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Summary
Background Managing discharged COVID-19 (DC) patients with recurrent positive (RP) SARS-
CoV-2 RNA test results is challenging. We aimed to comprehensively characterize the viral RNA

level and serum antibody responses in RP-DC patients and evaluate their viral transmission risk.

Methods A population-based observational cohort study was performed on 479 DC patients
discharged from February 1 to May 5, 2020 in Shenzhen, China. We conducted RT-qPCR, antibody
assays, neutralisation assays, virus isolation, whole genome sequencing (WGS), and

epidemiological investigation of close contacts.

Findings Of 479 DC patients, the 93 (19%) RP individuals, including 36 with multiple RP results,
were characterised by young age (median age: 34 years, 95% confidence interval [CI]: 29-38 years).
The median discharge-to-RP length was 8 days (95% CI: 7-14 days; maximum: 90 days). After
readmission, RP-DC patients exhibited mild (28%) or absent (72%) symptoms, with no disease
progression. The viral RNA level in RP-DC patients ranged from 1-9-5-7 logio copies/mL (median:
3-2,95% CI: 3-1-3-5). At RP detection, the IgM, IgG, IgA, total antibody, and neutralising antibody
(NAD) seropositivity rates in RP-DC patients were 38% (18/48), 98% (47/48), 63% (30/48), 100%
(48/48), and 91% (39/43), respectively. Regarding antibody levels, there was no significant
difference between RP-DC and non-RP-DC patients. The antibody level remained constant in RP-
DC patients pre- and post-RP detection. Virus isolation of nine representative specimens returned
negative results. WGS of six specimens yielded only genomic fragments. No clinical symptoms
were exhibited by 96 close contacts of 23 RP-DC patients; their viral RNA (96/96) and antibody
(20/20) test results were negative. After full recovery, 60% of patients (n=162, 78 no longer RP RP-

DC and 84 non-RP-DC) had NAb titres of =1:32.

Interpretation RP may occur in DC patients following intermittent and non-stable excretion of low
viral RNA levels. RP-DC patients pose a low risk of transmitting SARS-CoV-2. An NAbD titre of =
1:32 may provide a reference indicator for evaluating humoral responses in COVID-19 vaccine

clinical trials.
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60

61  Introduction

62  Coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus
63 2 (SARS-CoV-2), has spread globally to over 213 countries.'> As of July 10, 2020, there have been
64  more than 12,000,000 confirmed patients and 540,000 deaths. Currently, there are approximately
65 200,000 new confirmed patients daily, posing huge challenges for public health and medical
66  institutions.

67

68 Worldwide, there are more than 6,500,000 recovered COVID-19 patients.* Recent reports have
69  described discharged COVID-19 (DC) patients with recurrent positive (RP) reverse transcription
70  quantitative PCR (RT-qPCR) test results for SARS-CoV-2 (RP-DC patients).®!? These studies
71  focused on the clinical characteristics of a small number (<40) of RP-DC patients and found that
72 they generally showed no clinical symptoms or disease progression. However, their positive SARS-
73 CoV-2 RNA test results suggest that these patients might be virus carriers. The management of RP-
74 DC patients is challenging because of the current lack of understanding regarding their viral RNA
75  level, antibody responses, and viral transmission risk. In China, RP-DC patients are placed under a
76  costly fourteen-day quarantine. Clarifying the characteristics and viral transmission risk of RP-DC
77  patients is critical for appropriately managing their cases.

78

79  We performed a population-based observational cohort study of 479 DC patients, discharged from
80  February 1 to May 5, 2020 in Shenzhen, China. Based on the results of integrating RT-qPCR,
81  antibody assays, neutralisation assays, virus isolation, whole genome sequencing (WGS), and
82  epidemiological investigation of close contacts, we comprehensively detailed the demographic,
83  clinical, viral RNA level, and antibody response characteristics and evaluated the viral transmission
84  risk of RP-DC patients.

85
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86  Methods
87  Patients
88  All COVID-19 patients in Shenzhen were treated at the designated Shenzhen Third People’s
89  Hospital; their cases were reported to Shenzhen Center for Disease Control and Prevention (CDC)!!.
90  This study enrolled all DC patients discharged from February 1 to May 5, 2020 in Shenzhen,
91  including asymptomatic patients identified during the RT-qPCR screening of confirmed COVID-19
92  patient close contacts (Figure 1a). Discharge criteria included: (1) normal temperature for >3 days,
93  (2) resolved respiratory symptoms, (3) substantial pulmonary lesion absorption on chest computed
94  tomography (CT) images, and (4) negative results from two consecutive SARS-CoV-2 RNA tests
95  conducted >1 day apart. After discharge, DC patients were quarantined at home (before February
96 18) or in centralised facilities (from February 18) for 14 days. During the 14-day quarantine period,
97  both nasopharyngeal and anal swabs (n=2,442, 4-20 per person) were collected from each patient
98  on the 7% and 14" days (before March 18) or the 1%, 3%, 7t and 14% days (from March 18) for
99  SARS-CoV-2 RNA detection by RT-gPCR. From March 18, serum specimens were collected on the
100 1%, 3%, 7" and 14" days for antibody assays (n=499, 2-8 per person), and some RP-DC patient
101  blood specimens (n=147, 1-4 per person) were collected for SARS-CoV-2 RNA detection by RT-
102  gPCR. After quarantine, DC patients were regularly followed-up on the 7, 14, 30t and 60" days
103  post-discharge. Demographic and clinical severity information was extracted from electronic
104  hospital medical records. Clinical severity on first admission was classified as asymptomatic, mild,
105  moderate, or critical based on Chinese Guidelines for Diagnosis and Treatment for Novel
106  Coronavirus Pneumonia'?.
107
108  The study was approved by the Ethics Committee of Shenzhen CDC (QS2020060007). As data
109  collection is part of the public health investigation of an emerging outbreak, individual informed
110  consent was waived.
111
112 Case definition
113  Because negative results from two consecutive SARS-CoV-2 RNA tests were part of the discharge
114 criteria, a DC patient with recurrent positive test results was defined as an RP-DC patient (Figure

115 1b and appendix Figure S1). These patients were readmitted to hospital for further medical
4
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116  observation until they met the discharge criteria again, including negative results from two
117  consecutive SARS-CoV-2 RNA tests. After re-discharge, an RP-DC patient with further positive
118  SARS-CoV-2 RNA test results was defined as a multiple-RP-DC patient. A DC patient with constant
119  negative SARS-CoV-2 RNA test results was defined as a non-RP-DC (NRP-DC) patient.

120

121 Procedures

122 SARS-CoV-2 RT-gPCR tests were performed on the day of sampling using commercial kits
123 (Zhongshan Daan Biotech). After 45 cycles, specimens with cycle threshold (Ct) values of <40 for
124 both tested genes were considered positive; single-gene-positive specimens were retested and
125  considered positive if the Ct values from the repeat tests were < 40. The viral RNA level
126  (copies/mL) was calculated from Ct values based on the standard curve of control product
127  (Zhongshan Daan Bio-Tech, appendix Figure S2). Serum immunoglobulin (Ig) antibody against the
128  SARS-CoV-2 surface spike protein receptor-binding domain (RBD) was measured using a
129  chemiluminescence kit (IgM, IgG, and total antibody, Beijing Wantai Biotech, measured by cut-off
130  index [COI]) or enzyme-linked immunosorbent assay kit (IgA, Beijing Hotgen Biotech, measured
131 by optical density at 450/630 nm [ODu4so/s30]) in accordance with the manufacturer’s instructions.
132 Virus neutralisation assays were performed using SARS-CoV-2 virus strain 20SF014/vero-E6/3
133 (GISAID accession number EPI_ISL _403934) in biosafety level 3 (BSL-3) laboratories to obtain
134 the neutralising antibody (NAD) titre. To define the cut-off for seropositivity, 169 and 128 serum
135  specimens from confirmed COVID-19 patients and healthy persons were used as positive and
136  negative controls, respectively. Specimens with COI>1 (IgM, IgG, or total antibody), ODas0/630>0.3
137  (IgA), or an NAb titre of =1:4 were considered positive. Vero-E6 cells were used for virus isolation
138  in a BSL-3 laboratory. WGS was performed after specifically amplifying SARS-CoV-2 RNA.
139  Epidemiological investigations were conducted on 96 close contacts (unprotected exposure) of 23
140  RP-DC patients, identified during follow-up. Detailed methods are provided in the Supplementary
141  Appendix.

142

143  Statistical analysis

144 We performed statistical analyses using R version 3.6.1. Categorical and continuous variables were

145  compared using Chi-squared and Mann-Whitney U tests, respectively. Correlations were assessed
5
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146  using Spearman’s correlation test. For all tests, p<0-05 was considered statistically significant.

147

148  Role of the funding source

149  The funders had no role in study design; data collection, analysis, or interpretation; or report writing.
150  The corresponding authors had full access to all study data and had final responsibility for the
151  decision to submit for publication.

152

153  Results

154  From February 1 to May 5, 2020, 504 COVID-19 patients were discharged in Shenzhen. We
155  excluded 25 of them from this study because of insufficient baseline information and enrolled the
156  remaining 479 (438 symptomatic and 41 asymptomatic) patients (Figure 1a). As of July 10, 93 (19%)
157  RP-DC patients were identified, including 45 (9%) multiple-RP-DC patients with two (n=32, 7%),
158  three (n=9, 2%), or four (n=4, 1%) RP results post-discharge (Figure 1b and appendix Figure S1).
159  Of the 93 RP-DC patients, 70 (75%) were identified during their fourteen-day quarantine, and the
160  remaining 23 (25%) were identified during follow-up. The median time from discharge to the first
161  RP was 8 days (95% confidence interval [CI]: 7-14 days; maximum: 90 days). The median times
162  from discharge to final RP and from disease onset to final RP (viral RNA duration time) were 15
163  days (95% CI: 9-21 days; maximum: 90 days) and 46 days (95% CI: 38-53 days; maximum: 113
164  days), respectively (Table 1, Figure 2a—b and appendix Figure S1).

165

166  There were more female (57/93, 61%) than male RP-DC patients (36/93, 39%, Table 1). This group
167  was significantly younger (median age: 34 vs 45 years, p<0-0001) compared with the NRP-DC
168  patients, with 41% of RP-DC patients aged under 30 years vs 22% of NRP-DC patients (p=0-0003).
169  RP-DC patients had a median hospitalization period of 20 days, and their clinical severity on first
170  admission was mostly moderate (69/93, 74%) or mild (13/93, 14%). No RP-DC patients had
171  underlying immunodeficiency diseases, and 14 RP-DC patients (15%) were treated with steroids
172 (methylprednisolone and/or dexamethasone) during hospitalization. There were no significant
173 differences between RP-DC and NRP-DC patients in terms of hospitalization period, clinical
174  severity on first admission, or steroid use (p>0-05). The C-reactive protein (CRP) level of RP-DC

175  patients on first admission was significantly higher than that of NRP-DC patients (p=0-03), but there
6
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176  was no significant difference in the CRP level on discharge (p=0-74). Compared with single-RP-
177  DC patients, multiple-RP-DC patients had longer hospitalization periods (median: 24 vs 18 days,
178  p=0-02) and viral RNA duration times (median time from onset to last RP: 65 vs 33 days, p<0-0001),
179  but had no significant differences in their other demographic or clinical characteristics.

180

181  During readmission, 67 of 93 RP-DC patients (72%) had no symptoms, while 26 (28%) had mild
182  symptoms, including slight cough (18/93 [19%]) and chest tightness (3/93 [3%]). One patient (male,
183 12 years old) had a brief fever (temperature: 37.5 °C) for one day. Routine blood tests showed
184  elevated interleukin 6 levels in one patient (male, 62 years old); all other patients had normal levels.
185  Chest CT revealed that 18 (19%) patients had no pneumonia lesions and the lung lesions of the
186  remaining 75 patients were improved (68/93, 73%) or unchanged (7/93, 8%) from first discharge.
187  There were no significant clinical symptom differences between single- and multiple-RP-DC
188  patients during readmission.

189

190  Seventy-one (76%) RP-DC patients were identified by only positive nasopharyngeal swab results,
191 14 (15%) by only positive anal swab results, and 8 (9%) by positive results for both specimen types.
192  All tested blood specimens (147/147) from RP-DC patients were SARS-CoV-2 RNA negative. The
193  median Ct values of N and Orflab genes were 35 (95% CI: 35-36) and 36 (95% CI: 36-37),
194  respectively, which are significantly higher than the corresponding values at disease onset (N gene
195 median Ct: 31, 95% CI: 29-31; Orflab gene median Ct: 31, 95% CI: 30-32, p<0-0001; Figure 2c).
196  Furthermore, RP-DC patient viral RNA levels ranged from 1-9 to 5-7 logio copies/mL (median: 3-1,
197  95% CI: 3-:0-3-2), which was significantly lower than the corresponding values at disease onset
198  (median: 4-5 logio copies/mL, 95% CI: 4-3-4-8, p<0-0001; Figure 2d), indicating low viral RNA
199  levels in RP-DC patients. Most (89/93; 96%) RP-DC patients had a maximum viral RNA level of
200 <5 logio copies/mL. There was no significant difference in viral RNA levels between patients of
201  different demographic and clinical categories, between single- and multiple-RP-DC patients, or
202  between positive nasopharyngeal and anal swab specimens (p>0-05, appendix Figure S3). There
203  wasasignificant negative correlation between discharge time and viral RNA level (R=0-20, p=0-002;
204 Figure 2a), and the viral RNA level of multiple-RP-DC patients showed a declining trend as the

205  number of RP detections increased (Figure 2e¢).
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206

207  To investigate the antibody responses of RP-DC and NRP-DC patients, their SARS-CoV-2-specific
208  anti-RBD IgM, IgG, IgA, total antibody, and NAb were assessed. A total of 499 serum specimens
209  were obtained from 78 RP-DC patients (289 specimens, 1-9 specimens/patient) and 94 NRP-DC
210  patients (210 specimens, 1-6 specimens/patient) within 14 weeks post-discharge (within 17 weeks
211  post-disease onset). The IgM, IgG, IgA, total antibody, and NAD seropositivity rates at first post-
212 discharge sampling (median: 24 days post-discharge) in RP-DC patients were 37% (29/78), 99%
213 (77/78), 62% (48/78), 99% (77/78), and 88% (69/78), respectively, with a median NAD titre of 1:32
214 (95% CI: 1:16-1:32), which were not significantly different (p>0-05) from those of NRP-DC
215  patients (50% [47/94], 98% [92/94], 50% [47/94], 99% [93/94], and 92% [77/84], respectively;
216  median NAb titre: 1:16, 95% CI: 1:16—-1:32). For RP-DC patients whose specimens were collected
217  onthe day of RP detection, these rates were 38% (18/48), 98% (47/48), 63% (30/48), 100% (48/48),
218  and 91% (39/43), respectively, with a median NAb titre of 1:32 (95% CI: 1:16-1:32).

219

220  We further quantitatively investigated the RP-DC and NRP-DC patient antibody levels during
221  different sampling periods. Seventy five percent of RP-DC patients were identified during their two-
222  week quarantine; no significant differences from NRP-DC patients were identified in specimens
223  from this period (Figure 3a). During our entire sampling period (3—17 weeks post-disease onset), no
224 significant weekly differences were identified, except the IgM and total antibody level in week 3
225  and IgM level in weeks 6-8 (p<0.05, Figure 3b). Specifically, one (1%) and five (6%) RP-DC
226  patients were negative for IgG and NADb, respectively, which is not significantly different (p>0-05)
227  from NRP-DC patients (IgG-negative: 3% [3/94]j; Nab-negative: 8% [7/84]). Furthermore, we
228  compared the RP-DC patient antibody levels on the day of RP detection and within one week before
229  and after RP detection (when patients were viral RNA negative); no significant differences were
230  identified (Figure 3c). Together, these results indicate that the SARS-CoV-2-specific anti-RBD
231  antibody levels (excluding IgM) are similar in RP-DC and NRP-DC patients and in RP-DC patients
232 regardless of current RP detection. Additionally, there was a significant correlation between NAb
233  titres and antibody levels (R>0-40, p<0-0001), particularly for IgG (R=0-73, p<0-0001) and total
234  antibody (R=0-77, p<0-0001), which indicates that they may be alternative indicators of NAD titre

235  (appendix Figure S4).
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236

237  Virus isolation and WGS were performed to test whether live virus and/or complete viral genome,
238  respectively, were detectable in RP-DC patients. Viral isolations of nine RP-DC patient

239  nasopharyngeal specimens with representative Ct values (27-39, four specimens with a Ct value
240  of <30 were included) were negative, as confirmed by testing the cell culture for SARS-CoV-2
241  RNA. WGS was successful for six of the nine specimens, but only genome fragments were

242  obtained. The genome coverage of the specimens with the lowest Ct value (Ct: 27) was 55%,

243  whereas the coverage of other specimens was <10%.

244

245  To assess whether RP-DC patients could spread the virus to close contacts, we conducted prompt
246  epidemiological investigations of 23 RP-DC patients (identified during follow-up) on the day of
247  RP detection, which identified 96 close contacts. None showed clinical symptoms during the two-
248  week follow-up, and all had negative SARS-CoV-2 RNA test results; 20 were tested for serum
249  SARS-CoV-2-specific anti-RBD antibodies (IgM, IgG, and total antibody), and the results were
250  also negative. Notably, one paediatric RP-DC patient was identified at 90 days post-discharge,
251  after being in school for 11 days, and all 1,200 of his candidate contacts (teachers and classmates)
252  showed no clinical symptoms during fourteen-day observation and had negative results from

253  SARS-CoV-2 RNA tests. As of July 10, no close or candidate contacts of RP-DC patients had
254  become confirmed COVID-19 patients. Additionally, a retrospective investigation of the contact
255  history of 154 COVID-19 patients after February 1 found that none were epidemiologically related
256  to our RP-DC patients. These results provide direct evidence that RP-DC patients have a low viral
257  transmission risk.

258

259  All RP-DC patients were re-discharged after obtaining negative SARS-CoV-2 RNA detection

260  results during quarantine. As of July 10, none of our RP-DC patients had any further RP results
261  from SARS-CoV-2 RNA tests, i.e. all were fully recovered. Among the 479 fully recovered

262  COVID-19 patients, NAD titres were tested in 162 (84 NRP-DC and 78 RP-DC patients), 93%
263  (151/162) of whom were NAb-positive with a median titre of 1:32. Notably, five patients

264  developed detectable NAb during quarantine or follow-up, including three RP-DC and two NRP-

265  RC patients, whereas 11 fully recovered patients remained NAb negative during our sampling
9


https://doi.org/10.1101/2020.07.21.20125138
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.07.21.20125138.this version posted July 26, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC-ND 4.0 International license .

266  period. Based on the reverse cumulative distribution curve principle'3, we analysed the NAb titre
267  distribution at the end of quarantine for 162 fully recovered COVID-19 patients (Figure 4). RP-
268  DC and NRP-DC patients had similar NAD titre distributions. Although some patients had a high
269  NAD titre (28% with NAD titre of =1:64), 60% of fully recovered patients had NAb titres of =
270 1:32. Thus, this value could be used as a reference indicator for evaluating humoral responses to
271 COVID-19 vaccine candidates in future clinical trials.

272

273  Discussion

274 To our knowledge, this is the first population-based study to comprehensively describe the viral
275  RNA level and antibody response characteristics of RP-DC patients and evaluate their viral

276  transmission risk. RP-DC patients were characterised by younger age, mild or absent symptoms,
277  and no disease progression. They generally had low viral RNA levels but long viral RNA

278  durations (up to 113 days post-disease onset). Although the prolonged presence of SARS-CoV-2
279  RNA in COVID-19 patients has been reported,'* !> our results suggest that low levels of SARS-
280  CoV-2 RNA persisted in some patients after both clinical recovery and initial viral-negative

281  conversion. Except for IgM, no significant differences in antibody or NAb levels were identified
282  between RP-DC and NRP-DC patients or in RP-DC patients over time (before, during, or after RP
283  detection), suggesting that RP occurrence may not be related to humoral immunity. The low viral
284  RNA levels and effective, long-lasting antibody responses in RP-DC patients, combined with the
285  failed virus isolation, fragmented genome detection, and lack of close contact infections from

286  these individuals, suggest that RP-DC patients pose a low risk of viral transmission. Furthermore,
287  60% of the fully recovered COVID-19 patients had NAb titres of =1:32; this value could be used
288  to evaluate the humoral response in COVID-19 vaccine clinical trials.

289

290 By systematically monitoring SARS-CoV-2 RNA in DC patients during quarantine and follow-up,
291  we found that RP-DC patients accounted for 19% of DC patients, which is close to most previous
292 reports (15%—21%)" % 1° but much higher than one recent report where 3% (23/651) of RP-DC
293  patients were identified in a routine health check of DC patients.'® Considering that multiple

294  negative RNA tests were also identified in our RP-DC patients, differences in detected RP-RC

10
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295  patient proportions may be related to the viral RNA testing frequency. However, in the context of
296  systematic follow-up and testing, RP occurrence in DC patients is unlikely to be rare.

297

298  Although RP-DC patients have been observed by multiple independent researchers®!? and

299 government authorities, including the Korean CDC,!” the cause of RP occurrence remains unclear,
300  and several hypotheses have been proposed. 1) RP might be due to false-negative SARS-CoV-2
301  RNA test results at discharge.” '® Here, in the 59% of RP-DC patients who had additional negative
302  test results before their first RP result, the sampling and testing were performed by the same

303  technician using the same kits, minimizing the likelihood of false-negative results. 2) RP could be
304  due to post-discharge reinfection. Here, 75% of RP-DC patients were identified during quarantine,
305  and those identified during follow-up did not report any contact with COVID-19 patients, making
306  reinfection unlikely. 3) In people with low antibody levels or immunity, uneradicated virus could
307  cause secondary infections.!” We did not detect significant differences in antibody levels between
308  RP-DC and NRP-DC patients or in RP-DC patients over time, suggesting that humoral immunity
309  may not be related to RP occurrence. Additionally, none of the RP-DC patients had

310  immunodeficiency diseases, and there was no significant difference in steroid treatment between
311  RP-DC and NRP-DC patients. However, more data are needed to verify the relationship between
312  RP occurrence and immunity, especially regarding cellular immunity. 4) RP occurrence may be
313  due to the shedding of ‘dead’ virus particles. This possibility is consistent with our negative virus
314 isolation results. However, failed viral isolation does not confirm a lack of live virus; Wolfel and
315  colleagues® found that live virus cannot be successfully isolated when the viral load is below 10°
316  copies/mL. More sensitive live virus detection methods, such as identification of subgenomic

317  messenger RNA, are needed to prove this hypothesis. Based on our data from SARS-CoV-2

318  RNA testing on 2,589 clinical samples collected from February 18 to May 5, eleven RP-RC

319  patients were identified >30 days post-discharge (maximum: 90 days post-discharge), and all

320  patients had recovered; therefore, we propose that RP occurrence in DC patients is due to their
321 intermittent and non-stable excretion of low levels of viral RNA. However, further studies on the
322  mechanism of RP occurrence are needed.

323
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Because SARS-CoV-2 RNA positivity does not necessarily translate to infectivity, we integrated
multiple approaches to systematically evaluate the viral transmission risk posed by RP-DC
patients. The viral RNA level can be a useful indicator for accessing transmission risk. Wolfel and
colleagues®® proposed that patients with a viral load of <5 logio copies/mL posed a low
transmission risk based on virus isolation results. Here, 96% of RP-DC patients had a maximum
viral RNA level of <5 logio copies/mL (range: 1-9-5-7 logio copies/mL). Four RP-DC patients had
a maximum viral RNA level of >5 logio copies/mL, linked with a possible risk of viral
transmission. To assess whether RP-DC patients shed live virus, we attempted virus isolation on
the four specimens with a viral RNA level of >10° copies/mL and five representative specimens
with lower viral RNA levels. All nine specimens produced negative results. The low viral RNA
levels and negative virus isolation in samples from the RP-DC patients indicate that their

transmission risk is low.

WGS can be used to identify viruses with specific mutations, the presence of which may identify
reinfection from another source. However, we obtained only genome fragments from the RP-DC
patient specimens after SARS-CoV-2-specific amplification, including the specimen with the
lowest Ct value (Ct: 27, viral RNA level: 5-7 logio copies/mL), which limited our further
investigation. In comparison, Liu and colleagues®! found that sequencing reads can cover >90% of
reference genomes with a Ct value of <30, irrespective of the amplification and sequencing
approach. Although technique differences exist, the low genome coverage of RP-DC patient
specimens suggests a low viral RNA level, further supporting the idea that RP-DC patients pose a

low transmission risk.

The most effective way to assess the transmission risk of RP-DC patients is to conduct
epidemiological investigations of their close contacts. When conducting epidemiological
investigations on 790 close contacts of 285 RP-DC patients, the Korean CDC did not identify any
infections.!” However, the possibility of asymptomatic infections in those contacts was not
excluded through SARS-CoV-2 RNA testing and antibody testing. Here, not only did all 96 close
contacts and 1,200 candidate contacts show no clinical symptoms, they also had negative SARS-

CoV-2 RNA test results, and 20 of them had negative antibody results, suggesting there were no
12
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asymptomatic infections. As of June 10, no COVID-19 cases have been reported among those
contacts. These findings directly support our conclusion that RP-DC patients pose a low
transmission risk. Furthermore, the RP-DC patients had high and long-lasting NAb levels,

suggesting that they can effectively clear virus, which further reduces their viral transmission risk.

Whether COVID-19 convalescent patients are protected against future SARS-COV-2 infections is
largely unknown.?? 2> NAb play important roles in virus clearance and are considered vital for
protection against viral disease. Among the 162 fully recovered RP-DC or NRP-DC patients who
were tested for NAb, 93% (151/162) were NADb positive, with a median titre of 1:32, and their
detectable NAb was maintained for up to 17 weeks post-disease onset, suggesting that most
recovered patients obtained effective and long-lasting protection against future SARS-CoV-2
infection. Effective vaccines against SARS-CoV-2 infection are urgently needed to reduce the
burden of COVID-19, and more than 120 candidate vaccines are currently being developing
worldwide.> 2% 2° NAb titres in recovered COVID-19 patients make ideal reference values to use

as vaccine humoral immunogenicity endpoints in vaccine efficacy evaluations. Based on our
finding that 60% of fully recovered patients had NAb titres of >1:32, future COVID-19 vaccine

clinical trials might consider using this titre as a reference indicator for evaluating humoral

responses.

Our study has several limitations. First, this was a single-centre study conducted on all DC
patients from Shenzhen. Because there are differences in the discharge criteria and SARS-CoV-2
RNA testing methods among different cities and counties, our RP incidence needs to be verified
by multicentre studies. Second, we collected only nasopharyngeal swab, anal swab, and serum
specimens based on current sampling policies; other specimen types with generally higher viral
loads, such as lower respiratory tract and sputum specimens, were not collected. Thus, the RP
incidence in this study represents a conservative estimation. Third, the systemic collection of
serum specimens started mid-study, and serum specimens from RP-DC patients during their
hospitalization were not available, which limited further investigations on the antibody level

dynamics of RP-DC patients. Finally, due to the strict management of DC patients, most DC

13


https://doi.org/10.1101/2020.07.21.20125138
http://creativecommons.org/licenses/by-nc-nd/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2020.07.21.20125138.this version posted July 26, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

It is made available under a CC-BY-NC-ND 4.0 International license .

patients were identified during quarantine and consequently had few close contacts. This study
included the close contacts of only 23 RP-DC patients; larger scale epidemiologic studies are

needed to further confirm the transmission risk posed by RP-DC patients.

In conclusion, our study found that intermittent detection of low levels of SARS-CoV-2 RNA in DC
patients is not rare and that the timing of RP detection varies (up to 90 days post-discharge). The
transmission risk posed by RP-DC patients is likely low. To better balance COVID-19 prevention
and control with economic activities and to more effectively manage DC patients while minimizing
the psychological impact on these individuals, we suggest that public health authorities should take
a relatively relaxed approach to managing DC patients. However, the follow-up and personal

protection of DC patients should be strengthened. Last, given that 60% of fully recovered patients
had NAb titres of >1:32, this value may serve as a useful reference indicator for evaluating humoral

responses to COVID-19 vaccine candidates in future clinical trials.
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476 Table 1. Demographic and clinical characteristics of RP-DC and NRP-DC patients

RP-DC patients

NRP-DC p value (RP-
Single Multiple
patients DC vs NRP-
Total (n=93) RP-DC RP-DC
(n=386) DC)
(n=48) (n=45)
Age — median (95% CI) 34 (29-38) 31 (22-39) 38 (30-50) 45 (40-47) <0-0001
Age — no./total no. (%)
<30yr 38/93 (41%) 23/48 (48%) 15/45 (33%) 84/386 (22%) 0-0003
31-60 yr 46/93 (49%) 20/48 (42%) 26/45 (58%) 212/386 (55%) 0-41
=61 yr 9/93 (10%) 5/48 (10%) 4/45 (9%) 90/386 (23%) 0-01
Sex — no./total no. (%)
Female 57/93 (61%) 30/48 (62%) 27/45 (60%) 198/386 (51%) 0-11
Male 36/93 (39%) 18/48 (38%) 18/45 (40%) 188/386 (49%) 0-11
Hospitalization days —
20 (17-24) 18 (14-21) 24 (19-31) 21 (20-22) 0-84

median, (95% CI)
Clinical severity on first admission — no./total no. (%)
Asymptomatic 7/93 (8%) 4/48 (8%) 3/45 (7%) 34/386 (9%) 0-85
Mild 13/93 (14%) 6/48 (12%) 7145 (16%) 42/386 (11%) 0-51
Moderate 69/93 (74%) 35/48 (73%) 34/45 (76%) 288/386 (75%) 1-00
Severe 3/93 (3%) 3/48 (6%) 0/45 (0%) 19/386 (5%) 0-67
Critical 1/93 (1%) 0/48 (0%) 1/45 (2%) 3/386 (1%) 1-00

Lymphocyte counts (10°/L)

First admission — median ~ 1-62 (1-45— 1-68 (1-42— 1-56 (1-33—

1-59 (1-45-1-83)  0-78
(95% CI) 1-78) 1-93) 1-86)
Discharge — median 1-70 (1-59— 1-70 (1-51- 1-68 (1-52—

1-82 (1-73-2:02)  0-07
(95% CI) 1-81) 1-97) 1-86)

C-reactive protein (mg/L)

First admission — median ~ 5-43 (4-00— 8-51 (2:82— 4-33 (3-00—
2:60 (1-20-4-94) 0-03
(95% CI) 8-60) 20-44) 6-:07)
Discharge — median 1:74 (0-94— 2-15(0-76— 1:66 (0-93—
1-68 (1-:05-3-49) 0-74
(95% CI) 2-75) 3-53) 3-00)
Discharge to first RP —
8 (7-14) 7 (7-14) 14 (8-14)
median days (95% CI)
Discharge to last RP —
15 (9-21) 8 (7-14) 35 (26-43)
median days (95% CI)
Onset to last RP —
46 (38-53) 33 (29-40) 65 (54-75)
median days (95% CI)
477
478
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Figure legends

Figure 1. (a—b) Profile of the discharged COVID-19 patients included in this study (a) and case

definition concept figure (b).

Figure 2. RT-qPCR cycle threshold (Ct) values and viral RNA levels in RP-DC patients. (a, b)
Temporal distribution of Ct values (red and green triangles indicate the Orflab and N genes,
respectively) and viral RNA levels (blue points) since discharge (a) or disease onset (b). The
frequency of RP occurrence is shown by grey bars. (¢) Ct values of RP-DC patients at the time of
disease onset (top) or RP occurrence (bottom); colours indicate different target SARS-CoV-2
genes. (d) Estimated viral RNA level based on the correlation between viral RNA level and Ct
value at the time of disease onset (top) or RP occurrence (bottom). (e) Viral RNA level dynamics

in multiple-RP-DC patients. Specimens from individual patients are linked by grey lines.

Figure 3. Serum SARS-CoV-2-specific antibody levels in RP-DC and NRP-DC patients. (a—b)
Levels of antibody against SARS-CoV-2 surface spike protein receptor-binding domain in RP-DC
and NRP-DC patients within two weeks post-discharge (a) or since disease onset (b). (c) Anti-
SARS-CoV-2 surface spike protein receptor-binding domain antibody levels in RP-DC patients
within one week before RP detection, at the time of RP detection, and within one week after RP
detection. Blue, red, and orange points show NRP-DC, single-RP-DC, and multiple-RP-DC patients,
respectively. Specimens from individual patients are linked by lines. Horizontal dotted lines indicate

the positive detection threshold.

Figure 4. Reverse cumulative distribution curves of NAb titres in fully recovered patients.

Colours show different types of patients.
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