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Abstract 

The SARS-CoV-2 virus has spread world-wide since December 2019, affecting millions of people and 

killing thousands. The recent use of serological tests to measure the effective seroprevalence of 

SARS-CoV-2 in the general population has led us to assess the consequences of a much lower than 

expected seroprevalence on the real dynamics of the virus in the population.  

Our prediction models assumed a 4.2% seroprevalence in Occitania and it has turned out to be only 

1.3% (CI 95%: 0.6% - 2.6%, binomial method). This implies a lower than expected virus transmission 

rate , which may be due to infectivity varying with the patient’s symptoms or to a constraint due to 

an uneven population geographical distribution. 
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Introduction 

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that emerged in Wuhan, China in 

December 2019 has spread largely by sustained human-to-human transmission (1). The WHO 

declared the resulting disease a pandemic (2). The virus, which causes severe respiratory illness in 

susceptible individuals, has spread so rapidly that it has led most affected countries to lockdown 

their populations in order to break the dynamics of the virus’s evolution. Many models have used the 

proportion of SARS-CoV-2 infected people tested by RT-PCR tests to predict the course of the 

epidemic (3,4,5). Our statistical model for predicting the spread of SARS-CoV-2 in France is based on 

a diffusion and transmission coefficient that varies with an individual’s age, the likelihood of 

contagion, and two administration parameters (lockdown and quarantine) (4). It indicated that the 

seroprevalence in France at the end of confinement would be no greater than 17.5% (4). Recent 

results of serological tests measuring the effective seroprevalence of SARS-CoV-2 in the general 

population have led us to assess the consequences of a much lower seroprevalence on the real virus 

dynamics in the population. 

Results 
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We define 𝐼𝑁,𝑅 as the real seroprevalence on day 𝑁 at the end of lockdown and 𝐼𝑁,𝐸 as the 

seroprevalence estimated by the model on the same day. 

We assumed that there were 3 untested SARS-CoV-2-contagious people in France when the first 3 

cases were detected on January 24 (50% of asymptomatic cases). We assume that the number of 

tests carried out (𝛼) has remain fixed, since the virology laboratories have never been saturated, and 

that the number of days a person is contagious  𝑁𝑐 is equal to 20 (6). 

The quarantine constraint 𝑞 is considered to be negligible. 

a. Seroprevalence 

Lockdown began on March 17 in France and ended on May 11. The predicting model indicated that 

the seroprevalence in Occitania before March 17 was 0%, and that it was 4.2% after lockdown. The 

serological test data obtained by the Toulouse Virology Laboratory show that the real seroprevalence 

in Occitania is 1.3% (CI 95%: 0.6% - 2.6%, binomial method). These data were obtained from a 

population of 613 individuals who were exposed to the virus to varying extents mimicking the 

general population in Occitania. 

Consequently, it is quite possible that the national seroprevalence of SARS-CoV-2 is also lower than 

expected. 

b. Consequences for SARS-CoV-2 dynamics 

We have 𝐼𝑁,𝑅 <  𝐼𝑁,𝐸   (A) 

According to equation (3), 𝐼𝑁,𝑅 = (𝐼𝑁−1 + 𝑃𝑁−120 +  𝑄𝑁−120 )𝑅 , 𝐼𝑁−1,𝑅 = (𝐼𝑁−2 + 𝑃𝑁−220 + 𝑄𝑁−220 )𝑅 and 

finally, 

 𝐼𝑁,𝑅 = (𝐼1 + ∑ 𝑃𝑛20𝑁−1𝑛=1 + ∑ 𝑄𝑛20𝑁−1𝑛=1 )𝑅 with 𝐼1 = 0 (nobody immunized on day one) 

(A) becomes (∑ 𝑃𝑛20𝑁−1𝑛=1 + ∑ 𝑄𝑛20𝑁−1𝑛=1 )𝑅 <  (∑ 𝑃𝑛20𝑁−1𝑛=1 + ∑ 𝑄𝑛20𝑁−1𝑛=1 )𝐸 

Since ∀ 𝑛 < 20, 𝑃𝑛20 = 0 𝑎𝑛𝑑 𝑄𝑛20 = 0, (A) becomes 

 (∑ 𝑃𝑛20𝑁−1𝑛=20 + ∑ 𝑄𝑛20𝑁−1𝑛=20 )𝑅 <  (∑ 𝑃𝑛20𝑁−1𝑛=20 + ∑ 𝑄𝑛20𝑁−1𝑛=20 )𝐸 

According to equation (1), we have: 

 𝑃𝑛20 =  𝑃𝑛−119  (1 − 𝛼)  

 𝑃𝑛−119 =  𝑃𝑛−218  (1 − 𝛼)  

 . 

 . 

Finally, 𝑃𝑛20 =  𝑃𝑛−191  (1 − 𝛼)19 with 𝑃𝑛−191  defined by equation (2). 

Similarly, 𝑄𝑛20is defined by equation (4) as: 

 𝑄𝑛20 =  𝑄𝑛−119 + 𝑃𝑛−119  . 𝛼 with 𝑄𝑛−119 =  𝑄𝑛−218 + 𝑃𝑛−218  . 𝛼 

 𝑄𝑛20 =  𝑄𝑛−218 + 𝑃𝑛−218  . 𝛼 + 𝑃𝑛−218  . 𝛼. (1 − 𝛼) 

 . 

 . 
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Finally, 𝑄𝑛20 =  𝑄𝑛−191 + 𝑃𝑛−191  . ∑ 𝛼. (1 − 𝛼)𝑚18𝑚=0  with 𝑄𝑛−191 = 0 (no quarantine on day one) and 𝑃𝑛−191  defined by equation (2). 

(A) becomes : 

( ∑ 𝑆𝑛𝑁𝑡 . [∑ 𝑃𝑛−20𝑖 . 𝑅0𝑖 . 𝑐𝑖  ] . [ ∑ 𝛼. (1 − 𝛼)𝑚 + (1 − 𝛼)1918
𝑚=0 ]𝑁−1

𝑛=20 ) 𝑅
< ( ∑ 𝑆𝑛𝑁𝑡 . [∑ 𝑃𝑛−20𝑖 . 𝑅0𝑖 . 𝑐𝑖  ] . [ ∑ 𝛼. (1 − 𝛼)𝑚 + (1 − 𝛼)1918

𝑚=0 ]𝑁−1
𝑛=20 ) 𝐸 

Which equals: 

( ∑ 𝑆𝑛𝑁𝑡 . [∑ 𝑃𝑛−20𝑖 . 𝑅0𝑖 . 𝑐𝑖  ]𝑁−1
𝑛=20 ) 𝑅 < ( ∑ 𝑆𝑛𝑁𝑡 . [∑ 𝑃𝑛−20𝑖 . 𝑅0𝑖 . 𝑐𝑖  ]𝑁−1

𝑛=20 ) 𝐸 

The three possible explanations for why the real seroprevalence is lower than expected are: 

1. 𝑐𝑅 < 𝑐𝐸 

2. 𝑃𝑛,𝑅 <  𝑃𝑛,𝐸  

3. (𝑅0𝑖 )𝑅 <  (𝑅0𝑖 )𝐸 

 

Discussion 

We used a discretized SIR model to predict the dynamics of SARS-CoV-2 infections that takes into 

account various factors involved in the virus dynamics. Lockdown began on 17 March in France, and 

was gradually relaxed from May 11.  Under these circumstances, the seroprevalence at the end of 

lockdown was estimated to be 17.5% in France and 4.2% in Occitania (4).  But the serological tests 

carried out since the end of May indicate that the real seroprevalence is lower, at 1.3% (CI 95% : 

0.6% - 2.6%, binomial method) in Occitania, which suggests that the national seroprevalence is also 

lower. This is consistent with the findings of a study indicating that 4.4% (range 2.8% to 7.2%) of the 

French population (2.8 million people) had been infected (7). 

This could be because the actual lockdown constraint 𝑐𝑅 was more stringent than expected 𝑐𝐸. This 

seems unlikely since we have set the lockdown constraint at 80% and that it was neither strictly 

respected nor as restrictive as expected, given that some people continued to go out to work. 

The second possibility is that the fraction of the population initially reached but not detected 𝑃𝑛,𝑅 

was smaller than expected, 𝑃𝑛,𝐸, or that the asymptomatic people were less contagious than those 

who were symptomatic. The Center for Disease Control and Prevention (CDC) has reported that 

researchers in Singapore concluded that asymptomatic people were the source of 44 % of diagnosed 

COVID-19 cases (8). Two studies published in late May indicated that many COVID-19-infected people 

could be asymptomatic. Another recent study reported that 104/128 (81 percent) of people on a 

cruise ship who tested positive for SARS-CoV-2 were asymptomatic (9). And yet another study found 

that 42 % of those who tested positive for SARS-CoV-2 were without symptoms (10). The proportion 

of asymptomatic cases in our model was close to 50% but it is possible that the actual proportion was 

lower even if the assumed proportion remains within the possible range. The expected proportion of 

asymptomatic people could be higher than that actually observed if these asymptomatic people 

were less contagious than expected. Our model assumes that the transmission rate can vary with the 

day of infection but is independent of the patient's symptoms. However, the proportion of 
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asymptomatic infected people could also be lower than expected if these people were less 

contagious. This relationship was favored in a recent study looking at the symptoms of 455 cases 

who were in contact with a confirmed but asymptomatic SARS-CoV-2 patient (11).  

Our last explanation for a lower than expected seroprevalence assumes that the transmission rate 

was lower than expected: (𝑅0𝑖 )𝑅 <  (𝑅0𝑖 )𝐸. The WHO set this rate at an average of 2.2 (8), with 

occasional large variations. A recent review comparing 12 studies that estimated the 𝑅0 for COVID- 

19 found values of from 1.5 to 6.68 (14). The 2.2 average rate may be less important in reality or it 

may vary according to an individual’s symptoms, as previously discussed. It is also possible that the 

rate itself does not vary but that its constraints do. Our model assumes that the virus is uniformly 

distributed throughout the population, but the first episodes of virus infection occurred in clusters, 

which assumes concentrations of population in given places without necessarily any communication 

between the clusters. A recent analysis of the haplotypes of SARS-CoV-2 infections in Iceland 

concluded that the geographical distribution of clades was highly structured (15).Thus the rate of 

virus transmission may be that set by the WHO within clusters but it could vary outside them or be 

much lower because of the uneven population density. 

Serological testing has shown that the seroprevalence of SARS-CoV-2 is much lower than expected. In 

particular our prediction models assumed a 4.2% seroprevalence in Occitania and it turned out to be 

only 1.3%. This implies slower than expected virus transmission, perhaps due to variations in 

infectivity influenced by a patient’s symptoms or to geographical constraints on the population 

distribution. The lack of protective immunity after reduction of lockdown justify massive testing for 

SARS-CoV-2, tracking contacts and isolation to contain the epidemic.  

Methods 

Serological tests 

Total plasma anti-SARS-CoV-2 antibodies (Ab) were detected using an enzyme linked immunosorbent 

assay (ELISA) kit (Beijing Wantai Biological Pharmacy Entreprise Co., Ltd, China) according to the 

manufacturer’s instructions. This assay is based on a recombinant antigen containing the SARS-CoV-2 

spike protein receptor-binding domain (RBD). The sensitivity using samples collected 15 to 45 days 

post symptom-onset or after contact with a SARS-CoV-2 case, including asymptomatic patients, was 

100% (CI 95% : 88.2% - 100%) and the specificity using plasma collected before the outbreak of SARS-

CoV-2 was 100% (CI 95% : 82.1% - 100%) (14). 

Statistical model 

We considered the variables (𝑆𝑛, 𝑃𝑛, 𝑄𝑛, 𝐼𝑛).  

 𝑆𝑛 is the number of healthy people on day 𝑛, 𝑃𝑛𝑖  is the number of undetected contagious carriers 

infected for 𝑖 days (1 ≤ 𝑖 ≤ 𝑁𝑐). Similarly, 𝑄𝑛𝑖  is the number of detected contagious carriers infected 

for 𝑖 days (1 ≤ 𝑖 ≤ 𝑁𝑐) on day 𝑛, and 𝐼𝑛 is the number of people who were immunized. 𝑁𝑐 is the number of days a person is contagious and α is the percentage of the population tested on 

each day. 𝑅0 is the number of healthy people who a contagious person contacts and infects. We 

assume that the contagion coefficient varies over time and peaks when the virus load is maximal: 7 

days after the start of infection (6). 𝑁𝑡 is the total population at the start of the epidemic phase, 𝑐 is 

the multiplier for the pace of the epidemic throughout lockdown (0 ≤ 𝑐 ≤ 1), and 𝑞 is the same 

multiplier during the quarantine period (0 ≤ 𝑞 ≤ 1). 𝑐 and 𝑞 are set at 1 when there is no lockdown 

or quarantine. 
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𝑁𝑡 is given by: 𝑁𝑡 =  𝑆𝑛 +  𝑃𝑛 + 𝑄𝑛 + 𝐼𝑛  

On transition from day 𝑛 to day 𝑛 + 1, we have: ∀ 1 ≤ 𝑖 ≤ 𝑁𝑐 − 1, 𝑃𝑛+1𝑖+1 =  𝑃𝑛𝑖 (1 − 𝛼)  (1) 𝑃𝑛+11 = 𝑆𝑛𝑁𝑡 . [∑ 𝑃𝑛𝑖 . 𝑅0𝑖 . 𝑐𝑖 + ∑ 𝑄𝑛𝑖 . 𝑅0𝑖 . 𝑞𝑖  ]   (2) 𝐼𝑛+1 =  𝐼𝑛 +  𝑃𝑛𝑁𝑐 +  𝑄𝑛𝑁𝑐    (3) 𝑄𝑛+11 = 0 (no quarantine on day one, test results needed) ∀ 1 ≤ 𝑖 ≤ 𝑁𝑐 − 1, 𝑄𝑛+1𝑖+1 =  𝑄𝑛𝑖 + 𝑃𝑛𝑖  . 𝛼   (4) 

The model is a discretized version of a Susceptible Infectious and Recovered (SIR)-type model (15) 

We set 𝑅0 = 2.2 (16) at its peak.  
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