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SYNOPSIS

Until recently comparatively little attention has been paid to
the problems arising from the transmission of blood and serum
samples for serological testing. But the question has now acquired
greater importance and urgency with the development of inter-
national parallel testing of sera and with the need to send sera for
testing from survey areas remote from laboratory facilities. The
author summarizes the results of various experiments to determine
the effect of transport on blood and serum samples in transmission
by post and by air, through hot, temperate, and cold climates.
These have shown that time and temperature have a very consider-
able effect on the keeping qualities of whole blood and of serum,
and that preservatives can be useful, at least with sera. But they
have also made it clear that the causes of infection and haemolysis
of samples still require much study.

Thought must also be given to the size, shape, and general
construction of blood-sample containers if specimens are to arrive
safely at their destination and if contamination is to be avoided.

Relatively little has been written about the transmission of blood and
serum samples for serological testing until the last few years. This is evi-
denced by the fact in the reports of serological conferences held under the
auspices of the League of Nations in Copenhagen (1923 and 1928) and
Montevideo (1930), and also of the conference held in Washington, D.C.,
(1941) by the United States Public Health Service, no mention appears to
be made of the effects of conditions of transport on blood samples. More-
over, the World Health Organization Subcommittee on Serology and
Laboratory Aspects of the Expert Committee on Venereal Infections, in
the report on the first session,'0 came to the conclusion that the present
knowledge on methods for the conservation of sera is limited and recom-
mended that a study on this aspect of serology be initiated as soon as pos-
sible. At its second session the subcommittee"l suggested that further
information concerning the transport of blood specimens is required. They
considered that an inquiry should be conducted into the serological activity
of specimens sent as sera, sera and clot, citrated blood, heparinized blood,
merthiolated sera, and freeze-dried sera.
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This lack of interest in what has now become a problem was probably
due to the somewhat parochial service which the laboratories were called
upon to give in former years. Although, of course, in many countries and
for many years interlaboratory " check-ups " have been undertaken, the
distances the specimens travelled were relatively short and in consequence
the temperature variations small. Thus the problem of deterioration of the
specimens during transport was not of major importance, and serologists
did not devote that attention to it which has become so necessary at the
present time. " International" parallel serum testing on any large scale
is a comparatively new enterprise mainly fostered by WHO, with a view
to standardizing the sensitivity and specificity of some of the multitude of
tests and reagents employed. Such activities necessitate sending specimens
over long distances and through many climes.

Moreover, in recent years serological surveys of populations remote
from urban areas have brought into sharp focus the problem of deteriora-
tion of blood specimens. Sometimes serum tests cannot be carried out on
the spot, and by the time the blood reaches a laboratory it may be rendered
useless for any serological procedure. This is particularly apt to happen in
hot climates.

During transit there is always the possibility of several changes in the
specimen, namely:

1. Reagin may increase or diminish.
2. Haemolysis may be so great as to interfere with tests.
3. Infection with organisms may make the serum anticomplementary

to such a degree that no results can be given with complement-fixation tests
even when a "titac technique" (titration of the anticomplementary action
of the serum to be tested) is employed. At the same time precipitation tests
with such sera may be unreadable.

4. The production of inhibitory factors may occur, causing negative
results in Treponema pallidum immobilization (TPI) tests or the more usual
serological tests with sera from patients who are undoubtedly suffering
from active syphilis. Such factors may also be responsible for zone pheno-
mena in serum tests.

5. There may be a production of non-treponemal reagin giving rise to
non-treponemal reactions.

6. The serum may become toxic to treponemes, thus resulting in a " no
valid test" when the TPI test is employed.

Routine specimens are usually sent to the laboratory as clotted whole
blood or as serum. Many attempts have been made to develop tests using
dried specimens of whole blood or serum. Among these may be quoted
the Chediak test and Guo's modification thereof. Guo 3 states that this test
might be useful in a blood-testing survey if conditions were such that the
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usual serological tests were not practicable, but that the test is not a reliable
one for diagnosis. Another test using a similar type of specimen (dried
serum) was the filter-paper microscopic test.6 Harris & Olansky 5 reported
(1) that this test was less reactive than other widely used tests, (2) that it
was consequently less efficient as a " detector " test in a field survey, but (3)
that it could be used where other methods of blood collection were not
feasible.

The use of special apparatus is required in the production of freeze-dried
sera and they are therefore only used in research work as standard control
sera which can be sent from one laboratory to another for the comparison
of specificity and sensitivity levels.

As a general rule, therefore, it is better for practitioners to send clotted
whole blood to the laboratory, while interlaboratory exchanges can be
made with serum.

Members of the WHO Expert Advisory Panel on Venereal Infections
and Treponematoses have investigated in some detail the effect of transport
on the stability of blood samples in postal transmission. An initial experi-
ment was conducted in 1949, when serum samples were exchanged between
the Venereal Disease Research Laboratory in Staten Island, N.Y., and
laboratories in Addis Ababa, Sofia, Helsinki, and Copenhagen.a

In a further exploratory experiment on the effects on blood samples
during transit by air they report that during the months November 1949 to
May 1950 inclusive, the specimens suffered little or no damage, but the
experiment did not include any specimens sent from Europe to tropical
countries." Haemolysis occurred in less than 5% of the samples, and only
6 out of 107 specimens used were found to be infected. This line of investiga-
tion was pursued and in another report an account is presented of further
experiments.c Five laboratories, selected as being situated in various parts
of the world (hot, temperate, and cold climates), took part. Each laboratory
selected donors, most of whom were syphilitics with positive serological
reactions of different strengths and from whom four samples of blood were
taken at the same time. One sample was tested immediately by the " home "
laboratory and one sample sent to each of two other laboratories with a
request that they be returned unopened to the " home" laboratory im-
mediately on receipt. The fourth sample was kept at 40C in the " home"
laboratory until the return of the despatched samples, when sera were
prepared from all three samples of clotted whole blood and tested in
parallel. A note was made of any change in reactivity, haemolysis, growth of
organisms, or the occurrence ofzone phenomena as a result ofthe conditions
of transport as related to time and temperature.

The general conclusions of this study are summarized in Table I.

a Unpublished working document WHO/VD/I51
b Unpublished working document WHO/VD/SERO/3
c Unpublished working document WHO/VD/SERO/l9
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TABLE I. EFFECT OF POSTAL TRANSMISSION ON BLOOD SAMPLES

It will be seen from this table that there is a definite increase in the
reactivity of the sera which have been in transit up to and including seven

days. The number of sera showing a decrease in reactivity is most marked
in the group which have travelled for 8-22 days. However, it should be
noted that all these changes in reactivity are more apparent than real,
because the majority of the differences were of the order of plus or minus
1 dilution of serum.

The occurrence of haemolysed specimens due to " travel time " is clearly
demonstrated and requires no elaboration.

The number of infected bloods which were detected after the different
periods of travel yields little information unless it is assumed that this
phenomenon depends on chance, on the manner in which the specimens
are obtained, or on the type of infecting organism.

Only one laboratory taking part in the experiment showed any increase
in the number of zone phenomena, and, from the details given, this was
probably due to the type of tests employed rather than to transport time or
temperature.
No comment is made upon the production of non-treponemal reagin,

or the occurrence of samples unsuitable for test as a result of transporting
the specimens. It is stated that transport conditions were so different that
no comparison between the types of container used (bottles, tubes, or

vacutainers) could be made.
From these experiments it seemed clear that a definite pattern of the

effects of transport of whole blood was emerging. At its second session
the Subcommittee had also planned another experiment,"" wider in scope
and with a greater number of specimens tested. This was arranged by

Days in transit

1-4 - 5-7 8-22

Number of samples under observation 114 59 31

Reactivity of sera

no change 78 (68%) 50 (85%) 22 (71%)

increase 29 (26%) 5 (8.5%) 0

decrease 7 (6%) 4(6.5%) 9 (29%)

Number of samples showing haemolysis 22 (19%) 38 (64%) 31 (100%)

Growth

number of samples under observation 68 59 31

number of samples showing growth 23 (34%) 11 (19%) 10 (32%)
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WHO during the early part of 195 1.a Investigation was made into the
effect of transport on whole blood and on sera, taking into account the
type of container used, and into the effect of adding Merthiolate to sera.
In the experiment, each of 29 laboratories in the Regions of the Americas,
the Eastern Mediterranean, Europe, and South East Asia sent every week
for a period of ten weeks three or four samples of blood or serum to three
of the other laboratories; every laboratory kept samples from the same
donors in its own laboratory for testing. The exchange was so planned that
at least some laboratories in each region were able to exchange with labora-
tories in other regions as well as with laboratories in their own region.
In all, samples from 1300 blood donors were examined. The general
conclusions of this study confirmed, in the main, those of the previous
experiment-namely:

1. There was no significant change in the reagin content of blood or
sera due to transport.

2. The rate of haemolysis was similar, but as each laboratory used its
own system of describing the degree of haemolysis, no definite conclusions
on this part of the study were possible. However, it is to be noted that
some samples were reported as "damaged"-i.e., unsuitable for test-a
description not reported in the previous experiment.

3. Contrary to the findings in the second experiment, it was concluded
that the longer the sample is in transit the greater is the chance of finding
infection of the sample.

4. The effect on containers used is commented on and it is stated that,
for sending blood vacutainers are preferable to ordinary tubes or bottles.

5. The value of merthiolated serum was studied, and it was found that
with its use the number of specimens unsuitable for test was reduced by
approximately half for transit times of ten days and even longer.

From these experiments it seems clear that time and temperature play
a major role in determining the keeping qualities of both whole blood and
serum during transport. The longer the time and the higher the temperature,
the greater is the liability for the specimen to become unsuitable for testing.
At the same time it also seems clear that, at least in the case of sera, pre-
servatives can be of value.

Experiments on the keeping qualities of blood under good conditions
(40C) carried out some years ago in the author's laboratory showed that
with serologically positive bloods the reagin content was increased when
tested on the 5th day after sampling, kept steady until the 7th day, decreased
slightly on the 14th day, and then remained steady until the serum, owing
to gross haemolysis, was not suitable for testing on the 21st day. Haemo-

a Unpublished working document WHO/VD/SERO/21
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lysis was first detected on the 7th day and increased as time progressed.
On the other hand the anticomplementary power of the blood serum steadily
increased from the 4th day onwards. Negative bloods followed the same
pattern, except that the development of anticomplementary action proved
to be considerably slower and it was concluded that haemolysis in the
absence of infection did not affect the anticomplementary power of the
serum.

Gabriel & Kail 2 retested qualitatively 2289 sera after storage at 200C
for 24 hours and found that 102 sera (4.5 %) gave deviations from the first
reading greater than those seen in duplicate testing on the same day; 96 of
the 102 sera showed stronger readings.

Ruge9 tested 446 sera two to nine times during a period of from a
few to 70 days after storage at 40C. Of these sera, 7% first gave an increased
titre which subsequently decreased in strength. The remainder were constant
or showed only minor variations.

As regards infection even the most carefully taken specimens drawn
under aseptic conditions into sterile containers will yield some samples in
which infection has occurred. Thus in the WHO experiment on the stability
of blood samples in postal transmission 44 out of 158 specimens became
infected during the period from the first to the 22nd day.a The majority
of these infections were " light ", but nevertheless they occurred and carried
the possibility of much difficulty in testing the specimens. The percentage
of infected specimens received in the author's laboratory has been of a
very much higher order when the containers used are not of the screw-cap
bottle variety supplied. One of the greatest causes of this difficulty has been
the use of the unparaffined wax cork instead of rubber bungs in tubes or
screw-cap bottles. It is to be noted that the former, although cheap, are
extremely difficult to sterilize.

Much has been done to counter this menace of infection, including the
use of Merthiolate and sodium azide. Harris & Mahoney4 and Rein &
Bossak7 have already reported on the use of Merthiolate as a bacterostatic
agent for use with sera and spinal fluids, and their results seems to be con-
firmed by the WHO experiment. In recent papers on the value of merthio-
lated sera in evaluation surveys, Rein & Kelcec 8 report that during a four-
year period 20 000 merthiolated specimens were examined. Of these 5000
came from South America, Haiti, and Puerto Rico. It was found that less
than 0.1 % proved to be unsatisfactory for testing as a result of bacterial
infection. They also quote J. F. Kent, C. Roth, and I. H. Borts as being
in favour of the use of Merthiolate.

Sodium azide has been used as a preservative in the author's laboratory
for many years and found to give excellent results with serum. With whole
blood, while sterility is maintained even when the conditions under which

a Unpublished working document WHO/VD/SERO/19
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the specimens were handled were poor, the preservative has no effect on
the rate of haemolysis. The sodium azide is used as 6% solution and the
final concentration is approximately 1: 800. It is interesting to note that
G. B. Stansell (quoted by Rein & Kelcec 8) has reported that, after studies
on the comparative values of Merthiolate and sodium azide, he has aban-
doned the use of the former in favour of the latter, having come to the
conclusion that it is technically superior to Merthiolate.

It is curious, but it seems that the use of antibiotics as blood or serum
preservatives has received little attention. Bayliss & Wootton report in the
British Medical Journal 1 and in a personal communication that they have
tested the effect of streptomycin with blood samples during transport. They
suggest 1 mg of streptomycin to 10 ml of blood in order to prevent infection
and haemolysis. This line of approach seems promising and is at present
being investigated in the author's laboratory.

Other means of preserving sera, such as the addition of phenol, tricresol,
glycerol, and formalin, have been recommended by various authors but
few are applicable to whole blood. Methods of avoiding deterioration such
as drying the blood or serum on slides or filter paper have been advocated.
As has already been recorded the latter two methods are recommended
only under emergency conditions. Freeze-drying of serum is impracticable
as a routine procedure; nevertheless it should be noted that serum subjected
to this process seems to keep its properties indefinitely and is ideal for use
in the production of " standard" sera.

From the above review it would seem that there is still much work to
be done in order to elucidate the problems of the production (if any) of
non-treponemal reagin, of inhibitory factors which may vitiate the perform-
ance of serological tests, and of factors producing sera which are toxic to
Treponema pallidum.

Nowadays most laboratories supply clinicians with blood-specimen
containers such as vacutainers, tubes, or screw-cap bottles; and in order
to avoid mechanical disruption of the cells during transport, some thought
should be given to the size, shape, and general construction of these recep-
tacles. The size, of course, depends on the amount of the sample; but it
should be noted, that within limits, the larger the amount of blood in one
container, the greater is the potential of the disruptive force generated
during the handling phase of transport and therefore the greater the liability
to haemolysis. It is suggested that 10 ml is the maximum amount of blood
that should be sent in one container. The shape of the container is also of
importance.

The aim of the clinician should be to take a specimen which before
transport consists of a firm, tight, blood clot surrounded by serum. This
will result in a maximum yield of serum with a clot least vulnerable to
damage. The size and character of the clot is determined to a considerable
degree by the relative size and shape of the specimen container. In the
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author's experience it has been found that if this consists of a rounded,
flat-bottomed bottle, the diameter of which is approximately equal to a
third of its length, the clot formed will be solid and not adhere to the sides
of the container, provided that the original blood content occupies three-
quarters or less of the available space. One objection to the vacutainer
(apart from its cost) is that, owing to the much greater length as compared
to the diameter, the blood is apt to adhere unevenly to the side of the tube.
Because of this there may be considerable but unavoidable damage to the
clot during the separation of the serum in the laboratory. Nevertheless, it
must be remembered that the great advantage of the vacutainer lies in its
ease of manipulation and the avoidance of bacterial contamination of the
specimen. As regards the general construction of the container, there is
much to be said for a thick-walled glass blood-bottle or tube, because apart
from the fact that it is less liable to damage in transport, the contents of
such a container are not subject to such variations in temperature as their
thinner-walled counterparts. For a stopper the author prefers a screw-cap
lined with rubber, because it is efficient and easy to clean and sterilize as
well as to handle. Paraffined wax corks are efficient and cheaper but always
liable (unless secured) to become dislodged from the mouth of the tube
during transit, resulting in the loss of the specimens. The use of unparaffined
wax corks is indefensible because of the difficulty of sterilization.

It is obvious, therefore, that as far as transport is concerned there are two
main considerations which are of the greatest importance. They may be
summed up in one sentence: specimens should arrive safely in the shortest
period of time. Therefore the method of transport (by hand, motor-car,
railway, ship, or air) should be chosen with this in mind, care being taken
to avoid sending specimens during the week-end or national holidays. The
question of safe packaging need not be discussed, though it may be men-
tioned that it is an advantage if the testing laboratory sends out the specimen
containers to the clinician complete with the necessary packaging for return.

An article such as this would be incomplete unless some mention were
made ofwhat may be termed the " pre-transport " treatment of the specimen.

Thus, before venepuncture the operator should ensure that the needle
and the syringe are sterile and dry. The needle used should be of a reason-
able diameter (20 gauge (0.90 mm), Luer fitting), and he should make certain
that the container used, if not supplied by the laboratory, is not only not
chemically contaminated but also bacteriologically clean and dry.

When a venepuncture is performed the veins should never be allowed
to become engorged with blood; the blood should not be dragged out of
the vein by undue traction of the plunger of the syringe but venous pressure
allowed to play its part. Finally the needle should be removed before trans-
ferring the blood to the container; the latter being filled to approximately
three-quarters of its capacity. Here again undue force must not be used.
The blood should be allowed to run out of the syringe into the container,
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and at all costs frothing must be avoided, otherwise clotting will be retarded
and the blood-cells damaged. Vacutainers avoid most of these troubles.

The specimens should never be sent for transport until the blood has
clotted. This can be accelerated in temperate climes by keeping the specimen
at approximately 370C for an hour and then at room temperature for a
further hour. The result is usually a firm small clot, and subsequent damage
to the red cells by shaking during transport is reduced to a minimum. In
warm climates, where the consulting room is not air-conditioned, 2 hours
at room temperature may suffice. A freshly taken specimen should never
be placed in a cold box, because this delays clotting and may result in the
serum becoming locked inside the clot.
The above points seem elementrry, but, through carelessness or unneces-

sary haste, are often not observed. Serologists, of course, are well aware
of the dangers and difficulties but should lose no opportunity of pointing
out to younger colleagues that unless these rules are rigidly kept damaged
specimens will be the inevitable result.

It seems, therefore, that while a considerable amount of work has been
done on the causes and prevention of infection and haemolysis, the problem
has not yet been solved. Moreover, the influence of time, temperature, and
transport on the production (if any) of inhibitory and toxic factors as well
as non-treponemal reagin in serum reactions remains to be investigated.

RItSUMI!

La question des effets du transport a plus ou moins longue distance sur les echan-
tillons de sang ou de serum destines aux 6preuves de diagnostic s'est posee avec acuite
depuis que des titrages sont effectues dans des laboratoires centraux, parfois fort eloignes
des stations de travail sur le terrain, et que des dosages comparatifs sont effectues paral-
lelement sur les memes serums en differentes parties du monde.

Durant le transport, divers changements peuvent se produire, tels que l'augmentation
ou la diminution de la reagine; I'hemolyse, assez forte parfois pour fausser les tests; la
contamination, qui invalide les resultats des epreuves de fixation du complement ou de
pr6cipitation; la production de facteurs inhibiteurs qui rendent negative l'epreuve TPI
ou causent les phenomenes de zone; la production de reagines non treponemiques, qui
peut etre a l'origine de fausses reactions positives et celle de substances toxiques pour
le tr6poneme, faussant le test TPI.
A la demande du Sous-Comit6 de la Serologie et des Techniques de Laboratoire du

Comite d'experts des Maladies veneriennes et des Treponematoses, des echantillons
de serum et de sang ont ete echanges, sous les auspices de l'OMS, en 1949-50 et sur
une plus large echelle en 1951, entre 29 laboratoires des R6gions des Ameriques,
de l'Asie du Sud-Est, de l'Europe et de la Mediterranee orientale, Chaque semaine,
pendant 10 semaines, ces laboratoires ont envoye trois ou quatre echantillons a trois
laboratoires de leur R6gion ou d'une autre R6gion et confronte les resuItats des titrages.

Les resultats ont montre que, outre la duree du transport et la temperature, la nature
des recipients et leur type de fermeture, ainsi que la presence ou l'absence d'agent conser-
vateur influent sur la proportion d'echantillons qui sont inutilisables, & la suite d'h6molyse
ou de contamination.
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La question des reagines non treponemiques et celle des facteurs inhibiteurs ou
toxiques qui empkchent la realisation satisfaisante des epreuves serologiques ou du test
TPI demandent a etre encore etudiees.

Les auteurs indiquent les precautions i prendre et les regles a suivre lors des pre-
lkvements, particulierement importantes lorsqu'il s'agit d'echantillons a expedier.
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