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    Chapter 15   

 Detection Protocols for West Nile Virus in Mosquitoes, 
Birds, and Nonhuman Mammals                     

     Elizabeth     B.     Kauffman     ,     Mary     A.     Franke    , and     Laura     D.     Kramer     

  Abstract 

   West Nile virus is the most widespread mosquito-borne virus in the world, and the most common cause of 
encephalitis in the USA. Surveillance for this medially important mosquito-borne pathogen is an impor-
tant part of public health practice. Here we present protocols for testing environmental samples such as 
mosquitoes, nonvertebrate mammals, and birds for this virus, including RT-PCR, virus isolation in cell 
culture, and antigenic assays, as well as serologic assays for antibody detection.  
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1      Introduction 

        West Nile virus (  Flavivirus   ,  Flaviviridae ) is a spherical enveloped 
virion, ~50 nm in  diameter  , with a  capsid   surrounded by a  host  - 
derived lipid  membrane   containing two glycoproteins, the envelope (E) 
and the membrane protein (M).  Multiple   copies of the capsid 
protein surround single- stranded    positive   sense RNA, approximately 
11 kb in length, which contains a single open reading frame that is 
translated cotranslationally and posttranslationally by cellular and 
viral proteases into three  structural proteins  , capsid (C), 
premembrane (prM)/membrane (M), and envelope (E) at the 5′ 
end of the  genome   and seven nonstructural proteins (NS1, NS2A, 
NS2B, NS3, NS4A, NS4B, and NS5) at the 3′ end. 

 WNV is currently the  most   widely distributed arbovirus in the 
world, occurring on all continents except Antarctica. The virus 
was fi rst isolated from the blood of a febrile woman in the West 
Nile district of Uganda in 1937 [ 1 ]. Prior to 1996, occasional 
epidemics occurred in Africa, Eurasia, Australia, and the Middle 
East, but few cases of West Nile neuroinvasive disease (WNND) 
were observed [ 2 ]. Virus activity increased noticeably from 1996 
to 1999 in the Mediterranean basin, southern Romania, and the 
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Volga delta in southern Russia; then in 1999, WNV was introduced 
into the Western Hemisphere, where it spread rapidly in the USA, 
Canada, and Central and South America over the next four years. 
WNV is now the leading cause of  encephalitis   in the USA and 
Canada. 

 Worldwide, WNV is maintained in nature in an enzootic cycle 
between ornithophilic mosquitoes and susceptible  avian   hosts. 
Epizootics/epidemics occur in  horses   and humans, but these 
 incidental hosts   are considered “dead-end” because the level of 
viremia is below the threshold required to infect mosquitoes. 
Approximately 65 different mosquito species and 326 bird species 
have been found infected in the USA, although not all are compe-
tent hosts [ 3 ].   Culex    species mosquitoes are the major  vectors   
globally, with the particular species dependent on geographic 
location. In the northeastern USA, it has been estimated that 
 Culex pipiens  L. is  likely   responsible for 80 % of human WNV 
infections [ 4 ]. In the western USA,  Cx tarsalis  is the predominant 
vector to humans, and in the southern USA,  Cx quinquefasciatus . 
Birds belonging to the order  Passeriformes  are the major  amplifi -
cation   hosts. 

 Phylogenetic analysis reveals two major lineages of WNV, I 
and II [ 5 ], and several possible lineages that are newly recognized, 
III [ 6 ], IV [ 7 ], and V [ 8 ]. Lineage 1 includes three sublineages: 
1a, which is distributed in Africa, the Middle East, Europe, and 
the Americas; 1b, found in Australia, also known as KUN; and 
lineage 1c, which includes strains isolated in India. Lineage II  is 
  generally confi ned to sub- Saharan Africa and Madagascar. 
Migratory birds play a major role in the spread of WNV through-
out the world. Migratory routes from Africa to Europe and Asia 
are well understood, and WNV virus and antibodies have been 
isolated from migrating species [ 9 ,  10 ]. Successful spread of the 
virus by birds is dependent on  avian   viremia that is suffi ciently 
high and long lasting to survive during migratory travel and 
remain infectious to mosquitoes. 

 Infection with the virus leads to a wide range of disease symp-
toms from mildly febrile to severely neurologic, but asymptomatic 
infections occur most frequently. While the disease appears to be 
more severe in older individuals, all ages may become severely ill. 
Until 2008, severe WNND in humans almost exclusively had been 
associated with lineage 1 strains, but since 2004, lineage 2 strains 
have been found circulating in Central,  Southern   and Eastern 
Europe, and have been responsible for major outbreaks in Hungary, 
Austria, Greece, Romania, Italy, and the Volgograd region of 
Russia [ 11 – 13 ]. There have been approximately 42,000 cases of 
WN disease in the USA between 1999 when the virus was intro-
duced into the New York City area and December 2014 (Arbonet, 
Arboviral Diseases Branch, CDC).  
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   Laboratory  diagnosis   of WNV infection is predominantly serological 
[ 14 ], although caution is advised because of the high degree of 
cross-reactivity among  fl aviviruses   [ 15 ,  16 ]. Paired acute and con-
valescent sera are recommended for confi dent determination of 
etiology of disease, where a fourfold rise between the two is neces-
sary for confi rmation [ 17 ], or a fourfold difference between related 
fl aviviruses. Diagnosis by serological methods is particularly diffi -
cult in areas where Japanese  encephalitis   virus (JEV) and/or den-
gue virus (DENV) are co- circulating, e.g., India and tropical 
Americas, respectively, and more recently, Zika virus ( ZIKV ; 
 Flavivirus, Flaviviridae ). Secondary infections present additional 
problems in interpretation. Serologic assays include the standard 
IgM and IgG  enzyme-linked immunosorbent assay (ELISA)  , 
 immunofl uorescent antibody assay (IFA)  ,  microsphere immunoas-
say (MIA)  , and confi rmatory  plaque reduction neutralization test 
(PRNT).   Many  horses   are now vaccinated against WNV and there-
fore the diagnostician must be certain to distinguish naturally 
occurring antibody from that resulting from vaccination. 
Laboratory protocols for the standard PRNT assay are described 
below (Subheading  3.11 ). Procedures for RT-PCR and virus isola-
tion assays (Subheadings  3.6 – 3.8 ) are seldom used for clinical sam-
ples because of transient and low viremia.  

    Surveillance   for medically important mosquito-borne pathogens is 
an important part of public health practice. It is meant to provide 
an early warning of increased levels of viral activity allowing control 
measures to be undertaken. Field specimens, especially mosquitoes 
and dead birds, collected as part of surveillance programs, are 
tested for the presence of viral nucleic acid by standard or real-time 
RT-PCR (Subheadings  3.6  and  3.7 , respectively), viral antigen by 
IFA (Subheading  3.9 ) and antigen-capture dipstick assay 
(Subheading  3.10 ), or infectious virus (Subheading  3.8 ). Rapid 
test protocols have been developed in response to the expansion of 
WNV in the USA [ 18 – 20 ]. In some locations, sentinel birds are 
tested for  antibody   by indirect ELISA on  serum   (Subheading  3.13 ), 
using protocols similar to those used in equine and human diag-
nostics. A fl owchart for testing fi eld specimens is presented in 
Fig .   1 . In addition,    serological surveys using indirect ELISA 
(Subheadings  3.13 ) and PRNT (Subheading  3.11 ) of various wild-
life populations such as small mammals, deer, and wild birds have 
yielded important information about distribution of WNV; how-
ever, the problem is one cannot be certain where or when the 
infection occurred.  Horses   and other equids that die following 
neurologic symptoms should also be tested, fi rst for rabies, then 
for WNV, by  cell culture   virus isolation or RT-PCR.

      It is important to note that WNV is classifi ed as a BSL-3 agent by 
CDC [ 21 ]. Once WNV is identifi ed in a diagnostic specimen, sub-

1.2  Clinica l 

1.3  Surveillance

1.4  Safety

Detection Protocols for West Nile Virus in Mosquitoes, Birds, and Nonhuman Mammals



178

sequent handling of infectious virus from that sample should be 
conducted in a  Biosafety Level-3   laboratory using a Class II bio-
logical safety cabinet (BSC) by laboratory staff who are trained to 
work at this level of  containment  . Staff must wear appropriate per-
sonal protective gear including lab coats, goggles, and gloves to 
protect themselves from infection. It is best practice for all submitted 
specimens to be handled as infectious material.   

2    Materials 

            1.    Class II biological safety cabinet (BSC).   
   2.    Retsch Mixer Mill, MM 301 (Retsch, Inc., Newtown, PA) ( see  

 Note    1  ).   
   3.    TissueLyser adapter set (holds 2 × 24 microfuge tubes) for 

Mixer Mill 301 (Qiagen Inc., Valencia, CA).   
   4.    Qiagen benchtop  centrifuge  , Model 4-15C, with 2 × 96 plate 

rotor and deep well buckets ( see   Note    2  ).   
   5.    Daisy 4.5 mm steel airgun shot (BBs), zinc plated.   
   6.    Mosquito diluent: PBS supplemented with 20 % heat-inacti-

vated fetal bovine  serum   (FBS), 100 units/mL of penicillin, 

2.1  Preparation 
of Mosquito Test 
Samples

  Fig. 1    Typical workfl ow management of  fi eld   collected samples       
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100 μg/mL of streptomycin, 10 μg/mL gentamicin, 1 μg/mL 
Fungizone (Amphotericin B).   

   7.    BA-1 Diluent: M-199 medium with Hanks’ salts, 1 % bovine 
serum albumin, 350 mg/L of sodium bicarbonate, 100 units/
mL of penicillin, 100 μg/mL of streptomycin, 10 μg/mL gen-
tamicin, 1 μg/mL of Fungizone in 0.05 M Tris, pH 7.4. Store 
at 2–8 °C, expiration 3 weeks.   

   8.    RLT Lysis  buffer   for RNA purifi cation using RNeasy Mini Kit 
protocol ( see   item 4  in Subheading  2.4 ).   

   9.    Lysis/Binding Solution for RNA purifi cation by MagMAX 
technology ( see   item 12  in Subheading  2.5 ).      

       1.    Materials listed  for   mosquitoes ( see  Subheading  2.1 ).   
   2.    Scalpels, sterile disposable.      

        1.    Materials  listed   for mosquitoes ( see  Subheading  2.1 ).   
   2.    Scalpels, sterile disposable.   
   3.    Cotton swabs with plastic shafts or swabs made of polyester 

(polyester fi ber tipped applicator, Thermo Fisher Scientifi c) 
( see   Note    3  ).      

         1.    95–100 % ethanol, ACS grade or higher quality.   
   2.    β-mercaptoethanol.   
   3.    RNeasy Mini Kit (Qiagen, Inc.). Each kit contains spin col-

umns, 1.5 mL  collection   tubes, 2 mL collection tubes (addi-
tional tubes may be purchased separately), RNase-free water, 
and buffers RLT, RW1, and RPE ( see   items 4–6  in this section 
for  buffer   preparation and storage and  see   Note    5   for safety 
precautions).   

   4.    Buffer RLT (Lysis Buffer): check buffer for precipitate and if 
present incubate at 80 °C until dissolved. Add β-ME (10 μL/mL 
RLT), store at RT and use within 1 month ( see   Note    6  ).   

   5.    Buffer RW1 (Wash 1 Buffer): ready to use without additions, 
Store at RT.   

   6.    Buffer RPE (Wash 2 and 3 Buffer): add four volumes of 
96–100 % ethanol to prepare a working solution. Store at RT.   

   7.     Microcentrifuge  .      

        1.    Polystyrene U bottom 96-well plates and lids.   
   2.    100 % ethanol, ACS grade or higher quality.   
   3.    100 % isopropanol, ACS grade or higher quality.   
   4.    β-mercaptoethanol.   
   5.    Orbital shaker for 96-well plates.   

2.2  Preparation 
of Nonhuman Mammal 
Test Samples

2.3  Preparation 
of Avian Test Samples

2.4  RNA Purifi cation 
by Qiagen RNeasy 
( See   Note    4  )

2.5  RNA Purifi cation 
by MagMAX 
Technology
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   6.    Magnetic stand for 96-well plates: Ambion 96-well magnetic 
stands are recommended.   

   7.    MagMAX-96 Total RNA Isolation Kit (Ambion/Thermo 
Fisher Scientifi c). Each kit contains Lysis/Binding Concentrate, 
Wash Solution 1 Concentrate, Wash Solution 2 Concentrate, 
RNA Rebinding Concentrate, Elution  Buffer  , MagMAX 
Turbo DNase Buffer, RNA Binding Beads, Lysis/Binding 
Enhancer, and TURBO DNase ( see   items 8–11  in this section 
for buffer preparation and storage).   

   8.    Wash Solution 1: Add 6 mL 100 % isopropanol to bottle 
labeled Wash Solution 1 Concentrate. Store at RT.   

   9.    Wash Solution 2: Add 44 mL 100 % ethanol to bottle labeled 
Wash Solution 2 Concentrate. Store at RT.   

   10.    RNA Rebinding Solution: Add 6 mL 100 % isopropanol to the 
bottle labeled RNA Rebinding Concentrate and mix well. 
Store at RT.   

   11.    Bead Mixture (prepare on day of use). Vortex the RNA Binding 
beads at moderate speed to form a uniform suspension before 
pipetting. Combine equal volumes of RNA Binding Beads and 
Lysis/Binding Enhancer. The fi nal volumes required are 20 μL 
per reaction or 2.2 mL per plate (includes 10 % overage, which 
is recommended to account for pipetting error). Place the pre-
pared bead mix on ice and use within 1 day.   

   12.    Lysis/Binding Solution (prepare on day of use). For each 
reaction add 63 μL of β-mercaptoethanol to 77 μL of Lysis/
Binding Solution Concentrate or add 9 mL of 
β-mercaptoethanol to 11 mL of Lysis/Binding Solution 
Concentrate (entire bottle). Mix thoroughly, store at RT and 
use within 1 day ( see   Note    6  ).   

   13.    Diluted TURBO DNase (prepare during Wash  step 2 , 
 see item 7  in Subheading  3.5 ). For one reaction add 1 μL of 
DNase to 49 μL of MagMAX TURBO DNase  Buffer  . For 96 
reactions, add 5.4 mL of TURBO DNase to 5.4 mL of 
MagMAX TURBO DNase Buffer.      

           1.     Thermocycler  , Applied Biosystems, Model 2720.   
   2.    PCR Enclosure, Labconco Purifi er.   
   3.    Qiagen One-step RT-PCR kit (cat. No. 210212).   
   4.    Primers (Table  1 , Sets 4–5). Prepare 25 μM stocks in RNase/

DNase-free water, and store in aliquots at −20 °C in a manual 
defrost freezer.

       5.    Owl EasyCast horizontal B2 mini gel system (Owl Separating 
Systems Inc. Portsmouth NH).   

   6.    Gel  electrophoresis   combs (variety of sizes).   
   7.    Ultrapure  agarose   (Invitrogen/Thermo Fisher Scientifi c).   

2.6  Standard RT-PCR
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   8.    GelRed nucleic acid gel stain, 10,000× in water (Biotium, Inc.) 
( see   Note    7  ).   

   9.    Tris–acetate–EDTA (TAE)  Buffer  , 50× (Thermo Fisher 
Scientifi c). Dilute the 50× Buffer to a working concentration 
of 1× before use. For each  electrophoresis   fresh 1× buffer 
should be used. The 1× composition is 40 mM Tris, 20 mM 
Acetate and 1 mM EDTA with a pH around 8.6.   

   10.    10× BlueJuice gel loading buffer (Invitrogen/Thermo Fisher 
Scientifi c) ( see   Note    8  ).   

   11.    1 kb ladder (1 μg/mL) (Invitrogen/Thermo Fisher Scientifi c). 
Working Solution: 10 μL 1 kb ladder, 10 μL 10× BlueJuice, 
and 80 μL H 2 O.   

   12.    UV transilluminator.   
   13.    Digital camera such as Canon Power Shot A590 IS with 

UV-Light fi lter and appropriate hood or a Polaroid camera 
with UV-light fi lter (use with Polaroid fi lm 667).      

       1.    Thermocyler: ABI Prism 7500 Real-time PCR System (Applied 
Biosystems/Thermo Fisher Scientifi c).   

   2.    Eppendorf  centrifuge  , model 5810R with A-2-DWP rotor, or 
similar centrifuge that will handle 96-well plates.   

2.7  Real-Time 
(Quantitative) RT-PCR

        Table 1  
  Primers and probes for  detection   of WNV by standard or real-time RT-PCR   

 Set  Target  Description  Sequence (5′–3′) 
 Size 
(bp)  Reference 

 1  WNV env  1160 Forward  TCA-GCG-ATC-TCT-CCA-CCA-AAG  70  [ 19 ] 
 1229 Reverse  GGG-TCA-GCA-CGT-TTG-TCA-TTG 
 1186 Probe  6FAM-TGC-CCG-ACC-ATG-GGA-GAA-

GCT-C- TAMRA 

 2  WNV NS5  NS5 Forward  GCT-CCG-CTG-TCC-CTG-TGA  168  [ 40 ] 
 NS5 Reverse  CAC-TCT-CCT-CCT-GCA-TGG-ATG 
 NS5 Probe  6FAM-TGG-GTC-CCT-ACC-GGA-AGA-

ACC-ACG-T-TAMRA 

 3  WNV NS1  3111 Forward  GGC-AGT-TCT-GGG-TGA-AGT-CAA  149  [ 18 ] 
 3239 Reverse  CTC-CGA-TTG-TGA-TTG-CTT-CGT 
 3136 Probe  6FAM-TGT-ACG-TGG-CTG-AGA-CGC-ATA-

CCT-TGT-TAMRA 

 4  WNV capsid 
PrM 

 212 Forward  TTG-TGT-TGG-CTC-TCT-TGG-CGT-TCT-T  432  [ 19 ] 
 619 Reverse  CAG-CCG-ACA-GCA-CTG-GAC-ATT-CAT-A 

 5  WNV NS5  WN 9483  CAC-CTA-CGC-CCT-AAA-CAC-TTT-CAC-C  326  [ 19 ] 
 WN 9794  GGA-ACC-TGC-TGC-CAA-TCA-TAC-CAT-C 

Detection Protocols for West Nile Virus in Mosquitoes, Birds, and Nonhuman Mammals
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   3.    TaqMan RNA-to-C T  1-Step Kit (Applied Biosystems cat.no. 
  4392653    ). The kit has two components. Vial 1:  DNA   poly-
merase mix (2×) contains AmpliTaq Gold DNA Polymerase, 
dNTPs with dUTP, Passive Reference 1, and optimized  buffer   
components. Vial 2: RT enzyme mix (40×) contains ArrayScript 
Reverse Transcriptase and RNase  Inhibitor  .   

   4.    96-well optical reaction plates (Applied Biosystems).   
   5.    Optical adhesive covers (Applied Biosystems).   
   6.    Primers and probes (Table  1 , Sets 1–3). Prepare stocks of 

primers (100 μM) and probes (25 μM) in RNase/DNase-free 
water, and store in aliquots at −20 °C in a manual defrost 
freezer.   

   7.    WNV Standards: Purify RNA from a WNV viral stock with 
known  titer  , dilute to 1 × 10 6  PFU/mL, and prepare serial 
10-fold dilutions equivalent to 1000, 100, 10, 1, and 0.1 
PFU/10 μL. Store in 100 μL aliquots at −70 °C.   

   8.    Negative RNA extraction controls: prepare by including 
extraction  buffer   without sample in each RNA extraction pro-
cedure (RNeasy or MagMAX).   

   9.    Positive extraction control: homogenize  tissue   from a known 
WNV-positive sample in RLT lysis buffer ( see   item 4  in 
Subheading  2.4 ), and store at −70 °C in 100 μL aliquots. For 
each RNA extraction dilute an aliquot 1:10 with lysis buffer 
and include in the RNA purifi cation and RT-PCR procedures 
( see   Note    9  ).      

       1.    BSC.   
   2.    Fluorescence microscope equipped with epi-illumination and 

excitation and emission fi lter sets designed for the fl uorophore 
used.   

   3.     Incubator   (37 °C, 5 % CO 2 ).   
   4.    Staining trays designed to hold slides in a horizontal position.   
   5.    Moist chamber (Plexiglas or plastic container with lid that will 

hold staining trays above moist paper towels or similar substrate).   
   6.    Staining jars or dishes.   
   7.    Warming Tray (e.g., Cole-Parmer slide warmer Model 771).   
   8.    10-well microscope slides (Diagnostic slides, Thermo Scientifi c).   
   9.    Cell scrapers.   
   10.    5 mL Pipettes.   
   11.    Cover slips, 22 × 50 mm.   
   12.    Acetone (prechilled to −20 °C).   
   13.    Blotting paper.   
   14.    PBS, pH 7.6 (enough to fi ll staining dishes/Coplin jars twice).   

2.8  Immuno-
fl uorescence Assay 
for Viral Antigen

Elizabeth B. Kauffman et al.
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   15.    Primary antibodies—antisera to viral antigen(s) for which assay 
is performed.   

   16.    Secondary antibodies (conjugate)—Anti-IgG antibodies 
conjugated with fl uorescent marker (usually FITC). This  anti-
body   must recognize the species from which the primary anti-
body was derived. FITC has   excitation     and   emission spectrum     
peak wavelengths of approximately 495 and 519 nm, respec-
tively. Like most   fluorochromes    , it is prone to   photobleaching    .   

   17.    Evans Blue counterstain, 1.0 % stock in sterile Millipore water, 
store in aliquots at −20 °C. Use at a 1:1000 dilution in PBS 
(0.001 %). This   azo dye     has a high affi nity for    serum   albumin     
and will stain cell cytoplasm. It fl uoresces with excitation peaks 
at 470 and 540 nm and an emission peak at 680 nm.   

   18.    Mounting medium: VECTASHIELD hardset antifade mount-
ing medium ( Vector   Laboratories).      

       1.    BSC.   
   2.     Incubator  , 37 °C, 5 % CO 2 .   
   3.    Inverted light microscope with phase contrast optics.   
   4.    Confl uent cell  monolayers  : Cell lines commonly used for infec-

tion  of   arboviruses are listed in Table  2 . Cells are diluted to 
2 × 105 c/mL, and seeded into 6-well plates at 3 mL/well or 
T25 or T75 fl asks at 5 or 15 mL/fl ask, respectively. The mono-
layer should be ready for infection 3–5 days later. Before infect-
ing, examine cell monolayers for density and vitality under the 
microscope. Monolayers should be at least 90 % confl uent, but 
not overgrown. Maintenance medium (cell line-specifi c growth 
medium with FBS reduced to 2 %) is used after the cells reach 
confl uency and during virus infection.

       5.    Test samples: homogenized mosquito or vertebrate tissue 
(Subheading  3.1 ), infected  cell culture   samples, oral swabs, 
serum, or CSF.   

   6.    PBS-2 %: calcium/magnesium- free   PBS supplemented with 
2 % FBS.   

2.9  Isolation of Live 
Virus in Cell Culture

   Table 2  
  Cell lines commonly used for arbovirus isolation   

 Cell line  ATCC  Derivation  Culture medium 

 Vero  CCL-81  African green monkey kidney  Eagle’s MEM + 10 % FBS 

 C6/36  CRL-1660   Aedes albopictus  (Asian tiger mosquito)  Eagle’s MEM + 10 % FBS 

 BHK  CRL-10314  Baby hamster kidney (Syrian golden hamster)  DMEM + 10 % FBS 
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   7.    BA-1 Diluent ( see   item 7 , in Subheading  2.1 ).   
   8.    Mosquito Diluent ( see   item 6  in Subheading  2.1 ).      

       1.     VectorTest   WNV Antigen Assay Kit (VecTOR Test Systems, 
Inc., Thousand Oaks, CA, cat. no. WNV-K050) containing 
Antigen Assay dipsticks, Grinding solution, Copper-coated 
BBs, tubes and racks.   

   2.    Vortex.   
   3.     Centrifuge  .   
   4.    Swabs (polyester fi ber tipped applicators, Thermo Fisher 

Scientifi c).      

       1.    CO 2   incubator   (5 % CO 2 , 37 °C).   
   2.    Light box  for   visualization of viral plaques.   
   3.    BSC.   
   4.    Confl uent  Vero cell    monolayers   in 6-well plates ( see   item 4  in 

Subheading  2.9 ).   
   5.    BA-1 Diluent ( see   item 7 , in Subheading  2.1 ).   
   6.    Growth Medium (2× MEM + 10 % FBS): 2× Minimal Essential 

Medium with 10 % Fetal Calf  Serum  , 200 units/mL penicillin, 
and 200 μg/mL streptomycin. Store at 4 °C, expiration 3 
weeks.   

   7.    1.2 % Oxoid Agar: add 1.2 g of Oxoid agar to 100 mL of H 2 O 
in a 250 mL Wheaton bottle. Autoclave on liquid cycle, store 
at RT, and microwave to liquefy before use.   

   8.    Neutral Red Solution, 3.3 mg/mL.   
   9.    96-well  cell    culture   U-bottom plates.   
   10.    Test tubes, snap-cap.   
   11.    Virus stocks, with known Vero cell  titer   in PFU (plaque form-

ing units)/mL. Choice of virus stocks used in each assay is 
based on the patient’s history, including travel.   

   12.    PRNT-confi rmed positive and negative serum specifi c for each 
virus employed in the assay. Positive control must neutralize 
virus at 1:10 dilution or greater. Negative control must show 
no neutralizing ability at lowest dilution (1:10).   

   13.    Nutrient agar overlay (prepare this overlay during infection of 
cells and use within 1 h). Combine equal parts of 45 °C 2× 
MEM + 10 % NCS and 1.2 %  agarose   that has been melted by 
microwave and cooled to 45 °C; hold the mixture at 45 °C 
until use.      

       1.    BSC.   
   2.    Sonicator, Branson Digital Cell Disrupter, Model S 250D, 

equipped with large capacity cup horn.   

2.10  VectorTest WNV 
Antigen Assay

2.11  Plaque 
Reduction 
Neutralization Test 
(PRNT)

2.12  Preparation 
of Crude WNV Antigen 
for Indirect ELISA
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   3.    Vero cell  monolayers   in T75 fl asks ( see   item 4  in Subheading  2.9 ).   
   4.    WNV stock virus with a known Vero cell  titer  .   
   5.    0.2 M glycine, pH 9.5.   
   6.    0.5 % Triton X-100 in PBS.      

       1.    PBS with 0.05 % Tween 20 (PBS-T). Store at RT, prepare fresh 
weekly.   

   2.    Coating  Buffer  : 0.3975 g Na 2 CO 3 , 0.7325 g NaH 2 CO 3 , and 
250 mL of ddH 2 O. Stir  until   dissolved,    adjust pH to 9.6, store 
at RT, prepare fresh weekly.   

   3.    PBS with 0.05 % Tween 20 and 0.5 % bovine albumin 
(PBS-T + BA). Stir until dissolved, store at 4 ° C, prepare fresh 
weekly.   

   4.    Blocking Buffer (BB): PBS with 0.05 % Tween 20 and 5.0 % 
skim milk powder. Add 50 g Difco skim milk powder to 1 L of 
PBS- T. Stir until dissolved, store at 4 °C, and make fresh 
weekly. Warm if necessary to completely dissolve the powder.   

   5.    HCL 1:20: 300 mL dH 2 O, 15 mL hydrochloric acid ( see   Note  
  10  ). Mix, store at RT. No expiration.   

   6.    Immulon 1B fl at-bottom 96-well plates.   
   7.    ELISA AutoPlate Washer, ELx 405.   
   8.    ELISA Ultra Microplate Reader, ELx 808, Bio-Tek 

Instruments, Inc.   
   9.    Humidity chamber (e.g., plastic container with moist paper 

towels).   
   10.    WNV-positive control avian  serum  .   
   11.    WNV-negative control avian serum.   
   12.    Goat anti-bird IgG-heavy and light chain  antibody  , conjugated 

with HRP (Bethyl Labs, Montgomery, TX).   
   13.    TMB 2-Component Microwell Peroxidase Substrate Kit (KPL, 

Inc., Gaithersburg, MD). Bring to RT before mixing compo-
nents for use.       

3    Methods 

           1.    Perform all procedures in a BSC in the BSL-3 laboratory.   
   2.    Mosquitoes, after  collection   in the  fi eld  , should be sorted by 

species, and pools of 10–50 placed in 2.0 mL safe-lock 
microfuge tubes, each containing a single BB. Store samples at 
−70 °C until homogenized.   

   3.    Determine how each mosquito pool should be tested. To pre-
pare samples for both live virus isolation and RT-PCR, follow 

2.13  Indirect ELISA 
for Detection of WNV 
Antibody in Avian 
Serum

3.1  Preparation 
of Mosquito Test 
Samples
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 steps 4  and  5  in this section. For samples to be tested by RT-PCR 
only, follow  step 6  in this section ( see   Notes    11   and   12  ).   

   4.    Remove mosquito sample tubes from the freezer and place on 
ice. Add 0.75–1.0 mL of Mosquito Diluent to each tube of 
mosquitoes.   

   5.    Place the tubes in the 24-well Mixer Mill adapter racks that 
have been prechilled at 4 °C, and then secure in the Mixer 
Mill. Homogenize for 30 s at 24 cycles/s, and then place on 
ice for 5 min. It is important to keep the samples as cold as 
possible to minimize the activity of RNases released from the 
 tissue   during  homogenization  . Microfuge at 4 °C for 5 min at 
8000 ×  g . Transfer the  supernatant   to a 1.5 mL microfuge tube 
and store at −80 °C. This preparation is ready for live virus 
isolation (Subheading  3.8 ) and purifi cation of RNA by RNeasy 
or MagMAX ( see  Subheading  3.4  or  3.5 , respectively).   

   6.    For mosquito samples that will not be used for live virus isola-
tion, homogenize directly in RNA lysis  buffer   (RLT buffer for 
the RNeasy procedure and Lysis/Binding Solution for 
MagMAX). Follow the same procedure described for Mosquito 
Diluent ( see   item 5  in this section).      

        1.    Place vertebrate  tissue   obtained from necropsies performed 
off- site in specimen jars, send to  the   laboratory, and store at 
−80 °C. For detection of WNV  brain tissue   is tested most 
often. For safety during handling, all mammalian samples 
should be confi rmed as negative for rabies virus before ship-
ment to the lab.   

   2.    Place the frozen tissue in its jar on a bed of ice in a BSC. Thaw 
the  tissue   slightly and cut three sections of less than 1 mm 3  
from different areas, since the  virus   may not be evenly dis-
tributed throughout the tissue. A 3 mm cube of tissue 
weighs approximately 30 mg. Place the sections together in 
a 2.0 mL safe-lock tube containing 1 BB and 1 mL of  buf-
fer  : RLT lysis buffer for RNeasy purifi cation, Lysis/Binding 
Solution for MagMAX RNA purifi cation, or BA-1 diluent 
for live virus isolation.   

   3.    Place the tubes in the Mixer Mill 24-well adapter racks. 
Homogenize for 4 min at 24 Hz, and then place on ice for 
5 min. To achieve uniform  homogenization  , stop the mixer 
mill after 2 min and rotate the tubes in the sample adapters.   

   4.    Clarify by microcentrifugation at 4 °C for 5 min at 8000 ×  g , 
and transfer the  supernatant   to a new microfuge tube.   

   5.    Use aliquots of this preparation for RNA purifi cation and 
RT-PCR or live  virus   isolation in  cell culture  , depending on 
the  buffer   used for homogenization. Or store at −80 °C for 
later use.      

3.2  Preparation 
Nonhuman Mammal 
Test Samples
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           1.    Dead  bird   carcasses collected for WNV testing are deemed 
acceptable if collected within 48 h of death and appear to be in 
relatively good condition (intact, no physical decay or appear-
ance of insect larvae) then frozen at −20 °C [ 22 ]. Three cate-
gories of samples may be collected: (1) Brain, heart, kidney, 
and spleen, (2)  Feathers  : vascular and non-vascular, and (3) 
Oral and cloacal swabs.   

   2.    Brain, heart, kidney, and spleen: Perform necropsies asepti-
cally; store harvested tissues at −70 °C. For testing thaw the 
 tissues   at 4 °C and place on ice. Using a sterile disposable scal-
pel excise a 50 mg portions (3 × 3 × 6 mm) from each tissue and 
place in a microfuge tube containing 1 mL of  buffer   appropri-
ate for the downstream application. Homogenize and clarify as 
described in Subheading  3.2 .   

   3.     Feathers  : At necropsy examine each bird for wing fl ight feath-
ers (remiges) and tail fl ight feathers (retrices) that contain vas-
cular pulp ( see  Fig.  2 ). Pull feathers containing vascular pulp 
from the feather follicle and aseptically cut at the distal end of 
the umbilicus.  Place   the umbilicus containing vascular pulp in 
a microfuge tube containing 1 mL of mosquito diluent, and 
freeze at −70 °C. For testing, thaw sample and with forceps 
remove vascular pulp from the umbilicus and create a 10 % 

3.3  Preparation 
of Avian Test Samples

  Fig. 2    The schematic representation of a typical bird  feather   and the location of 
the vascular pulp. The feathers are pulled from the feather follicle and aseptically 
cut at the distal end of the umbilicus. The umbilicus contains the vascular pulp       
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(wt/volume)  suspension in 1 mL  buffer   appropriate for the 
downstream application. Vortex the sample until it appears 
homogeneous and clarify by microcentrifugation at 4 °C for 
5 min at 8000 ×  g . Proceed with isolation of infectious virus or 
RNA purifi cation and RT- PCR ( see   Note    13  ). For  VectorTest   
samples, pull  feathers   containing vascular pulp from wing or 
tail and then express the pulp onto a swab. Mix the swab in 
VectorTest  buffer   ( see  Subheading  3.10 ).

       4.    Oral and cloacal swabs. Swab birds in a BSC, if possible. Place 
entire carcass in a plastic bag with the head protruding. Open 
the bird’s beak and place a swab into the oral cavity, then move 
it vigorously around the oropharyngeal cavity and the proxi-
mal esophagus. Place  each   swab into an appropriate buffer 
(depending on downstream application) and swirl it for at least 
20 s. Press swab on side of tube to ensure release of material 
into buffer. Vortex or swirl sample until it appears homoge-
neous, then clarify by microcentrifugation for 5 min at 8000 ×  g . 
Take multiple swabs from each bird. Store samples at 4 °C for 
further processing, or −70 °C for future processing. 
Downstream processing consists of RNA isolation by RNeasy 
or MagMAX followed by RT-PCR, isolation of live virus, or 
 VectorTest   for detection of protein ( see   Note    14  ).      

         1.    All RNeasy procedures should be carried out at room tempera-
ture (15–25 °C)  See   Note    4      .   

   2.    Prepare test material, as described in Subheadings  3.1 – 3.3 .   
   3.    For samples that were homogenized in RLT  buffer  , place 

350 μL of clarifi ed homogenate in a microfuge tube, add 
350 μL of 70 % ethanol, and mix well by pipetting up and 
down. For samples that were homogenized in Mosquito 
Diluent (mosquitoes), add 100 μL of clarifi ed homogenate to 
350 μL of RLT, and then add 250 μL of 96–100 % ethanol and 
mix well. Do not  centrifuge   after the addition of ethanol ( see  
 Note    15  ).   

   4.    Bind RNA to the silica-based membrane by transferring the 
700 μL sample with ethanol to an RNeasy mini spin column 
positioned in a 2 mL  collection   tube. Microfuge for 15 s at 
8000 ×  g . Carefully transfer the spin column to a clean 2 mL 
collection tube.   

   5.    Wash the membrane with bound RNA three times. For the 
fi rst wash, add 700 μL of RW1  Buffer   to the column, microfuge 
for 15–30 s at 8000 ×  g , and then carefully transfer the spin 
column to a clean 2 mL collection tube.   

   6.    For the second wash, add 500 μL of RPE Buffer to the col-
umn, microfuge for 15–30 s at 8000 ×  g , and then carefully 
transfer the spin column to a clean 2 mL  collection   tube.   

3.4  RNA Purifi cation 
by RNeasy Mini Kit
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   7.    For the third wash, add 500 μL of RPE  Buffer   to the column, 
microfuge for 2 min at 8000 ×  g , and then carefully remove the 
column and place it in a 1.5 mL  collection   microfuge tube ( see  
 Note    16  ).   

   8.    To elute RNA from the column add 30–50 μL of RNase-free 
water onto the center of the membrane without touching, and 
allow it to adsorb for 1–10 min.  Centrifuge   for 1 min at 
8000 ×  g . If the expected yield is greater than 30 μg, repeat the 
elution with another 30–50 μL of water, reusing the collec-
tion tube.   

   9.    The purifi ed RNA is ready for use in standard or real-time 
RT-PCR assays. Store at −20 to −70 °C.      

          1.    The MagMax-96 total RNA lysis kit is designed for high 
throughput purifi cation of total RNA in a 96-well plate for-
mat. It can be used with either multichannel pipettes or with 
robotic liquid handlers ( See   Note    4  ).   

   2.    Sample preparation. Disrupt and homogenize samples in freshly 
prepared Lysis/Binding Solution or Mosquito Diluent using 
standard  homogenization   procedures ( see  Subheadings  3.1 – 3.3 ). 
For samples homogenized in mosquito diluent, add 50 μL of 
each clarifi ed homogenate to the well of a polystyrene U bot-
tom plate, and then add 50 μL Lysis/Binding Solution. For 
samples homogenized in Lysis/Binding Solution add 100 μL 
of each clarifi ed homogenate to the 96-well plate. For all sam-
ples add 60 μL of 100 % isopropanol, place lid on plate, and 
shake for 1 min.   

   3.    Add bead mixture: Gently vortex the bead mixture to resus-
pend the magnetic beads. Add 20 μL of bead mixture to each 
sample. Cover the plate and shake for 5 min on an orbital 
shaker at maximum speed to bind the RNA to the RNA 
Binding Beads.   

   4.    Magnetically capture the RNA binding Beads. Move the pro-
cessing plate to the magnetic stand to capture the RNA Binding 
beads. Leave the plate on the magnetic stand until the beads 
have completely pelleted; when the mixture becomes transpar-
ent the capture should be complete ( see   Note    17  ).   

   5.    Carefully aspirate and discard the  supernatant   without disturb-
ing the beads, and remove the processing plate from the mag-
netic stand.   

   6.    Wash 1. Add 150 μL of Wash Solution 1 to each sample and 
shake for 1 min. Recapture the beads on the magnetic stand 
beads. Carefully aspirate and discard all supernatant without 
disturbing the beads, and remove plate from the magnetic 
stand. It is critical to remove the plate from the magnetic stand 
before the subsequent wash step.   

3.5  RNA Purifi cation 
by MagMAX 
Technology
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   7.    Wash 2. Add 150 μL of Wash Solution 2 (ethanol added) to 
each sample and shake at maximum speed for 1 min. Recapture 
the beads on the magnetic stand, aspirate and discard the 
  supernatant  , and remove the plate from the stand. Be sure to 
remove all of Wash Solution 2 before the DNase treatment 
step. Prepare Diluted TURBO DNase during the Wash 2 step.   

   8.    Turbo DNase Treatment. Add 50 μL of Diluted TURBO 
DNase to each sample and shake the plate for 10–15 min at 
maximum speed ( see   Note    18  ).   

   9.    Final RNA cleanup. Add 100 μL of RNA Rebinding Solution 
to each sample and shake for 3 min at maximum speed. In this 
step, the RNA is bound to the RNA Binding Beads again. 
Magnetically capture the RNA Binding Beads and discard the 
supernatant. Wash twice with 150 μL Wash Solution 2. Dry 
beads by shaking for 2 min at maximum speed ( see   Note    19  ).   

   10.    Elute the RNA by adding 50 μL of Elution  Buffer   to each 
sample and shaking vigorously for 3 min at max speed. Capture 
the RNA Binding Beads on the magnetic stand. Transfer the 
 supernatant  , containing purifi ed RNA, to a nuclease-free con-
tainer appropriate for your application, such as a 96-well plate.      

      Real-time RT-PCR assays are specifi c and high throughput. For 
bird and mosquito  surveillance  , specimens are confi rmed as WNV 
when positive results are obtained with two different primer/
probe sets. If results are equivocal, RNA often is reextracted from 
the  tissue   homogenate by RNeasy and a standard RT-PCR assay is 
performed.

    1.    Prepare samples by isolating RNA from test samples by RNeasy 
or MagMAX technology ( see  Subheadings  3.4  and  3.5 ).   

   2.    Prepare Master Mix (MM) in a PCR hood that is located in a 
room separate from the  thermocycler   and gel  electrophoresis   
procedures. Keep all reagents on ice or use cold blocks. Use 
the reagents supplied in the Qiagen One-step RT-PCR kit. 
The WNV primer sets used for standard RT-PCR are sets 4 and 
5 listed in Table  1  [ 19 ]. Each reaction requires 40 μL of MM 
and 10 μL of sample. Determine total volume of MM needed 
for the entire set of reactions and prepare enough for an extra 
2 reactions (Table  3 ).

       3.    Set up the reaction tubes by pipetting 40 μL MM into each 
RT- PCR tube, and then add 10 μL of the RNA sample. Secure 
caps on the tubes and place in the thermocycler.   

   4.     Thermocycler   conditions for both WNV primer sets (Table  1 , 
sets 4 and 5) consist of 50 °C for 30 min to synthesize the fi rst-
strand  cDNA  ; 95 °C for 15 min to inactivate the reverse tran-
scriptase and to activate  DNA   Taq polymerase; 35 cycles of 

3.6  Standard RT-PCR
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94 °C for 45 s, 56 °C for 45 s, and 72 °C for 1 min for PCR 
 amplifi cation  ; a fi nal  elongation   at 72 °C for 10 min, then hold 
at 4 °C until ready for gel  electrophoresis  .   

   5.    Assemble Owl EasyCast Horizontal electrophoresis box in the 
casting position.   

   6.    Prepare 1.5 %  agarose   gel: weigh 1.5 g ultrapure agarose and 
dissolve in 100 mL 1× TAE  buffer   in an appropriate vessel (1-L 
Erlenmeyer fl ask). Microwave until dissolved (1–2 min) and 
allow to cool to 60 °C. Add 10 μL Gel Red per 100 mL of 
cooled agarose.   

   7.    Pour warm gel into the casting stand and immediately place 
the appropriate comb into the gel (10- or 20-well). Allow 
approximately 20 min for the gel to solidify.   

   8.    To load the gel, fi ll the gel box with approximately 750 mL of 
1× TAE buffer, up to fi ll line on gel box. Mix each sample with 
BlueJuice (four parts sample one part BlueJuice). Load sam-
ples into the wells (up to 20 μL per 12-well comb; up to 15 μL 
per 20-well comb). Load at least one additional well with a 
1 kb ladder sample.   

   9.    Run the gel: connect the gel apparatus to a power supply and 
run at 150 V Constant (VWR model 300 power supply). 
Typical run time is 30 min, when  DNA   bands are adequately 
separated.   

   10.    Visualize the gel: remove the gel and place it on a transillumi-
nator. With safety shield in place turn on the UV-light to visu-
alize bands. Photograph the gel for a permanent record.    

   Table 3  
  Master mix for standard RT-PCR (Qiagen OneStep RT-PCR kit)   

 Component  μL per reaction 

 Water, DNase/RNase-Free  14 

 OneStep RT-PCR Buffer (5×)  10 

 dNTP mix, 10 mM each  2 

 Forward Primer (25 μM)  1 

 Reverse Primer (25 μM)  1 

 Q-Solution  10 

 RT-PCR Enzyme Mix a   2 

 Total  40 

   a Contains Omniscript reverse transcriptase, Sensiscript reverse transcriptase, and 
HotStarTaq DNA polymerase  

Detection Protocols for West Nile Virus in Mosquitoes, Birds, and Nonhuman Mammals



192

           1.    Prepare MM in a PCR hood that is located in a room separate 
from the  thermocycler   and any downstream processing. Keep 
all reagents on ice or use cold blocks. Use the reagents sup-
plied in the ABI TaqMan One-Step RT-PCR Kit. The WNV 
primer sets used for standard RT-PCR are sets 1–3 listed in 
Table  1  [ 18 ,  19 ,  23 ]. Each reaction consists of 40 μL of MM 
and 10 μL of sample. Determine total volume of MM needed 
for the entire set of reactions and prepare enough for an extra 
2 reactions (Table  4 ).

       2.    TaqMan plate setup. Place a 96-well optical reaction plate in a 
cold block or on ice. Add 40 μL of MM to each well (may be 
done with a multichannel pipette). Add 10 μL of RNA tem-
plate, serial dilutions of WNV standards or DNase/RNase-free 
water (No Template Control) to each well. Cover the reaction 
plate with an optical adhesive cover, seal well.  Centrifuge   the 
reaction plate so that all liquid is in the bottom of the wells 
(1000 ×  g  for 3 min).   

   3.    Place the plate in the ABI 7500 instrument and turn it on. 
Open the software and choose File > New. Refer to the ABI 
Absolute  Quantifi cation   Getting Started Guide (pp. 40–45) to 
set up the run [ 24 ]. Enter sample information and concentra-
tions of the standards.   

   4.    Set the  thermocycler   conditions and start the run. The ther-
mocycler conditions for the WNV primers listed in Table  1  are: 
30 min at 48 °C and 10 min at 95 °C (rep 1); 15 s at 95 °C and 
1 min at 60 °C (rep 40). Save the fi le as a *.sds fi le. You can 
also save as a *.sdt (template) fi le for future use.   

   5.    Download data. When the run is complete, go to 
Results/ Amplifi cation   Plot; select the entire plate (upper left 
corner) and click Analyze. Using the Results Tab you can view 
the results, change parameters, omit samples, and manually set 

3.7  Real-Time 
(Quantitative) RT-PCR

   Table 4  
  Master mix for real-time RT-PCR (TaqMan RNA-to-C T  1-Step Kit)   

 Component  μL per reaction 

 Water, DNase/RNase-Free  12.25 

 2× Universal PCR Master Mix  25.00 

 40× MultiScribe + RNase Inhibitor  1.25 

 Forward Primer (100 μM)  0.5 

 Reverse Primer (100 μM)  0.5 

 25 μM TaqMan Probe  0.5 

 Total  40.00 
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baseline and threshold. If any parameters are changed the data 
must be reanalyzed. The default baseline is automatically set 
from 6 to 15 cycles. Reset the cycles if the amplifi cation begins 
before a CT of 15. The threshold is automatically set by the 
software, and should be located in the geometric phase of the 
 amplifi cation   curve. For the WNV primer sets the threshold is 
usually  maintained at 0.2. View the Standard Curve, which 
displays the values for the samples designated as standards.   

   6.    Analyze the data. The CT value is the  amplifi cation   cycle at 
which fl uorescence increases above threshold. The Rn value is 
relative change in fl uorescence at the end of the amplifi cation. 
These two values are used to analyze the data. Export these 
values for each test and standard sample into an Excel fi le. 
Express results as CT values or Relative PFU calculated by lin-
ear regression from the standard curve. A sample is determined 
to be positive if the CT value is equal to or less than the thresh-
old CT value and the Rn value is two or more times the aver-
age of eight negative wells.      

        Changes in cell morphology  caused   by infectious virus, called  cyto-
pathic effect (CPE)  , are an important tool for  surveillance  . Cell 
 monolayers   prepared from cell lines that are permissive for the 
virus are infected with the test material, incubated for a period of 
time and observed for morphological changes. For surveillance 
purposes, the presence of CPE is indicative of the presence of virus 
that must be further identifi ed or confi rmed with additional test-
ing, usually by PCR or immunoassay.

    1.    To infect the cells, decant  media   from a 6-well plate (or T-25 
fl ask) containing a confl uent  monolayer   of cells.  Vero cells   are 
used most often ( see   item 4  in Subheading  2.9  and  Note    20  ). 
Inoculate each well with 100 μL (200 μL for T-25 fl ask) of test 
material such as mosquito or vertebrate homogenate, swabs, 
or  feather   pulp ( see  Subheadings  3.1 – 3.3 ).   

   2.    Mock- infect   at least one well or fl ask for each assay, by inocu-
lating with 100 μL (or 200 μL) of BA-1 diluent. This is an 
important control which is used to evaluate CPE by comparing 
uninfected and infected monolayers.   

   3.    Incubate at 37 °C, 5 % CO 2 , for 60 min, rocking plates gently 
every 15–20 min to allow absorption of virus to the cells.   

   4.    At the end of the infection period, add 3 mL (5 mL for T-25 
fl ask) of cell maintenance medium to each well. Do not remove 
the inoculum. Incubate at 37 °C, 5 % CO 2 , for up to 7 days.   

   5.     Examine   plates each day post infection under the phase con-
trast microscope, using the uninfected control for comparison. 
CPE may consist of cell rounding, fusion, swelling or shrink-
ing, death, or detachment from the surface, and is rated on a 

3.8  Isolation of Live 
Virus in Cell Culture
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scale of 1+, which means less than 25 % of the cells are affected, 
to 4+ where all of the cells in the  monolayer   are involved ( see  
 Note    21  ).   

   6.    When no or questionable CPE is observed, the samples may be 
passed for two additional rounds as follows. Decant  media   
from a fresh uninfected cell monolayer (6-well plate or T-25 
fl ask).  Transfer medium from the fi rst passage to the new cells 
(0.5 mL for 6-well plates and 1.5 mL for T-25 fl ask). Include 
another uninfected control. Adsorb, overlay, incubate, and 
examine for CPE as described for the initial infection. If no 
CPE is observed after 1 week, repeat the procedure for a third 
round.   

   7.    CPE-positive samples may be identifi ed further by IFA of 
infected cells ( see  Subheading  3.9 ) and/or RT-PCR. For analy-
sis of the viral culture by PCR, purify RNA from 100 μL of 
culture fl uid by Qiagen RNeasy kit and perform standard 
RT-PCR ( see  Subheading  3.6 ) or real-time RT-PCR ( see  
Subheading  3.7 ).   

   8.    When 50 % of  the    monolayer   is exhibiting CPE, virus stocks 
may be harvested. Add 800 mL of culture  supernatant   to a 
cryotube containing 200 μL of FBS. Mix well, a using micro-
pipette, and transfer 500 μL to a second tube to give two 
500 μL aliquots. Store at −80 °C.    

           1.    Prepare slides by applying infected cells exhibiting 2–3+ CPE 
to microscope slides ( see  Subheading  3.8  for infection proce-
dure). Using a pencil, label slides with sample information. 
Gently but thoroughly scrape infected cell  monolayer   into the 
 media  . Break down clumps of cells by gentle trituration, using 
a 1000 μL micropipette. Transfer material to a 15 mL  centri-
fuge   tube and vortex at high speed to further disrupt clumps of 
cells. Dispense 20 μL to each well of a 10-well slide. Allow 
slides to air-dry in the BSC for 2 h at RT or ½ h on warming 
tray. Fix slides by immersing in −20 °C acetone for 30 min. 
Remove from acetone and allow to air-dry. Use immediately 
for IFA or store in slide boxes at −80 °C. Prepare uninfected 
and positive control slides in addition to test samples.   

   2.    Prepare appropriate dilutions of primary and secondary anti-
bodies in PBS. Secondary  antibody   may be diluted in PBS con-
taining Evans Blue counterstain (0.001 %).   

   3.    Prepare a moist chamber by placing soaked paper towels in the 
bottom of closable chamber.   

   4.    Prepare enough PBS, pH 7.6, to fi ll the staining dishes twice 
and add enough PBS to staining dishes to completely immerse 
slides.   

3.9  Immuno-
fl uorescence Assay 
for Viral Antigen
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   5.    Stain slides with primary  antibody   as follows. Place slides to be 
stained on a tray in moist chamber. Add 18 μL primary anti-
body to each well. Incubate in the moist chamber at 37 °C 
for 1 h.   

   6.    To rinse slides, carefully remove contents of each well by aspi-
ration with micropipette or vacuum, avoiding cross contami-
nation between wells. Dip each slide in PBS, then immerse 
slides in fresh PBS for 15 min. Gently shake-off excess PBS and 
allow to air-dry for 20 min at RT or 5 min on a warming tray.   

   7.    Stain slides with secondary  antibody  . Add 18 μL of diluted 
secondary antibody to appropriate wells. Incubate in the moist 
chamber at 37 °C for 30 min. Briefl y rinse each slide by dip-
ping in PBS, then immerse in fresh PBS bath for 15 min.   

   8.    To mount coverslips, remove slides from PBS bath and shake 
gently to remove excess liquid. Blot bottom and sides of slides 
and dry as much of the space between the wells as possible 
without disturbing the cells in the wells. Add a drop of mount-
ing medium into each well, then carefully lower a coverslip 
over the wells, trying to avoid air bubbles. Allow to set for 
15 min.   

   9.    Read slides on a fl uorescent microscope using a 20× objective. 
Concentrate readings on areas where cells are well separated 
(not clumped). Positive cells will fl uoresce bright green while 
negative cells will appear dull background green or red if Evans 
Blue was used. The percentage of positive cells in a positive 
culture will vary between 30 % and 80 % ( see   Note    22  ).      

     The  VectorTest is a   dipstick format, qualitative, immunochromato-
graphic test that uses type-specifi c monoclonal antibodies to detect 
WNV antigen [ 25 ].

    1.    Mosquito Specimens: Place 1–50 mosquitoes into the pro-
vided plastic culture tube provided in the VectorTest kit.   

   2.    Mix the Grinding Solution by inverting the bottle fi ve times. 
Dispense 2.5 mL onto mosquitoes and add 4 BBs to tubes.   

   3.    Vortex the capped tubes for 1 min at high speed until the mos-
quito pool is homogenized into a slurry.  A   centrifugation step 
may be performed to remove excess mosquito debris before 
running the test   

   4.    Dispense 250 μL of mosquito homogenate into the conical 
tube provided and insert a test strip with arrows pointing 
down.   

   5.    To interpret the test, remove the test strip from the solution 
and compare it to the pictorial sample provided in the test kit 
( see  Fig.  3 ). The assay results should be read within 30 min of 
performing the test.

3.10  VectorTest WNV 
Antigen Assay
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       6.    Test oral, cloacal, or  feather   pulp swabs ( see   steps 3  and  4  in 
Subheading  3.3 ) by swirling each swab for at least 20 s in 1 mL 
of Grinding Solution in the tube provided in the kit. Press the 
swab on the side of the tube to ensure release of material into 
solution. Vortex the sample until  it   appears homogeneous, and 
clarify by microcentrifugation for 5 min at 8000 ×  g . Proceed 
with the VectorTest ( steps 4  and  5  in this section). Vertebrate 
 tissue   also may be tested by taking swabs directly from the 
parenchyma of the tissue, and processing as for oral swabs.    

       The  plaque-reduction neutralization test (PRNT)   is considered the 
gold standard procedure for the identifi cation of arbovirus isola-
tions [ 26 – 28 ]. Adapted for the “clinical” setting, it may be used to 
assist in the  diagnosis   of arboviral infections. Since the test is costly, 
time- consuming, and requires a BSL-3 facility, it usually is not used 
as a clinical screening tool. Other useful applications of this proce-
dure include epidemiological studies of  antibody   seroprevalence in 
human, animal, or wild bird populations [ 29 – 31 ] and evaluation 

3.11  Plaque 
Reduction 
Neutralization Test

  Fig. 3    Diagram of the  Vector  Test Assay. The reagent zone of the test strip is coated 
with WNV monoclonal  antibody   (mAb) conjugated to colloidal gold. These antibod-
ies will migrate up the test strip with the test material. The  detection   zone contains 
immobilized unlabeled WNV mAb that will capture WNV antigen as it migrates up 
the strip. The control zone contains immobilized reagents that will capture any 
gold-conjugated monoclonal antibodies that do not bind to the detection zone to 
demonstrate that the sample migrated through the test zone. The bottom of the 
dipstick, indicated by  arrows , is placed in a tube containing the test material, which 
will be wicked onto the strip and migrate through the three zones. After 15 min the 
strip is removed and read. A positive sample will develop a reddish-purple color in 
both the control and the detection zones. Negative samples develop color only in 
the control zone. If no color develops, the test is invalid       
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of current or new  vaccine   effi cacy [ 32 ]. A common screening 
method with a large number of samples for serosurvey is to do 
ELISA and confi rm with PRNT [ 31 ,  33 ]. The protocol described 
here is for clinical situations where two  serum   samples from the 
same individual are compared to detect a recent infection.

    1.    Preparation of 96-well plates with diluted serum. Dilute test 
and control serum 1:2.5 in BA-1 Diluent, and heat-inactivate 
at 56 °C for 30 min to remove nonspecifi c neutralizing sub-
stances ( see   Note    23  ). Aliquot 100 μL of BA-1 diluent in col-
umns 2–12 of a 96-well plate, and then add 100 μL of diluted 
and heat-inactivated serum samples to columns  1   and 2, using 
one row for each test or positive control serum ( see   Note    24  ). 
Make twofold serial dilutions of test sera as follows. Mix con-
tents of column 2 with a multichannel micropipette, and trans-
fer 100 μL to column 3. Repeat the dilution procedure in 
columns 3–12, and discard the last 100 μL. Prepare an identi-
cal plate for each virus used in the assay, including positive and 
negative controls.   

   2.    Preparation of virus dilutions. The viruses chosen for neutral-
ization in each PRNT assay are determined by patient history, 
with information on travel to areas endemic for arboviruses 
such as DEN, JEV, ZIKV, and YFV of high importance. Thaw 
each virus stock and dilute to 200 PFU/100 μL in fresh 
BA-1, preparing a suffi cient amount to apply 100 μL for each 
 serum   dilution plus extra for back  titration   to verify its con-
centration. For back titration, take an aliquot of the 200 
PFU/100 μL dilution and prepare 100, 10 and 1 PFU/100 μL 
dilutions in BA-1.   

   3.    Neutralization. Add 100 μL of the 200 PFU/100 μL virus 
stock to each dilution of test serum and control serum. Each 
well now will contain 100 PFU/100 μL of virus, and the start-
ing dilution of each test serum sample (in column A) usually 
will be 1:10. Add the virus control back-titration dilutions to 
three vacant wells of the same 96-well plate. Incubate the plate 
at 4 °C overnight or 37 °C for 1 h.   

   4.    Infection of cells. At the end of the neutralization incubation, 
infect the  Vero cell    monolayers   with the neutralized virus. 
Remove  the   medium from 6-well plates containing confl uent 
cell monolayers ( see   item 4  in Subheading  2.9 ). Inoculate 
100 μL of each virus/serum mixture into a separate well. For 
back- titration   of each virus, inoculate duplicate wells with 
100 μL of each dilution. Inoculate one plate with BA-1 only 
to serve as an infection control. Rock the plates gently to 
evenly distribute the inoculum over the monolayer, and incu-
bate at 37 °C for 1 h to allow adsorption of virus to the cells. 
During the infection period, prepare nutrient agar overlay. At 
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the end of the 1 h infection period, add 3 mL of agar overlay 
to each well, allow it to solidify at room temperature and 
incubate at 37 °C, 5 % CO 2  until plaques develop (approxi-
mately 2 days for EEEV, 3 days for WNV, 5 days for SLEV, 
and 4–5 days for JEV).   

   5.    Count plaques and determine neutralization  titer  . When 
plaques start to appear stain the cells by adding to each well a 
second agar overlay, similar to the fi rst but with the addition of 
neutral red (2 mL stock solution per 100 mL overlay, fi nal con-
centration 66 μg/mL). After an overnight incubation the 
plaques should be visible and ready to count. Using a light 
box, count plaques and record numbers daily until no further 
signifi cant increase in plaque number is observed ( see   Note  
  25  ). Neutralization titers are determined as the  highest   dilu-
tion of test  serum   or positive  control serum that inhibits for-
mation of at least 90 % of the plaques as compared with the 
virus control back  titration  . The back titration of the 100 
PFU/100 μL dilution should exhibit 30–100 plaques per well. 
If more than 20 or less than 100 plaques develop, the assay 
should be repeated.   

   6.    Interpretation of results. A fourfold difference in PRNT  titers   
between related  fl aviviruses   as well as a fourfold rise in titer 
between paired acute and convalescent sera are required for 
confi dent determination of etiology of disease. If paired acute 
and convalescent sera are not included in the PRNT, it is not 
possible to determine if neutralizing  antibody   detected by the 
assay is due to a recent or past infection. When secondary 
infections with a different  fl avivirus   occur, results can be con-
fusing and easily misinterpreted.    

         1.    Virus infection. Seed two T-75 fl asks with  Vero cells   and allow 
to grow to 90–95 % confl uency ( see   item 4  in Subheading  2.9 ). 
Infect one fl ask with WNV at a multiplicity of infection of 0.1 
PFU/cell in 1 mL of culture medium. Mock-infect the other 
fl ask with 1 mL of culture medium. After adsorption of the 
virus at 37 °C for 1 h, add 14 mL of medium and incubate at 
37 °C until CPE reaches 3+ (most cells rounded, usually at 
48 hpi). Freeze the fl asks with their contents at −70 °C over-
night. The mock-infected fl ask will be processed as negative 
crude antigen.   

   2.    Harvest virus. Thaw the cultures and scrape the cells off the 
fl ask surface into the culture medium with a cell scraper. Always 
handle the uninfected fl ask fi rst and take great care not to 
cross- contaminate the samples.  Centrifuge   media and cell 
debris for 15 min at 3000 ×  g , and discard the  supernatant   
medium. Resuspend the cellular fraction in 1.5 mL PBS per 

3.12  Preparation 
of Crude WNV Antigen 
for Indirect ELISA
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T-75 fl ask (represents a 10× concentration). Freeze the prepa-
rations at −70 °C overnight.   

   3.    Preparation antigen. Thaw and add 1.5 mL of 0.2 M glycine, 
pH 9.5, to the contents of each fl ask, and then transfer to 
50 mL  centrifuge   tubes. Sonicate indirectly in an ice water 
bath at 100 mV for three bursts of 20 s. Allow 1 min of cooling 
between bursts. Place tubes in a 37 °C water bath for 4.5 h, 
vortexing every 45–60 min.   

   4.    Inactivate antigen: Add an equal volume of 0.5 % Triton 
X-100 in PBS (3 mL/t-75 fl ask) and leave at 4 °C for 2 h with 
occasional vortexing. Centrifuge at 10,000 ×  g  for 10 min at 
4 °C. Store the supernatant in aliquots at −70 °C.   

   5.    To confi rm inactivation of virus in the antigen preparation, 
inoculate Vero cell  monolayers   and monitor for CPE ( see  
Subheading  3.8 ). Triton X-100 will produce cell toxicity; 
therefore, pass at least one time to eliminate the possibility that 
apparent toxicity is not the result of viral infection.   

   6.    Titrate antigen at a dilution range of 1:50–1:1000 to deter-
mine the optimal concentration for use in ELISA ( see   steps 1  
and  2  in Subheading  3.13  and  Note    27  ).      

          1.    Determine optimal dilutions for each  preparation   of  negative 
  and positive antigen, negative and positive  serum   controls, 
serum test samples, and anti-species conjugate by checker-
board  titration   ( see   Note    27  ).   

   2.    Crude antigen: Optimal concentrations of crude antigen are 
defi ned as those yielding the highest mean P/N value for 
known positive samples and P/N values closest to unity (one) 
for known negative samples. Generally a 1:100 or 1:200 dilu-
tion is optimal. Consider Positive and Negative crude antigen 
as a paired set and use identical dilutions for each batch ( see  
 Note    28  ).   

   3.    Negative and positive serum controls: Determine optimal dilu-
tions by checkerboard titration   

   4.    Serum test samples usually are tested at concentrations of 
1:50–1:200. Initial screening assays often use only one dilu-
tion, usually determined by the nature and amount of test 
material available. If an end point ELISA  titer   is required, sam-
ples should be serially diluted across the plate.   

   5.     Secondary    antibody   (anti-species conjugate) optimal dilutions 
are suggested by the manufacturer. However, it is advisable to 
test this sample by checkerboard, also ( see   Note    29  ).   

   6.    Coat 96-well ELISA plates with antigen. Dilute negative and 
positive crude antigen in coating  buffer   and apply 50 μL per 
well, placing negative antigen in columns 1, 4, 7, and 10 

3.13  Indirect ELISA 
for Detection of WNV 
Antibody in Avian 
Serum (see Note 26)
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and positive antigen in columns 2, 3, 5, 6, 8, 9, 11, and 12. 
Incubate in a moist chamber at 4 °C overnight (or 37 ° C 
for 1 h).   

   7.    Wash excess antigen from the plate. Using the plate washer, 
aspirate the antigen and wash three times with PBS-T. Blot 
plates by inverting over paper towels and tapping gently.   

   8.    Block plates by adding 100 μL of Blocking buffer (BB) to each 
well. Incubate plates in the humidity chamber at 37 °C for 1 h. 
Aspirate BB with the plate washer, but do not rinse.   

   9.    Apply test  serum  . Dilute each test serum sample in PBS-T + BA 
while the ELISA plate is incubating with BB. After removing 
the BB add 50 μL of each serum sample to three wells (one 
coated  with   negative antigen and two with positive antigen). 
Include blank (PBS-T + BA) and appropriately diluted positive 
and negative control serum samples in each assay. Incubate the 
plates in the humidity chamber at 37 °C for 1 h. Wash with 
PBS-T using the plate washer, and blot gently.   

   10.    Apply HRP  conjugated   secondary  antibody  . Dilute HRP con-
jugated goat anti-bird antibody in PBS-T + B, add 50 μL to 
each well, and incubate in the humidity chamber at 37 °C for 
1 h. Wash with PBS-T using the plate washer and blot by 
inverting and gentle tapping.   

   11.    Apply HRP TMB substrate. Prepare the substrate by mixing 
equal volumes of room temperature TMB Peroxidase Substrate 
and Peroxidase Substrate Solution B in a clean polypropylene 
or glass container immediately before use. Add 50 μL to each 
well, cover the plates, and incubate in the dark at RT for 8 min. 
A deep blue color will develop. Stop the reaction by adding 
50 μL of 1:20 HCL to each well. The color will turn yellow 
( see   Note    30  ).   

   12.    Measure  optical density  . Wipe the bottom of the plate and read 
in the ELISA microplate reader within 30 min at a wavelength 
of 450 nm.   

   13.     Compute   the positive/negative (P/N) value of each sample by 
dividing the mean  OD   of positive antigen-containing wells by 
the OD of the negative antigen-containing wells. Samples with 
a P/N values less than 2 are considered positive and often are 
tested further by PRNT for confi rmation [ 28 ].       

4                                       Notes 

     1.    If a ball mixer is not available, a hand operated homogenizer 
system (Thomas Scientifi c cat. no/1191H97) may be substi-
tuted, using disposable pestles (Kimble-Kontes cat. no. 
Z359947).   
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   2.    Since this  centrifuge   does not have aerosol tight containers, 
the entire centrifuge has been placed in a biological safety cabi-
net to comply with safety rules for the BSL-3 laboratory.   

   3.    Cotton swabs with wooden shafts may contain materials which 
inhibit PCR. Plastic or metal shafts are preferable.   

   4.    RNase precautions: before working with RNA, clean the lab 
bench and pipettes with an RNase decontamination solution 
such as Ambion RNaseZap, RNaseKiller or any other commer-
cial RNASE decontaminating solution. Wear laboratory gloves 
for all RNA procedures to protect you from the reagents and 
protect the RNA from nucleases present on the skin. Use 
RNase-free pipet tips to handle the reagents.   

   5.     Buffer   RLT contains guanidine thiocyanate, Buffer RLC con-
tains guanidine hydrochloride, and Buffer RW1 contains a 
small amount of guanidine thiocyanate. Guanidine salts can 
form highly reactive compounds when combined with bleach. 
If liquid containing these buffers is split, clean with suitable 
laboratory detergent and water. If the spilt liquid contains 
potentially infectious agents, clean the affected area fi rst with 
laboratory detergent and water, and then with bleach.   

   6.    Dispense β-ME into  Buffer   in a fume hood and wear appropri-
ate protective equipment.   

   7.    GelRed is a fl uorescent nucleic acid stain designed to replace 
highly toxic ethidium bromide (EB) for staining  DNA   and 
RNA in  agarose   and polyacrylamides gels. It is more sensitive 
than EB and has the desirable features of long term stability, 
optical properties identical with EB, and it can be discarded 
directly down the drain or in regular trash because it is envi-
ronmentally safe.   

   8.    BlueJuice 10× loading buffer contains 65 % (w/v) sucrose, 
10 mM Tris–HCl (pH 7.5), 10 mM EDTA, and 0.3 % (w/v) 
Bromophenol Blue. When mixed with the DNA sample, the 
sucrose makes the sample heavier than the running  buffer   and 
prevents it from diffusing away from the well, and the blue dye 
allows tracking of the sample when the gel is run.   

   9.    The WNV positive control used in our laboratory is prepared 
from a crow that is highly positive by real-time RT-PCR, hav-
ing a CT value of less than 16. Thus, the homogenized sample 
may be diluted before RNA purifi cation.   

   10.    Safety Note: make sure to add the acid to the water.   
   11.    WNV-positive mosquito pools of up to 50 individuals may 

contain only one infected mosquito, and thus, the pool cannot 
be split to process for live virus isolation and RT-PCR sepa-
rately. If both assays are to be performed, homogenize the 
pool initially in mosquito diluent to prevent degradation of the 
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virus by lysis buffers ( see   Note    12  ). Then clarify the homogenate 
by centrifugation and take aliquots for isolation of infectious 
virus in  cell culture   and/or RNA purifi cation by RNeasy or 
MagMAX procedures.   

   12.    Lysis buffers (RLT from the RNeasy Kit and Lysis/Binding 
 Buffer   from the MagMAX procedure) contain guanidine salts 
which are chaotropic agents that destroy the three-dimensional 
structure of proteins, thus inactivating RNases that are released 
during  homogenization   of the  tissues  . The RNA from mosqui-
toes homogenized in these lysis buffers is well-preserved, but 
the integrity of virus is compromised and the samples cannot 
be used for live virus isolation. When mosquito samples are 
homogenized initially in mosquito diluent, the quantity and 
quality of RNA obtained from mosquito samples will be some-
what compromised due to the release of RNases. It is recom-
mended that the samples be kept chilled during all steps of the 
procedure to minimize RNA degradation.   

   13.    One study [ 34 ] comparing WNV present in  avian   tissues, oral 
and cloacal swabs, and  feather   pulp found that viral  titers   in the 
vascular pulp samples were up to four times higher than  tissue   
samples and swabs. Another study [ 35 ] using the  Vector   anti-
gen test found that feather pulp was an excellent source of 
WNV antigen in certain infected bird species.   

   14.    Oral and cloacal swabs have been used for detection of WNV 
in other vertebrate species [ 36 – 38 ].   

   15.    Ethanol promotes selective binding of RNA to the silica-based 
membrane in the column   

   16.    It is very important that all ethanol be removed from the sample 
to prevent degradation of RNA; use care in removing the 
 column after the last spin so that the column does not contact 
the fl ow- through. If carryover is observed or suspected, transfer 
the spin column to a clean 2 mL  collection   tube and repeat the 
centrifugation.   

   17.    The capture time depends on the magnetic stand used; with 
the Ambion 96-well Magnetic-Ring Stand, the capture time is 
2–3 min.   

   18.    When the Diluted TURBO DNase is added to the sample, 
nucleic acids are released from the RNA Binding Beads and 
genomic  DNA   is degraded.   

   19.    Drying the beads removes residual ethanol which otherwise 
could interfere with downstream applications.   

   20.    Although WNV will amplify in C636 cells, CPE usually is not 
observed, and plaques do not form. Therefore this cell line is 
not suitable for detection of virus by the presence of CPE, or 
for immunofl uorescence assays.   
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   21.    Early examination of inoculated cells may reveal damage 
caused by toxicity from a component of the inoculum. The 
distinction between CPE and cytotoxicity often can be 
resolved during subsequent daily examinations, since CPE 
due to viral infection is progressive, spreading through the 
 monolayer   with time.   

   22.    It is important to compare “positive cells” to the positive and 
negative controls. Some antibodies create substantial back-
ground “fl uorescence” which can be misinterpreted. Persistent 
background fl uorescence may be reduced by adding 0.2 % BSA 
to the PBS used for antiserum dilutions.   

   23.    Storage of  serum   samples and mild hemolysis has not been 
observed to affect cell growth or reproducibility of results.   

   24.    If an insuffi cient volume of test serum is available, a higher 
starting dilution, usually 1:10, may be used [ 28 ]. Diluted posi-
tive and negative  serum   controls may be used for at least 3 
months provided they remain contaminant free (not cloudy, 
no pH change) and do not lose reactivity.   

   25.    Stained  monolayers   that appear to be dried out with uncount-
able plaques may be caused by allowing the monolayers to dry 
during infection or incubation. Take care to keep the time that 
the plate covers are removed to a minimum. Drying also could 
be caused by adding the agar overlay when its temperature is 
too hot. Light staining of the cells may be due to precipitation 
of neutral red out of solution, which may be avoided by adding 
the neutral red to 56° agar before combining the agar with 2× 
medium. Light staining may also be due to unhealthy cells, 
which will not take up the stain optimally.   

   26.    This screening assay has been used to study the prevalence of 
WNV infection within wild bird populations [ 28 ,  39 ]. A simi-
lar assay may be used for other wildlife populations, as well as 
for detection of IgG in clinical samples.   

   27.    A checkerboard  titration   (CTB) is an ELISA designed to deter-
mine the optimal concentration of one or two ELISA assay 
components The CBT assay is accomplished by serial dilution 
of one reagent across the plate and serial dilution of a second 
reagent down the plate. This design permits you to analyze 
different concentrations of two reagents in each well to deter-
mine the optimal combination of both reagents. The maxi-
mum number of reagents that can be titrated on one plate is 
two. However, if you have a reasonable estimate of the optimal 
concentration, it is possible and effi cient to test fewer dilutions, 
and thus include more than one CBT on a plate.   

   28.    It is important that enough antigen is available on the surface 
of wells for  antibody   binding. Excess antigen is wasteful. It is 
critical that the immobilized antigen molecule be coated to the 
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surface as a  monolayer   to ensure the greatest precision. An ideal 
monolayer coverage has no void areas on the surface (indicating 
the concentration is too low) or unstable multilayer formation 
from protein-protein interactions (indicating the concentra-
tion is too high). Excessive concentrations of coating protein 
may actually lead to less coating.   

   29.    Common dilutions are 1:1000–1:2000. Avoid using it too 
concentrated (wasteful and may cause background) or too 
dilute (may not detect weak positives).   

   30.    TMB (3,3′,5,5′-tetramethylbenzidine) is a chromogen that 
yields a blue color when oxidized by HRP. The blue color 
change can be read on a   spectrophotometer     at a wavelength of 
650 nm, and the blue color continues to develop over time 
enabling  collection   of sequential OD readings for a kinetic or 
non-stopped ELISA. When the reaction is stopped by addi-
tion of   acid     (HCL) a stable yellow color results that may be 
     read at 450 nm.         
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