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Abstract
Background: The sensitivity of molecular and serological methods for COVID-19 testing in an epidemiological setting is not well described. 
Aim: To determine the frequency of negative RT-PCR results at first clinical presentation as well as negative serological results after a follow-up of at least 3 weeks.
Methods: Among all patients seen for suspected COVID-19 in Liechtenstein (n=1921), we included initially RT-PCR positive index patients (n=85) as well as initially RT-PCR negative close contacts (n=66) for follow-up with SARS-CoV-2 antibody testing. Antibodies were detected with 7 different commercially available immunoassays. Frequencies of negative RT-PCR and serology results in individuals with COVID-19 were determined and compared to those observed in a validation cohort of Swiss patients (n=211). 
Results: Among COVID-19 patients in Liechtenstein, false-negative RT-PCR at initial presentation was seen in 18% (12/66), whereas negative serology in COVID-19 patients was 4% (3/85). The Swiss validation cohort showed similar frequencies: 2/66 (3%) for negative serology, and 16/155 (10%) for false negative RT-PCR. COVID-19 patients with negative follow-up serology tended to have a longer disease duration (p=0.05) and more clinical symptoms than other patients with COVID-19 (p<0.05). The antibody titer from quantitative immunoassays was positively associated with the number of disease symptoms and disease duration (p<0.001). 
Conclusion: RT-PCR at initial presentation in patients with suspected COVID-19 can miss infected patients. Antibody titers of SARS-CoV-2 assays are linked to the number of disease symptoms and the duration of disease. One in 25 patients with RT-PCR-positive COVID-19 does not develop antibodies detectable with frequently employed and commercially available immunoassays. 
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Introduction
Coronavirus disease 2019 (COVID-19) is a global pandemic caused by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus. COVID-19 is primarily diagnosed based on clinical signs and symptoms together with laboratory measurements and radiological exams such as computed tomography (CT) [1, 2]. For the diagnosis of acute disease from laboratory parameters, demonstrating the presence of the virus by reverse transcriptase real-time polymerase chain reaction (RT-PCR) is commonly employed [1]. Diagnosis of COVID-19 for surveillance purposes or post hoc in patients with suspicion of COVID-19 in the past, which for several reasons was not diagnosed by RT-PCR (e.g., no test done due to a lack of access to testing, negative RT-PCR test despite suggestive clinical or radiological symptoms), is commonly done by testing specific antibodies directed against protein targets of SARS-CoV-2 [1-7].   
Commercially available serological assays commonly measure antibodies against either nucleocapsid protein (N) or spike protein (S) [8, 9]. Even though these antibodies at the moment cannot indicate protective immunity in the future, antibodies directed against N-protein and the receptor-bound determinant (RBD) of S-protein have been shown to closely correlate with neutralizing antibodies [6]. Testing of SARS-CoV-2 antibodies includes either total antibodies or antibody specificities of the IgG, IgA, or IgM isotype. These antibodies commonly develop within 21 days after symptom onset [2]. Even if the common experience with other infectious diseases suggests that antibody dynamics are characterized by the prior appearance of IgM antibodies followed by detectable IgG antibodies, IgG can precede or develop together with the occurrence of IgM or IgA antibodies [2, 10, 11]. The latter case might indicate the presence of pre-existing cross-reactive antibodies against other coronavirus [11].
	A good test is, inter alia, characterized by low rates of false-positive and false-negative results. There has been a discussion as to why and how frequently false-positive and false-negative results arise in serology as well as RT-PCR tests [1, 12]. Although regarded as a very specific test, RT-PCR could theoretically deliver false-positive results due to stray viral RNA not originating from a suspected COVID-19 patient but introduced from external sources into the testing process (e.g., cross-contamination from an infected laboratory worker or during sample collection) [1, 13]. Whereas false-positive results in serology testing can be caused by cross-reactivity or analytical interferences, such results carry the risk that an individual will erroneously assume that he or she already contracted COVID-19, followed by a risk of false reassurance, behavioral change, and disease spread [14]. The same holdsEven greater risk may arise from  true for false negative results in COVID-19 RT-PCR [12, 13]. Kucirka et al. showed that the rate of false-negative RT-PCR results is highly dependent on the timing of nasopharyngeal sampling is being done: the false negative rate was 100% at 4 days before symptom onset and decreased to 20% 3 days after symptom onset [13]. Another study found a false-negative rate of 16.7% for RT-PCR in patients with a clinical suspicion of COVID-19 at initial clinical presentation [15]. Reasons for such false-negative RT-PCR can be a viral load below the lower limit of detection of the employed assay, improper sampling of the nasopharyngeal swab, or decreased viral shedding at the anatomic sampling site [13]. In cases with negative RT-PCR results despite a high pretest probability, repeated testing and testing from alternative sample materials (e.g., endotracheal aspirate, sputum, feces) may be suitable to minimize false-negative rates [12, 16, 17].   
	False-negative serology results may occur due to insensitive tests or blood sampling occurring before antibodies develop during the disease course. Antibody positivity in patients with COVID-19 increases over time, with patients usually displaying an antibody response 20 days or more after symptom onset [14, 18]. It is well known that false-negative antibody results can come from using tests with insufficient diagnostic sensitivity or taking blood samples within the first three weeks after symptom onset. So far, it remains unclear whether a “false-negative serology” can also occur in patients with proven COVID-19 and whose blood samples are taken at least three weeks after symptom onset. In the present study, we aimed to determine the frequency of false-negative RT-PCR/false positive serology tests and false-negative antibody/false positive RT-PCR tests in a population-based setting and provide a clinical description of patients suffering from COVID-19 who have discrepant RT-PCR and serology laboratory test results.   
   
Methods
Study setting and study populations
[bookmark: _Hlk43991501]This is a national study of COVID-19 cases seen in the Landesspital Liechtenstein, which is the only hospital in the principality of Liechtenstein. Due to a centralized national testing strategy, this institution observed all but one index patient (n=94) diagnosed with COVID-19 in the principality of Liechtenstein during the first wave of the COVID-19 pandemic. Diagnosis of COVID-19 was based on clinical symptoms and RT-PCR testing, which in four cases had to be repeated due to a strong clinical suspicion and initially negative RT-PCR results. The last of the patients in Liechtenstein was diagnosed on April 23rd, 2020. Since then, until submission of this manuscript (June 254th, 2020), no further case has been detected. RT-PCR testing in the principality of Liechtenstein was offered to patients who had a fever of 38°C and/or respiratory symptoms together with a possible risk exposure (household, close working contact). As of April 23rd, a total of 2021 tests were performed in 1921 patients. Relative to the country’s whole population (38749378 at the end of 2019), this corresponded to 5% (95% confidence interval (CI), [4.78,5.2]) of the national population having undergone testing. All COVID-19 index cases were asked to provide a follow-up venous serum sample at least 3 weeks after the diagnosis of COVID-19 for testing of antibodies directed against SARS-CoV-2. Four of the index patients did not provide consent, whereas one index patient died (with positive serology) before reaching 20 days after symptom onset. Further, the household contacts and close working contacts were invited to provide a serum sample. Some of those close contacts were also tested by RT-PCR primarily due to the presence of symptoms in a high-risk constellation and thus were included in the study. The inclusion algorithm is shown in Figure 1a. The protocol for this analysis was verified by the cantonal ethics commission of the canton of Zurich (KEK ZH; BASEC Nr. Req-2020-00676), which is the competent ethics committee for the principality of Liechtenstein. All study participants provided written informed consent. 
[bookmark: _Hlk43991551]To validate the laboratory findings of this population-based study in Liechtenstein, we sought to replicate these frequencies in a validation cohort of patients residing in Switzerland. This validation cohort consisted of patients investigated for clinically suspected COVID-19 by RT-PCR in nasopharyngeal samples at the labormedizinisches zentrum Dr. Risch Ostschweiz AG (Buchs SG, Switzerland) from February 1st, 2020 to May 13th, 2020. If these patients were required to have a follow-up serum sample drawn for anti-SARS-CoV-2 antibodies at least 3 weeks after RT-PCR testing, samples were anonymized and investigated for SARS-CoV-2 antibodies by seven different immunoassay formats. The inclusion algorithm of the validation cohort is given in Figure 1b. The study protocol for this analysis was approved by the ethics board of Eastern Switzerland (EKOS; BASEC Nr. Req-2020-00586), which waived informed consent because it performed laboratory analysis on anonymized samples.   

Data collection and measurements
[bookmark: _GoBack][bookmark: _Hlk43400400]For each samplepatient, the age, sex, result of SARS-CoV-2 RT-PCR analysis, and number of days from RT-PCR analysis until blood drawing for antibody testing were available. The population-based cohort including household contacts and close working contacts had clinical data (e.g. symptoms and signs, including duration, type of healthcare needed, outcome) available. Patients were followed up periodically with telephone calls (every two to three days), and symptoms were recorded throughout the disease course (i.e., disease duration, hospitalization, fever >38°C, coughing, dyspnea, thoracic pressure, fatigue, sore throat, headache, limb pain/myalgia, malaise, diarrhea, nausea, vomitus, running nose, anosmia, ageusia). RT-PCR in Liechtenstein and Switzerland was done on nasopharyngeal swabs run on a COBAS 6800 (Roche Diagnostics, Rotkreuz, Switzerland), BD Max (Becton Dickinson AG, Allschwil, Switzerland), or Cepheid GenXpert (Axon Lab, Baden, Switzerland) using commercially available reagents. As transport media UTM (Copan, Brescia, Italy), UTM  (MANTACC, Shenzhen, China), ESwab (Copan, Brescia, Italy), Opti-Swab (Axonlab, Baden, Switzerland), VTM (Citotest, Jiangsu, China) and 0.9% sodium chloride were used. The employed RT-PCR methods have been compared to the Swiss national COVID-19 reference laboratory. If one patient had more than one RT-PCR sample, only the first result was taken for the present analysis, whereas in the case of more than one serum sample, only the last sample was taken for analysis. Serum samples were either analyzed immediately after arrival of the sample in the laboratory or after storing them at -25°C. Before placing frozen serum samples in the laboratory analyzers, the samples were kept at room temperature for 4 hours and homogenized by vortexing. For antibody testing using the chemiluminescence technique, antibodies were tested with Elecsys® Anti-SARS-CoV-2 total immunoglobulins (Ig) on a COBAS 6000 by electrochemiluminescence (ECLIA; Roche Diagnostics, Rotkreuz, Switzerland), LIAISON® SARS-CoV-2 S1/S2 IgG run on a Liaison by luminescence immunoassay (LIA; Diasorin, Luzern, Switzerland), and SARS-CoV-2 IgG run on an Architect i2000 by chemiluminescent microparticle immunoassay (CMIA; Abbott diagnostics, Baar, Switzerland), as well as by the EUROIMMUN Anti-SARS-CoV-2 ELISA IgG and IgA assays (Euroimmun, Luzern, Switzerland) and the EDI™ Novel Coronavirus COVID-19 IgG and IgM ELISA kits (Epitope Diagnostics, Inc., San Diego, CA, USAEpitope diagnostics, Inc., San Diego, USA). The ELISAs were run on DSX analyzers (Dynex Technologies, Denkendorf, Germany). All assays were CE-marked. Whereas the Diasorin and Euroimmun assays detect antibodies against the spike (S) protein, the Roche, Epitope Diagnostics and Abbott Diagnostics assays detect antibodies against the nucleocapsid (N) antigen. Cut-offs for positivity in serum were applied as recommended by the manufacturer: >1.0 (COI; cutoff index) for ECLIA, >1.1 for S-ELISA (S/C; extinction of the patient sample divided by the extinction of the calibrator), >1.4 (S/C) for CMIA, and >12 (S/C) for LIA. N-ELISA is a qualitative assay.  

Statistical methods
Continuous variables are given as median and interquartile range [IQR], whereas proportions are given as percentage with 95% confidence interval (CI). Associations between variables are calculated with Spearman’s rank correlation. Proportions are compared using the Chi-square test. Medians of three or more groups were compared using the Kruskal-Wallis test, whereas medians of two groups were compared with the Mann-Whitney U test. The reference standard for determination of disease status consisted of RT-PCR and serology: a patient was considered to have COVID-19 if either a positive RT-PCR result was found and/or two serological assays were positive: one detecting antibodies against N-antigen and one detecting antibodies against S-antigen [19]. Finally, P-values <0.05 were considered statistically significant. Medcalc version 18.11.3 (Mariakerke, Belgium) was used for statistical computations. 

Results 
Baseline characteristics  
A total of 151 individuals with RT-PCR were included in this population-based study in the principality of Liechtenstein. The median age was 39 years (range 3-84), IQR [27.5,54.5],  and 78 of the individuals were female (51.3%, 95% CI [43.4,59.1]). The median time between the testing dates of RT-PCR and SARS-CoV-2 antibodies was 51 days, IQR [47,54]. Eighty-five (i.e., 56.3%, 95% CI, [48.3,64]) patients tested positive by RT-PCR at first clinical presentation. A 2x2 table of RT-PCR and serology illustrates the results in Table 1a. The median duration of disease was 12 days IQR [8,17] for RT-PCR- and serology-positive patients, 9 days IQR [6,15] for RT-PCR-negative and serology-positive patients, 20 days IQR [16,34] for RT-PCR-positive and serology-negative patients, and zero days IQR [0,4] (patients with zero days were in fact asymptomatic) for patients with negative serology and RT-PCR. None of the included patients died, though 10 patients were hospitalized to receive oxygen supply and other treatment. None of the patients needed intensive care or mechanical ventilation. Among all investigated patients, antibody titers in quantitative assays positively correlated with the number of symptoms during the disease course as well as disease duration (r between 0.48 to 0.54 with p<0.001 for all five quantitative assays). There was no significant correlation between antibody titer and patient age, sex or the time between RT-PCR testing and antibody testing. 
In the validation cohort from Switzerland, a total of 211 patients (145 female; 66 male; median age 49.550 years (range 15-84), IQR [34,60] were available after a median of 39, IQR [30,54] days after PCR testing. Sixty-six of the patients (i.e., 31.3%, 95% CI, [25.4,37.8]) had a positive RT-PCR result, whereas 155 had a negative RT-PCR result. The frequencies of the different result combinations are given as a 2x2 table in table 1b.

Discrepant samples in the population-based national cohort
Of the 85 symptomatic patients with positive RT-PCR results, 82 had a positive result of the ECLIA total antibody against N-protein together with a positive result in the IgG ELISA against S-protein. Three (43%, 95% CI [1,10]) had negative results in all seven employed antibody assays (i.e., ECLIA, CMIA, LIA, both ELISA IgG, ELISA IgA, and ELISA IgM). Blood for serological testing was drawn after 53 days in one case and after 54 days in the two other cases. All three patients gave a follow-up sample for repeated antibody testing, which confirmed the initial serological findings. The laboratory results of the patients with positive RT-PCR and negative serology are provided in table 21a. The clinical characteristics of these patients at presentation are given in table 21b. All three patients had complete recovery. 
Twelve out of the 66 patients with a negative RT-PCR result at first clinical presentation for COVID-19 had a positive antibody result later, corresponding to a proportion of 18% (95% CI [11,29]). Four of these 12 patients had clinical symptoms at presentation and showed a positive RT-PCR result 5, 10, 13, and 31 days after the first negative RT-PCR result, respectively. One patient had no symptoms at clinical presentation, when a negative test result was obtained by RT-PCR. The laboratory results of the patients with negative RT-PCR and positive serology are provided in table 32a. Their clinical characteristics at presentation are given in table 32b. 
Interestingly, there were significant differences in the number of clinical symptoms of COVID-19 occurring during the disease course among the three different groups (i.e., concordant positive samples, median 5 IQR [4,7]; positive RT-PCR with negative serology, 3 [2,6]; negative RT-PCR with positive serology, 8 [7,10]; p=0.004, significant differences between all groups, p<0.05). However, among patients with laboratory evidence of COVID-19 infection, patients with positive RT-PCR but negative serology results had a tendency towards longer disease duration (median 20 days IQR [16,34] vs. 12 [8,17]; p=0.05).  

Discrepant samples in the validation cohort
[bookmark: _Hlk42966767]Two of the 66 RT-PCR-positive patients had negative results in the immunoassays, corresponding to a serological nonresponder percentage of 3% (95% CI [1,10]). Among the 155 RT-PCR-negative patients, 16 (10%, 95% CI [7,16]) had at least one positive antibody assay against N-protein (i.e., ECLIA, N-ELISA IgG, CMIA, or N-ELISA IgM) as well as one positive antibody assay against S-protein (i.e., LIA, S-ELISA IgG, S-ELISA IgA) positive. Together, the frequencies of negative follow-up serology in RT-PCR-positive patients (p=0.73) and of positive follow-up serology in RT-PCR-negative samples (p=0.1) did not significantly differ between the national Liechtenstein cohort and the Swiss validation cohort. When pooling the Liechtenstein and Swiss cases, the frequency of RT-PCR-positive samples with a negative follow-up serology was 3% (5/151, 95% CI [1,8]), whereas the frequency of RT-PCR-negative samples at first presentation together with positive follow-up serology amounted to 13% (28/220, 95% CI [9,18]). 

Discussion 
The present study suggests, that RT-PCR results at first clinical presentation and follow-up serology results differ in about 1 in 5 patients suffering from nonsevere COVID-19. Within the discrepant results, RT-PCR-negative results together with positive serology occurred more commonly than RT-PCR-positive results together with a negative follow-up serology. However, positive RT-PCR results without positive follow-up serology tended to be associated with a greater number of symptoms and longer disease duration than the other patients tested for COVID-19 by RT-PCR. RT-PCR-negative results at presentation with positive follow-up serology were associated with fewer clinical symptoms than RT-PCR- and antibody-positive results.   
The present study found a pooled COVID-19 prevalence of 13% of positive follow-up serology among the RT-PCR-negative patients at clinical presentation. These cases can be considered to represent false-negative RT-PCR results, as the predictivity of positive results by the use of several different testing formats in an orthogonal testing approach has been shown to be very high, making it an algorithm maximizes overall specificity while retaining maximum sensitivity [19]. Accordingly, a false negative rate of 13% would translate into a sensitivity of 87%. The specificity of the RT-PCR assay is considered to be very high [1, 13]. Introducing a sensitivity of 87% together with an assumed specificity of 99.9% into the formula of Bayes’s theorem would result in a negative predicate value (NPV) of >99% at a 5% pretest probability, 99% at a pretest probability of 10%, and 92% at a pretest probability of 40% [20]. Analogously, the probability of infection with a negative RT-PCR result at first presentation lies between <1% (at 5% pretest probability) and 8% (at 40% pretest probability), depending on the pretest probability. Positive RT-PCR results have a predictive value of 98% at 5% pretest probability and 99% and more at pretest probabilities of 10% and above. The relationship between the predictive value of RT-PCR results and the pretest probabilities in the present setting is shown in Figure 2.       
The false negative rate for the detection of COVID-19 in the present study is somewhat lower than that observed in a meta-analysis study by Kucirka and colleagues, which showed changing sensitivities depending on the time course of the infection and which ranged from 62 to 80% [13]. Long et al. reported a sensitivity of RT-PCR of 83%, which seems comparable to the results of our study [15]. The determinants of false-negative results comprise biological factors (i.e., decreased viral shedding at the anatomic sampling site), sampling time (e.g., outside of diagnostic window, too early or too late), sample collection (e.g., insufficient quantity or quality of sampled material), sample handling (e.g., suboptimal swabs or transport medium, insufficient extraction), and analytical issues (e.g., viral load below the lower limit of detection of the assay, insensitive assay) [21].   
	The U.S. Food and Drug Administration U.S. Food and Drug administration has found the specificity of RT-PCR for the detection of COVID-19 to be 100% (reported in [13]). A potential cause of a lower specificity could be contamination with RNA from sources other than the patient under investigation during the testing process. Theoretically, the three cases in the Liechtenstein cohort could also have had false-positive RT-PCR results rather than been serological nonresponders. When looking at the clinical symptoms and the dates of occurrence of the symptoms of these patients, however, it becomes apparent that from a clinical perspective, the patients are very likely to have suffered from COVID-19. It appears that it is rather the negative antibody test results than the positive RT-PCR results that are implausible. A sample inversion during the preanalytical process could be ruled out with a second blood draw later, which also showed negative antibody results. It could also be possible that the antibodies had already disappeared 53 days after symptom onset. However, as there are other immune mechanisms leading to convalescence from COVID-19 (i.e., T-cell responses, innate immunity, other cross-reactive antibodies), our data illustrate that either antibodies other than those measured in the employed immunoassays or a T-cell response without measurable antibodies would suffice to clear COVID-19 symptoms [22]. The fact that the three serological nonresponders had more symptoms than other COVID-19 patients and tended to have a longer disease course may suggest that there is suboptimal viral clearance in patients without a measurable antibody response. The frequency of such a subset of patients (i.e., 3% of all RT-PCR-positive patients) was replicated in the Swiss cohort, which indicates that this phenomenon could be generalizable.   
	The fact that antibody titers and disease duration as well as the number of symptoms were consistently positively correlated may somehow be contradictory, as COVID-19 cases with no measurable antibodies had more disease symptoms and tended to have a longer disease duration. It could be that if patients are not able to mount a measurable humoral antibody response, this might be linked to reduced viral clearance, more organ systems involved, and a prolonged disease course. In this case, disease severity is a consequence of an irregular antibody response to the COVID-19 infection. If, on the other hand, a patient is able to produce measurable antibodies, disease severity and disease duration are positively correlated. In these patients, antibody titers can be regarded as a consequence of disease severity.  
The present study has strengths and limitations. The circumstance, that we could demonstrate the absence of antibodies with 7 different assays corroborates the theory of serological nonresponders, in whom a resolution of COVID-19 can be observed. Accordingly, the lack of SARS-CoV-2-specific antibodies is unlikely to be caused by a lack of a specific sensitive assay but rather by a biological phenomenon. The present study had the ability to analyze all the cases of a whole country and not just a sample of cases. We believe, that this makes the study less prone to the introduction of confounding factors. The fact that the false-negative RT-PCR rate and the serological nonresponder rate were reproduced in another cohort from a different country further strengthens our findings. A final strength is that the laboratory results in one of the cohorts were linked to clinical symptoms, allowing us to characterize serological nonresponders more in detail. A limitation of the study is that the case number in this small country was relatively low, which comes along with relatively wide confidence intervals, when compared to those in larger studies. On the other hand, with a total of 362 cases studied in the two cohorts, the present study cannot be considered small. Finally, our findings were obtained in two middle European countries harboring a predominantly Caucasian population. It is possible that our findings would notcan not be extrapolated to other ethnicities. Furthermore, based on the inclusion criteria of symptomatic COVID-19 this study was not able to detect asymptomatic SARS-CoV-2 seroconversion. Overall, though, we believe that this limitation does not invalidate our findings.
[bookmark: _Hlk41751513]In conclusion, our study described the frequency of false-negative RT-PCR in a population-based study setting and was validated in a separate cohort from another country. Further, we demonstrated the presence of patients with COVID-19 without any measurable antibody response. This constellation was associated with more symptoms and a tendency towards a longer disease course than in other COVID-19 patients. Although we reproduced the frequency of serological nonresponders in a second cohort, the observed absolute number of cases is low. To further characterize the serological nonresponder status, studies including larger numbers of affected individuals are needed.  
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Legends to Figures and Figures
Figure 1. a.) Inclusion algorithms. a.)  of the Population-based national study in the principality of Liechtenstein; b.) .validation cohort in Switzerland.  
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Figure 1b.) Inclusion algorithm of the validation cohort in Switzerland.  
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Figure 2. Positive (PPV) and negative predictive values (NPV) of RT-PCR for diagnosing COVID-19. A specificity of 99% was assumed. 
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Tables
Table 1a. 2x2 table of patients with initial RT-PCR result and subsequent serology. a.)  in the population of Liechtenstein; b.) validation cohort from Switzerland. Serology was considered positive if one antibody assay against N-antigen was positive and one against S-antigen was positive.  Due to rounding, percentages do not necessarily add up to 100%.2x2 table of patients with RT-PCR and subsequent serology in the population of Liechtenstein. Serology was considered positive if one antibody assay against N-antigen was positive and one against S-antigen was positive.  

Table 1b. 2x2 table of patients with RT-PCR and subsequent serology in the validation cohort from Switzerland. Serology was considered positive if one antibody assay against N-antigen was positive and one against S-antigen was positive. Due to rounding, percentages do not necessarily add up to 100%

Table 2a. Characterization of  Laboratory results from patients from the population-based cohort with positive PCR at presentation and negative serology. a.) Laboratory results; b.) presenting clinical symptoms and signs.Laboratory results from patients with positive PCR at presentation and negative serology. 

Table 2b. Clinical signs and symptoms of patients with positive PCR at presentation and negative serology. 

[bookmark: _Hlk47573010]Table 3a. Characterization of Laboratory results from patients from the population-based cohort with negative PCR at first clinical presentation and positive follow-up serology. a.) Laboratory results; b.) presenting clinical symptoms and signs. A-D were index patients, E-K were household contacts, L was a close working contact. Laboratory results from patients with negative PCR at first clinical presentation and positive follow-up serology. 


Table 3b. Clinical signs and symptoms of patients with negative PCR at first clinical presentation and positive follow-up serology. 
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