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(57) ABSTRACT 
A body fluid sampling device including a hollow tube 
with a solid, porous, water-wettable nonfibrous nib 
mounted in and protruding from one end of the tube for 
collecting, by absorption, a sample of a body fluid such 
as sweat, tears, or saliva. The sample may be extracted 
from the nib for analysis by supplying an extraction 
fluid to the interior of the tube for gravity or vacuum 
assisted flow out through the nib. Alternatively, an 
elongated analysis element such as a strip of paper or a 
packed column, e.g. containing an agent that changes 
appearance to indicate the presence of a substance to be 
detected, may be disposed in the tube for endwise 
contact with the nib to receive the sample (or compo 
nents thereof) by absorption. 

23 Claims, 16 Drawing Figures 
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4,635,488 1. 

NONINTRUSIVE BODY FLUID SAMPLERS AND 
METHODS OF USING SAME 

BACKGROUND OF THE INVENTION 

This invention relates to sampling devices for obtain 
ing samples of body fluids such as sweat, tears and saliva 
for subsequent analysis, and to methods of using these 
devices in preparing samples for analysis. 
There has been a growing interest in recent years in 

the nonintrusive clinical sampling of body fluids for 
detecting various chemical substances. This is largely 
the result of improved analytical techniques and the 
realization that many of the components of physiolog 
ical interest (metabolites, drugs, etc.) contained in blood 
samples obtained by intrusive means (e.g. venipuncture 
or finger and heel sticks) are also contained in other 
body fluids such as sweat, tears and saliva, which can be 
obtained much more easily and at reduced risk. In addi 
tion, these samples may be advantageous for testing for 
components of physiological interest. 

This latter advantage may be illustrated by compar 
ing the utility of urine and saliva samples to establish 
recent marijuana usage. Since marijuana can be de 
tected in urine for up to 40 days after the last use of the 
drug, while saliva will only show evidence of such 
usage within the last 48 hours, saliva samples are much 
more useful than urine samples for detecting recent use 
of the drug. 
Body fluid sampling and testing usually involves four 

steps, viz.: 
1. sample collection, 
2. extraction of the sample from the collection media, 
3. reaction of the sample with analytical reagents, and 
4. detection and/or measurement of physiologically 

active contents. 
In the past, the nonintrusive collection of body fluid 
samples has commonly been accomplished by the use of 
devices such as cotton swabs, absorbent papers and 
pads, which are used to absorb fluid samples. Once 
collected, these devices are placed in a vessel in which 
the sample is extracted into a suitable solvent by means 
of diffusion, with or without mechanical agitation. Sam 
ple extraction by means of unassisted diffusion is quite 
slow, usually requiring several minutes. If this process is 
speeded up with agitation, extraneous material such as 
cotton or paper fibers may be entrained in the extraction 
fluid along with the sample and may have to be re 
moved prior to the reagent reaction of step 3 above. 
Various prior patents disclose different types of sam 

plers and techniques for obtaining and preparing sam 
ples for spectral or spot analyses. For example, U.S. Pat. 
No. 3,452,601 and No. 3,511,570 to Mogayzel et al. 
disclose the arrangement and use of a device, for obtain 
ing a liquid sample for subsequent spectroscopic analy 
sis, which comprises an elongated porous mass enclosed 
at least partially by a non-porous tubular member or 
shield. The sample is obtained by bringing one end of 
the mass into contact with a solute containing the mate 
rial to be analyzed. The porous mass acts as a wick and 
picks up the solute through capillary action. Part of the 
porous mass containing the sample is removed, crushed, 
dried and analyzed. In a modification described in U.S. 
Pat. No. 3,496,777 to Packer et al., a device for prepar 
ing samples for spectroscopic analysis is formed of an 
elongated porous wick enclosed on its sides to prevent 
evaporation but open at the ends, with a separate porous 
pointed tip of porous, spectroscopic-grade matrix mate 
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2 
rial removably placed against one end of the wick. The 
sample, absorbed through the other end of the wick, 
collects in the tip, which is then removed and crushed 
for analysis. 

U.S. Pat. No. 3,326,205 to Lewis discloses an imple 
ment for removing a liquid with a tube while preventing 
other (particulate) matter from being drawn into the 
tube. In this device, the tube through which the liquid is 
removed terminates in a hollow spoon-like collecting 
member having two co-extensive, connected walls, one 
wall being smooth and imperforate while the other is 
perforated or in the form of a mesh or screen. 

U.S. Pat. No. 4,334,879 to Fujimori discloses an appli 
cator comprising a holder and an applicator blade of 
porous, absorbent material formed as a rectangular 
plate and mounted at the end of the holder. The blade is 
dipped into a liquid in order to absorb a quantity of the 
liquid, and is then pushed onto an electrically energiz 
able film to express a fine, uniform sample of liquid onto 
the film. 

U.S. Pat. No. 4,190,060 to Greenleaf et al. describes a 
sweat collection capsule comprising a frame held on the 
skin, a closure secured to the frame, and an absorbent 
material removably mounted next to the skin in a cavity 
formed by the frame and the closure. 

U.S. Pat. No. 3,368,549 to Barr et al. relates to a 
swab-like structure comprising a support and a culture 
medium-carrying means on an end portion of the sup 
port, with a sterile container provided for removably 
housing the support. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
simply constructed, inexpensive, discardable nonintru 
sive sampler for body fluids such as sweat, tears or 
saliva. p 

Another object is to provide a sampling device of 
such type in which an absorbent sample collector and 
an extraction vessel are combined in a single unit. 

Still another object is to provide a sampling device of 
such type easily understood and used by the person 
from whom the sample is obtained and the person ob 
taining it, the device having a shape and size similar to 
a common oral fever thermometer. 
A further object is to provide methods of using such 

sampling devices. 
To these and other ends, the present invention 

broadly contemplates the provision of a sampling de 
vice comprising a hollow tube having at least one open 
end, and a collecting nib secured in that open end of the 
tube and having an inner extremity facing the interior of 
the tube and an outer tip projecting beyond the last 
mentioned end of the tube for contact with a fluid to be 
collected. The nib comprises a solid, nonfibrous, po 
rous, water-wettable body having a porosity sufficient 
for absorption therein of the fluid to be collected. The 
nib and the end of the tube in which it is mounted are 
mutually arranged to permit passage of fluid between 
the exterior and the interior of the tube, at that end of 
the tube, only through the nib body. Preferably, the 
tube has a second open end opposed to the first end, and 
is provided with a first cap for closing the second open 
end and a further cap for enclosing the first-mentioned 
open end of the tube and the nib tip projecting there 
from. . 
Advantageously, the nib is a unitary molded plastic 

body, being fabricated, for example, of polyethylene or 
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polypropylene. Since the latter materials are themselves 
hydrophobic (i.e. not water wettable), nibs formed of 
these materials are treated with a wetting agent such as 
a conventional surface-active agent having the known 
property of imparting water-wettability to polyethylene 
or polypropylene. In currently preferred embodiments, 
the nib body and the hollow tube are bonded together 
by ultrasonic welding, or are secured together by press 
fitting or heat sealing. 

In accordance with one aspect of the invention, a 
device of the type described is employed in a method of 
preparing a body fluid sample for analysis comprising 
the steps of bringing a fluid sample to be collected into 
contact with the exposed tip of the nib for absorption of 
the sample into the nib; passing an extraction fluid 
through the tube interior and thence outwardly through 
and beyond the nib for conveying the absorbed sample 
from the nib; and, outwardly of the nib, collecting the 
extraction fluid containing the conveyed sample. The 
extraction fluid may pass outwardly through the nib by 
gravity flow, i.e. with the tube supported in upright 
position and the nib pointing downwardly while the 
interior of the tube is filled with the extraction fluid, or 
alternatively, the flow of extraction fluid through the 
nib may be assisted by vacuum or suction. 

In accordance with a further aspect of the invention, 
the device may be provided with a cap for closing the 
second open end of the tube and with an elongated, 
absorbent, substantially rigid analysis element such as a 
strip of test paper or other web material, or a packed 

... column of particles. This analysis element has a proxi 
mal end mounted in the cap, such that when the cap is 
in position closing the aforementioned second open end 
of the tube, the analysis element extends through the 
tube and its distal end is in fluid-transferring contact 
with the inner extremity of the nib to receive and absorb 
fluid collected by the nib. The distal end of the analysis 

3 element may be anchored in the nib, or may comprise a 
body of porous material arranged for contact with the 

Rinner extremity of the nib but so constituted, and/or so 
* manipulated, that transfer of the sample from the nib to 
the analysis element by absorption occurs only after 
collection of the sample by the nib has been completed. 

In the embodiments of the invention just described, 
the strip or packed column of the analysis element may 
incorporate an agent that undergoes an observable 
change (e.g. a visually observable change, such as a 
change in color, or a change that may be observed with 
some appropriate detecting instrument) upon contact 
with a substance to be detected in a body fluid sample. 
Thus, the device including the analysis element can 
provide an immediate analytical or diagnostic indica 
tion, by observation through the tube wall (which is 
transparent), upon collection of a sample by the nib and 
absorption of the collected sample into the analysis 
element. Additionally or alternatively, the analysis ele 
ment may be removed from the tube after absorbing the 
sample, for subsequent analytical operations. 

It is also contemplated to provide a packed column of 
analytical powder or particles, e.g. conventional chro 
matographic material in particulate form, filling the 
entire interior of the tube and either in direct contact 
with the inner extremity of the nib or isolated therefrom 
by an absorbent but hydrophobic body (to prevent 
premature transfer of sample to the packed column), 
again for the purpose of enabling analysis of a sample by 
observation of the packed columm through the tube 
wall. 
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4 
Particularly for the collection of samples of saliva, 

the device of the invention may be formed with dimen 
sions and configuration generally similar to a conven 
tional oral thermometer. 

Further features and advantages of the invention will 
be apparent from the detailed description hereinbelow 
set forth, together with the accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional elevational view of a body fluid 
sampling device embodying the present invention in a 
particular form, with end caps shown in exploded rela 
tion to the tube end nib; 

FIG. 2 is an enlarged sectional view taken as along 
the line 2-2 of FIG. 1; 

FIG. 3 is a sectional elevational view, similar to FIG. 
1, of another embodiment of the invetion; 
FIG. 4 is a simplified schematic view in illustration of 

the use of the device of FIG. 1 in collecting a sample of 
body fluid; 
FIG. 5 is a simplified and somewhat schematic view 

in illustration of a further step in the use of the FIG. 1 
device for preparing a body fluid sample for analysis in 
accordance with the method of the invention; 
FIG. 6 is a reduced side view of the device of FIG. 1; 
FIG. 7 is a sectional elevational view of a sampling 

device in accordance with the invention, incorporating 
an analysis element comprising a paper strip, viewed 
edgewise; 
FIG. 8 is a similar view of another embodiment of the 

invention also incorporating an analysis element includ 
ing a paper strip, viewed edgewise; 
FIG. 9 is a similar view (but with only the upper and 

lower portions of the tube broken away) of yet another 
embodiment of the invention incorporating an analysis 
element including a paper strip, viewed edgewise; 
FIG. 10 is a view similar to FIG. 7 of an embodiment 

of the invention incorporating an analysis element com 
prising a packed column; 
FIG. 11 is a view similar to FIG. 10 of an additional 

embodiment of the invention incorporating an analysis 
element including a packed column; 
FIG. 12 is a similar view of yet another embodiment 

of the invention, also incorporating an analysis element 
comprising a packed column; 

FIG. 13 is a sectional view taken along the line 
13-13 of FIG. 7; 
FIG. 14 is a sectional view taken along the line 

14-14 of FIG. 10; 
FIG. 15 is a view similar to FIG. 7 of another em 

bodiment of the invention wherein the interior of the 
tube is entirely filled with a packed column of chro 
matographic powder; and 
FIG. 16 is a like view of an embodiment of the inven 

tion differing from that of FIG. 15 in having a hydro 
phobic absorbent disc interposed between the nib and 
the packed column. 

DETAILED DESCRIPTION 

Referring first to FIGS. 1 and 2, the body fluid sam 
pler of the invention is there shown as embodied in a 
device 10 comprising a generally cylindrical, hollow, 
open-ended tube 11 and a sample-collecting nib 12 
mounted in a first open end 14 of the tube 11. A cap 16 
is provided for closing the second open end 18 of the 
tube, and a further cap 20 is provided for externally 
surrounding and enclosing the nib and the first open end 
14 of the tube. 
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The tube 11 is an integral, rigid, molded element, 

nonporous and impermeable to fluids, and ordinarily or 
preferably transparent. It is fabricated of a clinically 
inert plastic such as (for example) polyethylene or poly 
propylene. In the embodiment of FIG. 1, the nib-con 
taining portion of the tube adjacent end 14 is of smaller 
diameter (both internally and externally) than the re 
mainder of the tube so as to provide an annular shoulder 
or ledge 22 on the outer surface of the tube, facing and 
spaced from the tube end 14. 
The nib 12 is a solid, nonfibrous, but porous, and 

water-wettable body having a porosity sufficient for 
absorption therein of a fluid sample to be collected. The 
flat inner extremity 24 of the nib faces the hollow inte 
rior 26 of the tube, while the opposite extremity of the 
nib is shaped to constitute a tip 28 projecting outwardly 
beyond the tube end 14 for contact with a fluid to be 
collected. In the FIG. 1 embodiment, the tip 28 is 
formed with a generally conical, substantially pointed 
configuration. 

Preferably, the nib is a unitary, integral, molded plas 
tic body, generally cylindrical (except for the pointed 
end) and dimensioned to conform to the inner diameter 
of the tube end portion in which it is received. One 
material suitable for the nib is the porous plastic molded 
compound commercially available under the registered 
trademark "POR-X" from Porex Materials Corpora 
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15 

20 

25 

tion, Fairburn, Ga.; this material is a proprietary com 
position incorporating a wetting agent so as to be water 
wettable, and has been used for the tips of fluid applica 
tors such as marking pens. More generally, the material 
of the nib 12 may be any moldable plastic which is 
clinically inert and is capable of being formed into a 
molded solid yet porous body characterized by a struc 
ture of interconnecting pores that can absorb, and trans 
mit by capillary action through its length, a sample of 
aqueous body fluid. Examples of such materials, satis 
factory from the standpoint of cost, availability and ease 
of fabrication, are polyethylene and polypropylene. 
Since both of these plastics are hydrophobic in nature, a 
nib formed thereof is treated with an appropriate wet 
ting agent so as to make it water-wettable, i.e. capable of 
absorbing aqueous body fluids. 

Solid but porous and absorbent molded plastic bodies, 
appropriate (when provided in proper shape and dimen 
sions) for use as the nib 12, are readily producible by 
techniques entirely familiar to persons of ordinary skill 
in the art. The selection of a suitable wetting agent, and 
the treatment of the porous body therewith to render it 
hydrophilic or water-wettable, are likewise well known 
in the art and accordingly need not be further described. 
Most of the length of the nib is closely laterally sur 

rounded by the portion of the cylindrical tube wall 
adjacent tube end 14. For example, the nib 12 and the 
surrounding portion of the wall of tube 11 can be seal 
ingly bonded together by ultrasonic welding, which 
joins the inner wall of the tube to the outer side surface 
of the porous nib along a welded seam extending cir 
cumferentially around the nib. Techniques for produc 
ing such an ultrasonic weld are, again, well known in 
the art and accordingly require no showing or descrip 
tion. The ultrasonically welded bond between the nib 
and tube assures that the nib will remain properly posi 
tioned in and projecting from the tube, and that liquid 
can pass between the interior and the exterior of the 
tube at the end 14 only through the nib. In other exam 
ples of construction of the device, the nib can simply be 
tightly press-fitted into the end portion of the tube, or 
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6 
can be secured to the tube by heat sealing. Nib-securing 
arrangements such as these (i.e. ultrasonic welding, 
press fitting, or heat sealing) afford the advantage of 
avoiding the use of any material such as an adhesive that 
might conceivably contaminate the samples being col 
lected. 
The end cap 16 is a molded plastic body shaped and 

dimensioned to be press fitted into the open end 18 of 
the tube 11 so as to close tightly that end of the tube for 
protection of the tube interior against contamination. 
The cap 20 is a molded plastic cup dimensioned to be 
press fitted over the portion of the tube adjacent the end 
14 so as to grip that tube portion, enclosing the exposed 
nib tip 28, for protection of the nib tip against contami 
nation prior to and/or after use of the device to collect 
a body fluid sample. Conveniently, all four elements of 
the device of FIGS. 1 and 2 may be fabricated of the 
same plastic, e.g. polyethylene or polypropylene. 
FIG. 3 illustrates a second embodiment of the sam 

pling device of the invention, differing from that of 
FIGS. 1 and 2 chiefly in details of configuration. In the 
FIG. 3 device, the tube 11a, like the tube 11 of FIG. 1, 
is a generally cylindrical, rigid hollow and open-ended 
element molded of plastic, with a solid, porous, nonfi 
brous water-wettable nib 12a received in and projecting 
beyond one end 14a of the tube. The nib 12a may be 
essentially identical to the nib 12 of FIG. 1 but is shown 
as having a projecting tip 28a of substantially rounded 
(rather than pointed) configuration. The upper portion 
of the wall of tube 11a is externally thickened to pro 
vide an annular shoulder or ledge 22a, again facing and 
spaced from the nib-containing end 14a of the tube. Cap 
16a fits over rather than within the upper end 18a of 
tube 11a, while cap 20a fits over the nib-containing end 
of the tube in the same manner as cap 20 of FIG. 1. As 
before, the nib and tube are bonded by ultrasonic weld 
1ng. 
The showing of FIG. 3 is intended merely to illus 

trate exemplary modifications of structure of the sam 
pling device of the invention. Many other modifications 
are of course possible. For instance, the caps 16 or 16a 
and 20 or 20a and the associated portions of the tube 11 
or 11a may be formed with mating threads, i.e. the caps 
may be threaded in or on rather than press-fitted in or 
over the ends of the tube. 
For convenience, in the remainder of the description 

of the invention, reference will be made to a sampling 
device in which the tube, nib and caps are in the form 
represented in FIGS. 1 and 2, but it will be appreciated 
that the following disclosure is equally applicable to a 
device having the form shown in FIG. 3, or to a device 
having any combination of the features respectively 
illustrated in FIGS. 1 and 3. As may be most clearly 
apparent from FIG. 6 (illustrating the embodiment of 
FIGS. 1 and 2), the device when ready for use to collect 
a sample (i.e. with cap 20 removed) has preferably the 
general appearance and dimensions of a conventional 
oral thermometer. This configuration enhances the ac 
ceptability of the device to the persons from whom 
samples are to be collected, and also facilitates sample 
collection, e.g. of sweat from the axillae or of saliva 
from the mouth, the device being insertable in the 
mouth with the exposed nib tip positioned beneath the 
tongue to collect saliva. 
FIGS. 4 and 5 illustrate schematically the practice of 

a method in accordance with the invention for prepar 
ing a body fluid sample for analysis, utilizing the device 
of FIGS. 1, 2 and 6. In FIG. 4, there is shown a drop 30 
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of aqueous body fluid to be collected, such as a tear or 
a bead of sweat, on a surface 32 of the human body. 
With the cap 20 removed (but, in this instance, prefera 
bly with the tube end 18 still closed by cap 16, for pro 
tection against contamination), the exposed tip 28 of the 
porous nib 12 is brought into contact with the fluid drop 
30. The nib, being water wettable, absorbs and retains 
the drop 30 by wicking or capillary action. In at least 
many cases, it is preferred that this step be repeated 
(with successive droplets) or continued (by maintaining 
the exposed nib 12 under the axilla or tongue) until the 
nib is completely saturated with the body fluid being 
collected; since a given porous nib has an essentially 
fixed fluid capacity, saturation assures collection of a 
sample of predetermined volume, as is particularly de 
sirable for quantitative analysis. Once the nib is satu 
rated, the cap 20 may be replaced on the tube end 14, to 
prevent contamination or drying, and the device 10 
carrying the collected body fluid sample in the nib may 
be delivered to a laboratory for extraction and analysis 
of the sample. Of course, the extraction may be per 
formed immediately if the collecting step is performed 
at a location where facilities for extraction are at hand. 

Collection of a sample with the described device is so 
simple as to be readily performable by an untrained 
person, such as the person from whom the sample is 
taken. The device constitutes an effectively universal 

... nonintrusive body fluid sampler, suited to the collection 
of samples from diverse sites (eye area, mouth, axillae, 

... etc.). In addition, its ready transportability in a sealed, 
"... protected manner, before and after use, makes the de 
vice practicable to employ in either a clinical, home or 
remote location. 

In the laboratory, the sample-bearing device 10 is 
uncapped at both ends, and inserted in a hole in a rack 
34 (FIG. 5); the ledge 22 provides a bearing surface, 

- engaging the rack for supporting the tube 11 in an up 
: right position, as shown, with the nib pointing down 
: wardly. The interior 26 of the tube 11 is then filled 
* (through the open upper end 18) with a suitable fluid 36 
* (e.g., a conventional extraction fluid), for example by 
means of a pipetting syringe. This fluid is forced by 
gravity through the upper extremity 24 of the nib, into 
and through the porous nib body and thence outwardly 
(i.e. downwardly) through and beyond the nib tip, as 
indicated by arrow 38 and droplets 40, conveying with 
it the body fluid sample previously absorbed in the nib. 
Thus, the downward gravity flow of extraction fluid 
flushes or purges the collected sample from the nib. 
Alternatively, a vacuum-assisted flow arrangement (not 
shown) may be used to draw the extraction fluid from 
the tube interior 26 through and beyond the nib. In 
either event, the extraction fluid conveys the collected 
sample from the nib and into a suitable receptacle or 
collection vessel 42 (which, accordingly, receives a 
volume of extraction fluid having the collected body 
fluid sample admixed therein) for subsequent analysis. 
The foregoing preparation method may be compared 

with conventional sample preparation procedures in 
which a body fluid sample, absorbed in a fibrous swab 
or like body, is extracted therefrom by quiescent or 
agitation-assisted diffusion into an extraction fluid or 
solvent. In the present method, there is no need to wait 
for passive diffusion to recover the sample in the sol 
vent, because the sample is actively purged from the nib 
by the directional (one-way) flow of the fluid 36 
through the entire nib. Since the nib is a molded plastic 
body, there is no possibility of entrainment of absorb 
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8 
ent-media fibers in the extraction fluid. Moreover, the 
combination of the absorbent medium (nib) with the 
extraction vessel (tube) in a unitary structure facilitates 
and expedites the extraction operation while minimizing 
equipment requirements, reducing the likelihood of 
sample contamination, and, in short, enabling the ana 
lyst to obtain the maximum amount of absorbed and 
extracted sample in the least possible time, free from 
extraneous materials. 
A further virtue of the described sampling device is 

that it is easy and economical to manufacture. The sev 
eral parts-tube, nib, and caps-are molded by conven 
tional techniques. The nib is inserted in the end 14 of the 
tube, with the tip 28 protruding for sample collection, 
and is bonded to the surrounding portion of the tube 
wall adjacent end 14 by ultrasonic welding. Positioning 
of the caps on the ends of the nib-tube unit completes 
the assembly operation and readies the device for steril 
ization and packaging. In this way, i.e. with inexpensive 
materials and simple manufacturing procedures, there is 
provided a disposable sampling device of beneficially 
low cost, affording the advantages described above. 

If desired, the nib 12 may contain (e.g. as a compo 
nent of the wetting agent) a reagent or dye which 
changes color upon contact with a substance to be de 
tected in a body fluid, thereby affording colorimetric 
test capability. 
A further aspect of the invention is illustrated in 

FIGS. 7-14. In this aspect, the invention contemplates 
the combination, with a device e.g. of the type shown in 
FIGS. 1, 2 and 6, of an elongated, absorbent, substan 
tially rigid analysis element extending longitudinally 
through the interior 26 of the tube 11 for endwise fluid 
transferring contact with the inner extremity 24 of the 
nib 12, so that a body fluid sample collected by the nib 
is transferred into and absorbed by the analysis element. 
For example, the analysis element may comprise a strip 
44 of paper or other web material, as represented sche 
matically (seen edge-on) in FIGS. 7, 8, and 9, and in 
section in FIG. 13; or it may comprise a packed column 
46 of powder or particles enclosed within a thin glass or 
transparent plastic tube, as shown in FIGS. 10-12 and 
14. Another suitable form of packed column, not 
shown, is a coating or particles or powder affixed to the 
outside surface of an elongated rigid support. When the 
analysis element is a strip of web material, it should 
include rigidifying support elements such as thin rods or 
supporting backing (omitted, for simplicity of illustra 
tion, from FIGS. 7-9 and 13) unless the web material is 
itself relatively stiff. 
The analysis element 44 or 46 may incorporate an 

agent that undergoes change of appearance (e.g. color) 
when it comes into contact with a substance to be de 
tected in a body fluid sample. For instance, the web 
strip 44 may be impregnated with such an agent, or the 
element may be constructed of a suitable adsorbent 
material and constitute a conventional chromatographic 
strip; similarly, the particles or powder of the packed 
column 46 may comprise or contain such an agent, 
being arranged to constitute a chromatographic col 
umn. Thus, when the sample collected by the nib 12 
climbs by absorption into the analysis element (strip or 
column), visual observation of color change through 
the transparent side wall of the tube 11 provides an 
indication of the presence or absence (in the sample) of 
the substance to be detected. In some instances, quanti 
tative analysis may be performed in the same way, e.g. 
by observing the extent to which a color change devel 
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ops along the analysis element; to facilitate such obser 
vation, graduations 48 (FIG. 9) may be marked along 
the tube 11. In other cases, the active material of the 
analysis element may undergo changes which are de 
tected by observation with instruments rather than by 
visual observation. Additionally, or alternatively, in 
certain of the illustrated embodiments (FIGS. 8, 9, 11 
and 12), the analysis element may be removed from the 
tube 11 after receiving the collected sample (or a com 
ponent thereof), for subjection to subsequent, more 
sophisticated or complex, analytical procedures or qual 
itative or quantitative determinations. 

Packed columns 46 afford advantages, for some pur 
poses, over a web strip 44, in that a greater diversity of 
analytical materials can be provided in packed-column 
form with consequently greater diversity of types of 
analysis or separation that can be performed. 

In each of the embodiments of FIGS. 7-12, the proxi 
mal end of the analysis element 44 or 46 is fixedly 
mounted in a cap 16 or 16' which closes the upper end 
18 of the tube 11, and the distal end of the element 44 or 
46 is disposed for contact with the inner extremity 24 of 
the nib 12 when the cap 16 or 16' is in tube-closing 
position. As shown in FIGS. 7 and 10, the distal end of 
the web strip 44 or packed column 46 may be directly, 
fixedly mounted in or secured to the nib inner extremity 
24 or 24a in fluid-transferring contact therewith, the cap 
16 or 16' being permanently secured in the tube-clos 
ing position. This arrangement has the virtue of struc 
tural simplicity, and is satisfactory e.g. for some types of 
chromatographic qualitative analysis. However, assum 
ing that the web 44 or column 46 is water-wettable (as 
is ordinarily the case), there is nothing to prevent fluid 
of a sample being collected by the nib from proceeding 
on up into the analysis element, once the nib has become 
saturated. Thus, the amount of fluid collected may inde 
terminately exceed the saturation volume of the nib, a 
situation which is undesirable for quantitative testing; 
moreover, it is not possible, in the arrangements of 
FIGS. 7 and 10, to utilize secondary solvent absorption 
procedures for delivery of only a selected component or 
components (of diagnostic interest) from the collected 
sample to the analytical element. 

In the embodiments of FIGS. 8 and 11, the analysis 
element includes, at its distal end, a solid porous body 50 
or 50a secured to and in fluid-transferring contact with 
the web strip 44 or column 46. This body 50 or 50a is 
constituted of the same water-wettable material as the 
nib 12, and is shaped and disposed to engage the nib 
inner extremity 24 in fluid-transferring contact there 
with when the cap 16" or 16' is in tube-closing position, 
but is nevertheless fully separable from (not bonded to) 
the nib. In a method according to the invention for 
using the device of FIGS. 8 or 11, the body 50 or 50a is 
maintained entirely away from contact with the nib 
while a body fluid sample is collected by the nib; conve 
niently, the analysis element is inserted in the tube 11 
only after sample collection is complete. The cap 16" or 
16' is then placed in tube-closing position, bringing the 
body 50 or 50a into contact with the nib, for transfer of 
the sample by absorption from the nib into the body 50 
or 50a and thence into the strip 44 or column 46. Owing 
to the separation of the analysis element from the nib 
until sample collection has been completed, the quantity 
of the collected sample is definite, viz. determined by 
the saturation capacity of the nib alone, as desired for 
quantitative analytical purposes. In addition, after trans 
fer of sample to the strip or web, the analysis element 
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10 
can be withdrawn from the tube 11 for further analyti 
cal procedures. 

Conveniently, in embodiments such as those of FIGS. 
8 and 11, and also in the embodiments shown in FIGS. 
9 and 12 and described below, the device is provided 
with a separate cap (e.g. of the type illustrated as cap 16 
in FIG. 1) to close the tube end 18, for preventing con 
tamination prior to insertion of the analysis element and 
after the analysis element is removed, i.e. for sealing the 
tube at all times before, during and after sample collec 
tion except when the analysis element is in place. The 
analysis element and its cap 16" or 16' can be kept in a 
separate sealed container at those times when the tube is 
closed by the aforementioned separate cap. 

In the modification shown in FIGS. 9 and 12, the 
body 50 or 50a of FIGS. 8 and 11 is replaced with a 
solid porous body 52 or 52a similarly disposed at the 
distal end of the analysis element for fluid-transmitting 
contact with (but, again, preferably separable from) the 
nib. The body 52 or 52a is not water-wettable; for exam 
ple, it may be made of the same hydrophobic plastic as 
the nib (e.g. polyethylene or polypropylene) without 
the wetting agent used in the nib. Consequently, even if 
the cap 16 or 16' is in closed position and the body 52 
or 52a is in contact with the nib, as shown, during col 
lection of a body fluid sample by the nib, the sample 
cannot migrate beyond the nib to the strip 44 or column 
46 because its ascent is blocked by the hydrophobic 
body 52 or 52a. 

In a method of using the device of FIGS. 9 or 12 in 
accordance with the invention, sample collection by the 
nib is performed in the same manner as described above 
with reference to FIG. 4, with the body 52 or 52a at 
least optionally in contact with the nib 12 as illustrated. 
After sample collection is complete, the exposed tip of 
the nib is brought into contact with a nonaqueous sol 
vent capable of absorption by the material of body 52 or 
52a, e.g. a developing solvent which selectively trans 
ports a particular component or components of the 
initially collected sample from the nib through the body 
52 or 52a and into the strip 44 or column 46. The em 
bodiments of FIGS. 9 and 12 thus afford the advantages 
of the devices of FIGS. 8 and 11 with respect to deter 
minability of sample volume and (where the body 52 or 
52a is separable from the nib) subsequent removability 
of the sample-bearing analysis element for further test 
ing. Furthermore, they permit performance of sample 
collection without removal or displacement of the cap 
16 or 16', and they enable selective transport of partic 
ular sample components to the strip or column by use of 
an appropriate developing solvent with minimal manip 
ulation of the device. 

In the embodiments shown in FIGS. 15 and 16, a 
device having the structure of FIGS. 1 and 2 is pro 
vided with a packed column 54 of chromatographic 
powder or particles filling the entirety of the space 26 
within the tube 11, and held therein by the cap 16. The 
column 54 in FIG. 15 is in direct fluid-transferring 
contact with the inner extremity 24 of the nib 12, as is 
suitable where retardation of sample transport into the 
column is unnecessary. In FIG. 16, the column 54 is 
isolated from the nib by a porous, absorbent, but hydro 
phobic disc-shaped body 56, e.g. fabircated of polyeth 
ylene or polypropylene without a wetting agent; this 
disc 56 serves the same purpose, and is used in the same 
way, as the bodies 52 and 52a of FIGS. 9 and 12, viz. to 
retard sample transfer to the column 54 during sample 
collection and to enable such transfer subsequently, for 
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example, with the aid of a suitable nonaqueous develop 
ing solvent absorbed through the nib. In each of these 
embodiments of Figs. 15 and 16, the packed column 54 
of chromatographic or other analytical powder under 
goes some (e.g. visually or instrumentally observable) 
change upon contact, or subsequent development, with 
a substance to be detected, thereby to provide an analyt 
ical indication of the presence or absence of such sub 
stance in a collected sample. 
While the described devices incorporating an analysis 

element have particular utility for nonintrusive sam 
pling, they may also be employed in the collection and 
analysis of blood samples. 

It is to be understood that the invention is not limited 
to the features and embodiments hereinabove set forth, 
but may be carried out in other ways without departure 
from its spirit. 

I claim: 
1. A device for nonintrusively collecting a sample of 

a fluid such as sweat, tears or saliva, comprising: 
(a) a hollow tube having at least one open end; and 
(b) a collecting nib secured in said one end of said 

tube and having an inner extremity facing the inte 
rior of the tube and an outer tip projecting beyond 
said one end of the tube for contact with a fluid to 
be collected, said nib comprising a solid, nonfi 
brous, porous, water-wettable body a porosity suf 
ficient for absorption therein of the fluid to be 
collected, and said nib and said one end of said tube 
being mutually arranged to permit passage of fluid 
between the exterior and the interior of the tube at 
said one end only through the nib body. 

2. A device as defined in claim 1, wherein said tube 
has a second open end opposed to said one open end. 

3. A device as defined in claim 2, further including a 
cap for closing said second open end of the tube. 

4. A device as defined in claim 3, further including a 
second cap for externally enclosing the nib and said one 
open end of said tube. 

5. A device as defined in claim 1, wherein the nib 
body is fabricated of a material selected from the class 
consisting of polyethylene and polypropylene. 

6. A device as defined in claim 1, wherein the nib 
body and the tube are bonded together by ultrasonic 
welding at said one end of the tube. 

7. A device as defined in claim 1, wherein the nib 
body is press-fitted into said one end of the tube. 

8. A device as defined in claim 1, wherein the nib 
body and the tube are joined by heat sealing. 

9. A device as defined in claim 1, wherein said nib tip 
is substantially pointed. 

10. A device as defined in claim 1, wherein said nib 
tip is substantially rounded. 

11. A device as defined in claim 1, wherein said nib 
incorporates an agent capable of changing color on 
contact with a substance to be detected. 

12. A device as defined in claim 1, wherein said tube 
is formed with an external annular ledge facing said one 
end to serve as a bearing surface for support of the tube 
in upright position with the nib oriented downwardly. 
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13. A device as defined in claim 1, wherein said tube 

has a second open end opposed to said one open end, 
and further including a cap for closing said second open 
end, and an elongated, absorbent, substantially rigid 
analysis element extending through the tube for fluid 
transferring contact with the inner extremity of the nib 
to receive and absorb fluid collected by the nib; and 
wherein said analysis element has a proximal end 
mounted in said cap and a distal end disposed for 
contact with said nib inner extremity when said cap is in 
position closing said second open end. 

14. A device as defined in claim 13, wherein said 
analysis element comprises a strip of web material hav 
ing a distal end secured to said nib. 

15. A device as defined in claim 13, wherein said 
analysis element comprises a strip of web material, and, 
mounted at the distal end thereof, a porous absorbent 
solid body disposed for fluid-transferring contact with 
the inner extremity of the nib. 

16. A device as defined in claim 15, wherein said 
last-mentioned body is hydrophobic. 

17. A device as defined in claim 13, wherein said 
analysis element comprises a packed column having a 
distal end secured to said nib. 

18. A device as defined in claim 13, wherein said 
analysis element comprises a packed column and, 
mounted at the distal end thereof, a porous absorbent 
solid body disposed for fluid-transferring contact with 
the inner extremity of the nib. 

19. A device as defined in claim 18, wherein said 
last-mentioned body is hydrophobic. 

20. A device as defined in claim 13, wherein said 
analysis element incorporates an agent which under 
goes an observable change upon contact with a sub 
stance to be detected, and wherein said tube is transpar 

21. A device as defined in claim 1, wherein said tube 
has a second open end opposed to said one open end, 
and further including a cap for closing said second open 
end, and a packed columm of particules filling said tube 
and in fluid-transferring contact with the inner extrem 
ity of said nib, said particules comprising an agent 
which undergoes an observable change upon contact 
with a substance to be detected. 

22. A device as defined in claim 1, wherein said tube 
has a second open end opposed to said one open end, 
and further including a cap for closing said second open 
end, a porous absorbent hydrophobic solid body dis 
posed within the tube in fluid-transferring contact with 
the inner extremity of the nib, and a packed column of 
particles filing said tube and in fluid-transmitting 
contact with said hydrophobic solid body, said particles 
comprising an agent which undergoes an observable 
change upon contact, or subsequent development, with 
a substance to be detected. 

23. A device as defined in claim 1, wherein said tube 
is shaped and dimensioned for insertion in the human 
mouth with said tip positioned under the tongue for 
collection of a sample of saliva. 
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