5 curated 
pipeline that includes Stanford University’s Genotypic Resistance 
Interpretation Algorithm, with an interpretation cut-off of 5%

Tzou et al. JCM 2018 May 25;56(6)

Implementation of NGS for HIV Genotyping at BPHL
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• Proposed method: Targeted, amplicon-based NGS using a laboratory-
developed assay
• Sequences protease (PI), reverse transcriptase (RT), and integrase (INSTI) genes 
• Illumina MiSeq or iSeq, Nextera XT reagents
• SmartGene pipeline analysis
• Testing applicable to:

HIV Genotyping and Resistance Determination by NGS

prot p51 RT p15 p31 int

pol

External

737

5578

Nested
2252

5073
- HIV-1 infected individual 

at time of initial 
presentation and diagnosis 
before initial drug therapy

- HIV-1 infected individual 
at drug therapy failure
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SmartGene Report
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ViroSeq Report
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• Instrumentation: BPHL Molecular Section has four MiSeq, two iSeq
• Ancillary equipment may also be required for DNA quantitation, quality 

measurement and automation 

• Infrastructure: IT, networking, data exchange 

• Staffing: BPHL Molecular Section has four sequencing staff with 
experience/training in sequencing and data analysis. 
• BPHL is adding a dedicated HIV sequencing member to the team, with 

support from the Florida Health HIV Section, Molecular Surveillance 
Team

• Two HIV laboratory staff trained in cDNA production

Practical Considerations for Implementation of NGS for HIV 
Genotyping at BPHL
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• Methodology/determining test parameters:
• Appropriate primers for cDNA amplicon and NGS targets for sequencing
• Number of copies/ml required to generate sequence
• Percentage interpretation cut-off

• Test performance and verification:
• Perform side-by-side comparison of current method (ViroSeq, FDA-approved) 

and proposed method (amplicon-based NGS, laboratory-developed test) and 
evaluate test quality e.g. accuracy, timeliness, cost etc.

• Perform testing on Proficiency Testing samples/known characterized samples

• Discuss implementation with HIV Program:
• Provision of consensus sequence and new report format

Practical Considerations for Implementation of NGS for HIV 
Genotyping at BPHL
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• 36 specimens with paired ViroSeq and NGS results were analyzed 
• 30/36 (83.3%) were concordant with clinically significant mutations common to 

NRTI, NNRTI and PI resistance 
• Substantial differences between the two methods: 
 NGS identified mutations present in a lower percentage of the population 

sampled (i.e. minority variants)
 NGS identified INSTI mutations not detected by ViroSeq
 Presence/absence of mutations due to use of different algorithms for 

analysis

• NGS was performed on 20 specimens by MiSeq and iSeq for 
comparison
• Sequence data was comparable
• The iSeq will sequence about 1/10 DNA in half the time and therefore fewer 

samples needed for each run to make it cost-effective

Side-by-side Sequence Comparisons
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• NGS is more sensitive than Sanger in the detection of minority 
variants and can detect rare or uncommon HIV subtypes

• The SmartGene pipeline uses the most up-to-date Stanford algorithm 
and is a trusted means of data analysis for epidemiological purposes

• Using samples with at least 1,000 RNA copies/ml was sufficient to 
generate sequence in most cases

• The iSeq is an appropriate platform for performing HIV targeted NGS

• The interpretation cut-off is set at 5% but still requires more analysis

Next Steps for Implementation of NGS in Florida
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Potential Impact of NGS Genotyping on Florida HIV 
Program

Identify HIV 
transmission 
patterns

Notify sex & 
needle 
sharing 
partners of 
their HIV risk

Offer HIV 
testing and 
treatment

Person is diagnosed 
with HIV and provider 
orders genotype test

Genotype sequence is 
reported to the health 
department

Genotype sequences 
are compared

Partner services 
interviews are conducted

• Partner information is not always readily available
• Molecular surveillance data can be used to supplement (not replace) 

partner information
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• BPHL plans to continue to make improvements in its testing algorithm 
in line with a “Test & Treat” model: this would include performing NGS 
genotyping on all newly-identified HIV cases diagnosed at BPHL

Potential Impact of NGS Genotyping on Florida HIV 
Program

→ Patient impact: diagnosis and treatment 
more accessible in a timelier manner

→ Public health impact: essential surveillance 
data available for use by local, state and 
federal agencies

→ Laboratory impact: new techniques, more 
data to analyze
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Thank You! Questions?
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