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The use of filter paper is an inexpensive and convenient method for collecting, storing, and transporting
blood samples for serological studies. In addition, samples occupy little space and can be readily transported
without refrigeration. Rickettsial diseases often evolve according to an epidemic mode and are now considered
reemerging diseases, especially in developing countries, under conditions where fieldwork could be difficult.
The suitability of collecting whole-blood specimens on filter paper discs for rickettsial antibody assay was
evaluated. Dried blood specimens from 64 individuals with antibodies to Coxiella burnetii, Bartonella quintana,
or Rickettsia conorii were tested for rickettsial antibodies by microimmunofluorescence. Although occasional
titers were 1 or 2 dilutions lower than those of tested serum samples, no statistically significant differences were
observed. Among patients with negative serology, no false positives were found. This study demonstrated that
the recovery of antibodies from finger-stick blood dried on filter paper after elution produces results compa-
rable to those obtained by recovering antibodies from serum. Storing paper samples for 1 month at room
temperature or at 4°C did not significantly affect the level of antibodies recovered. This report shows the utility
of this sample collection method in developing countries where refrigeration is not possible and venipuncture
is problematic.

There are considerable problems for field epidemiological
studies and serological diagnoses of infectious diseases in de-
veloping countries. Difficulties of work in the field include a
lack of medical facilities, which makes serum samples difficult
to obtain. Venipuncture requires nurses or other qualified per-
sonnel, is expensive, requires disposable items such as test
tubes, syringes, and needles, and is invasive. Moreover, blood
samples need to be centrifuged and refrigerated, and test tubes
can be broken. Accurate serological diagnosis requires an or-
ganized health care system with laboratory capabilities. Most
often, there is no specialized laboratory operating in the de-
veloping area because tests are not only costly but also require
sophisticated techniques and expertise. The use of blood, easily
collected by pricking a finger or heel, spotted on filter paper
could be a convenient and cheap alternative. For several years,
blood spot specimens on blotting paper have frequently been
used for the diagnosis and seroepidemiologic investigation of
infectious diseases. This method has been applied to the diag-
nosis and seroepidemiologic survey of bacterial, viral, and par-
asitic diseases (2, 4, 5, 7–11, 15–23, 26, 27, 31, 33, 35–37, 39,
43). For rickettsial disease, one study was performed with
scrub typhus (18) and another was performed to check the
storage stabilities of different antibody species against Rickett-
sia prowazekii antigens in two samples of blood dried on filter
paper discs (9).

The range of rickettsioses is wide and comprises roughly two
types of infections: eruptive fevers (typhus, spotted fevers, and
trench fever) whose transmission is due to an arthropod and Q
fever, which is rarely transmitted by arthropods. Most rickett-
sioses usually occur as epidemics. Large outbreaks of Q fever

due to Coxiella burnetii have been reported in the Basque
country of Spain (1), Switzerland (14), Great Britain (41), and
Berlin, Germany (32). Trench fever due to Bartonella quintana
in homeless people has been described (6). Outbreaks of epi-
demic typhus due to R. prowazekii persist, especially in African
and Russian populations suffering from poverty, famine, and
lack of hygiene, which are particularly acute in refugee camps
that favor the propagation of lice (29, 38, 42).

Laboratory support is essential for the assessment and man-
agement of rickettsial diseases, and reference laboratories can
play a role by testing the dry samples sent from developing
countries. For this purpose, we have applied a microimmuno-
fluorescence technique adapted to dried samples collected on
blotting paper after finger-sticks. However, significant delays
can occur between collection and laboratory testing; this delay
might expose the blood spots to hot, humid conditions and
could possibly compromise the test results. The purpose of this
study was to assess the accuracy of diagnosing rickettsial dis-
eases by using whole blood collected on blotting paper and the
potential of this technique for field use. For this effort, we
chose to examine the accuracy of testing dried samples from
patients infected by C. burnetii, B. quintana, or Rickettsia cono-
rii and to compare the results with those obtained by micro-
immunofluorescence testing of regular serologic samples.

MATERIALS AND METHODS

Antigen preparation. R. conorii (Moroccan strain, ATCC VR 141) was cocul-
tivated with Vero cells and was purified as previously described (28). B. quintana
(Oklahoma) was cocultivated with ECV 304 and was purified as previously
described (25). C. burnetii (Nine Mile, ATCC VR 615) was cocultivated with
L929 cells and was purified as previously described (13, 40). The products were
resuspended in the smallest possible volumes of sterile water, and the protein
contents of the purified organisms were determined by UV spectrophotometry
and adjusted to 1 mg/ml. The antigens were subsequently stored at 220°C until
immunofluorescence tests were performed.

Immunofluorescence tests. Sera were tested with a microimmunofluorescence
test (24). Rickettsial antigens were applied by pen point to 18-well microscope
slides (Dynatech Laboratories, Billingshurt, United Kingdom). After application
to slides, antigens were air dried for 30 min and fixed at room temperature for
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10 min, in acetone for C. burnetii and R. conorii and in methyl alcohol for B.
quintana. An appropriate positive- or negative-control serum was added to the
antigen sets in the upper left corner of each slide. Twofold dilutions of sera were
prepared in 3% nonfat dry milk in phosphate-buffered saline (PBS), placed onto
the antigen slides, incubated in a moist chamber for 30 min at 37°C, and washed
in two changes of PBS for 10 min each and in distilled water for 5 min. After the
washings, the slides were treated with specific fluorescein isothiocyanate-conju-
gated goat anti-human g chain and m chain immunoglobulins (BioMérieux,
Marcy l’Etoile, France) and rabbit anti-human a chain immunoglobulins (Beh-
ring, Marburg, Germany) for C. burnetii under the same conditions. After the
conjugate was added, slides were incubated for 30 min at 37°C, washed in two
changes of PBS for 10 min each and for 5 min in distilled water, and mounted in
buffered glycerol. Endpoints for each antigen were the lowest concentrations in
serum that definitely conferred fluorescence on bacteria. The diagnostic cutoff
titers for R. conorii have been established as 1/128 for immunoglobulin G (IgG)
and 1/64 for IgM (24). A cutoff titer of 1/100 has been demonstrated for B.
quintana diagnosis (25). Cutoff values for C. burnetii were anti-phase II IgG titers
of $200 and anti-phase IgM titers of $50 for the diagnosis of acute Q fever and
anti-phase I IgG titers of $800 for the diagnosis of chronic Q fever (13).

Selection of patients. Forty-one patients with antibody to C. burnetii, 14 pa-
tients with antibody to B. quintana, and 9 patients with antibody to R. conorii
were tested. Blood was collected by venipuncture into tubes without anticoagu-
lant for serum samples and into tubes containing EDTA-anticoagulant for sam-
ples on blotting paper.

Negative-control groups of sera, containing 30 samples each for C. burnetii, B.
quintana, and R. conorii, were also tested as dried samples to assess false-positive
results.

Blotting-paper test. Blotting paper with a weight of 0.02 g/cm2 was obtained
from Fischer Scientific (Elancourt, France). Spots of blood (75 ml) were dis-
pensed on the paper. The blood spots were dried at ambient laboratory temper-
ature for 4 h prior to storage. Discs were cut with a card punch to obtain
6-mm-diameter blood-impregnated discs. Blood spots were then eluted over-
night in 250 ml of PBS and Tween 20 at 4°C. Eluted samples were used imme-

diately or stored at 220°C until used. According to Bailey et al., a 6-mm-
diameter disc saturated with blood yields an eluate equivalent to a 1/25 dilution
of serum (3). This technique was standardized by concurrent tests on serum and
blotting paper.

Storage of dried blood spots on filter paper. Specimens were stored in two
environments. The first environment was a refrigerator at 4°C, and the second
was a non-air-conditioned room in the laboratory at a temperature ranging from
30 to 40°C. Blood-spotted papers were stored in paper envelopes. All specimens
were tested at 4 weeks. Serological tests with serum samples and dried blood
spots on filter paper were performed in parallel.

Statistical analyses. The x2 test and the Student’s t test (with all variances
homogenous) were used. A P value of #0.05 was considered significant.

RESULTS

The results of serological tests performed with serum sam-
ples and dried blood spots on blotting paper kept at 4°C or at
room temperature are presented in Fig. 1, 2, and 3 for C.
burnetii, in Fig. 4 for B. quintana, and in Fig. 5 for R. conorii.
For the 41 patients with a positive serology for C. burnetii (Fig.
1), the titers were most often equal (within 1 dilution in all but
two cases) and the differences did not alter the final results;
furthermore, the statistical analyses did not show significant
differences between groups. For the patients with IgA phase II
and I antibodies of C. burnetii (Fig. 2), all titers but one were
within 1 dilution. The statistical analyses did not show signifi-
cant differences. For the 13 patients testing positive for IgM
(Fig. 3), the titers were within 1 dilution for all but one patient.
For two of the three patients who had C. burnetii IgM at 1/50,

FIG. 1. Serological results for 41 patients with positive IgG phase II and I serology for Q fever. Each diamond represents the titer of IgG antibody to C. burnetii.
The left and right panels show titers of IgG phase II and phase I antibodies, respectively, for serum samples and dried blood samples on blotting paper.
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serological tests of the blotted blood spots were negative. In
one, both samples tested negative, and in the other, only the
sample kept at 4°C tested negative.

For B. quintana, all the tested serum samples were positive

for IgG only. Eight of fourteen dried samples tested had the
same titers as serum samples under all storage conditions, four
had titers 1 dilution lower under all storage conditions, one
sample had titers 1 dilution lower when stored at 4°C, and 2

FIG. 2. Serological results for 17 patients with positive IgA phase II and I serology for Q fever. Each diamond represents the titer of IgA antibody to C. burnetii.
The left and right panels show titers of IgA phase II and phase I antibodies, respectively, for serum samples and dried blood samples on blotting paper.

FIG. 3. Serological results for 13 patients with positive IgM phase II and I serology for Q fever. Each diamond represents the titer of IgM antibody to C. burnetii.
The left and right panels show titers of IgM phase II and phase I antibodies, respectively, for serum samples and dried blood samples on blotting paper.
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samples had titers 1 dilution lower when stored at room tem-
perature. However, none of the differences resulted in a
changed serologic diagnosis.

Of the nine dried samples positive for IgG to R. conorii,
seven had the same titers as serum samples under all storage

conditions, one had titers 1 dilution lower when stored at 4°C,
and one sample had a 1-dilution decrease under both storage
conditions. Of the seven samples taken from patients positive
for IgM antibodies to R. conorii, two dried samples had the
same titers as serum samples, two had titers 1 dilution lower
under all storage conditions, one had titers 1 dilution lower
when kept at 4°C and 2 dilutions lower when stored at room
temperature, and another had a 1-dilution decrease when
stored at 4°C.

We also compared serum lacking antibodies to rickettsiae
with blood dried on blotting paper to look for false positives. In
all cases where serum samples were antibody negative, the
corresponding blood samples dried on blotting paper tested
negative after 4 weeks of storage at 4°C or at room tempera-
ture.

DISCUSSION

Storage of blood on filter paper is a frequently used tech-
nique after blood collection in human serologic surveys. Sero-
logic surveys are currently being used to study microbial ecol-
ogy and to help to define the etiology and extent of epidemic
and endemic diseases, especially in areas where modern labo-
ratory facilities are not available. Rickettsial diseases are re-
emerging, and factors influencing this reemergence include the
immunodepression associated with declines in social condi-
tions brought about by factors such as poor hygiene, poverty,
or war (30). Such conditions are experienced by those in a wide
range of situations worldwide, ranging from the refugees of
Central Africa to the inner-city homeless and poverty stricken
in Western Europe and the United States (6). Testing blood
blotted on paper would be a good first step to explore and
confirm outbreaks of rickettsial diseases all over the world.
Whole-blood collection on filter paper for rickettsial-antibody
assays offers numerous advantages over serum sampling.
Equipment requirements are minimal; inexpensive sterile lan-
cets and filter cards replace the syringes, tubes, centrifuges,
refrigerators, freezers, and electricity which are needed for

FIG. 4. Serological results for 14 patients with positive IgG serology for B.
quintana. Diamonds represent titers of IgG antibody for serum samples and
dried blood samples on blotting paper.

FIG. 5. Serological results for nine patients with positive IgG and IgM serology for Mediterranean spotted fever. The left and right panels show titers of IgG and
IgM antibodies, respectively, for serum samples and dried blood samples on blotting paper.
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serum collection and storage. The filter cards are light, cannot
be broken or split, can be stored at room temperature for
several weeks, require minimal storage space, and can be
shipped by mail. The blood spot technique can be performed
anywhere by minimally trained personnel and therefore is
suited to screening programs in developing regions such as
Africa. Little is known about the recovery of rickettsial anti-
bodies from blood samples dried on filter paper (9, 18). The
limitations of field techniques employed in serologic surveys
must be documented to ensure the appropriate interpretation
of collected information. Storage temperatures, durations of
storage, and elution conditions must be determined to avoid
declines in antibody activity.

Detection of rickettsial antibodies in whole-blood spots that
were collected on filter paper and stored over a 4-week period
at 4°C and at room temperature was not significantly affected
by environmental conditions. In some cases, titers that were 1
or 2 dilutions lower were obtained, especially with IgM; how-
ever, the final diagnosis (positive or negative) was not changed
except for two patients with IgM for C. burnetii at 1/50. Fur-
thermore, statistical analysis did not confirm any significant
differences. IgM immunofluorescence tests are sometimes con-
founded by the presence of rheumatoid factors which require
the adsorption of sera before IgM determination (24). Unfor-
tunately, we did not have enough sample volume to perform
this procedure.

Overall, the results suggest that whole-blood collection on
filter paper can be effectively substituted for serum sampling in
rickettsial-antibody assays in field studies. It is important to
note that the source of filter paper is critical, and only paper
certified for whole-blood collection should be used. The sta-
bility of the samples on filter paper allows them to be collected
and stored without refrigeration and tested centrally in labo-
ratories with the appropriate equipment. As local facilities are
often not adequately equipped, filter paper specimens could be
sent to an appropriate laboratory within the time limits iden-
tified in this report. Although collecting, drying, and storing
whole blood on filter paper simplifies sample collection, the
careful and precise performance of laboratory procedures by
trained persons in a well-equipped laboratory with an efficient
quality assurance program in place is still required. This
method of specimen collection provides an economical way to
obtain and transport specimens for large-scale seroepidemio-
logical and outbreak studies without sacrificing sensitivity or
specificity. We have begun to apply this approach to the diag-
nosis of rickettsioses in the field. In 1996, we used the blood-
on-blotting-paper technique to investigate the seroprevalence
of C. burnetii antibodies among 843 persons during a Q fever
epidemic in the south of France (unpublished data), and we
examined 188 dried samples on blotting paper taken from
various sources and clinical entities during the typhus epidemic
in Burundi in 1997 (29, 42). The samples dried on blotting
paper were shipped by standard airmail in an envelope and
reached France in 7 to 15 days. These studies showed that,
under field conditions, the sizes of the blood spots were vari-
able and sometimes smaller than the required 6-mm discs. We
propose two solutions to resolve this problem. First, a 3-mm
saturated blood spot eluted overnight in 250 ml of PBS-Tween
was found to be equivalent to a 1/50 dilution of serum. Second,
in order to standardize results, we measured the optical den-
sities of a number of dilutions of hemoglobin to yield a stan-
dard curve. The optical density of all elutes was measured,
allowing an estimation of the dilution of each sample to be
made. When the dilution factor of the eluate was $0.75, sero-
logical results were not altered; however, if the dilution factor
was between 0.375 and 0.75, the serological titer obtained was

doubled, and if the dilution factor was ,0.375, the titer was
quadrupled (unpublished data). In conclusion, whenever it is
difficult to obtain and properly store sera for antibody detec-
tion, as is commonly the case in developing countries or during
large epidemics, collection of whole-blood spots on filter paper
is an excellent alternative method, and it is surprising that this
technique has not gained wide acceptance in microbiology.
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