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During the course of a study on thermal inactivation of cholera phages
(Monsur et aI., 1975) we observed that the results at the higher temperature range
(65°C to 700C and above) were erratic. For example, if a tube containing a known
dilution of the phage was heated in a water bath and the contents examined at
intervals for the number of plaque forming units (p.f.u.) present, it was not unusual
for the later samples to give a higer count than the earlier ones; sometimes dupli-

cate samples removed from the tube at the same time were also found to give
diff~rent counts. The results were far too erratic to be explained by experimental
error and it was felt that something other than simple inactivation must be

happening which was responsible for such bizzare results.

Preliminary study suggested the possibility that this erratic behaviour was

the result of loose adhesion of phage to the glass wall and the present work
records the results of our study of this phenomenon.

METHODS AND MATERIALS

Phages and indicator strains

The phages used in the test were Mukerjee's group I to IV cholera phages
and also Escherichia coli (E.coli) phage T1. Mukerjee's Ogawa Strain 154 was

used for propagation and assay of cholera phages while E. coli strain B (Albany)
was used for the coli phage.

Culture media

The fluid medium routinely used for propagation and test purposes was broth
containing peptone (Oxoid, l-37) 1.0% and sodium chloride 1.0% in distilled water.
Some of the test were also repeated with broth containing trypticase (BBl) 1.0%
and sodium chloride 1.0% in distilled water to find ouf if allother brand of peptone
would give a different result. Bacto agar (Difco) was adde(l to the above to give a
concentration of 1.5% for use in normal agar plates Clnd 0.7% for the preparation

*Supported in part by a grant from the Bangladesh Medical Resc;arch Council.
tPresent address: World Health Organisation (WHO), Nairobi, K~nya.
~Present address: World Health Organisation (WHO), New Delhi, India.

12



Vol. Ii, No. 1

FIG. I

AbHESION OF CHOLERA PHAGE-H.UQ ET At

PLANFOR THE RECOVERY OF PHAGE FROM THE WALL OF THE

TUBE WITH SUCCESSIVE WASHINGS AND COMPARISON OF THE

COUNT WITH THE DILUTION EFFECT.

Phale dilution heated in a water bath.
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of soft agar. All media were autoclaved at 1200 for 20 min. The pH for Oxoid
broth was 6.5 and for trypticase broth 7.1 and did not require any adjustment.

Phage count
The phage was assayed by the agar-layer method of Adams (1959). In

each case 0.1 m!. of the required dilution of the phag e was plated in duplicate

using 0.5 m!. of a young broth culture of the indicator organism per plate.

Comparison of the recovery of phage from the content and wall of the
tubes after heating

Serial ten fold dilutions of the phage with an initial titre of 1010 p.f.u/m!.,

or greater, were made in broth. Each of these dilutions were then distributed in 4
thin walled neutral glass test tubes in 4.0 m!. quantities. In this way four
identical sets of serial phage dilutions were obtained. One of the sets was used
for determination of the phage titre. The other three sets were heated in a water

bath at the appropriate temperature, as selected from the results of preliminary

experiments. The first of these three sets was examined after 15 min., the second
after 60 min. and the third after 90 min.

. After the heating was over, each of a series of 3 or 4 tubes of appropriate
Sdilution range from the set to be examined was tested:

tep (i) Two-tenth (0.2) ml of the phage from the tube was carefully pipetted

without disturbing the fluid and 0.1 m!. of this was plated in dupli-

cate for the assay of p.f.u.

Step (ii) The entire content of the tube was then completely decanted into

another tube and 0.1 m!. of this was similarly tested in duplicate
for p.f.u.

Step (iii) The empty tube (vide ii) was then gently washed with two successive

amounts of 2 m!. of broth. The two washings were completely
decanted into another tube and the pool was similarly tested for p.f.u.

Step (iv) To the empty tube (vide iii) was added 2 m!. of broth and the tube
shaken vigorously and the content was also agitated by sucking it

up and down with a pipette 5 times. After pouring the washing into
another tube the empty tube was washed again with another 2 m!.

of broth. The pooled washings (total 4 m!.) were titrated for p.f.u.

Step (v) The empty tube (vide iv) was again washed and then rinsed as des-
cribed in step (iv) and the pooled washing titrated for p.f.u.

Fig. 1 shows all the different steps of the process beginning with one of the
selected tubes containing the heated phage.

The residual fluid which remained in the tube after the contents were poured

off was approximately 0.2 m!. So this amount will be diluted to thet otal fluid used
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in washing. The approximate final dilution of phage at the end of each step
calculated on this basis, is shown in Fig. I and are meant to give an idea of
what the order of the expected count should be after each step as compared to the
original.

The tests described above were done after heating Mukerjee's phage I, II
and IV at 70° and phage III at 65°, because preliminary experiments suggested that
with these phages the erratic behaviour became well established at these tempe-
ratures. With Mukherjee's phage I, the tests were also done after heating at 55°,
60° and 65° for 15 min. to find out at what temperature the erratic behaviour, if
any, might become significant. Preliminary experiments, on the lines described
above, were also made with coli phage T1 at 70.°

A number of tests were also carried out with phage I by replacing double
distilled water in place of broth both for suspending the phage and also for washing
the tubes after inactivation.

A few experiments were repeated in which the shaking was done mechanically
in a 'Minishaker' instead of shaking by hand and repeated pipetting, to find out if
the results obtained by using the two techniques were comparable. In several
experiments the plaque count of the decanted phage from the heated tube was
repeated after vigorous shaking of the fluid in a 'Minishaker' to find out if this
procedure increased the count appreciably by breaking down any possible clumps.

To find out if the nature of the glass surface had any effect on the pheno-
menon some of the experiments were repeated using siliconized glassware by treat-
ing the test tubes with "Siliclad" (Clay-Adams, Inc.). Tests were also made by
adding Tween 80 to the phage suspension to find out if this produced any effect
on the phenomenon.

RESULTS

The results of an actual experiment with Mukerjee's phage I are shown in
Table-I which gives a general picture of the type of findings that have been obtained
with other phages.

It will be seen that the plating of the content (obtained directly from the
tubes) for phage count showed erratic results. The effect of dilution was not
reflected in the count and there was also wide variation even in duplicate counts
from the same tube e.g. 22 and 1.

The simple act of decantation of the fluid into another tube was found to
increase the count considerably. Again, in most cases the pool of two simple
rinses of the inside of the empty tube showed a count higher than the original,
although because of dilution, one would expect the count to be about twenty times
less. The fourth step samples was a further washing of the empty tube, the
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TABLE-I

Recovery of Mukerjee's phage I from successive washings of
tube after heating at 70°, and its comparison with the dilution effect.

Plaque forming units per 0.1 ml.
10-2 I 10-3 I 103 I 10-8

Time Observed
I I I

145

count 136

Before Expected -
I 1.4x107 i 11.4x102

heating count. 1.4x108 1 .4x1 06
--- I

Direct from tube 28 4
16 0

After decantation 7 18
9 20

15 After two rinses 1 90
Minutes 1 88

After first shake Inn Inn
and wash Inn Inn

After second shake 17 17
and wash 26 10

Direct from tube 0 1 0
0 0 0- .- --

After decantation Scl 105 16
Scl 112 16

After two rinses Sci 25 80
Scl 14 72

60 After first shake Inn Inn 18
Minutes and wash Inn Inn 23

After second shake 112 54 0
and wash 116 38 5

Direct from tube 22 0
1 1

After decantation Scl 6
Sci 4

90 After two rinses Inn 70
Minutes Inn 84

After first shake 145 44
and wash 166 72

After second shake 104 0

and wash 80 4

Inn = innumerable, Sci= Semi -confluent.
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TABLE-II

Recovery of Mukerjee's phage I from successive washings of tube after heating
at different temperatures for 15 and 90 minutes and its comparison with the dilution
effect.

-

Plaque forming units per 0.1 ml.
Initial dilution of phage in the tube

Time of IO-Tllo-z I 10 3 I 10-4 I 10':5 I 10-6 I 10-7
heating at Observed

I I

I I
I I

176
different cOllnt I I 150
temperature Before Expected

1.6x 10sk6X 107\ 1.6x 10611.6X lOS!1.6X104\t.6xx 10311.6x 102heating cOllnt.

Direct from tube Inn 63 5
Inn 48 3

15 minutes After decantation Inn 51 5

of heating at 1nn 54 7

60° After two rinses 8 2 0
10 0 0

After first shake 1 0 0
and wash 1 0 0

After second 0 0 0
shake and wash 1 0 0

---------
Direct from tube Inn 41 4 0

Inn 36 3 0

5 minutes of After decantation 0 0
-

Inn 30
heating at Inn 29 2 2

65° After two rinses 20 1 0 0
22 3 0 '0

After first shake 0 0 0 0
and wash 0 0 0 0

After second shake 0 0 0 0
and wash. 1 0 0 0

Direct from tube Inn 42 13
Inn 45 7

90 minute of After decantation Scl 142 10
heating at Scl 155 12

65° After two rinses Scl 125 22
Scl 108 24

After first shake Inn 82 45
and wash Inn 65 66

After second shake Inn 34 7
and wash Inn 32 5

Inn=lnnumerable, Scl=Semi-confluent
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count from this sample was generally found to be higher than any of the previous
counts from the same tube in spite of the fact that from simple dilution effect this
count should have been about 2000-fold less than that from the original heated
content. Similarly, the fifth step count after a further wash was also found to be
much higher than what one would expect due to the dilution.

Similar results were obtained with phages II and IV after heating at 70°;
phage III showed similar behaviour at the temperature of 65°. By further experi-
ments it was noticed that, at 15 min. the erratic behaviour became obvious at 70°

and not at the lower temperature of 60° or 65° (Table II). Also tests showed that if

thp heating was continued for 90 min., phage I did show similar erratic behaviour
even at 65° (Table II).

To find out the effect of ionic co-factors present in the broth a number of
experiments were carried out with phage I using double distilled water in place of
broth, both for suspending the phage and for washing the tubes after inactivation.
Every time the results were essentially similar as with broth.

Preliminary experiments carried out with E.coli phage T1 on the same lines
described above showed the behaviour of this phage to be similar to those of the
cholera phages.

DISCUSSION

The fact that count from undisturbed contents of the tubes immediately after

heating gave erratic results bearing no relationship to the dilution of the phage in
tube indicates that some factors other than simple inactivation seems to be involved
in the phenomenon. This view is further strengthened by the fact that duplicate
examinations from the same tube frequently gave widely different counts. The
above facts, and also the finding that simple act of decantation of the heated con-
tent into another tube was found to increase the count considerably, suggest that
heating produced one or both of the following effects: (i) Loose aggregation of the
phage particles which were broken down as a result of subsequent shaking, or {ii)
Loose adhesion of phage to the wall of the test tubes which became detached as
a result of shaking.

Since even vigorous shaking of the content of the heated tube, after it was
decanted off, did not Increase the count appreciably, it seems likely that pha'ge
aggregation in the fluid did not playa major role in the phenomenon observed.

On the other hand, simple rinsing and washing of the inside of the tubes
instead of giving a lower phage count on account of the dilution factor was found,
in fact, to increase the count very consideraby. These facts clearly indicate that the

phage must have been added to the washing from the wall of the tube. It is clear
that the phage which was thus added to the washing must have been loosely ad-
hering to the wall. The extent of this adhesion appears to be quite extensive as is
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evident from the fact that the washing of the tube instead of showing a 2000 fold
reduction in count have, in fact, shown a marked increase.

Siliconizing the glasswares or the use of Tween 80 did not seem to produce
any detectable effect on this behaviour of the phage. These observations and also
the fact that similar results have been obtained by using two different types of phage
and also by using two different media suggest that some general behaviour of the
phage itself is. responsible for this observed phenomenon.

Delbruck (1940) reported that some phage could be made to attach rever-
sibly to Jena glass filters. Similarly, Puck et al. (1951) observed that T1 phage
readily adsorbs to glass filters. Such attachment requires the presence of
cations, is reversible and is demonstrable even at refrigerator temperature, the rate
increasing up to 37°, when it falls. Since in our experiments the behaviour
of the phage was essentially the same whether we used broth or distilled water
as a suspending medium or for washing, it can be concluded that the loose adhesion
described in the present work was not affected by cations. We also did not find
any evidence of adsorption of phage I to glass surface at the refrigerator temperature,
as, at this temperature, we failed to recover any phage from the wall of the tube by
washing either with broth or distilled water.

The present study indicates that large quantities of phage became
adherent to the glass wall at the high inactivation temperature under the conditions
of the test, whatever may be the physico-chemical mechanism involved.

Further studies are needed to find out what effects the different variables like

composition of the medium, various co-factors, duration of heating may have on
this phenomenon. The findings are reported with the hope that other workers
might be interested to study the phenomenon in greater detail. Besides, these
observations, if found to be generally true, would imply that many of the published
data on thermal inactivation of phages at higher temperatures and longer times will
require to be reviewed.

SUMMARY

Decimal dilutions of cholera phage heated in test tubes at the temperature
range of 65° to 70° showed an erratic behaviour in that the residual counts had no
relationship to the quantity of phage originally present in the tubes. If the contents

of the heated tubes were decanted off and the empty tubes washed repeatedly
with broth, the recovery of phage from successive washings of the tubes was much
higher than what would be expected on the basis of the simple dilution effect of
washings. The data presented indicate that the heating causes loose adhesion
of phage to the wall of the glass tubes from where they can be detached by washing
or shaking.
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