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Supporting Information

The features of recurrent epidemics of period 3 to 7 years caused by two synchronous

strains

Here we consider all the combinations of model parameter values that generate the
recurrent epidemics of period 3 to 7 years caused by two synchronous strains so that both

strains synchronize with the total incidence.

Under the situations where there is no strain interaction except the cross-immunity
during re-infection, Supplementary Figure S1 shows that synchronous strains emerge when
there are strong cross-immunity (>0.84) and strong spatial correlation between strains due to
strong contact network (x <4.1) (Panel A). As x increases (i.e., network structure becomes
weak), infectious period decreases while immunity period increases (Panels B and C). The

duration of recurrent epidemics is, albeit being independent of degree of contacts (Panel F),
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proportional to both infectious period and duration of immunity (Panel G and H). CV is

insensitive to these parameters (data not shown).

When including strain interactions within secondary infections, Supplementary Figure
S2 shows the features of model parameters for synchronous strains. There is a critical degree
for synchronous strains: i = 4.1 (panels B and C). Panel A) shows that when x < &,
synchronous strains emerge if there is a strong cross-immunity (y>0.78); while if x> &y
where enhanced interactions (v>1 and x>1) are needed to generate oscillation in incidence, it
requires weak cross-immunity (w<0.4) to have synchronous strains. Panels F and G show that
the duration of recurrent epidemics is proportional to both duration of immunity and infection
period. For the recurrent epidemics caused by asynchronous strains shown in Figure 4, there
IS @ maximum degree of contacts within the population. In contrast to this, we found that
there is no such maximum degree required for the recurrent epidemics caused by

synchronous strains (at least to the largest of sampled values listed in Table 1).

For a low reproduction number (Ro=1.3), the features of model parameters are similar

to the situation of Ro=1.7 except that the critical threshold degree decreases to x;. = 3.6.



48

49
50

51
52
53
54
55
56
57
58
59
60
61

(a) corr coeff= 0.48 (b} corr coeff= -0.63 (c) corr coeff= 0.81 (d) corr coeff= 0.22
= Y % u ™ 'y
N o | s, ] o
= ‘| Auiiel
* > 'y 'y
= |+ﬁ‘-' I:; W = I.. £ =P.‘-'--
L= 0 a d A
= ﬂ_'r“l‘ -..- = @ 1‘_1}:1
.5 : E ; = &k h‘ "
= 5 ratis 2 - ] I
s 2 3 o cE £ -, - P
E © I E w - =g ¥ o) N
LR ] -
T é— . .:‘+|lr‘:+ E - E 7] "~ 8 ‘:-‘:‘
o= 2 =@ R k-] h E L oML
g «© 2w S g iy 8 a iy i
* ak [} = L)
¥ S B -'."'--i- L
S 1 S ol cx
.
et he e sy
. -
= o 4 . I' 'E"l e —l.l= _— e
T T T T T T 1 T T T T T T T T T
25 35 45 55 30 25 40 30 35 40 3D 25 40
degres(k) degree(k) degree(k) degres(k)
(e} corr coeff= -0.18 {f) corr coeff= 0.22 {g) corr coeff= 0.67 (h} corr coeff= 0.52
- S . " - . = "
e ::3‘;’:}@- = woat aht F " - a Pt
N A oaeata T Y- P PR
A i g4 PG Ve . s A S
N -— @ :; C%‘c 4"-: l‘L * * lu I-.‘ +‘": ..r i:l .!‘.. * r
- T me e g i s . . .
L :‘3‘3 © o & E o — - M w L .k "T L m L * F‘: Fad
o | e % [ T ¥ ROC TR 5 N T
=2 ] L L eae keg o i o i"‘i E_ N & + ;ﬂ as i u:.
o ‘f = I 'l,.‘.'_.u g ingh o a sat, e
- [ B 1] .y ¥ o e W
2 - oiq."o::-: % Fo @ — :,, :L & :‘ i w - “_ 11:_':1« ) o ':.“#.:‘., :*‘*
= e gl ® (5 & & 5] = 3} a &
e , : Wk aead H g £ T
o8 o e g & s a agmet . " = &
ade = % - it E w 8 a4 o8 &
é‘ A . g ey .ll. & e :\L‘ £ . ‘.n; - F 3
2 e i Sl T i Mt o ‘1_‘;;.1..: .
oo =-';“ T A aals T s % T e,
ae :‘} - i LY : iy " _I'.‘ .i:
= _] o e L ? o s
= * :&E; : f et ¢ r N e
il T = o -
I I I T T T T I I I I T T 1T 171
30 35 40 0.90 D.25 2 4 4@ B 15 25 35
degre=k) ross—immunity duration of immunity{years) nfectious period (days)

Supplementary Figure S1 Features of LH sampling of model parameters that generate
recurrent epidemics by two synchronous strains without interactions within the secondary
infection (i.e., v=x =1). An average life span of 70 years and basic reproduction number Rq
=1.7 are assumed. Among 150,000 LHS samples with v =4 =1 and « ranging from 2.5 to 7,
214 samples generate characteristically recurrent epidemics of MP, which are caused by
synchronous strains. A) Relationship between cross-immunity () and contact degree (x); B)
Relationship between infectious period and «; C) Relationship between duration of immunity
and x; D) dependence of epidemic period on «, E) dependence of the shape of epidemic
curve (CV) on x, F) Relationship between period of epidemics and cross-immunity; G)
Relationship between period of epidemics and immunity period, and H) Relationship between

period of epidemics and infectious period.
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Supplementary Figure S2 Features of LH sampling of model parameters that generate
recurrent epidemics by synchronous strains with interactions within the secondary infection.
An average life span of 70 years and basic reproduction number Ry=1.7 are assumed. A)
Relationship between cross-immunity () and contact degree (x); B) Relationship between v
and «; C) relationship between w and x; D) Relationship between infectious period and «; E)
Relationship between duration of immunity and «; F) relationship between epidemic cycle
and duration of immunity; G) dependence of epidemic cycle and infectious period; and H)
dependence of CV on «. In panels D-H) the blue points represent the parameter values when
contact degrees x <k and the red points those with contact degrees x >x.. The three values

above each panel represent the correlation coefficients between the two variables for all the
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