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Abstract 

The progression of the recent COVID-19 pandemic surprised political authorities as well as 

scientists. The possibility to design powerful strategies for health care and preserving 

economic and social activities strongly relies on the capacity to monitor correctly the virus 

spreading and the immune response in the symptomatic and asymptomatic population. The 

available data relative to the first pandemic months indicate that the test reliability was 

progressively improved but also that the extremely variable methodologies used in the 

diagnostic studies generated data that are often not comparable. This condition prevents a 

simple metadata analysis for the identification of reliable diagnostics guidelines. 

Nevertheless, there are converging evidences that combinations of complementary 

approaches may enable more precise identification of virus infection. Furthermore, it appears 

that the similarities between SARS-CoV2 and the related types SARS-CoV1 and MERS that 

caused outbreaks in the last 20 years can be exploited to infer some information for which no 

direct evidence is still available  
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Introduction  

The clinical, social and economic impact of the global pandemic caused by SARS-CoV2/COVID-

19 (1) has promoted a probably unmet global effort to investigate any aspect related to the 

biology of such virus. The early availability of the complete genome sequence of SARS-CoV2 

(Wuhan-Hu-1, GenBank: MN908947) (2) allowed the identification of similarities with the 

other Coronaviridae and to design the primers for its diagnostic amplification. SARS-CoV2 

trafficking into the host cell is primarily driven by the receptor-binding domain (S1) of the 

spike glycoprotein that apparently forms a homo-trimer to interact with ACE2 receptor (3-9) 

and, possibly, with CD26 and Ezrin (10,11). The clinical observations suggest that the 

overexpression of the senescence biomarkers ACE2 and CD26 (12) correlates with stronger 

infection and this might be one of the reasons for which COVID-19 mortality among elders is 

extremely higher than in younger population classes (13). It is unknown if younger population 

is protected also by other specific biological mechanisms of innate immune system. Infected 

people can apparently spread virus particles for a period of 10-14 days, 1-4 days before and 7-

10 after symptom appearance, although asymptomatic and mild cases could be infective for 

shorter times (reviewed in 14). The impression is that, despite the existing guidelines, at 

global level factors such as low processing power, difficulty to access to tests, and apparent 

incorrect implementation of the available diagnostic methodologies impaired a sufficient 

sampling of infected patients by means of swab sampling and RNA detection (15,16). As a 

consequence, there is a critical underestimation of the actual cases and a reduced possibility 

of effective confinement of infectious COVID-19. The evaluation of the humoral adaptive 

immunoresponse would represent useful complementary diagnostic information. The 

available data indicate a prompt seroconversion in COVID-19 patients (17) and a general 

decrease of the cell-mediated response (18-20). Of course, it is not yet known the long term 

protective effect of memory cells in the case of SARS-CoV2 but the data relative to SARS-CoV1 

immunoresponse showed that almost 90% of the convalescent patients had a sufficient titer 

of neutralizing IgG two years after infection and 50% preserve it after four years (21). A 

systematic and repeated analysis of samples from recovered patients and infected but 

symptomless people will provide the information necessary to elucidate both the 
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characteristics of neutralizing antibodies and the long-term protective capacities of humoral 

immunosystem towards SARS-CoV2. The accomplishment of this objective is instrumental for 

the design of a robust vaccine. Altogether, there is a strong interest for accurate diagnostics 

to control population infectivity, contamination and rate of immunoprotection. To collect 

reliable data it is necessary to know advantages and shortcomings of the different diagnostic 

methods and to evaluate critically the already available information. This contribution tries to 

summarize the state-of-the-art of the SASRS-CoV2 diagnostics since no similar effort has been 

accomplished so far. 

 

Detection of viral RNA  

Accurate diagnosis and efficient monitoring of COVID-19, caused by SARS-CoV2 virus, is 

strongly dependent on proper specimen collection and sensitive viral RNA detection. While 

the latter is performed in professional laboratories with increasingly accurate methods and 

kits which provide reproducible results, the correct collection of specimens in terms of both 

sampling modality and sampling time remains the upmost critical and uncertain step of the 

chain. It is known by now that COVID-19 patients have different virus loads at different stages 

of the disease and progressively shed RNA in different body organs.  

SARS-CoV2 and other endemic human coronaviruses (HCoVs) can be detected in both upper 

and lower respiratory tracts, including nasal and pharyngeal fluid, saliva, sputum, and 

bronchoalveolar fluid (22) (Figure 1). Detection of viral RNA in the upper respiratory tract 

samples is usually sufficient for the early identification of COVID-19 infection and upper 

respiratory specimens are by far the most frequently collected specimens during COVID-19 

outbreaks around the world. Such swabs are easy to collect, enable extensive testing of 

potentially infected individuals, pose a relatively low exposure risk for health care 

professional and their invasiveness is low. Viral load of SARS-CoV2 in the early stage of the 

disease is the highest in pharyngeal region, with the detection of viral RNA in nasopharynx 

(NP) being more sensitive than in oropharynx (23,24). The World Health Organization (WHO) 

recommends that all patient samples with suspected SARS-CoV2 should be isolated from 
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respiratory tract and analyzed by authorized laboratories for diagnostic nucleic acid 

amplification testing (NAAT) 

(https://apps.who.int/iris/bitstream/handle/10665/331329/WHO-COVID-19-laboratory-

2020.4-eng.pdf, 25). Specimens should be stored at 2-8°C and shipped promptly to the 

laboratory, or stored in viral transport medium at -20°C to -70°C, if a delay in reaching the 

laboratory is expected. US centers for disease control and prevention (CDC) recommends 

collecting the upper respiratory NP swab, with oropharyngeal (OP) and nasal (NS) swabs 

having lower priority (https://www.cdc.gov/coronavirus/2019-nCoV/lab/guidelines-clinical-

specimens.html, 26). Sensitivity can be improved with the combination of two or more 

sampling sites, as already emphasized in the discharge criteria for COVID-19 patients. For 

instance, combination of OP and NS swabs might be a good alternative providing good 

sensitivity, low invasiveness and still low exposure risk for health workers. Many countries, 

including EU, USA and China, consider recovered and not infective only patients who show no 

relevant symptoms and were RT-PCR negative in at least two sequential analyses of 

respiratory tract samples, collected more than 24 hours apart 

(https://www.ecdc.europa.eu/sites/default/files/documents/COVID-19-Discharge-

criteria.pdf, 27).  At later stages, the viral load in the lower respiratory tract is significantly 

higher than in the upper respiratory tract (24,28). However, sampling of bronchoalveolar 

specimens and sputum is technically difficult and appropriate only for seriously ill patients in 

the intensive care units.  

A recent retrospective cohort study from Zhejiang province in China showed that rates of 

SARS-CoV2 detection in the respiratory samples (saliva and sputum) gradually decreased from 

95% in the first week of the symptom onset to 54% in the fourth week. The viral load and 

persistence of virus correlated with the severity of disease. In patients with pneumonia, high 

viral load can be observed even in the third and fourth week after the disease onset. They 

have generally longer persistence of SARS-CoV2 in respiratory samples, higher viral load, and 

a later shedding peak (29). A report describing the reliability of RT-PCR tests repeated on the 

same patients over a period of few weeks indicates that the viral load drops significantly. 

After 5 days more than 50% of the patients resulted negative when naso- and oropharyngeal 

swabs were used, despite some cases in which the viral RNA could be detected also at the day 
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28 post symptom offset (30). Such data confirmed the shortcomings previously noticed for 

SARS-CoV1 diagnostics and specifically the low sensitivity of RT-PCR performed with NP/OP 

swab samples collected during late infection stages (31,32).  

Sputum samples appear more reliable for RT-PCR and, since viral RNA concentration declines 

more slowly than in swabs, it can be detected till three weeks after symptoms appearance. 

Saliva samples are promising non-invasive specimens with high sensitivity for viral RNA 

detection as well as for the recovery of viable viral particles (29,33). Together with nasal 

samples, self-collected saliva samples are the most promising target in the development of 

point-to-care (POC) devices for the fast diagnosis and surveys aimed at monitoring SARS-CoV2 

infection spread (34). For patients with pneumonia, lower respiratory tract specimens, such as 

sputum and bronchoalveolar lavage fluid, are tested in addition to upper respiratory samples. 

Viral RNA-based detection in the respiratory samples is the most suitable test also for the 

identification of asymptomatic carriers, which appear to have a prolonged viral shedding in 

respiratory tract compared to COVID-19 patients (35). Summarizing, respiratory samples are 

usually very reliable for confirming the infection in the early stage of disease. However, with 

its advancement, shedding of viral RNA in pharyngeal area declines the fastest, particularly in 

patients with mild symptoms, and disease can remain undetected in the majority of the cases 

if tested by RT-PCR one week after symptom onset (24,35,36).  

SARS-CoV2 viral RNA can be detected in blood and stool specimens at later stages of the 

COVID-19 infection. At least part of COVID-19 patients develops systemic viremia with viral 

RNA detected in blood samples, either in serum or full blood. However, in contrast to the 

higher rates reported for SARS and MERS, SARS-CoV2 RNA was detected in the sera of less 

than 30% of COVID-19 patient with pneumonia, with the peak of detection in the second 

week of disease and a gradual decrease later on (29,37). Presence of serum viral RNA usually 

correlates with the disease severity (38). Since SARS-CoV2 can infect the digestive, urinary in 

addition to the respiratory system and haematological systems, there is the possibility of 

using stool and urine as complementary samples for the detection of virus particles (39,40). 

Several studies reported that faecal/anal samples continued being positive for weeks after 

the respiratory samples turned negative. Faecal specimens have been repeatedly reported 

positive in COVID-19 patients (29,38,41-43) and viral RNA testing of faecal or anal swabs could 
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improve the discharge accuracy and reduce the possibility of faecal-oral transmission. Further 

studies are needed to elucidate if SARS-CoV2 is viable in stool samples, posing a potential 

health treat. Zheng at al. (29) detected SARS-CoV2 RNA in the stool samples of 59% of 

patients and found that the persistence of virus was present longer, and viral load peaked 

later, in stool samples compared to respiratory samples. Wu at al. (41) observed that in more 

than half of the patients, faecal samples remained positive for SARS-CoV2 RNA for a mean of 

11.2 days after respiratory tract samples became negative. The period of viral RNA shedding 

was in some cases extended for nearly 5 weeks after the viral clearance in the respiratory 

tract. Similar pattern was observed also when collecting rectal swab samples (44), altogether 

suggesting propagation of viruses in gastro-intestinal track and a possible faecal-oral 

transmission route although, in contrast to SARS and MERS, no cases of transmission via the 

faecal–oral route have been reported for COVID-19 so far. It is interesting that prolonged 

detection of the viral RNA in the faecal samples was associated neither with the presence of 

gastrointestinal symptoms nor with the disease severity (41). 

The take-home message is that it is important to recognize that the detection of virus in 

infected individuals is strongly affected by the quality of the sampling.  The question of how 

many tests are needed and what kind of specimen should be tested on individual patients, for 

the primary diagnosis or for the virus clearance confirmation, remains open. Regardless the 

kind of samples used, standardized sample acquisition, rapid delivery of specimens for 

analyses, standardized testing procedures and use of guideline-compliant test kits can 

effectively improve the accuracy of SARS-CoV2 RNA detection. 

 

Methodological approaches  

Molecular based approaches are the first choice in the laboratory diagnosis of SARS-CoV2 

infected individuals. Development of molecular methods to detect viral RNA was initiated 

with an assay developed by the Chinese Center for Disease Control and Prevention (45) when 

the genomic sequence of SARS-CoV2 was identified and deposited to the gene bank (Wuhan-

Hu-1, GenBank Accession No. MN908947). The genome sequence was then used to further 

design specific primers and probes to detect the SARS-CoV2, mostly by different real-time RT-

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 20 May 2020                   doi:10.20944/preprints202005.0316.v1

https://doi.org/10.20944/preprints202005.0316.v1


7 
 

PCR assays (rRT-PCR). It is worth to be mentioned that SARS-CoV2 tested negative when using 

pan-CoV molecular panels that detect the endemic human coronaviruses HCoVs (HCoV-NL63, 

HCoV-HKU1, HCoV-OC43, and HCoV-229E) (46). The first open reading frames (ORF 1a and 

1b), RNA-dependent RNA polymerase gene (RdRp), envelope (E), nucleocapsid (N) and spike 

(S) have become key diagnostic targets for SARS-CoV2 identification (reviewed in 47). One of 

the first validated laboratory tests has been developed by Charité – Universitätsmedizin Berlin 

(Germany) exploiting genomic data from China as a reference and by coordinating 

laboratories belonging to a European research network. Diagnostic workflow begins with two 

RT-PCR assays that detect E and RdRp genes of subgenus Sarbecovirus (SARS-CoV, SARS-CoV2, 

and bat-associated betacoronaviruses). The second step, performed on positive samples only, 

is an rRT-PCR screening of the SARS-CoV2 specific RdRp targets (48). This protocol has 

provided the basis for many others developed later on in different laboratories around the 

world. After the initial failure of the kit developed by CDC which determined a critical delay in 

determining the infection impact, systematic tests were organized in USA as well (49). 

Recently, WHO considers screening of a single discriminatory target sufficient for areas where 

SARS-CoV2 is widely spread. For areas with no known SARS-CoV2 circulation, a positive NAAT 

result for at least two different targets on the SARS-CoV2 genome is recommended, of which 

at least one target must be specific for SARS-CoV2 and identified using a validated assay. The 

viable alternative is one positive NAAT result for the presence of betacoronaviruses and 

further confirmation of SARS-CoV2 by partial or complete sequencing of the viral genome 

(25). Some authorized institutions have shared their protocols and provided specific 

sequences of target primers to the WHO public database, which contains also an overview of 

all SARS-CoV2 tests commercially available or in development for the diagnosis of COVID-19 

(https://www.finddx.org/COVID-19/pipeline/). As of May 13, US Food and Drug 

Administration (FDA) has authorized the emergency use of in vitro diagnostics for detection 

and/or diagnosis of SARS-CoV2 to 70 commercially test kits and 28 molecular-based tests for 

exclusive use in the laboratories which developed them (https://www.fda.gov/medical-

devices/emergency-situations-medical-devices/emergency-use-authorizations#covid19ivd). 
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An exhaustive list of commercial kits and protocols under development has been recently 

published (22). 

While the number of diagnostic tests available for SARS–CoV-2 increases, many challenges 

remain to be solved. Various tests can have considerable variability in the performance (e.g. 

sensitivity and specificity) with sometimes unspecific/false negative signals and need for ad 

hoc optimization (50,51). As reported above, sampling conditions (e.g. sampling modalities, 

different stage of infection) can strongly affect detection of viruses (23,28,52,53) and there is 

a constant need to monitor test performance given the potential for the virus to mutate. 

Apart from sensitivity and specificity, short analysis time is crucial to handle large numbers of 

samples in case of COVID-19 outbreaks or the necessity of large-scale testing campaigns to 

monitor the infection diffusion in the population. A high throughput method for RT-PCR 

tested with artificial samples with spiked RNA (54) showed sensitivity close to results reported 

by Corman et al. (48) but its validation with biological samples is not yet available. In parallel 

with qualitative assays, there would be also the need for standardized RNA quantification to 

provide reliable information on the actual viral load that would be very useful to monitor level 

of infectivity, recovery and/or response to therapy (34). 

Serum biomarkers 

Several articles report the concentrations of soluble serum parameters in the search of 

molecules which could have diagnostic values. The content of biomarkers such as lactose 

dehydrogenase, D-dimer and CRP (C-reactive protein) was quantified together with RNA (55) 

and resulted significantly increased in almost half of the samples recovered from 24 

asymptomatic COVID-19-positive cases. Other reports confirmed that, in patients with 

symptoms, the disease onset correlates with increased blood concentrations of inflammatory 

cytokines, creatinine, urea nitrogen, lactate hydrogenase, angiotensin II, D-dimer and CRP, the 

content of which might represent complementary biomarkers for understanding the disease 

development in COVID-19 patients (18,56-60). It must be underlined that serum analyses 

were limited in number and performed neither systematically nor repeatedly during the 

disease development. The concentration of several biochemical biomarkers changes 
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significantly during the infection and the available not homogeneous data do not allow 

inferring at what stages the quantification of such molecules could have diagnostic/prognostic 

meaning. Nevertheless, it was possible to identify: i) a good correlation between abnormal 

blood values and chest computed tomography (CT) showing pulmonary lesions; ii) some cases 

of infected patients (clear symptomatology) who never resulted RNA-positive to repeated (3-

4) RT-PCR tests and sometime had even no CT-detected lesions. Furthermore, the differential 

trend of some serum biomarkers between survivors and nonsurvivors might be a predictive 

factor (60). Serological analyses are simpler to perform because represent already the 

standard in most clinical sets and it would be worthy to understand whether the 

simultaneous analysis of combinations of serological parameters could help in decreasing the 

number of false-negative typical of RT-PCR-based tests performed with swabs that are 

difficult to recover under standardized conditions. 

Humoral immune response 

As it has emphasized in the previous sections, not all epidemiologically and/or clinically 

confirmed COVID-19 patients are RT-PCR positive throughout the infection. Li et al. (61) 

reported a study of 610 hospitalized patients clinically diagnosed with COVID‐19 in February 

2020. Only 39.5% of the patients with COVID‐19 resulted positive to RT-PCR, 27.5% to the first 

test and further 12.5% after a second testing. Such data illustrate how critical is the necessity 

of integrating RNA detection with complementary diagnostic responses. The detection of 

specific anti-COVID-19 antibodies represents not only a diagnostic alternative, but would also 

elucidate the role of immunoresponse in the progression of the disease. So far the available 

SARS-CoV2-specific information is limited but the data gathered during the previous 

coronavirus epidemics (62) indicate that the N and S proteins are the major immunogenics in 

SARS-CoV (63). Anti-N antibodies were the first to be detected in patients but most of the 

neutralizing antibodies were anti-S (64). Shortcomings of immunodiagnostics have been 

reported and apparently they are often caused by the poor quality of the recombinant 

antigens (misfolding, loss of specific epitopes) used in diagnostics (62). In addition, it is known 

that most of the population has developed antibodies against the common cold HCoVs, some 

of which can cross-react against conserved epitopes of homologous proteins present in other 
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coronaviruses (65,66), contributing to false positive results. Since protein N appears being 

more difficult to produce and more conserved than S, the latter has been preferred for 

immunological tests. IgM detection has been considered negligible for coronavirus diagnostics 

because, in contrast to what generally happens with other antigens (67), its seroconversion 

does not clearly anticipate that of IgG and its lower specificity but higher avidity can lead to 

cross-reactivity and generate false positive (62). The first case of COVID-19 patient detected in 

Finland confirmed that also in the case of SARS-CoV2 IgG and IgM seroconversion was 

synchronous and IgG titer increased faster (36). The available data relative to seroconversion 

in SARS-CoV2-infected patients are discordant and we tried to mediate them in the graphs 

reported in Figure 2. 

In a sample of 173 patients with clear COVID-19 symptoms, Zhao et al. (68) identified virus 

RNA in only 66.7% of the patients in samples collected before day-7 and this value dropped to 

45.5% after 2 weeks. Total anti-COVID-19 antibodies were recovered in less than 40% of the 

patients within 1-week since onset and the number rapidly increased to 100.0% a week after. 

At this time IgM were detected in 94.3% and IgG in 79.8% of the patients. The combination of 

RNA and antibody analysis significantly improved the diagnostic sensitivity, whereas higher 

antibody titers correlated with worse clinical classification. The limits of this report are that: i) 

it is not specified whether the class “total antibodies” corresponds only to IgG and IgM or 

includes further antibodies; ii) the lack of immunoresponse in some patients is probably the 

consequence of missing samples which were not collected at the late disease stages. In 

another study, the combined identification of IgM and IgG was evaluated by lateral-flow 

immunoassay. Despite the apparent insufficient sensitivity (88.6%) and specificity (90.6%) of 

the adopted method, the data resulted more consistent for diagnostic aims than the 

quantification of single antibody classes in a survey of a group of 397 RT-PCR-positive and 128 

RT-PCR-negative COVID-19 patients (69). Blood, serum and plasma analyses performed on a 

small subset of samples (7) were 100% consistent. Guo et al. (17) showed that the RT-PCR-

positive rate was >90% on 1-3 days post symptom onset, then declined to less than 80% at 

day six and less than 50% after day 14, with the overall positive detection rate of 51.9% in a 

single RT-PCR test. The contemporary analysis of IgA, IgM and IgG was more reliable because 
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covered a longer infection period and could identify cases that were classified erroneously as 

negative by RT-PCR (17). Similar finding were obtained in other similar cohort studies 

(29,30,35,68). Guo et al. (17) suggest that combining RT-PCR and IgM data might be the safest 

minimal diagnostic set for covering the whole infection period. This indication appears 

somehow in contrast with the data reported above and the survey performed by Zhang et al. 

(44) on 16 patients that indicated that IgG has faster seroconversion and higher diagnostic 

reliability than IgM. Seroconversion between day 7 and 14 was confirmed in a group of 9 

patients with similar mild infection (30). In another study, the sera from 285 patients were 

collected, but only for 26 of them samples were available for performing complete serological 

analyses over the whole survey period (27 days) (70). Low antibody concentrations were 

detectable in one fourth of the patients already after 2-4 days after symptom onset and 

within 17-19 days 100% of them developed IgG, whereas 94% were IgM-positive after 20-22 

days. The IgG response increased constantly, the IgM concentration slightly decreased in the 

fourth week, both IgG and IgM content was higher in more severe cases and the combination 

of the two measurements identified more positive cases than one single antibody in the early 

disease stages. The dynamic of seroconversion was very heterogeneous among patients, with 

different time of plateauing and seroconversion kinetics for IgG and IgM. Anti-SARS-CoV2 

antibodies were detected also in some cases which either presented symptoms or were 

asymptomatic but in both cases negative in at least two sequential tests for viral RNA. 

Specifically, 7 RT-PCR negative and asymptomatic cases on 148 were IgG and/or IgM positive 

(70). Although this study confirmed that the combined determination of IgG and IgM contents 

represents a robust diagnostic tool that can be used to identify virus infection in RT-PCR 

negative symptomatic as well as asymptomatic (both RT-PCR positive and negative) cases, it 

does not clarify how many of these antibodies had neutralizing capacity and how their 

expression course affected the clinical response. The characterization of the epitopes 

recognized by the antibodies of different patients was the focus of the contribution of Okba 

et al. (71). The S1 domain (or its partial sequence corresponding to the receptor biding 

domain) appeared being the antigen that provided the most COVID-19-specific response for 

IgG. In this study, both IgG and IgA had seroconversion at day 10-15 for the severe cases and 

one week later in patients with mild symptoms. We found only a single report dealing 
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specifically with asymptomatic patients (24 cases), few of them developed mild symptoms in 

successive periods while others had no symptom at all (55). Unluckily, the authors analyzed 

some serological parameters but did not quantify the immunoresponse of such cases. 

Identification of neutralizing antibodies 

Patient-produced neutralizing antibodies for COVID-19 have not been characterized so far at 

structural level but human and mouse neutralizing binders have been described for the 

homologue viruses SARS-CoV1 and MERS-CoV (72,73). It is known that both murine and 

human antibody-mediated neutralization can be lost due to spike protein mutations in MERS 

(74). Recently, neutralizing recombinant nanobodies against both SARS-CoV1 and MERS-CoV 

have been isolated (75,76) and monoclonal antibodies, recombinant nanobodies and mouse 

polyclonal sera raised against SARS-CoV1 can have neutralizing cross-activity against SARS-

CoV2 as well (77-79). Another SARS-CoV1/SARS-CoV2 cross-reacting monoclonal antibody 

selected from hybridoma culture and then totally humanized is able to bind to S protein and 

neutralize the virus infection by an unknown mechanism which does not involve directly the 

binding to ACE2 receptor, as it is the case for most of the other antibodies (80). Cross-

reactivity and neutralizing capacity of antibodies originally raised against SARS-CoV1 spike 

protein and later tested on SARS-CoV2 appear being events limited to binders that recognize 

specific epitopes. The production of ineffective antibodies might be the reason for which high 

titer does not automatically correlate with favorable disease development (68,70). The 

potential exploitation of neutralizing antibodies for therapeutic application can be evaluated 

by testing the ability of sera developed in convalescent SARS-CoV1 patients to block SARS-

CoV2 pseudoviruses cell entry (4,6). The data from very preliminary and limited studies (6 + 5 

+ 1 cases) without controls indicate that the plasma from SARS-CoV2 recovered patients 

might be beneficial for patients under critical conditions (81-83) but the absence of 

scientifically robust reports prevents to infer conclusions relative to this therapeutic strategy. 

 A better understanding of what antibody parameters (IgG class, titer, recognized epitope) 

would be crucial for effective treatment is feasible by using pseudoviral particles carrying the 

SARS-CoV2 spike protein. Such material proved being a safe means to test in vitro in biosafety 
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level 2 facilities the neutralization efficiency of both artificially-induced and convalescent 

patient serum antibodies (84,85). These data contributed to the comprehension of the high 

neutralizing potency of naturally developed antibodies and to define the characteristics that 

should have vaccines for stimulating an effective response. It should be underlined that, 

during anti-COVID-19 vaccine evaluation, a specific care should be devoted to antibody-

dependent enhancement (ADE) response since such condition has been already reported for 

some antibodies specific for the receptor-binding domain of the MERS and SARS-CoV1 spike 

proteins which facilitated the viral entry and the infection of immune cells (86-88). Recently, it 

has been suggested that, despite the difficulty of reliable in vitro testing to demonstrate ADE 

(89), it should be evaluated whether COVID-19 might receive ADE by means of cross-reacting 

antibodies developed against other coronaviruses (90). 

Conclusions 

The overall survey of the state-of-the-art diagnostics indicates that the exclusive identification 

of COVID-19 infection by means of RNA detection by RT-PCR is not sufficiently reliable. The 

reason of the elevated number of undetected positive cases depends on more factors. In 

most of the patients, the virus recovery in naso- and oropharyngeal swabs is limited to a short 

post-infection period. After clearance in the upper respiratory tract the virus can still 

accumulate in other organs but wrong sampling time and place can lead to the generation of 

false negative. Other sources of incertitude such as sampling modality, sensitivity differences 

among commercial kits and divergences in the RT-PCR protocols used in different labs, often 

non specialized in diagnostics, determined the collection of heterogeneous and sometime 

contrasting results but have been progressively removed. Now, from a technical point of view, 

the methods seem highly standardized. Therefore, if more attention should be paid to the 

sampling location and timing, positive detection rate can be improved with repeated RT-PCR 

testing, by combining different specimens or by using complementary detection methods. 

Guo et al. (17) reported the best virus detection rate (98.6 %), when an IgM ELISA assay was 

applied to RT-PCR negative patients. In general, the contemporary identification of IgG and 

IgM is meaningful since single patients have diversified humoral response and the parallel 

analysis can identify cases that would remain negative if only one antibody class would be 
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tested. The same principle is valid when antibody detection is combined with data of RNA 

amplification by RT-PCR. Some datasets indicate that such integrated diagnosis can be very 

beneficial in the virus early diagnosis (17,70). However, it must be underlined that the 

immunological tests need further optimization concerning the temporary windows for IgM 

and IgG detection and the quality of the antigens used in the analyses. In a longer-term 

perspective, they should be also tuned for discriminating between protective and non-

protective immune-response, for elucidating the long-term protective effect of neutralizing 

antibodies and possible ADE effect as well as to evaluate the immune-response in 

asymptomatic patients, survivors and nonsurvivors by the virus. The advantage of serum 

analyses is that the samples are simpler to obtain under totally standardized conditions and 

high-throughput analysis are performed routinely. The availability of patient sera could also 

enable to evaluate the potential of serological parameters for integrating the diagnosis. 

More generally, the optimal diagnostic protocol seems dependent on the disease phase. 

Figure 1 tried to recapitulate what specimens were suitable for RT-PCR analysis according to 

the disease progression and Figure 2 shows the seroconversion of IgG and IgM. We tried to 

summarize the overall information in the scheme reported in Figure 3 that should indicate the 

most appropriate diagnostic approach for each infection phase according to the present set of 

available data. 

A final consideration is that the present attempt to make a synthesis of the available 

diagnostic data was complicated by the fact that authors used totally heterogeneous 

protocols for collecting their results and this, despite the quality of each single contribution, 

made particularly difficult to elaborate coherent metadata and infer guidelines. We believe 

that this is an important conclusion of this work because indicates that future efforts should 

be devoted not only to improve the technical aspects of sampling and analyses, but also to 

standardize the design of clinical surveys.  
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Figure legends 

Figure 1. Temporal development of viral RNA detection in different biological samples 

The SARS-CoV2 virus concentrations in different organisms and, consequently, corresponding 

specimens, changes during the disease development. Accordingly, RT-PCR should be 

performed choosing the most appropriate sample for that specific infection phase  

 

Figure 2. Immunoconversion pattern of anti-SARS-CoV2 IgM and IgG 

The dynamic of antibody immunoconversion is patient-specific but the available data indicate 

that it takes place roughly 7 days after symptoms onset and is almost contemporary for IgG 

and IgM. Since IgG and IgM develop independently in different patients, the contemporary 

analysis of both antibody types has a synergistic effect 
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Figure 3. Time-dependent COVID-19 diagnostics by combined molecular and serologic tests 

Each COVID-19 phase would require an optimal (minimal) mix of diagnostic tests. The long-

term antibody persistency can be inferred by the data available for patient antibodies 

directed against SARS-CoV1 and MERS 
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