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Abstract

Objectives: Evaluation of serostatus against SARS-CoV-2 has emerged as an important
tool in identification of exposure to COVID-19. We report on the validation of the Vitros
Anti-SARS-CoV-2 Total (CoV2T) assay for qualitative serological testing of SARS-CoV-

2 antibodies.

Methods: We performed validation studies according to COLA guidelines, using
samples previously tested for SARS-CoV-2 by RT-PCR. We evaluated precision,
analytical interferences, and cross-reactivity with other viral infections. We also
evaluated concordance with molecular and other serological testing, and evaluated

seroconversion.

Results: The Vitros CoV2T assay exhibited acceptable precision, was resistant to
analytical interference, and did not exhibit cross-reactivity with samples positive for
other respiratory viruses. The CoV2T assay exhibited 100% negative predictive
agreement (56/56) and 71% positive predictive agreement (56/79) with RT-PCR across
all patient samples, and was concordant with other serological assays. Concordance

with RT-PCR was 97% > 7 days after symptom onset.

Conclusions: The Vitros CoV2T assay was successfully validated in our laboratory. We
anticipate it will be a useful tool in screening for exposure to SARS-CoV-2, however, the
use of the CoV2T and other serological assays in clinical management of COVID-19

patients is yet unknown, and must be evaluated in future studies.
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Key points:

What issue or core problem does the study address?

e Multiple serological assays for detection of anti-SARS-CoV-2 antibodies have
received FDA Emergency Use Authorizations, but few data have been published
on the performance of these assays.

What would one take-home point for the working medical professional be?

e The Vitros Anti-SARS-CoV-2 Total assay is a total antibody test to be used as a
serological screen for exposure to COVID-19. This assay performs well, and is
comparable to other serological tests.

What is the most significant or most interesting finding of the study?

e We confirmed that the Vitros Anti-SARS-CoV-2 Total assay, like other serological
tests, is not suitable for diagnosis of acute infection, as it is not sensitive to

infection <7 days post-onset.
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Introduction

SARS-CoV-2 is a novel coronavirus first identified in China in late 2019. The resultant
disease, COVID-19, yields a range of presentations, from mild disease to severe
pneumonia requiring mechanical ventilatory support, as well as thrombotic strokes,
multi-inflammatory syndrome, and others *. COVID-19 has since become a global
pandemic and is continuing to spread, producing substantial morbidity, mortality, and
economic impact 2. Accurate epidemiological information is important for the
development of effective public health measures for containment and mitigation of
COVID-19, but to date, case identification has been complicated by the wide range of
clinical presentations of COVID-19. The mainstay of diagnostic testing is RT-PCR to
identify SARS-CoV-2 viral RNA in respiratory swab specimens, but preanalytical (such
as nasopharyngeal swab sampling) as well as analytical challenges have limited the
utility of molecular testing as a means to screen for exposure to SARS-CoV-2 4. The
abundance of detectable nucleic acid also decreases over time, and other studies have
suggested the RNA positive rate may decline to under 30% by 3 weeks after symptom
onset °. Consequently, the extent of COVID-19 infection remains unknown in many
populations, limiting the ability to assess case fatality rates and hampering efforts to

effectively quarantine infected individuals and limit spread.

Serological testing is used in the identification and management of many infectious
diseases to provide evidence that an individual has had exposure to a pathogen and
mounted an immune response. The laboratory workflow for serological testing is

typically simpler and faster as well as less expensive than that of molecular testing, and
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specimen collection is more reproducible, which offers advantages for widespread
screening. Serological testing has been suggested as a means of surveillance to
determine actual numbers of COVID-19 infections, which can subsequently inform
public health strategies. Previous studies have indicated that seropositivity in COVID-19
begins to occur approximately 7 days after symptom onset, although how long
seropositivity remains after recovery and to what extent it indicates immunity to

reinfection is not yet established °.

Recommendations from the CDC and FDA indicate the use of total (IgG and IgM) anti-
SARS-CoV-2 antibodies as evidence of previous viral exposure ’. Only a few
serological assays have been granted Emergency Use Authorization (EUA) by the FDA
for this purpose, but limited data are available on the analytical or clinical performance
of these tests. Here, we describe validation of one of the first assays to receive EUA on
an automated platform, the Vitros Anti-SARS-CoV-2 Total antibody assay, for screening

of previous exposure to SARS-CoV-2 in our patient population.

Materials and Methods

The Vitros (VITROS®) Anti-SARS-Cov-2 Total assay (CoV2T, Ortho Clinical
Diagnostics, Raritan, NJ) detects total IgG and IgM directed against SARS-Cov-2, and
was evaluated for use on the Vitros 5600 automated chemistry analyzer (Ortho Clinical
Diagnostics, Raritan, NJ). The CoV2T assay uses a solid-phase SARS-CoV-2 spike

protein antigen to capture antibodies in the patient specimen, and horseradish
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102  peroxidase-labeled recombinant SARS-CoV-2 antigen as a detection reagent. The
103  assay is qualitative, and reports results as reactive or non-reactive, using a
104  manufacturer-defined signal/cutoff (s/c) ratio of 1.00 as the decision limit. Numerical

105  values for s/c are provided by the instrument, but not used in patient reports.

106  Specimens for validation were obtained under informed consent from healthy volunteers
107  and from known COVID-19 patients, under an approved protocol from the Baylor

108  College of Medicine Institutional Review Board (H47459). Known positive patients were
109  previously diagnosed with COVID-19 by RT-PCR methods at Texas Children’s Hospital
110 clinical laboratories, or at other institutions in the Texas Medical Center. Patient

111 specimens were collected by venipuncture into K;EDTA tubes or serum separator tubes
112  and processed upon receipt by the laboratory, with plasma or serum stored at 4 °C until

113  analysis.

114  Precision studies were performed using a vendor-provided positive and negative control
115 as well as a known negative sample and a known positive patient sample. Intra-assay
116  precision was assessed by running the manufacturer-provided positive and negative
117  control as well as one positive and negative sample 10 times in a single run, and inter-
118  assay precision was assessed by running these samples 10 times on separate runs.
119  Precision was assessed as % coefficient of variation (CV), using numerical s/c values

120  provided by the instrument.

121 Accuracy studies were performed using 57 healthy volunteers with no known exposure,
122 travel history, or symptoms of COVID-19 and 79 patient samples that were RT-PCR
123 positive for SARS CoV-2 and/or admitted to the COVID ICU. Samples were tested on

124  different days, by different operators. Accuracy was assessed as concordance with the
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125  positive or negative status of the specimen as assessed by molecular (RT-PCR) testing.
126  These specimens were also tested for concordance with a semiquantitative SARS-CoV-
127 219G and IgM assay (SARS-CoV2 IgG or IgM ELISA, Ansh Laboratories, Webster, TX)
128  on the Dynex DS2 (Dynex Technologies, Chantilly, VA), using the manufacturer’s cutoff
129  value as a threshold for positive or negative results. An additional twelve samples were

130  split and tested for concordance with results from a reference laboratory (Viracor

131  Eurofins IgG and IgM panel).

132 Seroconversion in our patient population was assessed by correlation of chart review of
133 55 patients known to be positive for SARS-CoV-2 by RT-PCR and known date of

134  symptom onset with sample reactivity by the CoV2T assay. Specimens were grouped
135 by the number of days elapsed since the first reported symptom per patient history.

136  Sensitivity was determined in samples that were post day 7 of symptom onset.

137  Analytical specificity was assessed by testing 14 different patient samples known to be
138  positive for other viruses by molecular testing (including Influenza A, Influenza B,
139  respiratory syncytial virus (RSV), adenovirus, rhinovirus, or other coronaviruses), but

140  negative for SARS-CoV-2 by RT-PCR.

141  Interference testing was also performed by spiking known negative or positive samples
142 with known concentrations of hemoglobin, conjugated bilirubin, and triglyceride-rich lipid
143 (Sun Diagnostics, New Gloucester, ME). Results were considered acceptable if the

144  spiked sample reactivity was concordant with the neat sample.

145  The effect of tube type was assessed by collecting specimens from five volunteers into

146  serum separator or K,EDTA tubes, and measuring the resultant serum or plasma on the
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147  CoV2T assay. Concordance between tube types was assessed, with results considered

148  acceptable if concordant.

149  Statistical analysis was performed in EP Evaluator. Results are given as mean *

150  standard deviation.
151

152  Results

153

154  The Vitros CoV2T assay exhibited good precision. The CoV2T is a qualitative assay

155  and does not report numerical results for patient use, but we examined the coefficient of
156  variation using the signal to cutoff ratios (s/c). In intra-assay experiments, a known

157  negative specimen was reported as nonreactive over 10 replicates, with s/c CV of

158  10.9%. A known positive specimen was reported as reactive, with s/c CV of 1.6%. Inter-
159  assay experiments yielded CV of 9.7% for a negative specimen and 3.3% for a positive

160  specimen (Table 1).

161  The CoV2T assay was concordant with negative and known positive cases of COVID-
162 19 at our and neighboring institutions. Of healthy volunteer specimens, 100% (57/57)
163  tested nonreactive by the CoV2T assay. Of SARS-CoV-2 PCR confirmed positive

164  patient specimens, 70.9% (56/79) of all specimens tested reactive by CoV2T assay

165 (Table 2). However, seroconversion in our patient population appeared to occur on day
166 4 to 7 after the onset of initial symptoms, and 96% of specimens collected on or after
167 day 4 yielded a reactive result (Table 3). Only 6 of 17 (35%) specimens collected in the

168 first three days of symptom onset were reactive by the CoV2T assay. Sensitivity
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169  (Positive predictive agreement or PPA) of the assay 7 days after of onset of symptoms
170  was 100%, with the exception of one specimen which was reported to be PCR-positive

171  at an outside location but was tested as negative in our hospital.

172 There is no reference standard for serological testing of SARS-CoV-2, but we sought to
173  compare the CoV2T assay with other serological methods for concordance. Twelve split
174  specimens (4 nonreactive, 8 reactive) were tested at a reference laboratory using a

175 qualitative assay, and were 100% concordant with the CoV2T assay. For the

176  semiquantitative IlgG method, the CoV2T assay was 91.2% concordant for negative

177  samples (N = 80) and 91.6% concordant for positive samples (N = 48). (Table 4).

178  Analysis of plasma from patients with other viral infections did not indicate cross-

179  reactivity with the CoV2T assay. Specimens from 14 patients previously tested to be
180  negative for SARS-CoV-2 by RT-PCR, but positive for another respiratory viral infection
181 by molecular analysis were nonreactive by the CoV2T assay. Interference studies

182  identified no changes in sample reactivity when spiked with hemoglobin, conjugated
183  bilirubin, or triglyceride-rich lipid (Table 5). Antibodies were not detected in specimens
184  that were SARS-CoV-2 PCR negative (n=35), thereby yielding specificity (Negative

185  Predictive agreement) of 100%.

186  The CoV2T instructions for use indicate that either serum or K;EDTA plasma may be
187 used for analysis. Across five specimens, we verified that all specimens collected were

188  concordant regardless of tube type used.
189

190 Discussion
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191  The availability of reliable serological testing for SARS-CoV-2 will be an important public
192  health tool to mitigate the impact of COVID-19. Several serological assays have

193  received an EUA by the FDA, and we describe here the validation of the Vitros CoV2T
194 total antibody assay in our hospital laboratory. The CoV2T assay exhibited good

195  analytical precision, good sensitivity (concordance with RT-PCR testing for SARS-CoV-
196  2), and good concordance with other serological assays. We also confirmed that the

197 assay had good specificity, and was robust to overcome common analytical

198 interferences, and exhibited similar performance between serum and K;EDTA plasma
199 samples. Our studies did not identify cross-reactivity of the CoV2T assay with other

200 respiratory viruses or coronaviruses, but these studies were limited by the small number
201 of available validation specimens in our laboratory. Further testing, particularly with

202  banked specimens from prior to the emergence of SARS-CoV-2, will be useful to

203 identify the possibility of cross-reactivity from other related viruses in this assay. Other
204  studies have indicated low cross-reactivity of their serological assays with other

205  coronaviruses using specimens from prior to the emergence of SARS-CoV-2, but this
206 might differ slightly between assay manufacturers 2. Until the possibility of cross-

207  reactivity is further evaluated, a positive antibody test by the CoV2T assay should be

208  considered only presumptively positive for COVID-19 exposure.

209  Our studies also demonstrated excellent specificity (100%) with sensitivity of 70.9% in
210  our complete validation sample set. The single specimen in our validation set that was
211 discordant in a positive patient (positive by PCR at > 13 days post-onset, negative by

212 CoV2T) was considered positive on the basis of an outside test result. When tested

213 using our in-house RT-PCR assay, with a detection limit of as few as 40 copies of viral
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214  RNA per reaction, this specimen was negative for SARS-CoV-2. However, these data
215  are preliminary, there is no standard reference method for serological testing to which to
216 compare the CoV2T results, and the predictive value of the CoV2T assay when used as
217  ascreening test will be dictated by the actual prevalence of COVID-19 in our population
218 and timing of specimen collection relative to the onset of symptoms. The performance of
219 the CoV2T assay appears to be similar to that previously reported for other serological
220 assays for COVID-19, with other methods internationally yielding sensitivity of 73.3-

221 100% and specificity of 90.6-100% 23, however, performance characteristics are likely
222 to vary based on epitope specificity and selected cutoff value for positive/reactive

223 specimens. Further clinical performance studies are ongoing in our laboratory.

224 The higher specificity of the CoV2T assay relative to its sensitivity in our studies likely
225  reflects the fact that a patient positive for SARS-CoV-2 by RT-PCR may be in the early
226  stages of infection and may not yet be seropositive, resulting in false negatives. Studies
227  of our patient population suggest that seropositivity as measured by the CoV2T assay
228  may occur within the first 7 days, and show 97% sensitivity for SARS-CoV-2 at or

229  beyond 7 days after the onset of symptoms. These data align with existing literature,
230  which report that seropositivity for anti-SARS-CoV-2 antibodies occurs in only 50% of
231 patients by 7 days after peak viral replication ®°. The clinical utility of serological testing
232 in management of COVID-19 patients is not yet known, but we concur that serological
233 testing is likely to be of limited use for initial detection and diagnosis of symptomatic
234 infections, largely due to variability in time between infection and detectable immune

235 response. Additionally, in immunocompromised patients, any serological testing for
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236 SARS-CoV-2 assays may not be reliable. Consequently, molecular testing methods for

237  viral RNA detection should be preferred as a diagnostic method.

238  Further, the CoV2T assay is qualitative, reporting total reactivity of IgG and IgM together
239 rather than individually. Consequently, it cannot distinguish between convalescence and
240 the acute phase of iliness, two states that may be mistaken for one another given that
241  many cases of COVID-19 have been reported to be asymptomatic. Use of an assay that
242  measures IgG and IgM separately may be useful to identify convalescence, and

243 confirmatory testing for by RT-PCR for SARS-CoV-2 would be necessary to rule out

244  acute infection. Moreover, quantitative serological assays may be useful to evaluate

245  associations between antibody titer and clinical classification.

246 Current FDA and CDC guidelines specify that while serological testing should not be
247  used as a sole test to diagnose or rule out COVID-19, it may be useful to identify

248 individuals with a history of recent exposure to SARS-CoV-2 ’. This information is

249  important from a public health perspective both to identify the actual number of COVID-
250 19 cases within a population (including those who were asymptomatic), and to

251  determine whether a population has sufficient numbers of presumptively immune

252 individuals to confer herd immunity.

253 Identification of actual case numbers permits generation of important epidemiological
254  data, such as case fatality rates and correlation of demographic data with morbidity and
255  mortality. Further, identifying individuals who are seropositive and recovered may be
256 useful in treatment and prevention efforts. While it is yet unknown whether seropositivity
257 against SARS-CoV-2 confers protection against reinfection with the virus, existing data

258  suggest that reinfection is unlikely *. Consequently, serological testing will likely be a
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259  useful tool for screening of workers, particularly essential workers along the front lines.
260 In these individuals, serological testing may identify those at lower risk of infection from
261 further exposure to COVID-19 and to inform who may return to work. However, given
262  the limited information as of yet available on the clinical performance of this and other
263  serological assays, it will be important to be vigilant for false positives in antibody

264  testing. As with all clinical testing, the results from serological testing must be

265 interpreted with respect to available epidemiological evidence and clinical context.

266  The use of convalescent plasma therapy in the treatment of COVID-19 has been

267  authorized by the FDA for compassionate use . Convalescent plasma is derived from
268  recovered and seropositive individuals, and thus, serological testing will be important to
269 identify individuals who are eligible to donate plasma for this purpose. Antibodies from
270  convalescent plasma may also be useful in the development of vaccines for SARS-

271 CoV-2. In the future, serological tests can potentially be used in the evaluation of

272 vaccine efficacy.

273 Future testing strategies for serological evaluation of SARS-CoV-2 may be able to

274  specifically identify neutralizing antibody titers against the virus, as opposed to

275 nonspecific or non-neutralizing antibodies. There is little existing information on the

276  clinical relevance of neutralizing antibodies, but higher titers have been suggested to be
277 correlated with milder disease course *°. The concordance of the CoV2T assay with

278  methods to identify neutralizing antibodies will be important to know if clinically relevant.

279  There is also increasing evidence from the literature that serology testing may become
280 very important in illnesses that occur in asymptomatic patients in the post-acute stage of

281  COVID-19 infection, including unexpected thrombotic strokes and other
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282  thromboembolism, “COVID toes” and other cutaneous syndromes, and, as recently

283 described, multi-inflammatory syndrome in the pediatric population *"*°. In these groups
284  of patients, confirmation of previous exposure to SARS-CoV-2 by demonstration of

285  seropositivity will be important to clearly link these disease states to COVID-19, which

286  may help inform clinical management of patients.

287  In summary, we validated the Vitros CoV2T assay as a qualitative screening method for
288  seropositivity against SARS-CoV-2 in our laboratory. We anticipate this assay will be a
289  useful method for determination of true COVID-19 infection rates in our population, and
290 may be useful as a predictor of immune status against COVID-19. While serological

291  testing should be evaluated and implemented judiciously, it should ultimately provide a

292  useful tool for surveillance and containment efforts in the ongoing COVID-19 pandemic.
293
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296  Clinical Diagnostics, but they maintained no involvement in study design or validation,
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298
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Sample Intra-assay s/c (%CV) Inter-assay s/c (%CV)
Non-Reactive (s/c <1.0) | 0.065 £ 0.007 (10.9%) 0.171 £ 0.017 (9.7%)
Reactive (s/c > 1.0) 245 + 3.9 (1.6%) 3.051 + 0.099 (3.3%)

299 Table 1. Intra- and inter-assay precision study results. S/c is given as mean + standard

300 deviation.

301
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302
RT-PCR RT-PCR
Total
positive negative
CoV2T reactive (Ab
56 0 56
positive)
CoV2T nonreactive
23 57 80
(Ab negative)
79 57 136

303 Table 2. Concordance of the CoV2T assay with positive or negative results by RT-PCR

304 for SARS-CoV-2.

305

306
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307
Days post-onset | N Reactive
<3 17 | 35% (6/17)
4-7 7 | 86% (6/7)
8-13 8 | 100% (8/8)
> 13 23 | 96% (22/23)*

308 Table 3. Antibody reactivity by CoV2T assay in patients positive for SARS-CoV-2 by
309 RT-PCR, grouped by number of days since the first reported symptom. Positive

310 predictive agreement at > 7 days post-symptoms was 98%. *One patient in the >13 day
311  group was reported positive at an outside hospital, but tested negative by RT-PCR at

312  our institution.

313
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315
1gG 19G IgM IgM
i ) " . 316
positive | negative positive | negative
CoV2T 44 7* 51 CoV2T 28 23 517
Reactive Reactive
318
CoV2T 4 73 77 CoV2T 1 76 77
319
Nonreactive Nonreactive
48 80 128 29 99 378

Table 4. Method comparison with semiquantitative SARS-CoV-2 IgG and IgM ELISA.
*Reactive specimens by CoV2T that were not IgG positive were not found to be positive
for IgM by semiquantitative ELISA. All data from split sample testing with Viracor

reference laboratories were concordant.
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Interferent

Negative sample s/c

Positive sample s/c

None

0.16 (nonreactive)

202 (reactive)

Positive for Influenza A,
Influenza B, respiratory
syncytial virus (RSV),
adenovirus, rhinovirus, or
other coronaviruses

(N=14)

0.15 + 0.15 (nonreactive)

none

Hemolysate, 120 mg/dL

0.16 (nonreactive)

178 (reactive)

Conjugated bilirubin, 30

mg/dL

0.21 (nonreactive)

180 (reactive)

Triglyceride-rich lipid, 250

mg/dL

0.09 (nonreactive)

206 (reactive)

Table 5. Analytical specificity studies with interference and other respiratory virus-

positive specimens. For interference studies, known concentrations of interferent were

spiked into either a known nonreactive or reactive sample. For other virus-positive

specimens, patient specimens previously tested positive for another virus by molecular

methods were tested by the CoV2T assay for reactivity.
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