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Terrestrial and solar magnetism’ influence to diphtheria pandemics

Abstract. The number of physicochemical factors of the environment is extremely high. The geophysical
components of the environment are under the influence of cosmic forces. The sun, the moon, the planets
and the stars are connected with the Earth by invisible bonds. Gravitation, radiation, electromagnetic fields
and corpuscular ceilings of the Sun and stars are far from a complete list of the cosmic forces acting on the
Earth. Changes in the activity of the Sun are reflected in the biosphere directly through photosynthesis of
plants, and indirectly through changes in climatic conditions on the Earth, which affects various biological
processes. One of the first scientists, who paid attention to the dependence of pandemics with solar cycles,
was Alexander Chizhevsky.

In this study, we perform a meta-analysis of statistical data on diphtheria, based on the data published
by Chizhevsky in the 20th century. We here add for the association of terrestrial and solar magnetism
with these infectious diseases that were common in the past, using nonlinear analysis, cosinor-analysis
and cross-wavelet coherence. We showed the geographic differences hidden in Chizhevsky’s data on
diphtheria. Wavelets of Wolf numbers and of the antipodal geomagnetic index show maxima corresponding
to the anticipated ~11.7-year cycle, also seen from the spectra plotted vertically next to the color key. The
numbers indicate the period length (in years) corresponding to local maxima in amplitudes; but the color
code matters most. The wavelet also reveals the presence of an about 22.1-year component differing from
the smaller about 19.7-year peaklet observed for Wolf numbers. Both these peaks are less prominent than
the about 29.5-year peak found for diphtheria.
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The number of physicochemical factors of the
environment is extremely high. The geophysical
components of the environment are under the influ-
ence of cosmic forces. The sun, the moon, the planets
and the stars are connected with the Earth by invis-
ible bonds. Gravitation, radiation, electromagnetic
fields and corpuscular ceilings of the Sun and stars
are far from a complete list of the cosmic forces act-
ing on the Earth. Changes in the activity of the Sun
are reflected in the biosphere directly through photo-
synthesis of plants, and indirectly through changes in
climatic conditions on the Earth, which affects vari-
ous biological processes. One of the first scientists,
who paid attention to the dependence of pandemics
with solar cycles, was Alexander Chizhevsky.

In this study, we made a meta-analysis of statisti-
cal data on diphtheria, based on the data published
by Chizhevsky in the 20th century dating back to the
span from 1860 to 1910 [1], we here add for the asso-
ciation of terrestrial and solar magnetism with these
infectious diseases that were common in the past,
using nonlinear analysis, cosinor-analysis and cross-
wavelet coherence [2-6]. We showed the geographic
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differences hidden in Chizhevsky’s data on diphthe-
ria. Diphtheria is a bacterial infection caused by Co-
rynebacterium diphtheria, transmitted from person to
person through close physical and respiratory con-
tact. It can cause infection of the nasopharynx, which
may lead to breathing difficulties and death. WHO
reports about 4530 cases of death for 2015 [7].

For the span from 1860 to 1912, Shostakovich
in Irkutsk resolved two ts of 2.77 and 11.33 years
for data from Denmark [1]. Our meta-analyses were
on yearly data on the incidence of diphtheria in Den-
mark, Sweden, Switzerland, England and Wales, and
Romania, that all ended in 1910 but started at dif-
ferent times for the different countries, namely 1860
(England and Wales, and Denmark, T=51 years),
1861 (Sweden, T=50 years), 1876 (Switzerland,
T=35 years), and 1886 (Romania, T=25 years).The
database is actually larger, also including data from
Prussia, Scotland, Belgium, Holland, Ireland, Aus-
tria, Italy, and France, for which, however, a nonlin-
ear validation of linear results failed in our hands.

First, the data from all countries were plotted in
chronograms, with superposed curves for the differ-

Printed in Kazakhstan



Gumarova L., Cornelissen G. 5

ent countries to check on similar trends as a function
of time, and also separately for the 5 countries of in-
terest wherein a nonlinear validation of a T was pos-
sible. Polynomial fits examined the extent to which
such should be included in analyses aimed at assess-
ing any periodicities. By visual inspection, whereas
no trend was apparently needed for data from Roma-
nia and Denmark, a linear trend seemed desirable and
was included for data from Switzerland and Sweden,
and a third-order polynomial for data from England
and Wales.

Least squares spectra were computed using a
fundamental t of 51 years and a 0.2 harmonic incre-
ment. Average amplitude (phase-unweighted) spectra
were computed, including results from all countries
as well as from the 5 countries of interest here. As
expected, amplitudes tended to be much larger at low
frequencies, likely related to trends present for most
time series. Differences are observed by the naked
eye in the spectral structure of statistics from the 5
countries, with spectral peaks occurring at different
frequencies in different geographic locations.

Overall, a few peaklets are found that correspond
approximately to cycles with ts of about 17, 12, 10.2,
6, and 3.5 years. Focus was first placed on puta-
tive components with ts of about 17 and 12 years.
Nonlinear analyses were performed, using a single
component model with a trial t of either 12.0 or 17.2
years. Analyses were carried out as such and with
the addition of a linear trend or a third-order poly-
nomial. At a trial T of 12 years, in Switzerland the
T converges toward 10.63, 12.01 or 13.03 years de-
pending on whether there is no trend, a linear trend or
a third-order polynomial. The conservative CI for the
amplitude does not overlap zero only in the case of
the model including a linear trend. In this case, the t
is estimated as 12.01 (CI: 9.80, 14.21) years, with an
amplitude of 8.52 (CI: 0.22, 16.81) (table 1). There
is a large discrepancy in the estimate of the t for this
country depending on whether a linear trend is in-
cluded in the model or not. In England and Wales, the
T converges to 12.61, 12.20 or 11.07 years, respec-
tively, but the CI of the amplitude invariably covers
zero. In Romania, the t converges to 16.73, 16.96, or
16.24 years, respectively, but in the latter case (in-
cluding a third-order polynomial), the model does
not fit and a CI cannot be obtained for the t. Without
a trend, the 1 is estimated as 16.73 (CI: 12.66, 20.80)
years and the amplitude as 9.65 (CI: 2.86, 16.45). In
Denmark, the t converges to 12.03, 11.96, or 13.47
years, respectively, the CI of the amplitude invari-
ably not covering the pole. As no trend seemed to be
needed, the T can be estimated as 12.03 (CI: 10.72,

13.33) years with an amplitude of 33.89 (CI: 7.09,
60.69). In Sweden, the t converges to 12.58, 12.76,
or 17.44 years, a CI of the amplitude not covering
zero only when a third-order polynomial is included,
in which case the 1 estimate converges to a longer t
of 17.44 years.

At a trial T of 17.2 years, in Switzerland the t
converges toward 16.99, 12.01 or 12.70 years de-
pending on whether there is no trend, a linear trend or
a third-order polynomial, the CI for the amplitude not
overlapping zero in the case of the model including
a linear trend or no trend. Note the large discrepancy
in T estimate depending on whether a linear trend is
included or not in the model. Furthermore, when a
linear trend is included in the model, the same results
are obtained whether the trial t is 12.0 or 17.2 years.
In England and Wales, the t converges to 17.46, 17.58
or 16.08 years, respectively, the CI of the amplitude
covering zero in the latter case. Relying on a linear
trend rather than on a third-order polynomial, the t is
estimated as 17.58 (CI: 14.28, 20.88) years, with an
amplitude of 4.72 (CI: 0.18, 9.26). In Romania, the
T converges to 16.73, 16.96, or 16.24 years, respec-
tively, but in the latter case (including a third-order
polynomial), the model does not fit and a CI cannot
be obtained for the t. Note that these results are the
same as those obtained with a trial T of 12.0 years. As
no trend seemed to be present, the T can be estimated
as 16.73 (12.66, 20.79) years and the amplitude as
9.65 (CI: 2.86, 16.45). In Sweden, the T converges to
17.71, 18.02, or 17.44 years, the CI of the amplitude
invariably not covering zero. As a linear trend ap-
peared to be present, the T can be estimated as 18.02
(CI: 15.23, 20.81) years and the amplitude as 19.69
(CI: 5.67, 33.70). In Denmark, the t converges to
33.04, 36.98, or 24.88 years, respectively, the CI of
the amplitude invariably not covering the pole. Note
that these t estimates are much longer than the trial
T of 17.2 years, two of which correspond to a Briick-
ner-Egeson-Lockyer (BEL) paratridecadal defined
only by its CI approaching (not necessarily covering)
the 30-40-year range.

William J.S. Lockyer [8-10] associated the
paratridecadal with the T he found to characterize
changes of the length of the variable circadecadal
Horrebow-Schwabe cycle in relative sunspot num-
bers, as confirmed by Liznar [11], a topic also of
interest in 1903 to William Lockyer's father Sir J.
Norman Lockyer, the codiscoverer of helium and
founder of the journal Nature [10]. We now rec-
ognize that this cycle's T length is highly variable,
on the average, longer than (i.e., beyond = trans)
30 years, hence originally dubbed transtridecadal.
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The BEL cycle (acronym taken from the initials of
Briickner, Egeson and Lockyer) was defined as a
cycle with the CI of its period (1) overlapping (this
definition was liberalized to the CI approaching) the

range of 30 to 40 years. This was prompted by point
estimates of 1, close to, but outside the 30-40-year
range of variables closely related to those with t in-
side that range.

Table 1 — Geomagnetic/geographic differences among cycles with periods in the range of 5 — 32 years, characterizing the incidence

of diphtheria
Site Span Period (y) (95% CI) Amplitude (95 % CI) A (% of MESOR) P-value
Kherson province | 1874-1908 19.38 (14.53, 24.22) 31.93 (9.71, 54.15) 46 <0.005
Kherson county 1874-1908 16.996 (13.83, 20.16) 12.54 (3.42, 21.67) 36 <0.001
Elizavetgrad county | 1874-1908 20.53 (17.23,25.05) 27.74 (9.92, 45.56) 65 <0.005
31.78 (25.80, 37.76) 43.91 (19.35, 68.46) 66 <0.001
Denmark 1860-1910
11.99 (10.89, 13.09) 35.77 (12.18, 59.36) 54 <0.001
Prussia 1875-1910 9.10 (6.63, 11.58) 24.27 (22.14, 70.68) 23 <0.05
. 16.98 (12.76, 21.2) 13.04 (0.04, 26.04) 36 <0.001
Switzerland 1876-1910
12.01 (9.80, 14.21) 8.52(0.22, 16.81) 23 <0.001
26.33 (18.17, 34.30) 11.96 (0.38, 24.30) 29 <0.001
Scotland 1860-1910 12.75(10.07, 15.42) 8.6 (0.00, 21.73) 21 <0.05
9.89 (8.56, 11.22) 9.94 (0.00, 23.03) 41 <0.05
. 21.49 (10.02, 32.96) 12.69 (9.02, 34.41) 23 <0.001
Belgium 1870-1910
14.02 (9.27, 18.78) 12.71 (9.08, 34.50) 23 <0.001
14.02 (9.42, 18.61) 6.82 (0.00, 17.6) 27 <0.05
Holland 1875-1910
9.35(7.64, 11.07) 8.23(0.00, 18.48) 33 <0.05
29.37 (23.15, 35.59) 8.89 (4.06, 13.73) 29 <0.001
England and Wales | 1860-1910 17.46 (14.66, 20.26) 7.04 (1.32,12.76) 23 0.001
12.58 (10.53, 14.64) 5.10(0.00, 11.37) 17 <0.05
24.16 (10.45, 37.87) 3.21(2.92,9.34) 14 <0.05
17.27 (7.67, 26.86) 2.29 (4.04, 8.63) 10 <0.05
Ireland 1864-1910
12.40 (9.26, 15.53) 3.62(2.5,9.73) 15 <0.05
7.84 (6.54,9.15) 3.42(2.76,9.59) 14 <0.05
Romania 1886-1910 16.73 (12.66, 20.80) 9.65 (2.86, 16.45) 49 <0.001
Austria 1880-1910 16.09 (7.55, 24.64) 23.66 (17.58, 64.9) 25 <0.001
Italy 1887-1910 12.51 (2.66, 22.36) 9.57 (14.64, 33.77) 28 <0.001
France 1889-1910 11.26 (7.056, 15.52) 13.528 (0.00, 30.624) 51 <0.05
17.71 (15.45, 19.98) 22.00 (8.72, 35.28) 42 <0.001
Sweden 1861-1910
12.58 (10.16, 14.99) 11.89 (0.00, 28.14) 23 <0.05

In turning to the comment that Shostakovich
found components with periods of 2.77 and 11.33
years in Denmark, additional nonlinear analyses
were performed to examine whether these results
could be validated. First, a single component with
a trial period of 2.8 years was used, but could not
be detected with statistical significance. In view of
the large spectral peak corresponding to a period of

about 12 years, this component was added to the
model. This 2-component model resembles that
of Shostakovich, but only the 12-year component
could be demonstrated, the CI of the amplitude only
slightly overlapping zero when the 2.8-year compo-
nent is included in the model. Examination of the
least squares spectrum, and in keeping with the non-
linear results reported above, statistics in Denmark
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are characterized by two large spectral peaks, cor-
responding to ts of about 32 and 12 years with two
other smaller peaks also present with ts of about 6.7
and 3.5 years. Using this 4-component model, non-
linear results can only validate the first two compo-
nents. Replacing the trial T of 3.5 years with one of
2.9 years, in keeping with the report by Shostakov-
ich, also validates only the first two components. A
three-component model, excluding the 3.5- or 2.9-
year component, also cannot validate the 6.7-year
cycle. But a two-component model with trial ts of

32 and 12 years fits. ts are estimated as 31.78 (CI:
25.80, 37.76) and 11.99 (CI: 10.89, 13.09) years
with respective amplitudes of 43.91 (CI: 19.35,
68.46) and 35.77 (CI: 12.18, 59.36). Figure 1 shows
that the results are roughly in agreement for Eng-
land and Wales, Romania, Sweden and one coun-
try in Russia with about 16-18-year cycles, but in
Switzerland and Denmark, dominant components
have 1s around 12 years; Denmark also has a BEL,
and Russia has ts with a CI nearing or covering 21
years.

Selective geographic assortment of diphteria 12-year (), ~ 17-

2 cycles, including a BEL-cycle =]

| Kherson province

119.38 (14.53, 24.22) |

g .

England 17.58 |
7 |(14.28.20.88)| °
A /Switzerland -~
12.01(9.80,) 7

Kherson county 17

Romania 16.73
(12,66, 20.79)

Figure 1 — Geographic map of infra-annual cycles characterizing the incidence of diphtheria

Data on diphtheria were also analyzed in some
regions of what was formerly south Russia, now
Ukraine: Herson county (uezd), Elizabet county and
all of Herson province (guverny).

Figure 1 shows the dynamics of diphtheria in
Russia (using a square root transformation of data):
in Elizabet county the T was 20.5 (17.2, 25) years
with an amplitude of 27.74 (9.9, 45.56); in Herson
county it was 17 (13.83, 20.16) years with an ampli-
tude of 12.54 (3.37, 21.71), and in the larger Herson
province, that included 7 other counties with Herson
and Elizabet counties, nonlinear analysis shows a pe-
riod of 19.38 (14.53, 24.22) years with an amplitude
of 31.93 (9.71, 54.15).

We here show the presence of several cycles
that may correspond to the Horrebow-Schwabe, the

Hale, and the Briickner-Egeson-Lockyer -cycles,
among others. Such correspondence can only prompt
a subtraction-addition approach. The use of special
computer programs allows us to more accurately es-
timate the periods. A paradecadal 8.25-12.93-year
cycle was found in Denmark, Belgium, Switzerland,
Scotland, England (and Wales) and Ireland, whereas
in Austria, Italy, Romania and Sweden, the period
length of the most prominent cycle was between 15
and 18.8 years (Table 1). In the dynamics of diph-
theria in the Kherson province (then South Russia,
now Ukraine), statistically significant periodicities
include a point estimate of 17 years, with others of
19.4 and 21 years, but with very wide overlapping
CIs so that the periods cannot be separated. In Rus-
sia, only relapsing fever in Moscow had a prominent
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decadal period, Table 1 (bottom), a detail qualifying
even a genius like Chizhevsky. If not an «echo» only
to the sun, the biosphere and the noosphere it created
are resonators to both the sun and the earth, among
others, and the various environmental influences
compete (wrangle) with one or the other dominating
in different geographic regions at the same time. Fig-
ure 2 (top) shows a wavelet of the incidence pattern

of diphtheria in Denmark from 1860-1910. An about
12.4-year component is seen to characterize the inci-
dence pattern; it is within the cone of influence. An-
other component with a period of about 29.5 years
is outside this cone. Both components are validated
and are within the Cls (95% confidence intervals) of
the nonlinearly extended cosinor, applied to the same
time series on diphtheria.

Wavelets (second row) of Diphtheria Incidence in Denmark (top);
Association with Geomagnetics (third and fourth rows)
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Figure 2 — Wavelet analyses of incidence pattern of two infectious diseases (pooled) centuries
ago (top row), of Wolf sunspot numbers (middle), and of the antipodal geomagnetic index aa
(bottom), with peaks indicated by color (key), and by numbers at the maxima in the spectrum
(right, next to the color key) show a putative reflection of past and/or present solar variability

Wavelets of Wolf numbers, WN (Figure 2, mid-
dle), and of the antipodal geomagnetic index aa (Fig-
ure 2, bottom) show maxima corresponding to the an-
ticipated ~11.7-year cycle, also seen from the spectra
plotted vertically next to the color key. The numbers

indicate the period length (in years) corresponding to
local maxima in amplitudes; but the color code mat-
ters most. The wavelet of aa also reveals the presence
of an about 22.1-year component differing from the
smaller about 19.7-year peaklet observed for WN.
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Both these peaks are less prominent than the about
29.5-year peak found for diphtheria.

Figure 3 shows cross-wavelet transforms (left)
and coherence displays (right) of WN (top) and aa
(bottom) with diphtheria. The 11.7-year period within
the cone of influence stands out in association with
both WN and aa in the cross-wavelets. An added
large peak at 24.2 years is seen in association with
aa. Peaklets are seen at ~23 and ~44 years in associa-
tion with WN. Strong coherences around 10.4 (WN)
or 11.0 (aa) years inside the cone of influence and ad-
ditional strong coherences outside this cone around
23.4 (aa) or less intensely around 22.1 (WN) years
are interesting. Added coherences around 5.5 years
and at still shorter pperods in association with WN
are intermittently statistically significant (as seen
from black contours). Again, there is a difference
in spectral location between WN and aa, the overall
peak occurring around 3.5 years for aa.
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Among para-annual components, solar wind
speed, a measure of interplanetary magnetism, and
aa share some frequencies but differ at others [12].
Here we find that, in the decadal range, both WN and
aa, gauging solar and terrestrial magnetism, respec-
tively, shared coherence (within the cone of influ-
ence) with the main cycle characterizing communi-
cable diseases, such as diphtheria, in the past when
they were pandemic. Just as helio-, inter- planetary
or geomagnetism can influence sudden cardiac death
[12, 13], they also influenced communicable dis-
eases, probably via the host, whose steroidal defense
shows a proven decadal cycle [12] and by the invading
microorganism, whose mutations can also undergo a
similar cycle mirroring that of sunspots [12]. Cycles
in the sun’s and the earth’s magnetism are features of
both communicable and noncommunicable disease
etiology and, in both cases, are geo- graphically, se-
lectively assorted, shown elsewhere [13, 14].
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Figure 3 — Cross-wavelet transforms show a strong association of the incidence of two infectious diseases (pooled) with WN and

aa at a period, t, of 11.7 years within the cone of influence. Coherence (right) is also found within the cone of influence at 10.4 and

11.0 years. These ts are also near those validated for the incidence of diphtheria by the extended nonlinear cosinor (not shown) that

suggests the statistical significance of differences among the two aspects of solar and earth magnetism’s association with rampant
pandemics, some within the cone of influence.
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