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36

37 ABSTRACT

38 BACKGROUND. Skin manifestations have been reported in patients with SARS-CoV-2 infection. 

39 As a reference laboratory for measles and rubella surveillance in Lombardy, we evaluated the 

40 association between SARS-CoV-2 infection and measles-like symptomatology while providing 

41 evidence for undetected early circulation of SARS-CoV-2. 

42 METHODS. Overall, 435 samples from 156 cases were investigated. RNA isolated from 

43 oropharyngeal swabs (N=148) and urine (N=141) was screened by hemi-nested PCRs targeting 

44 key sites for viral typing. After Sanger sequencing, detected mutations were used to estimate the 

45 time of emergence of the progenitor SARS-CoV-2 using a previously calibrated molecular clock. 

46 Sera (N=146) were tested for anti-SARS-CoV-2 IgG, IgM, and IgA, and the titre of neutralizing 

47 antibodies was assessed.

48 FINDINGS. Molecular evidence for SARS-CoV-2 infection was found in 13 subjects. Two patients 

49 were from the pandemic period (2/12, 16·7%, March 2020-March 2021) and 11 were from the pre-

50 pandemic period (11/44, 25%, August 2019-February 2020). Five of the positive individuals 

51 showed the simultaneous presence of anti-SARS-CoV-2 antibodies. No clear evidence of infection 

52 was found in 281 samples collected between August 2018 and July 2019 from 100 patients. The 

53 first positivity for SARS-CoV-2 RNA was found in a sample collected on September 12, 2019. 

54 Mutations typical of B.1 (PANGOLIN classification) strains, previously reported to have emerged 

55 in January 2020, had already been circulating in October 2019. Hence, we estimate SARS-CoV-2 

56 progenitor of known human infections to have emerged in late June-late August 2019. 

57 INTERPRETATIONS. We find evidence that SARS-CoV-2 was circulating in Lombardy during the 

58 late summer of 2019. This finding highlights the importance of retrospective surveillance studies 

59 to understand the early dynamics of COVID-19 spread and improve national-level preparedness.
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62

63 RESEARCH IN CONTEXT

64 EVIDENCE BEFORE THIS STUDY 

65 We searched PubMed and Google Scholar for articles published up to May 2021 showing early 

66 evidence of SARS-CoV-2 circulation in non-Asian countries. The research showed that the earliest 

67 molecular and serological evidence reported SARS-CoV-2 circulation in Southern Europe in 

68 November-December 2019, including our previous report of a SARS-CoV-2 sequence in the 

69 oropharyngeal swab from a child from Milan (Lombardy) with suspected measles. Additionally, 

70 our literature research focused on reported cases of SARS-CoV-2 with skin manifestation. This 

71 was conducted without language restrictions using the search terms “COVID-19”, “SARS-CoV-

72 2” plus “skin manifestations” and synonyms.

73 ADDED VALUE OF THIS STUDY 

74 Our study provides strong evidence that SARS-CoV-2 was already circulating in Northern Italy 

75 by late summer of 2019 and shows a clear association between measles-like cutaneous 

76 manifestations and SARS-CoV-2. 

77 IMPLICATIONS OF ALL THE AVAILABLE EVIDENCE

78 The spread of SARS-CoV-2 in Southern Europe in the last quarter of 2019 suggests that a wider 

79 geographical area and a broader timespan should be considered during virus origin investigations. 
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80 Future retrospective studies are crucial to seek further early SARS-CoV-2 cases as these are 

81 essential to more accurately identify the time and location of viral emergence.

82

83 INTRODUCTION

84 The novel betacoronavirus Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) 

85 causes the coronavirus disease 2019 (COVID-19) and it was first recognized in China in late 

86 December 20191. Molecular evidence suggests that SARS-CoV-2 emerged as a capable human 

87 pathogen, likely from a bat reservoir, although the existence of intermediate hosts that allowed the 

88 spillover cannot be ruled out. Although the timeline of SARS-CoV-2 emergence has not yet been 

89 resolved, evolutionary analyses predicted that the virus likely circulated in China for some time, 

90 even months, before the first recorded December outbreak in the Hubei province1–4.

91 Shortly after the first identification of SARS-CoV-2, cases were recorded in non-Asian countries 

92 with early reports in mid-late January 2020 in the western regions of North America and Europe5. 

93 Italy was the first European country that reported sustained community transmission of SARS-

94 CoV-2 following the first identification of a non-travel related case in Codogno, Lombardy, on 

95 February 20, 2020. Italy quickly became the epicenter of the European epidemic, with Lombardy 

96 being the most affected area6–8. The viral strain that dominated the Lombardy outbreak, and that 

97 subsequently spread across Europe and beyond, is distinguished from reference strains reported 

98 from China in 2019 by the simultaneous presence of several mutations, such as C3037T, C14408T, 

99 and A23403G (resulting in the Spike protein amino acid variant D614G)9,10. This strain is now 

100 classified as 20A in NextStrain10 and B.1 in Pangolin9, and it has an αβ mutational signature4.
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101 Several lines of evidence suggest that SARS-CoV-2 had already been spreading unnoticed within 

102 Europe for several weeks before being recognized. In fact, SARS-CoV-2 RNA was detected in 

103 wastewaters in Northern Italy in late December 201911, and there is indirect evidence for 2019 

104 infections through antibody detection in France12. In addition, SARS-CoV-2 RNA was detected as 

105 early as December 2019 in a respiratory sample from a French patient hospitalized for 

106 haemoptysis13 and in the oropharyngeal swab from a child from Milan (Lombardy) with suspected 

107 measles14, while viral antigens and RNA were detected in paraffin-preserved skin biopsies of a 

108 woman with dermatosis prepared in November 2019 in Milan15. 

109 A variety of skin manifestations have been reported in patients with SARS-CoV-2 infection, 

110 especially by Lombard dermatologists16. These manifestations, which pose diagnostic difficulties 

111 in the context of COVID-1917, appear at any disease stage, are sometimes characterized by late-

112 onset, and have variable duration, severity, and prognosis17–19. Skin manifestations can also appear 

113 at a late stage of infection or even in the absence of respiratory symptoms18, posing a diagnostic 

114 challenge since respiratory swabs from affected patients can be RNA-negative when cutaneous 

115 manifestations appear19,20.

116 As a MoRoNet-accredited and WHO-accredited Subnational Reference Laboratory for measles 

117 and rubella surveillance operating in Lombardy, we receive every year oropharyngeal swabs 

118 and/or urine from patients that present with morbilliform rash to perform molecular and serological 

119 diagnostics21. We monitor Milan and its surroundings, a densely populated area with about 4 

120 million inhabitants, as well as other Lombard provinces (i.e., Brescia, Varese, Como, and Monza-

121 Brianza). Besides diagnostics, we evaluate every year several performance indicators, including 

122 the rate of discarded non-measles and non-rubella cases, expressed as the number of non-

123 measles/non-rubella cases in a year divided by the average population in the study area. In 2019, 
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124 this rate was over two times higher than the average of the previous two years (3·00 per 100,000 

125 vs. 1·25 per 100,000)22 and, since the summer of 2019, the percentage of suspected measles and 

126 rubella cases that tested negative steadily increased from about 30% to 70% at the start of the first 

127 pandemic wave, and to 100% in 2021 (Figure 1).

128 These observations prompted us to further investigate whether SARS-CoV-2 infection could be 

129 involved in morbilliform clinical manifestations, thus explaining an epidemiological trend that 

130 began several months before the first known COVID-19 cases had been observed in Italy. This 

131 study expands on our previous report14 and describes the results of the surveillance conducted on 

132 samples collected over two and a half years, beginning more than a year prior to the beginning of 

133 the COVID-19 pandemic. We simultaneously investigate the association between SARS-CoV-2 

134 and measles-like symptomatology and provide further evidence for an undetected early circulation 

135 of SARS-CoV-2 in Lombardy. For this purpose, all samples from measles/rubella negative patients 

136 that our laboratory received within the measles and rubella surveillance framework since August 

137 2018 were tested for evidence of SARS-CoV-2 infection. These samples were all collected when 

138 the first tentative diagnosis of measles or rubella was made, which is when the skin manifestations 

139 became evident. 

140 MATERIALS AND METHODS

141 Specimens

142 Samples from cases with morbilliform rashes that received negative measles and rubella 

143 diagnostics (discarded cases) collected between the summer of 2019, when the increase in 

144 discarded measles-rubella cases was observed, and the beginning of the pandemic were the main 

145 focus of this survey. Additionally, samples from all discarded cases collected during the prior 12 
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146 months were included as control, and those received during the pandemic period were included 

147 for comparison.

148 Overall, 435 samples (148 oropharyngeal swabs, 141 urine samples, and 146 serum samples) 

149 collected from 156 cases were investigated for SARS-CoV-2 infection. These included samples 

150 from 44 cases collected between August 2019 and February 2020 (pre-pandemic cases), 12 cases 

151 between March 2020 and March 2021 (pandemic cases), and 100 cases between August 2018 and 

152 July 2019 (control cohort). The paucity of samples received during the pandemic period was due 

153 to lockdown measures and the slowdown in measles surveillance activities. Since all samples were 

154 received from hospitals, patients from the pandemic period had already tested negative for SARS-

155 CoV-2. Samples included oropharyngeal swabs (Copan, Copan Italia SPA, Italy) submerged in 3 

156 ml universal transport medium (UTM), urine, and sera, all stored at -80°C in the biobank of the 

157 Laboratory at the University of Milan.

158 This work was carried out as part of the Integrated Measles-Rubella Surveillance, performed by 

159 law in accordance with the Prime Minister's Decree of 3 March 2017 

160 (https://www.gazzettaufficiale.it/eli/id/2017/05/12/17A03142/sg). The retrospective study was 

161 conducted in the absence of consent following the declaration of state of emergency caused by the 

162 SARS-CoV-2 pandemic, in accordance with letter i, article 9 of the GDPR (https://eur-

163 lex.europa.eu/legal-content/IT/TXT/HTML/?uri=OJ:L:2016:119:FULL&from=FI). 

164 Molecular testing and sequence analysis

165 Two hundred and eighty-nine samples (148 oropharyngeal swabs, 141 urine samples) were 

166 investigated for SARS-CoV-2 RNA. When not already available from previous surveillance 

167 activities, RNA was freshly isolated. RNA isolations were performed with the NucliSENS® 
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168 easyMAG™ automated system (bioMérieux bv, Lyon, France) from 1ml of UTM and/or using 

169 pellet obtained from 5-15 ml of urine as input, and cDNA was synthesized using SuperScript™ II 

170 Reverse Transcriptase (ThermoFisher, Waltham, Massachusetts) with the reverse primer (final 

171 concentration of 20 µM), according to the manufacturer's instructions. Samples were screened 

172 with four different hemi-nested PCRs designed to amplify genomic fragments within the non-

173 structural protein 3 (NsP3), the RNA-dependent RNA-polymerase (RdRp), and the spike protein 

174 (two different PCRs) spanning regions that are known to contain some of the key mutations and 

175 the furin cleavage site (Table 1). PCRs were performed with the DreamTaq DNA polymerase 

176 (ThermoFisher, Waltham, Massachusetts) using 5 µl of cDNA with PCR conditions outlined in 

177 Table 1. Amplicons from positive samples were purified with the NucleoSpin Gel and PCR Clean-

178 Up kit (Macherey-Nagel GmbH & Co. KG, Germany) and outsourced for Sanger sequencing. 

179 Isolated RNA was also tested for SARS-CoV-2 by Real-Time PCR according to the diagnostic 

180 protocol of the CDC23.

181 Obtained sequences (accession numbers MZ223385-MZ223398) were compared to the reference 

182 strain Wuhan-Hu-1 (accession number NC_045512.2) to detect mutations. Identified mutations 

183 were evaluated using a recently developed mutation order analysis approach, and the time of 

184 emergence of the SARS-CoV-2 progenitor (proCoV2)4 was calculated using a previously 

185 calibrated molecular clock24.

186 Serological testing

187 For serological investigations, 146 sera (98 control cases, 38 pre-pandemic cases, and 10 pandemic 

188 cases) were tested for anti-SARS-CoV-2 IgG, IgM, and IgA using the semi-quantitative Anti-

189 SARS-CoV-2 ELISA (Euroimmun, Lübeck, Germany) tests, according to manufacturer’s 

190 instructions. 
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191 Positive sera were sent to the Italian National Institute of Health (ISS) to confirm the data and 

192 quantify the titer of neutralizing antibodies by SARS-CoV-2 plaque reduction neutralization test 

193 (serum dilution causing 80% plaque reduction, PRNT80) conducted, as previously described25, 

194 under biosafety level 3 facilities at ISS (Rome, IT). 

195 Statistical analyses

196 Differences between positivity rates in different groups  were evaluated for statistical significance 

197 using the Mid-p exact test with OpenEpi (www.OpenEpi.com), with p-values ≤ 0·05 (two-tailed 

198 tests) considered significant.

199 Role of the funding source

200 Funders have played no role in the research.

201 RESULTS

202 SARS-CoV-2 infection detection

203 Molecular evidence for SARS-CoV-2 infection was found in 13 subjects (Table 2), with a 

204 positivity rate of 16·7% (2/12) for the pandemic cases and 25% (11/44) for the pre-pandemic cases 

205 (Table 3). Noteworthy, none of the 191 swab and urine samples collected before September 2019 

206 showed any positivity. For six of the 13 patients (46·2%) viral RNA was found in urine, while for 

207 the remaining seven patients (53·8%) the virus was found in respiratory material. The virus was 

208 found only in the urine of patients from the pandemic period (2021), confirming the negative 

209 SARS-CoV-2 diagnosis performed at the hospital using respiratory samples. Samples from nine 

210 of the 11 patients of the pre-pandemic period were all collected in 2019. In the considered period, 

211 the very first sample that tested positive for SARS-CoV-2 RNA was a urine sample collected as 
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212 early as September 12th, 2019, from an 8-months old child whose serum was also IgG and IgM 

213 positive (Table 2). Of note, all samples from positive patients only became positive after nested 

214 PCRs and none of the samples tested positive with the Real-Time PCR diagnostic protocol, 

215 indicative of low viral load at the detection limit. 

216 Four of the nine patients from the pre-pandemic period, tested positive for anti-SARS-CoV-2 

217 antibodies, with IgM being the most frequently detected antibody class. However, only one of 

218 these sera revealed partially neutralizing antibodies (causing 62% plaque reduction) (Table 2). 

219 Additionally, serological positivity in the absence of viral detection was observed for four subjects 

220 that were sick during the pandemic period and presented IgA in combination with at least another 

221 class of antibody (Table 2). Interestingly, independently from the date of sample collection, we 

222 detected antibodies in all six positive children aged one year or younger, while only three out of 

223 nine older patients resulted positive in ELISA (Table 2).

224 One serum sample collected at the end of August 2019, and five serum samples collected in July 

225 2019 showed IgA positivity alone. Since no molecular evidence for SARS-CoV-2 was found, and 

226 the neutralization assay could not confirm the results (only partial neutralization was observed for 

227 a few samples: 50-59% plaque reduction), we concluded that the evidence of infection was too 

228 weak and considered the diagnosis for these patients inconclusive. A similar determination was 

229 made for two other patients that presented symptoms during the pre-pandemic period. None of the 

230 98 sera from the control group tested positive for IgG or IgM (Table 3). Remarkably, results 

231 obtained for pre-pandemic and pandemic cases were comparable, and each patient presented a 

232 unique pattern of positivity, with none showing a positive result for every test performed (Table 

233 2). 
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234 None of the positive patients reported any history of travel in the prior two weeks the onset of rash. 

235 The first pre-pandemic cases were mainly localized East of Milan and Brescia (September-

236 October, 2019), while later cases were identified in the area North-West of Milan (November-

237 December, 2019). Interestingly, no cases were reported from Como, Monza-Brianza, and Varese, 

238 none of which were particularly affected by COVID-19 during the first wave7,8. Five out of 11 pre-

239 pandemic cases occurred in the period October 12–

240 23, 2019. Pandemic cases were mostly localized in the province of Milan and were all detected in 

241 the first months of 2021.  

242 Sequence analysis

243 In total, we obtained 15 sequences, including 12 from pre-pandemic cases (Table 2). All the three 

244 major variants (C3037T, C14408T, and A23403G), which were first detected weeks after the 

245 outbreak in China, were observed whenever these regions were sequenced, indicating that 

246 sequences from October 2019 already carried variants that were absent in the first sampled strains 

247 (e.g., Wuhan HU-1) reported from China (Supplementary Table S1, Figure 2). Six out of the seven 

248 partial S sequences (fragment B) were 100% identical to the reference sequence Wuhan HU-1. 

249 We found no mutations within the furin cleavage site, and one sequence (case ID #5) contained 

250 two additional non-synonymous mutations in NsP3, unique in our dataset: T2987C (F908L) and 

251 T3012C (L916S), whose significance is unclear. Interestingly, evidence for a possible co-infection 

252 with multiple strains was noted in one patient (case ID #10) as two double peaks were observable 

253 in the electropherograms of the S sequences: 23000C/T and 23222G/A (Supplementary Figure 

254 S1).  
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255 The three common mutations (C3037T, C14408T, and A23403G) belong to the β group of 

256 mutations4 previously not observed in samples collected before late January 2020. All globally 

257 circulating genomes with β mutations also carry three ⍺ mutations (T18060C, T8782C, and 

258 C28144T), inferred to precede them temporally; however, these mutations lie outside the 

259 fragments sequenced in this study. Nonetheless, the mutation tree predicts that these mutations are 

260 likely to be present in the pre-pandemic strains, implying that these strains are at least six mutations 

261 away from the inferred SARS-CoV-2 progenitor strain and belong to the αβ lineage, which has 

262 produced almost all the major offspring strains circulating today (Figure 2).

263 Since all three β mutations were already detected by October 22, 2019, we project that the 

264 progenitor of SARS-CoV-2 already existed 11·6 – 16·2 weeks earlier than October 22, i.e., in late 

265 June 2019 to late August 2019, using a simple extrapolation based on six mutations and the current 

266 range of mutation rate estimates4,24.

267 DISCUSSION

268 There is a clear association between morbilliform eruptions and SARS-CoV-2 infection18, 

269 although diagnostics remains challenging given the non-specific clinical spectrum, the 

270 inconsistencies in laboratory results, and the lack of an optimal time for testing. While antibody 

271 testing might not provide a definite diagnosis, especially in cases of sustained viral spread, viral 

272 detection is complicated by lower viral loads. In fact, all samples that we identified as SARS-CoV-

273 2-positive (pre-pandemic and pandemic cases) were only positive after two rounds of amplification 

274 and were consistently negative in standard Real-Time PCR-based diagnostic protocols. There was 

275 concordance between our data and the diagnostics performed at the hospital as none of the 

276 respiratory samples obtained during the pandemic period tested positive, while SARS-CoV-2 RNA 
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277 was identified only in urine samples collected from two patients during this period. Additionally, 

278 each patient showed a unique pattern of positivity. 

279 The identification of viral RNA in urine indicates that a systemic infection occurs concurrently 

280 with the development of the morbilliform skin rash and the low detectability in respiratory 

281 samples, likely a consequence of low RNA load, could reflect a shifted appearance of the skin rash 

282 in respect to respiratory symptoms. Furthermore, our analysis of the pandemic samples might be 

283 biased towards cases that are “difficult to detect” as in this period we only received samples from 

284 patients whose respiratory sample tested negative for SARS-CoV-2 RNA using RT-PCR, which 

285 is the standard diagnostic method, and were, therefore, already characterized by a viral load below 

286 the limit of detection. Finally, since some of the cases identified during the pandemic period 

287 declared close contacts with COVID-19 confirmed cases during the days and weeks before 

288 symptom onset, epidemiological investigations remain crucial in helping to diagnose these cases, 

289 and future studies should further elucidate the relationship between SARS-CoV-2 and 

290 morbilliform skin rash. 

291 Following the first demonstration of early SARS-CoV-2 circulation in Northern Italy14 and the 

292 detection of viral RNA in urine samples from patients with morbilliform eruptions in 2021, we 

293 decided to screen all available urine and oropharyngeal swab samples collected from measles-

294 negative patients that were submitted to our laboratory since August 2018. Our results provide 

295 strong evidence that SARS-CoV-2 was already circulating in Northern Italy by late summer of 

296 2019, with the first molecular evidence of infection dating September 12th, 2019, and no PCR-

297 positive result for any of the 191 samples collected before this date. Importantly, all identified 

298 cases, including the nine from 2019, were not travel-related. 
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299 Results obtained with samples from the pre-pandemic period (August 2019-February 2020) were 

300 analogous to those obtained with samples collected in 2021, further corroborating our hypothesis 

301 of the involvement of SARS-CoV-2 in morbilliform eruptions, which can, at least partially, explain 

302 the increase in the rate of discarded non-measles and non-rubella cases observed since late 2019. 

303 Additionally, we observed sequence variability and detected multiple variants circulating during 

304 the pre-pandemic period, as reported in China between December 2019 and January 202026. These 

305 results confirm recent computational findings that several SARS-CoV-2 lineages had been 

306 spreading worldwide at least for several weeks before the first reported COVID‐19 cases4.

307 Partial sequence analysis showed that β mutations (diagnostic of lineage 20A and B.1) were 

308 already present in strains from the last quarter of 2019, implying that a lineage of the coronavirus 

309 substantially different from the putative progenitor was already circulating in Northern Italy at that 

310 time, pushing back the predicted date of the progenitor SARS-CoV-2 to the range between late 

311 June 2019 and late August 2019. This finding might seem surprising as these mutations have so 

312 far been only identified in strains from 2020. However, the pool of sequences from 2019 is very 

313 small, and genomes carrying these mutations may have simply gone undetected thus far. A recent 

314 analysis of recovered sequences from thirteen early Chinese isolates showed how the addition of 

315 even a few early isolates can significantly shift the relatively likelihoods for the most likely 

316 location of the viral outbreak27. Finally, although it is possible that viruses carrying β mutations 

317 were imported into Europe, it is also conceivable that these mutations have evolved in parallel 

318 outside China as the virus was circulating in other geographical areas, as also already previously 

319 hypothesized4. 

320 Since strains with an αβ mutational signature have produced all major lineages and no other high-

321 frequency mutations have so far been observed, we could hypothesize that a strain capable of 
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322 efficient human-to-human transmission had already been circulating in Northern Italy by 

323 September 2019. Epidemiological stochasticity and the non-linear relationship between incidence 

324 and mortality and the time of community circulation commencement28 could explain the delay 

325 between virus introduction in Lombardy (no later than September 2019) and the observed increase 

326 in mortality and hospitalizations (March 2020) (www.istat.it, report of the 5th of March, 2021). 

327 However, an alternative hypothesis of circulation of a somewhat genetically different virus with 

328 reduced transmissibility and/or virulence could not be excluded. This could also explain why we 

329 observed a lower degree of neutralization for sera from 2019 than those collected in 2021, possibly 

330 indicating a weaker virus-antibody bound29. However, it has to be stressed that immunological 

331 data suggest that the adaptive immune response against SARS-CoV-2 could be weak, especially 

332 if the patient experienced mild symptomatology, that antibodies can quickly disappear following 

333 recovery, and that a not insignificant proportion of patients does not develop neutralizing 

334 antibodies or develops them only for a short time frame30. Indeed, serological results alone could 

335 not be used as proof of early viral circulation as serological evidence for infection for pre-pandemic 

336 cases was weak. In our study, immunological markers were used to integrate the molecular 

337 investigation that, combined with sequencing, allowed us to draw much stronger conclusions. 

338 Our study retrospectively tested samples that were collected for measles/rubella surveillance and 

339 not for COVID-19 diagnostics. Thus, these samples may have been suboptimal for SARS-CoV-2 

340 detection as they were collected when the skin rash manifested, i.e., when the viral load in the 

341 respiratory tract might have been low. Although our study demonstrates a previously undetected 

342 early SARS-CoV-2 circulation, stronger and more conclusive answers could be obtained by 

343 retrospectively investigating samples collected during acute respiratory infections, such as those 

344 collected within the framework of surveillance systems for respiratory viruses. Additionally, to 
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345 definitively explain why the observed clinical cases predate the currently predicted emergence 

346 date24, based on molecular clock analyses, of both SARS-CoV-2 and clade 20A strains, and to 

347 definitively clarify whether previously undetected mutations were present in initial strains, 

348 complete genome sequencing of early strains is pivotal. 

349 Our results have relevant implications for the global effort to clarify the chain of events that lead 

350 to the emergence of SARS-CoV-2 in the human population and suggest that a wider geographical 

351 area and a broader timespan should be considered during virus origin investigations. The results 

352 presented here bear no relevance to the lab leak versus natural origin debate. Finally, we would 

353 like to encourage other groups to perform additional retrospective studies using samples stored in 

354 biobanks to seek further early SARS-CoV-2 cases as these are essential to more accurately identify 

355 the time and location of viral emergence. Furthermore, since we showed that Real-Time PCR 

356 might not be the preferred method for screening archived samples or detecting the virus in sub-

357 optimal samples and cases of atypical clinical patterns, we suggest using a combination of multiple 

358 nested-PCRs targeting several different fragments since this was the approach that allowed us to 

359 identify a larger number of positives. Our study highlights the crucial role of surveillance systems 

360 in managing epidemics at their origin and as a tool to investigate early stages of pathogen 

361 transmission retrospectively.
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Table 1. Primers used for the molecular detection of SARS-CoV-2 RNA.

Target 

Gene

Primer Name

(orientation)
Nucleotide sequence 5’3’

Ta1

(°C)

No. of 

cycles

Amplicon 

size

Position2 

nucleotide 

(amino acid)

Mutation 

or Motif3
Reference

C3037T F1/2 (+) TTGATTTAGATGAGTGGAGTATGGCTAC

C3037T R1 (-) GTCTGAACAACTGGTGTAAGTTCCNsP3

C3037T R2 (-) CATCATCTAACCAATCTTCTTCTTGCT

60 40 263 bp
2949-3212 

(76-164)

C3037T

(F106F)
This study

C14408T F1/2 (+) TTTGGATGACAGATGCATTCTGC

C14408T R1 (-) GATAGTAGTCATAATCGCTGATAGCAGRdRp

C14408T R2 (-) CCGGGTTTGACAGTTTGAAAAGC

58 40 335 bp
14343-14678 

(300-412)

C14408T

(P323L) This study

A23403G F1 (+) TTCAACTTCAATGGTTTAACAGGCA

A23403G F2 (+) GTCCGTGATCCACAGACACTTGSpike A

A23403G R1/2 (-) GTGGGTATGGCAATAGAGTTATTAGAGT

60 40 421 bp
23288-23709 

(575-715)

A23403G (D614G)

FCS4
This study

OUT-F (+) AGGCTGCGTTATAGCTTGGA

MaSi_AR (-) ACACTGACACCACCAAAAGAACSpike B

SiMa_BF (+) TCTTGATTCTAAGGTTGGTGGT

55 35 470 bp
22882-23352 

(440-596)

T22917G (L452R), 

G23012A (E484K), 

G23012C (E484Q), 

A23063T (N501Y), 

C23271A (A570D)

Ref.14

1 Annealing temperature; 2 Referred to Wuhan HU-1 (NC_045512.2); 3Amino acid mutations are indicated in parenthesis; 4 FCS: furin cleavage site (amino acids 

680-689)
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Table 2. Details of identified positive cases$.

Patient

ID
Area

Collection 

date
Delay1

Age 

(yr)
Sex

RT 

PCR
NsP32 RdRp2

Spike 

A2

Spike 

B2
IgM3 IgA3 IgG3

PRNT 80%4

Pre-pandemic cases

1 Milan 12/09/2019 3 0·67 M - - - - + (U) + - + -

2 East Milan 12/10/2019 0 18 F - - - - + (S) - - - -

3 Brescia 17/10/2019 1 9 F - - + (U) - - - - - -

4
North-West 

Milan
19/10/2019 1 1 M - - + (S) - - - + + -

5 Brescia 22/10/2019 1 1 F - + (S) - - - + - - -5

6 East Milan 23/10/2019 NA 1 F - - + (S) - - + - - -

7
North-West 

Milan
22/11/2019 7 2 M - + (S) - - - NA NA

8 West Milan 05/12/2019 4 4 M - - - - + (S) NA NA

9
South-East 

Milan
15/12/2019 2 25 F - - + (U) + (U) + (U) - - - -

10 Milan 09/01/2020 1 53 M - - - - + (U) - - - -

11 Brescia 14/01/2020 4 40 M - - - - + (S) - - - NA

Pandemic cases
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12
North-West 

Milan
15/01/2021 1 65 F - - - - - - + + 1:60

13 Lodi 16/01/2021 9 32 F - + (U) - + (U) - + - - -

14 North Milan 25/01/2021 4 1 F - - - - - + + + 1:160

15 Milan 02/02/2021 1 1 F - - - - - + + - -

16 Milan 26/02/2021 5 47 M - - - - + (U) - - - -

17 North Milan 24/03/2021 6 32 M - - - - - - + + NA

$Patients who showed positivity for IgA alone are not reported as their diagnosis was considered inconclusive. 

1Days from exanthema onset to sample collection. 2 U: urine, S: oropharyngeal swab. 3NA: serum/data not available. 4PRNT: plaque-reduction neutralization test. 

5This serum caused 62% plaque reduction. 
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Table 3. Results of molecular and serological screening for SARS-CoV-2 performed on samples collected from measles- and rubella-

negative patients between August 2018 and March 2021$.

Group Control Pre-pandemic Pandemic

Sampling period August 2018 - July 2019 August 2019 - February 2020 March 2020 - March 2021

N. cases (N. samples) 100 (281) 44 (126) 12 (34)

PCR positive swabs (%) 0/93 (0) 7/43 (16·3)* 0/12 (0)

PCR positive urines (%) 0/90 (0) 4/39 (10·3)** 2/12 (16·7)***

Total PCR positive patients (%) 0/100 (0) 11/44 (25)* 2/12 (16·7)***

IgG positive sera (%) 0/98 (0) 2/38 (5·3) 3/10 (30)

IgM positive sera (%) 0/98 (0) 3/38 (7·9)*** 3/10 (30)

IgA positive sera (%) 0/98 (0) 1/38 (2·6) 4/10 (40)

Ig positive patients (%) 0/98 (0) 4/38 (10·5)§ 5/10 (50)*,#

Overall positives (%) 0 (0) 11 (25)* 6 (50)*
$Patients who showed positivity for IgA alone are not reported as their diagnosis was considered inconclusive. 

* p<0·001 with respect to the control group (Mid-P exact, two-tail test)

** p<0·01 with respect to the control group (Mid-P exact, two-tail test)

*** p<0·05 with respect to the control group (Mid-P exact, two-tail test)

§ 1 subject positive for IgM and IgG, 1 subject positive for IgA and IgG

#1 subject positive for IgM and IgG, 1 subject positive for IgA, IgM, and IgG, and 2 subjects positive for IgA and IgG
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Figure legends

Figure 1. Measles and rubella epidemiological trends observed in our laboratory from 2017 

(start of surveillance activity) to 2021. The number of measles/rubella suspected cases 

investigated is indicated by grey bars (right axis), and the percentage of discarded measles/rubella 

suspected cases (suspected cases with negative diagnostic) is shown by a black line (left axis). The 

asterisk marks the period of interruption of surveillance activities due to lockdown measures.

Figure 2. Schematic display of mutations identified in this study mapped on to the global 

mutational history of SARS-CoV-2.  The backbone mutational tree was reconstructed from an 

analysis of >68,000 genomes estimates in which mutations are denoted by Greek letters 4. Variants 

observed in the Italian samples analyzed in this study are marked by the patient identifiers (ID, see 

Table 2) along with the earliest sample acquisition date for each variant in our samples. Two 

patients (#9 and #13) appear twice because they contained two mutations each (β2 and β3, and β1 

and β2, respectively). Nucleotide mutations are indicated in black while the amino acid mutation 

in the spike protein (β2) is indicated in red. Also shown are the points of attachment of 20A and 

B.1 coronavirus lineages as well as some strains of high concern: B.1.617 from India, B.1.351 

from South Africa, P.1 from Brazil, and B.1.1.7 from the UK. A dotted line is connecting β 

mutations because their relative order in the cluster of three mutations could not be established 

with a high statistical confidence 4. ProCoV2 is the most recent common ancestor (progenitor) of 

all known SARS-CoV-2 genomes sequenced to date. 
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