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Effects of Storage and Transport on the Cultivability
of Mycobacteria

LADISLAV 9ULA,1 T. K. SUNDARESAN 2 & M. LANGEROVA3

In the course of WHOIUNICEF-assisted tuberculosis surveys carried out in a number
of African territories, sputa were microscopically examined for the presence of acid-fast
bacilli. Since adequate facilities for performing cultures to confirm the diagnosis of tuber-
culosis and other mycobacterial infections were not available in these territories, it was
necessary to despatch sputum specimens to certain European laboratories for culturing and
typing of mycobacteria. However, it was noticed that the number ofpositive cultures from
such sputa was very low, being limited largely to specimens in which acid-fast bacilli were
easily demonstrable by microscopy. Specimens containing scanty acid-fast bacilli, or
microscopically negative specimens, usually failed to exhibit growth on culture, contrary to
the usual observations made with European sputum specimens cultured in European labora-
tories. As the sputa were mostly taken from new cases with lung pathology, previous
treatment could not have been responsible for these poor culture results, and it was thought
that the conditions in which the specimens were transported, andpossibly also the chemical
composition of the containers in which they were stored, might be the cause.

In an experiment carried out by the WHO Tuberculosis Research Office, in collabora-
tion with a WHO field team in Africa and the Tuberculosis Research Institute in Prague,
pure cultures of the H37Rv strain and sputa were sentfrom Prague to East Africa and book
in conditions simulating those in which specimens collected by African field teams are
routinely sent to European laboratories. The results show that the cultivability of tubercle
bacilli is adversely affected by storage and transport.

INTRODUCTION

Bacteriological examination of sputum specimens
constituted one of the diagnostic methods employed
in the WHO/UNICEF-assisted tuberculosis surveys
carried out in certain African territories. For this
purpose, consignments of sputum specimens pre-
viously examined in the field by direct microscopy
were sent from time to time by air from Africa to
the Tuberculosis Research Institute in Prague for
examination by culture. It was observed that the
culture method, when applied to these specimens,
was generally not more sensitive than direct micro-
scopy. In fact, there were instances where acid-fast
micro-organisms, demonstrated by direct micro-
scopy and believed to be tubercle bacilli, failed to
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grow on culture. As the specimens were mostly
collected from new cases with lung pathology,
found during the survey, previous treatment-which
can profoundly influence culture results-can almost
certainly be excluded as a cause for the failure of
such cultures. This phenomenon prompted arn
investigation of the possible reasons for which the
culture technique had failed in these instances to be
as efficient as it normally is.

PURPOSE

Apart from the possible high prevalence among
African populations of atypical acid-fast bacilli
which our present culture techniques are not
sufficiently sensitive to detect, the only differences
between specimens obtained in Prague and those
from Africa were that the latter had been stored and
transported before being cultured. Further, they had
been collected and sent in plastic boxes. Experience
in the culture of mycobacteria has provided evidence
that the type of material from wh ich the containers
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TABLE I

DISTRIBUTION OF TEST SUSPENSIONS OF MYCO. TUBERCULOSIS
IN GLASS AMPOULES AND PLASTIC BOXES

Suspensions of strain H37Rv
Container coNumber of

10-3 mg 10-4 mg 10-5 mg 10-1 mg 0 mg containers

Glass ampoule sent 3 ml x 5 3 ml x 5 3 ml x 5 3 ml x 5 3 ml x 5 25to the field

Glass ampoule kept
inlaboratory at 3 mix 5 3 ml x 5 3 mix 5 3 ml x 5 3 ml x 5 25
30-50C

Plastic box kept in 3 ml x 5 3 ml x 5 3 mlx 5 3 ml x 5 3 mlx 5 25

Total number of 15 15 15 15 15 75
containers

are made-e.g., glass- may influence the growth of
the organisms (see this issue, page 653). It was con-
sidered that such influences should be expected and
investigated. Although the exact nature of the
chemical processes resulting from the use of special
materials for containers was not known, it was
thought that, on the aralogy of experience with
tuberculin products, it would be of value to make an
investigation along thece lires.
An experiment was therefore carried out in 1958

in co-operation with the Tuberculosis Research
Institute in Prague and the WHO/UNICEF East
African tuberculosis survey team to find out whether:

(a) storage and transport can affect the cultivabi-
lity of tubercle bacilli, especially if they are not
present in large numbers; and

(b) the plastic boxes in which the specimens are
collected and sent have any effect on the bacilli,
resulting in poor culture yields.

MATERLILS AND METHODS

The experiments were carried out with the labor-
atory strain H37Rv and with sputum specimens
positive for tubercle bacilli on microscopic examina-
tion. The strain H37Rv was propagated in Dubos
Tween-albumin medium filled into Erlenmeyer
flasks, and 10-day-old cultures showing the best
growth were taken for the experiment.
The cultures were pooled and centrifuged, and the

deposit resuspended in saline so as to obtain a basic

suspension containing 1 mg/ml of bacterial mass (wet
weight) which was diluted as follows:
Four suspensions (10-3, 10-4, 10-5, and 10-6 mg)

were made in saline at pH7. For controlling the
culture results, a further dilution of saline not con-
taining any mycobacteria was prepared. 3 ml of each
suspension were transferred by pipette into glass
ampoules and plastic boxes as indicated in Table 1.
The glass ampoules were of the current type used for
BCG vaccine; the plastic boxes, round in shape,
were of the type routinely used for the collection of
sputum specimens. These boxes were 25 mm high
and 65 mm in diameter, with polyethylene lids and
polystyrol bottoms. Before they were sent to Africa,
the ampoules and plastic boxes selected for trial were
wrapped in tissue paper and packed into an insulated
cardboard box with two small containers of ice.
A bimetal thermograph with a range of -20°C to
+40°C was included in the package to measure and
record the temperature during transport. Thus the
conditions for the transport of the specimens were
exactly the same as for the routine shipment of sputa
from field survey teams in Africa to the Tuberculosis
Research Institute in Prague.
The plastic boxes, insulated box, and thermograph

were supplied by the WHO Tuberculosis Research
Office in Copenhagen.1
The plastic boxes were closed and the ampoules

sealed with rubber caps. For control purposes,

"Transferred on 1 October 1959 to WHO headquarters
in Geneva and incorporated into the tuberculosis unit of the
Division of Communicable Diseases.
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FIG. I
THERMOGRAPH CHART SHOWING TEMPERATURE VARIATION IN SPECIMEN CONTAINERS DURING TRANSPORT

FROM PRAGUE TO ENTEBBE AND BACK

Ii5.5. 165. 175. 18.5. 19.5. 20.5. 21.5. 22.5. 23.5. 24.5. 25.5, 265. 27.5. 28.5. 29.5.
1958

cultures were made from each suspension at the start
of the experiment.
The 75 containers (25 plastic boxes and 50 glass

ampoules) were labelled randomly with serial num-
bers from 1 to 75.
One set of 25 glass ampoules, and the 25 plastic

boxes, were kept in a refrigerator in the laboratory.
The other set of 25 ampoules, packed in cardboard
boxes which, in turn, were put into an insulated
packing-case, were despatched by air on 15 May 1958
to the WHO tuberculosis survey team in Entebbe,
Uganda.
The consignment arrived in Entebbe two days

later and was then transferred to the cold-room at the
medical stores depot. The thermograph (Fig. 1)
recorded a temperature of just below 5°C during
transit and about 10°C during the two-and-a-half
days during which it remained at the medical stores
depot in Entebbe (17-19 May).
On 19 May 1958, at 09.00 hours, the ampoules

were packed, together with the thermograph, in a
refrigerated cardboard box and removed from the
medical stores depot. At short intervals: 09.15,
09.35, 09.50, 10.00, 10.15, 10.35, and 10.38 hours,
this box was opened for two minutes. The ampoules
and thermograph were removed from it at
14.30 hours and left at room temperature until
16.00 hours, after which they were placed in the
cold-room again.

During the whole of this period, the highest
temperature recorded by the thermograph was
about 25°C.
On 21 May, owing to a breakdown of the cooling

apparatus, the temperature in the cold-room rose
suddenly and did not return to normal for a con-
siderable time. The temperature during this period
did not, however, exceed 15sC.
On 26 May, at 09.00 hours, the ampoules and

thermograph were packed in a refrigerated box, which
was then placed in a motor vehicle. At 13.00 hours,
they were returned to the cold-room.

The following day, at 14.30 hours, the refrigerated
box was opened in the cold-room and the ice in the
containers was replenished. At 14.30 hours, the box
was taken to the airport to be despatched to Prague.
On arrival in Prague at 10.00 hours on 29 May

1958, the temperature inside the box was found to be
11°C. Immediately after the box was opened, the
ampoules were removed from it and stored in a
refrigerator at 4°C.
On 30 May 1958, all the ampoules and plastic

boxes, both those which had been kept in the labor-
atory and those from Africa, were arranged in serial
number order. Two specimens from each ampoule
and from each plastic box were cultured on each of
the following media:

(1) liquid medium with albumin, batch No. 22;
(2) liquid medium with bovine serum, batch

No. 144;
(3) Lowenstein-Jensen medium in test-tubes;
(4) Lowenstein-Jensen medium in Petri dishes;
(5) modified Gottsacker medium.
The liquid medium used was the same as that

previously described (Sula, 1948) except that,
instead of ascitic fluid, human albumin and bovine
serum were used. The media were prepared in the
following way:

(a) Basic solution:
Na,HPO4, 12 H20
KH2PO4
MgSO4, 7 H,O
Na citrate
Fe ammonium citrate
Enzymatic hydrolysate of casein 10%
I-alanine
Glycerine redistilled, spec. weight 1.26
0.2% water solution of malachite green
DAstilled water to

1.25 g
0.75 g
0.25 g
1.25 g
0.025 g

25 ml
0.075 g
15 ml
1 ml

1000 ml

(b) After the salts were dissolved, the basic solution
was autoclaved for 30 minutes at 120°C and cooled.

637



L. ;ULA AND OTHERS

(c) A solution of 100 ml of sterile human albumin was
added under strictly sterile conditions to a final concentra-
tion of 0.2% or bovine serum 3 %-5 %.

(d) Before use, the media were tested for sterility for
24 hours at room temperature and for 24 hours at 37°C.
The Ldwenstein-Jensen medium was prepared in

the usual way, except that enzymatic hydrolysate of
casein was used instead of asparagin as a source of
nitrogen.

Modified Gottsacker medium was prepared from a
mixture of egg yolks and original Sauton medium
used as a basic solution.
The inoculum used for the tubes was 0.1 ml and

for the Petri dishes, 0.2 ml. The cultures were in-
cubated at 37'C for four weeks.

Reading of results
The following notations were used for indicating

the degree of growth, although, wherever possible,
the number of colonies was counted and shown:
Liquid media
+ + + + = Surface growth and sediment at the bottom

of the tube.
++ + = Innumerable colonies, or thick sediment at

the bottom of the tube.
++ = More than 20 colonies.
+ = 10 to 20 colonies.
- = No growth.

Up to 10 colonies, the actual number was stated.
Egg media
+++ + = Confluent growth on the surface of the

medium, and growth in the condensed water.
+ ++ = Confluent growth.
+ + = More than 20 colonies, without confluent

growth.
+ = 10 to 20 colonies.
- = No growth.

Up to 10 colonies, the actual number was stated.
The notation C was used to denote contamination of

the culture.

Two tubes were inoculated from each of the 75
specimens, and the resulting 150 tubes were ran-
domly labelled with serial numbers from 1 to 150.
The scheme of numbering for both containers and
tubes had previously been devised at the WHO
Tuberculosis Research Office. The technician read-
ing the results had no means of knowing either the
dilution level of the inoculum in any tube or its
relation to any of the other factors under study.
Any bias that could have arisen from a previous
knowledge of these factors was thus eliminated.

RESULTS

Storage
Before the ampoules were sent to Africa, each

of the dilutions was inoculated into three tubes of
each of four media and two Petri dishes of Lowen-
stein-Jensen medium. Even with the weakest
suspension, growth was observed in all the tubes and
Petri dishes (Appendix Table 1, upper half). When
10-3 mg of the H37Rv strain was inoculated, both
surface growth and sediment were observed. Con-
fluent growth was observed on the egg media, i.e.,
the Lowenstein-Jensen medium in Petri dishes and
the Gottsacker medium.
When the consignment was received back from

Africa two weeks later, a similar set of tubes and
Petri dishes was inoculated in the same way from
ampoules stored in the refrigerator. The results are
shown in the lower half of Appendix Table 1. After
storage, growth was markedly less, particularly when
the weakest inocula were used. When 10-6 mg of the
H37Rv strain was inoculated, only three out of a
total of 14 tubes and Petri dishes showed any
growth.
The results in respect of the coded containers

used in the trial are presented in Appendix Table 2,
which also shows the effect of storage. In no case
did the cultures from glass ampoules and plastic
boxes kept in the laboratory show surface growth or
sediment in the liquid media, or confluent growth
on the solid media. Even with a concentrated
suspension (10-3 mg), 17 out of the 50 tubes which
had been inoculated from glass ampoules kept in the
laboratory showed growth with colony counts of
less than 20. With a 10-4-mg suspension, none of the
tubes from the glass ampoules kept in the laboratory
showed more than 20 colonies, and in the cases of
diluted suspensions growth was observed in only
very few instances.
Thus it was proved that the cultivability of

bacterial suspensions is affected by storage, even in
optimal conditions in a refrigerator.

Transport
There was even poorer growth in test-tubes

inoculated from the ampoules sent to the field.
Thus, with a 10-3-mg suspension, 5 tubes out of 40
did not exhibit any growth, whereas there was growth
in all the tubes inoculated from the ampoules kept
in the laboratory. When the suspension was diluted
(10-4 mg), half the tubes inoculated from the
ampoules sent to the field failed to show any growth,
whereas only one tube from the ampoules kept in
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TABLE 2
NUMBER OF AMPOULES AND PLASTIC BOXES CONTAINING DIFFERENT DILUTIONS OF
THE SUSPENSION OF THE STRAIN H37Rv AND GIVING POSITIVE CULTURE RESULTS

Media a

Inoculum Liquid Liquid medium L6wenstein- Gottsacker L6wenstein-
(mg) medium with Jensen (tubes) Jensen

with albumin bovine serum (tubes) (Petri dishes)

A B C A B C A B C A B C A B C

10-' 5 5 5 5 5 5 4 5 5 4 5 5 5 5 5

104 3 5 4 4 5 4 2 5 4 3 5 4 5 5 5

10- - 1 4 1 1 4 - - 3 - - 2 - 2 4

10-' - 2 1 - - I - - - - 1 - 2 - 1

0

Total j8 13 14 10 11 14 6 10 12 7 11 11 12 12 15

a A = Glass ampoules sent to Africa. B = Glass ampoules kept in laboratory.
C = Plastic containers kept in laboratory.

the laboratory failed to produce growth. When the
suspension was diluted still further (10-5 and -06 mg),
it was not possible to evaluate the effect of transport,
as very few tubes, inoculated either from the
ampoules kept in the laboratory or from those sent
to the field, exhibited growth.
The effect of transport will also be seen from

Table 2, which indicates the number of ampoules or
plastic boxes giving positive results, for each
inoculum and in each medium. An ampoule was
considered to be positive if at least one of the two
tubes inoculated from it showed growth.
Again to facilitate comparison, three broad

categories were used to indicate the degree of
growth: cultures yielding more than 20 colonies;
those yielding 10-20 colonies; and those yielding less
than 10 colonies. The results are summarized in
Table 3 and illustrated diagrammatically in Fig. 2.
For the quantitative evaluation of the results

where no indication is given of the individual number
of colonies, the notations + and + + have been
taken to represent 15 and 50 respectively.
Table 4 gives the average colony counts, after

storage, for each dilution and type of container,
irrespective of the medium used. The data are
represented diagrammatically in Fig. 3.
Although such an evaluation is only approximate,

Table 4 gives an indication of the extent to which
storage, transport, etc., affect the cultivability of the
strain.

Containers
The experiment revealed no evidence that culture

yields are affected to any greater extent by plastic
boxes than by glass ampoules. In fact, plastic boxes
that had been kept in a refrigerator seemed to
produce, if anything, slightly better results, especially
in the case of weaker dilutions. However, this small
difference cannot be established statistically and the
influence of containers on the cultivability of the
strain can be considered insignificant by comparison
with the influence of storage and transport.

DISCUSSION

It is generally accepted that mycobacteria are
much more resistant to unfavourable external
environmental conditions than are other pathogenic
micro-organisms, with the exception of sporulating
organisms. According to certain authors, tubercle
bacilli can survive in polluted water for at least three
months, and in soil for as long as 2-6 months
(Wilson & Miles, 1955).

In connexion with the viability of pure cultures of
mycobacteria, experiments were made to see how
long the vole bacillus survived in different conditions
(Leach & Wells, 1957). The best viability was found
in fresh and freeze-dried suspensions kept at 4°C.
At 37°C, deterioration was observed, especially in
dried bacilli. Fresh suspensions were found to be
fully viable after more than one week and a 50%
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FIG. 2

NUMBER OF TUBES AND PETRI DISHES SHOWING VARIOUS DEGREES OF GROWTH

MEDIA USED:
1. Liquid medium-with aibumin batch No.22
2. Liquid medium withbbovine serum batch No. 144
3. Lbwenstein - Jensen medium in tubes
4. Modified Gottsacker medium in tubes
5. Lowenstein Jensen medium -in Petri dishes
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TABLE 3

TUBES AND PETRI DISHES GROUPED ACCORDING TO NUMBER OF COLONIES

No. of tubes No.
Inoculumad type ofcontainershowing colony counts No. of of tubes TotalInoculum and type___of_container_ contami- showing No. of tubes

>adypocntin<20 1020 10 nated tubes no growth

103 mg

Glass ampoules sent to field 16 18 11 _ 5 50

Glass ampoules kept In laboratory 32 9 9 - - 50

Plastic boxes kept in laboratory 45 5 _ - - 50

10" Mg

Glass ampoules sent to fleld - 1 28 - 21 50

Glass ampoules kept in laboratory 5 10 31 3 1 50

Plastic boxes kept in laboratory 4 6 27 2 11 50

10"S Mg

Glass ampoules sent to field - - I - 49 50

Glass ampoules kept in laboratory - 2 3 - 45 50

Plastic boxes kept in laboratory 1 5 22 - 22 50

10-A Mg

Glass ampoules sent to field - - 2 - 48 50

Glass ampoules kept in laboratory _ - 3 - 47 50

Plastic boxes kept in laboratory 2 1 47 50

TABLE 4

AVERAGE NUMBER OF COLONIES, AFTER STORAGE,
PER TUBE OR PETRI DISH

Glass Glass Plastic boxes
Inoculum ampoules ampoules kept In
(mg) sent to field kept in laboratory_ _ _ _ _ _ ~~~~~laboratory _ _

Tubes

10" 16.4 30.8 45.3

10-4 1.4 6.2 4.1

10-' 0.0 0.8 2.7

10-6 - 0.1 0.1

Petri dishes

10" 4.1 50.1 50.0

10"4 4.2 22.2 17.6

10" - 0.4 7.0

10 1 0.2 - -

decrease in viability
storage.

was observed after 3-5 weeks'

Similar results were described for the BCG strain
(Birkhaug & Darricarrere, 1953; Birkhaug, 1954).
Freshly prepared BCG vaccine stored at 2°-4°C lost
17% of its viable organisms after one week and 67%
after 4 weeks' storage.
The results of this experiment with the H37Rv

strain provide further evidence that the viability of
this strain declines considerably even under optimal
conditions of storage. This observation is particularly
striking as H37Rv is a very old and well-adapted
laboratory strain which has been maintained for
almost 15 years on different artificial solid and liquid
media at the Tuberculosis Research Institute in Pra-
gue. To preserve its full vitality and virulence, the
strain was, during the above period, many times
propagated or inoculated into different laboratory
animals, re-isolated from the pathological lesions of
these animals, and again cultured on artificial media.

15
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FIG. 3
AVERAGE NUMBER OF COLONIES, AFTER STORAGE, PER TUBE OR PETRI DISH

1O- iO-
INOCULUM (mg)

A possible explanation of the great decline of
viability in both laboratory and field conditions that
was observed whether the specimens were in glass
ampoules or in plastic boxes may be that the experi-
ment was performed with very young cultures that
had been incubated for only 10 days. Such cultures
contain many young cells in the logarithmic phase
of growth, during which they are very vulnerable to
harmful external environmental factors. Whether
the bacterial suspensions were in glass ampoules or

in plastic boxes, the decrease in the number of viable
units was much the same.

As this experiment was carried out with pure
cultures, the results did not necessarily apply to the
survival of mycobacteria in sputum specimens.
The latter contain, in addition, concomitant bacterial
flora which, in suitable conditions, may multiply
and create unfavourable conditions for survival for
mycobacteria, e.g., by producing various factors
deleterious to the viability of the coexisting myco-
bacteria in the specimens.

An additional experiment was therefore carried out
in which 24 sputum specimens were sent from Europe
to Africa and back. A consignment of specimens
that had been found positive on direct microscopy
was packed with ice in a box also containing a

thermograph and was sent from Prague to Arua
(650 km from Kampala, Uganda), where it arrived
a week lat'er. The specimens were subjected to the
same conditions as those in which sputa are routinely
collected and despatched by survey teams, and were

then returned to Prague, where they were received
some 11 days later. These sputa, as also a number
which had been kept in the laboratory in Prague at
room temperature (200C) and in the refrigerator
(2°C), were then cultured on liquid media with
albumin or bovine serum and on Gottsacker and
Lowenstein-Jensen media in test-tubes and Petri
dishes.
Owing to damage sustained by the consignment

during transport, only 11 out of the 24 sputum
specimens sent could be examined. In order to
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obtain isolated colonies in the culture media, and
thus to facilitate the counting of viable units, these
11 specimens were homogenized and diluted with
saline in the proportions 1: 10; 1: 100; 1: 1000; and
1:10 000. The results of culture of these dilutions
are set out in Appendix Table 3, from which it will
be seen that the earlier findings with pure cultures of
the strain H37Rv are confirmed. The sputa kept in
the laboratory at room temperature and those
received back from Africa showed a considerable
decline in colony counts, and even the sputa that
had been stored in the refrigerator at 2'C gave
poorer results than those that had been cultured
immediately after being collected.
A similar experiment (Bohm & Ekstein, 1938) with

laryngeal swabs transported over distances of 20,
383, and 684 km, in which the specimens were under
way for some 24 hours at a temperature of about
-20°C produced-contrary to our observations-
very good results. It thus seems that the sending of
pathological specimens over short distances under
suitable temperature conditions does not decrease
the number of positive culture results if the patho-
logical specimens do not contain large amounts
of co(comitant bacterial flora, as when laryngeal
swabs are used for collecting material for culture
examination.
The results of our experiments, indicating that the

cultivability of tubercle bacilli-whether in pure
cultures or in pathological specimens-deteriorates
by storage and transport, are in contrast to the
observations made with cultures from lymph node
specimens sent from Kenya to the Tuberculosis

Research Institute in Prague (see this issue, page 613),
where acid-fast bacilli were demonstrated by micro-
scopy in only two cases, but where 41 positive
cultures were found. The major difference between
these two experiments was that the lymph node
specimens were excised from the patients under
sterile conditions and every precaution was taken
against contamination during storage and transport.
On the basis of the experience gained in these two
trials, it appears that the presence of contaminating
flora in specimens containing acid-fast bacilli is of
primary importance if the highest possible yield of
positive culture results is to be obtained.

It will be recalled that, because of inadequate
laboratory facilities in or near the areas surveyed, it
has so far been necessary to send sputa from Africa
to European laboratories for culture. The findings of
these experiments show that storage, handling, and
transport can deteriorate the cultivability of tubercle
bacilli to such an extent as to make their culture
unrewarding. As bacteriological examination by
culture is an important aspect of any investigation
into the prevalence of tuberculosis, it is necessary to
devise a simple culture technique that could be em-
ployed in the field, thus enabling pathological
specimens to be cultured within a very short time
after they have been collected from the patients.
Another possibility would be to add to the sputum
specimens before despatch some preservative which,
without having harmful effects on the viability of
mycobacteria, could check the multiplication of
contaminating flora. Experimental studies on these
two subjects are in progress.
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RI-SUMI

Faute d'installations de laboratoire pour le diagnostic
de la tuberculose dans les enquetes entreprises en Afrique,
avec l'aide de 1'OMS et du FISE, il a ete necessaire
d'envoyer des 6chantillons d'expectorations ah certains
laboratoires europ&ens pour la culture des mycobact6ries.
Or, les resultats de ces cultures se sont montres tres
peu satisfaisants, au point meme d'etre n6gatifs, pour
des 6chantillons positifs a l'examen microscopique au
d6part.

Des etudes ont donc 6t6 entreprises en 1958, a l'Institut
de recherches sur la tuberculose, de Prague, en collabo-
ration avec l'equipe OMS/FISE d'Afrique orientale,
pour determiner la cause de cet echec.

Les crachats provenaient de cas pulmonaires recents,
qui n'avaient subi aucun traitement chimiotherapique.
Cette cause possible d'erreur etant elimin&e, on supposa
que la conservation et le transport des 6chantillons
pouvaient etre les facteurs responsables.
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On utilisa comme mat6riel d'etude des cultures de
bacilles tuberculeux de la souche H37Rv dans le milieu
de Dubos au Tween, et des crachats positifs A l'examen
microscopique.

Quelques mg de ces cultures, a diverses dilutions,
introduits dans des ampoules de verre ou des boites
ad hoc en plastique ont ete, les uns maintenus au labo-
ratoire de Prague A 4°C, les autres envoyes en colis
refrig6res A Entebbe (Ouganda). La, pendant 10 jours,
ces echantillons ont ete soumis a des manipulations,
changements de conditionnement et de temperature,
correspondant A ceux qu'ils ont A subir normalement
lors de leur envoi aux laboratoires europeens. La tem-
perature. A l'interieur du colis, etait enregistree par un
thermographe. Elle a varie de 5-11°C, et s'est elevee
occasionnellement A 250 C.

Les echantillons, de retour a Prague, ont et mis en
culture sur milieux liquides, sur milieu de Lowenstein-
Jensen et de Gottsacker modifie, puis compares aux
prel1vements des memes suspensions qui n'avaient pas

voyag6, mais avaient ete conservees a 4° C et aux ensemen-
cements du materiel frais, effectu6s avant l'expedition.
La comparaison montra que la conservation au labo-

ratoire durant deux semaines, meme dans des conditions
optimums, attenue la viabilit6 des bacilles. Avec la
dilution de 10-i mg de la souche H37Rv, 3 seulement
des 14 tubes et plaques ensemences presenterent des
colonies. Les resultats etaient encore moins bons avec
les echantillons ayant voyage. Avec une suspension de
10- mg d6ja, 5 des 40 tubes resterent steriles, alors que
tous les tubes provenant du materiel conserve au labo-
ratoire presentaient des colonies. Il ne semble pas que la
nature du recipient (verre ou plastique) ait une influence
quelconque sur la viabilite, ou si elle existe, elle est sans
importance comparee a l'influence de la conservation
et du transport.
Des essais analogues ont e effectues avec les cultures

primaires des crachats, aboutissant aux memes resultats
et confirmant que la conservation et le transport alterent
nettement la viabilite des bacilles tuberculeux.
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EFFECTS OF STORAGE AND TRANSPORT ON CULTIVABILITY OF MYCOBACTERIA

APPENDIX TABLE 1

CULTURE RESULTS BEFORE AND AFTER STORAGE OBTAINED WITH DIFFERENT INOCULA OF STRAIN H37Rv IN LIQUID
AND EGG MEDIA a

BEFORE STORAGE

10-6

1V

104

10-6

I++
I+

+++

++
+++
++

+++

++

+++

++

++++ ++

+++ ++

+ 4

+ 2

++

++

3

1

++

3

2

+++

28

2

++

16

+++

24

3

+++

25

7

+++
22

4

AFTER STORAGE IN REFRIGERATOR FOR 2 WEEKS

10-a ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ +I++ ++ ++

104 + + + ++ ++ ++ 11 13 12 12 8 20 25 64

10 ji 3 2 4 2 __ __ __ __ __ f YC

3 2 2~~~~~~

a Figures Indicate colony counts. b C - Contaminated.
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646 L.AULA AND OTHERS

APPENDIX TABLE 2
COLONY COUNTS WITH DIFFERENT INOCULA OF THE STRAIN H37Rv IN CODED CONTAINERS a

Inoculum: 10-3 mg

Media
de ode

Container number number b Liquid Liquid L6wenstein- -L6wenstein-of of medium medium Jensen Gottsacker Jensen
ampoule tube with with bovine (tubes) (tubes) (Petri

albumin serum dishes)

Glass ampoules 14 146 + + 18 12 ++
sent to the field 055 + ++ 14 8 ++

03 108 11 + 25 8 ++
136 + ++ 22 9 ++

72 043 + + 14 8 ++
051 15 ++ 19 9 ++

64 7012 + ++ 42 5 ++
075 + ++ 12 15 ++

29 123 1 1 - - 4
095 - 3 - - 6

Glass ampoules 12 150 4 4 5 2 61
kept in laboratory 092 3 8 6 3 40

75132 10 + 19 7 ++
125 + + 32 16 ++

59 149 ++ ++ ++ ++ ++
109 + ++ ++ ++ ++

51 142 + ++ 39 31 ++
080 ++ ++ ++ 17 ++

70 058 ++ ++ ++ ++ ++
118 ++ ++ ++ ++ ++

Plastic boxes 49 100 ++ ++ ++ ++ ++
kept in laboratory 041 + ++ 49 37 ++

55106 + ++ ++ ++ ++
078 ++ ++ ++ ++ ++

73065 ++ ++ ++ ++ ++
082 ++ ++ ++ ++ ++

43 0031 + ++ ++ ++ ++
027 ++ ++ ++ ++ ++

42 028 + ++ ++ ++ ++
005 + ++ ++ ++ ++

a Figures indicate colony counts.
b Code number allotted by WHO Tuberculosis Research Office (see page 638).
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APPENDIX TABLE 2 (continued)
COLONY. COUNTS WITH DIFFERENT INOCULA OF THE STRAIN H37Rv IN CODEP CONTAINERSa

Inoculum: 10-4 mg

Media
Code

b
Code

b
_____-_____ -___________

Container numberb numberb Liquid Liquid L8wenstein-of of medium medium L.wenstein- Gottsacker Jensen
ampoule tube with with bovine Jensen (tubes) (Petri

albumin serum (tubes) dishes)

Glass ampoules 128 I|__
sent to the field 01101 - - - -

02 010 2 5 - -2
034 1 3 - 14

57059 - 2 - -5
076 - - - -2

36 062 3 8 2 3 6
121 2 6 1 1 16

62 033 1 4 - 2 4
074 - 2 3 2 2

Glass ampoules 5046 2 I 4 2 26
kept in laboratory 61 015 4 16 C c 2 17

16 143 3 7 1 2 8
054 3 6 - 1 7

40 017 4 C 13 7 30
071 8 19 11 1 23

65 029 6 7 7 1 28
113 4 10 1 8 14

74044 + + 3 7 C
001 6 9 9 2 47

Plastic boxes 147 _ | _ _ 2
kept in laboratory 37 104 _ _ 3

139 2 2 2 -5
133 3 3 - 1 10

13 032 8 + 13 C 45
119 7 18 4 1 33

23 137 6 9 7 3 34
135 12 15 7 2 22

41 085 2 4 2 2 4
140 4 4 1 - C

a Figures indicate colony counts.
b Code number allotted by WHO Tuberculosis Research office (see page 638).
c C = Contaminated.
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APPENDIX TABLE 2 (continued)
COLONY COUNTS WITH DIFFERENT INOCULA OF THE STRAIN H37Rv IN CODED CONTAINERS

Inoculum: 10-s mg

Media
Code

b
Code

b
_ _ _ _ _-_ _ _ _ _ _ _ _ _ _-_ _ _ _ _

Container number number b Liquid Liquid 1L6wenstein- L| wensteln-
amoui tub medium medium Jensen Gottsacker Jensen(ampoule | tube almwith with bovine (tubes) (tubes) (Petri

albumin serum dishes)

Glass ampoules 45 145 _
sent to the field 15087- - __

08
047 l -

057 - ---

68 144 - -
112 - I 0

25 018 - - 2 -
148 - - -

17 081 - -
101 - ---

Glass ampoules 072 - I
kept in laboratory 32lony con

52 023 - -a b W
091 - --

21 131 - ----
040 - ----

09 021 + + -2
036 --1

27 097 ----
114 - ---

Plastic boxes 1818++ 8 6 19
kept in laboratory 18738 + 2

04 066 7 8 2 1 12
007 5 8 20

08 077 1 - - - 3
068 3 5 2 - 5

28
00

- - - - -

116 - - -

53 060 - I - - -

006 1 1 -I

a Figures Indicate colony counts.
b Code number allotted by WHO Tuberculosis Research Office (see page 638).
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APPENDIX TABLE 2 (concluded)
COLONY COUNTS WITH DIFFERENT INOCULA OF THE STRAIN H37Rv IN CODED CONTAINERS a

Inoculum: 10.6 mg

649

Media
CodeCode

b

Container number number b Liquid Liquid -L6wenstein L8wenstein-of of medium medium Jensen - Gottsacker Jensen
ampoule tube with with bovine (tubes) (tubes) (Petri

albumin serum dishes)

Glass ampoules 35 098 _ |
sent to the field 35 134 - - _ _

Glas ao13 - - - 2
107 z -

083 - - _
086 - - _ - C

48 002 - ---
069 - ----

44 004 - ----

Glass ampoules 009-co2ut
kept In laboratory 56 5os6 ROc - p

71 C=049 1Cotaiatd
042 - - - - -

01 003 - - - -

129 - - - - -

38 024 - - - - -

050 - - - - -

54 013 - - - - -

090 - - - - -

Plastic boxes05
kept In laboratory 19

0 - - - C

68 127 - - - -

117 - - - - -

15 102 z z -

11 110 - - - -

014 - 1 - - -

07 048 - - - -

064 -----

a Figures Indicate colony counts.
b Code number allotted by WHO Tuberculosis Research Office (see page 638).
10C = Contaminated.
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APPENDIX TABLE 3

CULTURE RESULTS OF SPUTUM SPECIMENS BEFORE AND AFTER DESPATCH TO AFRICA a

Culture results on
Culture results on portion of specimen stored portion of

s o ~~~Culture results before shipment in the laboratory c specimen des-
CD* E to Africa C (Date of culture: 5.8.58) patched to AfricaE

(Date of culture: 17.7.58) after receipt back0. e in Prague c (Date
U) s 20C 200C of culture: 5.8.58)

10° 10-' 10-2 10-3 10-4 10-0 10-1 10-2 103 100 10-'1 10 10* 10-1 10'

++++ ++++ +++

++++ ++++ +++

++++ +++ 84
++++ +++ 66

++++ +++ 160
++++ +++ 68

8
12
3
3
15
14

++++ +++

++++ +++

++ 42

++ 32

+++ ++

+++ ++

++++ ++

++++ ++

++ S

++ 4

++ 21

++ 13

I

I

++

++

4
6
35
49

6
4

2
2

++++ ++++ +++ ++

++++ ++++ +++ ++

++++ ++++ +++ 28

++++ ++++ +++ 33

++++ ++++ +++ 205

++++ ++++ +++ 255

.. C ++

.. ++ ++

*+++ ++

*@ +++ ++

3

2

52
57

++++ +++ ++ 18

++++ +++ ++ 15

+++ ++ + 2

+++ ++ + 6

++++ +++ ++ 42
++++ +++ ++ 15

12
7

6
10

++

++

7
18

24
56

++

++

++

+++

2

3
4

2

4
11 2 ..

2

2

2

5
2
9

70

7
8 -

C

C

7 2 -

8 -

9 _

2 _

C C C

C C C

C

C

C _

8 - _

6
C C C

4 2 -

13 3 -

C _

C _

C _

++ 1'
++ I
+ 5
+ I

+++ ++
+++ +++

3
C

6
4

6
+
3

C

C

C

I

12
10

C

3

3 -

2

++. ++

+++ ++

++ +

+ 4

+++ ++

+++ ++

4
3
1

5

C

C

C

C

I

2

8

9

12

IT

A
B
C
D
E
F

A
B
C
D
E
F

A
B
C
D
E
F

A
B
C
D
E
F

A
B
C
D
E
F

A
B
C
D
E
F

650



651EFFECTS OF STORAGE AND TRANSPORT ON CULTIVABILITY OF MYCOBACTERIA

APPENDIX TABLE 3 (continued)
CULTURE RESULTS OF SPUTUM SPECIMENS BEFORE AND AFTER DESPATCH TO AFRICAa

Culture results on
Culture results on portion of specimen stored portion of

C n Culture results before shipment in the laboratory c specimen des-
E * E to Africa c (Date of culture: 5.8.58) patched to Africa
oz : (Date of culture: 17.7.58) after receipt back
: e in Prague c (Daten 2 20C 200C of culture: 5.8.58)

10- 10-1 10-2 10-3 10-4 10-° 10-' 10-' 10-' 104 10- 10-' 10-° 10-' 10-'

++++ ++++ ++++
++++ ++++ ++++

C C 8
C C 10

+++ ++ 168
+++ ++ 120

++++ +++ ++
++++ +++ ++
++ 34 1
+++ 38 2
+++ ++ 88
+++ ++ 64

++++ ++++ +++ +++

++++ ++++ +++ +++

++++ +++ ++ 37
++++ +++ ++ 27

+++
+++

++

++
+++
+++

++

C

++
+++
+++

++ 9 ..

+++ ++ .

+ 2 ..

7 -
++ 24
++ 44

++ 12
++ 9 *

I -

3 - ..

+ 8 ..
+ 18 ..

+++ ++ 6
+++ ++ 7
28 4 -
20 2 -
++ + 6
++ + .7

3

3
+

1

+++ ++ ++ +

+++ ++ ++ +

++ + 20 -

++ + 15 -

12 - _
7 -

14 2 -
24 2 -

++ 6 -
++ 7 -

I - -

1 _

C C -

C C -

C ++ +
C ++ 4
++ + 2
+ + 2

++++ ++++ +++ 280 ++++ +++ ++ ++ +++ ++ +

++++ ++++ +++ 260 ++++ +++ ++ ++ +++ ++ +

++ 3 -
++ I -
3 - _

+ 7 _
+ 3 1

++ 6 _
++ 3_

4 - _
++ 8j I
++ 7 1

C ++ 6
C ++ 5
++ 8 -
++ 6 -
+++ ++ 10
+++ + 3

a Figures indicate colony counts.
b A = Liquid medium with albumin.
B = Liquid medium with bovine serum.

C = Gottsacker's medium in test-tubes.
D = Lowenstein-Jensen medium in test-tubes.
E = Gottsacker's medium in Petri dishes.
F = L6wenstein-Jensen medium in Petri dishes.

c = Not examined; C = Contaminated.

++++ +++
++++ +++
+++ ++
+++ ++
+++ ++
+++ ++

++
++
5
2
15
17

4
5
I
I
7
4

18

19

20

22

24

A
B
C
D
E
F

A
B
C
D
E
F

A
B
C
D
E
F

A
B
C
D
E
F

A
B
C
D
E
F

++
++
++
++

++
++
12
27
++
++

2
2
I

5
7


