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Presenter
Presentation Notes
We will continue to talk about West Nile virus. In my talk I will give you a historic perspective of what we have seen in Tarrant County since 2002, when we first started with surveillance of WNV in mosquitoes. I will certainly discuss in some detail, the outbreak year of 2012 – what we saw, what implications it had for us in the lab, and what adaptations we made. I will give you the laboratory perspective, and in the next talk you will hear more about the other aspects of Tarrant County’s WNV surveillance program.

Another overreaching objective with my talk is to try and give you a sense of the importance of WNV surveillance in mosquitoes, and how WNV mosquito data and human case data are related, and how WNV data are used to make informed decision about control activities to prevent human disease.



• West Nile virus (WNV) characteristics and history 

• WNV hosts, vectors, and transmission 

• Mosquito surveillance at Tarrant County Public Health 

• WNV testing process 

• Tarrant County historic WNV data 

• 2012 WNV outbreak 

• Laboratory adaptations after the 2012 outbreak 

• Summary 
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“Read bullets”



Family: Flaviviridae 
Genus: Flavivirus 
 
Virion: 40-50 nm in diameter 
  Spherical nucelocapsid 
  Lipid bilayer envelope 
 
Genome:  Positive-sense, single-stranded RNA 
  ~11,000 nucleotides 
 
Examples of other Flavivirus members: dengue 
virus, yellow fever virus, Japanese encephalitis 
virus, and St. Louis encephalitis virus. 
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Presentation Notes
WNV belongs to the family Flaviviridae and the genus Flavivirus.

Other examples are: [see above].

The virion is spherical and enveloped.

The genome is constituted by RNA.



West Nile Fever (WNF) 
   Fever AND 
   Absence of neuroinvasive disease 
    
West Nile Neuroinvasive Disease (WNND) 
   Fever AND 
   Presence of neuroinvasive disease 
   (meningitis, encephalitis, acute flaccid paralysis) 
 
Common symptoms: 
Headache, fatigue, nausea, vomiting, rash 

Presenter
Presentation Notes
In order to be called a case, both clinical and laboratory criteria must be met. The clinical manifestations of the disease involves fever [check revised criteria] and absence or presence of neuroinvasive disease. Additional, common symptoms, which are not part of the clinical case definition, are [see above].




Demonstrate virus presence: 
 

• Isolation of the virus 
 

• Detection of virus-specific antigen 
 

• Detection of virus-specific nucleic acid 
 

• Demonstration of virus-specific antibodies 
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• WNV was first isolated from a human patient 
with a fever in Uganda in 1937 
 

• Historically, WNV was found in Europe, Africa, 
the Middle East, and Asia 
 

• In 1999, WNV emerged in North America (New 
York City) and arrived in Texas in 2002 
 

• Spread to west coast by 2002 



WNV WNV 

Vector 

Host (Reservoir) 

WNV 

WNV 

Incidental Hosts 
(Dead-End Hosts) 
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Presentation Notes
Real brief about the transmission cycle:

The major vector for WNV in our part of the country is the Southern House Mosquito, Culex quinquefasciatus. 

The major host, or reservoir, for WNV are passerine birds, which includes more than half of birds. Examples are crows, and the American robin.

Only birds develop high enough viral titers to sustain transmission via mosquitoes. When a mosquito takes a blood meal from an infected bird, the virus is further propagated in the mosquito. 

After some time, the mosquito will have developed enough viral titers to be able to infect new birds – and the cycle continues.

Mammals, such as humans and horses, can be infected by an infectious mosquito, but the virus never reaches high enough infecious titers to sustain transmission. Mammals are known as incidental hosts, or dead-end hosts.

In other words, an infected human will not be able to pass on the infection to a mosquito. 
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June 2002  First WNV detection in a 
   mosquito in Tarrant County 
 
July 2002  WNV detected in a bird from 
   Tarrant County 
 
August 2002 First case of human WNV 
   detected in Tarrant County 
 
September 2002 First case of equine WNV 
   detected in Tarrant County 



• Mosquito surveillance allows for early detection of 
West Nile virus activity 
 

• An increase in human WNV cases is usually seen a 
few weeks after detection in mosquitoes 
 

• Informed decisions about control tactics can be 
made based on mosquito data 
 

• Risk assessment calculations, targeted spraying 
(adulticiding) of positive locations, raise public 
awareness, education, preventive measures 



Mosquito 
Collection 

Mosquito 
Collection 

Sorting, 
Speciation, 

Enumeration 

Testing for 
WNV/SLEV 

Database / GIS Website 
(public) 

External Laboratory Environmental Health 

Reports 
(submitters) 

Results 
Reporting 

Presenter
Presentation Notes
This slide illustrates the mosquito surveillance hands-on involvement at Tarrant County.

Traps are set by personnel in the various municipalities and by TC EHD for the unincorporated areas. Mosquitoes are collected and submitted to EHD.

The mosquitoes are sorted, the species determined, and enumerated. Up to 50 mosquitoes are pooled in a tube and submitted to the lab for testing.

Each pool contains only female mosquitoes, since they are the potential carriers of WNV.

The lab uses a duplex Reverse-Transcription Polymerase Chain Reaction (RT-PCR) assay that is used to test for both WNV and SLEV at the same time. Since 2003, only WNV has been detected in the mosquito pools collected in Tarrant County, and I will only discuss WNV throughout the presentation.

The results are reported back top EHD, who relays the results to the submitters. In addition, the data is entered into a database for internal use, as well as published on a website for public access.



• RT-PCR  WNV RNA detection 
• RAMP  Antigen detection 
• Serology  Detection of immune response 
• Cell culture Detection of virus 
 
 
Tarrant County Public Health, NTRL 
• RT-PCR only - testing for presence of WNV in 

mosquitoes 



 
    

Label tubes and submission forms 
 
 
Add buffer; homogenize mosquito pools; 
centrifuge to obtain supernatant  
 
 
Load extraction cartridges with mosquito pool 
supernatants; extract up to 30 samples per batch 
 
 
Duplex assay (WNV/SLEV) 
 
 
 

Results are analyzed and reported to the 
Environmental Health Division 

Accessioning 

Homogenization 

Real-Time 
RT-PCR 

Automated 
Extraction 

Analysis and 
Reporting 
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Presentation Notes
This schematic shows the general steps that constitute the testing process.

Accessioning [see above]. This may seem trivial, but accessioning often greatly impacts turnaround times, especially when a large number of samples are processed. I will talk more about this later, when I discuss changes we implemented in the lab after the 2012 outbreak.

Homogenization [see above]. The mosquitoes are provided to us already in tubes. First we add a buffer solution, then we homogenize the mosquitoes to get a crude suspension, which will potentially contain virus particles mixed with mosquito fragments. The homogenate is centrifuged to obtain a supernatant that is suitable for the next step.

Automated extraction [see above]. Extraction cartridges are loaded with mosquito pool supernatants, from which nucleic acids are extracted. If WNV was present in the original pool, WNV viral RNA will be present in the extract that is obtained.

Real-Time RT-PCR [see above]. The assay we use can detect both WNV and SLEV at the same time. Two different primer/probe sets are used to specifically detect the presence of either or both of these viruses in a sample. The fluorophores on the probes will produce a unique signal (for either WNV or SLEV) in the event the particular viral RNA is present and amplified.

Analysis and Reporting [see above]. The final steps in the testing process… Also here, the paperwork involved can be done in different ways. More about that later.











• No WNV positive mosquitoes detected 
• Very few human WNV cases 
• No media interest 
• Fewer participants / declining sample numbers 

 
• WNV is on its way to totally disappear, and will no 

longer be a major concern 
 

• Should the WNV surveillance program be 
decommissioned? 
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WNF	179
WNND	101
Deaths	  11

Cities involved: 23 (plus unincorporated Tarrant County)




• Human WNF  998 cases 
• Human WNND  836 cases 
• Human fatalities   86 cases (only 2 cases in 2011) 

• Human WNF  179 cases 
• Human WNND  101 cases 
• Human fatalities   11 cases 





Presenter
Presentation Notes
This is the epidemiological curve showing the humans cases in Tarrant County in 2012.

West Nile Neuroinvasive Disease (WNND) cases are shown in bright red.
West Nile Fever (WNF) cases are shown in the darker red.

Week 30 is the peak week, with about 50 cases.
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Presentation Notes
Mid-season changes affecting the laboratory:

More submissions from existing submitters
New submitters (even more samples)
More money through emergency funding (reagents, supplies, homogenization generators)
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Presentation Notes
Tarrant County is using GIS.

As an example I am showing geographical information for 2012.

The red dots represent trap location that were positive for WNV in mosquitoes.

The green dots are the negative locations.

The zip codes in pink are the areas where human cases were present.

You may see that there are more positive trap location in the Northeast corner of Tarrant county. I am not suer why that is, but it is something that are often seen from year to year.




Complex….. 
 

• Mosquito abundance / WNV infection status 
 

• Vector competence (infected vs. infectious) 
 

• Bird population (infection status, immunity) 
 

• Weather conditions (temperature, rain) 
 

• WNV activity in recent, preceding years? 

Presenter
Presentation Notes
Complex…..

Mosquito abundance /WNV infection status (VI)

Vector competence (infected versus infectious)

Bird population (infection status, immunity)

Weather conditions (temperature, rain)

WNV activity in preceding years?




Presenter
Presentation Notes
To sum it upL In 2012, we tested approximately as much as we did in 2003. There was a new interest for WNV surveillance in mosquitoes.

Interest from: Public, Media, Politicans, TC leadership.




• New interest => 
• Increased budget => 
• Revamped surveillance program 
 
 
 
The Lab committed to test up to 200 pools/week 

 
• How to achieve that? 

Presenter
Presentation Notes
In preparation for the 2013 WNV season,  a lot of time was spent on revising policies and making plans and cost estimates for increased testing, surveillance, and vector control. More about that from Nina Dacko.

For the lab it meant [see above].



   Homogenization 
 2012        2013 

  Hand-held, open tubes,       2x 24 closed tubes in 40 seconds, 
  one tube at a time, BSL-3  open bench 

Presenter
Presentation Notes
Up until 2012, we used 5 ml tubes and a hand-held tissue homogenizer. Only one sample was homogenized at a time, and the generator (the tip with the rotating knives) had to be replaced with an unused generator between each sample. Furthermore, The generators had to be cleaned thoroughly between each batch.

Initially we had 36 generators. In the summer of 2012, we acquired additional generators for a total of 72, to meet the increased demand for testing. Estimated time spent homogenizing: > 1 hour per batch.

Between the 2012 and 2013 West Nile virus seasons, we purchased and validated two MP Biomedicals FastPrepTM-24 Tissue Homogenizers.

Multitude of advantages:
Homogenization takes 40 seconds, up to 48 samples can be homogenized at the same time – faster
Processing on the open bench instead of in BSC in BSL-3 – faster, easier
Closed tubes – no aerosols formed during processing – cleaner, safer
Manual labor reduced – no exhaustion/ fatigue

In summary: Increased throughput and shorter turnaround times.



Automated Extraction 
 
  2012       2013 

       < 30 samples / week         Up to 7x 30 samples /week 



Real-Time RT-PCR 
 2012     2013 

 Single tubes, max capacity:     96-well plates,  practical 
 <60 / week        capacity: 200 on 2-3 days 



Streamlined Forms and Paperwork 
 2012    2013 

 Paper and pen, typing, Excel, auto-fill calculations, export and 
 slow reporting  import of data, electronic reports 

Tarrant County Public Health Department
North Texas Regional Laboratory
Bioterrorism Response and Emerging Agents Section

Date Prefix: 20140101

A1. Specimen Processing (Batch 1) Extraction 
Date

Storage 
Temp.

4 First Lab ID: 1

Tech

Surveillance ID Laboratory ID Batch 1 Offset Batch 2 Offset

1 20140101-1 WS0001-14 Surveillance Start ID: 0 30

2 20140101-2 WS0002-14

3 20140101-3 WS0003-14

4 20140101-4 WS0004-14

West Nile Virus/SLEV ABI 7500 Fast Dx PCR Presumptive Testing Form

PCR ID

Comments

B. PCR Reaction Position

1 2 3 4 5 6 7 8 9 10 11 12

A NTC 1 WS0001-14 WS0009-14 WS0017-14 WS0025-14 WS0031-14 WS0039-14 WS0047-14 WS0055-14 NEG Ctrl 
(Batch 1)

Pos Ctrls 
(Batch 1)

WNV/ 
SLEV

B NTC 2 WS0002-14 WS0010-14 WS0018-14 WS0026-14 WS0032-14 WS0040-14 WS0048-14 WS0056-14 NEG Ctrl 
(Batch 2)

Pos Ctrls 
(Batch 2)

WNV/ 
SLEV

C WS0003-14 WS0011-14 WS0019-14 WS0027-14 WS0033-14 WS0041-14 WS0049-14 WS0057-14 WNV/ 
SLEV

Number of samples 30
Number of controls 3

Total 33
Plus 12% 37

WNV/SLEV
ABI 7500 Fast Dx Master Mix n Reagent Vol (µl) Total Vol (µl)

PCR grade water (vial 3) 37 4.75 175.75
ENV 20X primer-probe mix (CY5) 37 1.25 46.25

    

    
 

WNV/SLEV Presumptive RT-PCR Setup Worksheet (ABI 7500 Fast Dx)

WNV/SLEV Real-time RT-PCR Results PCR ID

Tech

Start 3 0
End 15 0

Threshold 5.63E+03 0.00E+00
Reporter Cy5 FAM Reporter Cy5 FAM Reporter Cy5 FAM
Target WNV SLE Target WNV SLE Target WNV SLE

Well Sample Name Result Ct Ct Well Sample Name Result Ct Ct Well Sample Name Result Ct Ct
1 N.D. 5 N.D. 9 N.D.
13 N.D. 17 N.D. 21 N.D.
25 N.D. 29 N.D. 33 N.D.
37 N.D. 41 N.D. 45 N.D.
49 N.D. 53 N.D. 57 N.D.
61 N.D. 65 N.D. 69 N.D.
73 N.D. 77 N.D. 81 N.D.
85 N.D. 89 N.D. 93 N.D.

Adult Mosquito Surveillance - West Nile and SLE virus Laboratory Results

Date of RT-PCR: 5/1/2014

Surveillance ID Lab ID WNV Results SLEV Results
20140501-233 WS0233-14 Negative Negative
20140501-234 WS0234-14 Negative Negative
20140501-235 WS0235-14 Negative Negative
20140501-236 WS0236-14 Negative Negative
20140501-237 WS0237-14 Negative Negative
20140501-238 WS0238-14 Negative Negative
20140501-239 WS0239-14 Negative Negative
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And finally at the annual resolution, comparing human West Nile case incidence and the mosquito pool positivity rates.

Clearly, we can see how WNV fluctuates in a similar way for human cases and mosquito pools.



Presenter
Presentation Notes
Lookin at the same data, but at monthly resolution…





• Mosquito surveillance allows for early detection of 
West Nile virus activity 
 

• Mosquito data can be used to make risk assessments 
for informed decisions to reduce human disease 
 

• We are better prepared now to meet testing demands 
and potential, future outbreaks 
 

• With more and refined WNV data, there will be an 
opportunity to gain insights 
 

• What will happen with participation over time? 



Environmental Health 
 
David Jefferson 
Nina Dacko   
Shannon Solberg 
Kristofer Kovach 
Michelle Markham 

Laboratory 
 
Guy Dixon 
Rebecca McMath 
Rune-Par Nilsson 
Jessica Holloway 
Katrina Tschoeke 

Epidemiology 
 
Anita Kurian 
Russ Jones 
Micky Moerbe 
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