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(57) ABSTRACT 

A closure for a container, e.g., a tube, for a Sample, e.g., a 
biological Sample. The closure comprises a Seal and an 
adapter to mount the Seal onto the container. In one embodi 
ment, the adapter is a cap that is inserted over the mouth of 
the container. The adapter is typically cylindrical in shape 
and is characterized by having a circular top with a cylin 
drical Side wall projecting from the top. The top of the 
adapter has an opening formed therein. The opening gener 
ally Surrounds the axis of the cylindrically-shaped adapter. 
The opening has dimensions Sufficient to accommodate a 
Sampling device for obtaining access to the contents of the 
container. The Seal depends from the Surface of the top of the 
cap that faces the interior of the container. The Seal has a 
peripheral portion enclosing an interior portion. The periph 
eral portion has a side wall and a bottom wall. The Seal is 
preferably frusto-conical in shape, with the larger end of the 
Seal adjacent to the top of the adapter and the Smaller end of 
the Seal facing the interior of the container. In this preferred 
embodiment, the Seal is attached to the adapter by means of 
a flange that Surrounds the larger end of the Seal. An opening 
for allowing a Sampling device to gain access to the contents 
of the container is formed either in the bottom wall of the 
Seal or in the Side wall of the Seal at a position close to the 
bottom wall of the seal. 
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0.6 times the length of the opening in the seal. When the 
opening is precut, and thus has a Smooth Surface for con 
tacting the tip of the pipette, a Satisfactory Seal is assured 
after the pipette is withdrawn from the opening, even after 
the pipette has penetrated the opening and been removed 
from the opening repeatedly. 

0012. The closure of this invention provides numerous 
benefits. One major benefit involves facilitation of automa 
tion of Sampling operations. A Second major benefit involves 
reduction of exposure of analytical chemists to biohazardous 
materials. A third major benefit involves the Saving of time 
in obtaining access to the contents of a container, which also 
results in a reduction of costs associated with obtaining 
access to the contents of the container. A fourth major benefit 
involves allowing a Sampling device to open the closure 
without the Sampling device being damaged by the opening 
process. A fifth major benefit involves the ability to open the 
closure without adversely affecting the resealability of the 
Seal. A Sixth major benefit involves a closure that does not 
interfere with the Sampling activity of the Sampling device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a side view in elevation of a cross section 
of the closure of this invention attached to a container, e.g., 
a Sampling tube. 

0014) 
1. 

0015 FIG. 3 is an enlarged view of the closure of FIG. 
1, the closure being rotated 90° relative to the position 
thereof shown in the views of FIGS. 1 and 2. 

0016 FIG. 4 is a top plan view of one embodiment of the 
closure of this invention. 

FIG. 2 is an enlarged view of the closure of FIG. 

0017 FIG. 5 is a bottom plan view of the embodiment of 
the closure of FIG. 4. 

0.018 FIG. 6 is a side view in elevation of a cross section 
of the embodiment of the closure of FIG. 4. 

0019 FIG. 7 is a top plan view of another embodiment 
of the closure of this invention. 

0020 FIG. 8 is a bottom plan view of the embodiment of 
the closure of FIG. 7. 

0021 FIG. 9 is a side view in elevation of a cross section 
of the embodiment of the closure of FIG. 7. 

0022 FIG. 10 is a side view in elevation illustrating a 
Sampling device, e.g., a pipette, inserted into the opening of 
the seal of the closure of FIG. 4. 

0023 FIG. 11 is a top plan view illustrating the defor 
mation of the opening in the Seal when a Sampling device is 
inserted through the opening of the closure of FIG. 4. 
0024 FIG. 12 is a side view in elevation illustrating a 
Sampling device, e.g., a pipette, inserted into the opening in 
the Seal of the closure of FIG. 7. 

0.025 FIG. 13 is a schematic diagram of a mold suitable 
for making the Seal of the closure of this invention. 
0.026 FIG. 14 is a schematic diagram illustrating how a 
Sharp edge is oriented to form a precut opening in one 
embodiment of the seal of this invention. 
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0027 FIG. 15 is a schematic diagram illustrating how a 
Sharp edge is oriented to form a precut opening in another 
embodiment of the seal of this invention. 

DETAILED DESCRIPTION 

0028. As used herein, the term “septum” means a thin 
membrane between two cavities. The expression “sampling 
device' means a device for removing a Sample from a 
container. The term “adapter” means a device for fitting a 
Seal to a container. The term "Seal” means a Substantially 
airtight or Substantially watertight closure for preventing or 
reducing Seepage of moisture or air. The term “precut' 
means cut in advance of first access by a Sampling device. 
0029. This invention provides a closure for a container 
for biological Samples. The closure employs a Seal having an 
opening that allows a Sampling device to obtain access to the 
contents of the container, but also prevents the contents from 
flowing through the opening when access to the contents of 
the container is not desired. The shape of the opening is Such 
that the contents of the container are not exposed to the 
environment when the container is not in use, i.e., when a 
Sample is not being removed from the container. 
0030) Referring now to FIGS. 1, 2, 3, 4, 5, and 6, a 
closure 10 for a container 12 comprises an adapter 14 and a 
seal 16. The function of the adapter 14 is to position the seal 
16 on the portion of the container 12 that surrounds the 
mouth of the container 12. In a preferred embodiment, the 
adapter 14 is a structure having a cylindrical shape com 
prising a circular top 18 having a cylindrically shaped wall 
20 projecting from the periphery of the top 18. The adapter 
14 has an opening 22 formed through the top 16 thereof and 
another opening 24 at the end 26 of the adapter 14 distal 
from the top 16 of the adapter 14. In one embodiment, the 
interior surface 28 of the cylindrically shaped wall 18 of the 
adapter 14, i.e., the Surface facing the mouth of the container 
12, may comprise threads 30. By means of these threads 30, 
the adapter 14 can be Screwed into the proximal end of a 
threaded container that contains a biological Sample. The 
interior surface 28 of the cylindrically shaped wall 20 of the 
adapter 14 is not required to contain threads. For example, 
in another embodiment, the cylindrically shaped wall 20 of 
the adapter 14 can be constructed to fit over the proximal end 
of a container by means of friction only. Alternatively, in Still 
another embodiment, the cylindrically shaped wall 20 of the 
adapter 14 can be constructed to fit over the proximal end of 
a container by means of a Snap-fit ring. In addition, another 
type of adapter can be heat Sealed to a well on a multi-Well 
plate. It should also be noted that the adapter 14 need not be 
cylindrical in Shape. In other words, the particular shape of 
the adapter 14 is not critical. However, the adapter 14 must 
be of Such a shape and construction that it can fit over the 
mouth of the container 12 and maintain the seal 16 in the 
proper position. 

0031. The seal 16 comprises a peripheral portion 32 that 
surrounds an interior portion 34. The peripheral portion 32 
comprises a bottom wall 36 and a side wall 38. The function 
of the peripheral portion 32 is to seal the contents of the 
container 12 from the environment when the container 12 is 
not being used, e.g., when being Stored or transported. The 
interior portion 34 is designed So as to allow a Sampling 
device to be readily guided to an opening 42 in the bottom 
wall 36, through which the Sampling device passes to obtain 
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access to the contents of the container 12. It is preferred that 
the Seal 16 be frusto-conical in shape. However, other shapes 
for the Seal 16 are also Suitable, e.g., cylindrical. The shape 
of the seal 16 should be selected so that when the seal 16 is 
cooled, the contraction of the material of the seal 16 will 
allow the opening 42 in the seal 16 to close rather than to 
open. When the opening 42 is closed, evaporation of the 
contents of the container is prevented and freezer-burn of the 
contents of the container is reduced. The Seal 16 typically 
undergoes cooling when the container 12 is being Stored. 
The peripheral portion 32 is properly positioned with respect 
to the top 18 of the adapter 14 and the mouth of the container 
12 by means of a flange 44. The flange 44 is in close 
proximity to the interior surface 46 of the top 18 of the 
adapter 14 and is in contact with the rim 48 of the container 
12. 

0.032 The preferred shape of the opening 42 in the seal 16 
can be characterized as an elongated Slit, which, as Stated 
previously, can be formed in the bottom wall 36 of the seal 
16. See FIGS. 4, 5, and 6. In an alternative embodiment, an 
opening 42a can be formed in the side wall 38 of the seal 16 
at a position near the bottom wall 36. See FIGS. 7, 8, and 
9. In any embodiment, it is preferred that the opening 42 or 
42a be formed So that a Sampling device can be guided 
Vertically, i.e., parallel to the Side walls of a container having 
the shape of the container 12 of FIG. 1. 

0033. The opening 42 is preferably formed in such a 
manner that the edges of the opening 42 are relatively 
smooth. Smooth edges will allow the seal 16 to be effective 
upon resealing even if the edges are slightly misaligned. If 
the edges are not Smooth but jagged (as when the opening is 
created by a puncturing device), the alignment must be 
perfect in order for the Seal 16 to be adequate upon resealing. 
The jagged edges of an opening formed by a puncturing 
device will not come together perfectly upon removal of the 
puncturing device, and, consequently, Some openings in the 
Seal will remain, thereby allowing Seepage of the contents 
from the container. The same features described for the 
opening 42 are also preferred for the opening 42a. 

0034) Referring now to FIGS. 6 and 10, the closure 10 
in FIG. 6 is shown as being closed, with no sampling device 
entering through the opening 42. The closure 10 in FIG. 10 
is shown with a sampling device 50 positioned through the 
opening 42. The opening 42 allows the Sampling device 50 
to easily pass through the closure 10 to obtain access to the 
contents of the container 12, the opening 42 also allows the 
sampling device 50 to be easily withdrawn from the closure 
10. It is preferred that the length of the opening 42 be greater 
than approximately 1.6 times the diameter of the Sampling 
device 50. FIG. 11 shows how the seal 16 appears when the 
Sampling device 50 is inserted into the opening 42. 

0035) Referring now to FIGS. 9 and 12, the closure 10 
in FIG. 9 is shown as being closed, with no sampling device 
entering through the opening 42a. The closure 10 in FIG. 12 
is shown with a sampling device 50 positioned through the 
opening 42a. The opening 42a allows the Sampling device 
50 to easily pass through the closure 10 to obtain access to 
the contents of the container 12, the opening 42a also allows 
the sampling device 50 to be easily withdrawn from the 
closure 10. It is preferred that the length of the opening 42a 
be sufficient to allow the sampling device 50 to displace the 
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bottom wall 36 of the seal 16 a Sufficient distance to make 
it possible for the sampling device 50 to obtain access to the 
contents of the container 12. 

0036). It is preferred that a cover 52 be inserted between 
the major interior Surface 46 of the top 18 of the adapter 14 
and the flange 44 of the seal 16. The purpose of the cover 52 
is to prevent biological Samples from being lost or otherwise 
adversely affected during transport. Because the Sample is 
normally transported from a clinical Site, the container, 
typically a tube, may assume any possible orientation during 
Shipping (vertical, horizontal, inverted, etc.). Moreover, the 
container may experience changes in temperature, including 
changes of a magnitude Sufficient to induce thawing. 
Samples are normally transported in a frozen condition, e.g., 
the container is typically packed in dry ice. The cover 52 is 
a rupturable, preferably non-Stretching, membrane, rendered 
impervious to vapor by being coated with a hydrophobic 
material, Such as, for example, a release agent. Release 
agents are described in Encyclopedia of Polymer Science 
and Engineering, 2nd Edition, Vol. 14, John Wiley & Sons, 
Inc. (1988), pages 411-420, incorporated herein by refer 
ence. The cover 52 can compensate for the potential failure 
of the seal 16 (e.g., the potential failure of the seal 16 to 
prevent a liquid from a partially thawed Sample from leaking 
or Seeping from an inverted tube or partially inverted tube, 
etc.). The cover 52 is preferably made of such a material that 
it can be ruptured easily by means of a Sampling device. 
Suitable materials for forming the cover 52 include, but are 
not limited to, thin metallic foils (e.g., aluminum foil) and 
thin polymeric sheets (e.g., regenerated cellulose). The 
particular thickness of the cover 52 can be selected by one 
having ordinary skill in the art. In addition to Substantially 
eliminating evaporation and leakage of a thawed or partially 
thawed sample, the cover 52 also provides evidence of 
physical integrity of the Sample prior to analysis. The cover 
52 is positioned at a Sufficient distance from the opening 42 
or 42a, So that residual fragments of material from the cover 
52 are prevented from being drawn into the opening 42 or 
the opening 42a and interfering with the Seal. 
0037. The cover 52 is preferably adhered to the major 
interior surface 46 of the top 18 of the adapter 14 by means 
of an adhesive or by means of friction between the cover 52 
and the major interior Surface 46 of the top 18 of the adapter 
14. The major surfaces of the cover 52 are preferably 
circular in shape in order to conform to the shape of the 
container 12 and the adapter 14, both of which are typically 
cylindrical in Shape. The areas of the major Surfaces of the 
cover 52 can be slightly less than, equal to, or slightly 
greater than the area of the major interior Surface 46 of the 
top 18 of the adapter 14. If the area of the major surface of 
the cover 52 is slightly less than or equal to the area of the 
major interior surface 46 of the top 18 of the adapter 14, the 
cover 52 is preferably adhered to the major interior surface 
46 of the top 18 of the adapter 14 by means of an adhesive. 
If the area of the major surface of the cover 52 is greater than 
the area of the major interior surface 46 of the top 18 of the 
adapter 14, the cover 52 can be adhered to the major interior 
surface 46 of the top 18 of the adapter 14 by means of a 
friction fitting, or by an adhesive. The cover 52 may be 
inserted into the adapter 14 alone or the cover 52 may be 
inserted into the adapter 14 along with the seal 16. When the 
area of the cover 52 exceeds the area of the major interior 
surface 46 of the top 18 of the adapter 14, the cover 52 is 
preferably adhered to the adapter 14 by means of a friction 
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fitting, the peripheral edge of the cover 52 deforming around 
the flange 44 of the seal 16, whereby the cover 52 is 
prevented from being pulled out of the container 12 upon 
removal of the sampling device 50. The cover 52 may be 
designed to have varying thickness over its major Surface, 
such that only that portion of the cover 52 in register with the 
opening 42 is easily rupturable. Because the cover 52 is 
made of a material that does not Stretch easily, the advancing 
tip of the Sampling device is capable of rupturing the cover 
52. After being ruptured, the cover 52 will continue to be 
held in position by the seal 16 and the adapter 14. The 
adapter 14 may contain a circular ridge 54 to aid in holding 
the cover 52 in place. 
0.038. The cover 52 can be made of an easily rupturable 
material having little elasticity, Such as, for example, ori 
ented or porous polypropylene. If the cover 52 is made of a 
porous material, in order to provide enhanced rupturability, 
it is preferably coated with an inert oil, e.g., mineral oil or 
perfluorinated hydrocarbon oil, to provide a barrier to pre 
vent gas diffusion. The cover is preferably not wettable by 
water (or serum or urine). Perfluorinated hydrocarbon oil is 
preferred, because it is a poor Solvent for drug Substances. 
0039 While the dimensions of the components of the 
closure of this invention are not critical, typical dimensions 
are being provided to illustrate the size of a typical closure. 
For use with a test tube having a diameter of about 11 mm, 
a cylindrical adapter 14 has an outside diameter of 12.7 mm 
(% inch), an inside diameter of 8 mm (5/16 inch), and a wall 
thickness of 2.4 mm (3/32 inch). The height of the side wall 
16 of the adapter 14 is 19 mm (% inch). A sampling device 
that can be used with the foregoing adapter 14 has a diameter 
of 3.9 mm (0.155 inch). 
0040. A frusto-conical seal 16 has a height of 6.4 mm (4 
inch). The larger base, i.e., the base that is adjacent to the top 
18 of the adapter 14 has an inside diameter of 7.9 mm (0.31 
inch). The Smaller base, i.e., the base in which or near which 
the opening 42 is formed, has an inside diameter of less than 
7.9 mm, but the precise diameter is influenced by the size of 
the Sampling device expected to be used. The diameter of the 
Smaller base must be of Sufficient size to accommodate the 
sampling device. The thickness of the bottom wall 36 and 
the thickness of the side wall 38 vary from about 0.4 mm 
(0.015 inch) to about 1 mm (0.04 inch). The diameter of the 
tip of the Sampling device is preferably less than approxi 
mately 0.6 times the length of the opening 42 in the seal 16. 
0041) A small quantity of sealing aid or lubricant, such 
as, for example, hydrocarbons, mineral oil, Silicones, flu 
orinated hydrocarbons, can be used to coat the opening 42 
to reduce evaporation of the sample through the opening 42 
during Storage or transport of the Sample. See, for example, 
Encyclopedia of Polymer Science and Engineering, 2nd 
Edition, Vol.14, John Wiley & Sons, Inc. (1988), pages 
411-420. It is preferred that the sealing aid or lubricant be 
capable of avoiding crystallization at temperatures ranging 
from about -20 to about -70° C. In addition, it is preferred 
that the sealing aid or lubricant be compatible with the 
material of the seal 16, be insoluble in water, and not be 
capable of dissolving analytes in the Sample. The use of a 
Sealing aid or lubricant is optional. 
0042. The seal 16 and the adapter 14 can be formed 
Separately. The adapter 14 can be prepared by one of 
ordinary skill in the art of injection molding. See, for 
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example, Encyclopedia of Polymer Science and Engineer 
ing, 2nd Edition, Vol. 8, John Wiley & Sons, Inc. (1987), 
pages 102-137, incorporated herein by reference. Adapters 
suitable for this invention are commercially available, but 
can be made to special order, particularly if the adapter 14 
is to contain a circular ridge 54 to aid in holding the cover 
52 in place. A representative example of a polymeric mate 
rial Suitable for preparing the adapter is polypropylene. 
0043. It is preferred to form the seal 16 by means of a 
molding process. FIG. 13 show a mold 60 onto which the 
material needed to form the seal 16 is cast. The seal 16 can 
be made of a flexible material that retains some flexibility at 
temperatures of ranging from about -20° C. to about -70 
C., the typical temperature for Storing Samples. Suitable 
materials for preparing the Seal include, but are not limited 
to, natural rubber (retains flexibility down to a temperature 
of about -60° C); styrene-butadiene rubber (retains flex 
ibility down to a temperature of about -50° C.); polyiso 
prene (retains flexibility down to a temperature of about 
-55° C); silicone rubber (retains flexibility down to a 
temperature of about -80° C); fluorosilicone rubber (retains 
flexibility down to a temperature of about -60C.); ethylene 
propylene rubber (retains flexibility down to a temperature 
of about -60° C). It is preferred that the material of the seal 
16 have a heat expansion coefficient lower than that of the 
container, which is typically a polypropylene tube. Molding 
processes are well known to those of ordinary skill in the art 
of molding flexible, polymeric materials. See, for example, 
See, for example, Encyclopedia of Polymer Science and 
Engineering, 2nd Edition, Vol. Vol. 8, John Wiley & Sons, 
Inc. (1987), pages 102-137. 
0044) Referring now to FIGS. 13, 14, and 15, the mold 
60 comprises three components 62, 64, and 66. Two com 
ponents 62 and 64 are used to form the portion of the seal 
16 that is to face the top 18 of the adapter 14. One 
component 66 is used to form the portion of the seal 16 that 
is to face the contents of the container 12. After the material 
that forms the seal 16 is cured, gas will be introduced into 
a passageway 68 in the component 66 to Separate the Seal 16 
from the component 66. To form the opening 42 in the 
bottom wall 36 of the seal 16, a slit can be cut by Subjected 
a sharp edge 68 to Sufficient pressure after the component 66 
is separated from the seal 16. See FIG. 14. Then, the cut seal 
16 is removed from the assembly of components 62 and 64. 
To form an opening 42a in the side wall 38 of the seal 16 is 
more difficult. In order to form an opening in the Side wall 
38 of the seal 16, the seal 16 is retracted slightly from the 
assembly of components 62 and 64 to allow a cutting blade 
to form the opening 42a in the side wall 38 of the seal 16. 
Then the opening 42a in the side wall 38 of the seal 16 is cut 
by a sharp edge 70. See FIG. 15. Then, the cut seal 16 is 
removed from the assembly of components 62 and 64. The 
opening in the bottom wall 36 is preferred because it will 
bind the sampling device 50 less when the sampling device 
is removed from the opening 42 in the seal 16. 

OPERATION 

0045. In order to use the closure 10 of this invention, the 
cover 52 is inserted into the adapter 14 So as to contact the 
major interior surface 46 of the top 18 thereof. The seal 16 
is then inserted into the adapter 14 So that the cover 52 is 
between the flange 44 of the seal 16 and the major interior 
surface 46 of the top 18 of the adapter 14. The assembly is 
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Screwed onto or fitted onto a container 12 containing a 
biological Sample by means of the adapter 14. During 
Shipment, the biological Sample will be Sealed in the con 
tainer 12, and little, if any, of the Sample will Seep out of, 
leak out of, or evaporate from the container. In order to 
obtain access to the biological Sample in the container, a 
Sampling device 50, Such as, for example, a pipette, is 
inserted through the opening 22 in the top 18 of the adapter 
14 with sufficient force to rupture the cover 52 and penetrate 
the opening 42 in the Seal 16. The biological Sample or a 
portion thereof can be withdrawn by means of the Sampling 
device 50. The sampling device 50 can Subsequently be 
withdrawn from the container 12. Because of the nature of 
the opening 42, the Seal 16 Securely Seals the container 12. 
Of course, there may be Some Seepage, leakage, or evapo 
ration, but much less than in the case of resealable containers 
that must be capped and uncapped repeatedly. 
0046) If the opening 42a is on the side wall 38 of the seal 
16, the sampling device depresses the bottom wall 36 to 
allow the Sampling device to obtain access to the contents of 
the container 12. 

0047 Various modifications and alterations of this inven 
tion will become apparent to those skilled in the art without 
departing from the Scope and Spirit of this invention, and it 
should be understood that this invention is not to be unduly 
limited to the illustrative embodiments set forth herein. 

What is claimed is: 
1. A closure for a container, Said closure comprising an 

adapter and a Seal, said Seal comprising a peripheral portion 
Surrounding an interior portion, Said peripheral portion 
comprising a Side wall and a bottom wall, wherein one of 
Said Side wall or said bottom wall has an opening formed 
therein, Said opening allowing insertion of a Sampling 
device therethrough and retraction of Said Sampling device 
therefrom. 

2. The closure of claim 1, wherein Said adapter comprises 
a top having an opening formed through Said top and a wall 
projecting from Said top, Said adapter having another open 
ing at the end of Said adapter distal from Said top of Said 
adapter. 
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3. The closure of claim 2, wherein Said adapter is a 
Structure having a cylindrical shape comprising a circular 
top having a cylindrically shaped wall projecting from the 
periphery of Said circular top, Said adapter having an open 
ing formed through Said circular top thereof and another 
opening at the end of Said adapter distal from Said circular 
top of Said adapter. 

4. The closure of claim 2, wherein Said adapter has a cover 
attached thereto, Said cover being a rupturable membrane 
covering Said opening in Said top of Said adapter. 

5. The closure of claim 4, wherein the cover is placed 
between Said top of Said adapter and Said peripheral portion 
of Said Seal. 

6. The closure of claim 1, wherein said side wall of Said 
Seal is adjacent to Said adapter. 

7. The closure of claim 1, wherein Said opening formed in 
Said bottom wall or in Said Side wall of Said Seal is an 
elongated slit. 

8. The closure of claim 7, wherein said elongated slit has 
a length at least 0.6 times the diameter of Said Sampling 
device. 

9. The closure of claim 1, wherein a lubricant is applied 
over Said opening in Said bottom wall or in Said Side wall of 
Said Seal. 

10. An assembly comprising a container and the closure 
of claim 1. 

11. A Seal comprising a peripheral portion Surrounding an 
interior portion, Said peripheral portion comprising a side 
wall and a bottom wall, wherein one of said side wall or said 
bottom wall has an opening formed therein, Said opening 
allowing insertion of a Sampling device therethrough and 
retraction of Said Sampling device therefrom. 

12. The Seal of claim 11, wherein Said opening is an 
elongated slit. 

13. The seal of claim 12, wherein said elongated slit has 
a length at least 0.6 times the diameter of Said Sampling 
device. 

14. The seal of claim 11, wherein a lubricant is applied 
over Said opening of Said Seal. 
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