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SUMMARY: 27 

The goal of the protocol is to demonstrate the techniques used to investigate viral disease by 28 

isolating and quantifying Zika virus, from multiple organs in a mouse following infection.  29 

 30 

ABSTRACT: 31 

The methods being presented demonstrate laboratory procedures for the isolation of organs 32 

from Zika virus infected animals and the quantification of viral load. The purpose of the procedure 33 

is to quantify viral titers in peripheral and CNS areas of the mouse at different time points post 34 

infection or under different experimental conditions to identify virologic and immunological 35 

factors that regulate Zika virus infection. The organ isolation procedures demonstrated allow for 36 

both focus forming assay quantification and quantitative PCR assessment of viral titers. The rapid 37 

organ isolation techniques are designed for the preservation of virus titer. Viral titer 38 

quantification by focus forming assay allows for the rapid throughput assessment of Zika virus. 39 

The benefit of the focus forming assay is the assessment of infectious virus, the limitation of this 40 

assay is the potential for organ toxicity reducing the limit of detection. Viral titer assessment is 41 

combined with quantitative PCR, and using a recombinant RNA copy control viral genome copy 42 

number within the organ is assessed with low limit of detection. Overall these techniques provide 43 

an accurate rapid high throughput method for the analysis of Zika viral titers in the periphery and 44 

Manuscript Click here to access/download;Manuscript;59632_R2.docx

mailto:amelia.pinto@health.slu.edu
mailto:James.Brien@health.slu.edu
mailto:Mariah.hassert@slu.edu
mailto:emily.t.stone@slu.edu
mailto:lizzie.geerling@slu.edu
https://www.editorialmanager.com/jove/download.aspx?id=1001842&guid=3e054b6d-d06f-4fbd-8c41-6763fae6ec3e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1001842&guid=3e054b6d-d06f-4fbd-8c41-6763fae6ec3e&scheme=1


 1 

CNS of Zika virus infected animals and can be applied to the assessment of viral titers in the 45 

organs of animals infected with most pathogens, including Dengue virus. 46 

 47 

INTRODUCTION: 48 

Zika virus (ZIKV) is an arbovirus that belongs to the flaviviridae family, which includes important 49 

neuroinvasive human pathogens such as Powassan virus (POWV), Japanese encephalitis virus 50 

(JEV), and West Nile virus (WNV)1. Following its isolation and identification, there have been 51 

periodic reports of human ZIKV infections in Africa and Asia2-5, and epidemics within Central and 52 

South America (reviewed in6). However, it was not until recently that ZIKV was thought to cause 53 

severe disease7. Now there are thousands of cases of neurological disease and birth defects 54 

linked to ZIKV infections. The rapid emergence of ZIKV has prompted many questions relating to: 55 

why there is an increase in disease severity, what is the immunological response to ZIKV infection 56 

and are there viral and/or immune mediated pathologies linked to the increase in neurological 57 

manifestations and birth defects. There is now a rush to understand the central nervous system 58 

(CNS) related disease associated with ZIKV as well as the need to rapidly test the efficacy of the 59 

antivirals and vaccines against ZIKV. It is against this backdrop that we have developed methods 60 

for the rapid analysis of ZIKV titers in both the periphery and CNS using a ZIKV-specific focus 61 

forming assays (FFA).  62 

 63 

Small animal models are important for understanding disease progression and for the early 64 

evaluation of vaccines, therapeutics, and anti-virals. We have established small animal models 65 

for the study of arbovirus disease by using various mouse strains to model human infection and 66 

protection against viral pathogens8-22. Using this prior experience, we began to modify 67 

techniques used for the assessment of WNV and Dengue virus, a related flavivirus for the 68 

assessment of ZIKV titer in both peripheral organs as well as the CNS21,23,24. The advantages of 69 

these methods over other assays are: 1) that they combine the ability to harvest both peripheral 70 

and CNS organs for the analysis; 2) the methods are adaptable for flow cytometry, for 71 

measurements of innate and adaptive immune responses, along with viral titers on the same 72 

animal in the same organ; 3) the harvest technique is adaptable for histological analysis; 4) the 73 

ZIKV FFA is a rapid high throughput method for viral titer analysis; and 5) these methods can be 74 

applied to the assessment of viral titers in the organs of animals infected with most pathogens25. 75 

 76 

PROTOCOL: 77 

 78 

All procedures of the present study are in accordance with the guidelines set by the St. Louis 79 

University Animal Care and Use Committee. SLU is fully accredited by the Association for 80 

Assessment and Accreditation of Laboratory Animal Care International (AAALAC).  81 

 82 

1. Organ isolation 83 

 84 

NOTE: The virus is not stable at room temperature (RT) so the number of animals harvested at 85 

one time must be planned carefully to preserve viral titers. 86 
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1.1. Infect mice using the chosen dose and route, based upon the phenotype required. For 87 

this protocol, infect 8-10 week old male and female type I interferon receptor deficient (Ifnar1-/-88 

) C57BL/6 mice. 89 

 90 

1.1.1. Anesthetize Ifnar1-/- mice with a cocktail of Ketamine (90 mg/kg) and Xylazine (10 91 

mg/kg). Test pedal reflex by a firm toe pinch to confirm anesthesia. Administer 1 x 105 focus 92 

forming units (FFU) of ZIKV in 50 μL subcutaneously (SC) via the footpad. 93 

 94 

1.2. Prepare all the materials needed for harvest the day before: 2 scissors, forceps and 20 mL 95 

of 70% ethanol (EtOH) in a 50 mL conical for disinfection of tools.  96 

 97 

1.2.1. Prepare syringes and needles: a 20 mL syringe for perfusion, 23-gauge needles 98 

(approximately 1 per cage) and 1 mL syringe with 25-gauge needle (1 per 3-5 mouse). Prior to 99 

weighing tubes, add steel beads (in hood) to 1.5 mL O-ring screw cap tubes (one for each organ). 100 

The tubes need to be appropriate for homogenization. 101 

 102 

1.3. Prepare the day of the harvest the materials needed for the perfusion and organ freezing. 103 

 104 

1.3.1. Fill an ice bucket with dry ice and 70% EtOH to make an ice bath. Prepare sterile 105 

phosphate buffered saline (PBS) assuming that 25-30 mL per mouse of PBS for each perfusion is 106 

needed 5-10 mL for the spinal cord). Obtain anesthesia, a cocktail of Ketamine and Xylazine, and 107 

assume 300 μL per mouse. Place all the materials and any additional tubes required for flow 108 

cytometry, etc., in a secondary container to transport to the animal facility. 109 

 110 

1.4. Follow all necessary procedures for entry including donning and doffing personal 111 

protection equipment during entry and exit into the animal facility.  112 

 113 

CAUTION: All the procedures are to be carried out in a certified biosafety cabinet within a 114 

Biosafety level 2 laboratory (BSL-2) facility. 115 

 116 

1.5. Administer anesthesia, 200-500 μL, intraperitoneally depending on size and weight of the 117 

animal. If working alone, administer anesthesia to one animal at a time to avoid killing the animals 118 

before organ harvest. 119 

 120 

1.5.1. Confirm anesthesia dose by pinching toe with forceps to evaluate the pedal reflex. Do not 121 

continue unless completely nonresponsive. Use pins to secure the mouse to a wax board. At this 122 

point, douse the mouse in 70% ethanol to avoid hair contamination in the organ harvest 123 

procedure 124 

 125 

1.6. Terminally bleed by heart puncture. 126 

 127 

1.6.1. Using the scissors and forceps, open the animal through the chest cavity to expose the 128 

heart. Collect blood via heart puncture (~800 µL), this can be used for multiple assays including 129 
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clinical chemistry, hematology, flow cytometry to detect antigen specific responses, and real time 130 

quantitative PCR (qRT-PCR) for the analysis of viral copy number. 131 

 132 

1.6.2. For viral RNA analysis by qRT-PCR, collect blood in an EDTA tube if extracting from whole 133 

blood or in a microcentrifuge tube if extracting from serum. (For serum, spin tube at maximum 134 

speed in centrifuge, room temp, for 20 minutes and remove serum to a separate tube). Add a 135 

linear polyacrylamide as a carrier to the blood sample after finishing. RNA can then be analyzed 136 

or stored at -80 °C to further process at a later date. 137 

 138 

1.7. Fill the 20 mL syringe with PBS and perfuse mice by inserting the butterfly needle into the 139 

left ventricle. Puncture the right atrium to allow blood and PBS to exit. Slowly administer the PBS 140 

while checking the color of the liver to confirm that the animal is completely perfused. Liver 141 

should change from deep red to pink salmon color.  142 

 143 

1.7.1. If preparing the organs for histology, leave butterfly needle in place and then perfuse with 144 

20 mL of 4% paraformaldehyde. If so, it is convenient to have the syringe connected to a 3-way 145 

stopcock with both syringes attached to it, turning the valve ON and OFF as one alternates 146 

between PBS and PFA.  147 

 148 

1.8. Harvest organs into labeled, weighed tubes. For peripheral organs, follow an established 149 

order for harvest: liver, spleen, kidney and lungs.  150 

 151 

1.8.1. Take only one lobe from the liver; it does not matter which one, but for all experiments 152 

always try to take the same lobe with the same size piece. Similarly, for kidneys and lungs, take 153 

the same kidney and lung. If flow cytometry is also to be completed, any organ can be cut in half. 154 

Store the half to be used for cytometry in Roswell Park Memorial Institute medium (RPMI) at 155 

room temperature until the harvest is complete. 156 

 157 

1.8.2. Immediately after harvest, put each organ in a labeled tube and place in the dry ice bath. 158 

Virus titer reduces over time at room temperature, so the amount of time it takes to harvest 159 

organs is extremely important. There must be consistency between mice, so after safety, the next 160 

priority is speed. 161 

 162 

NOTE: If harvesting organs for viral titers, it is very helpful to have a second individual harvest the 163 

brain at this point, to preserve viral titers. 164 

 165 

1.9. Remove the remaining organs from the mouse body cavity to gain access to the spine and 166 

skull. 167 

 168 

1.9.1. Remove the mouse from the board and remove the pelt, followed by the removal of the 169 

arms and legs.  170 

 171 
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Remove the head of the mouse with a decapitation, blunt or surgical scissors to harvest the brain 172 

by cutting the skull with a serrated LaGrange scissors through the foramen magnum. Then, peel 173 

off the skull with forceps and scoop out the brain with a spatula.  174 

1.9.2. Using strong, blunted scissors, remove the ribs and other bones surrounding the spine. 175 

Then, cut across the pelvic bone, exposing the vertebral foramen at the lumbar level. The small 176 

tip of the spinal cord should be visible at this point.  177 

 178 

1.9.3. Use a 10 mL syringe filled with PBS and a 18-gauge needle to expel the spinal cord by 179 

“flushing” the cord from lumbar to cervical spine over a Petri dish.  180 

 181 

1.9.4. Carefully, place the beveled tip of the needle inside the vertebral foramen, avoiding 182 

excessive pressure to prevent the needle to trespassing the vertebral body. Hold strongly to exert 183 

pressure on the vertebral body and the needle and press the syringe plunger to expel the cord. 184 

Immediately transfer the spinal cord in the labeled tube and place in the dry ice bath. 185 

 186 

1.10. Repeat the procedure with all the animals until the harvest is completed. Place the 187 

harvest tools in the 70% ethanol between animals. Focus on consistency and speed. The length 188 

of time between each organ harvest should remain consistent so as to not bias viral titer results. 189 

 190 

1.11. When finished, disinfect the biosafety cabinet and all material prior to removing it from 191 

the animal facility.  192 

 193 

1.12. Remove each tube from the ice bath and weigh tubes to determine organs weight. To 194 

determine the organs weight, subtract the weight of the empty tube from the weight of the organ 195 

containing tube. 196 

 197 

NOTE: At this point organs can be frozen at -80 °C to further process at a later date or organs can 198 

be homogenized immediately before freezing individual aliquots. Freeze thawing samples 199 

multiple times decreases viral titer. Therefore, it is important to do same procedure for all 200 

experiments within a single project.  201 

 202 

2. Organ homogenization 203 

 204 

2.1. Prepare 3 labeled, 1.5 mL snap-capped tubes for each organ to be homogenized. 205 

 206 

2.2. If samples are not being homogenized immediately after harvest, remove tubes from -80 207 

°C. The samples do not need to be thawed to homogenize. 208 

 209 

2.3. Put the samples on ice to keep them cold to minimize viral titer loss. Then, add 1 mL of 210 

cold DMEM containing 5% FBS to each organ containing tube.  211 

 212 

2.4. Immediately beat tubes in bead beater according to manufacturer’s instructions. 213 

Homogenize all organs with steel beads in a bead-homogenizer instrument. Check to ensure each 214 

organ has been completely homogenized. 215 
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 216 

2.5. Spin down organ debris in microfuge at 12,000 x g for 5 min in a microfuge that has been 217 

chilled to 8 °C. Then return the tubes to the ice bucket. In the biosafety cabinet, aliquot samples 218 

into tubes for necessary assays. Then return the tubes to the ice bucket. 219 

 220 

2.6. For focus forming assay, aliquot 500 µL into a labeled tube. Then place tubes in the rack 221 

on an ice bucket. Aliquot 50 µL into a tube for RNA for fluorogenic quantitative RT-PCR (qRT-PCR) 222 

to measure viral genome copy number. 223 

 224 

2.7. Isolate total RNA from the organs of the infected animals using a commercial RNA 225 

isolation kit. Determine flavivirus viral RNA using the primer probe sets specific for ZIKV, which 226 

recognizes unique sequences in each flavivirus genome. Determine viral copy number using a 227 

copy control plasmid containing a defined positive single-stranded RNA generated in vitro using 228 

T7 polymerase containing the ZIKV target sequences. 229 

2.7.1. Aliquot the remaining sample, which is approximately 300 µL, into the third tube and 230 

store at -80 °C if needed.  231 

 232 

NOTE: If samples were not previously frozen, freeze at -80 °C. If samples had been previously 233 

frozen, continue onto the focus forming assay and/or RNA isolation before stopping. 234 

 235 

3. Zika virus focus forming assay 26 236 

 237 

NOTE: It is important to include a no virus control and a positive control. The positive control is a 238 

dilution series of a virus stock with a known concentration. Not all controls need to be on the 239 

same plate, but as the assay becomes larger than 5 plates, more controls should be added, and 240 

spread out among plates. Take care not to scratch the monolayer with either the pipet tips or by 241 

vigorous washing. Multiple organs can be titered on the same day or on different days. But an 242 

individual organ should not be titered over multiple days because different assay conditions can 243 

impact viral titer. It is strongly recommended to run an individual organ on a single day. 244 

 245 

3.1. Prior to the day of the assay, prepare the cells and reagents needed for the focus forming 246 

assay.  247 

 248 

3.1.1. Prepare growth media containing 500 mL of DMEM with 5 mL of HEPES and 25 mL of FBS. 249 

Have Vero-World Health Organization (WHO) cells growing in growth media at 37 °C, 5% CO2 250 

prior to the start of the assay. The Vero cells should not be a high passage or ever grown over 251 

100% confluency prior to the start of the assay. 252 

 253 

3.1.2. Prepare 500 mL of a 2% methylcellulose solution by autoclaving a 1 L glass media bottle 254 

with 10 g of methylcellulose and a large stir bar and a separate 1L glass media bottle with 500 mL 255 

of H2O. If the autoclaved water has cooled reheat in microwave until bottle is hot to the touch, 256 

but not boiling.  257 

 258 
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3.1.3. Gently pour warm/hot water into bottle of methylcellulose while in the tissue culture 259 

hood. Partially cap bottle and stir on the hotplate until methylcellulose is in solution (1-4 h). 260 

Aliquot the 2% methylcellulose solution into sterile 50 mL conical tube. 2% Methylcellulose can 261 

be stored at 4 °C until needed. 262 

 263 

3.1.4. Prepare a 5% Paraformaldehyde solution in PBS for fixing the plates and stored at 4 264 

°C until needed. Prepare a 1x focus forming assay wash buffer by adding 0.05% Triton X-100 to 265 

PBS and stored at RT. Prepare a 1x FFA staining buffer by adding 1 mg/mL saponin to PBS and 266 

stored at 4 °C until needed. These can be prepared one- two weeks in advance. 267 

 268 

3.2. Calculate the number of flat-bottom 96 well plates needed for the assay such that each 269 

organ is plated in triplicate. Include enough additional wells for positive and negative controls. 270 

 271 

3.2.1. Grow up enough Vero cells in growth media to complete the assay designed. Trypsinize 272 

the Vero cells and count them resuspending them at 1.5 x 105 cells per mL in growth media. Plate 273 

Vero cells in the 96 well flat-bottom plates at 3.0 x 104 Vero-WHO cells/well in growth media by 274 

adding 200 µL per well.  275 

 276 

3.2.2. Incubate plates at 37°C at 5% CO2 overnight, make sure the plates are level in the 277 

incubator so the cells are equally distributed within the well. 278 

 279 

NOTE: Each laboratory grows Vero cells slightly differently; the target is a 90-95% confluent 280 

monolayer in each well on the day of the assay for Zika virus.  281 

 282 

3.3. Dilute Zika virus samples the day of the assay. If the organ samples had been previously 283 

homogenized, remove samples from the -80 °C freezer and allow them to thaw before placing 284 

the samples on ice for the assay. 285 

 286 

3.3.1. On ice, prepare a round bottom 96 well plate by adding 180 µL of cold growth media to 287 

rows B through H leaving row A empty. Add 150 µL of each homogenized organ sample to row A 288 

of the round bottom plate. 289 

 290 

3.3.2. Prepare serial 10-fold dilutions of each sample, using a multi-channel pipette. Dilute 291 

samples in a round bottom 96 well plate by adding 20 µL of sample into 180 µL of growth media, 292 

changing pipette tips between each dilution. 293 

 294 

3.4. Prepare the focus forming plate by removing the media from the flat-bottom 96 well plate 295 

covering Vero cells. Do this immediately before adding the virus samples to prevent the 296 

monolayer from drying out. 297 

 298 

3.4.1. Add 100 µL of the virus dilution to each well in the Vero plate. Add sample using the same 299 

set of tips by going from the lowest to the highest concentration. Rock plates side-to-side 2-4 300 

times being careful not to swirl. 301 

 302 
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3.4.2. Incubate at 37 °C, 5% CO2 for 1-2 h. Make sure the plates are level within the incubator. 303 

During the incubation warm up 2% methylcellulose to RT.  304 

 305 

3.4.3. Dilute 2% methylcellulose solution in growth media. The dilution should be at a ratio of 306 

approximately 2:1 of 2% methylcellulose to growth media. Keep at room temp until it is time to 307 

use it. Add 1-2 drops/well (set the pipet to 125 µL) of the methylcellulose: growth media to each 308 

well of the 96 well plate. 309 

 310 

3.4.4. Incubate 32-40 h at 37 °C, 5% CO2. As everyone’s Vero cells grow slightly differently and 311 

factors including cell confluency and strain of Zika virus can change the incubation time.  312 

 313 

3.5. Fix the Vero cells using the prepared 5% paraformaldehyde solution.  314 

 315 

3.5.1. Add 50 µL of 5% paraformaldehyde to each well over the top of the methylcellulose layer 316 

in the biosafety cabinet. Incubate for 60 min at RT. The fixing can go overnight at 4 °C but cover 317 

the plate with parafilm to reduce evaporation. 318 

 319 

3.5.1. Dump overlay and media off cells into a disposal container inside the biosafety cabinet. 320 

Wash gently with PBS, 150 µL/well. Remove PBS from the plates and remove the plate from the 321 

BSL-2.  322 

 323 

3.5.2. Repeat the PBS wash 2x adding 150 µL/well. Then remove the PBS. Add 150 µL/well 1x 324 

FFA wash buffer and let sit for 5-10 min at RT to permeabilize the fixed cells. 325 

 326 

3.6. Detect infection using primary Zika antibody. Prepare the primary antibody 4G2 (D1-4G2-327 

4-15) at a concentration of 1 g/mL in FFA staining buffer. Prepare enough antibody for the whole 328 

assay. 329 

 330 

NOTE: Stay away from lab diapers or other high-lint absorbent material as the fibers will 331 

negatively impact the imaging of the foci. 332 

 333 

3.6.1. Remove FFA wash buffer from the plates. Add 50 µL/well of the primary antibody in the 334 

FFA staining buffer. Seal the plates with parafilm and incubate overnight at 4°C on a rocking 335 

platform. The assay can be done with an incubation for 2 h at RT. 336 

 337 

3.7. Visualize the infection by the addition of a secondary HRP conjugated antibody. Prepare 338 

the secondary Goat anti-mouse HRP-labeled antibody at a concentration of 1:5000 in FFA 339 

staining buffer. Prepare enough antibody for the whole assay. 340 

 341 

3.7.1. Wash cells 3x with FFA wash buffer, removing the wash buffer by flicking into the sink 342 

each time. Stain the cells with the secondary antibody in FFA staining buffer at 50 µL/well. 343 

Incubate 1-2 h at RT.  344 

 345 
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3.7.2. Wash cells 3x with FFA wash buffer, removing the wash buffer by flicking into the sink 346 

each time. Add 50 µL/well of the Trueblue Substrate.  347 

 348 

3.7.3. Watch the plates carefully, waiting 2-15 min until spots are fully defined and minimal 349 

background. After the spots are visible, wash gently with water, using a hand to shield the 350 

monolayer from the force of the water running. Tap dry on paper towels (NOT DIAPERS) and 351 

image as soon as possible.  352 

 353 

3.7.4. Spots may be counted manually or using an automated spot counter. If counted 354 

manually, a dissecting scope can be used to aid in visualization. 355 

 356 

3.7.5. For each sample, select a dilution with easily distinguished foci (e.g., 20 to 200 per well) 357 

and calculate titer in focus-forming units per mL (FFU/ml), using the average of duplicate wells: 358 

FFU/mL = (mean foci/well)  (dilution factor)  (mL inoculum). 359 

 360 

REPRESENTATIVE RESULTS: 361 

To evaluate ZIKV titers using the protocol described above Ifnar1-/- mice were infected with ZIKV 362 

(PRVABC59) via subcutaneous (SC) injection to the footpad. Here, the administration of 1x105 363 

FFU of ZIKV to 8-12 week old Ifnar1-/- mice SC is not lethal but the virus can replicate in both the 364 

periphery and CNS. This dose and route are used to study host pathogen immune responses and 365 

pathogenicity. Administration of 1 x 105 FFU of ZIKV to a 8-12 week old Ifnar1 -/- mouse 366 

intravenous (IV) injection is between 80 to 100% lethal, with the animal succumbing to infection 367 

between 8 to 14 days post virus injection. We routinely use this administration route to 368 

determine efficacy of antivirals and therapeutics, as well as preclinical vaccine candidate testing.  369 

 370 

Four 10-12 week-old Ifnar1-/- mice were infected with 1 x 105 FFU of ZIKV SC and spleens, livers, 371 

kidneys, spinal cords and brains were harvested four days post infection by the methods detailed 372 

above (Figure 1). The amount of ZIKV in the tissues was assayed by focus forming assay (FFA) 373 

using Vero cells in a 96 well format as described above. Using the FFA, tissue viral load is 374 

expressed as focus forming units (FFU) per g of tissue. Similar to what was observed in a previous 375 

study of ZIKV infection of Ifnar1-/- 26, we saw viremia following a sampling of viral titers in different 376 

organs four days post ZIKV infection. These results indicate that the methods used for organ 377 

harvest and tittering by focus forming assay can be used to detect titer in both peripheral organs 378 

and the CNS within the same animal. Interestingly, we did not expect to see high viral titers in 379 

both the periphery and the CNS four days post infection in the Ifnar1-/- mice because all of the 380 

Ifnar1-/- survive ZIKV infection with this dose and route. We are continuing to explore this 381 

observation to understand how ZIKV can continue to replicate in the CNS of Ifnar1-/- without 382 

causing lethality.  383 

 384 

When performing the focus forming assay (FFA), there are multiple technical mistakes an 385 

investigator can make which will result in suboptimal FFA results. The most common mistakes 386 

are: 1) organ toxicity; 2) vigorous pipetting; 3) fiber contamination; and 4) incorrect cell plating 387 

density. We discuss each of these issues below and illustrate the outcome in Figure 2. One of the 388 

more common issues that occurs with both the FFA and plaque assay is organ toxicity (Figure 2A 389 
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red arrow). We believe organ toxicity is driven by the high concentration of intracellular 390 

components released during organ homogenization. Organ toxicity varies based upon the organ 391 

and is seen in organs harvested from uninfected animals, with the liver being the most toxic and 392 

the spleen the least. Toxicity is reduced as the organ is serially diluted on the FFA plate. However, 393 

toxicity alters the sensitivity of the assay resulting in a change in the limit of detection. As shown 394 

in Figure 2A if the viral titer in the organ is lower than the toxicity the FFA will not be able to 395 

accurately record the viral titers. Figure 2B illustrates toxicity in wells a1-4, but the viral titer is 396 

sufficiently high to overcome organ toxicity as seen in wells b3 and b4. To overcome this 397 

limitation in the FFA, we also perform quantitative real-time PCR on organ titer samples. In Figure 398 

2C, we illustrate several common technical errors. Vigorous pipetting or washing can remove the 399 

monolayer (Figure 2C *), if this occurs in wells with foci that data will be lost leading to inaccurate 400 

reporting of titer results. Fibers or hairs, that are present in lab bench absorbent paper can 401 

contaminate individual wells (Figure 2C $) this can cause significant errors if using an automated 402 

counting program. While most automated counting programs have fiber exclusion options, we 403 

have not found it to be highly effective at excluding fibers from the analysis. The solution to this 404 

is to manually count the wells, which can be very time consuming and is not practical for the 405 

analysis of large assays. Cell density is another issue which can dramatically impact the success 406 

of a focus forming assay (Figure 2D). If cells are not at the right density at the start of the assay 407 

the number and size of the spots will be impacted. As shown in Figure 2D, columns 1-3, cells at 408 

approximately 60% confluency at the start of the assay compared to cells plated at 90% 409 

confluency columns 4-6 will dramatically impact the focus forming assay. To overcome this 410 

obstacle small pilot assays should be run to optimize cell density and fixation times as individual 411 

laboratory conditions will impact the success for the assay. 412 

 413 

For studies when different groups of infected animals are compared, the statistical analysis that 414 

is performed is dependent on the distribution of data. Either, parametric or nonparametric tests 415 

are used to assess statistical significance. For parametric tests, ANOVA is utilized to detect overall 416 

effect, and individual treatment groups will be compared using Dunn’s test. In case the 417 

distribution of data does not satisfy requirements for parametric analysis, nonparametric tests 418 

are employed. The Kruskal–Wallis test is used to detect the overall treatment effect, and the 419 

Mann–Whitney U test is used to perform pair-wise comparisons. For the results present here we 420 

did not compare the animals with a second data set harvested at this time point so we did not 421 

perform statistical analysis on the data set shown. 422 

 423 

FIGURE AND TABLE LEGENDS: 424 

 425 

Figure 1: Viral replication in the periphery and CNS. Viral burden in the peripheral and CNS 426 

tissues after IFNAR1-/- mice are given 1x105 FFU of ZIKV SC. On day 4 (n=4 per group) post-427 

infection organs were harvested, snap frozen, weighed, and homogenized. Levels of virus were 428 

quantified by focus forming assay. The limit of detection is 100-500 FFU/gram based upon organ. 429 

Data is shown as Log10 focus-forming unit per gram of tissue.  430 

  431 

Figure 2: Common Difficulties with the Focus-forming assay. For all the focus forming assays 432 

shown viral antigen was detected with an anti-flavivirus MAb, followed by immunoperoxidase 433 
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staining (purple). (A) Vero cells were grown to a 90% confluency and infected with a 10-fold serial 434 

dilution of supernatant from liver harvested from a 8 week old C57BL/6 mouse, IV infected with 435 

5x107 FFU of ZIKV 4 days previously. The red arrow indicates the highest or “neat” concentration 436 

of liver supernatant demonstrating the toxicity at this concentration. (B) Vero cells were grown 437 

to a 90% confluency and infected with a 10 fold dilution of supernatant from ZIKV infected kidney 438 

cells. In this case samples in column 1 and 2 are from a C57BL/6 mouse and col 3 and 4 are from 439 

a Ifnar1-/-. Both mice were 8 weeks old infected with 1x105 FFU of ZIKV IV and sacrificed 4 days 440 

post infection. Similar to (A) there is some toxicity seen at the highest concentration (row a) but 441 

the viral titers observed in column 3 and 4 overcome the limit of detection issues allowing for 442 

accurate titers to be detected. (C) Vero cells were plated. The selected wells show to common 443 

technical errors. The * demonstrates an area where the monolayer was removed due to vigorous 444 

pipetting. The $ is placed over a well where a fiber can be seen. (D) Vero cell concentration affects 445 

the sensitivity of the assay. In this plate Vero cells were plated at 1.0 x 104 cells/well in column 1-446 

3 and 3.0 x 104 Vero-WHO cells/well in column 4-6. Then the plate was infected with 10-fold 447 

dilutions of ZIKV PRVABC59 stock. The highest viral concentration samples are in row A and 448 

diluted down, with each row representing a 10-fold dilution.  449 

 450 

DISCUSSION:  451 

ZIKV infection can cause a neurological disease therefore the current animal models to study 452 

pathogenesis, immune responses and protective efficacy of vaccines and antivirals need to focus 453 

on viral control within the CNS. One of the challenges in focusing on CNS disease is that it often 454 

comes at the expense of studying peripheral infection. The organ isolation methods proposed 455 

here focuses on the need to rapidly evaluate ZIKV infection in both the periphery and the CNS in 456 

order to assess CNS mediated ZIKV associated disease and establish a model for preclinical testing 457 

of antivirals, therapeutic and vaccines. An added benefit of this technique is that it also allows 458 

for a high degree of flexibility, including the combined study of immunological responses to ZIKV 459 

or histological analysis of infection. This technique, is not restricted to just ZIKV but can also be 460 

universally applied to study a range of host-pathogen interactions, including flaviviruses such as 461 

Dengue virus21, orthopoxviruses like monkeypox and ectromelia. The considerations and 462 

drawbacks to this technique of harvesting focus mainly of the capabilities of the experimenter. 463 

As ZIKV is not stable for long periods of time at room temperature, the amount of time it takes 464 

to harvest organs after perfusion can significantly impact the quality of the results. For most 465 

experiments that we have performed, we compare viral titers from mice treated with two 466 

conditions, so we focus our efforts on consistency of time between organ harvests not on speed. 467 

In this way the same person performs the same procedure for the whole experiment to maintain 468 

consistency. The other major consideration with this procedure is safety, we have readily 469 

performed these methods with BSL-2 (ZIKV, Dengue virus) and BSL-3 (WNV, Chikungunya virus) 470 

pathogens. It is very important to perform all procedures in a clean, well maintained, certified 471 

biosafety cabinet with disinfectant. 472 

 473 

An FFA parallels the plaque assay, except that it uses peroxidase immunostaining to identify foci 474 

of infected cells, rather than plaques. My laboratory as well as multiple other laboratories have 475 

now successfully switched to using FFAs for all our tittering experiments11,14,15,17,26-28. The FFA has 476 

multiple advantages over the traditional plaque assay: a) The FFA is faster, requiring a shorter 477 
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incubation compared to a plaque assay, b) it is also higher-throughput, being performed in 96-478 

well plates. The 96 well plate format can also accommodate smaller volumes of starting material. 479 

In addition, c) the FFA is compatible with the use of an automated plate washer and automated 480 

spot counter, greatly reducing the labor and time required for the assay. The FFA has more steps 481 

after infection, but d) with the use of multichannel pipets, or even a pipetting robot, the timing 482 

for most of the assay steps after fixation are flexible and the assay can be paused overnight or 483 

for longer. Finally, e) it may be especially useful for virus strains that do not form clear plaques, 484 

such as Dengue virus. One disadvantage of the FFA is that it requires specific antibodies to detect 485 

virus-infected cells, which may be confounding when considering diverse virus strains or mutant 486 

viruses. For the FFA as with the plaque assay the density of the cell monolayer at the time of 487 

infection is critical for the success of the assay. Cells should be used at higher confluence for a 488 

FFA compared to a plaque assay, due to the shortened length of time before fixation. As the FFA 489 

is higher throughput, more cost effective and faster than the traditional plaque assay it allows 490 

my laboratory to rapidly analyze data for studying emerging infectious diseases. The FFA is more 491 

cumulatively more cost effective for several reasons. Although antibodies are more expensive 492 

than neutral red or crystal violet, we are able to analyze more samples per plate which eliminates 493 

the cost difference. In terms of labor allocation automated spot counting and easy data entry for 494 

analysis limits labor costs and the ability to have a long-term image as a record is difficult to 495 

quantify. The future of this assay may be to move to a fluorescent-based foci for a readout as 496 

opposed to HRP. Quantitating fluorescent intensity along with spot number will extend the utility 497 

of the FFA beyond what is currently studied. 498 

 499 
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discretion and without giving any reason therefore, to 

accept or decline any work submitted to JoVE. JoVE and its 

employees, agents and independent contractors shall have 

full, unfettered access to the facilities of the Author or of 

the Author’s institution as necessary to make the Video, 

whether actually published or not. JoVE has sole discretion 

as to the method of making and publishing the Materials, 

including, without limitation, to all decisions regarding 

editing, lighting, filming, timing of publication, if any, 

length, quality, content and the like.  

12. Indemnification. The Author agrees to indemnify 

JoVE and/or its successors and assigns from and against any 

and all claims, costs, and expenses, including attorney’s 

fees, arising out of any breach of any warranty or other 

representations contained herein. The Author further 

agrees to indemnify and hold harmless JoVE from and 

against any and all claims, costs, and expenses, including 

attorney’s fees, resulting from the breach by the Author of 

any representation or warranty contained herein or from 

allegations or instances of violation of intellectual property 

rights, damage to the Author’s or the Author’s institution’s 

facilities, fraud, libel, defamation, research, equipment, 

experiments, property damage, personal injury, violations 

of institutional, laboratory, hospital, ethical, human and 

animal treatment, privacy or other rules, regulations, laws, 

procedures or guidelines, liabilities and other losses or 

damages related in any way to the submission of work to 

JoVE, making of videos by JoVE, or publication in JoVE or 

elsewhere by JoVE. The Author shall be responsible for, and 

shall hold JoVE harmless from, damages caused by lack of 

sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 

independent contractors. All sterilization, cleanliness or 

decontamination procedures shall be solely the 

responsibility of the Author and shall be undertaken at the 

Author’s expense. All indemnifications provided herein 

shall include JoVE’s attorney’s fees and costs related to said 

losses or damages. Such indemnification and holding 

harmless shall include such losses or damages incurred by, 

or in connection with, acts or omissions of JoVE, its 

employees, agents or independent contractors. 

13. Fees. To cover the cost incurred for publication, 

JoVE must receive payment before production and 

publication of the Materials. Payment is due in 21 days of 

invoice. Should the Materials not be published due to an 

editorial or production decision, these funds will be 

returned to the Author. Withdrawal by the Author of any 

submitted Materials after final peer review approval will 

result in a US$1,200 fee to cover pre-production expenses 

incurred by JoVE. If payment is not received by the 

completion of filming, production and publication of the 

Materials will be suspended until payment is received. 

14. Transfer, Governing Law. This Agreement may be 

assigned by JoVE and shall inure to the benefits of any of 

JoVE’s successors and assignees. This Agreement shall be 

governed and construed by the internal laws of the 

Commonwealth of Massachusetts without giving effect to 

any conflict of law provision thereunder. This Agreement 

may be executed in counterparts, each of which shall be 

deemed an original, but all of which together shall be 

deemed to me one and the same agreement. A signed copy 

of this Agreement delivered by facsimile, e-mail or other 

means of electronic transmission shall be deemed to have 

the same legal effect as delivery of an original signed copy 

of this Agreement.
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Dear Xiaoyan and Reviewers, 
 
We greatly appreciate the editorial comments, they were extremely helpful. We also want to thank the 
reviewers for bringing up some excellent points from this study, and we thank you for inviting us to 
resubmit for consideration. This is a much better manuscript due to the points that were brought up by 
the reviewers in the previous version and addressed by the laboratory in this revised version. Below we 
have listed each of the reviewer’s concerns and provided a point by point response in green. In addition 
to providing this response to the reviewer’s comments, we have also provided a marked-up copy of the 
changes made from the previous file, as you requested. 
 
 
Editorial comments: 
Changes to be made by the author(s): 
1. The language in the manuscript is not publication grade. Please take this opportunity to thoroughly 
proofread the manuscript to ensure that there are no spelling or grammar issues. The JoVE editor will 
not copy-edit your manuscript and any errors in the submitted revision may be present in the published 
version. 
The manuscript has undergone extensive proofreading. 
 
2. Please note that Standard Access is checked in the uploaded ALA, while in the Questionnaire 
Responses Open Access is selected. Please be consistent. 
We have chosen to go with Open Access and have made the necessary changes. 
 
3. Please revise lines 298-300, 322-324, 355-357, 363-365, 407-408, 411-414, and 416-422 to avoid 
previously published text. 
These lines have been revised. 
 
4. Please expand your Introduction to include the advantages over alternative techniques with 
applicable references to previous studies. 
The introduction was expanded to include advantages over alternative techniques. 
 
5. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you", "our" 
etc.). 
Personal pronouns have been removed.  
 
6. Please revise the protocol to contain only action items that direct the reader to do something (e.g., 
“Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete 
sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” 
throughout the Protocol. Any text that cannot be written in the imperative tense may be added as a 
“Note.” Please include all safety procedures and use of hoods, etc. However, notes should be used 
sparingly and actions should be described in the imperative tense wherever possible. Please move the 
discussion about the protocol to the Discussion. 
We have edit the methodology to make sure that it is written in the imperative tense. Notes are used 
sparingly. 
 
7. 1.1: Please specify the age and gender of mice used. 
Age and gender of the mice are added to the figure legend and to the text of the manuscript. 
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8. 1.1.1: Unclear sentence. Please revise. Please also mention how proper anesthetization is confirmed. 
The sentence was corrected. 
 
9. 1.6.1: What volume of blood is collected? 
~800ul 
 
10. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and 
maximum of 4 sentences per step. 
Steps were combined. 
 
11. After you have made all the recommended changes to your protocol (listed above), please highlight 
2.75 pages or less of the Protocol (including headings and spacing) that identifies the essential steps of 
the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the 
Protocol. 
Sections have been highlighted to identify the essential steps of the protocol for videography. 
 
12. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part 
of the step includes at least one action that is written in imperative tense. Notes cannot usually be 
filmed and should be excluded from the highlighting. Please do not highlight any steps describing 
anesthetization and euthanasia. 
 
13. Please include all relevant details that are required to perform the step in the highlighting. For 
example: If step 2.5 is highlighted for filming and the details of how to perform the step are given in 
steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be highlighted. 
Done 
 
14. Discussion: As we are a methods journal, please also discuss critical steps within the protocol, any 
modifications and troubleshooting of the technique, and any limitations of the technique. 
Critical steps were discussed and common errors were described and illustrated within the 
representative results. 
 
15. Table of Materials: Please remove trademark (™) and registered (®) symbols. Please sort the items in 
alphabetical order according to the name of material/equipment. 
Trademark and registered marks were removed. 
 
16. For in-text references, the corresponding reference numbers should appear as superscripts after the 
appropriate statement(s) in the text (before punctuation but after closed parenthesis). The references 
should be numbered in order of appearance. 
References were moved to fit the style manual.  
 
17. References: Please do not abbreviate journal titles. 
Journal titles are fully spelled out. 
 
Reviewers' comments: 
 
Please note that the reviewers raised some significant concerns regarding your method and your 
manuscript. Please revise the manuscript to thoroughly address these concerns. Additionally, please 
describe the changes that have been made or provide explanations if the comment is not addressed in a 



rebuttal letter. We may send the revised manuscript and the rebuttal letter back to peer review. 
 
 
Reviewer #1: 
 
Manuscript Summary: 
In the manuscript" Isolation and quantification of Zika virus from multiple organs in a mouse" the 
authors describe their protocol to extract various organs from a mouse and determine the viral titer. 
The manuscript is clearly written, includes many useful background information and for the most part 
the protocol is easy to follow. The authors finish by providing a comprehensive discussion of pitfalls and 
alternatives. 
 
Major Concerns: 
none 
 
Minor Concerns: 
Line 87: I assume this should mean anesthetized instead of athetized 
Line 95: "…with steal beads added in racks to hold the samples…" gives the impression that the steel 
beads hold the samples. Maybe mention the steel beads in the next sentence where also 
homogenization is mentioned. 
Line 123: "…a carrier must be added…" Like what? Can you give an example? 
Line 146: to harvest the brain instead of for harvesting the brain 
Line 147: Slightly confusing. Maybe break up into two sentences 
Line 155: Same as above "…focus on consistency and speed. The amount of time….." 
Line 185: ZIKA instead of flavivirus, since it's the only flavivirus studied here. 
Line 190: and store instead of "at store at" 
Line 282: Maybe list what's in the FFA buffer? 
Line 382: "...represent is place over column….". Fix wording 
Line 386: associated 
Line 388: "... comes at the expense…" maybe say is limited to studying peripheral blood 
 
We greatly appreciate the time and effort of the reviewer. All minor concerns were addressed in the 
resubmitted protocol. 
 
 
Reviewer #2: 
 
Manuscript Summary: 
In this manuscript, Pinto et al. describe their highly effective methods for isolating multiple organs from 
ZIKV-infected mice and quantifying the viral loads via focus forming assay (FFA). This protocol is notable 
because the FFA allows for rapid, high throughput quantification of Zika virus from both the peripheral 
and CNS areas in a single mouse. While the protocol focuses on the FFA, it also describes how to harvest 
organs for other analyses, such as RT-qPCR, flow cytometry, and histology. To demonstrate their 
methods, Pinto et al. compare the FFA results under multiple conditions, specifically mouse inoculation 
titer and cell confluency. The advantages of FFAs over plaque assays are that FFAs take less time and 
starting material, and are higher throughput and better for viruses that do not form clear plaques. 
Although the manuscript has a number of grammar errors and should be proofread, it does make an 
interesting case for titering Zika virus using a FFA rather than the traditional plaque assay. 



Comments: 
 
It is not clear to me how a FFU assay is more cost effective than a PFU assay since you need to use 
primary antibodies and a secondary HRP antibody, followed by substrate. A plaque assay, all you need to 
do is add the crystal violet. The incubation time is longer (2 vers 5 days for ffu vs pfu, but then for PFU 
after fixing, there is only 1 step, not 4 steps. So whether its faster is also not necessarily true. It is more 
labor intensive than a pfu assay, but shorter in time of assay. this is not discussed, but is an important 
point. 
 
* Lines 54-56: Cite ZIKV outbreaks in South America and Brazil. 
A description of the increased geographic distribution of ZIKV was added to the introduction.  
 
* Lines 72-73: What is the purpose of flow cytometry here? 
We commonly use flow cytometry of peripheral blood to evaluate antigen specific T cells by tetramer or 
intracellular cytokine staining. This allows us to evaluate both viral load and the immune response in the 
same animal. This was added to the description. 
 
* Line 88: What concentration of Xylazine? 
The concentration of Xylazine was added. 
 
* Lines 129-130: If the organs are going to be used for histology, can they be collected for other 
analyses? 
Organs can be collected for histology and other purposes as long as the mice are not treated with 
paraformaldehyde intravenously. 
 
* Lines 136-138: Preparing extra tubes for flow cytometry should be mentioned earlier in the protocol in 
either step 1.2 or 1.3. 
The preparation of additional tubes was added to an earlier step. 
 
* Line 167: The purpose of each set of tubes should be stated, i.e. FFA, RT-qPCR, and storage. 
The purpose of each tube was added. 
 
* Line 175: Protocol skips step 2.5. 
The protocol steps were relabeled. 
 
* Line 221, 223: Final concentrations of the wash and staining buffers are unclear. 
The final concentrations of the wash and staining buffers were standardized within the protocol. 
 
* Line 226-227: What is the number of serial dilutions? 
The number of serial dilutions completed depends on the amount of virus anticipated. For wild type 
mice were commonly use 4 dilutions, for type I interferon deficient mice we use 8.  
 
* Line 229: The cell concentration should be 1.5x10^5 cells/mL. 
The correct cell concentration is listed. 
 
* Lines 242-244: In what direction is the sample diluted? (e.g. A → B → etc.) 
We normally dilute samples down (e.g. A → B → etc.). 
 



* Line 258: Time range is 32-40 hours. What is the target cell confluency? 
The target is a 90-95% confluent monolayer in each well on the day of the assay for Zika virus. 
 
* Line 274: What should the concentration of primary antibody be? 
The concentration of the primary antibody should be 1ug/ml. 
 
* Line 330: What is organ toxicity? 
Organ toxicity is the toxic effect of cellular debri on a vero monolayer. For example, the homogenization 
of the liver releases numerous enzymes that cause damage to a vero monolayer. A description of this 
was added to the protocol. 
 
* Line 399-401: What are the 2 conditions? 
The two conditions were described. 
 
* Line 417: Have they tried Dengue virus? Does not plaque well. 
We utilize this exact approach for DENV. There are minor variations in the length of time to allow the 
virus to replication that varies between serotypes. The appropriate references have been added. 
 
Figure 1: 
* Line 313: What was the route of injection? 
Subcutaneous 
 
* Lines 322-323: Why were the high viral titers surprising? Is it because of the inoculation route? 
The high viral titers were surprising, because the mice have high viral loads within the CNS but survive 
infection. This points to a type I interferon independent mechanism of viral clearance from the CNS. 
 
* What sex are these mice? 
The mice are female. 
 
* Why is kidney data only n = 3? 
One kidney was lost. It was accidently left in the dry ice bucket and it was not noticed for several days so 
that sample was excluded from analysis.  
 
*what is the limit of detection? The limit of detection varies based upon the organ. 
 
Figure 2: 
 
Figure 2 was redeveloped to highlight common technical errors in panels a-c.  Panel d illustrates how cell 
density affects the sensitivity. Answers to specific questions are listed below and are added to the 
manuscript. 
 
* Lines 346-348: So is 60% or 90% cell confluency better? 
90% confluency is best. 
* A v. B: Are the mouse strains and inoculation titers supposed to be different? Why? 
The viral titer in the liver are different between the experiment shown in Fig 2A and Fig 2B. The goal is to 
illustrate how organ toxicity can mask low viral titers.  
* A, B, C: Plate rows and columns could be annotated. 



Plate rows and columns are now annotated. 
* B: What do the well labels in green and red text mean? All of those unnecessary text in the figure 
should be removed. TNTC is not defined anywhere. 
Individual specific wells are labeled according to the manuscript text. TNTC- too numerous to count, has 
been properly labeled. 
* C: What is cell confluency in columns 1-6? What organs were plated? Why not label all wells where *, 
$, and & are applicable? 
Panel C was separated into 2 separate panels to highlight the impact of technical errors versus cell 
density differences. 
 

 
In compliance with data protection regulations, please contact the publication office if you would like to 
have your personal information removed from the database. 
 



 

1100 South Grand Blvd. 
 St. Louis, MO  63104 

Phone:  314-977-8897 
Fax:  314-977-8717 

Doisy Research Center 
 

Department of Molecular 
Microbiology and Immunology 

 

March 11, 2019 
 

Dear Dr. Nguyen, 

 

We greatly appreciate your editorial comments on our manuscript JoVE59632R1 "Isolation and quantification of 

Zika virus from multiple organs in a mouse."   

* Please update Dr. James Brien’s email address for all communications it should be 

james.brien@health.slu.edu 

1. Please see the attached comments in the manuscript. We have addressed all comments within the manuscript 

using track changes. 

 

2. The written manuscript refers to things in Figure 2 that are not in Figure 2. Figure 2 needs more explanation 

to be understood. We have edited the text to align with the newest version of figure 2 and have added a greater 

explanation of the assay and potential pitfalls. We have also edited figure 2 to add back the arrow. 

 

3. Please address Reviewer 2's comment comparing FFU vs PFU.  

Reviewers 2 comments: 

It is not clear to me how a FFU assay is more cost effective than a PFU assay since you need to use primary 

antibodies and a secondary HRP antibody, followed by substrate. A plaque assay, all you need to do is add 

the crystal violet. The incubation time is longer (2 vers 5 days for ffu vs pfu, but then for PFU after fixing, 

there is only 1 step, not 4 steps. So whether its faster is also not necessarily true. It is more labor intensive 

than a pfu assay, but shorter in time of assay. this is not discussed, but is an important point. Our response: In 

our hands the FFA is of equal cost to the plaque assay. Our antibody and development costs are approximately 

$0.40 per plate. Our 96 and 6 well plates are equal, but with the 96 well plate we are able to evaluate 11 

additional samples with two additional dilutions, so although the antibody and development are more 

expensive we save money in plate costs. For a larger FFA assay we use an automated plate washer which 

significantly reduces labor time. In addition, with an automated imager system, there is also a reduction in 

labor in counting the assay and entering the data electronically. There is also the added benefit of having an 

image of each plate as a long term record. We have added several of these points to the discussion. 

 

Sincerely,  

 

Amelia K. Pinto PhD 

Assistant Professor 

Department of Molecular Microbiology & Immunology,  

Saint Louis University School of Medicine 
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