
Q.	 Every diagnostic assay re­
quires dilution of samples 

or reagents, or both. Some package 
inserts say the user must first dilute 
a reagent 1:9 or some other amount 
before use. I find it confusing and 
sometimes do not know exactly what 
I should be doing. What is the correct 
way to dilute samples and reagents?

A. I recently addressed this 
question in an article in the 
Journal of Chemical Edu­

cation.1 In the example you cited, 
“1:9” may mean to either mix one 
volume of reagent with nine volumes 
of diluent, for a total of 10 volumes, 
or one volume of reagent with eight 
volumes of diluent, for a total of nine 
volumes. Both dilution conventions 
can be correct, but only one is correct 
in a particular circumstance. 

If a sample or reagent is to be di­
luted 1:100, for example, and it is di­
luted one volume plus 99 volumes 
diluent, the effect on the assay re­
sults may be relatively insignificant 
compared with one volume plus 100 
volumes diluent. The problem may 
become more significant at greater 
dilutions. For example, a 1:1 dilution 
is either one volume in one total 
(that is, no dilution), or one volume 
in two total (that is, 50 percent), for a 
net difference of 50 percent. Further­
more, the issue may become magni­
fied considering there are usually 
many different reagents in an assay 
that require dilution, often to differ­
ent degrees. Errors may be cumula­
tive, and this in turn might affect the 
sensitivity of an assay, with atten­
dant consequences on its diagnostic 
capabilities and results. 

The ratio a:b is generally defined 
as the quotient (a/b) and is described 
as a in b.2–4 However, it may also be 
expressed as a to b.5,6 It is notewor­
thy that a:b is used by different labo­
ratory personnel to mean either the 
quotient a/b or the sum a+b.

Dynex Technologies is one manu­
facturer that recognized the use of dif­
ferent dilution conventions and pro­
vided users with assistance in this 
matter during assay setup with its 
DSX and DS2 automated ELISA in­
struments. Fig. 1 is the dilution setup 
screen in the Revelation DSX Soft­
ware version 6.13.

Here, the user has two options to 
choose from: “1 in .. .” and “1 to.. . .” 
Dynex also provides further expla­
nations regarding how it uses these 
terms, in the program help file and 
the DS-Matrix Software for the DS2 
system (Fig. 2).7

This system also allows the user to 
simply specify the exact volumes to 
be pipetted—for example, if no dilu­

tion (a:b) is stated in the instructions.
Of interest is a dilution example in 

the Dynex Technologies DSX System 
Operator’s Manual—a 1:59 dilution, 
prepared as follows: “5 μL sample 
combined with 295 μL of diluent.”8 

This dilution convention a:b means 
“a” volumes sample plus “b” vol­
umes diluent. However, in other cas­
es where instrument or assay manu­
facturers provide much less in- 
formation, users might still use the 
dilution convention opposite that in­
tended by the assay manufacturer, if 
they are unaware or unsure of which 
dilution convention their assay in­
structions intend for them to follow.

Some manufacturers avoid the en­
tire problem of how dilutions are to 
be performed by offering unequiv­
ocal dilution instructions with their 
assays. Two examples are the Roche 
polymerase chain reaction Cobas Am­
pliscreen HIV-1 test, version 1.5, and 
the Euro-Diagnostica Diastat antinu­
clear antibody (ANA) ELISA. In 
these assays, the exact amount of 
each reagent, sample, and diluent are 
specified, leaving nothing to the user 
to interpret.

As part of a long-term solution, 
perhaps organizations such as the 
International Union of Pure and Ap­
plied Chemistry or American Chem­
ical Society could establish a single di­
lution rule or convention that would 
then be taught in universities and pro­
fessional schools.1 As a more immedi­
ate solution, perhaps the CAP could 

require, or the government could man­
date through CLIA, that only one di­
lution convention be adopted univer­
sally. In all cases, it is essential that 
package inserts for clinical assays in 
particular contain explicit instructions 
for the user as to how each dilution 
is to be performed. The most practi­
cal approach may be to simply re­
quire that all assay instructions carry 
such a statement at the beginning.
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Q.	 Do hematology QC mat- 
erials for daily calibration 

verification have to be handled, 
prepared, applied, and returned to 
storage in a consistent and timely 
manner to retain their integrity 
over their designated lifetime? If 
so, what would you recommend 
as an objective solution since QC 
manufacturers with whom I have 
checked do not officially state how 
to, and not to, prepare, use, and 
return QC material to cool storage. 

A. QC material is very subject 
to the manner in which it is 
handled during the lifetime 

of the control vial. Extended warming 
periods, excessive mixing, and mix­
ing before adequate warming are det­
rimental to QC materials and will ac­
celerate the swelling of the red blood 
cells, thus increasing the MCV and 
affecting the MCH and MCHC. Ex­
cessive mixing will contribute to the 
degradation of the red blood cells and 
may increase the platelet count. A vial 
containing material that is inadequate­
ly mixed, then sampled, becomes 
tainted from that point. QC material 
handling is the most critical in mini­
mizing shifts or trends in the QC 
data. Most manufacturers include 
specific instructions, which should 
be followed closely, on how to mix the 
QC material. When QC vials are mis­
handled, the point at which they were 
misused can often quite easily be seen 
on the Levy-Jennings charts.

According to CLSI guideline H26-
A2,Validation, Verification, and Qual­
ity Assurance of Automated Hema­
tology Analyzers, “Manufacturers 
of stabilized blood products should 
provide exact directions for stor­
age, mixing and remixing, because 
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Dilution 
formula Explanation

1 to …. A ratio of one part 
concentrate to a specified 
number of parts diluent, for a 
total of parts C + D.

Ex: One to 10 parts is made 
up of one part concentrate 
plus 10 parts diluent for a 
total of 11 parts.

1 in ……. A factor of one part 
concentrate in a total 
number of specified parts. 
Ex: One in 10 equals one part 
concentrate and nine parts 
diluent for a total of 10 parts.

Fig. 2
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