Supplementary material for the Epidemiological and
phylogenetic analyses of public SARS-CoV-2 data from
Malawi

1 Generalised Additive Models (GAM)

Implemented in R using the mgcv package, generalised additive models with the negative
binomial family were fitted to data to describe trends of cases and deaths over time. Two fixed
covariates, day and day of week were considered and the corresponding model smooth term
of class s was defined for the day explanatory variable; with a cyclic cubic regression spline
(bs = "cc") and enough basis dimension (k = 45). Below is the model,

g(pi) = A0 + f1(x1) + fa(x2i)

where u; = E(Y;) and Y; ~ EF(u;, ¢) is a response variable (cases or deaths) with an
exponential family distribution (negative binomial) with mean p; and scale parameter ¢. A; is
the row of a model matrix, ¢ is the parameter vector, f; and f, are smooth functions of
covariates, x1 and z5. A smooth function is denoted by;

where [3; represents the value of unknown parameter and b; is the basis of expansion (i.e 20,
z!, 22, 23 e.t.c) [1].

Negative binomial and quasi-poisson distributions are widely used in epidemiology for
overdispersed count variables where variance is greater than the mean [1]. Negative binomial
assumes that variance is a quadratic function of the mean while quasi-poisson model assumes
that variance is a linear function of the mean. In this study, the variance to mean ratio of both
case and death data was high, 435.5 and 15.2 respectively, implying that data was
overdispersed therefore, negative binomial or quasipoisson family distribution was ideal.
However, negative binomial family distribution was chosen because research shows that it
performs way better with real-world data than the others because they give a close fit,
especially for data that contains < 30% of significant zero counts [2].

2 Growth rate and Doubling time of SARS-COV-2

Occurrence of new cases in a period, the incidence of a disease is denoted by;
y(t) = yoe™" + noise, (1)

where r is growth rate and y is the disease incident at time 0. Number of cases or deaths at
time t, y(t) is proportional to e(*);
y(t) oc e



where s(t) are smooth functions. The time derivative of the smooth functions returns the
instantaneous growth rate, » = $(t) = fi(x1) + f2(x2) where 1 and z9 are day and
day-of-week, respectively [3] [4].
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