
Journal of Visualized Experiments
 

Analysis of Iophenoxic Acid Analogues in Small Indian Mongoose (Herpestes
Auropunctatus) Sera for Use as an Oral Rabies Vaccination Biological Marker

--Manuscript Draft--
 

Article Type: Invited Methods Collection - JoVE Produced Video

Manuscript Number: JoVE59373R1

Full Title: Analysis of Iophenoxic Acid Analogues in Small Indian Mongoose (Herpestes
Auropunctatus) Sera for Use as an Oral Rabies Vaccination Biological Marker

Keywords: biological marker, Herpestes auropunctatus, iophenoxic acid, rabies, small Indian
mongoose, LC-MS/MS

Corresponding Author: Are Berentsen
National Wildlife Research Center
Fort Collins, CO UNITED STATES

Corresponding Author's Institution: National Wildlife Research Center

Corresponding Author E-Mail: Are.R.Berentsen@aphis.usda.gov

Order of Authors: Are Berentsen

Robert T. Sugihara

Cynthia G. Payne

Israel Leinbach

Steven F. Volker

Ad Vos

Steffen Ortmann

Amy T. Gilbert

Additional Information:

Question Response

Please indicate whether this article will be
Standard Access or Open Access.

Standard Access (US$2,400)

Please indicate the city, state/province,
and country where this article will be
filmed. Please do not use abbreviations.

Fort Collins, Colorado, USA

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



27 February 2019 
 
Journal of Visualized Experiments - JoVE 
Dr. Ronald Myers, Editor 

Dear Dr. Myers: 

Please find attached our revised manuscript number JoVE59373.  The title has been modified to reflect 
reviewers’ comments and more accurately describe the objectives of the study to read: “Analysis of 
iophenoxic acid analogues in small Indian mongoose (Herpestes auropunctatus) sera for use as an oral 
rabies vaccination biological marker.” 

We thank the reviewers for their helpful and insightful comments and have addressed them to the best 
of our ability.  This has resulted in considerable changes to the manuscript which we believe now 
presents a more comprehensive picture of our objectives, methods and results.  It is important to point 
out that this research was a proof of concept to develop a method to evaluate iophenoxic acid residues 
in mongoose serum and its suitability as a biomarker in practical field distribution of oral rabies vaccine 
baits.  Our laboratory methods were an iterative process where the et-IPA study group provided 
valuable information on the initial methods, which were modified as needed, resulting in the final 
method used for the me-IPA study group.  It is this final method presented in detail in this manuscript. 

   

Thank you for your consideration. 

Sincerely, 

 

Are Berentsen 
USDA APHIS WS National Wildlife Research Center 
4101 LaPorte Ave. 
Fort Collins, CO, 80521, USA 
Tel: +1 970-266-6221 
E-mail: Are.R.Berentsen@aphis.usda.gov 
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SUMMARY:  31 
We offered captive mongooses placebo oral rabies vaccine baits with ethyl or methyl iophenoxic 32 
acid as a biomarker and verified bait uptake using a novel liquid chromatography with tandem 33 
mass spectrometry (LC-MS/MS) method. 34 
 35 
ABSTRACT:  36 
The small Indian mongoose (Herpestes auropunctatus) is a reservoir of rabies virus (RABV) in 37 
Puerto Rico and comprises over 70% of animal rabies cases reported annually. The control of 38 
RABV circulation in wildlife reservoirs is typically accomplished by a strategy of oral rabies 39 
vaccination (ORV). Currently no wildlife ORV program exists in Puerto Rico. Research into oral 40 
rabies vaccines and various bait types for mongooses has been conducted with promising results. 41 
Monitoring the success of ORV relies on estimating bait uptake by target species, which typically 42 
involves evaluating a change in RABV neutralizing antibodies (RVNA) post vaccination. This 43 
strategy may be difficult to interpret in areas with an active wildlife ORV program or in areas 44 
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where RABV is enzootic and background levels of RVNA are present in reservoir species. In such 45 
situations, a biomarker incorporated with the vaccine or the bait matrix may be useful. We 46 
offered 16 captive mongooses placebo ORV baits containing ethyl-iophenoxic acid (et-IPA) in 47 
concentrations of 0.4% and 1% inside the bait and 0.14% in the external bait matrix. We also 48 
offered 12 captive mongooses ORV baits containing methyl-iophenoxic acid (me-IPA) in 49 
concentrations of 0.035%, 0.07% and 0.14% in the external bait matrix. We collected a serum 50 
sample prior to bait offering and then weekly for up to eight weeks post offering. We extracted 51 
Iophenoxic acids from sera into acetonitrile and quantified using liquid chromatography/mass 52 
spectrometry. We analyzed sera for et-IPA or me-IPA by liquid chromatography-mass 53 
spectrometry. We found adequate marking ability for at least eight and four weeks for et- and 54 
me-IPA, respectively. Both IPA derivatives could be suitable for field evaluation of ORV bait 55 
uptake in mongooses. Due to the longevity of the marker in mongoose sera, care must be taken 56 
to not confound results by using the same IPA derivative during consecutive evaluations. 57 
 58 
INTRODUCTION:  59 
Rabies virus (RABV) is a negative sense single stranded lyssavirus, and circulates among diverse 60 
wildlife reservoir species within the orders Carnivora and Chiroptera. Multiple species of 61 
mongoose are reservoirs of RABV, and the small Indian mongoose (Herpestes auropunctatus) is 62 
the only reservoir in Puerto Rico and other Caribbean islands in the Western Hemisphere1-3. The 63 
control of RABV circulation in wildlife reservoirs is typically accomplished through a strategy of 64 
oral rabies vaccination (ORV). In the United States (US), this management activity is coordinated 65 
by the USDA/APHIS/Wildlife Services National Rabies Management Program (NRMP)4. Currently 66 
no wildlife ORV program exists in Puerto Rico. Research into rabies vaccines and various bait 67 
types for mongooses has been conducted with promising results suggesting an ORV program for 68 
mongooses is possible5-8.  69 
 70 
Monitoring the impact of ORV relies on estimating bait uptake by target species, which typically 71 
involves evaluating a change in RV antibody seroprevalence. However, this strategy may be 72 
challenging in areas with an active wildlife ORV programs or in areas where RV is enzootic and 73 
background levels of RABV neutralizing antibodies (RVNA) are present in reservoir species. In 74 
such situations, a biomarker included in the bait or the external bait matrix may be useful. 75 
 76 
Various biological markers have been used to monitor bait uptake in numerous species, including 77 
raccoons (Procyon lotor) 9,10, stoats (Mustela ermine) 11,12, European badgers (Meles meles)13, wild 78 
boars (Sus scrofa)14, small Indian mongooses15 and prairie dogs (Cynomys ludovicianus)16,17, 79 
among others. In the US, operational ORV baits often include a 1% tetracycline biomarker in the 80 
bait matrix to monitor bait uptake18,19. However, drawbacks to the use of tetracycline include a 81 
growing concern over the distribution of antibiotics into the environment and that detection of 82 
tetracycline is typically invasive, requiring tooth extraction or destruction of the animal to obtain 83 
bone samples20. Rhodamine B has been evaluated as a marker in a variety of tissues and can be 84 
detected using ultraviolet (UV) light and fluorescence in hair and whiskers10,21.  85 
 86 
Iophenoxic acid (IPA) is a white, crystalline powder that has been used to evaluate bait 87 
consumption in coyotes (Canis latrans)22, arctic fox (Vulpes lagopus)23, red fox (Vulpes vulpes)24, 88 



   

raccoons9,25, wild boar14, red deer (Cervus elaphus scoticus)26, European badgers12 and ferrets 89 
(M. furo)27, among several other mammalian species. Retention times of IPA varies by species 90 
from less than two weeks in some marsupials28,29, to at least 26 weeks in ungulates26 and over 52 91 
weeks in domestic dogs (Canis lupus familiaris)30. Retention times may also be dose-dependent31. 92 
Iophenoxic acid binds strongly to serum albumin and was historically detected by measuring 93 
blood iodine levels32. This indirect approach was supplanted by high-performance liquid 94 
chromatography (HPLC) methods to directly measure iophenoxic acid concentrations with UV 95 
detection33, and eventually with liquid chromatography and mass spectrometry (LCMS)34,35. For 96 
this study, a highly sensitive and selective liquid chromatography with tandem mass 97 
spectrometry (LC-MS/MS) method was developed that utilizes multiple reaction monitoring 98 
(MRM) to quantify two analogues of iophenoxic acid. Our objective was to use this LC-MS/MS 99 
method to evaluate the marking ability of 2-(3-hydroxy-2,4,6-triiodobenzyl)propanoic acid 100 
(methyl-IPA or me-IPA) and 2-(3-hydroxy-2,4,6-triiodobenzyl)butanoic acid (ethyl-IPA or et-IPA) 101 
and when delivered in an ORV bait to captive mongooses. 102 
 103 
Mongooses were live captured in cage traps baited with commercially available smoked sausages 104 
and fish oil. Mongooses were housed in individual 60 cm x 60 cm x 40 cm stainless steel cages 105 
and fed a daily ration of ~50 g commercial dry cat food, supplemented twice per week with a 106 
commercially available chicken thigh. Water was available ad libitum. We delivered two 107 
derivatives of IPA, ethyl-IPA and methyl-IPA, to captive mongooses in placebo ORV baits. All baits 108 
were composed of a 28 mm x 20 mm x 9 mm foil blister pack with an external coating (hereafter 109 
“bait matrix”) containing powdered chicken egg and gelatin (Table of Materials). Baits contained 110 
0.7 mL of water or IPA derivative and weighed approximately 3 g, of which ~2 g was the external 111 
bait matrix.  112 
 113 
We offered 16 captive mongooses et-IPA in three concentrations: 0.14% (2.8 mg et-IPA in ~2 g 114 
bait matrix; 3 males [m], 3 females [f]), 0.4% (2.8 mg et-IPA in 0.7 mL blister pack volume; 3m, 115 
3f), and 1.0% (7.0 mg ethyl-IPA in 0.7 mL blister pack volume; 2m, 2f). The overall dose of 2.8 mg 116 
corresponds to a dose rate of 5 mg/kg27,36 and is based on an average mongoose weight of 560 g 117 
in Puerto Rico. We selected 1% as the highest concentration as research suggests taste aversion 118 
to some biomarkers may occur at concentrations >1% in some species37. We only offered the 1% 119 
dose in the blister pack as flocculation prevented the solute from dissolving in the solvent 120 
sufficiently to be evenly incorporated into the bait matrix. One control group (2m, 1f) received 121 
baits filled with sterile water and no IPA. We offered baits to mongooses in the morning (~8 a.m.) 122 
during or prior to feeding of their daily maintenance ration. Bait remains were removed after 123 
approximately 24 hours. We collected blood samples prior to treatment, one day post-treatment 124 
and then weekly up to 8 weeks post-treatment. We anesthetized mongooses by inhalation of 125 
isoflurane gas and collected up to 1.0 mL of whole blood by venipuncture of the cranial vena cava 126 
as described for ferrets38. We centrifuged whole blood samples, transferred sera to cryovials and 127 
stored them at -80 °C until analysis. Not all animals were sampled during all time periods to 128 
minimize the impacts of repeated blood draws on the health of the animals. Control animals were 129 
sampled on day 0, then weekly for up to 8 weeks post-treatment.  130 
 131 
We delivered me-IPA in three concentrations: 0.035% (0.7 mg), 0.07% (1.4 mg) and 0.14% (2.8 132 



   

mg), all incorporated into the bait matrix, with 2 males and 2 females per treatment group. Two 133 
males and two females received baits filled with sterile water and no IPA. Bait offering times and 134 
mongoose anesthesia are described above. We collected blood samples prior to treatment on 135 
day 1, and then weekly up to 4 weeks post-treatment.  136 
 137 
We tested serum concentration data for normality and estimated means for serum IPA 138 
concentrations of different treatment groups. We used a linear mixed model to compare mean 139 
serum et-IPA concentrations pooled across individuals. Bait type (matrix/blister pack) was a fixed 140 
effect in addition to experimental day, whereas animal ID was a random effect. All procedures 141 
were run using common statistical software (Table of Materials) and significance was evaluated 142 
at α = 0.05. 143 
 144 
PROTOCOL: 145 
All procedures were approved by the USDA National Wildlife Research Center’s institutional 146 
Animal Care and Use Committee under approved research protocol QA-2597. 147 
 148 
NOTE: The following protocol describes the analysis procedure to detect methyl-iophenoxic acid 149 
in mongoose serum. This method is the final version of an iterative process that began with 150 
analysis of ethyl-iophenoxic acid in mongoose serum. During the initial evaluation of ethyl-151 
iophenoxic acid minor modifications were made to the methods, resulting in the final protocol 152 
presented below. Representative results include those obtained during both iterations. 153 
 154 
1. Preparation of solutions and standards 155 
 156 
1.1. Purchase me-IPA and et-IPA. 157 
 158 
1.2. For mobile phase A, prepare 1 L of 0.1% (v/v) formic acid in water by combining 1 mL of 159 
formic acid with 1 L of ultrapure water (≥ 18 MΩ). For mobile phase B, prepare 1 L of 0.1% (v/v) 160 
formic acid in acetonitrile (ACN) by combining 1 mL of formic acid with 1 L of ACN. 161 
 162 
1.3. For diluent, prepare 200 mL of 0.5% (v/v) trifluoroacetic acid (TFA) in ACN by combining 1 163 
mL of TFA with 200 mL of ACN. 164 
 165 
1.4. Prepare concentrated IPA stock solutions of me-IPA and et-IPA in ACN at concentrations of 166 
approximately 1000 µg/mL.  167 
 168 
1.4.1. Weigh approximately 10 mg of me-IPA on a microbalance and record the mass to ± 0.0001 169 
mg. Quantitatively transfer the me-IPA to a 10 mL Class A volumetric flask using 45 mL ACN. 170 
Sonicate 1 min to dissolve all solids, and then bring to volume with ACN.  171 
 172 
1.4.2. Transfer ~8 mL of each stock to amber 8 mL glass vials with poly-tetrafluoroethylene 173 
(PTFE)-lined caps. Store at room temperature (RT). Transfer the remaining stock to hazardous 174 
waste. 175 
 176 



   

1.5. For the 25x-7 me-IPA stock (Table 1), prepare a stock of me-IPA in ACN at approximately 200 177 
µg/mL. Example: Transfer 1 mL of the me-IPA concentrated stock from step 1.4.2 to a 5 mL Class 178 
A volumetric flask using a 1000 µL glass syringe. Dilute to volume with ACN. Transfer the stock to 179 
an amber 8 mL glass vial with PTFE-lined cap. Store at RT. 180 
 181 
1.6. Prepare the six additional 25x me-IPA Stocks described in Table 1. For each stock, combine 182 
the volumes indicated using a repeat pipettor in an amber 8 mL amber glass vial with PTFE-lined 183 
cap. Store each stock at RT. 184 
 185 
1.7. For the 25x surrogate stock, prepare a surrogate stock of me-IPA in ACN at approximately 10 186 
µg/mL from the concentrated stock prepared in step 1.4.2. Transfer 0.100 mL of the concentrated 187 
me-IPA stock to a 10 mL Class A volumetric flask using a 100 µL glass syringe, and then dilute to 188 
volume with ACN.  189 
 190 
1.7.1. Transfer ~8 mL to an amber 8-mL glass vial with PTFE-lined cap. Store at RT. Transfer the 191 
remaining stock to hazardous waste. 192 
 193 
1.8. Prepare 4x stocks containing both analytes in 2 mL screw-top glass autosampler vials as 194 
described in Table 2. 195 
  196 
1.8.1. For example, to prepare stock 4x-7, to a 2 mL vial, add 0.20 mL of the 25x-7 me-IPA stock 197 
from step 1.5 using a repeat pipettor with 0.5 mL capacity tip. Add 0.20 mL of the 25x surrogate 198 
et-IPA stock from step 1.7 using a repeat pipettor with 0.5 mL capacity tip. 199 
 200 
1.8.2. Add 0.85 mL of ACN using a repeat pipettor with 1 mL capacity tip. Cap the vial securely 201 
and invert 5x to mix. 202 
 203 
1.9. Prepare the standard curve in 2 mL screw-top autosampler vials as described in Table 3. 204 
  205 
1.9.1. For example, to prepare standard 7 (Std 7), to a 2-mL vial, add 0.20 mL of the 4x-7 Stock 206 
from step 1.8.2 using a repeat pipettor with 0.5 mL capacity tip. Add 0.60 mL of ultrapure DI 207 
water using a repeat pipettor with 1 mL capacity tip. Cap the vial securely and invert 5x to mix.  208 
 209 
2. Sample preparation 210 
 211 
CAUTION: Personnel performing this procedure must have received the full series of rabies pre-212 
exposure prophylaxis and have a documented rabies antibody titer above 0.5 IU from a Federal 213 
Occupational Health designated medical facility. Personnel must wear lab coats and eye 214 
protection at all times while performing the extraction. CAUTION: Perform steps 2.3−2.6 in a class 215 
II biosafety cabinet. 216 
 217 
2.1. For each sample, prepare a 1.5 mL microcentrifuge tube containing 200−300 mg of NaCl. 218 
Arrange the tubes in an 80-position plastic rack. Set aside for use in step 2.6. 219 
 220 



   

NOTE: A micro scoop (or other small measuring device) is recommended for large numbers of 221 
samples. 222 
 223 
2.2. For each sample, label two 1.5 mL microcentrifuge tubes: one as “A” and the other as “B”. 224 
Arrange the tubes in an 80-position plastic rack. 225 
 226 
2.3. Place the following materials and equipment needed for serum extraction in a class II 227 
biosafety cabinet: microcentrifuge tubes (in racks) prepared in steps 2.1 and 2.2, a vortex mixer, 228 
repeat pipettor with 0.5 mL and 5 mL capacity tips, 100−1000 µL air displacement pipette with 229 
1000 µL tips, containers with approximately 100 mL each of diluent and ultrapure DI water, and 230 
a biohazard waste container. 231 
 232 
2.4. Remove serum samples from frozen storage and warm to RT in the biosafety cabinet. Vortex 233 
mix each serum sample prior to sampling. 234 
 235 
2.5. Using a repeat pipettor with 0.5 mL capacity tip, dispense 0.050 mL of mongoose serum into 236 
tube “A” and add 0.050 mL of 25x surrogate stock. Then add 0.950 mL of diluent to tube “A” using 237 
a repeat pipettor with 5 mL capacity tip. Cap securely and vortex mix for 10−15 s. 238 
 239 
2.6. Dispense the pre-weighed NaCl from step 2.1 into tube “A” and vortex mix 3x for 8−12 s. 240 
Wipe down the outside surfaces of the vial rack containing tube “A” using 70% (v/v) isopropanol. 241 
 242 
NOTE: The rack of samples may now be removed from the class II biosafety cabinet. 243 
 244 
2.7. Centrifuge tube “A” at 12,000 x g for 1 min to separate the aqueous and ACN phases. Pipette 245 
0.80 mL of the upper ACN phase to tube “B” using a 100−1000 µL air displacement pipette. 246 
Transfer the remaining solution in tube “A” to hazardous waste and discard the empty tube in a 247 
biohazardous waste container. 248 
 249 
2.8. Remove ACN and TFA from tube “B” with a gentle flow of N2 gas in a 45 °C water bath. 250 
 251 
2.9. Add 0.250 mL of ACN to tube “B” using a repeat pipettor, vortex mix for 4−5 s, and then 252 
centrifuge briefly (2−4 s) at 12,000 x g to collect the liquid in the bottom of the tube. 253 
 254 
2.10. Add 0.750 mL of ultrapure DI water to tube “B” using a repeat pipettor with 5 mL capacity 255 
tip, vortex mix for 4−5 s, and then centrifuge for 1 min at 12,000 x g to clarify the sample. 256 
 257 
2.11. Transfer 0.75 mL of the supernatant to an autosampler vial using a 1000 µL air displacement 258 
pipette. Discard pipette tips in biohazard waste container. 259 
 260 
2.12. Cap autosampler vials securely and analyze by LC-MS/MS (section 4). Transfer the 261 
remaining solution in tube “B” to hazardous waste and discard the empty tube to a biohazardous 262 
waste container. Dispose of all biohazardous waste by autoclaving or incineration. 263 
 264 



   

3. Quality control samples 265 
 266 
CAUTION: Follow the cautionary statements described in section 2. 267 
 268 
NOTE: The following procedure describes the minimum number of quality control (QC) samples 269 
required for an analysis. Replicates at each level are recommended if sufficient control mongoose 270 
serum is available.  271 
 272 
3.1. Prepare four 1.5 mL microcentrifuge tubes containing 200−300 mg of NaCl. Arrange the 273 
tubes in an 80-position plastic rack. 274 
 275 
3.2. For each QC sample, label two 1.5 mL microcentrifuge tubes: one as “A” and the other as 276 
“B”. Arrange the tubes in an 80-position plastic rack. 277 
 278 
3.3. Repeat step 2.3. 279 
 280 
3.4. Remove control mongoose serum from frozen storage and warm to RT in the biosafety 281 
cabinet. Vortex mix the control serum prior to sampling. 282 
 283 
3.5. Dispense 0.050 mL of control mongoose serum into the four 1.5-mL “A” tubes using a repeat 284 
pipettor with 0.5 mL capacity tip. 285 
 286 
3.6. Fortify each of the four QC samples as specified in Table 4 using a repeat pipettor with 0.5 287 
mL capacity tip. Cap each QC sample securely and vortex mix for 10−15 s. 288 
 289 
3.7. Perform the extraction procedure as described in steps 2.6−2.12. 290 
 291 
4. LC-MS/MS analysis 292 
 293 
4.1. Configure the LC-MS/MS with all parameters described in Table 5. Power on the LC-MS/MS 294 
and allow the column to reach 70 °C before setting the flow rate to 0.800 mL/min. 295 
 296 
4.2. Set up a sequence in the data acquisition software (Table of Materials) to inject the standard 297 
curve before and after each batch consisting of quality control samples and unknown samples. 298 
 299 
4.3. Inject all standards and samples and acquire MRM ion chromatograms using parameters 300 
listed in Table 5. 301 
 302 
4.4. After sequence completion, turn off the LC-MS/MS and dispose of all autosampler vials as 303 
hazardous waste. 304 
 305 
5. Quantification 306 
 307 
5.1. Use the data analysis software to generate a calibration curve of relative responses versus 308 



   

relative concentrations for me-IPA using et-IPA as the internal standard. Calculate the relative 309 
responses from the quantifier MRM transition for me-IPA (556.6 → 428.7) divided by the MRM 310 
transition for et-IPA (570.7 → 442.7). Construct a 7-level calibration curve using a second order 311 
quadratic function that is weighted 1/x and ignores the origin.  312 
 313 
5.2. Calculate the serum concentration (Cserum) of me-IPA using the following equation: 314 
 315 

𝐶𝑠𝑒𝑟𝑢𝑚 =
(𝑐𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡)(1.25)(𝑉𝑓𝑖𝑛𝑎𝑙)

𝑉𝑠𝑒𝑟𝑢𝑚
 316 

 317 
where cinstrument is the concentration determined by the instrument from the calibration curve in 318 

units of µg/mL, 1.25 is the dilution factor (
1 𝑚𝐿

0.8 𝑚𝐿
= 1.25), Vfinal is the final sample volume (1.0 319 

mL), and Vserum is the serum volume in mL (0.050 mL nominal). 320 
  321 
REPRESENTATIVE RESULTS:  322 
Representative ion chromatograms from a me-IPA analysis are presented in Figure 1. The control 323 
mongoose serum (Figure 1A) illustrates the retention time of et-IPA (surrogate analyte) and the 324 
absence of me-IPA at the indicated retention time. The quality control sample (Figure 1B) 325 
illustrates the baseline separation of me-IPA from et-IPA as well as the quantifier and qualifier 326 
transitions for me-IPA. Figure 1C shows a representative sample from the study with an observed 327 
serum concentration of 33.5 µg/mL me-IPA. 328 
 329 
A representative calibration curve from a me-IPA analysis is presented in Figure 2. The 7-level, 330 
14-point standard curve ranges from 0.00202 to 8.27 µg/mL me-IPA with a correlation coefficient 331 
(r2) of 0.9998. Correlation coefficients ranged from 0.9998 to 0.99997 for the five me-IPA 332 
analyses. The surrogate analyte et-IPA concentration was 0.502 µg/mL in all standards.  333 
 334 
Table 6 presents the accuracy and precision results for control mongoose serum fortified with 0, 335 
1.3, 31, and 82 µg/mL me-IPA (n = 10 at each level). The results were collected from five separate 336 
analyses. Percent recoveries ranged from 96.9% to 109%. The percent relative standard deviation 337 
(% RSD) at the three fortification levels was 3.4%, 1.7%, and 2.3%, respectively. 338 
 339 
The signal-to-noise ratio (S/N) observed in quality control samples (n = 10 negative controls; n = 340 
10 at 1.3 µg/mL me-IPA) was used to determine the detection limit (DL; 3 x S/N) and quantitation 341 
limit (QL; 10 x S/N). The DL and QL for me-IPA in mongoose serum were 0.012 µg/mL and 0.042 342 
µg/mL, respectively. 343 
 344 
The peak area responses of the qualifier MRM transition divided by the quantifier MRM transition 345 

(
556.6 →126.9

556.6 →428.7
) was calculated for all standards and samples. This ratio for each sample was then 346 

divided by the average ratio observed in the calibration standards to determine the qualifier 347 
percent match. The qualifier ratio for the sample shown in Figure 1C was 0.439, with a 96.3% 348 
match. 349 
 350 



   

The recovery of et-IPA surrogate analyte was calculated for all QC samples and unknown samples 351 
by dividing the et-IPA peak area response by the average et-IPA peak area response observed in 352 
the calibration standards. Average surrogate analyte recoveries were 91.0% (negative controls), 353 
91.4% (1.3 µg/mL), 92.8% (31 µg/mL), and 95.4% (82 µg/mL). 354 
 355 
No interference peaks for either the quantifier or qualifier transitions of me-IPA were observed 356 
in control mongoose serum (Figure 1A).  357 
 358 
The extraction procedure and instrumental conditions used to determine et-IPA in mongoose 359 
serum (Figure 3 and Table 7) was identical to the me-IPA method, but with the following changes. 360 
Propyl-iophenoxic acid (pr-IPA) was used as the surrogate analyte and an older, less sensitive LC-361 
MS/MS was used. The source drying gas temperature was 350 °C with a flow of 12 L/min and a 362 
nebulizer pressure of 35 psi. The capillary voltage was -2500 V. The source had no sheath gas or 363 
means to adjust nozzle voltage. The quantifier MRM transition for et-IPA was 570.7 → 442.8 364 
(584.7 → 456.8 for pr-IPA). The fragmentor was 80 V and the collision energy was 10 V for both 365 
analytes. The qualifier MRM for et-IPA was 570.7 → 126.8 with a collision energy of 40 V. 366 
 367 
The testing of all mongoose serum samples for et-IPA was performed over eight analyses. The 7-368 
level calibration curve ranged from 0.00207 to 8.48 µg/mL with correlation coefficients (r2) 369 
ranging from 0.9990 to 0.9999. The surrogate analyte pr-IPA concentration was 0.512 µg/mL. 370 
Table 7 presents the accuracy and precision results for control mongoose serum fortified with 0, 371 
1.3, 13, 32, 85, and 170 µg/mL me-IPA. The results were collected from eight separate analyses. 372 
Percent recoveries ranged from 89.5% to 115%. The % RSD at the five fortification levels was 373 
4.3%, 1.5%, 2.3%, 5.6%, and 1.1%, respectively. The S/N observed in quality control samples (n = 374 
21 negative controls; n = 21 at 1.3 µg/mL me-IPA) was used to determine the DL and QL. The DL 375 
and QL for me-IPA in mongoose serum were 0.12 µg/mL and 0.42 µg/mL, respectively. The 376 
average surrogate analyte recovery from quality control samples was 86.8% (n = 75). No 377 
interference peaks for either the quantifier or qualifier transitions of et-IPA were observed in 378 
control mongoose serum. 379 
 380 
All mongooses offered et-IPA baits consumed ≥25% of the bait within the 24 hour time constraint 381 
and had quantifiable levels of et-IPA in their sera (Table 8). From the mixed model analysis, 382 
overall mean serum IPA concentrations were marginally higher from baits with 2.8 mg of 383 
biomarker in the bait matrix (17.5 µg/mL, 95% CI 11.7−23.3 µg/mL) in comparison to the blister 384 
pack (9.8 µg/mL, 95% CI 4.0−15.6 µg/mL) (F = 3.6, P = 0.07). Concentrations for both bait types 385 
decayed with experimental day (β = -0.15 ± 0.04, F = 14.4, P = 0.0005). Individual level variability 386 
in serum IPA concentrations was observed (animal ID covariance parameter estimate = 46.6 ± 387 
20.7). All mongooses consumed 100% of control baits with only the empty foil blister pack 388 
remaining. Mean concentration of et-IPA residue in serum was variable by time period and did 389 
not appear to decrease consistently over time (Figure 3).  390 
 391 
All mongooses offered me-IPA baits consumed ≥ 25% of the bait within the 24 hour time limit 392 
and had quantifiable levels of me-IPA in their sera (Table 9). Mean serologic concentration of et- 393 
and me-IPA in mongoose sera appeared dependent upon the concentration of IPA in the bait. 394 



   

Higher concentrations of IPA in the bait resulted in higher serum residues even in cases where 395 
the overall dose (2.8 mg in the case of et-IPA) remained the same. Interestingly, me-IPA appeared 396 
to produce a more even degradation pattern over time with an initial spike at day 1, followed by 397 
a steady decline until day 14 where concentrations appeared to plateau (Figure 4). 398 
 399 
FIGURE AND TABLE LEGENDS:  400 
 401 
Figure 1: Representative ion chromatograms. (A) Representative MRM ion chromatogram of 402 
control mongoose serum fortified with surrogate analyte ethyl-iophenoxic acid (et-IPA). The 403 
arrow indicates the retention time for methyl-iophenoxic acid (me-IPA). (B) Representative MRM 404 
ion chromatogram of control mongoose serum fortified with 31 µg/mL me-IPA. The relative 405 
intensities of the quantifier (Quant) and qualifier (Qual) transitions for me-IPA are shown. (C) 406 
Representative MRM ion chromatogram of a mongoose serum sample with an observed me-IPA 407 
concentration of 33.5 µg/mL. 408 
 409 
Figure 2: Representative calibration curve. An original calibration curve generated by the data 410 
analysis software for methyl-iophenoxic acid (me-IPA). 411 
 412 
Figure 3: Mean serum ethyl IPA (et-IPA) concentration by bait type and concentration over 413 
time. 414 
 415 
Figure 4: Mean serum methyl IPA (me-IPA) concentration by bait concentration over time. All 416 
me-IPA concentrations were incorporated into the external bait matrix. 417 
 418 
Table 1: Preparation of 25x me-IPA stocks in ACN (in 8-mL amber glass vials). 419 
 420 
Table 2: Preparation of 4x IPA stocks in ACN (in 2-mL autosampler vials). 421 
 422 
Table 3: Preparation of me-IPA standards in 75/25 water/ACN (in 2-mL autosampler vials). 423 
 424 
Table 4: Quality control sample fortification (prepare in 1.5-mL microcentrifuge tubes). 425 
 426 
Table 5: LC-MS/MS parameters. Quantifier product ions are bolded. 427 
 428 
Table 6: QC results for me-IPA in mongoose serum (µg/mL). 429 
 430 
Table 7: QC results for et-IPA in mongoose serum (µg/mL). 431 
 432 
Table 8: Mean (stand deviation [SD]) ethyl-IPA serum concentration by bait type. ND = not 433 
detected, NA = Not applicable.  434 
 435 
Table 9: Mean (SD) methyl-IPA serum concentration by dose. ND = Not detected, NA = Not 436 
applicable. All methyl IPA concentrations were incorporated into the external bait matrix. 437 
 438 



   

DISCUSSION:  439 
The LC-MS/MS method developed for the studies utilized the selectivity of multiple reaction 440 
monitoring to accurately quantify me-IPA and et-IPA in mongoose serum. The selectivity of 441 
MS/MS detection also allowed for a simple clean-up protocol relying solely on acetonitrile to 442 
precipitate proteins from serum prior to analysis. 443 
 444 
Iophenoxic acids are soluble in ACN but are practically insoluble in water. To exclude water from 445 
the ACN extraction, sodium chloride was added to force a clear water:ACN phase separation by 446 
increasing the ionic strength of the aqueous (serum) phase. The volatile acid trifluoracetic acid 447 
(TFA) was also added to ensure that iophenoxic acids were protonated during the extraction and 448 
would be more readily solubilized in the ACN phase. TFA is removed during the dry-down step 449 
prior to LC-MS/MS analysis. 450 
 451 
Blood draws from mongoose were approximately 1 mL, yielding 0.5 mL or less of sera. To perform 452 
replicate analyses of each sample, a micro-scale sample preparation procedure was required that 453 
used microcentrifuge tubes rather than typical analytical laboratory glassware such as Class A 454 
volumetric pipettes and flasks. To achieve accurate and precise results it is necessary that 455 
analysts be proficient in the use of glass microliter syringes and positive-displacement repeat 456 
pipettors with microliter-size tips.  457 
 458 
A limitation of this method is that it requires costly LC-MS/MS instrumentation and analysts 459 
trained in its use and maintenance. However, because me-IPA and et-IPA are baseline resolved 460 
using the HPLC conditions described, the method could potentially be adapted to a single-461 
quadrupole LCMS or HPLC with UV detector provided no interferences were observed. 462 
 463 
The difference in mean serum concentrations between mongooses that consumed baits with et-464 
IPA in the blister pack and bait matrix at the 2.8 mg dose suggests spillage when the marker is 465 
contained in the blister pack, rather than incorporated into the bait matrix. This may have 466 
implications for the purpose of estimating vaccine as opposed to bait uptake. For example, 467 
incorporating the marker into the external bait matrix may inflate the estimation of vaccine 468 
coverage if the animal eats the matrix but vaccine spills out. However, regulatory restrictions may 469 
preclude the ability of mixing a biological marker directly with a vaccine within the blister pack. 470 
In the cases in which <100% consumption was recorded, three cases were with baits containing 471 
et-IPA in the blister pack, two of which were the higher 1% concentration. This suggests potential 472 
taste aversion when et-IPA is at higher concentrations. When baits containing 1% (20.0 mg) et-473 
IPA incorporated into the bait matrix were offered to mongooses, all animals rejected the bait.  474 
  475 
Mean IPA concentrations for et- and me-IPA at day 14 were approximately 17 and 19 µg/mL, 476 
respectively. Similar research performed at Instituto de Investigación en Recursos Cinegéticos, 477 
Ciudad Real, Spain, using butyl and pentyl-IPA found day 14 concentrations of approximately 45 478 
and 10 µg/mL in mongoose sera when delivered at the same concentration and bait formulation 479 
as in our study. These differences suggest that different derivatives of IPA may metabolize at 480 
different rates in mongooses, which can be useful when marker retention (either short or long-481 
term retention) is a concern.  482 



   

 483 
Differences in the physiology of the gastrointestinal system may affect absorption and excretion 484 
of IPA in different species. The plasma elimination half-life of IPA in domestic cats (Felis catus) 485 
when delivered at 1.5 mg/kg was 107 days whereas the rate in brushtail possums at the same 486 
dose rate was approximately one day28. When IPA was given to domestic goats (Capra aegagrus 487 
hircus) at a dose rate of 1.5mg/kg the terminal elimination half-life of IPA was 81 days, although 488 
investigators continued to find elevated iodine concentrations up to 160 days following 489 
administration39. The gastrointestinal system of members of Vivveridae (the family to which 490 
mongooses had previously been assigned40) is described as similar to that of the domestic cat41, 491 
which may explain the retention time of IPA in mongooses. Research also suggests IPA may be 492 
metabolized differently in marsupials, allowing for more rapid excretion than in eutherian 493 
species29.  494 
 495 
Both derivatives of IPA evaluated in this study provided long-term (4−8 weeks) marking ability in 496 
mongooses. The use of IPA as a biological marker in mongooses should take into consideration 497 
the study objectives and the desired duration of marking. In cases where animals are to be 498 
marked from the same study sites during consecutive time periods, different derivatives of IPA 499 
could be used to ensure results from one marking event are not confounded by marking during 500 
previous events. As part of operational ORV for wildlife in the US, sampling the target species and 501 
testing for the presence of RVNA and biomarker is typically conducted 4−6 weeks following ORV 502 
distribution42. From a practical standpoint, it appears either et- or me-IPA can be readily detected 503 
during this time period. Future research to evaluate the residue decay function in mongooses 504 
offered various concentrations of both congeners of IPA evaluated in this study would be useful. 505 
 506 
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ID

25x-7 Refer to step 1.6 200

25x-6
Combine 1.000 mL 25x-7 Stock

with 3.000 mL ACN
50

25x-5
Combine 1.000 mL 25x-6 Stock

with 3.000 mL ACN
13

25x-4
Combine 1.000 mL 25x-5 Stock

with 3.000 mL ACN
3.1

25x-3
Combine 1.000 mL 25x-4 Stock

with 3.000 mL ACN
0.78

25x-2
Combine 1.000 mL 25x-3 Stock

with 3.000 mL ACN
0.2

25x-1
Combine 1.000 mL 25x-2 Stock

with 3.000 mL ACN
0.049

Table 1.  Preparation of 25x me-IPA stocks in ACN (in 8-mL amber glass vials).

me-IPA Concentration (µg/mL)

Table 1 Click here to access/download;Table;Berentsen et al Table 1.xlsx
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ID me-IPA et-IPA

4x-7 0.200 mL 25x-7 + 0.200 mL 25x Surrogate + 0.850 mL ACN 32 1.6

4x-6 0.200 mL 25x-6 + 0.200 mL 25x Surrogate + 0.850 mL ACN 8 1.6

4x-5 0.200 mL 25x-5 + 0.200 mL 25x Surrogate + 0.850 mL ACN 2 1.6

4x-4 0.200 mL 25x-4 + 0.200 mL 25x Surrogate + 0.850 mL ACN 0.5 1.6

4x-3 0.200 mL 25x-3 + 0.200 mL 25x Surrogate + 0.850 mL ACN 0.12 1.6

4x-2 0.200 mL 25x-2 + 0.200 mL 25x Surrogate + 0.850 mL ACN 0.031 1.6

4x-1 0.200 mL 25x-1 + 0.200 mL 25x Surrogate + 0.850 mL ACN 0.008 1.6

4x-0 0.200 mL 25x Surrogate + 1.050 mL ACN 0 1.6

Table 2.  Preparation of 4x IPA stocks in ACN (in 2-mL autosampler vials).

Concentration (µg/mL)

Table 2 Click here to access/download;Table;Berentsen et al Table 2.xlsx
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ID me-IPA et-IPA

Std 7 0.200 mL 4x-7 + 0.600 mL DI water 8 0.4

Std 6 0.200 mL 4x-6 + 0.600 mL DI water 2 0.4

Std 5 0.200 mL 4x-5 + 0.600 mL DI water 0.5 0.4

Std 4 0.200 mL 4x-4 + 0.600 mL DI water 0.13 0.4

Std 3 0.200 mL 4x-3 + 0.600 mL DI water 0.03 0.4

Std 2 0.200 mL 4x-2 + 0.600 mL DI water 0.0078 0.4

Std 1 0.200 mL 4x-1 + 0.600 mL DI water 0.002 0.4

Std 0 0.200 mL 4x-0 + 0.600 mL DI water 0 0.4

Blank 0.200 mL ACN + 0.600 mL DI water 0 0

Table 3. Preparation of me-IPA standards in 75/25 water/ACN (in 2-mL autosampler vials).

Concentration (µg/mL)

Table 3 Click here to access/download;Table;Berentsen et al Table 3.xlsx
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ID me-IPA

Negative Control 0.050 mL 25x Surrogate + 0.950 mL Diluent 0

Low Fortification 0.050 mL 25x Surrogate + 0.020 mL 25x-4 + 0.930 mL Diluent 1.2

Mid Fortification 0.050 mL 25x Surrogate + 0.030 mL 25x-6 + 0.920 mL Diluent 30

High Fortification 0.050 mL 25x Surrogate + 0.020 mL 25x-7 + 0.930 mL Diluent 80

Table 4.  Quality control sample fortification (prepare in 1.5-mL microcentrifuge tubes).

Concentration 

(µg/mL) in serum

Table 4 Click here to access/download;Table;Berentsen et al Table 4.xlsx
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et-IPA

10

10

10

10

Table 4.  Quality control sample fortification (prepare in 1.5-mL microcentrifuge tubes).

Concentration 

(µg/mL) in serum



Analyte

Et-IPA

Segment

1

2

3

* Quantifier transitions are bolded.

Table 5.  LC-MS/MS parameters.

Liquid Chromatography:

Column: C18, 2.1 x 50 mm, 2.5 µm particle size

Column temperature: 70 °C

Injection volume: 5 µL

Flow rate: 0.800 mL/min

Mobile Phase:
Solvent A:

Solvent B:

Gradient program:

Time (min): 0 0.25

Needle Wash:  ACN, 3 s

MS/MS Source: ESI (negative mode)

Gas temperature: 300 °C

% B: 40 40

Gas flow: 5 L/min

Nebulizer: 45 psi 

Capillary: -4000 V

Nozzle voltage: -500 V

Sheath gas temperature: 250 °C

Sheath gas flow: 7 L/min

570.7 442.7

MRM Transitions:  

Precursor Ion (m/z) Product Ion (m/z) *

Me-IPA 556.6

428.7

126.9

126.8

Start (min) End (min) Type

0 0.6 MS2 Scan

Time Segments:

0.6 2 MRM

2 4.75 MS2 scan
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Table 5.  LC-MS/MS parameters.

Liquid Chromatography:

C18, 2.1 x 50 mm, 2.5 µm particle size

70 °C

5 µL

0.800 mL/min

Solvent A: 0.1% formic acid in water

Solvent B: 0.1% formic acid in ACN

Gradient program:

2.25 2.26 3.4

Needle Wash:  ACN, 3 s

MS/MS Source: ESI (negative mode)

300 °C

55 100 100

5 L/min

45 psi 

-4000 V

-500 V

250 °C

7 L/min

442.7

MRM Transitions:  

Product Ion (m/z) * Fragmentor (V) Collision Energy (V) Dwell Time (ms)

428.7

74

12

126.9 65 60

126.8 61 60

60

87 16 60

Negative

Type Diverter Delta EMV Polarity

MS2 Scan To Waste 0

Time Segments:

Positive

MRM To MS -100 Negative

MS2 scan To Waste 0



Data 

Stored

No

Yes

No

Table 5.  LC-MS/MS parameters.

Liquid Chromatography:

C18, 2.1 x 50 mm, 2.5 µm particle size

70 °C

5 µL

0.800 mL/min

0.1% formic acid in water

0.1% formic acid in ACN

Gradient program:

3.41 4.75

40 40

Needle Wash:  ACN, 3 s

MS/MS Source: ESI (negative mode)

300 °C

5 L/min

45 psi 

-4000 V

-500 V

250 °C

7 L/min

MRM Transitions:  

Dwell Time (ms) Time Segment

2
60

60

60

60

Negative

Polarity

Time Segments:

Positive

Negative



Target Observed Percent
ID Day me-IPA me-IPA Recovery

QC-1 1 0 ND N/A

QC-2 1 0 ND N/A

QC-11 2 0 ND N/A

QC-12 2 0 ND N/A

QC-21 3 0 ND N/A

QC-22 3 0 ND N/A

QC-31 4 0 ND N/A

QC-32 4 0 ND N/A

QC-3 5 0 ND N/A

QC-4 5 0 ND N/A

QC-13 1 1.25 1.26 101% Ave (10) = 102%

QC-14 1 1.25 1.23 98.40% SD = 3.50%

QC-23 2 1.25 1.26 101% % RSD = 3.40%

QC-24 2 1.25 1.28 102%

QC-33 3 1.29 1.3 101%

QC-34 3 1.29 1.25 96.90%

QC-5 4 1.29 1.37 106%

QC-6 4 1.29 1.41 109%

QC-15 5 1.29 1.3 101%

QC-16 5 1.29 1.34 104%

QC-25 1 30.1 30.2 100% Ave (10) = 103%

QC-26 1 30.1 31.2 104% SD = 1.80%

QC-35 2 30.1 31.1 103% % RSD = 1.70%

QC-36 2 30.1 31.1 103%

QC-7 3 31 31.6 102%

QC-8 3 31 31.4 101%

QC-17 4 31 32.5 105%

QC-18 4 31 32.8 106%

QC-27 5 31 31.7 102%

QC-28 5 31 32.1 104%

QC-37 1 80.2 77.8 97.00% Ave (10) = 101%

QC-38 1 80.2 78.9 98.40% SD = 2.30%

QC-9 2 80.2 81.8 102% % RSD = 2.30%

QC-10 2 80.2 79.8 99.50%

QC-19 3 82.7 83.5 101%

QC-20 3 82.7 84 102%

QC-29 4 82.7 84.7 102%

QC-30 4 82.7 87.2 105%

Table 6.  QC results for me-IPA in mongoose serum (µg/mL).
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QC-39 5 82.7 83 100%

QC-40 5 82.7 84.1 102%



Target et-IPA (µg/mL) N Mean (%) SD (%) % RSD

0 21

1.3 12 103 4.5 4.3

13 9 91.7 1.4 1.5

32 12 106 2.4 2.3

85 12 105 5.8 5.6

170 9 106 1.1 1.1

Table 7.  QC results for et-IPA in mongoose serum (µg/mL).
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Table 8. Mean (stand deviation [SD]) ethyl-IPA serum concentration by bait type.

Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD) N

Day 0 ND 5 ND 4 ND 6 ND 3

Day 1 13.7 (10.9) 2 11.2 (10.4) 4 20.6 (17.3) 2 NA NA

Day 7 11.5 (6.3) 6 9.9 (9.6) 4 21.4 (10.9) 6 ND 3

Day 14 10.2 (5.2) 6 5.7 (2.5) 3 17.8 (10.2) 6 ND 3

Day 21 8.9 (4.1) 4 10.0 (9.5) 4 23.8 (5.3) 3 ND 2

Day 28 8.5 (3.9) 5 11.1 (10.6) 3 17.7 (9.3) 4 ND 3

Day 35 17.0 (NA) 1 9.1 (9.0) 4 21.7 (9.3) 2 ND 1

Day 42 NA 0 8.4 (8.5) 4 16.5 (NA) 1 ND 2

Day 49 10.2 (5.8) 2 8.1 (8.4) 4 17.5 (4.7) 2 ND 2

Day 56 10.9 (5.4) 2 3.8 (1.1) 3 17.6 (6.1) 2 ND 2

Bait type and ethyl IPA bait concentration (µg/mL)

Time Period
0.4% - Blister 1.0% - Blister 0.14% - Matrix Control
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Table 9. Mean (SD) methyl-IPA serum concentration by dose.

Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD) N

Day 0 ND (NA) 4 ND (NA) 4 ND (NA) 4 ND (NA) 4

Day 1 7.8 (7.1) 4 22.2 (9.2) 4 29.1 (16.0) 4 ND (NA) 4

Day 7 4.4 (4.8) 4 14.4 (4.6) 4 21.3 (12.0) 4 ND (NA) 4

Day 14 5.7 (5.9) 4 12.0 (3.5) 4 19.6 (10.6) 4 ND (NA) 4

Day 21 4.9 (4.5) 4 12.0 (0.8) 3 18.3 (9.9) 4 ND (NA) 4

Day 28 5.4 (5.0) 4 9.8 (2.4) 4 16.4 (8.1) 4 ND (NA) 4

Dose and methyl IPA concentration (µg/mL)

Time Period
0.04% 0.07% 0.14% Control
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Name Company

Acetonitrile, Optima grade Fisher

Analytical balance Mettler Toledo

C18 column, 2.1 x 50 mm, 2.5-µm particle size Waters Corp.

ESI Source Agilent 

Ethyl-iophenoxic acid, 97 % Sigma Aldrich

Formic acid, LC/MS grade Fisher

LCMS software Agilent

Methyl-iophenoxic acid, 97 % (w/w) PR EuroChem Ltd.

Microanalytical balance Mettler Toledo

Microcentrifuge Eppendorf

MS/MS Agilent

N-Evap Organomation

Oral Rabies Vaccine Baits
IDT Biologika, Dessau Rossleau,

Germany

Propyl-iophenoxic acid, 99 % (w/w) PR EuroChem Ltd.

Repeat pipettor Eppendorf

Screw-top autosampler vial caps, PTFE-lined Agilent

Sodium chloride, Certified ACS grade Fisher

Statistical Software Package
SAS Institute, Cary, North

Carolina, USA
Trifluoroacetic acid, 99 % Alfa Aesar

UPLC Agilent

Vortex Mixer Glas-Col

0.2-mL pipettor tips Eppendorf

0.5-mL pipettor tips Eppendorf

1.5-mL microcentrifuge tubes Fisher

1250-µL capacity pipette tips GeneMate

1-mL pipettor tips Eppendorf

2-mL amber screw-top autosampler vials Agilent

5-mL pipettor tips Eppendorf

80-position microcentrifuge tube rack Fisher

8-mL amber vials with PTFE-lined caps Wheaton

70 % (v/v) isopropanol Fisher

100-1000 µL air displacement pipette Eppendorf
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Catalog Number Comments

A996

XS204

186003085

G1958-65138

N/A Lot MKBP5399V

A117

MassHunter Data Acquisition and Quantitative

Analysis

N/A Lot PR0709514717

XP6U

5415C

G6470A

115

N/A

N/A Lot PR100612108RR

M4

5190-7024

S271
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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ARTICLE AND VIDEO LICENSE AGREEMENT 

4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author.  JoVE reserves the right, in its absolute and sole
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
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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. 
 
11.  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. 
 
12.  Fees.  To cover the cost incurred for publication, JoVE 
must receive payment before production and publication 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. 
 
13.  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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Editorial comments: 
Changes to be made by the author(s) regarding the manuscript: 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no 

spelling or grammar issues. Reviewed as requested. 

2. Please provide an email address for each author. Added as requested 

3. JoVE cannot publish manuscripts containing commercial language. This includes trademark 

symbols (™), registered symbols (®), and company names before an instrument or reagent. 

Please remove all commercial language from your manuscript and use generic terms instead. All 

commercial products should be sufficiently referenced in the Table of Materials and Reagents. 

You may use the generic term followed by “(see table of materials)” to draw the readers’ 

attention to specific commercial names. Examples of commercial sounding language in your 

manuscript are: IDT-Biologika, SAS Institute, Agilent, etc. Removed where possible.  In some 

cases (Agilent, for example) that is the name of the product. 

4. Please revise the protocol (lines 116-129, 199-206, etc.) 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. Changes made to the text where appropriate 

5. Please add more details to your protocol steps. There should be enough detail in each step to 

supplement the actions seen in the video so that viewers can easily replicate the protocol. Please 

ensure you answer the “how” question, i.e., how is the step performed? Alternatively, add 

references to published material specifying how to perform the protocol action. See examples 

below. 

6. 1.5: Please list an approximate volume of these stock solutions to prepare. Changes made to 

the text where appropriate 

7. 2.4: What happens to the aqueous phase? Is it saved for a later step? Changes made to the text 

where appropriate 

8. 2.6: Where is ACN added? To the tube in step 2.5? Changes made to the text where 

appropriate 

9. 2.8: Which supernatant? From step 2.7? Please also specify the volume of supernatant 

transferred. Changes made to the text where appropriate 

10. 4.1: Please reference Table 3 for composition of Standard 6. Please specify how to adjust 

time segments. Changes made to the text where appropriate 

11. 5.1: What are the relative responses? How are they obtained? Software steps must be more 

explicitly explained ('click', 'select', etc.). Please add more specific details (e.g. button clicks for 

software actions, numerical values for settings, etc.). Changes made to the text where appropriate 

12. Please include single-line spaces between all paragraphs, headings, steps, etc. Changed as 

requested 

13. 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. Highlighted as requested 

14. Figure 1: Please label the x- and y-axes. Labelled 
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comments_addressed.docx
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15. Figures 3 and 4: Please fix the unit on the y-axis. It should be µg/mL. In the figure legend 

please describe different curves, in particular the different trendlines. Figures have been modified 

for clarity and consistency. 

16. Table 5: Please remove commercial language (Agilent 1290 Series, Agilent AJS, Xbridge, 

Agilent 6470). What does % B refer to? Changes made to the text where appropriate 

17. Please upload each Table individually to your Editorial Manager account as an .xls or .xlsx 

file. Changed as requested 

18. Lines 209-210: Please describe what Figure 1 shows. Changed as requested 

19. Lines 219-233: Where are these data? Tables 6 and 7. 

20. JoVE articles are focused on the methods and the protocol, thus the discussion should be 

similarly focused. Please revise the Discussion to explicitly cover the following in detail in 3-6 

paragraphs with citations: Changes made to the text where appropriate 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

21. References section: Please do not make the reference numbers superscripts. Changed as 

requested. 

22. Table of Materials: Please sort the items in alphabetical order according to the name of 

material/equipment. Changed as requested. 

 

Reviewers' comments: 
 

Reviewer #1: 

 

Manuscript Summary: 

 

The main aim of this study was to evaluate the efficacy of using ethyl-iophenoxic acid and 

methyl-iophenoxic acid as a biomarker of vaccine bait uptake in the Indian mongoose (Herpestes 

auropunctatus), a major reservoir of rabies virus in Puerto Rico. Vaccine bait with the 

biomarkers and placebo baits were offered to captive raccoons and serum collected prior to 

ingestion of bait and up to 8 weeks post-ingestion. Detection of bait intake was quantified using 

LC-MS. The efficacy of wildlife vaccination programs critically depends on bait being ingested 

by target species. As pointed out by the authors, quantifying bait uptake using biomarkers is a 

critical component of evaluating vaccination programs, especially in areas with ongoing 

vaccination and/or enzootic disease (wherein serum antibody levels are not a good indicator of 

vaccine uptake). Numerous studies using other biomarkers have revealed that numerous factors 

(e.g., bait competition) can affect bait uptake, and thus compromise field vaccination programs. 

On the whole I found the manuscript to be an important contribution because it broadens the 

range of biomarkers that are routinely used in vaccine uptake studies. These markers come with 

their own advantages and disadvantages. For example, tetracycline is a good marker, but requires 

the invasive removal of teeth to evaluate uptake. 

 

Comments: 

 



1. Title needs to be reconsidered (including the odd capitalization). Authors may consider 

something more specific like: Iophenoxic acid as a biological marker for oral rabies vaccine bait 

uptake in the small Indian mongoose: Changed as requested 

2. Line 69-80: Retention times: Added as requested 

3. Line 81-86: It is unclear why two derivatives of et-IPA were used. Was there a clear a priori 

expectation of differences in these two derivatives? The objective of the biomarker evaluation 

was to evaluate whether IPA was detectible in mongoose serum.  Our initial time frame was to 

see if IPA was detectible approximately 4-6 weeks post bait consumption.  Operationally, when 

oral rabies vaccination is performed, seroconversion is evaluated 4-6 weeks post-vaccination.  

We were interested in determining whether IPA would be detectible for at least 6 weeks post 

baiting to coincide with post-ORV trapping.   Et-IPA was evaluated first.  Once the retention 

times appeared to extend beyond approximately 2 months (this was not expected, based on 

shorter retention times found in other small mammals), we decided to evaluate met-IPA as well 

to see if the retention time was different.    

4. Line 86-90: 

4a. The logic behind the choice of dosage levels is unclear (except for the 1% dose). For 

example, was there a particular reason that 5mg/kg was considered optimal. The 5 mg/kg dose 

corresponds to previous work which successfully used IPA to mark other small mammals, as 

outlined in references 17 and 36. 

4b. Line 86-90: It may be important to clarify what is meant by the "external bait matrix". It is 

also unclear if these were different baits (i.e., matrix or blister; as indicated in the analyses; Line 

109) or different locations of biomarker incorporation in the same bait. Clarification has been 

added to state: “All baits were comprised of a 28x20x9 mm foil blister back with an external 

coating (hereafter “bait matrix”) comprised of….  

4c. This paragraph is also confusing because it says that the biomarkers were incorporated at 

three concentrations (0.14%, 0.4% and 1%). However, the last one is not actually comparable to 

the first two because here both the dose and concentration increase. The concentrations of 0.14 

and 0.4% correspond to a consistent dose rate of 5mg IPA per kg of mongoose.  We used an 

average mongoose weight of approximately 560g.  The concentrations are different because of 

the differences between the amount or volume of external bait matrix (~2 g) vs the volume of the 

blister pack (0.7 mL).  That is, 2.8mg of IPA is a lower concentration when mixed with 2g of 

bait matrix than in 0.7 mL of blister pack liquid.  The higher concentration of 1% was 

determined as a taste-aversion threshold in some species as described in reference 35. We were 

only able to evaluate the 1% concentration when incorporated into the external bait matrix 

because of a difficulty keeping the IPA in solution when attempting to inject the solution into the 

0.7 mL blister pack. Because of the difficulty in keeping the IPA in solution at higher 

concentrations when added to the liquid blister pack, we decided to evaluate me-IPA solely when 

incorporated into the external bait matrix, as would be performed in operational use of ORV 

baits.  With the retention times found by delivering et-IPA at 2.8mg (5mg/kg) in the bait matrix 

we determined it would be valuable to use the 2.8 mg as the highest dose with me-IPA and 

decrease the dose by 50% (1.4mg) and 75% (0.07mg). 

5. Line 96: How were the animals captured prior to isoflurane anesthesia? Information on 

capture and housing has been added. 

6. Line 98: This needs to be made clearer. What was the maximum frequency of draws. The 

maximum frequency of draws was weekly.  At some weekly time periods we were unable to 

obtain a blood sample.  Rather than continue to try (thus risking animal health) we determined it 



was best to abandon sample collection during that time period and wait until the next scheduled 

sampling period a week later. 

7. Line 102: Why was me-IPA study design different from et-IPA study design (concentrations, 

doses and duration of sampling). Such differences in design are especially critical given that this 

is a techniques paper, and such differences are likely to make it difficult to compare the two 

biomarkers. It is possible that the authors had different expectations for these markers which 

necessitated the different designs (also see point 2). The analysis was an iterative process.  We 

first evaluated et-IPA in various concentrations and found longer than expected retention times, 

based on studies with other small mammals. Based on manufacturing problems (a difficulty in 

keeping IPA in solution at higher concentrations in the blister pack) we decided to only evaluate 

me-IPA when incorporated into the external bait matrix which has a higher volume (thus lower 

concentration but same overall amount of IPA) than inside the blister pack.  Once we determined 

that 2.8mg et-IPA had a retention time exceeding our expectations we evaluated me-IPA at 

2.8mg and two lower amounts (0.14 and 0.07mg) all incorporated into the external bait matrix.  

In operational use of ORV baits biomarkers are typically incorporated into external bait matrices 

as adding marker to the actual vaccine could change the chemical properties of the vaccine or in 

some cases have viricidal effects, compromising vaccine efficacy.   

8. Line 109: It is surprising that time points were included as a random effect. Given the 

introduction, I would assume that there was a clear expectation of a reduction over time. Treating 

time as a fixed effect (and ID as random) would allow for the detection of an interaction of 

biomarker concentration and time on serum concentrations. I also feel that it would be useful to 

carry out some analyses to evaluate sensitivity and specificity (e.g., using Receiver Operating 

Curves etc.). We agree with the reviewer and revised the analysis so that only animal ID was a 

random effect, with fixed effects of Bait Type (categorical) and Time (continuous). We tested for 

the interaction term between Bait Type and Time, but it was only marginally significant and 

similarly only marginally reduced the AICC (difference less than 1) compared to the same model 

without the interaction term, so we exclude the interaction term in the final analysis 

presentation.   

9. Line 139: Ensure full form of abbreviations come after the first mention (e.g., ACN) Changed 

as requested. 

10. Line 172: Is there a logic to these concentrations in the QC samples? QC fortification 

concentrations bracket the observed levels in serum from low concentrations to levels beyond the 

highest observed levels.  

11. Line 178: A little more detail on the calibration standards and generation of the calibration 

curve is required. Additional clarification and details have been added to the text. 

12. Line 193: An equal sign is missing in the equation Added 

13. Line 198: It is unclear where these numbers and/or criteria for confirmation come from. 

Again it would be helpful to carry out sensitivity/specificity analyses. References to confirmation 

have been removed as this topic is more accurately described in the “qualifier percent match” 

and “surrogate analyte extraction recovery” sections of Representative Results. 14. Line 249: 

Was the amount of bait consumed incorporated in the analyses (even qualitatively?) Bait 

consumption was not included in the analysis.  There did appear to be a correlation between bait 

estimated bait consumption and IPA resides (less consumption leading to lower residues) but this 

was not formally evaluated and the number of animals consuming < 100% of the bait were too 

small within treatment groups for meaningful analysis.  Differing abilities among mongooses to 

metabolize IPA may also result in differing residues which may be a confounding factor in 



attempting to make correlations. 

15. Line 253-255: This information is probably more useful in the Introduction/Methods: Moved 

as recommended 

16. Line 261: Poorly worded sentence; Please rephrase: Rephrased to read: “Mean serologic 
concentration of et- and me-IPA in mongoose sera appeared dependent upon the 
concentration of IPA in the bait.  Higher concentrations of IPA in the bait resulted in higher 
serum residues even in cases where the overall dose (2.8mg in the case of et-IPA) remained the 
same.”   
17. Line 264: It is practically impossible to make out what these figures are depicting. May 

showing the observed points would help. If possible the authors may consider using color 

figures. The polynomial trend lines shown are not convincing (for example the predicted peak of 

the trend line in many cases is not even close to the observed peak values. Figures have been 

changed to include the observed points.  Trend lines have been removed.  

18. Quality of the figures is very poor. Different font sizes and fonts, as well as different 

locations of the axes labels pose issues. The use of a constant level of precision within a 

particular axis would be helpful. Use of a logged axis in Fig 2 (or inset to show the lower 

concentrations should be considered. Figures have been modified for clarity and consistency 

19. Table 7 & 8: It is not clear how useful an SD is with 2-4 samples. Please also report the 

ranges of values. Alternatively, adding the actual observed data points to Fig 3 & 4 would be 

helpful. Observed data points have been added to figures 3 and 4 and the trend lines removed. 

20. General: I think there needs to be a more comprehensive discussion of the pros and cons of 

the proposed methodology and a more comprehensive comparison of these to existing methods. 

For example, it is unclear to me is the LC-MS techniques are general enough that the serum once 

access to an LC-MS and personnel trained to use these methods would be a major limiting factor 

in using this method. Details regarding specialized training/equipment required have been added. 

With respect to comparing the methods described in this paper to other methods currently 

employed is challenging as this method is novel with respect to its use in evaluating IPA residues 

in mongoose serum.     

 

 

 

Reviewer #2: 

 

Manuscript Summary: 

This is a very well written paper describing usage of biomarker incorporated within the bait 

matrix to monitor the success of rabies of oral rabies 

vaccination (ORV). The findings indicate a potential of introduction of baits containing methyl-

iophenoxic acid (me-IPA) in concentrations of 0.035%, 0.07% and 0.14% in the external bait 

matrix. IPA evaluated in this study provided long-term (4-8 weeks) marking ability in 

mongooses. I see no need to modify, add to, or correct the manuscript 

 

 

 

Reviewer #3: 

 

Manuscript Summary: 



Overall impression: I found this manuscript very interesting. Although the idea is not new, the 

method for analyzing is up-to-date. The authors gave detailed protocol for test performing, 

experiment design, results presentations and conclusions. 

 

Comment: 

1. It is a bit confusing, what is actually the objective of your study? According to the Abstract 

(line 40), the objective of your study is to evaluate marking ability of et- and me-IPA. In the 

further text, the objective of study is "Our objective was to use LCMSas a technique to evaluate 

the marking ability of ethyl- and methyl- IPA when delivered in an ORV" (lines 80-82). Please, 

specify what are your goals. Then, the objective of study should be clearly defined in Abstract 

too. Our overall goal was to evaluate as a proof of concept the marking ability of two derivatives 

of IPA in mongooses, varying in concentration and delivery method.  In order to reach our 

objective we used LCMS for the analysis. The analysis was an iterative process where methods 

used for et-IPA analysis were modified as needed and those modifications applied to the me-IPA 

analysis method.  

 

Major Concerns: 

1. From the research point of view, the main problem is that there were two groups with the 

different number of animals included in the experiment. The first group had 16, and the second 

12 animals. Even the number of animals in control groups was not the same. This differences had 

the impact on the statistical data and objectivity of obtained results. The study was designed as a 

proof of concept, with limited statistical comparisons performed. In our opinion, the results are 

straightforward to demonstrate proof of concept. For example, even though we employed fewer 

negative controls compared to treatment animals, controls unequivocally lacked any evidence of 

the biomarker at any time of study in stark contrast to treated animals. We contend that we limit 

our conclusions to those readily supported by the data.  

 

A linear mixed model approach to the analysis of different mean serum et-IPA levels accounts 

for uneven sampling design, so we are unclear about the comment from the reviewer. We do not 

statistically compare the two different forms of IPA with one another.  

 

 

2. There is no clear explanation why the authors measured et-IPA for 8 weeks, and me-IPA for 4 

weeks in mongooses sera. What is the reason for different length of follow-up in the study? 

Especially because, as I can realize from the Figures 3 and 4, that the concentration of et-IPA 

and me-IPA declined, but didn't disappear completely in both groups. I found the lack of this 

research that the measurement of IPA were not finished to the end, till the undetectable level. 

In operational use, oral rabies vaccine baits are deposited on the landscape and sero-surveys are 

conducted pre- and post-vaccination to estimate vaccination rates. Typically it can take up to 30 

days for a full immune response to occur.  Therefore, post-vaccination sero-surveys are 

conducted 4-6 weeks post-vaccination.  In some areas, such as Puerto Rico, background rabies 

virus neutralizing antibodies are found in the target species (mongooses), which cannot be 

differentiated from virus exposure and vaccination.  Given no vaccination program for 

mongooses currently exists the observed antibody titers are likely result of rabies virus exposure.  

The use of a biological marker may help differentiate between natural virus exposure and 

antibodies as a result of the vaccine.  While it would be useful to learn the endpoint, from a 



practical standpoint it was only necessary for us to evaluate marker longevity for 4-6 weeks. 

Evaluating the endpoint of IPA residues was beyond the scope and objectives of this study.  

However, the reviewer may be interested to know that recently completed field trials suggest that 

ethyl-IPA residues can remain detectible in mongooses for at least six months.     

Minor Concerns: 

1. Authors mentioned three times unpublished data (Lines 92, 319 and 324). It should be avoid 

this kind of references in peer-reviewed journals. Removed 

2. Table 1: It is written Step 1.6.1, but in the part Protocol there is no 1.6.1 but only 1.6. Changed 

to refer to step 1.6 in the protocol. 

3 Table 2: It should be written: Step 1.9 in the empty row. Step 1.9 is referenced in the Protocol.  

There are no steps referenced in Table 2. We are uncertain about what the reviewer is referring 

to. 

 
 


