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INTRODUCTION

Infectious coryza is an acute respiratory disease of chickens.
The clinical syndrome has been recognized since the 1930s (5).
The disease occurs worldwide and causes economic losses due
to an increased number of culls and a marked (10% to more
than 40%) drop in egg production, particularly on multi-age
farms. Early workers identified the causative agent as “Hae-
mophilus gallinarum,” an organism that required both X (he-
min) and V (NAD) factors for growth in vitro. However, from
the 1960s to the 1980s, all isolates of the disease producing-
agent have been shown to require only V factor and have been
termed Haemophilus paragallinarum (5). As discussed in more
detail below, V-factor-independent H. paragallinarum isolates
have been encountered in the Republic of South Africa since
1989 (26). Thus, the causative agent of infectious coryza is
regarded as Haemophilus paragallinarum, an organism that can
be either V-factor dependent or independent.

This review covers information that has emerged in recent
years and that emphasizes the complex nature of infectious
coryza outbreaks in developing countries, where other disease
agents and/or stress factors are important complicating factors.
As well, the literature indicating that the phenotypic and se-
rological nature of H. paragallinarum has changed to some
degree in some geographical regions is covered. The impact of
these changes on control and prevention measures is critically
reviewed. In addition, the impact on some of these emerging
issues of a new-generation diagnostic test based on the PCR
technique is reviewed. Since there are several texts on the
disease, the causative agent, and vaccines (2, 5, 8), this review
covers only recent developments in detail.

CLINICAL DISEASE

Infectious coryza may occur in growing chickens and layers.
The most common clinical signs are nasal discharge, facial
swelling, lacrimation, anorexia, and diarrhea. Decreased feed

and water consumption retards growth in young stock and
reduces egg production in laying flocks (5). The potential im-
pact of coryza on meat chickens has been emphasized by re-
ports on economically important outbreaks in two states of the
United States (17, 19).

Unusual clinical signs have been reported in the Americas.
In both North and South America, outbreaks of coryza in
which chickens have shown clinical signs more typical of a
swollen-head-like syndrome have been reported (17, 30).

The vastly different nature of infectious coryza when com-
plicated by other pathogens and stress factors has been dem-
onstrated by reports from countries such as Argentina, India,
Morocco, and Thailand. Unique clinical presentations such as
arthritis and septicemia, presumably complicated by the pres-
ence of the other pathogens detected, such as Mycoplasma
gallisepticum, M. synoviae, Pasteurella spp., Salmonella spp.,
and infectious bronchitis virus, have been found in broiler and
layer flocks in Argentina (30). The isolation of H. paragallina-
rum from nonrespiratory sites such as the liver, kidney, and
tarsus was reported for the first time in these outbreaks (30). In
the Kurnool district of India, infectious coryza has been re-
ported as the second most important bacterial disease associ-
ated with mortality after salmonellosis (32). A study in Mo-
rocco reported on 10 coryza outbreaks that were associated
with drops in egg production of 14 to 41% and mortalities of
0.7 to 10% (36). A study of village chickens in Thailand has
reported that infectious coryza was the most common cause of
death in chickens less than 2 months old and those over 6
months old (36). Only in village chickens between 2 and 6
months old did other diseases, specifically Newcastle disease
and pasteurellosis, cause more deaths than coryza (36). Over-
all, these reports emphasize that the clinical signs and eco-
nomic impact of the complicated coryza infections seen in
developing countries can be markedly different from those in
the uncomplicated infections typically seen in developed coun-
tries.

“EMERGING” OR VARIANT SEROVARS

As a brief background to the issue of “emerging” or variant
serovars, it is important to understand that two different but
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related serotyping schemes for H. paragallinarum have been
mainly used—the Page (29) and the Kume (23) schemes.

The Page scheme was initially developed by using a plate or
slide agglutination test to recognize the three serovars, A, B,
and C (29). However, the use of hemagglutination-inhibition
(HI) technology has been shown to be a much better method
for identifying the Page serovar of field isolates of H. paragalli-
narum (3). It is widely accepted that the three Page serovars
represent distinct “immunovars,” since inactivated vaccines
based on any one Page serovar provide no protection against
the other two Page serovars (5). It is generally accepted that
cross-protection occurs within a Page serovar (5).

The Kume serotyping scheme was originally based on hem-
agglutination-inhibition tests that recognized seven serovars
organized into three serogroups termed I, II, and III (23).
Subsequent publications have reported the existence of two
further serovars and the recognition that the three Kume se-
rogroups correspond to the three Page serovars (4). Hence, the
reorganised Kume scheme now recognizes three serogroups
(termed A, B, and C) which correspond to the Page serovars,
with four serovars being recognized within both Kume sero-
groups A and C (4). It is important to understand that the
Kume serotyping scheme is a complex and technically demand-
ing system (5) and that no laboratory around the world appears
to currently perform full Kume serotyping. While the definitive
cross-protection experiments for all four serovars within both
Kume serogroups A and C have not yet been performed, the
accepted dogma is that serovars within a Kume serogroup are
cross-protective (5).

These accepted dogmas on cross-protection within Page se-
rovars and Kume serogroups have been challenged recently by
the emergence of “variant” or unusual serovars. In both Ar-
gentina and Brazil, around 40% of the Page serovar A isolates
examined to date are not recognized by a monoclonal antibody
specific for this serovar (6, 34). These monoclonal antibody-
negative isolates, which have not been recorded anywhere else
in the world, have not been examined by the Kume scheme. It
has been speculated that these “variant” Page serovar A iso-
lates may be sufficiently different from typical serovar A vac-
cine strains that vaccine failures may occur (34).

There is evidence that Argentinian serovar B isolates are
quite genetically distinct from all other H. paragallinarum iso-
lates, regardless of serovar (10). This has led to speculation
that the unique nature of these Argentinian serovar B isolates
may mean that commercial vaccines based on “typical” serovar
B isolates from North America or Europe may not provide
protection (35).

There is some evidence to support this speculation about
antigenic diversity in Page serovar B. Bivalent vaccines based
on Page serovars A and C provide protection against Page
serovar B strain Spross but not against two South African
isolates of Page serovar B (39). Furthermore, there is only
partial cross-protection within various strains of Page serovar
B (39). While the Kume serotyping scheme recognises only one
serovar, B-1 (4), this should not be regarded as evidence of
antigenic homogeneity. Rather, it is a reflection that only a
small number of Page serovar B isolates have been examined
by the Kume serotyping scheme. It is highly likely that further
serovars would be recognized within Kume serogroup B if a
collection of such isolates were studied.

There has been evidence of a dramatic shift in the incidence
of serovars of H. paragallinarum in South Africa in recent
years. Bragg et al. (11) have reported on the serovars of H.
paragallinarum during the 1970s, 1980s, and 1990s. Using a
partial Kume serotyping scheme, they reported that Kume
serovar C-3 has emerged as the dominant serovar in recent

times. The incidence of Kume serovar C-3 has increased from
30% in the 1970s to over 70% in the early 1990s (11). This
emergence of Kume serovar C-3 has occurred at a time when
infectious coryza has remained an important and widespread
disease, despite the extensive use of commercial vaccines (11).
Bragg et al. (11) have suggested that the apparent failure of the
commercial vaccines in South Africa (none of which contain
Kume serovar C-3) has occurred because the dominant serovar
in the field is Kume serovar C-3. They have speculated that the
Kume serovar C-3 isolates are so antigenically distinct from the
other Kume C serovars (C-1 and C-2) included in commercial
vaccines that cross-protection is limited (11).

Overall, there have been a number of reports suggesting that
serologically “variant” H. paragallinarum isolations may be
causing vaccine failures. However, there have been no reports
based on definitive evidence from vaccination challenge trials
to support these suggestions. There is a need for such work,
including work examining the level of cross-protection within
Kume serogroups A and C.

NAD-INDEPENDENT H. PARAGALLINARUM

In 1989, isolates of an apparently new bacterium (causing a
clinical disease identical to infectious coryza) were obtained
from South African chickens (20). While these isolates did not
require V-factor, they were shown by DNA techniques to be
typical H. paragallinarum (26). The vast majority of the NAD-
independent isolates are Page serovar A (12, 25), although a
recent report has shown that some isolates are Page serovar C
(12). A representative collection of the Page serovar A NAD-
dependent H. paragallinarum isolates have been shown to
share a unique DNA fingerprint, suggesting that they are
clonal in nature and may have arisen from a point source (25).

The emergence of NAD-independent H. paragallinarum has
had a significant impact in South Africa. In the Kwazulu-Natal
region of South Africa, NAD-independent H. paragallinarum
isolates are now more common than classic H. paragallinarum.
As an example, the ratio of classic H. paragallinarum to NAD-
independent H. paragallinarum isolates has gone from 1:1.4 in
1989 to 1:9.8 in 1993 (20).

Horner et al. (20) have also suggested that the NAD-inde-
pendent isolates may cause air sacculitis more commonly than
the classic H. paragallinarum isolates do. Furthermore, there
has been speculation that the NAD-independent isolates may
be sufficiently different to cause failures with vaccines based on
traditional NAD-dependent H. paragallinarum (12, 20). Defin-
itive cross-protection trials are needed to determine if this is
the case.

DIFFERENTIAL DIAGNOSIS: ROLE OF VARIANT
BACTERIA

In recent years, a number of new or “variant” bacteria have
been recognized as being present in poultry that have made it
more difficult to confidently diagnose infectious coryza.

In the early 1990s, a new bacterium was isolated from South
African broilers showing mild respiratory problems and poor
growth. It was not until 1994 that the organism was classified as
Ornithobacterium rhinotracheale (37). The organism is present
in Europe (1) and the United States (16, 28). While there is
still some dispute, there is evidence that O. rhinotracheale can
cause growth retardation after intra-airsac administration and
growth retardation, air sacculitis, and pneumonia after aerosol
administration in both chickens and turkeys (38). For the pur-
pose of this review, the disease associated with O. rhinotrache-
ale will be termed ornithobacterosis. A recent molecular study
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has suggested that isolates of O. rhinotracheale from commer-
cial poultry are a small group of closely related clones, indi-
cating that possibly this organism was only recently introduced
from wild bird populations (1).

The generally accepted clinical picture associated with both
infectious coryza and ornithobacterosis indicates that most au-
thorities believe that two diseases should not present similar
clinical signs. However, a recent study from South Africa (12)
reported that a total of 40 O. rhinotracheale isolates were
obtained from the sinuses of chickens showing clinical signs
similar to those associated with infectious coryza. Hence, lab-
oratories need to be prepared to consider infectious coryza and
ornithobacterosis in the differential diagnosis of chickens with
mild upper respiratory tract disease.

In most countries, differentiation between H. paragallinarum
and O. rhinotracheale is not difficult because classic H. para-
gallinarum shows NAD dependency while O. rhinotracheale is
independent of any requirement for NAD. However, in areas
where NAD-independent H. paragallinarum is known to exist
(and this is limited to South Africa at the moment), differen-
tiation of O. rhinotracheale and NAD-independent H. para-
gallinarum requires that carbohydrate fermentation patterns
be determined. Diagnostic microbiologists must be aware of
the biochemical properties of H. paragallinarum and be pre-
pared to recognize H. paragallinarum on the basis of biochem-
ical properties, even though the isolate may be NAD indepen-
dent.

Another group of “variant” organisms that can cause diffi-
culty in correctly diagnosing infectious coryza are the organ-
isms once known as “Haemophilus avium,” nonpathogenic
avian Haemophilus strains that were formally recognized in the
1970s (18). DNA hybridization studies have shown that “H.
avium” consists of three DNA homology groups, and these
three new species being placed in the genus Pasteurella as P.
volantium, P. avium, and Pasteurella sp. taxon A (27). Until
recently, all isolates of these three taxa obtained from chickens
were NAD dependent. However, Bragg et al. in South Africa
have described NAD-independent isolates of all three taxa
(12). A further complication is that these aberrant or “variant”
organisms were obtained from chickens showing clinical signs
similar to those of infectious coryza (12). However, these or-
ganisms are generally accepted as not causing any disease,
suggesting that it is important to ensure that accepted patho-
gens such as H. paragallinarum and O. rhinotracheale are not
missed while nonpathogens are isolated and identified.

Hence, chickens with clinical signs suggestive of infectious
coryza may yield the following organisms: H. paragallinarum,

both NAD dependent and NAD independent; O. rhinotrache-
ale, NAD independent; P. volantium, both NAD dependent
and NAD independent; P. avium, both NAD dependent and
NAD independent; and Pasteurella sp. taxon A, both NAD
dependent and NAD independent.

Of these five bacteria, only H. paragallinarum is universally
recognized as a pathogen. Of the other four, three (the Pas-
teurella species) are generally accepted to be commensal or-
ganisms that do not cause disease in chickens; there is no
consensus on the pathogenic potential of O. rhinotracheale.

The correct and confident identification of bacteria isolated
from chickens showing mild clinical signs of upper respiratory
tract disease is an absolute requirement for the development,
application, and monitoring of sustainable prevention and con-
trol programs. A wrong diagnosis may result in the inappro-
priate use or even misuse of antibiotics or the incorrect adop-
tion of a vaccination program that targets a disease that is not
involved. Clearly, diagnostic laboratories dealing with chicken
respiratory diseases now face a demanding task in isolating and
correctly identifying the bacteria associated with these dis-
eases.

DIAGNOSTIC OPTIONS

Traditional Phenotypic Identification

The traditional definitive method for the diagnosis of infec-
tious coryza requires the isolation of the suspect bacterium and
then an extensive biochemical characterization to confirm the
identity of the isolate (5). This is a challenging set of require-
ments. H. paragallinarum is a fastidious, slow-growing organ-
ism. Hence, it is often overgrown by other, faster-growing
commensals. Biochemical characterization requires the avail-
ability of specialized, expensive media that can support the
growth of NAD-dependent bacteria; such media are often be-
yond the resources of diagnostic laboratories, particularly
those in the developing countries where coryza remains a
pressing problem. The emergence of NAD-independent H.
paragallinarum as well as O. rhinotracheale and the NAD-in-
dependent isolates of P. avium, P. volantium, and Pasteurella
sp. taxon A has greatly added to the complexity of the situa-
tion.

Table 1 lists the phenotypic tests that can be performed that
allow the differentiation of H. paragallinarum from the Pasteu-
rella organisms that can be found in chickens, as well as O.
rhinotracheale. Details of the methods for performing these
tests have been recently published (8).

TABLE 1. Distinguishing properties of the avian haemophili and O. rhinotrachealea

Property O. rhinotracheale H. paragallinarum P. avium P. volantium Pasteurella sp. taxon A

Catalase 2 2 1 1 1
ODCb 2 2 2 V 2
b-Galactosidase 1 1 2 1 V
Acid from:

Arabinose 2 2 2 2 1
Galactose 1 2 1 1 1
Maltose 1 1 2 1 V
Mannitol 2 1 2 1 V
Sorbitol 2 V 2 V 2
Sucrose 2 V 1 1 1
Trehalose 2 2 1 1 1

a All species are gram-negative rods. H. paragallinarum, P. volantium, P. avium, and Pasteurella sp. strain A are variable in their requirement for V factor for growth
in vitro. O. rhinotracheale does not require V factor. 1, positive (.90%); 2, negative (.90%); V, variable reaction.

b ODC, ornithine decarboxylase.
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Molecular Identification

There has been a recent significant improvement in the tools
available to aid in the diagnosis of infectious coryza. A PCR
test that is specific for H. paragallinarum has been developed
(14). This test is rapid (results are available within 6 h com-
pared with days for conventional techniques) and recognizes
all H. paragallinarum isolates tested (14). Over 40 H. paragalli-
narum isolates were positive in the test, including the NAD-
independent H. paragallinarum from South Africa and the vari-
ant Page serovar A isolates and the unusual Page serovar B
isolates from Argentina (14). In addition, this PCR, termed the
HP-2 PCR, has given negative reactions with many closely
related bacteria. In particular, the NAD-dependent forms of P.
volantium, P. avium, and Pasteurella spp. as well as O. rhino-
tracheale give a negative reaction in this PCR (24). This PCR
was developed by a random-cloning method, and there is no
knowledge of the role, if any, of the target, which has a size of
0.5 kb (14).

When used directly on sinus swabs obtained from artificially
infected chickens in pen trials performed in Australia, the
HP-2 PCR was equivalent to culture in accuracy but was much
more rapid (14).

While the HP-2 PCR was originally developed in Australia,
it has now been successfully transferred to China. In compar-
ing traditional culture and the HP-2 PCR in China, it has been
shown that the PCR outperforms traditional culture when used
on routine diagnostic submissions (13). The PCR test and
traditional culture were used in parallel to investigate sus-
pected infectious coryza outbreaks on eight commercial farms
in China. The provisional diagnosis of infectious coryza was
based on field diagnosis. Live chickens or chicken heads were
then shipped from the field to the Beijing laboratory. Sinus
swabs were collected and were examined directly by PCR as
well as being cultured for H. paragallinarum. The HP-2 PCR
detected 15 of 39 chickens as positive, with these 15 birds
coming from six of eight farms, while culture detected only 8 of
the 39 chickens as positive, with these birds coming from only
four of the eight farms (13). On the two farms that had chick-
ens that were positive by PCR but negative by culture, the
chickens showed typical clinical signs, thereby providing fur-
ther evidence that the culture results were false-negatives. The
submitted chickens from the two farms that were negative by
both culture and PCR did not show typical clinical signs of
infectious coryza when received at the central laboratory (13).
The problems of poor samples, delayed transport, and low-
quality (but expensive) media mean that culture will have a
higher failure rate in developing countries than in developed
countries.

Recent work has shown the robust nature of the HP-2 PCR.
In further work performed in China, it has been shown that
samples can be stored for up to 180 days at 4 or 220°C and the
majority of known positive samples will remain positive in the
PCR. In contrast, culture failed to detect H. paragallinarum
after 3 days of storage at 4 or 220°C (15).

Overall, the HP-2 PCR represents a significant step forward
in diagnosing infectious coryza. While PCR technology initially
appears complex and expensive, the validation and evaluation
work of the HP-2 PCR in China is demonstrating that it can be
used and can give significantly better results than traditional
culture in developing countries.

Serology
A range of tests have been described for the detection of

antibodies to H. paragallinarum in chickens (5). Despite this
range of tests, only HI tests are in widespread use. While a

range of HI tests have been described, three main forms of HI
tests have been recently recognized: termed simple, extracted,
and treated HI tests (8). Full details of how to perform these
tests are available elsewhere (8). In this section, the advantages
and disadvantages of the three HI tests are briefly and critically
reviewed.

The simple HI test is based on whole bacterial cells of Page
serovar A H. paragallinarum and fresh chicken erythrocytes
(21). Although simple to perform, this HI test can detect an-
tibodies only to serovar A. It has been widely used to detect
antibodies in infected as well as vaccinated chickens (5).

The extracted HI test is based on KSCN-extracted and son-
icated cells of H. paragallinarum and glutaraldehyde-fixed
chicken erythrocytes (31). This extracted HI test has been
validated mainly by using Page serovar C organisms. The test
is capable of detecting a serovar-specific antibody response in
Page serovar C-vaccinated chickens (31). A major weakness of
this assay is that the majority of chickens infected with serovar
C remain seronegative (40).

The treated HI test is based on hyaluronidase-treated whole
bacterial cells of H. paragallinarum and formaldehyde-fixed
chicken erythrocytes (41). The extracted HI test has not been
widely used or evaluated. It has been used to detect antibodies
to Page serovars A, B, and C in vaccinated chickens, with only
serovar A- and C-vaccinated chickens yielding high titers (39).
It has also been used to screen chicken sera in Indonesia for
antibodies arising from infection with serovars A and C (33).

Vaccinated chickens with titers of 1:5 or greater in the sim-
ple or extracted HI tests are protected against subsequent
challenge (31). There is not enough knowledge or experience
yet to draw any sound conclusions on whether there is a cor-
relation between titer and protection for the treated HI test.

A recently described serological test is a monoclonal anti-
body-based blocking enzyme-linked immunosorbent assay
(ELISA) (43). While having shown very good specificity and
acceptable levels of sensitivity, this test has several drawbacks.
Since there are only monoclonal antibodies for Page serovars
A and C, the assay can detect antibodies only to these two
serovars. The monoclonal antibodies that form the heart of the
assays are not commercially available, limiting access to the
assays. Finally, some isolates of H. paragallinarum do not react
with the monoclonal antibodies, and thus infections associated
with these isolates cannot be detected by these ELISAs. While
around 49 Japanese serovar A isolates and over 20 serovar A
isolates from other countries react with the serovar A mono-
clonal antibody (7, 9, 42), around 40% of Page serovar A
isolates examined to date from Argentina and Brazil do not
react (6, 34). As well, isolates of Kume serovar C-4, which has
been found only in Australia and consists of just 13 isolates (4),
do not react with the serovar C monoclonal antibody. This
ELISA has not been widely evaluated, and there is no knowl-
edge about any correlation between ELISA titer and protec-
tion. The reduced sensitivity of the ELISA for serovar C in-
fections indicates that the test would have to be used as a flock
test only (43).

Overall, the serological test of choice for coryza varies with
the serovar and the intended use, i.e., to detect vaccination or
infection responses. The simple HI test (21) is suitable for
either infections or vaccinations associated with serovar A, the
extracted or treated HI tests (31, 41) are suitable for vaccina-
tions associated with serovar C, and the treated HI test (41) is
suitable for infections associated with serovar C. There has
been so little work performed on serological assays for infec-
tions or vaccinations associated with serovar B that it is not
possible to recommend any test.

The limitations outlined above for the HI tests mean that

630 BLACKALL CLIN. MICROBIOL. REV.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/c

m
r 

on
 1

4 
Fe

br
ua

ry
 2

02
4 

by
 1

30
.4

1.
3.

15
5.



there is still a need for robust, well-characterized serological
assays. The monoclonal antibody-based ELISAs have shown
the potential of this format to diagnose infectious coryza, and
future research on this type of approach, including the devel-
opment of new panels of monoclonal antibodies, particularly
to Page serovar B, may help overcome some of the problems of
the current ELISAs.

Vaccines

Commercial vaccines for infectious coryza, typically based
on killed H. paragallinarum, are widely available around the
world. An extensive review of the literature on inactivated
infectious coryza vaccines has been recently published (2). For
this reason, only two aspects of infectious coryza vaccines are
covered in this review.

Until recently, most of these vaccines contained only Page
serovars A and C. This concept of a bivalent vaccine was based
on the belief that Page serovar B was not a true serovar and
that serovar A and C based vaccines provided cross-protection.
However, because it has now been conclusively shown that
Page serovar B is distinct, commercial trivalent vaccines are
now available from the major international vaccine companies
(22).

An emerging issue in vaccines is the comparison between
“local” and “international” vaccines. The major global vaccine
companies tend to base their vaccines on standard, interna-
tionally recognized strains. These international vaccines are
sold around the world on the basis that local variation is not
sufficient to justify adding or removing strains. Recently, a
number of research groups, including Bragg et al. in South
Africa (11) and Terzolo et al. in Argentina (35), have sug-
gested that such international vaccines are not providing pro-
tection against the local variants of H. paragallinarum. There is
a need for definitive cross-protection trials to determine if
“international” vaccines are indeed failing to provide protec-
tion against local variants.

CONCLUSIONS

This review has covered literature evidence stressing that
infectious coryza, while often seen as a simple, mild upper
respiratory disease of chickens in developed countries, can be
a much more complicated disease in developing countries.
There have been significant increases in our ability to accu-
rately diagnose infectious coryza, particularly the validation of
the HP-2 PCR. In other areas, such as the study of “variant”
organisms that show aberrant growth factor requirements and
emerging “variant” serovars, we are now more aware of how
little knowledge we have. There is a need for definitive work to
investigate the role of the NAD-independent forms of H. para-
gallinarum in possible vaccine failures. Similarly, there is a
need for definitive work on whether serologically “variant” H.
paragallinarum isolates are associated with vaccine failures.

ACKNOWLEDGMENTS

I acknowledge the generous support by the Australian poultry in-
dustries that has funded much of the work on infectious coryza per-
formed over the years since 1979 at the Animal Research Institute.
The funding provided in recent years by the Australian Centre for
International Agricultural Research (ACIAR) has been a key support
that has allowed the development and validation of the HP-2 PCR test.

The wonderful skills of the scientists and technicians who have
worked in the Bacteriology Research Laboratory have been the basis
of all our work on infectious coryza.

REFERENCES

1. Amonsin, A., J. F. X. Wellehan, L.-L. Li, P. Vandamme, C. Lindeman, M.
Edman, R. A. Robinson, and V. Kapur. 1997. Molecular epidemiology of
Ornithobacterium rhinotracheale. J. Clin. Microbiol. 35:2894–2898.

2. Blackall, P. J. 1995. Vaccines against infectious coryza. World’s Poult. Sci. J.
51:17–26.

3. Blackall, P. J., L. E. Eaves, and G. Aus. 1990. Serotyping of Haemophilus
paragallinarum by the Page scheme: comparison of the use of agglutination
and hemagglutination-inhibition tests. Avian Dis. 34:643–645.

4. Blackall, P. J., L. E. Eaves, and D. G. Rogers. 1990. Proposal of a new
serovar and altered nomenclature for Haemophilus paragallinarum in the
Kume hemagglutinin scheme. J. Clin. Microbiol. 28:1185–1187.

5. Blackall, P. J., M. Matsumoto, and R. Yamamoto. 1997. Infectious coryza, p.
179–190. In B. W. Calnek, H. J. Barnes, C. W. Beard, L. R. McDougald, and
Y. M. Saif (ed.), Diseases of poultry, 10th ed. Iowa State University Press,
Ames.

6. Blackall, P. J., E. N. Silva, Y. Yamaguchi, and Y. Iritani. 1994. Character-
ization of isolates of avian haemophili from Brazil. Avian Dis. 38:269–274.

7. Blackall, P. J., T. Yamaguchi, Y. Iritani, and D. G. Rogers. 1990. Evaluation
of two monoclonal antibodies for serotyping Haemophilus paragallinarum.
Avian Dis. 34:861–864.

8. Blackall, P. J., and R. Yamamoto. 1998. Infectious coryza, p. 29–34. In D. E.
Swayne (ed.), A laboratory manual for the isolation and identification of
avian pathogens, 4th ed. American Association of Avian Pathologists, Phil-
adelphia, Pa.

9. Blackall, P. J., Y.-Z. Zheng, T. Yamaguchi, Y. Iritani, and D. G. Rogers.
1991. Evaluation of a panel of monoclonal antibodies in the subtyping of
Haemophilus paragallinarum. Avian Dis. 35:955–959.

10. Bowles, R., P. J. Blackall, H. R. Terzolo, and V. E. Sandoval. 1993. An
assessment of the genetic diversity of Australian and overseas isolates of
Haemophilus paragallinarum by multilocus enzyme electrophoresis, p. 146. In
Proceedings of the Xth World Veterinary Poultry Association Congress.

11. Bragg, R. R., L. Coetzee, and J. A. Verschoor. 1996. Changes in the inci-
dences of the different serovars of Haemophilus paragallinarum in South
Africa: a possible explanation for vaccination failures. Onderstepoort J. Vet.
Res. 63:217–226.

12. Bragg, R. R., J. M. Greyling, and J. A. Verschoor. 1997. Isolation and
identification of NAD-independent bacteria from chickens with symptoms of
infectious coryza. Avian Pathol. 26:595–606.

13. Chen, X., Q. Chen, P. Zhang, W. Feng, and P. J. Blackall. 1998. Evaluation
of a PCR test for the detection of Haemophilus paragallinarum in China.
Avian Pathol. 27:296–300.

14. Chen, X., J. K. Miflin, P. Zhang, and P. J. Blackall. 1996. Development and
application of DNA probes and PCR tests for Haemophilus paragallinarum.
Avian Dis. 40:398–407.

15. Chen, X., C. Song, Y. Gong, and P. J. Blackall. 1998. Further studies on the
use of a polymerase chain reaction test for the diagnosis of infectious coryza.
Avian Pathol. 27:618–624.

16. De Rosa, M., R. Droual, R. P. Chin, H. L. Shivaprasad, and R. L. Walker.
1996. Ornithobacterium rhinotracheale infection in turkey breeders. Avian
Dis. 40:865–874.

17. Droual, R., A. A. Bickford, B. R. Charlton, G. L. Cooper, and S. E. Channing.
1990. Infectious coryza in meat chickens in the San Joaquin Valley of Cal-
ifornia. Avian Dis. 34:1009–1016.

18. Hinz, K.-H., and C. Kunjara. 1977. Haemophilus avium, a new species from
chickens. Int. J. Syst. Bacteriol. 27:324–329.

19. Hoerr, F. J., M. Putnam, S. Rowe-Rossmanith, W. Cowart, and J. Martin.
1994. Case report. Infectious coryza in broiler chickens in Alabama, p. 42.
Proceedings of the 43rd Western Poultry Disease Conference.

20. Horner, R. F., G. C. Bishop, C. J. Jarvis, and T. H. T. Coetzer. 1995. NAD
(V-factor)-independent and typical Haemophilus paragallinarum infection in
commercial chickens: a five year field study. Avian Pathol. 24:453–463.

21. Iritani, Y., G. Sugimori, and K. Katagiri. 1977. Serologic response to Hae-
mophilus gallinarum in artificially infected and vaccinated chickens. Avian
Dis. 21:1–8.

22. Jacobs, A. A. C., W. Cuenen, and P. K. Storm. 1992. Efficacy of a trivalent
Haemophilus paragallinarum vaccine compared to bivalent vaccines. Vet.
Microbiol. 32:43–49.

23. Kume, K., A. Sawata, T. Nakai, and M. Matsumoto. 1983. Serological clas-
sification of Haemophilus paragallinarum with a hemagglutinin system.
J. Clin. Microbiol. 17:958–964.

24. Miflin, J. K., X. Chen, R. R. Bragg, J. M. Welgemoed, J. M. Greyling, R. F.
Horner, and P. J. Blackall. 1999. Confirmation that PCR can be used to
identify both NAD-dependent and NAD-independent Haemophilus para-
gallinarum. Onderstepoort J. Vet. Res. 66:55–57.

25. Miflin, J. K., R. F. Horner, P. J. Blackall, X. Chen, G. C. Bishop, C. J.
Morrow, T. Yamaguchi, and Y. Iritani. 1995. Phenotypic and molecular
characterization of V-factor (NAD)-independent Haemophilus paragallina-
rum. Avian Dis. 39:304–308.

26. Mouahid, M., M. Bisgaard, A. J. Morley, R. Mutters, and W. Mannheim.
1992. Occurrence of V-factor (NAD) independent strains of Haemophilus
paragallinarum. Vet. Microbiol. 31:363–368.

VOL. 12, 1999 INFECTIOUS CORYZA 631

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/c

m
r 

on
 1

4 
Fe

br
ua

ry
 2

02
4 

by
 1

30
.4

1.
3.

15
5.



27. Mutters, R., K. Piechulla, K.-H. Hinz, and W. Mannheim. 1985. Pasteurella
avium (Hinz and Kunjara 1977) comb. nov. and Pasteurella volantium sp. nov.
Int. J. Syst. Bacteriol. 35:5–9.

28. Odor, E. M., M. Salem, C. R. Pope, B. Sample, M. Primm, K. Vance, and M.
Murphy. 1997. Isolation and identification of Ornithobacterium rhinotrache-
ale from commercial broiler flocks on the Delmarva peninsula. Avian Dis.
41:257–260.

29. Page, L. A. 1962. Haemophilus infections in chickens. 1. Characteristics of 12
Haemophilus isolates recovered from diseased chickens. Am. J. Vet. Res.
23:85–95.

30. Sandoval, V. E., H. R. Terzolo, and P. J. Blackall. 1994. Complicated infec-
tious coryza cases in Argentina. Avian Dis. 38:672–678.

31. Sawata, A., K. Kume, and Y. Nakase. 1982. Hemagglutinin of Haemophilus
paragallinarum serotype 2 organisms: occurrence and immunologic proper-
ties of hemagglutinin. Am. J. Vet. Res. 43:1311–1314.

32. Srinivasa, C. S., P. K. Reddy, and D. Aruna. 1989. Incidence of poultry
diseases in Kurnool District (A.P.). Poult. Adviser 22:45–48.

33. Takagi, M., T. Takahashi, N. Hirayama, Istiananingsi, S. Mariana, K.
Zarkasie, M. Ogata, and S. Ohta. 1991. Survey of infectious coryza of
chickens in Indonesia. J. Vet. Med. Sci. 53:637–642.

34. Terzolo, H. R., F. A. Paolicchi, V. E. Sandoval, P. J. Blackall, T. Yamaguchi,
and Y. Iritani. 1993. Characterization of isolates of Haemophilus paragalli-
narum from Argentina. Avian Dis. 37:310–314.

35. Terzolo, H. R., V. E. Sandoval, and F. Gonzalez Pondal. 1997. Evaluation of
inactivated infectious coryza vaccines in chickens challenged by serovar B
strains of Haemophilus paragallinarum. Avian Pathol. 26:365–376.

36. Thitisak, W., O. Janviriyasopak, R. S. Morris, S. Srihakim, and R. V.

Kruedener. 1988. Causes of death found in an epidemiological study of
native chickens in Thai villages, p. 200–202. In Proceedings of the 5th Inter-
national Symposium on Veterinary Epidemiology and Economics.

37. Vandamme, P., P. Segers, M. Vancanneyt, K. Van Hove, R. Mutters, J.
Hommez, F. Dewhirst, B. Paster, K. Kersters, E. Falsen, L. A. Devriese, M.
Bisgaard, K.-H. Hinz, and W. Mannheim. 1994. Ornithobacterium rhinotra-
cheale gen. nov., sp. nov., isolated from the avian respiratory tract. Int. J.
Syst. Bacteriol. 44:24–37.

38. Van Empel, P., H. Van Den Bosch, D. Goovaerts, and P. Storm. 1996.
Experimental infection in turkeys and chickens with Ornithobacterium rhi-
notracheale. Avian Dis. 40:858–864.

39. Yamaguchi, T., P. J. Blackall, S. Takigami, Y. Iritani, and Y. Hayashi. 1991.
Immunogenicity of Haemophilus paragallinarum serovar B strains. Avian Dis.
35:965–968.

40. Yamaguchi, T., Y. Iritani, and Y. Hayashi. 1988. Serological response of
chickens either vaccinated or artificially infected with Haemophilus paragalli-
narum. Avian Dis. 32:308–312.

41. Yamaguchi, T., Y. Iritani, and Y. Hayashi. 1989. Hemagglutinating activity
and immunological properties of Haemophilus paragallinarum field isolates
in Japan. Avian Dis. 33:511–515.

42. Yamaguchi, T., K. Kato, S. Takigami, Y. Iritani, and Y. Hayashi. 1990.
Serological classification of Japanese isolates of Haemophilus paragallinarum
using two serovar-specific monoclonal antibodies. Avian Dis. 34:364–368.

43. Zhang, P., P. J. Blackall, T. Yamaguchi, and Y. Iritani. 1999. A monoclonal
antibody blocking ELISA for the detection of serovar-specific antibodies to
Haemophilus paragallinarum. Avian Dis. 43:75–82.

632 BLACKALL CLIN. MICROBIOL. REV.

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/c

m
r 

on
 1

4 
Fe

br
ua

ry
 2

02
4 

by
 1

30
.4

1.
3.

15
5.


