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CYCLICITY IN INCIDENCE VARIATIONS OF
MENINGOCOCCAL INFECTIONS IN
BULGARIA IS SIMILAR TO THAT OF
SOLAR ACTIVITY

Dimitrov B. D.
Department of Social Medicine, Higher Medical Institute, Plovdiv, Bulgaria

SUMMARY

This is a retrospective study on meningococcal meningitis {MM) in Bulgaria that has, for the first time, reperted results on non-linear
temporal patterns of incidence and its variations. Methods of descriptive statistics, linear and non-linear modeling as well as periodogram
regression analysts have been applied. A non-llnear decreasing trend in crude incidence rates per 100 persons over the years 1540—-1990
has been described (p < 0.0001) and cyclic variations revealed (periods T = 8.00, 18.75, 24.75 and 33.50 years, p < 0.05-0.01), Above
gycles have been detectad after the reciprocal trend has been removed (y = 1.04 + 15.78/t). A similar cyclicity (periods T = 8.25 and 27.5
years) in the variations of solar activity (sunspet number Rz) ever the same time interval of 51 years has been established after the main
cycle of 10.5-13 years has teen removed by a two-step procedure. The results from this study have added to our previous findings en
cyclic variations in mortality and lethality from meningococcal infections.in Bulgaria (1, 2). Above similarity Is also In aceordance with sarlier
gonclusions on relations of solar activity cycles with epidemics.of cerabrospinal meningitis in New York and USA avar the years 1800-1935

(3, 4).
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INTRODUCTION

Epidemiological situation of meningococcal meningilis
{MM) in Europe has been reviewed (5, 6) but no studies from
Bulgaria have been then reported. It is only recently that
clinical epidemiology of meningococeal infecctions in Bulgaria
has been systemalically studied (7), however, not many details
of temporal dynamics and patterns of variations in incidence
have been described, either. Our previous stndies on mortality
and lethality from MM in Bulgaria have revealed cyclicity in
varialions over the interval 1958-1990 with periods of 12.25
and 11.75 years, respectively (1, 2). It should be noted that
cyclic variations might either denote a definite intrinsic feature
of incidence Ume-series or imply pattermns maodulated (pro-
voked) by external influences, or both. In this sense, if an
external effect on meningococcal meningitis in Bulgaria exists,
then incidence variations should exhibit a similar cyclicity as
reported for flu, mumps, malignant melanoma of the skin, etc.
(4. 8-11}. On the other hand, earlier studies on data from New
York and USA (1800-1935) have reported conformity of solar
activity cycles with epidemics of cerebrospinal meningitis (3,
4.

The aim of the present study was to more deeply analyze
iemporal patterns of the incidence rate of meningococcal men-
ingilis in Bulgaria over the interval 1940-1990 and compare
the patterns of incidence variations to solar activity cycles.

MATERIALS AND METHODS

Sources and description of data. The data covered the
interval from 1940 to 1990 inclusive consisting of all 9.54]
new cases with meningococcal meningitis in Bulgaria (the

code after the International Classification of Diseases — IX!
revision is Dx:0306). The new cases for each calendar year were
presented as annual crude incidence rate per 100 persons of the
population. The data were kindly provided by Lazarova (7) as
collected from the registries of the National Centre of Infec-
tious and Parasitic Diseases (Sofia, Bulgaria). A solar activity
index, the rclative number of sunspots (Rz), was also analyscd
as the dala for the above interval were obiained from the
Prompt Reports of NOAA (Colorade, USA). The discretiza-
tion of incidence data was on the basis of 1 year (Fig, ).
Statistical analyses. For the purpose of the present study,
descriptive statistics and linear as well as non-linear regression
modelling were applied (12) whereas 12 available models were
tested and the best fit was selected by the highest coefTicient
of correlation (r) and least variance of the regression (13). Also,
a procedure of detrending was applied when necessary. For
detection of cyclicity in variations, the periodogram regression
analysis (PRA) with a correlation-regression function F of
periodic mode was used (10, 14, 15) (Fig. 2). Within PRA,
when necessary, a procedure of decycling was also applied to
derive the values Fi(t) of a new tine series without a cycle(s)

in question, after the equation:

- 2nt . 2nt
E(f)=F(t)—L[A,- cos?i-+8j smTIJ (1.0]
where F(t) arc the valucs of original lime sevies, A and B are

ihe coefficients of regression, T is the length of statistically
significant cycle, t is the current moment of time (huniber of
the year: 1, 2, 3, ..., n-1), and n is the number of values in the
series. Above procedure could be repeated as many times as
required (F, F1, Fa, ..., Fic1). Statistical significance of cycles
on the periodogram (see Fig. 2) was verified by the relation of
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Fig. 1. Model curve of crude incidence rare per 100 persons for meningococcal infections ia Bulgaria (1940-1990). Note: The best fii 1o
o non-linear trend has been described by the reciprocal equationy = F.04 + 15.78/1 {r = 0.895, z = 32.35, n = 51, p < 0.0001) where 1 is the

number of the calendar year of vegistration (1 =1, 2, 3, ..51).
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Fig. 2. Periodogram regression analysis of variations in incidence rates for meningococcal infections in Bulgaria and solar activity
{1940-1990). Legend: The spectra of coefficients R present infrannual cycles in the variations of crude incidence rates per 100 persons for
meningococcal infections in Bulgaria (periods T = 8.00, 18.75, 24.75 and 33.50 vears, thick curve) and sunspot niunber Rz (periods T = 8.25
and 27.30 vears, thin curve). The periodograms have been constructed after the meningococeal series has been deirended (the non-lincar
trend v = 1.04+13.784 has been remaved) and sunspot series decycled in two steps (the cycies of 10.5 and 13 years have been removed
consecutively). The arrows indicate zones with significant peaks on periodograms (p < 0.05-0.01).

the coefficient of correlation (R) Lo its standard error (Sr). Two
dilferent criteria were applied: [or the normal upper 95% [imit
- R/SR > 1960 and. for the upper 95% limit in a series of
random number — R/SR*>(453.2/n243.56)0. A version of the
normal sigma-method was described earlier by Dimitrov (15).
Routine statistical and graphical software was nsed and, for the
particular aims of this study, was another stalistical package
(6-D Statistics ver. 5.0/98 by B. P. Komitov).

RESULTS

Descriptivc statistics has not shown a norinal distribution of
crude incidence rates of MM over the study period (n = 51).
The histogram has shown very high values of kurtosis and
skewness (k = 28,64, s = 5.10). The best fit to the decreasing
rales has been found tobe that of a non-linear model (reciprocal
equation y = 1,04+ 15.78A). The trend, although non-lincar, has
ailowed an explanation of 80.19% of variations in time series of
incidence rates for meningococcal meningitis in Bulgaria only.

The variations from the trend {(about the rest 20% of tempo-
ral dynamics) were analysed by PRA. Two cycles of 7.5 and
14.5 years have been detected but with significance below the

upper 95% level for a series of random numbers (not shown).
The non-linear trend was removed Lo allow a relative increase
of the power of the significant cycles and their correct deter-
mination. Thus, a middle-frequency infrannual cycle of 8.00
years was found (p < 0.05) as well as three low-frequency
infrannual cycles of 18.75, 24.75 and 33.50 years were re-
vealed (p<0.01) (see Fig. 2). Although with a multicomponent
cyclic patterns, variations might be divided into two main
groups: circaundecennian (period T = 8 years) and circatride-
cennian (period T = 26 years) cyclicity. Similar cyclicity has
been found in variations of solar activily (sunspol number Rz}
over the same time interval 1940-1990 - periods T = 3.25 and
27.5 years. The latter patterns of cyclic variations have been
detected after the original F series of Rz has been decycled for
the main 11-year cycle in a two-step procedure. At the first
step, a 10.5-year cycle has beer remmoved and F) series con-
siructed and, at the second step — a 13-year cycle has been
removed and F2 series derived and further analysed (see
Fig. 2). Obviously, there is a strong similarity between the
cyclic variations of solar activity and the cyclic variations in
incidence rates of meningococeal meningitis in Bulgaria over
the years 1940-1990.
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DISCUSSION

Earlier studies have suggesied the existence of cycles in
meningococcal infeclions in Bulgaria (16), however, no slatis-
teal significance or possible causes have been then provided.
The present study has, for the first time, reported results on
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