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COVID-19: The Second Wave is not due to Cooling-down in Autumn
Walter Langel
1) Method
Each outbreak N is fitted by a single logistic function, as described earlier in [1]:
 		(1)
This well-known expression is the solution of the compartment model SIR [2] (cf. SI 3) below). It is adapted to the observed case numbers and infection rates from very different countries by varying only a few parameters (Table 1):
(1)  is the maximum number of infected persons at infinite time in a given outbreak, i.e. the whole group, which is in reach of the initially infected . In the simplest case,  is as high as the total population P of the respective country (cf. [3]). Physical distancing limits the total number of individuals, which may be attained by the initially infected group. Thus, in the modified SIR-model,  in each outbreak is much smaller than P, and 
. 
(2)  is the number of individuals triggering a new outbreak N.
(3) The time constant   of usually a few days has two implications:
- During the first days an exponential increase of both case number and infection rate is seen, and the often cited doubling time is related to  by . 
- Later, increase is significantly slower than exponential and the case number and infection rate asymptotically attain a constant value  and zero, respectively. The time scale of the outbreak is also determined by .
(4) The second order rate constant  of the SIR model (cf.  in [2]) is given as  (in days‑1·susceptible persons‑1). It characterizes the transmissivity of infected persons. In a recent paper [4], reference is made to two studies agreeing that only 17-20% of the infected cases remain asymptomatic, still being contagious, but less than the symptomatic individuals. This infectivity of asymptomatic cases indeed is one reason for the rapid spreading of the SARS-CoV-2 virus. Another recent study from dec., 18th 2020 quotes a quantitative result saying that the transmission due to asymptomatic cases is smaller by a factor of 3.85 than by symptomatic ones [5] . 

An attempt was made to split the SIR equations into those for persons with a strong and with a weak immune system [6]. The parameters for these equations (equations 1 in [6]) for both groups were in fact very similar. In the present work, k2 is an average over the two groups, which were not distinguished. This means that the infectivity of a typical sample of 100 cases containing 20 asymptomatic ones is slightly lower than that of 100 only symptomatic cases by factor 0.85: . In the model presented here, this means that k2,n is reduced by about a factor of 1.2 with respect to a fully contagious group, which correction is smaller than the statistic error to be expected from data analysis.

In variance to earlier work [2] [6], several distinct outbreaks of the virus are assigned to the observed data and each outbreak N is described independently by a new logistic function .  Previously [1], outbreaks were considered separately in single time intervals. A first outbreak, N=0, showed purely exponential increase and was quickly interrupted after a few days. Sufficient data are now available for consistent fits over the whole time from end of January to mid-November. It thus turned out that the further outbreaks N=1-4 do not occur consecutively, but may also overlap on the time scale, and that the case numbers  add up to the total case number  :
  (2)
 is used as fit parameter, and the number of infected persons triggering the start of the wave N is estimated as    (3)
(5) The additional parameter  is needed since the outbreaks start at different times. It is determined as the date, when the observed total case number and infection rate significantly increase with respect to the respective calculated sums of the previous waves 1..N‑1.


2) Fit of total case numbers
[bookmark: _Hlk59014966]Figure S2.1: Total case numbers as a function of time (incidences per 100,000) are plotted. Dotted black: observed data as given by the John-Hopkins university ( [7]), yellow: extrapolated infection rate before physical distancing (N=0), dark blue: small outbreak after the lock down (N=1), green: outbreak during release N=2), orange: enhanced outbreak in summer/winter (N=3), blue: enhanced second wave in autumn/spring since October (N=4).





3) Interference of case numbers with test frequencyArgentina
South Africa


Figure SI 4.1: Numbers of new cases per 100 000 per week (blue) in comparison with the tests divided by ten (red) for South Africa (top) and Argentina (bottom). Coincidence of the red and the blue curve would mean that exactly 10% of the tests are positive. For South Africa a peak of new infections with incidences of 200 was found in summer from November to January, in spite of the small number of tests.

There is some poor correlation between new infections and cases for both countries (Figure SI 4.1). In practice correlation does not mean, however, that the increase of case numbers is an artefact due to the availability of more tests. In the contrary, the outbreak of more cases, of which a major number is symptomatic (s. SI 1), leads to the application of more tests in the environment of confirmed cases or hotspots, and thus the test frequency just follows the virus spreading. As a consequence, it is correct to consider the case numbers independently of the test frequency.



4) Logistic function with recovery
The logistic function works well as an empirical fit for the observed data (Figure 1, SI 2.1). The function is the exact solution of an SI(R)-model without recovery (“R”) [2], i.e. the transition from a small number of infected I0 to the infection of all susceptible persons SN. Now it is shown at the example of one eruption in Table 1, (“blue” for Germany) that the logistic function works in good approximation also with a realistic recovery constant. Using the symbols introduced in the main text, the SIR equations [2] read  Days from beginning

 (1)
  (2)
 (3)
 (4) 
where R and  are the number of recovered persons and the recovery rate in days‑1, respectively.Cases / day
Accumulated cases

 
Figure S3.1: Results from the numerical integration of equations (1-4) (full lines) in comparison with the logistic function (+) as quoted in Table 1 for the forth eruption in Germany with parameters I(t=0)=I0=68,000; SN=1,106,000;  (black +). (left) accumulated data, (right) per day. Legend see text.

First it was checked that the logistic function with the given parameters, solves these equations without recovery, b=0. They were numerically integrated yielding curves for (left) I(t) (black line), SN-S(t) (dark blue line), (right)  (black line), which cannot be distinguished from the logarithmic function (Figure S3.1).

Recovery is then included by setting  (green lines). This value of  is taken from [8], where data on virus shedding times were compiled and an average time of 17 days is quoted.  A similar value was used for the first order recovery constant in [6]. We obtain different curves in the left figure for the accumulated number of cases SN-S(t) (cyan) and for the infected at each moment I(t) (green). Due to an increasing number R(t) of recovered persons, I(t) is smaller than SN-S(t) (cf. eq. (4)) and finally attains zero. The cyan curve for accumulated cases follows again very closely the logistic function. Also, in the right figure, the green curve for   follows closely the logistic function (+). The above parameters had to be modified to I0=43,000, SN=1,242,000, k2=11,7·10-8, however. Now, infected persons I(t) recover after a time and are no further transmitting the virus (cf. green line, left figure). Thus, not all of the susceptible persons are infected before the infected are recovered, ,  and SN has to be higher than without recovery for still attaining the observed  accumulated infected cases. The rate constant k2 also has to be slightly higher than without recovery. 

In the manuscript, the logistic functions are maintained without any corrections accounting for recovery, since the infectiveness of infected persons to others does not seem to be fully understood, and the value of b may be ill-defined.
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