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heim 1992; Bragg, Coetzee & Verschoor 1993a).
Horner et al. (1992) suggested that these organisms
were not H. paragallinarum, by virtue of the fact that
they did not require NAD for growth. On the other
hand, Mouahid ef al. (1992), using DNA/DNA hybridi-
zation, and Bragg et al. (1993a), using monoclonal
antibodies (Mabs), established that these isolates
were atypical NAD-independent H. paragallinarum.

In the same year (1990), NAD-independent H. para-
influenza isolates were made from human patients
in South Africa (Gromkova & Koornhof 1990). H. pa-
rainfluenza normally requires NAD for growth and,
according to present taxonomic criteria, bacteria
which do not require NAD for growth cannot be clas-
sified as H. influenza or H. parainfluenza (Gromkova
& Koornhof 1990). The report by Gremkova & Koorn-
hof (1990) is the first report of naturally occurring
NAD independence in H. parainfluenza. it was es-
tablished that the NAD independence of these iso-
lates was plasmid-mediated (Windsor, Gromkova &
Koornhof 1991) and that the genes for NAD inde-
pendence are located on a small 5,25-kb plasmid.

Transformation experiments, with NAD-independent
H. paragallinarumisolated from chickens in South Af-
rica as a DNA donor, and strain 0083 and South Af-
rican field isolates (A745/92 and A739/92) as recipi-
ents, were successfully carried out (Bragg et al.
1993a), thus suggesting that the NAD independence
in H. paragallinarumis also plasmid-mediated. it was,
however, noted that the antigen which is detected by
the V1 Mab (Verschoor, Coetzee & Visser 1989), was
inexplicably lost from strain 0083 when this organ-
ism was transformed into an NAD-independent or-
ganism (Bragg et a/. 1993a). These findings led to
the following two questions:

+ Do genes for surface antigens of H. paragallinarum
become irrevocably lost upon transformation?

« Can the genes conferring NAD independence and
determining surface antigen expression be retriev-
ed from transformed NAD-independent organisms
which have previously been NAD dependent?

In order to investigate these questions, another NAD-
dependent field isclate (M85) was transformed with
DNA from the previously transformed 0083 and
A745/92 (Bragg et al. 1993a), and these newly trans-
formed isolates were examined with the Mabs pro-
duced by Verschoor et al. (1989).

The possibilities of using NAD-independent H. para-
gallinarumin vaccine production provides an attrac-
tive commercial application for this work, enabling a
reduction in the cost of the media used to grow the
bacteria. The antigenic changes occurring when strain
0083 is converted to NAD independence (Bragg et
al. 1993a) may, however, render the transformed
NAD-independent organisms unsuitabie for vaccine
production if the immune response in the host is com-
promised as a resuit of the transformation process.
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it is therefore of the utmost importance to investigate
the effects of transformation of the expression of the
hemagglutinins of H. paragallinarum, which piay an
important role in the protective immunity (Iritani, lwa-
ki, Yamaguchi & Sueishi 1981; Kume, Sawata & Na-
kase 1980; Otsuki & Iritani 1974; Iritani, Katagiri &
Arita 1980; Takagi, Hirayama, Simazaki, Taguchi, Ya-
maoka & Ohta 1993).
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Bacterial strains and i es

H. paragallinarum strain 0083 [serotype A (Page
1962)] was supplied by Dr P.J. Biackall, Anima! Re-
search Institute, Australia, as well as by Golden Lay
Laboratories (now operating under the name of “Avi-
mune”), Verwoerdburg, South Africa. Freeze-dried
samples of 0083 have alsc been reconstituted from
stored samples in the Department of Poultry Dis-
eases, Faculty of Veterinary Science, Onderstepoort.
Isolate A1343/91 [serotype A (Bragg 1294, unpub-
lished data)] is an NAD-independent H. paragalli-
narum which was isolated in this laboratory (Bragg
etal. 1993a). Isolate M85 is an NAD-dependent field
isolate obtained in 1985 (Verschoor et al. 1889) and
was kindly supplied by Golden Lay Laborateries. Iso-
late A745/81 [serotype A (Bragg 1994, unpublished
data)]is an NAD-dependent field isolate, obtained in
1991 by this laboratory. Transformed NAD-independ-
ent cultures of 0083 and A745/92 were previously
prepared in this laboratory (Bragg ef al. 1993a) and
are referred to as 0083(T) and 745(T).

Strain HP60 [serotype C (Blackall, Eaves & Rogers
1990; which was used for the production of rabbit-
raised antibodies was kindly supplied by Dr P.J.
Blackali of the Animal Research Institute, Queens-
land, Australia. Spross [serotype B (Rimler, Davis &
Page 1977), which was also used for the productior:
of rabbit-raised antibodies, was kindly suppiied by Dr
A.A.C. Jacobs of Intervet, Boxmeer, The Netherlands.

Culture conditions

All of the NAD-dependent organisms were grown in
modified Casman’s medium at a pH of 7,4 (Coetzee,
Rogers & Velthuysen 1983) which was suppiemented
with 10% sterile chicken serum. NAD-independent
isolates and transformed isolates were grown in mod-
ified Casman’s medium, at a pH of 7,4, without the
addition of 10% sterile chicken serum. All of the iso-
lates were plated out onto Blood Tryptose Agar (BTA)
(supplied by the Onderstepcort Vaccine Factory). In
the case of the NAD-dependent isclates, a Staphylo-
coccus aureus culture was used to supply the NAD
required for growth. Asample of S. aureus was inocu-
lated across the NAD-independent isolates. No S.
aureus feeder culture was required when NAD-inde-
pendent isolates were inoculated onto BTA plates.
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Transformation experiments

Transformation of isolate M85 was carried out ac-
cording to the methods described previously (Bragg
efal. 1993a). The DNA donors in these experiments
were the organisms which had previously been trans-
formed into NAD-independent organisms (Bragg et
al. 1993a). The cultures used as DNAdonors [745(T)
and 0083(T)] were inoculated into Casman’s medium
without sterile chicken serum and incubated over-
night at 37°C. At the same time, the isolate to be
used as the DNA recipient (M85) was incubated
under conditions which would render the organisms
competent to take up DNA (Gromkova & Goodgal
1979). This isolate was inoculated into 5 m¢ of Cas-
man’s medium which had been supplemented with
10% sterile chicken serum, in a sterile petri dish with
a diameter of 90 mm and incubated at 37°C for 18
h. After incubation, both the donors and recipients
were tested for purity by plating them out onto BTA
plates. The donors were lysed by addition of 1-m¢
volumes of sterile 1 N NaOH until a marked increase
in viscosity and a decrease in turbidity was seen. The
pH of the lysate was then adjusted to approximately
7 by the addition of equal volumes of sterile 1 N HCI.
Samples were collected from the lysate and tested
for growth by plating them out onto BTA plates and
incubating them at 37°C for 18 h inside a candle jar.
This confirmed that no viable, NAD-independent or-
ganisms survived in the crude DNA extract. One mil-
lititre of the DNA extract was mixed with 2 m¢ of the
competent-recipient-organism suspension. The mix-
ture was incubated for 60 min at 37°C, to allow up-
take of the DNA. Subsequently, 10 m¢ of Casman’s
medium supplemented with 10% sterile chicken se-
rum was added to the mixture, and incubated for 6
h to allow for the expression of NAD independence.
Samples were then plated onto BTA plates without
a S. aureus feeder culture, for the detection of NAD-
independent transformants. The plates were incu-
bated in a candle jar at 37°C for 18 h. A 1-m{ sam-
ple was also used to inoculate Casman’s medium
without NAD or sterile chicken serum. This was in-
cubated at 37°C for 24 h, after which any tubes show-
ing visible growth (as seen by an increase in turbid-
ity) were plated onto BTA plates without NAD or the
S. aureus feeder culture, for the detection of NAD-
independent transformants.

As a control on the transformation process, the NAD-
dependent M85 was also used as a DNA donor. All
of the steps described above were carried out on the
NAD-dependent donor, and crude DNA extracts from
this culture were used to attempt transformation of
isolate M85 as discussed above.

Biochemical characterizations

The carbohydrate fermentation patterns of all of the
isolates, before and after transformation, were ob-

tained. In the case of NAD-dependent isolates, Cas-
man’s medium, which had been supplemented with
sterile chicken serum, was inoculated with the organ-
isms. In the case of NAD-independeni ganisms.
Casman’s medium, which was not supplemented
with sterile chicken serum, was used. The organisms
were inoculated into the appropriate medium and in-
cubated at 37°C for 18 h. Afterthe cL  ires had been
incubated, their purity was ascertained by plating a
sample out onto BTA plates. The different isolates
were then identified by the performance of a catalase
test and it was determined whether the utilization of
glucose was fermentative or oxidative. The ability to
utilize galactose, glucose, lactose, mannitoi, man-
nose, sorbito! and sucrose was tested by inoculat-
ing 0,1 mt of the overnight culture inte tubes contain-
ing phenol red broth supplemented with 1% (w/v) of
each cf the different carbohydrates. In the case of
the NAD-dependent isolates, the media was supple-
mented with 0,5% (w/v) NaCl, 1% (v/v) sterile chick-
en serum and 0,0025% (w/v) NAD (Blackall & Reid
1982). The tubes were incubated at 37°C and the
reactions read 48-72 h post inoculation. The carbe-
hydrate fermentation patterns (either before or after
transformation) were repeated four times for each
isolate.

Monoclonai antibody cha terizal

The effects of transformation on the antigenic struc-
ture of isolate M85 were evaluated. Isolates which
had previously undergone transformation were used
as DNA donors, and Mab patterns, both before and
after transformation had been obtained by means of
the Mabs produced by Verschoor et al. (1989) in the
ELISA test. The methods used for performing the
ELISA by means of the Mabs, have been described
previously (Bragg et al. 1993a, b) and these meth-
ods were followed without modification.

Polyclonal antibodies

Polyclonal antibodies were obtained from three dif-
ferent sources. Samples of rabbit-raised antibodies
against serotypes A, B and C were obtained from Dr
P.J. Blackall of the Animal Research Institute, Aus-
traiia.

Rabbit-raised antibodies age st H aragallinarum
strains HP-60 Spross and 0083 were produced by
the South African Institute of Medical Research
(SAIMR), Johannesburg. The bacteria to be used for
inoculating the rabbits were susper :din 0,5% for-
mal saline and incubated for 24 h at 4°C to allow for
inactivation. The bacteriai suspensions were ad-
justed to ten international opacity units before the
rabbits were inoculated with 0,5 m? of the bacterial
suspension in 5 mg/m¢ of Quill-A adjuvant (supplied
by the SAIMR). After 4 weeks the rabbits were re-
inoculated with bacteria plus adjuvant. After another
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or chicken serum-—both very costly ingredients. The
conversion of strains used in the production of
vaccines into NAD-independent arganisms could be
useful for vaccine manufacture and could result in
substantial reduction in the cost of the media, as
NAD or chicken serum would no longer be required
for growth of the organisms. The indiscriminate loss
of surface antigens, exemplified by the finding that
the antigen recognized by the V1 Mab was not ex-
pressed in the the NAD-independent 0083(T) strain
(Bragg et al. 1993a), could, however, negatively af-
fect the use of transformed NAD-independent strains
in the manufacture of infectious coryza vaccines. It
was therefore deemed essential that the effects of
transformation on the antigens involved in the im-
mune response be investigated.

Much work has been done on the antigens involved
in the immunity of H. paragallinarum. The serovar-
specific hemagglutinin (Iritani et al. 1981; Kume et
al. 1980) was thought to play a role in the protective
immunity due to the correlation between the haemag-
giutination-inhibition (H1) titre and protection (Otsuki
& Iritani 1974; Iritani et al. 1980; Kume ef al. 1980).
This was recently confirmed by Takagi, Ohmae, Hira-
yama & Ohta (1991), who successfully cloned the
genomic DNA of strain 221 into the vector plasmid,
pBR322, which was introduced into Escherichia col.
One of the transformed E. coliisolates showed hae-
magglutinating activity. Chickens were vaccinated
with killed E. coli expressing the hemagglutinin-pro-
duced HI antibodies, and were protected against
challenge by 221. There is therefore good evidence
that the type-specific hemagglutinins of H. para-
gallinarum play an important role in the protective im-
munity.

When the previously transformed NAD-independent
strains 0083(T) and 745(T) were used as DNA do-
nors to transform another NAD-dependent field iso-
late (M85) into NAD independence, the phenomenon
of the altered expression of outer-membrane anti-
gens detected by the Mabs, was repeated (see Fig.
1). This supports the notion that transformation of
NAD-dependent organisms into NAD independence
causes changes to the antigenic structure of the bac-
terium. It also became evident that the genes in-
volved in the expression of selected surface antigens
were not lost during transformation. This was il-
lustrated by the reappearance of the antigen de-
tected by the V1 Mab in M85(T/0083). In these ex-
periments, M85, which was transformed by 0083(T),
strongly expressed the V1 antigen (Fig. 1), while both
the wild-type M85 and the transformed 0083(T) ex-
pressed this antigen only very weakly. This antigen
was, however, strongly expressed in the wild-type
0083 and was “lost” during transformation. M85(T/
745) expressed the V1 antigen weakly (Fig. 2). The
wild-type A745/92 and the wild-type M85 also express-
ed this antigen very weakly. The transformed 745(T)
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did not express this antigen at any stage during the
experiment. The gene for this antigen in M85({T,0083}
must have originated in the wild-type 0083 and was
not expressed in 0083(T). At this stage, the mecha-
nisms involved in the regulation of gene expression
in the transfcrmed isolates, as compared to the
wild-type isolates, are not clear.

From the above, it appears that transformation had
some effect on the expression of antigens of H. para-
gallinarum. If these transformed isclates were tc be
used for the commercial manufacture of vaccines, it
was essential to establish what effects the transfor-
mation had on the hemagglutinin of the organisms.

Comparable results were obtained with the H. test
on the wild-type 0083, the NAD-independent 0033(T)
an he naturally occurring NAD-independent A1343/
91, by using polyclonal antiserum raised against
0083, indicating that the type-specific hemaggiutinin
of these organisms is the same. All three organisms
tested could be classified as serctype A by virtue of
the Hl results. It can be seen from these resuits that,
although the expression of other surface antigens of
the transformed 0083(T) organism were affected by
the transformation process, the type-specific hemag-
glutinin appeared to remain expressed constitutively.
In the light of the work done by Takagi et a/. (15991)
and Takagi et al. (1993), in which it was established
that the type-specific hemagglutinin plays an impor-
tant role in protective immunity, it is postulated that,
as the type-specific hemagglutinin of the transformed
organisms appeared to be unaffected by transfor-
mation, these transformed organisms will be useful
in the manufacture of infectious coryza vaccines in
medium, without the addition of NAD or chicken se-
rum.

Strain M85 barely reacted with the polyclonal serc-
type-C antiserum (Table 2), while the transformed
M85 isolates did not react at all. The serotype-C anti-
bodies obtained from Dr Blackall were produced against
strain H-18 (serotype C) and antibodies against this
isolate were shown to have limited cross-reactions
(Kume, Sawata, Nakai & Matsumoto 1983) with a
uniguely South African serotype (C-3) represented
by the strain SA-3 (Eaves et al. 1989). Some H! ac-
tivity was, however, noted with rabbit-raised antise-
rum against strain HP-60. Blackall, et al. (1990) found
that unabsorbed rabbit-raised antiserum against
HP-60 reacted strongly with strain SA-3. This reac-
tion was lost when the antiserum was absorbed with
SA-3. It was noted that higher H| titres were obtained
when M85 and the two transformed M85(T/0083)
and M85(T/745) reacted with unabsorbed rabbit-
raised antiserum against HP-60. It can be suggested
from these results that M85 is a serotype-C isolate
and is most likely a serotype-C-3 isolate, belonging
to the same, uniguely South African aves et al.
1989) serotype as sirain SA-3.
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Further work on the possible use of transformed
NAD-independent H. paragallinarum in vaccine pro-
duction is required. It must still be established that
the type-specific hemagglutinins of H. paragallinarum
serotype-B isolates are not affected by transforma-
tion to NAD independence. Once it has been estab-
lished that these hemagglutinins are not affected by
transformation either, experimental vaccines based
on NAD-independent, transformed organisms could
be made and used to evaluate the protective immu-
nity to these organisms in chickens.

ACKNOWLEDGEMENTS

We are grateful to Rico Rogers of Avimune for sup-
plying samples of H. paragallinarum, Casman’s me-
dium and sterile chicken serum. We are also grate-
ful to Dr P.J. Blackall (Animal Research Institute,
Australia) for supplying samples of H. paragallinarum
as well as samples of polyclonal antiserum against
serotypes-A, -B and -C H. paragallinarum and to Dr
Ton Jacobs of Intervet, The Netherlands, for supply-
ing the Stross strain of H. paragalflinarum. Finally, we
are grateful to Dr Gromkova for her advice, to S. van
Wyngaard for her preparation of the Mab and to L.
Scott of the South African Institute for Medical Re-
search for preparation of the rabbit-raised antiserum.

REFERENCES

BLACKALL, P.J. & REID, G.G. 1982. Further characterization of
Haemophilus paragallinarum and Haemophilus avium. Veteri-
nary Microbiology, 7: 359-367.

BLACKALL, PJ. & YAMAMOTO, R., 1989. ‘Haemophilus galli-
narum'—a re-examination. Journal of General Microbiology,
135:469—474.

BLACKALL, P.J., EAVES, L.E. & ROGERS, D.G. 1990. Proposal
of a new serovar and altered nomenclature for Haemophilus par-
agallinarumin the Kume hemagglutinin scheme. Journal of Clini-
cal Microbiology, 28:1185-1187.

BRAGG, R.R., COETZEE, L. & VERSCHOOR, J.A. 1993a. Plas-
mid encoded NAD independence in some South African isolates
of Haemophilus paragallinarum. Onderstepoort Journal of Vet-
erinary Research, 60:147-152,

BRAGG, R.R., COETZEE, L. & VERSCHOOR, J.A. 1993b. Mono-
clonal antibody characterization of South African field isolates
of Haemophilus paragallinarum. Onderstepoort Journal of Vet-
erinary Research, 60:181-187.

CHEN, X., ZHANG, P., BLACKALL, P.J. & FENG, W. 1993. Char-
acterization of Haemophilus paragallinarumisolates from China.
Avian Diseases, 37:574-576.

COETZEE, L., ROGERS, E.J. & VELTHUYSEN, L. 1983. The pro-
duction and evaluation of a Haemophilus paragallinarum (in-
fectious coryza) oil emulsion vaccine in laying birds. Interna-
tional Union of Immunological Societies. Proceedings No. 66.
Disease Prevention and Control in Poultry Production: 277—
283.

DE BLIECK, L. 1932. Ahaemogiobinophilic bacterium as the cause
of contagious catarrh of the fowl. Veterinary Journal, 88:9-13.

DELAPLANE, J.P, ERWIN, L.E., STUART, H.O. 1938. The effect
of the X-factor, of sodium chloride, and of the composition of
the nutrient medium upon the growth of the f  coryza bacil-
lus, Haemophilus gallinarum. Journal of Agricuitural Research.
56:919-926.

EAVES, L.E., ROGERS, D.G. & BLACKALL, P.J. 1989. Compari-
son of hemaggiutinin and agglutinin schemes for the serologica:
classification of Haemophilus paragallinarum and proposal of
a new hemagglutinin serovar. Journal of Clinical Microbiol..gy,
27:1510-1513.

GROMKOVA, R. & GOODGAL, S. 1979. Transformation by plas-
mid and chromosomal DNAs in Haemophilus parainfluenza.
Biochemical and Biophysical Research Communications, 88:
1428 -1434.

GROMKOVA, R. & KOORNHOF, H.J. 1990. Naturally occurring
NAD-independent Haemophilus parainfluenza. Journal of Gen-
eral Microbiology, 136:1031-1035.

HORNER, R.F., BISHOP, G.C. & HAW, C. 1992. An upper respi-
ratory disease of commercial chickens resembling infectious
coryza, but caused by a V factor independentb  rium. Avian
Pathology, 21:421-427.

IRITANI, Y., KATAGIRI, K. & ARITA, H. 1980. Purification and prop-
erties of Haemophilus paragallinarum hemagglutinin. American
Journal of Veterinary Research, 41:2114-2118.

IRITANL Y., IWAKI, S., YAMAGUCHI, T. & SUEISHI, T. 1981. De-
termination of type 1 and 2 hemagglutinins in serotypes of Hae-
mophilus paragallinarum. Avian Diseases, 25:479-483.

KUME, K., SAWATA, A. & NAKASE, Y. 18¢  Immunologic reia-
tionship between Page's and Sawata’s serotype strains of Hae-
mophilus paragallinarum. American Journal of Veterinary Re-
search, 41:757-760.

KUME, K., SAWATA,A., NAKAL T., MATSUMOTO, M. 1983. Sero-
logical classification of Haemophilus paragallinarum with a
hemagglutinin system. Journal of Clinical Microbiology, 17:958—
964.

McGAUGHEY, C.A. 1932. Organisms of the B. influenzae group
in fowls. Journal of Comparative Pathology, 45:58—66.

MOUAHID, M., BISGAARD, M., MOl :Y,A.J.,, MUTTERS, R.,
MANNHEIM, W. 1992. Occurrence ot v-factor (NAD) independ-
ent strains of Haemophilus paragallinarum. Veterinary Micro-
biology, 31:363-368.

OTSUKI, K. & IRITANI, Y. 1974. Preparation and immunolegical
response to a new mixed vaccine composed of inactivated
Newcastle disease virus, inactivated infectious bronchitis virus,
and inactivated Haemophilus paragallinarum. Avian Diseases,
18:297-304.

PAGE, L.A. 1962. Haemophilus infections in chickens. |. Charac-
teristics of 12 Haemophilus isolates recovered from diseased
chickens. American Journal of Veterinary Research, 23:85-95.

RIMLER, R.B., DAVIS, R.B. & PA( K. 1977 Infectious coryza:
Cross-protection studies, using seven st 1s of Haemophilus
paragallinarum. American Journal of Veterinary Research, 38:
1587—-1589.

ROBERTS, D.H., HANSON, B.S. & TIMMS, L. 1964. Observations
in the incidence and significance of Haemophilus gallinarumin
outbreaks of respiratory diseases among pouliry in Great Brit-
ain. Veterinary Record, 76:1512—-1516.

SCHALM, O.W. & BEACH, J.R. 1936. Cultural requirements of the
fowl-coryza bacilius. Journal of Bacteriology, 31:161~169.

TAKAGI, M., OHMAE, K., HIRAYAMA, N. & OHTA, S. 1991. Ex-
pression of hemaggtutinin of Haemophilus paragallinarum sero-
type Ain Escherichia coli. Journal of Veterinary Medical Sci-
ence, 53:917-920.

269



Effects of transformation on hemagglutinins of Haemophilus paragallinarum

TAKAGH, M., HIRAYAMA, N., SIMAZAKI, T., TAGUCHI, K., YAMA-
OKA, R. & OHTA, S. 1993. Purification of hemagglutinin from
Haemophilus paragallinarum using monoclonal antibodies. Vet
erinary Microbiology, 34:191-197.

VERSCHOOR, J.A., COETZEE, L. & VISSER, L. 1989. Mono-
clonal antibody characterization of two field strains of Haemoph-
ilus paragallinarum isolated from vaccinated layer hens. Avian
Diseases, 33:219-225.

270

WINDSOR, H.M., GROMKOVA, R.C. & KOORNHOF, H.J.
1991. Plasmid mediated NAD independence in Haemophilus
parainfluenza. Journal of General Microbiology, 137:2415—
2421.

YAMAMOTO, R. 1991. Infectious coryza, in Diseases of Poultry.
9th ed., edited by B.W. Calnek, H.J. Barnes, C.W. Beard, W.M.
Reid & H.W. Yoder. Ames lowa: lowa State University Press:
186—-195.





