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Introduction

Respiratory infections are a common cause of illness in older adults, potentially  resulting in severe morbidity or mortality. While up to 10% of respiratory infections in this population are caused by one of the four human coronaviruses (hCoVs), OC43, HKU1, NL63, and 229E, data on hCoV epidemiological and immunological responses are limited in communitydwelling older adults. In addition, it is often difficult to distinguish and identify distinct hCoV infections. Therefore, both clinical characteristics and the possibility of using serology to identify recent infections were investigated.





Methods

Clinical characteristics and humoral immune responses were studied in community-dwelling older adults who presented with hCoV-related symptomatic influenza-like illness (ILI). Serum antibodies specific for each hCoV were identified by protein microarray using recombinant spike proteins.





Result

The symptoms of participants with molecular confirmation of hCoV infection were difficult to distinguish from symptoms of other viral pathogens causing ILI. Overall, severity based on a cumulative symptom score was less for hCoV than the other ILI-causing infections present in the study. Furthermore, symptom score did not correlate with changes in antibody levels. Using single serum samples to identify recent infections resulted in limited distinction among infections with receiver operating characteristic (ROC) area under the curve (AUC) values between 0.5 and 0.7, depending on the hCoV. However, paired serology samples collected at acute and recovery timepoints with an 8-week interval show an increase in type-specific antibodies with ROC AUC values between 0.78 and 0.96, depending on the hCoV.





Discussion

Although clinical characteristics are comparable between hCoVs, the analysis of antibody kinetics may provide an alternative method for identifying recent hCoV infections.
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Introduction

The severe acute respiratory syndrome coronavirus (SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV), and, more recently, SARS-CoV-2 infections have revealed the potential for human coronaviruses (hCoV) to cause severe respiratory illness (1–3). However, hCoV-OC43, hCoV-HKU1, hCoV-NL63, and hCoV-229E are also capable of inducing respiratory illness (4–10). These four hCoVs are collectively referred to as the seasonal hCoVs. These hCoVs circulate endemically worldwide in a seasonal fashion, with peak infection numbers reported during the winter period (11). Pathogenesis is similar between these four seasonal hCoVs, but the proportion of infections with each type can vary with region and season (11–14). hCoVs often induce self-resolving upper respiratory tract infections, accompanied by symptoms such as nasal congestion and a sore throat (12, 13, 15, 16). However, the lower respiratory tract can be affected in susceptible individuals such as immunocompromised patients, infants, and older adults. Severe hCoV infections are accompanied by symptoms such as bronchiolitis and pneumonia (13, 17, 18).

Based on observed antibody prevalence in healthy children, it is likely that most children will encounter all of the hCoVs at least once before they become adults (19, 20). In adults, hCoV annual infection incidences from symptomatic cases or surveillance studies have reported an infection rate between 3.3% and 7.1% (11). In addition, reinfections with hCoVs are common, indicating that immunological protection against reinfection is not always effective (21). However, it is not clear whether or not such reinfection episodes are always accompanied by symptoms (21). Importantly, in older adults, hCoV infections can have more severe consequences and are responsible for a significant medical burden (22).

The general symptoms of an hCoV infection are very similar to those of influenza-like illness (ILI) (15). Therefore, differential diagnosis of ILIs is limited by the broad range of possible viruses and requires thorough molecular screening (23–25). Molecular testing for hCoVs in the hospital setting is currently limited (26, 27). As a result, hCoV pathogen prevalence is not regularly collected as surveillance data, but sporadically in clinical trials (28). However, studying hCoV infections in the community is important for investigating the occurrence of infection and reinfection in the population, and for comparing the similarities and differences of hCoV infections with new members of this family, such as SARS-CoV-2.

An alternative tool for monitoring infections could be serology based. A common antigen used to investigate antibody prevalence for hCoVs is the spike transmembrane protein that can be divided into subunits 1 (S1) and 2 (S2), of which the S2 sequence is more conserved between the different hCoVs. S1 contains a receptor-binding domain and is often used in neutralization and antibody assays. S1 would, therefore, be the most interesting antigen candidate for a serological test.

Here we report data from a prospective observational study (9, 10) with the aim of investigating the clinical and immunological characteristics of infection with one of four seasonal hCoVs in community-dwelling older adults who developed symptomatic disease in three winter seasons in the Netherlands. We evaluated the frequency of symptoms, presence of other (chronic) diseases, and antibody responses against the four hCoVs during the acute phase of infection and during convalescence 8 weeks later. To also investigate the use of serology to identify recent infections, we applied a human coronavirus protein array platform to determine whether or not hCoV-specific antibodies can be used to distinguish hCoV infections in the study population.





Methods




Study design

A prospective observational study was carried out during three influenza seasons (December 2011 to April 2012, October 2012 to May 2013, and October 2014 to April 2015) in community-dwelling older adults of 60 years or older. The cohort has been described previously in relation to influenza virus infections (9, 10, 29). Written informed consent was obtained from all participants for each season. All trial-related activities were conducted according to good clinical practice, which includes the provisions of the Declaration of Helsinki. The study was approved by the recognized ethics committee METC Noord Holland [International Clinical Trials Registry Platform (ICTRP) Search Portal (who.int); NTR3386 and NTR4818].

A symptomatic event was defined based on the Dutch Pel criteria for influenza-like illness (ILI), requiring a fever (≥ 37.8°C) and at least one additional symptom out of headache, myalgia, sore throat, coughing, rhinitis, or chest pain (30). Participants were asked to report the events as soon as possible after symptom onset, which was followed by a home visit by a research nurse for sampling within 72 hours of fever onset. Another home visit was scheduled 8 weeks after the acute ILI, which will be referred to as the recovery time point. During home visits, nasopharyngeal and oropharyngeal swabs were collected as described previously (9, 10, 31). In addition, serum samples were collected in blood collection tubes containing clot activator and gel separator, as described previously (31). Samples were aliquoted within 8 hours of collection and stored at –80°C. Participants without an ILI episode or without complete pathogen data were excluded from the current analysis.





Identification of viral and bacterial respiratory infections

Isolated DNA and RNA from nasopharyngeal and oropharyngeal swabs were used to identify respiratory viruses and bacteria by multiplex ligation-dependent probe amplification (MLPA) assay, as described previously (9, 10).





Detection of specific antibodies by protein microarray

A protein microarray was developed to evaluate antibody responses to the four seasonal hCoVs. A subset of sera obtained from symptomatic participants across each season was selected for specific antibody determination by protein microarray. Participants testing positive in the MLPA for one of the hCoVs were included and matched with control participants for age and sex who tested positive for one of the other pathogens. Samples were tested in a pairwise manner, testing matching acute and recovery samples on the same slide. Slides and proteins [HCoV-229E S1 (GenBank JX503061.1), HCoV-HKU1 S1 (ADN03339.1), HCoV-OC43 S1 (AIX10763), and HCoV-NL63 S1 (KJ650297.1)] were produced in-house as described previously (32, 33). In short, each of the four hCoV spike S1s was cloned into a pcDNA3.1 plasmid, transfected into HEK293 cells, and purified by fast protein liquid chromatography (FPLC).

Proteins were spotted on 24-pad nitrocellulose-coated slides (ONCYTE AVID; Grace Bio-Labs, Bend, OR, USA), as described previously (32). Microarray slides were blocked for at least 1 hour at 37°C with BLOTTO blocking buffer. Sera were added in a fourfold dilution starting at 1 : 20 or 1 : 40 and incubated for 1 hour at 37°C. To monitor the day-to-day variations, human AB serum (Sigma-Aldrich, H6914, lot SLBQ4843 V) was included in each test. Conjugated goat anti-human IgG, F(ab’)2-AF647, diluted to 1 : 1000 was incubated for 1 hour at 37°C. Slides were washed between every step with phosphate-buffered saline (PBS), with 0.1% Tween-20, and a final wash was carried out with sterile water. Slides were dried before measuring. Signals were quantified by a Tecan scanner (PerkinElmer, Waltham, MA, USA). Fluorescent signals were quantified using ScanArray Express software. The mean of the median spot fluorescence of measurements was plotted into dose–response curves per antigen for each serum using R version 4.0.0, package “DRC”, version 2.3–7 (Rstudio, Boston, MA, USA). Antibody titers were determined at 50% of the response on the dose-response curve (33).





Data analysis and statistics

Data were analyzed and visualized with R version 4.1.0. A chi-squared test was used to investigate differences in the frequency of symptoms and associated chronic diseases between ILI episodes and hCoV infections. Antibody titers were compared between groups using either a paired or unpaired test, depending on the groups involved. p-values were corrected for multiple testing using a Bonferroni correction. The correction was applied separately for each group of tests/figures. Optimal cut-off values for receiver operating characteristic (ROC) curves were identified by selecting the threshold at the highest sum of specificity and sensitivity. Positive predictive values (PPVs) were calculated by dividing the number of true positives, as determined by the molecular testing of swabs, by the number of positives identified by the test. Similarly, the negative predictive value was calculated as the number of true negatives divided by the total negatives identified by the test. Medcalc was used to calculate these values and their confidence intervals.






Results




Prevalence of seasonal human coronaviruses in community-dwelling older adults with ILI symptoms

A previously described cohort of community-dwelling older adults presenting with fever and one additional symptom indicating an ILI was further investigated in this work with a focus on seasonal coronaviruses and antibody responses (9, 10). For context, among the ILI events (n = 669) that were sampled, 18.9%, 11.3%, and 10.0% tested positive for a coronavirus infection over the 2011–2012, 2012–2013, and 2014–2015 seasons, respectively (9, 10) (Figure 1A and Table 1). All four seasonal coronaviruses were detected during the three seasons investigated, with hCoV-OC43 being the most prevalent and hCoV-HKU1 the least prevalent (Figure 1B and Table 1). In 55% of the hCoV infections, no other viruses or bacteria were detected, although an additional pathogen was detected in 35% of the identified hCoV infections. In 10% of the participants, three or more pathogens were detected at the same time. Influenza was the most common viral coinfection detected during an ILI episode, but other combinations were also found, including with RSV and hMPV (Table 2). Interestingly, in a small number of participants with hCoV infection, two hCoV strains were identified (n = 4; Figure 1C). The epidemiological data discussed above were published previously (9, 10) and are presented here to provide context for the humoral findings of the study. These data illustrate that seasonal hCoV infections, either alone or in combination with other pathogens, are detected in a significant portion of symptomatic ILI infections in the studied population.




Figure 1 | Incidence of seasonal human coronavirus infection among symptomatic community dwelling elderly participants. (A) Proportion of human coronavirus (hCoV) infection among the total number of influenza-like infections (ILI) detected in the study population. Each participant is counted once and only included in the other ILI group if no coronavirus infections were present at time of swabbing. (B) Proportion of individual hCoV as part of the total hCoV infections. Each detected pathogen is counted once. In the 2011-2012 season, 3 participants tested positive for multiple hCoVs. In the 2012-2013 season, 1 participant tested positive for multiple hCoVs. (C) Venn diagram showing the overlap in hCoV infections within participants. Data from all three seasons is combined. (n = 83). (D) A symptom score was calculated based on the duration of six symptoms (coughing, nasal congestion, sore throat, headache, painful breathing, muscle ache) in combination with fever. Participants with multiple pathogens were excluded. The symptoms scores for hCoV (n = 46) and ILI (n = 368) are compared, with the * indicating a p-value less than 0.05, unpaired t-test.




Table 1 | Participant characteristics of older adults presenting with an influenza-like illness (ILI) during the 2011–2012, 2012–2013, and 2014–2015 seasons.




Table 2 | Coinfections detected in participants positive for one of the human coronaviruses tested.







Symptoms and associated chronic diseases are comparable between non-hCoV ILI and hCoV infections

To compare symptoms and the presence of chronic diseases between hCoV infections and non-hCoV ILI-associated infections, participants with one detectable pathogen were analyzed separately from participants with multiple pathogens during acute infection. Among participants with an hCoV infection only, the most common symptoms were a nasal congestion (91.3%), headaches (82.6%), and a cough (73.9%) (Table 3). Participants with one other respiratory pathogen mostly presented with a cough (90.5%) and a nasal congestion (64.4%). With regard to symptom frequency, differences between hCoV infections and ILI caused by other pathogens were minimal for most symptoms. However, coughing was more frequent in participants infected with other ILI-associated pathogens than in those with hCoV infections (p = 0.04, chi-squared test). The number of pathogens detected did not have a significant influence on reported symptoms. A severity score was calculated by adding up the duration of the six symptoms studied and combining it with the duration of the fever included in the selection criteria. The distribution of the severity scores was higher for non-hCoV ILI than hCoV (p = 0.03, unpaired t-test; Figure 1D). A substantial number of participants infected with hCoV had one or more (chronic) diseases (54%–65%, depending on the number of pathogens detected) (Table 4). These chronic diseases were also present for participants with a non-hCoV ILI (50%–54%).


Table 3 | Reported symptoms during acute infection for participants infected with human coronavirus (hCoV) or other pathogens responsible for influenza-like illnesses (ILIs), split by the number of pathogens detected at the same time.




Table 4 | Reported chronic diseases for participants infected with human coronavirus (hCoV) or other pathogens inducing influenza-like illnesses (ILIs), split by the number of pathogens detected at the same time.







Infection with hCoV induces an increase in type-specific antibodies

To investigate whether or not an hCoV infection would result in a type-specific antibody response, hCoV antibodies targeting the four hCoV S1 antigens were assessed by protein microarray. Antibody levels were compared between infection and recovery timepoints, with approximately 8 weeks between timepoints (Figure 2). Antibody levels were significantly increased for hCoV-OC43 (p = 0.006; n = 36), hCoV-NL63 (p = 0.012; n = 20), and hCoV-229E (p = 0.001, paired t-test; n = 24). For hCoV-HKU1, the number of paired sera available was too small to detect a difference (p = 0.2; n = 7). There was no difference in antibody levels on infection when comparing hCoV-infected with non-hCoV control samples (p > 0.05, unpaired t-test). Finally, the study investigated whether or not antibody levels correlate with symptom frequency or severity, but this was not the case (Supplementary Figure 1; Spearman’s correlation, p = 0.79 with p = 0.05, p = 0.44 with ρ = 0.36, p = 0.72 with p = 0.08, and p = 0.74 with p = –0.08 for hCoV-OC43, hCoV-HKU1, hCoV-NL63, and hCoV-229E, respectively). It should be noted that antibodies were measured early after the onset of symptomatic disease. Therefore, antibody levels at that time point may already have been increased compared with levels prior to viral exposure, although this was not evident when investigating a potential correlation between antibody levels and the number of days after fever onset the sample was collected (Supplementary Figure 2).




Figure 2 | Coronavirus S1 antibody levels are increased 8 weeks after infection. Antibody levels expressed as EC50 values comparing the specific human coronavirus (hCoV) infection (purple, left) to other ILI (white, right) infection, excluding everyone infected with that particular hCoV at the timepoint of infection sampling and recovery sampling 8 weeks later for (A) hCoV-OC43 (n = 36 vs n = 368), (B) hCoV-HKU1 (n = 7 vs n = 396), (C) hCoV-NL63 (n = 20 vs n = 383), (D) hCoV-229E (n = 24 vs n = 380). ns, not significant, *p < 0.05, **<0.01, ***p < 0.001, paired t-test.







Antibody cross-reactivity between different hCoV types following hCoV infection

The spike antigens of the four hCoVs investigated are known to have conserved regions (8). Hence, cross-reactivity between antibodies targeting the different hCoVs is expected to occur, as observed previously (34). For participants who tested PCR positive for a specific hCoV type, antibody levels against the other three hCoVs were determined (Figure 3). Increased binding against hCoV-HKU1 was observed for participants infected with hCoV-OC43 (p = 0.0002, paired t-test) and against hCoV-229E for participants infected with hCoV-NL63 (p = 0.008).




Figure 3 | Coronavirus S1 antibody levels cross-reactive antibodies 8 weeks after infection. Antibody levels expressed as EC50 values comparing each specific hCoV infection antibody levels against each hCoV infection at the timepoint of infection sampling and recovery sampling 8 weeks later hCoV-OC43, hCoV-HKU1, hCoV-NL63, and hCoV-229E. ns, not significant, **p < 0.01, ***p < 0.001, unpaired t-test.







Increases in antibody levels can be used to identify past hCoV infections

Given that a recent infection increases antibody levels, we aimed to investigate whether or not it would be possible to use hCoV antibody levels in single or paired serum samples to identify recent infections (21). Therefore, the potential of antibody levels at the recovery time point to distinguish between hCoV and other pathogens was established using an ROC curve, resulting in area under the curve (AUC) levels between 0.5 and 0.7 for each of the four hCoVs investigated (Figures 4A–D). This indicates that it might be possible to distinguish participants with a recent infection based on a single serum sample. However, specificity and/or sensitivity will be low. In contrast, the fold change between paired serum samples obtained between recovery and infection resulted in improved ROC curves with AUC values between 0.74 and 0.93, depending on the hCoV investigated (Figures 4E–H). The optimal cut-off values for the fold changes were 2.0, 2.6, 2.0, and 2.1 for hCoV-OC43, hCoV-HKU1, hCoV-NL63, and hCoV-229E, respectively. These cut-off values result in relatively high specificities of 0.91, 0.94, 0.94, and 0.95, but lower sensitivities of 0.88, 0.57, 0.70, and 0.71 for hCoV-OC43, hCoV-HKU1, hCoV-NL63, and hCoV-229E, respectively (Table 5). The negative predictive values were 0.99, 0.99, 0.98, and 0.98 for hCoV-OC43, hCoV-HKU1, hCoV-229E, and hCoV-NL63, respectively. The positive predictive values were 0.48, 0.15, 0.43, and 0.39 for hCoV-OC43, hCoV-HKU1, hCoV-229E, and hCoV-NL63, respectively. Using the highest fold change for samples testing positive for both alpha or beta coronaviruses in addition to fulfilling the cut-off criteria increases the PPV to 0.56, 0.27, 0.56, and 0.47 for hCoV-OC43, hCoV-HKU1, hCoV-229E, and hCoV-NL63, respectively, and also results in the improvement of specificity but a reduction in sensitivity. These findings can be used to identify recent hCoV infections in the general population if longitudinal samples are available.




Figure 4 | ROC curved for hCoV show that antibodies can be used to identify recent infections. Data shown using antibody levels at the recovery timepoint only for (A) hCoV-OC43, (B) hCoV-HKU1, (C) hCoV-NL63 and (D) hCoV-229E. Data shown using antibody levels for fold changes between the recovery and infection time points for (E) hCoV-OC43, (F) hCoV-HKU1 and (G) hCoV-NL63 and (H) hCoV-229E. The negative control group for the ROC curves consist of the ILI participants that did not have a positive PCR test for the particular hCoV under investigation.




Table 5 | Performance of the microarray fold change between two time points for the detection of human coronavirus (hCoV) infections.








Discussion

We have previously investigated the occurrence of ILI in a cohort of community-dwelling older adults during three winter seasons, in which common cold coronavirus infections were frequently observed (9, 10). Specific identification of such infections usually requires molecular confirmation. Here, we investigated whether or not antibody responses toward OC43, HKU1, NL63, and 229E during an ILI episode could be an alternative identification method.

In agreement with previous reports, we found type-specific seroconversion for all four hCoVs (20, 21). Notably, cross-reactive antibody responses have previously been identified between the two alphacoronaviruses hCoV-NL63 and hCoV-229E and between the two betacoronaviruses hCoV-OC43 and hCoV-HKU1 (20, 34, 35). Such cross-reactivity complicates the distinction between individual coronaviruses when using serological assays. In our study, cross-reactivity was detected for participants with hCoV-OC43 infection toward hCoV-HKU1 and for participants with an hCoV-NL63 infection toward hCoV-229E, but not the other way around. These differences can be partially explained by the use of spike S1 antigens in the current study, as spike S2 is more conserved between hCoVs. In addition, these differences may also be explained by the low statistical power. It has been suggested that infection with predominating hCoVs (OC43 and NL63) induces neutralizing antibodies, which may partially protect against infections within the same group (20). However, it has not been fully established what role cross-reactive neutralizing antibodies play in protection against hCoV reinfection.

Increases in antibody levels over time have previously been used to identify hCoV infections retrospectively (21). The sensitivity reported in our study is lower for hCoV-NL63 and hCoV-HKU1 than the sensitivity reported by Edridge et. al, but specificity is higher or comparable in our study for all four antigens (21). These differences could be explained by differences in assay performance, study set-up, or sample selection. In addition, specificity and sensitivity are influenced by antibody cross-reactivity, resulting in an increased number of false double positives. Although the sensitivity and specificity for the serology assay used here are lower than for PCR confirmation, using serology to identify hCoV infections has several benefits. A positive PCR test requires swabbing during acute infection, whereas serology can be used to identify the presence of an hCoV infection after the participant has recovered. The relatively low PPVs we observed may also be due to the presence of asymptomatic infections acquired after the first sampling time point, as observed previously (9, 10). Therefore, we do not recommend that the current test should be used as a diagnostic test.

However, serology would be of use for large-scale epidemiology studies to detect symptomatic hCoV infections, potentially resulting in improved risk profiles and epidemiological data. Additional research would be required to determine whether or not asymptomatic infections or infections with symptoms that differ significantly from the selection criteria in the current study can be identified with the same serological method. It should also be noted that a long interval between the two samples may result in reduced sensitivity due to antibody waning. In addition, one of the limitations of our study is that participants were sampled when they already presented symptoms of ILI infection. It is possible that a partial antibody boosting had already been initiated at this time point, although we were not able to detect this in our data. In contrast, a trend toward such an effect was observed for RSV in a previous study using samples from the same cohort (31).

Studies specifically looking at the incidence of the hCoV in a population of community-dwelling older adults are limited, as the focus is often on younger age groups or hospitalized patient groups (28, 36). We have previously shown that the overall incidence of coronaviruses among symptomatic ILI cases varies between seasons from 8.9% to 19.3% (9, 10). Others studying respiratory viruses noted an overall coronavirus incidence ranging from 3.5% to 29% (28, 36–38). In agreement with this study, hCoV-OC43 is also commonly found to be the most prevalent (20, 37, 38). Seasonal variation and differences in study population are likely to further explain differences in distribution of the hCoVs. Kong et al. reported that 31.29% of hCoV infections were coinfections with other ILIs (38), which is comparable to the coinfection rate of 35% detected here. Coinfections with two hCoV strains are, however, less often reported in literature, which is comparable to our current findings (38, 39).

Although differences regarding symptoms and chronic diseases may be observed between the four hCoVs (40), due to limited numbers we combined the different hCoV infections for further analysis. In our study, the most common symptoms among hCoV participants were nasal congestion, headaches, and coughing, while other common symptoms, including fever and shortness of breath, were previously reported (37). Even though we focused on only six self-reported symptoms, the commonly observed symptoms still match those described in other hCoV studies (14, 16, 37, 40). When comparing hCoV with other pathogens causing ILI, it was observed that the non-hCoV ILI participants reported coughing as a symptom more often than hCoV-infected individuals.

Our data provide a comprehensive overview of hCoV infections and characteristics in community-dwelling older adults. Seroconversion was found for each hCoV and could be used to distinguish the type of hCoV infection. Among the hCoV infections, coughing was reported as a symptom less frequently than in those with ILIs caused by other pathogens. Altogether, the information presented here provides a serological characterization of ILIs with coronavirus etiology in community-dwelling older adults. The information on antibody levels and cross-reactivity can be used in the future to identify hCoV infections in longitudinal serum samples retrospectively without the need for additional swabbing, allowing the identification of both symptomatic and possibly asymptomatic hCoV infections.
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Season 2011/2012 Season

12/2013 Season 2014/2015

Any hCoV infection, n 27 31 25

Coinfections, n (%)

Influenza 1(3.7) 3(9.7) 4 (16.0)

Rhinovirus 0 (0.0) 1(32) 1(4.0)
RSV 1(37) 1(32) 1(1.0)
HPIV » 0(0.0) ‘ 0(0.0) ‘ 0(0.0)
HMPV 4 (14.8) 1(32) 0(0.0)

Adenovirus 1(3.7) 1(32) ‘ 0 (0.0)

Haemophilus 3(111) | 5(16.1) 2(8.0)

Other* 7 (25.9) 8(25.8) 2(8.0)

hCoV, human coronavirus; RSV, respiratory syncytial virus; HPIV, human parainfluenza virus; HMPV, human metapneumovirus.
*Other pathogens tested for besides the four hCoV's were polyomavirus, bocavirus, Mycoplasma pneumoniae, Bordetella pertussis, Chlamydophila pneumoniae, Streptococcus, Staphylococcus aureus,
and Neisseria meningitidis.
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One pathogen

Two or more pathogens

hCoV Other

Total, n 46 368 37 119

Disease reported, n (%)

Any diseases 25 (54.3) 197 (53.5) 24 (64.9) 60 (50.4)
Chronic disease 21 (45.7) 159 (43.2) 17 (45.9) 49 (41.2)
Lung disease 8 (17.4) 70 (19.0) 12 (32.4) 14 (11.8)
Heart disease 9 (19.6) 48 (13.0) 8 (21.6) 16 (13.4)

Diabetes 3(65) 46 (12.5) 2(54) 9(7.6)

hCoV, human coronavirus; ILI, influenza-like illness.
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One pathogen

Two or more pathogens

hCoV Other

Total, n 46 367 37 119

Symptom, n (%)

Coughing 34 (73.9) 332 (90.5) 31 (83.8) 110 (92.4)
Nasal congestion 42 (91.3) 273 (74.4) 33 (89.2) 100 (84.0)
Sore throat 29 (63.0) 225 (69.5) 21 (56.8) 76 (63.9)
} Headache 38 (82.6) 245 (66.8) 23 (62.2) 75 (63.0)
Painful breathing 4(8.7) 59 (16.1) 5(13.5) 21 (17.6)
Muscle ache 25 (54.3) 233 (63.5) 23 (62.2) 71 (60.0)

hCoV, human coronavirus; ILI, influenza-like illness.
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Season 2011/2012 Season

013 ason 2014/2015

Number of participants, n 143 275 251
Age, mean (SD) 68.9 (7.0) 69.5 (6.6) 69.6 (6.2)
Sex: male, n (%) 61 (42.7) 119 (43.3) 121 (48.2)

Number of potential pathogens detected during acute infection, n (%)*

0 24 (16.8) 45 (16.4) 30 (12.0)

1 81 (56.6) 160 (58.2) 173 (68.9)
2 31(217) 58 (21.1) 41 (16.3)
3 6(4.2) 11 (4.0) 5(2.0)

4 1(07) 1(04) 2(0.8)

Human coronavirus infections, n (%)

Any hCoV infection 27 31 25

oc43 9 (33.3) 15 (48.4) 12 (48.0)
229-E 9 (33.3) 6(19.4) 9 (36.0)
NL-63 8 (29.6) 10 (32.3) ‘ 2(8.0)
HKUL 4(148) 13.2) 2(80)

Number of pathogens detected during hCoV infection, n (%)

1 14 (51.9) 14 (45.2) 18 (72.0)
2 9 (33.3) ‘ 15 (48.4) ‘ 5(20.0)
3 4(148) 132) 1(80)
4 0(0.0) 1(32) 1(8.0)

SD, standard deviation; hCoV, human coronavirus.
“Pathogens tested for besides the four hCoV's were influenza virus, respiratory syncytial virus (RSV), rhinovirus, human parainfluenza virus, human metapneumovirus, polyomavirus, adenovirus,
bocavirus, Mycoplasma peumoniae, Bordetella pertussis, Chlamydophila pneumoniae, Haemophilus, Streptococcus, Staphylococcus aureus, and Neisseria meningitidis.
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0C43

HKU1

Cut-off values only

Sensitivity (95% CI) 088 (0.73-0.97) 071 (0.48-0.89) 070 (0.46-0.88) 0.57 (0.18-0.90)

Specificity (95% CI) 091 (0.87-0.94) 095 (0.92-0.97) 094 (0.91-0.96) 0.94 (0.91-0.96)
PPV (95% CI) 0.48 (0.35-0.61) 0.43 (0.26-0.61) 039 (0.23-0.56) 0.15 (0.04-0.35)
NPV (95% CI) 0.9 (0.87-0.93) 098 (0.96-0.99) 0.98 (0.96-0.99) 099 (0.98-1)

Cut-off value and highest FC

Sensitivity (95% CI) 085 (0.69-0.95) 0.67 (0.43-0.85) 0.70 (0.46-0.88) 0.57 (0.18-0.90)

Specificity (95% CI) 094 (0.91-0.95) 097 (0.95-0.99) 096 (0.93-0.98) Los7 (0.95-0.99)
PPV (95% CI) 0.56 (0.41-0.70) 056 (0.35-0.76) 047 (0.28-0.66) 0.27 (0.08-0.55)
NPV (95% CI) 0.99 (0.97-1) 098 (0.96-0.99) 098 (0.96-0.99) 099 (0.98-1)

The “cut-off value-only” method applies the optimal cut-off value established by the ROC curve analysis. In addition to this, the “cut-off value and highest FC” method takes into account the
participants who test positive for two coronaviruses with known cross-reactivity (NL63 and 229E or HKU1 and OC43) and assigns that participant as positive for the hCoV with the highest fold
change only.

PPV, positive predictive value; NPV, negative predictive value; FC, fold change.
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