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The periodicity of W uchereria bancrofti micro ® lariae (mff) in peripheral blood was analysed in 42

micro ® laraemics living in MaceioÂ , in Alagoas state, north ± eastern Brazil. Nine blood samples were
collected from each subject , over a 24-h period, and two quantitative (60- l l) thick smears were prepared

from each sample. Although all the subjects had detectable micro ® laraemias from 23.00 hours to 06.00
hours, no mff could be detected in most (71.4%) of the smears prepared from samples collected at 15.00

hours. Samples collected during the day, at 15.00 hours, contained 170 times fewer mff/ l l than those
collected at 01.00 hours, when micro ® laraemias were generally most intense. For diagnosis of bancroftian

® lariasis in MaceioÂ , blood samples should be collected between 22.00 and 03.00 hours, when micro ® larial
counts will be at least 90% of the peak counts.

The circadian variation observed was independent of the subject ’ s gender and micro ® larial density.
Mathematical analysis, using a simple harmonic-wave model, indicated a periodicity index of 127.6 and

that maximum micro ® larial densities occurred at 00.51 hours, con® rming the nocturnal pattern of
m icro ® laraemia in the study area.

According to the periodic pattern of
micro ® lariae (mff) in the human host’ s periph-
eral blood, lymphatic ® lariasis caused by
W uchereria bancrofti may be separated into
three forms: (1) a nocturnal periodic form,
widely found in tropical and subtropical zones
in Africa, Asia and Latin America, in which
micro ® larial densities peak close to midnight;
(2) a non-periodic or diurnal, sub-periodic
form, prevalent in the islands of the South
Paci® c, in which maximum densities of mff
occur around 16.30 hours; and (3) a nocturnal,
sub-periodic form, with a focal distribution in
western Thailand, which is characterized by a
peak in micro ® larial density at around 20.30
hours (Harinasuta et al., 1970a,b ; WHO,
1992).

A mathematical method for the analysis of
micro® larial counts in peripheral blood during
a 24-h cycle was developed by Sasa and
Tanaka (1972), who believed that the circadian
variation followed a simple harmonic wave.
Aikat and Das (1977) devised another method,
based on simple trigonometry, to calculate at
which time densities of mff in the peripheral
blood peaked and to calculate a periodicity
index. The data available from surveys of
periodicity among the mff of human parasites
from various regions of the world were
analysed by Tanaka (1981), using both of
these methods. Although the two methods
gave the same results, Tanaka (1981) con-
sidered that the trigonometric method of
Aikat and Das (1977) was the easier to per-
form.

In the present study, the method developed* E-mail: gf@fapeal.br; fax: 1 55 82 221 2501.
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by Aikat and Das (1977) was used to establish
the periodic pattern of W . bancrofti mff in the
peripheral blood of subjects from the Brazilian
city of MaceioÂ , in Alagoas state. This city, on
the north ± eastern coast, is one of the three,
known, active foci for the transmission of this
parasite in Brazil (Rocha and Fontes, 1998).
The pattern of periodicity observed was then
used to determine the appropriate time to take
blood samples for optimum detection of the
mff.

SUBJECTS AND METHODS

Out of a population of 84 known carriers of
W . bancrofti mff, 42 subjects were randomly
selected. Each was informed about the nature
of the study and all gave their written consent.
At the end of the study, all were treated with
diethylcarbamazine, as recommended by the
World Health Organization (WHO, 1987).
The subjects had lived in MaceioÂ for all or
most of their lives. Each was hospitalized for
24 h at the hospital of the Universidade
Federal de Alagoas in the city, where blood
samples were collected, at nine time-points:
08.00, 12.00, 15.00, 18.00, 20.00 and 23.00
hours and, on the next morning, 01.00, 06.00
and 08.00 hours. Two thick smears, each of
60 l l blood, were rapidly prepared from the
same ® ngerpricks. To avoid loss of any
mff (Partono and Idris, 1977), no antico-
agulants were used. The smears were dried at
room temperature for at least 12 h, then
dehaemoglobinized with distilled water,
® xed in methanol for 30 s, stained with
Giemsa and examined for mff microscopically,
at 3 400. The results were expressed as the
arithmetical means (mff/60 l l blood) of the
counts in the duplicate blood smears. For
quality control, all counts were checked by
another technician.

Data Analysis
The method of Aikat and Das (1977), based
on a simple, harmonic-wave equation, was
used to calculate the timing of peak

micro® larial density each day (k) and a period-
icity index (D ). The periodicity index repre-
sents the relative amplitude of the wave
[(a/m ) 3 100, where a is the amplitude
(the difference in density between the peak
and the mean) and m is the mean density].
According to Sasa and Tanaka (1972, 1974),
D-values of . 100, approximately 50, and
20± 27 indicate that the W . bancrofti infections
involved are of the nocturnal periodic, noctur-
nal sub-periodic and diurnal sub-periodic
forms, respectively.

Fisher’s exact tests and Student’ s t-tests for
paired data were used for comparing propor-
tions and means, respectively.

RESULTS

Of the 42 micro ® laraemics investigated, 25
(60%) were male and 17 (40%) female. Their
mean (S.D.) age was 19.2 (6.7) years
(range 5 13± 47 years). The proportion of the
subjects found micro ® laraemic at each time-
point varied from 28.6% at 15.00 hours to
100% at 23.00, 01.00 and 06.00 hours
(P , 0.05). Whereas at the beginning of the
period of observation (i.e. 08.00 hours on day
1) only 27 (64.3%) of the 42 subjects showed
circulating mff, 24 h later (i.e. 08.00 hours on
day 2) 34 (81.0%) had detectable
micro® laraemias ( v

2 5 2.16; P . 0.05).
The maximum micro ® larial densities

observed (two to 265 mff/60 l l) were those in
the blood samples collected at 23.00 hours (12
subjects), 01.00 hours (18 subjects), 23.00/
01.00 hours (three subjects, with equal densi-
ties at both time-points), 06.00 hours (eight
subjects), or 08.00 hours (one). The mean
(S.D.) micro® larial density recorded at each
time-point varied from a low of 0.4 (0.7)
mff/60 l l at 15.00 hours to a high of 60.0
(63.8) mff/60 l l at 01.00 hours (P , 0.05).
The mean (S.D.) density at the beginning of
the observation period, at 08.00 hours on day
1, was signi® cantly lower than that recorded
24 h later [5.8 (11.6) v. 16.0 (25.7) mff/60 l l;
P , 0.05].

Figure 1 shows how mean micro® larial
densities and the prevalence of detectable
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Fig. 1. Changes in mean micro ® larial densities ( h ) and in the prevalence of detectable micro ® laraemia (d )
throughout a complete, 24-hour cycle.

TABLE 1

Analysis of Wuchereria bancrofti micro®larial periodic ity in M aceioÂ , using data from 42 m icro®laraemics and the

method developed by Aikat and D as (1977)

T im e of blood collec tion

(hours) cos15h sin15h Y* Y
2

Ycos15 h Y sin15 h

08.00 2 0.50 0.866 245 60 025 2 122.50 212.17
12.00 2 1.00 0.00 20 400 2 20.00 0.00

15.00 2 0.7071 2 0.7071 17 289 2 12.02 2 12.02
18.00 0.00 2 1.00 193 37 249 0.00 2 193.00

20.00 0.50 2 0.866 846 715 716 423.00 2 732.64
23.00 0.9659 2 0.2588 2448 5 992 704 2364.52 2 633.54

01.00 0.9659 0.2588 2521 6 355 441 2435.03 652.43
06.00 0.00 1.00 1853 3 433 609 0.00 1853.00

All 8143 16 595 433 5068.03 1146.40

* Sum of mean counts (micro ® lariae/60 l l) for each subject.

micro ® laraemias varied over the 24-h period
of observation. The results of the analysis of
the data, using the method suggested by Aikat

and Das (1977), are summarized in Table 1.
The mean counts of mff for the 60- l l dupli-
cate smears were used to determine the com-
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TABLE 2

The observed and theoretical values for total counts of m icro®lariae (i.e. Y , the sums of the m ean counts for each

subject) and mean micro®larial densities

Y M ean m icro®larial density (m icro®lariae/60 l l)

T im e of blood collec tion

(hours) Observed Theoretical* Observed Theoretical

08.00 245 632.57 5.83 15.06

12.00 20 2 249.13 0.48 2 5.93
15.00 17 2 80.68 0.40 2 1.92

18.00 193 731.28 4.60 17.41
20.00 846 1403.19 20.14 33.41

23.00 2448 2167.51 58.29 51.61
01.00 2521 2315.85 60.02 55.14

06.00 1853 1304.48 44.12 31.06

*Y 5 1017.88 1 1267.01cos15h 1 286.6sin15h .

Fig. 2. The observed ( · ) and theoretical (j ) periodicity curves for W uchereria bancrofti micro® lariae in the
42 subjects .
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TABLE 3

Analysis of Wuchereria bancrofti m icro®larial periodic ity according to micro®larial density, using the method of

A ikat and Das (1977)

k

M icro®larial density (h after m idnight) D (periodic ity index) F

High ( . 30 micro ® lariae/60 l l) 0.86 (i.e. 00.52 hours) 128.23 21.38
Moderate (10 ± 30 micro ® lariae/60 l l) 0.85 (i.e. 00.51 hours) 121.78 23.87

Low ( , 10 micro ® lariae/60 l l) 0.57 (i.e. 00.34 hours) 133.80 24.25

Any 0.85 (i.e. 00.51 hours) 127.62 21.67

bined micro® larial density for the 42 individu-
als at each time-point (Y ). The amplitude (a),
the time of the day when mean micro® larial
density peaks (k) and the periodicity index (D )
were calculated as follows:

m 5 1/n o Y 5 1/8 3 8143 5 1017.88
b 5 2/n o Ycos15h 5 2/8 3 5068.03

5 1267.01
c 5 2/n o Ysin15h 5 2/8 3 1146.40 5 286.60
a

2
5 b

2 1 c
2
5 1 687 453.90

a 5 1299.02
tan15k 5 c/b 5 0.2262018
k 5 1/15 3 tan 2 1

0.2262018 5 1/
15 3 12.7459 5 0.85

D 5 (a/m ) 3 100 5 (1299.02/
1017.88) 3 100 5 127.62

Thus, peak micro ® laraemias in MaceioÂ are
estimated to occur 0.85 h after midnight, at
00.51 hours. The signi® cance of the amplitude
parameter (a) not being equal to zero was
tested; as the calculated F-value (21.67) is
greater than the theoretical 5% F-value with
two and ® ve degrees of freedom (5.79), the
periodicity curve is probably harmonic.

Another equation of Aikat and Das (1977)
was used to calculate the theoretical mi-
cro® larial density at time h :

Y 5 m 1 bcos15h 1 csin15h

5 1017.88 1 1267.01cos15h 1 286.6sin15h

The observed and theoretical combined mi-
cro® larial densities (Y ) and the mean densities
(Y/42) for each time-point investigated are
shown in Table 2. The corresponding ob-
served and theoretical periodicity curves are
shown in Figure 2.

To see if micro ® larial periodicity was affec-
ted by micro ® larial density, the 42 subjects
were strati ® ed into three groups: 22 with high
micro® laraemia ( . 30 mff/60 l l of blood); 15
with moderate micro ® laraemia (10± 30 mff/
60 l l); and ® ve with low micro® laraemia
( , 10 mff/60 l l). The analysis of the data for
these groups (Table 3) shows that the timing
of peak micro ® laraemia was very similar in the
three groups and that, in all cases, D . 100.
Each corresponding F-value exceeded the
threshold of 5.79 (w ith two and ® ve degrees of
freedom), indicating that the periodicity curve
for each group was an harmonic wave. A
similar analysis was then performed to com-
pare the data from male and female subjects.
The data from the males gave a k-value of
0.80 (i.e. 00.48 hours), a D-value of 121.16
and an F-value of 14.42. Analysis of the
records of the female subjects indicated very
similar values, of 0.96 (i.e. 00.57 hours),
126.85 and 18.07, respectively.

The periodicity of W. bancrofti mff in the
peripheral blood of the residents of MaceioÂ
therefore appears to be independent of their
sex and the density of mff in their peripheral
blood.

DISCUSSION

The preparation and examination of thick
bloodsmears is currently the simplest and least
expensive method for the detection of micro-
® lariae and still the most widely used in
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the ® eld. The sensitivity of this technique
basically depends on the volume of blood
sampled and the time of day when the blood
is collected. Knowledge of the exact periodic-
ity of the mff in the host’ s peripheral blood is
fundamental in determining the ideal time for
collecting blood samples, both for diagnostic
purposes and for accurate estimation of the
prevalence and incidence of infection with
W . bancrofti.

The apparent timing of the peak in
micro ® larial density, at 00.51 hours, and the
periodicity index, of 127.6, observed in the
present study con ® rm that the W. bancrofti in
north± eastern Brazil is of the nocturnal per-
iodic form. Gatika et al. (1994), using the
same mathematical method, calculated that the
peak in W . bancrofti micro ® laraemia in Kenya
occurred at 00.56 hours, again indicating a
nocturnal periodic form. Similarly, Simonsen
et al. (1997) found a peak in W . bancrofti

micro ® larial densities at 01.52 hours in Tanza-
nia. However, using the same method,
Kimura et al. (1985) observed that the peak in
western Samoa was at 16.30 hours
(D 5 21.49), indicating the diurnal sub-
periodic form of the parasite.

There is little related information available
from Brazil, and apparently no previous
reports on micro® larial periodicity in Alagoas
state. Periodicity curves for W . bancrofti mff in
Brazil have only been outlined previously
from the prevalences of peripheral
micro ® laraemia at different time-points.
Dreyer et al. (1996) used this method to
estimate that the peak in micro ® larial densities
in Recife occurred between 23.00 and 01.00
hours. Rachou (1954) estimated the peaks in
BeleÂ m and FlorianoÂ polis to occur about 01.00
and 04.00 hours, respectively, indicating that
there was considerable variation in the timing
of the peak between northern and southern
Brazil. However, when Sasa and Tanaka
(1974) re-analysed the data of Rachou (1954),
they calculated that the peaks had occurred in
BeleÂ m at 01.00 hours and in FlorianoÂ polis
only 50 min later, at 1:50 hours, and con-
cluded that the small difference between these
times could be explained by differences in the
sampling methodology.

The present data indicate that, in MaceioÂ ,
the numbers of mff in the peripheral blood
peak between 23.00 and 01.00 hours in almost
80% of the carriers of mff, with the peaks in
the other subjects occurring shortly before
or after this period. Examination of single
blood samples collected in the afternoon
(15.00 hours) would produce . 70% false-
negative results, clearly indicating the import-
ance of determining the optimal time-point
for the detection for mff when attempting a
parasitological diagnosis of bancroftian
® lariasis.

Micro® larial densities showed great vari-
ation with time of day, mean densities at 01.00
hours being approximately 170 times greater
than those at 15.00 hours. Each of 14 of the 22
subjects with high mean micro® larial densities
provided at least one blood sample in which
no mff were detected (data not shown). Mean
densities at 06.00 hours were almost 30%
lower than those recorded at 01.00 hours.
However, as the densities recorded at 23.00
and 01.00 hours were similarly high, it is
recommended that, for diagnosis in MaceioÂ ,
blood should be collected between 22.00 and
03.00 hours, when densities are . 85% of the
maximum values. If blood is taken at any time
within this interval, the micro® larial density
observed should be at least 90% of the peak
micro® laraemia.

Surprisingly, counts of mff were
signi® cantly lower at the start of the observa-
tion period than at the end, even though these
were both at 08.00 hours. However, before
entering the study the subjects had to walk to
the hospital and had thus been engaged in
physical exercise immediately before the sam-
ple at 08.00 hours on day 1 was collected. At
the end of the present study, the hospitalized
subjects had been lying on a bed or walking
only a little for 24 h. Hawking et al. (1981)
observed that micro® laraemias tend to
decrease after physical exercise and the pre-
sent data seem to corroborate this observation.
However, there is still no de® nite and conclus-
ive explanation for the mechanism behind
micro® larial periodicity in the blood; all the
hypotheses raised so far are merely specula-
tive.
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