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Abstract OBJECTIVES: The purpose of this study was to examine the relationships 
between climatic and immune or hematologic variables in the peripheral 
blood of normal human. METHODS: Twenty-six normal volunteers gave 
blood samples monthly during one calendar year for fl ow cytometric 
assays of peripheral blood mononuclear cells (PBMC) and assays of 
red blood cell (RBC)- and platelet-related variables. Time relationships 
between the weather and immune or hematologic variables were inves-
tigated by means of multiple regression and bivariate cosinor analyses. 
RESULTS: Highly signifi cant relationships were found among number 
and percentage of neutrophils, lymphocytes, CD4

+
, CD8

+
, CD25

+
 (inter-

leukin-2-receptor bearing lymphocytes), CD20
+
 B lymphocytes, number 

of platelets and RBC, hemoglobin (Hb), mean corpuscular (MC) volume, 
MC Hb, MC Hb concentration, mean platelet volume or plasma fi brin-
ogen levels and ambient temperature, sunlight duration, air pressure, 
wind speed, relative humidity, and rainfall duration/day. An important 
part of the variability in the immune and hematologic variables could 
be explained by the composite effects of contemporaneous and lagged cli-
matic variables. Common seasonal rhythms were detected in the time 
series of the above immune/hematologic and sun insolation variables, 
such as ambient temperature. CONCLUSIONS: The results suggest that 
i) short-term fl uctuations in atmospheric activity modulate immune and 
hematologic features in the peripheral blood of normal human; and ii) 
the seasonal rhythms observed in immune/hematologic variables may be 
entrained by the seasonal rhythms in ambient temperature.
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Introduction

In humans, signifi cant seasonal and daily rhythms 
have been observed at several levels of the immune 
and hematopoietic systems. Signifi cant circadian 
rhythms are now well established in function, prolif-
eration and number of peripheral blood immune cells 
[1–3], platelets and red blood cells (RBC) [2-4]. Com-
paratively fewer studies have focused on the annual 
variations in the above variables probably due to the 
practical limitation of obtaining multiple blood sam-
ples during a longer period of time. Nevertheless, 
some research groups have reported seasonal differ-
ences in immune and hematopoietic variables, such 
as in number of total lymphocytes, CD4

+
 T (T helper-

inducer), CD8
+
 T (T suppressor-cytotoxic) [5, 6] and 

B lymphocytes [7]. Other groups found seasonal dif-
ferences in the number of RBC, hematocrit (Ht) and 
hemoglobin (Hb) in elderly subjects [8].

However, previous research on seasonal variation 
in immune/hematologic variables was often limited 
by the cross-sectional design of the studies, the 
smaller number of healthy subjects and of time points 
for blood samplings in transversal or prospective 
studies, and by the use of statistical tests, which was 
often less than optimal (e.g. simple t-tests or analy-
ses of variance applied to detect differences across 
the seasons; single cosinor). In a larger number of 
healthy controls (n=26) who had monthly blood sam-
plings during one calendar year, our laboratory has 
quantifi ed the seasonal variation in various immune 
and hematologic variables by means of spectral and 
cosinor analyses of single and grouped time series [9, 
10]. Highly signifi cant seasonal rhythms (i.e. annual, 
semiannual, tetramensual and/or trimensual), which 
were expressed as a group phenomenon, were found 
in number or percentage of peripheral blood neu-
trophils, lymphocytes, monocytes, CD3

+
 T, CD4

+
 T, 

CD8
+
 T, CD25

+
 T and CD20

+
 B lymphocytes, number 

of RBC and platelets, Hb, Ht, mean corpuscular 
volume (MCV), MC Hb (MCH), MCH concentration 
(MCHC), RBC distribution width (RDW), mean plate-
let volume (MPV), and plasma fi brinogen [9, 10].

There is limited information on the origin of these 
yearly rhythms in the above immune and hema-
tologic variables. It is thought that circadian and 
seasonal rhythms in biological variables in human, 
including those in the immune system, are endog-
enously (i.e. genetically) determined and/or entrained 
or modulated by environmental “zeit  gebers” such as 
climatic factors [2, 11, 12]. There are only a few 
studies reporting that climatic variables, such as 
ambient temperature, may induce changes in lym-
phocyte and monocyte counts in the rodent [13–15]. 
Lowering of ambient or body temperature may also 

be accompanied by an increase in number of RBC 
and platelets [16].

The aims of the present study were to examine 
i) whether immune and hematologic variables are 
related to short-term fl uctuations in atmospheric 
activity; and ii) whether there are synchronized sea-
sonal rhythms in the above immune/hematologic 
variables and sun insolation data, such as ambient 
temperature.

Methods

Subjects

Inclusion criteria for subjects to participate in this 
study were: i) genuine Caucasian volunteers living in 
Antwerp (geographical coordinates: 51.2°N and 4.5°E), 
Belgium, who were free of any psychiatric and medical 
illnesses (e.g. immune or endocrine illness) and drugs 
(including the pill). Past history of psychiatric and per-
sonality disorders was checked by means of the Semi-
Structured Clinical Interview of the DSM-III-R [17, 
18]. Subjects with drug (alcohol, and any other drugs 
of dependence) use or abuse were not included. ii) A 
stable, settled lifestyle. Therefore, subjects regularly 
taking international fl ights and subjects who travel a 
lot, such as commercial travellers, were not included in 
this study.  iii) Women of childbearing potency were 
only included if they were willing to ascert that they 
would not become pregnant during this study period. 
iv) Subjects were not allowed to spend more than 
one week in another country and were not allowed to 
travel outside an area of more than 250 km from the 
town of Antwerp. 

Exclusion criteria were: i) abnormal chemical and 
hematologic blood tests the fi rst study month, such as 
complete blood count, blood urea, nitrogen, electro-
lytes, liver enzymes (SGPT, SGOT, γGT), hemoglobin, 
hematocrit. ii) The occurrence of a new medical ill-
ness during the study period, except a common cold 
or angina, or any use of new medical drugs, except 
occasional use of an over-the-counter drug such as 
aspirin (prohibited for at least two days before blood 
sampling). In case of a common cold, blood samplings 
were deferred until clinical remission. iii) The occur-
rence of important negative life events during the 
study period. iv) Tobacco use of more than fi ve ciga-
rettes a day.

Finally, 26 normal volunteers (13 men, 13 women; 
mean age=38.7; SD=13.4 years; range: 23–69 years) 
were selected to participate in this study. Volunteers 
had the socio-economical status of the middle-class 
Belgian population and a mean, net monthly income 
between $1,500 and $2,500; they were urbanized 
persons with a comparable rest-activity schedule. 
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The study period extended from December 11, 1991 
until December 25, 1992. Sixteen subjects had their 
fi rst blood sampling in December 1991; the others 
started in January 1992.

Procedures

The preparation of the subjects prior to blood col-
lection was carefully controlled and blood collections 
were performed in standardized conditions in order 
to minimize sources of preanalytical variability. The 
same two MDs carried out all blood samplings 
throughout the study period on the same subjects. 
Subjects had 12 consecutive monthly blood sam-
plings. Blood samplings in premenopausal females 
were carried out 5–10 days after the fi rst day of the 
menstrual cycle. After a vacation in an area other 
than the province of Antwerp, blood was sampled at 
least seven days after returning to Antwerp-town. 
There were 59 days on which blood was sampled. 
Dates of blood samplings were randomly distributed 
during the study span. Blood samples were taken in 
a thermally controlled indoor environment and all 
subjects were allowed to acclimate to the room for 
60 minutes prior to the blood collections. They wore 
street clothes during the study. The temperature in 
the testing room was maintained at 21.0±1.5°C.

An intravenous cannula was inserted at 8:00 a.m. 
(±30 min) in the antecubital vein of the subjects 
and 65 mL of blood was drawn from the fasting 
subjects. Flow cytometry for the determination of 
percentage and number of PBMC was performed 
on fresh blood as previously described by us [9]. 
Labelled monoclonal antibodies against CD4, CD8, 
CD3 and CD25 were purchased from Dakopatts 
(Denmark, Copenhagen) and CD20 from Becton 
Dickinson (Mountain View, CA, USA). We have used 
the following antibodies: CD3

+
 (pan T cells), CD4

+
 

(T helper-inducer cells), CD8
+
 (T suppressor-cyto-

toxic cells), CD25
+
 (interleukin-2-receptor bearing 

lymphocytes), and CD20
+
 (B lymphocytes). All meas-

urements of the different leukocyte subsets in the 
present study were obtained using the same lot of 
monoclonal antibodies. Quality control performed 
through calibration with Quick Call (Becton Dickin-
son, Mountain View, CA, USA), showed that highly 
reproducible results were obtained in our labora-
tory during the course of this study. The results are 
expressed as the percentage (%) or absolute number 
(AN) of leukocytes. White blood cell count, leukocyte 
differentiation (i.e. lymphocytes), RBC- and platelet-
related parameters were determined on fresh blood 
by means of a Coulter STKS fully automated total 
blood cell counter. Hb was determined by means of 
the cyanmethemoglobin method using a dilution of 

blood in a solution containing potassium cyanide 
and ferricyanide. Fibrinogen was determined by 
means of fi xed time kinetic nephelometry for immu-
noprecipitation using the Behring Nephelometer 
(Behringwerke AG, Marburg/Lahn, Germany). The 
analytical interassay coeffi cients of variation are 
for number of leukocytes: 1.3%; lymphocytes: 2.5%; 
RBC: 0.4%; Hb: 0.6%; Ht: 0.8%; MCV: 0.6%; MCH: 
0.7%; MCMC: 1.0%; RDW: 1.4%; number of plate-
lets: 1.7%; MPV: 1.4%; and fi brinogen: 5%.

Weather data for the vicinity were taken at the 
Royal Meteorological Station of Deurne which is sit-
uated in the eastern part of Antwerp City and com-
prised mean daily atmospheric pressure (hPa), air 
temperature (°C), relative humidity (%) and wind 
speed (km/h), together with minutes of sunlight and 
precipitation/day. 

Statistics

Relationships between biological and weather 
variables were investigated by two techniques, i.e. 
bivariate cosinor and regression analyses. The bio-
logical data were correlated to the same day’s mete-
orological data. Bivariate cosinor analyses were 
employed as previously described by us [19–22]. We 
examined the signifi cance of annual rhythms as well 
as the harmonics, i.e. semi-annual (180 days), four-
monthly (120 days), tri-mensual (90 days) and bi-
monthly (60 days) rhythms. In order to eliminate the 
effects of interindividual variability in the analyses 
of the time series of immune/hematologic data, each 
of these data was normalized with reference to the 
yearly mean values in each of the 26 normal volun-
teers. The regression analyses were pooled over the 
26 time series of the normal persons in order to mini-
mize the interindividual variability in the immune/
hematologic data. The time series of the immune/
hematologic data were entered as dependent vari-
ables and the climatic data were entered as indepen-
dent or explanatory variables. When evaluating the 
possible impact of the weather condition on plasma 
variables, it may be assumed that the latter may 
respond to a set of climatic variables which work in 
concert rather than individually (i.e. synergy) and 
that it takes a period of time for the climate to affect 
plasma constituents (i.e. the memory effect). Our lab-
oratory has shown that the memory effects of climatic 
variables on plasma constituents and behavioral fea-
tures in normal human often involve a time lag of 
one to four weeks [22–24]. To investigate possible 
synergistic and memory effects, a multiple regression 
model is employed whereby present together with 
lagged climatic data are entered as explanatory vari-
ables [21–23]. Time lags of 1–4 weeks of the climatic 
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variables are entered in multiple regression analyses as 
additional explanatory variables. In order to prevent 
multicollinearity, the authors have performed multiple 
regression analyses whereby the climatic variables are 
entered in a forward stepwise (step-up) automatic inclu-
sion method (with an F to enter of p=0.05) with inspec-
tion of the determinant. 

In order to show the time relationships between 
immune/hematologic variables and ambient temperature, 
we made a display of the cyclic signals in the raw values 
of both variables. The cyclic signals in the raw data refl ect 
the total amount of variance in the raw data, which can be 
explained by the signifi cant seasonal rhythms. For more 
explanation on these techniques, the reader is referred to 
some of our previous publications [20, 21, 24].

Results

Results of univariate regression analyses

The number of signifi cant correlations in the 
correlation matrix between each of the immune 
variables and the 30 past and lagged climatic var-
iables (at the p=0.05 level and pooled over  the 
26 time series of the subjects) were as follows: 
leukocytes 3; AN neutrophils 8; %neutrophils 11; 
AN monocytes 3; %monocytes 4; AN lymphocytes 
9; %lymphocytes 13; AN CD3

+
 6; %CD3

+
 19; 

AN CD4
+
 16; %CD4

+
 10; AN CD8

+
 11; %CD8

+
 

12; AN CD25
+
 11; %CD25

+
 15; AN CD20

+
 22; 

%CD20
+
 18; and CD4

+
/CD8

+
 ratio 14. Figure 

1, for example, shows the positive relationship 
between the number of CD25

+
 cells in the periph-

eral blood and relative humidity.
The number of signifi cant correlations in the 

correlation matrix between each of the hema-
tologic variables and the 30 climatic variables 
(at the p=0.05 level) were as follows: number of 
RBC 11; Hb 3; Ht 5; MCV 16; MCH 15; MCHC 
17; RDW 12; number of platelets 13; MPV 
21; and fi brinogen 14. For example, Figure 2 
shows the positive correlation between MPV 
and ambient temperature.

Results of multiple regression analyses

Table 1 shows the outcome of 17 multiple 
regression analyses with stepwise inclusion of 
the climatic data. The relevant climatic data 
are shown by means of the signifi cance of their 
regression coeffi cients. For example, 17.4% of 
the variance in the percentage of neutrophils 
was explained by three climate variables, i.e. 
present and past air pressure and relative 
humidity. It is interesting to note that present 
and lagged climatic data are sometimes included 
in the same regression equation, e.g. air pres-
sure in the case of percentage and number 
of neutrophils and lymphocytes. This indicates 
that a change in air pressure over the past few 
weeks is related to changes in these immune 
cells. Therefore, we have investigated the rela-
tionships between changes in air pressure (i.e. 
∆ air pressure = present values - past value at a 
lag of three weeks) and the percentage of those 
immune cells. Figures 3 and 4 show the sig-
nifi cant correlations between ∆ air pressure 
and percentage of neutrophils and lymphocytes, 
respectively.

Table 2 lists the results of multiple regres-
sion analyses (pooled over the 26 time series of 
the 26 subjects) with stepwise inclusion of cli-
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matic data with an F to enter of p=0.05. The rel-
evant explanatory climatic variables are listed by 
means of the signifi cance of their regression coeffi -
cients. 

Results of bivariate cosinor analyses

In order to determine whether there are common 
seasonal rhythms (i.e. annual, semi-annual, four-
monthly, trimonthly and bimonthly rhythms) in the 
time series of the immune/hematologic data and 
ambient temperature or changes in ambient tem-
perature the week prior to blood sampling, we have 
performed bivariate cosinor analyses. Ambient tem-
perature or changes in ambient temperature were 
chosen as the relevant climate variables since our 
previous research has shown that i) the seasonal 
rhythms in ambient temperature are strongly syn-
chronized with those in relative humidity and sun-
light duration; and ii) there are highly signifi cant 

seasonal rhythms in changes in ambient tempera-
ture, which are strongly related to human plasma 
analytes and behaviors [20, 21, 25].

By means of bivariate cosinor analyses we 
detected signifi cant common rhythms in ambient 
temperature and the number of CD25

+
 T cells (180 

days: F=12.6, p<0.01; 90 days: F=27.2, p<0.01; 60 
days: F=9.1, p<0.01), and (after rotation of the time 
series of ambient temperature by 180°) also with the 
CD4

+
/CD8

+
 ratio (120 days: F=6.3, p<0.01; 90 days: 

F=4.4, p<0.05), and number of CD20
+
 B cells (180 

days: F=5.7, p<0.01; 120 days: F=5.1, p<0.01). By 
means of bivariate cosinor analyses we detected sig-
nifi cant common rhythms in the changes in ambient 
temperature and the CD4

+
/CD8

+
 ratio (120 days: 

F=13.5, p<0.01); number of CD20
+
 B cells (120 

days: F=20.2, p<0.01); and number of CD20
+
 B 

cells (180 days: F=6.3, p<0.01; 120 days: F=18.8, 
p<0.01; 90 days: F=18.4, p<0.01; 60 days: F=6.3, 
p<0.01). Figure 5 shows the negative time relation-

Table 1. Results of multiple regression analyses of immune data on past and present climatic data

                                                                                                        Multiple regression analyses
Dependent variable     Signifi cant explanatory variables
                                                                                                 R

2
(%)     F-statistic     df__     p-value

Leukocytes
1
               +W

§
, +W4

§
                                                      5.2          7.8      2 /289        0.008

% Neutrophils            +P3*, -P * I -H
§
                                            17.4        19.8       3/281         <10

-4

AN Neutrophils
1
         -T4*, +P3

$
, -P

$
, -R1

§
 0 +T2

§
, +S, -P                    19.2          8.9       7/262         <10

-4

% Lymphocytes          +P*, +T4
$
, +H

$
; -P3

§
 + +R3, +R1                        22.7        13.6       6/278         <10

-4

AN Lymphocytes         -P3*, +P
§
                                                        9.4        13.8       2/267         <10

-4

% Monocytes             -T2*, -SI*, -H1*, +T
$
, -R4

$
, +R2

§
, -P2

§
              21.1          8.2       9/275         <10

-4

                               +T4, +R                                                               
AN Monocytes            +R2

$
, +P4

§
, +R

§
                                                8.6          8.3       3/266      0.0001

% CD3
+
T                    -H3*, -R4

§
, +W2

$
, +R

$
, -P2

§
, -T3

§
, -W

§
               21.7          9.5       8/275         <10

-4

% CD4
+
T                    -P*, -T*, +P1*, +W4*, +W2*, +T2

§
,-H3

§
             25.4        13.4       7/277         <10

-4

AN CD4
+
T                   +P2*, +W4*, +H4*, +R3*, -H1

$
, +T4                  21.6        12.0       6/261         <10

-4

% CD8
+
T                    -T3*, -R4*, -H4*, +S*, -W3

$
, +W2

$
, -P2

§
            26.3        14.1       7/277         <10

-4

AN CD8
+
T                   +T*, -T3*, +P*, -R1

§
, -R4, -P1, -S3                    18.9          8.6       7/260         <10

-4

CD4 
+
/CD8

+
 ratio

1
       +P2*, +W4*, +T2*, +H4*, -S2*, -P3*, -S*,         33.6        15.5       9/275         <10

-4

                               -H1
$
, +S4

§

% CD25
+
 T

1
                -S4*, +H4

$
,+H

$
, +T2*, -W1

§
, +P4

§
, +P2               42.5        29.2       7/277         <10

-4

AN CD25
+
 T

1
              -S4*, +H*, +T2*, +P1

$
, +H4

§
, +R4

§
,-W4, +P2       43.4        24.8       8/259         <10

-4

% CD20
+
 B                 -P1

$
, +H4

$
, +P2

$
, -P3

§
, -W2

§
, -P4

§
, +R3, -R         27.7        11.6       9/273         <10

-4

AN CD20
+ 
B                +H4*, +P2

$
, -P1

$
, -R1

$
, -P3

$
, +W4

$
, +W3            28.0        14.3       7/258         <10

-4

Listed are the results of pooled multiple regression analyses (i.e. pooled over the 26 subjects) with the immune 
values in 26 normal controls as dependent variables and climatic data as explanatory variables. Present and lagged 
(1, 2, 3 and 4 weeks) values of air pressure (P), sunlight duration (S), wind speed (W), ambient temperature (T), 
rainfall duration (R), and relative humidity (H) are entered in pooled multiple regression analyses; 1, 2, 3 and 4 
denote a time lag of 1, 2, 3 or 4 weeks, respectively.
1
 These immune variables were processed in logarithmic transformation.
* p <0.0001; 

$
 p< 0.001; 

§
 p <0.01; without index: p<0.05.

Relationships of climatic data to immune and hematologic variables in normal human
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ship (r=-0.60, p<10
-4
) between the CD4

+
/CD8

+
 T cell 

ratio and ambient temperature (shown are the cyclic sig-
nals, computed as described above, in the time series of 
each of the variables).

By means of bivariate cosinor analyses, we detected 
signifi cant common rhythms in the time series of ambi-
ent temperature and MCV (365 days: F=218, p<0.01) 
and MPV (365 days: F=150, p<0.01), and (after rotation 
of the time series of ambient temperature by 180°) also 
with number of RBC (365 days: F=76.2, p<0.01), MCHC 
(120 days: F=36, p<0.01; 90 days: F=5.7, p<0.01; 60 
days: F=27.4, p<0.01); and number of platelets (365 

days: F=90.1, p<0.01). Figure 6 shows the posi-
tive time relationship (r=0.50, p<10

-4
) between 

ambient temperature and MCV (shown are the 
cyclic signals, computed as described above, in 
the time series of both variables).

Discussion

The major fi ndings of this study are i) the 
highly signifi cant linear correlations between 
immune/hematologic variables in normal human 
and contemporaneous as well as past (memory 
effect) weather variables, such as ambient tem-
perature, relative humidity, sunlight duration, 
wind speed, rainfall duration and air pressure; 
and ii) signifi cant synchronized seasonal rhythms 
between RBC and platelet-derived parameters, 
on the one hand, and ambient temperature, on 
the other. The results will now be discussed. 

On the basis of the regression models used 
in the present study, it is somewhat diffi cult 
to separate the effects of the various present 
and lagged weather variables on the immune/
hematologic data. This problem is generated by 
the following. i) Interpretation of the relative 
contribution of the various climatic variables to 
the variance in the immune/hematologic data is 
hampered by the presence of multicollinearity 
in the climatic matrices. ii) The weather data, 
which are included in the fi nal regression equa-
tion, obtained by means of forward automatic 
regression analyses, show multiple and sig-
nifi cant correlations with those that are not 
included. Therefore, the most conservative 
interpretation at this stage is that the immune 
and hematologic variables measured in this 
study are correlated to short-term fl uctuations 
in atmospheric activity. Nevertheless, it 
appeared from the automatic step-up regres-
sion analyses that some climatic variables were 
better predictors than others. For example, 
number (and percentage) of peripheral blood 
neutrophils and lymphocytes were signifi cantly 
related to changes in air pressure over the last 
(three) weeks. Ambient temperature had signif-
icant effects on the number or percentage of 
peripheral blood CD4

+
 T, CD8

+
 T, CD4

+
/CD8

+
 

ratio, CD25
+
 T and CD20

+
 B lymphocytes. 

Ambient temperature appeared also as one of 
the most powerful predictors of RBC- and plate-
let-derived variables, such as number of RBC, 
Hb, MCV, MCH, MCHC, number of platelets 
and fi brinogen. 

Another major fi nding of this study is 
that signifi cant common seasonal rhythms are 
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Table 2. Results of multiple regression analyses of hematologic variables on present and lagged climatic variables

Hematologic       Signifi cant explanatory                                                 Multiple regression analyses

variables            variables                                                            R
2
(%)     F-statistic    df__    p-value

RBC                   -T2
§
, +P                                                                5.1           7.8      2/289    0.0008

Hb                    _T$ t, +T1                                                             6.4           9.9      2/289    0.0002
Ht                     +W4

$
, +P

§
, +R3

§
, +H3                                              9.9           7.9      4/287       <10

-4

MCV                   +T3* +W4*, +H3
$
, +W1

$
, +R3                                   22.9         17.0      5/286       <10

-4

MCH                  -T*, -W4*, +T3*, -R3*, -S4*,                                   39.1         22.7      8/283       <10
-4

                        -P*, +T4, +S
MCHC                 -W4*, -T*, -R3*, -P*, -H3*,                                    57.4         24.8     15/276       <10

-4

                        -S4*, -R1*, +S*, -S1*, -R2*
RDW                  +H2*, +S2*, +T3

$
, +S

§
, +R1                                     19.7         14.0      5/286       <10

-4

Thrombocytes     +P*, -T4
$
, +P1

§
, +P2

§
                                             18.4         16.2      4/287       <10

-4

MPV                  -P1*, +S1*, +T3*, -R4
$
, +W4

§
,                                 37.8         21.2      8/283       <10

-4

                        -P
§
, -P3

§
, +R

Fibrinogen          +T*, +H4*, -R3
$
, +W

$
, -S3

$
, -R2

$
, +R4                       24.8         13.2      7/282       <10

-4

Listed are the results of 10 pooled multiple regression analyses (i.e. pooled over the 26 normal controls) with the 
hematologic variables as dependent variables and climatic data as explanatory variables. Present and lagged (1, 2, 
3 and 4 weeks) values of air pressure (P), sunlight duration (S), wind speed (W), ambient temperature (T), rainfall 
(R), and relative humidity (H) are entered in pooled multiple regression analyses; 1, 2, 3 and 4 denote a time lag 
of 1, 2, 3 and 4 weeks, respectively. *p<0.0001; 

$
 p <0.001; 

§
 p <0.01; without index: p <0.05.

� TEMP  ! CD4/CD8

Fig 6. This fi gure shows the time relationship between mean corpuscular volume (MCV) in 26 normal 
volunteers and ambient temperature (both variables are in z-transformation). There is a signifi cant 
positive relationship between the cyclic signals in both variables (r=0.50, p<10

-4
).

Fig. 5. This fi gure shows the time relationship between the CD4
+
/CD8

+
 T cell ratio in 26 normal 

volunteers and ambient temperature (both variables are in z-transformation). There is a signifi cant 
negative relationship between the cyclic signals in both variables (r=-0.60, p<10

-4
).

Z-transformations of CD4+/CD8+ T cell ratio and ambient temperature

Dec 21                 Mar 21                   Jun 21                     Sep 21                  Dec 21

� TEMP  ! CD4/CD8

Z-transformations of MCV and ambient temperature

Dec 21                 Mar 21                   Jun 21                     Sep 21                  Dec 21

� TEMP  ! MCV
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expressed in the time series of ambient tempera-
ture and the CD4

+
/CD8

+
 ratio and number of CD20

+
 

B cells (all inversely related) and CD25
+
 T cells 

(positively). Moreover, there were highly signifi cant 
common seasonal rhythms in ambient temperature 
and the time series of the numbers of RBC and plate-
lets, MCHC (all inversely related), MCV and MPV 
(positively related). Our results show that lower 
ambient temperature may be related to increased 
numbers of RBC and platelets and Hb concentra-
tions in the peripheral blood and to lower MCV and 
MPV values. These results are in agreement with 
a previous report that lower temperature may be 
accompanied by increases in the counts of periph-
eral blood platelets and RBC [16]. However, since 
there are strong correlations between ambient tem-
perature, relative humidity and light-dark span, the 
most conservative interpretation at this stage is 
that the seasonal rhythms in immune and, in par-
ticular, hematologic variables are strongly related to 
the seasonal variation in sun insolation parameters, 
e.g. ambient temperature, light-dark span and rela-
tive humidity. Future research in experimental ani-
mals should examine which of these variables, alone 
or in combination, may affect immune and hema-
tologic parameters. There are some spare reports 
that, in the rodent, exposure to lowered ambient 
temperature may cause changes in subpopulations 
of immune cells, isolated from bone marrow or the 
spleen, and expression of different T (e.g. CD4

+
) and 

B (e.g. sIg) cell surface markers [15]. 
In summary, the above results suggest that short-

term changes in the weather not only modulate or 
affect immune and hematologic measurements in 
normal human, but also that the seasonal rhythms 
in these peripheral blood variables may be synchro-
nized by the seasonal rhythms in sun insolation var-
iables. These fi ndings lend support to the hypoth-
esis that the seasonal time structure in immune and 
hematologic variables in human may, in part, be 
entrained or synchronized by climatic factors. On 
the other hand, the results of the present study 
do not rule out the possibility that the seasonal 
time structure in both immune and hematopoietic 
systems in human are also genetically determined. 
This hypothesis is corroborated by fi ndings that in 
experimental animals, circannual rhythms in T cell 
immunity occur even when climatic data are held 
constant and that there is a genetic difference in the 
circannual production of antibodies [11, 26].

Although our results clearly show that there are 
signifi cant time relationships between the weather 
and immune/hematologic variables, they do not pro-
vide further information on the exact nature of 
these relationships. Indeed, since we measured the 

immune/hematologic variables 08:00 a.m. morning 
blood samples, we cannot rule out that the relation-
ships observed here are due to a putative climate-
induced modulation of possible circadian rhythms in 
the dependent variables (e.g. shift in mesor or acro-
phase). Indeed, previous fi ndings suggest a seasonal 
modulation of circadian rhythms in number of lym-
phocytes, CD4

+
 T, and CD4

+
/CD8

+
 cell ratio, but 

not in number of RBC, Hb or Ht [5, 8]. Thus, the 
signifi cant time relationships between climate and 
immune- (and maybe platelet-) related data may be 
due to effects of the weather on circadian rhythm 
parameters (e.g. shift in acrophase or mesor), and/or 
to effects on the main daily values of these variables. 
The time relationships between climatic and RBC-
related variables are probably due to effects of the 
weather on the mean 24 hr values of those variables.

It is tempting to hypothesize that the time 
relationships between the yearly variations in the 
weather and in immune/hematologic data are related 
to the yearly variations in immune-related and 
hemostasis-related disorders. There is strong evi-
dence of a yearly variation in the incidence of infec-
tious disorders with peaks occurring in spring or in 
late winter [2, 5, 27–31]. There is also a true season-
ality in the symptomatology, incidence and mortal-
ity due to certain types of neoplasia, such as breast 
cancer, with peaks in spring-summer [5, 32–34]. 
Thus, changes in the number of peripheral blood 
T and B lymphocytes—related to the seasonal 
variation in weather variables—could alter the 
susceptibility/resistance to some immune disorders. 
It is now well established that hemorrhagic stroke, 
peripheral embolism, and coronary and cerebral 
thrombosis show a peak incidence in winter [35–39]. 
Other fi ndings suggest that short term fl uctuations 
in ambient temperature are related to incidence 
of these disorders [38, 40]. A statistically negative 
correlation between ambient temperature and mor-
tality from cerebro-cardiovascular disease [40] and 
incidence of intracerebral hemorrhage and cerebral 
infarction [41] has been described. Gill et al. [38] 
reported a strong association between the chilling 
effect of the atmosphere and incidence of subarach-
noid hemorrhage and thromboembolic brain infarc-
tion. Hence, it may be hypothesized that climate-
induced alterations (e.g. temperature) in biological 
rhythms, which modulate hemostasis (e.g. number 
of platelets, fi brinogen), may be related to the sea-
sonal changes in the incidence of hemostasis-related 
disorders. In addition, from our results, it may 
appear that the increased number of RBC in colder 
periods of the year may play a role, since this 
phenomenon may promote platelet adhesion [16]. 
Consequently, it may be hypothesized that cli-
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mate-induced changes in susceptibility/resistance 
rhythms in immune or hematologic functions across 
the seasons could contribute to an increased inci-
dence of infectious disorders, some cancers or neo-
plasias or of hemostasis-related disorders in some 
periods of the year.

    REFERENCES
   
 1 Goulding NJ, Hall ND. Rhythms in the immune system. Phar-

macol Ther 1993; 58:249-61.
 2 Haus E. Chronobiology of circulating blood cells and plate-

lets. In: Touitou Y, Haus E, editors. Biologic Rhythms in Clini-
cal and Laboratory Medicine. Berlin: Springer-Verlag; 1992. p. 
504-26.

 3 Haus E, Lakatua D, Swoyer J, Sackett-Lundeen L. Chrono-
biology in hematology and immunology. Am J Anat 1983; 
168:467-517.

 4 Decousus H. Chronobiology in hemostasis. In: Touitou Y, Haus 
E, editors. Biologic Rhythms in Clinical and Laboratory Medi-
cine. Berlin: Springer-Verlag; 1992. p. 555-65.

 5 Lévi F, Canon C, Touitou Y, Reinberg A, Mathé G. Seasonal 
modulation of the circadian time structure of circulating T and 
natural killer lymphocyte subsets from healthy subjects. J Clin 
Invest 1988; 81:407-13. 

 6 Bratescu A, Teodorescu M. Circannual variations in the B cell/T 
cell ratio in normal human peripheral blood. J Allergy Clin 
Immunol 1981; 68:273-80.

 7 Abo T, Kumagai K. Studies of surface immunoglobulin on 
human B lymphocytes. Clin Exp Immunol 1978; 33:441-52.

 8 Touitou Y, Touitou C, Bogdan A, Reinberg A, Auzeby A, Beck 
H, et al. Differences between young and elderly subjects in 
seasonal and circadian variations of total plasma proteins and 
blood volume as refl ected by hemoglobin, hematocrit and 
erythrocyte counts. Clin Chem 1986; 32:801-4.

 9 Maes M, Scharpe S, Cosyns P, Neels H, Thompson P, DeMeyer F, 
et al. Seasonality in peripheral blood mononuclear cells and in 
interleukin-6, soluble interleukin-2 and -6 receptors in normal 
man. Experentia 1994; 50:821-9.

10 Maes M, Scharpe S, Cooreman W, Wauters A, Neels H, Verkerk 
R, et al. Components of biological, including seasonal, vari-
ation in haematological measurements and plasma fi brin-
ogen concentrations in normal humans. Experentia 1995; 
51:141-9.

11 Canon C, Lévi F. Immune system in relation to cancer. In: 
Touitou Y, Haus E, editors. Biologic Rhythms in Clinical 
and Laboratory Medicine. Berlin: Springer-Verlag; 1992. p. 
635-47.

12 Arendt J. The pineal. In: Touitou Y, Haus E, editors. Biologic 
Rhythms in Clinical and Laboratory Medicine. Berlin: Springer-
Verlag; 1992. p. 348-62.

13 Brainard G, Knobler RL, Podolin PL, Lavasa M, Lublin FD. Neu-
roimmunology: modulation of the hamster immune system by 
photoperiod. Life Sci 1987; 40:1319-26.

14 Vetvicka V, Holub M, Houstek J. Effect of ambient tempera-
ture on phenotype and functions of professional phagocytes 
of athymic nude mice. APMIS 1993; 101:113-9.

15 Vetvicka V, Holub M, Houstek J. Effect of ambient temperature 
on immune functions of athymic nude mice. Thymus 1993; 
21:11-23.

16 Keatinge WR, Coleshaw SRK, Cotter F, Mottoie M, Murphy M, 
Chellia R. Increases in platelet and red cell counts, blood vis-
cosity and arterial pressure during mild surface cooling: fac-
tors in mortality from coronary and cerebral thrombosis in 
winter. Br Med J 1984; 289:1405-8.

17 American Psychiatric Association, APA. Diagnostic and Sta-
tistical Manual of Mental Disorders, third edition, Revised. 
Washington, DC: APA; 1987.

18 Spitzer RL, Williams JBW, Gibbon MSW, First MB. Structured 
Clinical Interview according to DSM-III-R. Washington, DC: 
APA; 1990.

19 De Meyer F, Vogelaere P. Spectral resolution of cardio-circula-
tory variations in men measured by autorhythmometry over 2 
years. Int J Biometeorol 1990; 34:105-21.

20 Maes M, Cosyns P, De Meyer F, Thompson P, Peeters D. Syn-
chronized annual rhythms in violent suicide, ambient tem-
perature and sunlight duration. Acta Psychiatr Scand 1994; 
90:391-6.

21 Maes M, Scharpe S, Cosyns P, Neels H, Stevens W, Bridts C, et 
al. Seasonal variation in plasma the availability of L-trypto-
phan to the brain in normal man: relationships to climatic 
variables and violent suicide occurrence. Arch Gen Psychiatry 
1995; 52:937-45.

22 Maes M, De Meyer F, Peeters D, Meltzer HY, Schotte C, Scharpe 
S, et al. Seasonality and meteotropism in psychiatric psycho-
pathology: the periodicities in and biometeorological rela-
tionships with the number of patients admitted to an acute 
psychiatric ward. Int J Biometeorol 1993; 37:78-82.

23 Maes M, De Meyer F, Peeters D, Meltzer H, Cosyns P, Schotte 
C. Seasonal variation and meteotropism in various self-rated 
psychological and physiological features of a normal couple. 
Int J Biometeorol 1992; 36:195-200.

24 Maes M, Cosyns P, Meltzer HY, De Meyer F, Peeters D. Signifi -
cant seasonality in violent suicide occurrence but not in non-
violent suicide or homicide occurrence. Am J Psychiatry 1993; 
150:1380-5.

25 D’Hondt P, Maes M, Leysen J, Gommeren W, Scharpe S, Cosyns 
P. Seasonal variation in paroxetine binding to platelets in 
normal volunteers: relationships to climatic factors. Neuro-
psychopharmacol 1996; 15:187-98. 

26 Ratajczak HV, Thomas PT, Sothern RB, Vollmuth T, Heck JD. 
Evidence for genetic basis of seasonal differences in antibody 
formation between two mouse strains. Chronobiol Int 1993; 
10:383-94.

27 Tromp SW. Medical Biometeorology. Amsterdam: Elsevier; 
1963.

28 Brock MA. Seasonal rhythmicity in lymphocyte blastogenic 
response of mice persists in a constant environment. J Immu-
nol 1983; 130:2686-8.

29 Smolensky MH. Aspects of human chronopathology. In: Rein-
berg A, Smolensky MH, editors. Biological Rhythms and Medi-
cine. Berlin: Springer-Verlag; 1983. p. 131-209.

30 Smolensky MH. Chronoepidemiology: chronobiology and epi-
demiology. In: Touitou Y, Haus E, editors. Biologic Rhythms 
in Clinical Laboratory Medicine. Berlin: Springer-Verlag; 1992. 
p. 658-72.

31 Smolensky MH, Sargent FS. Chronobiology of the life sequence. 
In: Itoh S, Ogata K, Yoshimura H, editors. Advances in Climatic 

Relationships of climatic data to immune and hematologic variables in normal human



136

Physiology. Tokyo: Igaku Shoin; 1972. p. 281-318.
32 Cohen P, Wax Y, Modan B. Seasonality in the occurrence of 

breast cancer. Cancer Res 1983; 43:892-6.
33 Langlands AO, Simpson H, Sothern RB, Halberg F. Different 

timing of circannual rhythm in mortality of women with breast 
cancer diagnosed before and after menopause. Proceedings of 
the 8th International Scientifi c Meeting of the International 
Epidemiological Association. San Juan, Puerto Rico, 1977, 
17-23. 

34 Hrushesky WJM, Haus E, Lakatua D, Vogelzang N, Kennedy 
BJ. Seasonality in testicular cell proliferation and seminoma 
incidence. Proc. Am Soc Clin Oncol 1983, 24:18.

35 Clark CV. Seasonal variation in incidence of brachial and femo-
ral emboli. Br Med J 1983; 287:1109.

36 Lawrence JC, Xabregas A, Gray L, Jam JL. Seasonal variation 
in the incidence of deep vein thrombosis. Br J Surg 1977; 
64:777-80.

37 Bull GM. Meteorological correlates with myocardial and cere-
bral infarction and respiratory disease. Br J Prev Soc Med 
1973; 27:108-13.

38 Gill JS, Davies P, Gill SK, Beevers DG. Wind-chill and the sea-
sonal variation of cerebrovascular disease. J Clin Epidemiol 
1988; 41:225-30.

39 Madzhidov NM, Sidiki MU, Kilichev IA, Khalimova ZI, Gnedykh 
ON. Vliiamie meteorologiche skikh faktorov na smertnost’ ot 
mozgovykh insul’tov v ravninnykh mestakh Srednei Azii. Zh 
Nevropatol Psikhiatr 1991; 91:48-9.

40 Tomari T, Yanagihashi T, Wakisaka I, Uda H, Torimaru H. Sea-
sonal variation of mortality from cerebro-cadiovascular dis-
eases - effect of ambient temperature on death. Nippon Koshu 
Eisei Zasshi 1991; 38:315-23.

41 Shinkawa A, Ueda K, Hasuo Y, Kiyohara Y, Fujishima M. Sea-
sonal variation in stroke incidence in Hisayama, Japan. Stroke 
1990; 21:1262-7.

   
   
   
   
   
   

Michael Maes & Frans De Meyer


