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ABSTRACT 
Apparatus and method for preparing a smear of a bio 
logical?uid substance on a substrate,_utilizing a rib 
bon having relatively small openings in at least one 
surface. thereof which openings- are of substantially 
uniform size and are 'ar'ranged substantially uniformly 

‘ both longitudinally and transversely of the ribbon 
throughout at least a portion of the ribbon. The 
method includes the steps of supporting the substrate 
for movement and supporting the ribbon by a support 
to close proximity to 'the'substrate at a substance 
applying station, for a run of the ribbon past a portion 
of the substrate. Further steps include introducing a 
relatively small quantity of the aforementioned sub 
stance between the aforementioned ribbon surface 
portion and the substrate at the substance-applying 
station to spread by capillarity in a direction trans 
versely of the ribbon, and moving the substrate in a 
direction to smear the substance on the substrate. 

7 Claims, 5 Drawing Figures 
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METHOD FOR PREPARING SMEARS OF 
BIOLOGICAL LIQUIDS 

BACKGROUND or THE INVENTION 
1. Field of the Invention ‘i 
This invention relates to the preparation of biological‘ 

smears on substrates for microscopic examination. 
2. Prior Art - 

Heretofore smears of biological substances such as 
blood or cellular suspensions have been prepared for 
microscope examination by manipulation of micro 
scope slides and slide cover slips. The technique re 
quires a certain degree of expertise and, even with such 
skill, resulting smears have tended to lack uniformity 
and reproducibility. In the common manual prepara 
tion technique in which an end edge of an elongated 
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slide is drawn lengthwise along a plastic strip or another . 
such slide to smear a droplet of blood on the last 
mentioncd slide, the heavier cellular material tends ~ 
very strongly to move out or away from the central lon 
gitudinal portion of the smear to be left on the smear 
in congregations along the sides of the smear. This is 
undesirable for microscopic cell examination. For such 
examination it is desirable that the cellular distribution 
be substantially even across the width of the smear 
throughout any given portion of the smear length. On 
the other hand, while it is desirable to have a mono 
layer portion of cellular material available for such ex 
amination, it is also desirable to have available on a 
portion of the same smear a cellular gradient extending 
lengthwise of this smear and effecting some overlap~ 
ping of cellular material in such region. Such smears 
having both types of layers permit differential cell 
counts under a microscope which counts are useful for 
diagnostic purposes, such as for malarial diseases for 
example. 

It has been proposed that smears be prepared by a 
spinning process, and apparatus for carrying out such 
process has been commercially available. The process 
is one of centrifuging on a microscope slide a volume 
of biological ?uid such as blood for a period sufficient 
to spread the specimen over a portion of the slide. It 
has been indicated in connection with such spinners 
that virtually the entire resulting smear has a mono 
layer cellular distribution. This may be a drawback as 
previously indicated. Another drawback in such use of 
spinners 'is that an excess of a‘liquid specimen such as 
blood is spun off the slide to spray the environment 
such as ambient air and also splatter the inner wall sur 
face of the spinner. Such blood specimens may carry 
infectious diseases, and hence the required cleanup op 
eration of such spinners after use may be hazardous. 

It is desired to obviate the aforementioned problems 
in the preparation of smears of biological substances. 
Moreover, it is desired to provide a method and appa 
ratus for a preparation of such smears, which may be 
readily automated. 

SUMMARY OF THE INVENTION 

One object of the invention is to provide a method 
and apparatus for preparing superior smears of biologi 
cal substances for microscopic examination. Another 
object is to provide method and apparatus for prepar 
ing smears of the quality characterized above which is 
readily automated. Still another object is to provide 
such technique and apparatus which has a futher ad 
vantage that any excess of biological specimens not ad 
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2 
hering to the substrate for the smear may be easily con 
?ned and collected for simple disposal and greater 
safety for users of the apparatus. 
Further, there is provided a method and apparatus 

for preparing a smear of a biological ?uid substance on 
a substrate, utilizing a ribbon having relatively small 
openings in at least one surface thereof which openings 
are of substantially uniform size and are arranged sub 
stantially uniformly both longitudinally and trans 
versely of the ribbon throughout at least a portion of 
the ribbon. The method contemplates the steps of sup 
porting the substrate for movement and supporting the 
ribbon by a support in close proximity to the substrate 
at a substance-applying station, for a run of the ribbon 
past a portion of the substrate. It further contemplates 
in combination the steps of introducing a relatively 
small quantity of the aforementioned substance be 
tween the aforementioned ribbon surface and the sub 
strate at the substance-applying station to spread by‘ 
capilarity in a direction transversely of the ribbon, and 
moving the substrate in a direction to smear the sub 
stance on the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings: 
FIG. 1 is a schematic view of apparatus for the prepa 

ration and treatment of smears of biological liquids or 
suspensions on a substrate and embodying the inven 
tion; ‘ 

FIG. 2 is an enlarged fragmentary elevational view 
illustrating the substance-applying station of the appa 
ratus; 
FIG. 3 is a view similar to FIG. 2 taken on line 3-3 

of FIG. 2; 
FIG. 4 is a view similar to FIG. 3 but showing a later 

step in the operation of the apparatus; and 7 
FIG. 5 is a fragmentary, broken plan view illustrating 

a smear prepared in accordance with the invention on 
a substrate therefor. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In FIG. 1 of the drawings, there is shown a source 10 
of biological ?uid samples. The samples may be a series 
of different discrete blood samples, each of which sam 
ples being separately supported and confined in a cup‘ 
12 of a series of cups supported on a motor-driven turn 
table 14 of a sampler. Associated with the sampler is a 
conventional movable probe 16 provided on support 
18 for movement of the probe into the cup then in 
dexed therewith foraspiration of the sample and then 
into the liquid within a wash receptacle 20 for aspira 
tion of the wash liquid before the probe 16 enters the 
next sample cup after movement of the turntable 14. 
Between immersions in sample and wash liquid, the 
probe 16 aspirates air and the resultant sample stream 
flowing from the probe 16 is segmented by segments of 
air and wash liquid which segmentation of the sample 
stream preserves the integrity of the different samples, 
all of which is conventional in continuous-?ow wet 
chemical analysis equipment of the automated type. 
The segmented stream ?owing from the probe 16 is 
conveyed therefrom through the coupled inlet end of 
a compressible pump tube 22 under the action of a 
pump 24 which may be of conventional peristaltic type. 
The pump tube 22 has the outlet end thereof connected 
to the inlet end of a metal tube 26 of cannula size hav 



3,871,895 
3 

ing a free outlet end and provided-with a stationary sup 
port as by a bracket 28. In general parallelism with 
metal tube 26 is a similar tube 30 having an inlet end 
along side and preferably flush with the outlet end of 
the tube 26 as shown. To the outlet end of the tube 30 
is connected the inlet end of a compressible pump tube ‘ 
32 which tube extends through a pinch valve‘ 34 which 
is electrically operated. The compressible tube 32 ex 
tends from the valve 34 through the pump 24. The con 
struction and arrangement is such that when the pinch 
valve 34 is open the sample stream discharged by the 
tube 26 flows into the tube 30 for flow through the 
pump 24 for disposal as to waste or, if desired, to some 
other analysis station (not shown) for an additional and 
different type of analysis of each sample. The tube 26 
is washed between samples by the wash segments of the 
stream. ‘ I 

The operation of the motor-driven turntable l4 and 
the movements of the probe 16 associated with the 
sampler are controlled as shown from a programmer 35 
through a lead 36, and the operation of the valve 34 is 
controlled from the programmer 35 through a lead 38. 
The control of the valve 34 is such that, for a time pe 
riod during the flow of each sample from the tube 26, 
the valve 34 is closed so that there is no aspiration 
through the tube 30 and a volume of the liquid speci 
men drops by gravity from the discharge end of the 
tube 26 at the substance-applying station of the appara 
tus, designated generally at 40. The aspirated volume 
of each sample may be of the order of approximately 
160 microliters, and the volume of sample dispensed at 
the substance-applying station 40 to fall freely from the 
discharge end of the tube 26 may be of the order of ap 
proximately 27 microliters. This dispensed volume may 
be in the form of a droplet of blood. 
The dispensed volume of sample falls on a ribbon 42, 

the volume falling in the illustrated form on a portion 
of the ribbon 42 backed by a platen 44. In the illus 
trated form the platen 44, which has an arcuate surface 
over which the ribbon 42 runs when driven, is mounted 
in fixed position by a suitable support not shown. The 
platen 44 may be structured as best shown in FIGS. 2 
and 3 so that the greater part thereof is of cylindrical 
form. The platen may take the form ofa stationary rod. 
The portion of the ribbon 42 backed by the platen 44 
cooperates with a substrate to receive the biological 
smear, which substrate is shown as being continuous 
and is structured of a tape 46 which lies in a path over 
a tape support 48 below the platen 44. 
The ribbon 42 is supplied from a suitably supported 

supply spool .50 and is guided, when driven, by guides 
52 and 54. A motor-driven take-up spool 56 is provided 
for the ribbon 42 and the spool is preferably housed in 
a box cover 58 and is disposable therewith to very ef 
fectively inhibit contamination to the user by any infec 
tious diseases which may be carried by that portion of 
each blood specimen remaining on the ribbon 42 after 
the preparation of smears from those samples. The 
driving motor of the spool 56 is controlled by a lead 60 
from the programmer 35. 
The preferred operation of the apparatus is such that 

after the deposit on the ribbon 42, while the pinch 
valve 34 is open and the tape 46 is stationary, the rib 
bon 42 is driven a distance sufficient to carry the sam 
ple,'which may have some ?ow on the ribbon, to a posi 
tion extending between the ribbon 42 and the tape 46 
as shown'in FIG. 4. The ribbon 42 carrying the sample 

5 

25 

30 

35 

45 

55 

60 

65 

4 
preferably has contact with the tape 46 although if rela 
tively thick smears are desired the ribbon 42 may be 
out of contact with the tape 46. 
The ribbon 42, having a thickness of approximately 

0.002 inch, may be structured of metal but it has been 
found more convenient and less expensive to form it of 
non-metallic fibers which may be woven or non-woven. 
At present, a ribbon woven of nylon fibers has been 
found to be more than adequate for the purpose with 
the warp and weft fibers thereof forming interstices in 
the ribbon of approximately 50 by 50 microns. Where 
the substrate tape 46 is approximately five-eighth inch 
in width the nylon ribbon may be approximately one 
half inch in width, the length of the cylindrical portion 
of the platen 44 being-somewhat less than the width of 
the ribbon. The ribbon overlaps portions of tapered 
ends (FIG. 3) of the platen 44. By way ofexample only. 
the platen ‘may have a diameter of approximately three 
eighth inch, if cylindrical. If the ribbon 42 having the 
aforementioned interstices therein is not woven. for ex 
ample, or is of a laminated structure, it is important 
that at least the surface of the ribbon 42 which receives 
the sample thereon have openings in the last_ 
mentioned surface of approximately the same size as 
the aforementioned interstices, which ‘if they are not 
through holes, at least provide relatively small recesses 
or pockets, hereinafter referred to as openings, in the 
last-mentioned surface of the ribbon 42 for a purpose 
which will be made clear hereinafter/Such. openings 
may be provided by a textured ribbon surface. These 
through or blind openings in the ribbon 42 should be 
evenly distributed across the ribbon and have the same 
spacing with reference to one another in their arrange 
ment lengthwise of the ribbon 42 at least in each region 
of the surface on which each sample portion is intro 
duced. 

It is believed made clear from the foregoing that ad 
vancement of the ribbon introduces the previously dis 
pensed sample portion to a position to extend between 
the ribbon 42 and the substrate 46 as shown at 62 in 
FIG. 4. The application of the sample portion to the 
substrate tape 46 is facilitated by the capillary spread‘ 
ing action of the sample portion transversely of the rib 
bon 42. The sample portion also spreads on the ribbon 
42 during this period lengthwise of the tape. During this 
flow or spreading action on the ribbon 42 of the liquid 
sample or suspension, any cellular material such as 
blood cells of a blood specimen flow in the same direc 
tion. 
When the advance of the ribbon 42 has terminated, 

and while the sample stream discharged by the dispens 
ing tube 26 is conveyed by the tube 30 to the tube 34 
through which the stream is conveyed through the open 
valve 34, the tape substrate 46 is advanced on the tape 
support 48 in the direction of the arrow causing the bi 
ological substance extending between the ribbon 42 
and the subtrate tape 46 to be smeared on the latter 
lengthwise thereof. As the substrate tape 46 moves 
below the ribbon surface having through or blind open 
ings therein, the boundaries of the openings tend to re 
tard the displacement of heavier cellular material trans 
versely of the substrate tape 46, which otherwise would 
have an irregular and non-uniform disposition on the 
substrate tape 46. The substrate tape may be conve 
niently supplied from a supply roll 64 and passed be 
tween a pair of guide rolls 66 prior to passage over the 
tape support 48 which, in the illustrated form, is shown 
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as being horizontally arranged. Rolls 68 and 70 cooper 
ate with one another and with the substrate tape pass 
ing therebetween. The roll 70 is driven by a motor, not 
shown, controlled from the programmer 35 through a 
lead 71. The rolls 68 and 70 have only edge contact 
with the substrate tape 46 so as to avoid contact with 
the smear on the tape 46. 

In' the illustrated form, during advancement of the 
tape substrate 46 by the aforementioned drive, a smear 
approximately 5V2inches long is made on the substrate 
tape 46 prior to running dry under the ribbon 
supporting platen 44. Travel of the tape is discontinued 
in this form after another approximately one-half inch 
of travel of the substrate tape so that the smear ‘is fol 
lowed by a clean portion ofthe tape. In this manner this 
smear and the smear next to follow are separated on 
the substrate tape 46. I . _. _ 

It will be evidenf that the smear’ prepared in the 
aforementioned manner has a cellular gradient extend 
ing lengthwise of the smear which gradient is less in the 
direction to the right of the apparatus as viewed in FIG. 
1. Because of the substantially uniform celldistribution 
of the specimen transeversely of the ribbon 42 at the 
substance~applying station 40 any particular trasverse 
section of the smear has substantially uniform trans 
verse cellular distribution. As the smear has the afore 
mentioned gradient lengthwise thereof, the smear has 
a plural layer of cellular material throughout a portion 
thereof and also has a portion thereof coated with a 
monolayer of cellular material. Such a smear may have 
at least five times the useful area for microscopic exam 
ination as conventional slides prepared manually. The 
tape under the action of the drive roll 70 travels a dis 
tance of approximately 6 inches in the illustrated form. 
The travel of the tape past the substance-applying sta 
tion 40 terminates under the control of the program 
mer 35 as aforesaid. The programmer 35 then initiates 
and later terminates through lead 60 a second advance 
of the ribbon 42 to bring a second portion thereof 
below the outlet of the sample discharge tube 26 and 
the apparatus is then in condition to commence the 
next cycle of operation to prepare a similar smear on 
substrate tape 46 of a portion of the next following 
sample, under the control of the programmer 35. 
As the substrate tape 46 is periodically advanced in 

this manner the first such smear on the substrate tape 
46 passes under a dryer 72 ofa blower type which dries 
such smear on the tape 46. Spaced to the left of the 
tape rolls 68 and 70 as viewed in FIG. 1 are tape rolls 
74 and 76 cooperating with one another and with the 
tape 46 therebetween. The roll 76 may be driven con 
tinuously but at a much slower driving rate than the 
previously described roll 70. Intermediate the rolls 68, 
70 and the rolls 74, 76 the tape 46 carrying such smears 
thereon is passed through the compartments of a con 
tainer 78. As indicated in FIG. 1 the compartments of 
container 78 may be three in number and each com 
partment is filled with a liquid which is isolated therein. 
As indicated in FIG. 1, the tape is guided sequentially 
through the compartments through a series of guide 
rollers, certain of such rollers being indicated at 80 and 
others being indicated at 82. 
The substrate tape may be formed conveniently of a 

plastic material such as Mylar. Acetate is the preferred 
material for the substrate tape 46. The tape 46 carrying 
such smears of different blood specimens, for example, 
may be coded (not shown) in any conventional manner 
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to identify the source of each blood specimen. Such 
tape carrying such blood smears and issuing from the 
rolls 68, 70 passes first into a staining solution in com 
partment 84 of the container 78. Such tape then passes 
to compartment 86 containing buffer solution which, 
like the solution of the staining bath, is a conventional 
solution. From the compartment 86 the tape then trav 
els into compartment 88 containing a wash solution for 
the blood'smears. The substrate tape then passes under 
a dryer 90 of the blower type to dry the substrate tape 
carrying such smears, prior to entry of the tape 46 be 
tween the rolls 74 and 76. ' 
The portions of the tape 46 carrying the smears one 

such smear (FIG. 5) being indicated at 100, issue se 
quentially from between the rolls 74 and 76 and pass 
under an anvil 92 with which a solenoid-operated mov 
able cutter element 94 cooperates to sever these tape 
portions from each other,'each with a completeblood 
smear thereon. The solenoid-operated cutter element 
94 is operated from the programmer 35 through lead 
96. The severed tape portions bearing the respective 
blood smears may be collected in any suitable fashion. 
In the illustrated form, the severed tape portions fall by 
gravity for vertical stacking in a bin-like receptacle 98. 
The tape-carried treated smears may be stacked at a 
rate of about one a minute which production rate sub 
stantially exceeds that of any other known process of 
preparing and treating biological smears. 
For microscopic examination of such treated biologi 

cal smears on an acetate film substrate, the film is 
placed on a microscope slide with the smear side down 
and the treated smear with optical immersion oil be 
tween the smear and the slide. No glass cover slip is re 
quired, and this facilitates the assembly of the smear 
carrying film with the slide for microscopic examina 
tion. If Mylar film is used instead of acetate film as a 
substrate, a cover slip is required as Mylar has birefrac 
tive properties. If Mylar film is used as a substrate, the 
film is placed with the smear side up on a glass slide 
with optical immersion oil between the film and the 
slide. A cover slip is placed over the smear with optical 
immersion oil between it and the smear. 
Among other advantages of smears prepared in ac 

cordance with the invention is the high degree of repro 
ducibility of smears of the same specimen, say a blood 
specimen, under similar operating conditions such as 
temperature and viscosity of the specimen. There is 
also a high degree of uniformity between the character 
of smears from different blood specimens. 
While the presently preferred embodiments of appa 

ratus and method for preparing smears of a biological 
substance on a substrate have been illustrated and de 
scribed, it will be apparent, especially to those versed 
in the art, that the apparatus and method may take 
other forms andare susceptible in various changes in 
details without departing from the principles of the in 
vention. 
What ‘is claimed is: 
l. A method of preparing a smear on a substrate ele 

ment, utilizing a ribbon element, comprising: 
supporting the substrate element for movement, 
supporting said ribbon element for movement in 

close proximity to the substrate element at a sam 
ple-applying station, 

introducing a relatively small quantity of a biological 
liquid sample between said ribbon and substrate 
elements at said sample applying station, 
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pspreading thesample across at least the central por 
tion of said ribbon element,v 

drawing the ’ sample on said substrate element by 
moving one of said elements relatively to the other, 
and ' , - 

moving the ribbon element by advancing it to present 
a fresh portion thereof to said sample-applying sta 
tion. 

2. A method, as de?ned in claim 1, wherein: said 
drawing of the sample on said substrate element is by 
moving the last-mentioned element. 

3. A method as defined in claim 1, wherein: said in 
' troduction of said sample comprises applying it on said 
ribbon element at said sample-applying station and ad 
vancing said ribbon element. ' I 

4. A method as de?ned in claim 1, further including 
contacting said ribbon element with said substrate ‘ele 

l0 

15 

20 

25 

35 

45 

55 

60 

65 

8 
ment. . 

,5. A method as de?ned in claim 1, wherein said step 
of spreading said sample comprises spreading of said 
sample by capillarity between said ribbon and substrate 
elements at said sample-applying station. 

6. A method as de?ned in claim 1, wherein: said sam 
ple is one ofa series of such samples, said substrate ele 
ment having sequential smear-receiving portions, and 
advancing said ribbon and substrate elements periodi 
cally for sequential introduction of said samples be 
tween sequential portions of said ribbon element and 
said sequential smear-receiving portions of said sub 
strate element. ' 

7. A method as de?ned in claim 6, further including 
sequentially collecting said portions of said ribbon ele 
ment exposed to said samples for disposal. 

* * * * * 


