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ISO 10705-1:1995(E)

Water quality — Detection and enumeration of

bacteriophages
Part 1:

Enumeration of F-specific RNA bacteriophages

1 Sdope

This part of ISO 10705 specifies a method for the
detectipn and enumeration of F-specific ribonucleic
acid (RNA) bacteriophages by incubating the sample
with an appropriate host strain. The method can be
applied to all kinds of water, sediments and sludges,
where |necessary after dilution. In the case of low
numbers, a preconcentration step may be necgssary
for which a separate part of ISO 10705 will be devel-
oped. The method can also be applied te\-shellfish
extracts. Depending on the relative abundance of F-
specifi RNA  bacteriophages to - background
organigms, additional confirmatery~'tests may be
necesdary and are also speqified in this part of
ISO 10/705.

The presence of F-specific- RNA bacteriophages in a
water | sample generally indicates pollution by
wastewater contaminated by human or animal faeces.
Their durvival in(the environment, removal by widely
used water tfeatment processes and concentration
or reteptiofl by shellfish resembles that of foodborne
and waterborne human enteric viruses, for example

tions of the standards indicated below.
IEC and\ JSO maintain registers of ¢
International Standards.

ISO 3696:1987, Water for analytical labg
Specification and test methods.

ISO 5667-1:1980, Water quality —
Part 1: Guidance on the design of s
grammes.

ISO 5667-2:1991, Water quality —
Part 2: Guidance on sampling techniqus

ISO 5667-3:1994, Water quality —
Part 3: Guidance on the preservation ar
samples.

ISO 6887:1983, Microbiology — Genera
the preparation of dilutions for microbig
ination.

ISO 8199:1988, Water quality — Genera
enumeration of micro-organisms by cult

Members of
urrently valid

ratory use —

Sampling —
ampling pro-

Sampling —
S.

Sampling —
d handling of

guidance for
logical exam-

[ guide to the
Lre.

the enteroviruses, hepatitis A virus and rotaviruses.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISO 10705. At the time of publication,
the editions indicated were valid. All standards are
subject to revision, and parties to agreements based
on this part of ISO 10705 are encouraged to investi-
gate the possibility of applying the most recent edi-

3 Definition

For the purposes of this part of ISO 10705, the fol-

lowing definition applies.

3.1 F-specific RNA bacteriophages: Bacterial vi-
ruses which are capable of infecting a specified host
strain with F-pili or sex-pili to produce visible plaques
(clearance zones) on a confluent lawn grown under
appropriate culture conditions, whereas the infectious
process is inhibited in the presence of a concentration
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of 40 (occasionally 400) ug/mi of RNase in the plating
medium.

4 Principle

The sample is mixed with a small volume of semi-
solid nutrient medium. A culture of host strain is
added and plated on a solid nutrient medium. After
this, incubation and reading of plates for visible

© ISO

6.3 Reagents

8.2.1 RNage from haovine nancreas Qpecjﬁc ac-

Lo 1 LU b eI TS,

tivity approximately 50 units/mg (Kunitz).

6.3.2 Antibiotic discs, for susceptibility testing with

nalidixic acid (130 ug; 9 mm) and kanamycin
(100 pg; 2@ mm).

6.3.3 Glycerol, 870 g/litre.

plaques takesplace Where Tiecessary, simuttareous
examination |of paralle! plates with added RNase for
confirmation| by differential counts is carried out. The

R Iy ~N
results are gxpressed as the number concentration

of plaque-forming particles (Cyy,) per unit of volume.

5 Safety|precautions

The host strain used is a Salmonella typhimurium
mutant of low pathogenicity and should be hand-
led in accordance with the appropriate national
or international safety procedures for this bac-
terial species. F-specific RNA bacteriophages are
non-pathogenic for man and animals, but are very
resistant to drying. Appropriate precautions
should therefore be taken to prevent cross-
contaminatjon of test materials, particularly when
examining jor handling cultures of high titre or
when inoctyilating cultures of the host strains.
Such procpdures must be carried out in\la
biohazard ¢abinet or a separate area of the lab-
oratory.

6 Diluent, culture media and reagents

6.1 Basic|materials

Use ingredi¢nts of uniform quality and chemicals of
analytical grade for the’ preparation of culture media
and reagents, and-follow the instructions given in an-
nex A. For i formatlon on storage see ISO 8199, ex-
cept wher
Alternatively, use dehydrated complete media and
follow strictly the manufacturer's instructions.

For the preparation of media, use glass-distilled water
or deionized water free from substances which might
inhibit bacterial growth under the conditions of the
test, and in accordance with 1ISO 3696.

6.2 Diluent

For making sample dilutions, use peptone saline sol-
ution as indicated in A.8.

6.4 Microbiological reference cultures

Salmonella typhimurium strain WG49, phage type 3
Nal' (F’ 42 lac::Tn5), NCTC 12484

Bacteriophage MS2, NCTC 12487 or ATCC 18597-B1.

NOTE 1 The,NGTC strains are available from thel National
Collection of¢Type Cultures, 61 Colindale Avenue| London
NW9 6HT,«England. The ATCC strains are available|from the
American~Jype Culture Collection, 12301 Parklawn Drive,
Rockville, Maryland, U.S.A.

7 Apparatus and glassware

Usual microbiological laboratory equipment, irfcluding

7.1 Hot-air oven for dry-heat sterilization|and an
autoclave. Apart from apparatus supplied| sterile,
glassware and other equipment shall be sterilized ac-
cording to the instructions given in ISO 8199.

7.2 Incubator or water bath, thermostatically
controlled at 37 °C + 1 °C.

7.3 Incubator or water bath, thermostatically
controlled at 37 °C + 1 °C and equipped with|a rotary
platform at 100 min™' + 10 min~"

lled at

45°C + 1 °C.

7.5 Water bath or equivalent device, for melting
agar media.

7.6 pH-meter.
7.7 Counting apparatus, with indirect, oblique light.

7.8 Deep freezer, thermostatically controlled at
—20°C+5°C.
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7.9 Deep freezer, thermostatically controlled at
—70°C + 10 °C.

7.10 Spectrometer, capable of holding 1cm
cuvettes or side-arm of nephelometric flasks (7.17)
and equipped with a filter in the range 500 nm to
650 nm with a maximum bandwidth of + 10 nm.

Usual sterile, microbiological laboratory glassware or

disposable plastics ware according to ISO 8199 and
inCludirg the fnllr\\A/ing

ISO 10705-1:1995(E)

7.14 Culture tubes, with caps.
7.15 Measuring cylinders, of suitable capacity.

7.16 Conical flasks, of capacity 250 ml to 300 ml,
with cotton wool plugs or suitable alternatives.

7.17 Cuvettes, of optical path length 1 cm or
nephelometric conical flasks, of capacity 250 ml to
300 ml, with cylindrical side-arms which can be fitted

7.11 Petri dishes, of diameter 9 cm or 15 cm.

7.12 Graduated pipettes, of capacities 1 ml, 5 ml
and 10|ml.

7.13 G@Glass bottles, of suitable volumes.

S,
-

X
K :,3

el

tothespectrometer{7-t0and-withcottpn wool plugs
or suitable alternatives. (See figure 1)

7.18 Membrane filter units; for sterjlization, pore
size 0,2 um.

7.19 Plastics vials,  lidded, of capacjty 1,56 ml to
2 ml

Figure 1 — Nephelometric conical flasks for culturing the host strain
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8 Sampling

Take samples and deliver them to the laboratory in
accordance with 1SO 8199, ISO 5667-1, ISO 5667-2,
and ISO 5667-3.

9 Preparation of test materials

9.1 Culturing and maintenance of host
strains WG49 and E. coli K12 Hfr

© SO

9.1.1 Preparation of stock cultures

Rehydrate the contents of a lyophilized ampoule of
the reference culture of the host strains in a small
volume of TYGB (A.1) using a Pasteur pipette. Trans-
fer the suspension to 50 ml of TYGB in a 300 ml
conical flask (7.16). Incubate for 18 h+ 2h at
37°C+1°C while shaking at 100 min~'
+ 10 min~". Add 10 ml of glycerol (A.6) and mix well.

The culturing and maintenance of host strains in-
volves sevefal stages which are summarized in
figure 2. The|figure also indicates the stages where
quality contrgl of the host culture is performed.

REFERENCE CULTURE
(9.1.1

Overnight culture, add
20 % (V/V) glycecol

#

STOEK CULTURE
Store at™ 70 °C (9.1.1)

Log-phase culture from
lactose-positive colonies,
add 20 % (V/V) glycerol

i

WORKING CULTURE
Store at -70 °C
max. 2 years (9.1.2)

Distribute into plastics vials (7.19) in 1,2 ml aliquots
and store at — 70 °C £+ 10 °C.

NOTE 2  This first culture of the host\strain should be
stored as a reference standard in the {aboratory.

QUALITY CONTROL (9.3)

|

Log-phase culture

1

INOCULUM CULTURE
Store on melting ice,
use within 2 h (10.1)

Figure 2 — Scheme for culturing, maintenance and quality control of host strain WG49
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9.1.2 Preparation of working cultures

Thaw one vial of stock culture (9.1.1) at room tem-
perature and inoculate on a plate of McConkey agar
(A.7), or another lactose-containing medium, in such
a way that single colonies will be obtained. Incubate
at 37 °C + 1 °C for 18 h + 2 h. Add 50 ml of TYGB to
(A.1) a 300 ml conical flask (7.16) and warm to room
temperature. Select three to five lactose-positive col-
onies from the McConkey agar and moculate matenal
from egq
Incubate for 5h+1 h at 37°C+1 °C while shakmg
at 100{min™" + 10 min™". Add 10 ml of glycerol
(A.6) and mix well. Distribute into plastics vials (7.19)
in 1,2 ml aliquots and store at — 70 °C + 10 °C for a
maximyim of 2 years. Control the quality of the work-
ing culture according to 9.3.

NOTES

3 If a great number of tests is anticipated, several conical
flasks can be inoculated in parallel.

4 If qyality control fails, prepare new inocula from the
stock cylture. After repeated failures, or if the stock culture
is depleted, obtain a new lyophilized ampoule of the refer-
ence culture. Do not subculture repeatedly in the laboratory.

9.2 (Qalibration of turbidity measurements

Take ofpe vial of working culture of host strain WG49
from the freezer and thaw at room temperature. Add
50 ml ¢f TYGB (A.1) to a nephelometric’ conical flask
(7.17), | warm to room temperature, adjust the
spectrgmeter reading to 0 or_the filled side-arm.
Alternatively, use a plain conical flask (7.16) and adjust
the spgctrometer reading«{a”0 on broth transferred to
a cuvette (7.17). Inoculate 0,5 ml of working culture.
Incubate at 372G 1°C while shaking at
100 mih™ ' + 10 min~ ' for up to 3 h. Every 30 min,
measufe the turbidity and withdraw a 1 ml sample for
viable ¢ounts;-assuring that the flask is taken from the
incubafor-for ‘as short a time as possible.

ISO 10705-1:1995(E)

9.3 Quality control of host strain WG49

Use a culture as prepared in 9.2.

At times ¢t = 0 h and ¢t = 3 h, also inoculate two plates
of McConkey agar (A.7), or another lactose-containing
medium with the same dilution series, and incubate
at 37 °C + 1 °C for 24 h + 2 h. From plates yielding
between 30 and 300 colonies, count the number of
lactose- posmve and lactose-negative colonies and
tive colonies.

At times t=0h and t=3h, spread Q,1 ml of the
10~ ? dilution on a plate of McCofkey agar or alterna-
tive, place one disk with nalidixic acid {Nal) and one
disk with kanamycin (Km) on-the plates|and incubate
for24 h + 2hat37 °C&\ °C.

Measure inhibition Zones around the antjbiotic disks.

The host strain. is acceptable if the follpwing criteria
are met:

plate count on TYGA (9.2) at [0h: 05 to
310’ cfp/ml;

plate count on TYGA (9.2) at{3h: 7 to
40 x 10’ cfp/ml;

lactose-negative colonies (plasmid | segregation)
< 8 %,;

inhibition zone around Nal disk: absent;
Km disk: < 20 mm diameter.
NOTE 6 Antibiotic disks with a different diameter or

concentration can be used; another criteriop for the maxi-
mum inhibition zone around the Km disk should be set.

Check the host strain for sensitivity for Fspecific RNA
bacteriophages as follows.

Prepare a stock culture of bacteriophagé MS2 as de-
scribed in annex C and store at 4 °C 4+ 2 °C. Prepare
a decimal dilution series and plate out|according to

Dilute samples to 10~° and spread 0,1 ml volumes
of the 10~%, 1072 and 10~ ° dilutions on TYGA plates
in duplicate (A.2); incubate at 37°C + 1°C for
24 h + 2 h. Count the total number of colonies on
each plate yielding between 30 and 300 colonies and
calculate the number of cfp/ml (consult ISO 8199 if
necessary).

NOTE 5 This procedure should be carried out several
times to establish the relationship between turbidity
measurements and colony counts. If sufficient data have
been obtained, further work can be based on turbidity
measurements only.

TO.T, but use the E. coli K-TZ Hir host strain. Store the
dilution series at 4 °C + 2 °C overnight. Count the
number of plaques, from the dilution series, and pre-
pare 100 ml to 1 000 ml of a suspension of MS2 in
peptone-saline solution (A.8) which is expected to
contain approximately 100 pfp/ml. Add glycerol
(5 g/l).

Distribute over plastics vials (7.19) in 1,2 ml aliquots
and storeat —20°C + 56°Cor—-70°C + 5°C.

Thaw four vials at room temperature, combine them
in one tube and plate out 1 ml volumes in duplicate
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on the E. coli K-12 Hfr strain and on WG49 according
to 10.1. Count the number of plaques on each plate
and calculate the recovery on WG49 relative to the

E. coli strain. Accept WG49 if the recovery is
> 80 %.

0 ISO

10.2 Method for samples with high bacteriai
background flora

Add nalidixic acid to ssTYGA (A.3) until a final con-
centration of 100 ug/ml is obtained.

NOTE 10  Nalidixic acid is stable when heated. It can ei-
ther be added from a filter-sterilized solution (A.4)
(0,2 ml/50 ml) after meiting of ssTYGA or can be added to
TYGA before autoclaving.

10 Procedure

10.1 Standard procedure

Take one via| of working culture from the freezer and
thaw it at rpom temperature. Add 50 ml of TYGB
(A.1) to a nephelometric conical flask (7.17), or plain
conicai fiask|{7.16). Adjust the spectrometer reading
to 0 as desqribed in 9.2 and prewarm to room tem-
perature. Ingculate 0,5 ml of working culture. Incu-
bate at 37 1C + 1 °C while shaking at 100 min~"
+ 10 min~'| Measure turbidity every 30 min. At a
turbidity corfesponding to a cell density of approxi-
mately 10° ¢fu/ml (based on data obtained in 9.2),
take the ingculum culture from the incubator and
quickly cool on melting ice. Use within 2 h.

NOTE 7 It is essential that the culture is quickly cooled
to prevent logs of F-pili by the cells, which will negatively.
influence recovery.

Melt bottles|of ssTYGA (A.3), cool to 44 °C t0~60 °C,
aseptically |add calcium-glucose solutfion” (A.1)

(0,5 ml/50 m

ture tubes

45°C + 1°Q.

dilution or ¢
lution step a

Add 1 ml of

the contents

(A.2). Distrib

horizontal,

upside-dow

l) and distribute 2,5 ml aliguets into cul-
with caps, placed in al water bath at
To each tube, add. Q1 ml of sample (or
bncentrate). Examing_each volume or di-
least in duplicate.

inoculum culture, mix carefully and pour
over thé.surface of a 9 cm TYGA plate
ite evenly, allow to solidify on a perfectly
ool \surface and incubate the plates

at37°C+1°Cfor18h+2h

10.3 Confirmatory test

In parallel with the series of plates)described under
10.1, prepare a similar series with RNase-$olution

(A.5) added to the tubes of ssTYGA until a fipal con-
centration of 40 pg/ml is , 6btained (i.e. 100 pl of
RNase solution to 2,5 ml.ef ssTYGA in a tube].

NOTES
11 Confirmatorytests should at least be carried out
a) when examining new sampling points;

b) regularly at fixed sampling points when Ngy.d/N (see
clatse 11) is usually less than 10 %;

el always at fixed sampling points when Nyy,se/N I usually
> 10 %,;

d) if large, circular, clear plaques with smooth edges
(probably somatic Salmonella phages) are [regularly
seen.

12 In rare cases, RNA-phages may not be inhipited by

RNase at 40 ug/ml and it may be necessary to increase the
concentration of RNase to 400 pg/ml.

10.4 Samples with low phage counts

Proceed according to 10.1 but with the following
modifications:

— 10 ml of ssTYGA, 1 ml of host culture apd 5 mi
of sample in duplicate per dilution step;

NOTES
8 Do not stack more than 6 (preferably 4) plates.

9 The addition of ice-cold sample and host culture to the
top-agar may lead to a sharp drop in temperature and
solidification of the medium. Assure a sufficient time inter-
val between these two steps to allow reheating. However,
make sure that inoculated tubes remain in the water bath
for not more than 10 min.

Count the number of plaques appearing on each plate
within 4 h, using indirect oblique light.

— pour over 50 ml of TYGA in a 14 cm Petri dish.

NOTE 13  This procedure will be able to detect up to
1 pfu/50 ml or 100 ml, if 10 or 20 plates are inoculated in
parallel. Due to the high consumption of culture media, it
may be advisable to use concentration methods which will
also be necessary for even lower counts.

10.5 Quality assurance

With each series of samples, examine a procedural
blank using sterile diluent as the sample and a stan-
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dard preparation of MS2 (see 9.3). Piot the resuits on
a control chart.

Optionally, also use a naturally polluted standard
sample, taken from sewage or surface water, diluted
to approximately 100 pfp/ml in peptone saline solution
and glycerol (5 g/l) and stored at —20°C + 5 °C or
— 70 °C + 5 °C. Discard the standard samples if the

concentration of RNA-phages decreases.

ISO 10705-1:1995(E)

where

Cotp  is the confirmed number concentration of
F-specific RNA bacteriophages per milli-
litre;

N is the total number of plaques counted on
WG49 plates according to 10.1, 10.2 or

1in A
1U.4,

Nrnase 18 the total number of plaques counted on

¥

NOTE14 Inthea

referente materials, an
standard samples betw
. aged.

s
e exchange of
boratories should be encour-

<

°
<]
5]

Q
Q
[+
3
3
@
-
3
g

en |

@
Y]

if sengitivity to phages is Ilost (this is unusual but it
may happen very suddenly and completely), prepare
a new|set of inocula according to 9.1.2.

11 Expression of results

Select|plates with 30 to 300 plagues. From the num-
ber of|plaques counted, and taking into account the
results| of previous confirmatory tests, calculate the
numbgr concentration of (plague-forming particles of}
F-specjfic RNA bacteriophages in 1 ml of the sample
as follows:

_ N — NRNase

e = n xF

WG4Y plates with RNase | according to

10.3;

n is the number of replicates;

F is the dilutiom™~(er concentration) factor
{1 IE tem dlam mmmin AL 1N AN
Vo I uie Gase Ul 1U.4).

12 Test report
The test repart'shall contain the following information:
a) a reference to this part of ISO 1070p;

b)...all details necessary for complete identification of
the sample;

c) if a confirmatory test was used and the ratio of
Ngnase 10 N, as a percentage;

d) the results expressed in accdrdance with
clause 11;

e) any other information relevant to th¢ method.
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broth (TY

Basal mediu

©1SO
Annex A
(normative)
Culture media, reagents and diluents
than 6

B)

Yeast extra
NaCl
Distilled wa

Trypticase peptone

10 g
19
84

er 1 000 ml

Dissolve the
so that after
Distribute th
200 mi, an
121°C+1°
4°C+ 2°CHf

Calcium-glug

ingredients in hot water. Adjust the pH
Sterilization it will be 7,2 + 0,1 at 25 °C.
e medium into bottles in volumes of
H  sterilize in the autoclave at
[ for 15 min. Store in the dark at
br not longer than 6 months.

ose solution

CaCl,-2H,0
Glucose
Distilled wa

39
109
er 100 mi

Dissolve the
gently. Cool
through a 0,2
at4°C+2°

ingredients\in the water while heating
to roomxteémperature and filter-sterilize
2 pyp\membrane filter. Store in the dark
C for'not longer than 6 months.

months.

A.2 Tryptone-yeast extract-glucose| agar '
(TYGA)

Basal medium

Trypticase peptone 10¢
Yeast extract 19
NaCl 849
Agar 12gto20gM
Distilled\water 1 0p0 ml
1)"\Depending on the gel strength of the agdr.

Dissolve the ingredients in boiling water. Adjlst the
pH so that after sterilization it will be 7,2 40,1 at
25 °C. Distribute the medium into bottles in vplumes
of 200 ml, and sterilize in the autoclgve at
121°C £ 1°C for 15 min. Store in the dark at
4 °C + 2 °C for not longer than 6 months.

Complete medium

Basal medium 2P0 ml

Calcium-glucose solution (A.1) 2 ml

Complete medium

Basal medium
Calcium-glucose solution

200 ml
2ml

Aseptically add calcium-glucose solution to basal me-

dium and mix

well. If it is not for immediate use, store

Melt the basal medium and cool to between 45 °C
and 50 °C. Aseptically add calcium-glucose solution,
mix well and pour into Petri dishes as follows:

— 20 ml in dishes of diameter 9 cm;

— 50 ml in dishes of diameter 14 cm.

Allow to solidify and store in the dark at 4 °C + 2 °C
for not longer than 6 months, if it is well protected
against desiccation.
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A.3 Semi-solid tryptone-yeast
extract-glucose agar (ssTYGA)

Prepare basal medium according to A.2 but use half
of the mass of agar (6 g to 10 g), depending on gel
strength; the gel strength of ssTYGA is critical to ob-

ISO 10705-1:1995(E)

Distribute into bottles in 20 ml volumes and sterilize
in the autoclave at 121 °C + 1 °C for 15 min. Store in

the dark for not longer than 1 year.

A.7 McConkey agar

tain good results and if possible different concen-
trations should be tested. Distribute into bottles in Peptone 2009
50 ml volumes. Lactose 10,0 g
Bile salts 5049
A.4 |Nalidixic acid solution Neutral red 75 mg
Agar 12gto20g
Nalidixic acid 250 mg Distilled water 1 000 ml
NaOH (1 mol/l) 2 ml
Distilled water 8 ml Dissolve the ingredients in boiling watgr. Adjust the

Dissolye nalidixic acid in NaOH solution, add distilled
water | and mix well. Filter-sterilize through an
0,22 pm membrane filter. Store at 4 °C + 2 °C for not
longer|than 8 h or at — 20 °C £ 2 °C for not longer
than 6|months.

A.5 |RNase solution
RNasg 100 mg
Distilled water 100 ml

Dissolye RNase in water while heating for #0"min at
100 °C} Distribute into plastics cups in 0,56 ml volumes
and store at — 20 °C for not longer than 1 year. Thaw
at room temperature before use.

A.6 |Glycerol (sterile)

Glycerol (870 g/l) 100 ml

pH so that after stefilization it will bel 7,4 + 0,1 at
25 °C. Distribute the)medium into bottl}s in volumes

of 200 ml, and) sterilize in the
121 °C + 1 °Cfor 15 min. Cool to betw

utoclave at
en 45 °C and

50 °C and/pour 20 ml into Petri disheg of diameter

9 cm. Allow to solidify and store in

4 °C.£2 °C for not longer than 6 months.

A.8 Peptone saline solution

the dark at

Peptone 1049

Sodium chloride 85b¢

Distilled water 1000 ml
Dissolve the constituents in about 950 Ml of the wa-

ter by boiling. Adjust the pH with sodi
solution or hydrochloric acid (1 mol/l),
sterilization it will be 7,0 + 0,1. Make u
with the water, dispense in convenient
autoclave at 121 °C + 1 °C for 15 min.
dark for not longer than 6 months.

im hydroxide
so that after
b to 1 000 ml
volumes and
Store in the
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F-specific R
(bacterial viry

Annex B
(informative)

General description of F-specific RNA bacteriophages

ses) which consist of a simple capsid of

cubic symmeétry of 21 nm to 30 nm in diameter and

contain sing
belong to the
into the fam
sists of two
is the type s
Qp is the typ

e-stranded RNA as the genome. They
morphological group E and are classified
ly Leviviridae. The family presently con-
genera: Levivirus, for which phage MS2
becies and Allolevivirus, for which phage
b species. They are infectious for bacteria

detected in Escherichia coli K12, and adsorbt
pili or sex pili coded by this plasmid. The F-pl3
transferable to a wide range of Gram-negati
teria. The infectious process is inhibited by th
ence of RNase in the growth medium, which
used to distinguish between\ the F-specif
bacteriophages and the rodshaped F-specif

bacteriophages of the [noviridae family.
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