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ABSTRACT 

BRAGG , R.R., COETZEE, L. & VERSCHOOR, J.A. 1997. Effects of growth conditions and incubation 
times on the expression of antigens of Haemophilus paragallinarum which are detected by monoclonal 
antibodies. Onderstepoort Journal of Veterinary Research, 64:57-63 

Haemophilus paragallinarum causes infectious coryza in poultry, and a panel of monoclonal antibod­
ies (Mabs) were established, which detect surface antigens of this bacterium. It was postulated that 
these Mabs could be used to detect antigenic differences between strains of H. paragal/inarum used in 
infectious coryza (I C) vaccines, and isolates made from the field , from poultry vaccinated against IC. It 
has previously been reported that in South Africa there are three different Mab patterns that have been 
common to H. paragallinarum isolates for the past three decades. 

The effects of different growth conditions such as duration of incubation, inoculum size , levels of NAD 
or NaCI in the medium , and the pH of the medium on these Mab patterns were investigated. It was 
found that many different factors appear to influence the expression of the antigens detected by the 
panel of Mabs. It was found that at different stages during the growth cycles, the isolates could be clas­
sified into different Mab groups. It was also found that alteration of the inoculum size resulted in Mab­
pattern switches. Addition of extra NaCI to the medium, in order to slow the growth rate, was found to 
result in Mab-pattern switches. pH was found to have signifcant effects on the levels of expression of 
the antigens detected by the Mabs, although these changes did not result in Mab-pattern switches. The 
effects of pH were also found to be highly strain dependent. The use of NAD, rather than sterile chicken 
serum, in the medium did not significantly alter the levels of expression of these antigens. 

Alterations of the growth conditions greatly affected the levels of expression of the antigens detected 
by the Mabs, and were highly strain dependent. It was not possible to predict the effects of a particular 
growth condition on a particular strain or isolate of H. paragallinarum. 

Keywords: Effects, expression of antigens, growth conditions, Haemophilus paragallinarum, infectious 
coryza, incubation times, monoclonal antibodies 

INTRODUCTION 

Infectious coryza, caused by the bacterium Haemo­
phi/us paragallinarum, is a disease of poultry, with 
the first serious outbreak in South Africa in 1968 (Buys 
1982) on a multi-age farm of approximately 100 000 
layers. Soon afterwards, the disease spread to most 
large production sites and established itself as the 

most common bacterial infection in layers. This situ­
ation is still much the same, and infectious coryza 
remains a serious disease among layers in South 
Africa, particularly during the winter months. 
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Vaccines against infectious coryza have been used in 
this country since 1975 (Buys 1982), but in the 1980s 
it became apparent that the vaccines were becom­
ing less effective in controlling the disease. In order to 
detect any antigenic differences between the strains 
of H. paragallinarum used for production of vaccines, 
and field isolates made from vaccinated flocks, a 
panel of monoclonal antibodies (Mabs) against H. 
paragallinarum was produced (Verschoor, Coetzee 
& Visser 1989). These Mabs were produced against 
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two of the strains used in vaccine production in South 
Africa (0083 and 0222) and two field isolates from 
vaccinated flocks (M85 and SB86) (Verschoor eta/. 
1989), resulting in a panel of five Mabs which was 
used to differentiate between the "vaccine" strains 
and the field isolates. 

Bragg, Coetzee & Verschoor (1993a) used these 
Mabs to investigate a larger sample of field isolates 
and included the Modesto strain as another vaccine 
strain in their study. Three different Mab patterns 
were found for strains 0083, 0222 and Modesto, and 
it was postulated that these patterns represent the 
three different serogroups. However, groups of field 
isolates produced Mab patterns differing from those 
obtained for the vaccine strains. In the light of these 
findings, a set of 11 different reference strains of H. 
paragallinarumwas studied by Bragg, Gunter, Coet­
zee & Verschoor (1997) to determine whether any of 
the reference strains have Mab patterns similar to 
those obtained for the field isolates. It was found that 
the Mabs did not produce serogroup-specific Mab 
patterns when reference strains of H. paragallinarum 
were tested with the Mabs, which implied that the 
Mabs would not be useful for serotyping South Afri­
can field isolates of H. paragallinarum. However, the 
possible effects of different growth conditions on the 
levels of expression of the different antigens detected 
by the Mabs, needed to be investigated before any 
decisive conclusion could be reached on the ability 
of this panel of Mabs to differentiate between field 
isolates and strains used in vaccine production. 

During the production of the Mabs, Verschoor, Bas­
hoff, Coetzee, Van Wyngaardt & Visser (1990) noted 
high levels of spontaneous fusion between spleno­
cytes derived from mice immunized with whole H. 
paragallinarum, and myeloma cells in vitro. Verschoor 
eta/. (1990) further established that co-immunization 
of mice with whole H. paragallinarum and an unrela­
ted antigen, followed by co-cultivation of the spleno­
cytes with SP2/0 myeloma cells, resulted in stable 
hybridoma cell lines producing antibodies against the 
unrelated antigen. They concluded that H. paraga/li­
narum could be used in adjuvants to simplify the pro­
duction of Mabs. This system may also be used as a 
model to study spontaneous fusion as a natural im­
mune phenomenon in cancer. In order to study these 
effects fully, the putative fusogen inducer of H. para­
gallinarum needs to be isolated and characterized. 
To facilitate these studies, the effects of different 
growth conditions on the expression of the antigens 
detected by the panel of Mabs produced by Ver­
schoor eta/. (1989) , should be investigated in order 
to optimize the yield of selected antigens. There ap­
pear to be some indications that the antigen detected 
by the VF3 Mab, plays some role, or is involved in 
the phenomenon of spontaneous fusion (Boshoff, 
Coetzee, Visser & Verschoor 1992). 
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The effects of different growth conditions and incu­
bation times on the expression of selected antigens 
of H. paragallinarum may also be useful for determin­
ing optimal growth conditions and incubation times 
for expression of antigens involved in protective im­
munity during the production of commercial infectious 
coryza vaccines. 

MATERIALS AND METHODS 

Bacterial strains and isolates 

Reference isolates, representing the different sero­
vars described by Kume, Sawata, Nakase & Matsu­
moto (1983) and renamed by Blackall , Eaves & Ro­
gers (1990), were obtained from Dr P.J. Blackall , 
Animal Research Institute, Yeerongpilly, Australia. 
Strains which were obtained and used in these ex­
periments were 0083 (A-1 ), 0222 (B-1 ), H-18 (C-1 ), 
Modesto (C-2) , SA-3 (C-3) and HP-60 (C-4) . Sam­
ples of strains Spross (B-1) and H-18 (C-1) were 
kindly supplied by Dr A.A. C. Jacobs of lntervet, Box­
meer, The Netherlands. Strains 0083 and 0222 were 
obtained from Avimune (formerly Golden Lay Labora­
tories, Verwoerdburg , South Africa), and both of these 
strains, as well as the Modesto strain , were recon­
stituted from own stock. 

Isolates SB86 and M85 were supplied by Avimune 
as freeze-dried cultures. All the other bacterial iso­
lates were made from cases of infectious coryza sub­
mitted to this laboratory. 

Growth media and purity of inoculum 

Modified Casman's medium (Coetzee, Rogers & Veld­
huyzen 1983), at a pH of 7,4 ± 0,2, and supplement­
ed with 10% (v/v) sterile chicken serum, was used 
in all of the experiments unless stated otherwise. All 
bacteria to be used as inocula were first grown in 
modified Casman 's medium and incubated at 3rC 
for 18 h, after which a sample was removed , inocu­
lated onto a blood tryptose agar (obtained from On­
derstepoort Biological Products, P/Bag X5, Onder­
stepoort, 0110 South Africa) (BTA) plate, streaked 
with a feeder culture of Staphylococcus aureus, in­
cubated in a candle jar at 37 °C for 18 h. All of the 
inocula were processed in this way, unless stated 
otherwise. 

Enzyme-linked immunosorbent assay (ELISA) 
with monoclonal antibodies 

The Mabs used in these experiments were produced 
by Verschoor eta/. (1989) and consisted of the F1 , 
V1 andVF3 Mabs. Culture flu id from SP2 myelomas 
was used for background controls . In all experiments, 
Mab patterns were obtained by performing ELISA on 
samples collected from the different growth condi­
tions, or after prescribed incubation periods. ELISA 



was performed on the isolates according to the meth­
ods described previously (Verschoor eta/. i 989 ; 
Bragg, Coetzee & Verschoor i 993b) without modifi­
cation. 

Effects of incubation time 

Flasks containing 200 mQ of Casman's medium were 
inoculated with i mQ of an i 8-h-old culture of either 
isolates M85, A745/9i , A54 i /92, A i 343/90 or strain 
0083, and incubated at 37 oc . At one-hourly inter­
vals, for i 2 h, i 0-mQ samples were aseptically re­
moved from the flasks. The pH of these samples was 
determined and the optical density (OD) of the sam­
ples was read at 540 nm, using incubated sterile me­
dium was used as a blank. The OD and pH were plot­
ted against time. 

Effects of the inoculum size 

Tubes containing i 0 mQ of Cas man 's medium were 
inoculated with either 20 IJQ, 50 IJ Q, i 00 IJQ or 200 IJQ of 
i 8-h cultu res of either isolates M85, A745/9i or 
strains 0222 or 0083 . In all of the other experiments 
an inoculum size of i 00 IJQ was used. 

Effects of using NAD instead of serum in the 
growth medium 

Tubes containing i 0 mQ of Casman 's medium which 
had been supplemented with either i 0% (v/v) ster­
ile ch icken serum, or NAD at a final level of 200 1-Jg/ 
me (w/v) were inoculated with i 00-IJQ samples of ei­
ther isolates A745/9i, SB86 and M85 , or strains 
0083, 0222 , Modesto, HP-60 and SA-3. 

Effects of pH 

The pH of Casman's medium was adjusted to vari ­
ous values between 7,3 ± 0,05 and 8,8 ± 0,05, and 
i 0 mQ of each medium was added to tubes. These 
tubes were inoculated with i 00 IJC of either strains H­
i 8, 0222, SA-3, 0083, Modesto and Spross, or iso­
lates M85 and A745/9i. 

Effects of NaCI levels 

Tubes containing i 0 mQ of Casman 's medium, were 
supplemented with additional samples of sterile N·acl 
solutions at levels of 0%, 0,5%, i ,0%, i ,5% and 2 %. 
The tubes were inoculated with i 00 IJQ of either strain 
0083 and 0222, or isolates A745/9i, A340/92, A739/ 
9i and A54i /92. 

Statistical analysis of data 

All of the data generated for the different growth con­
ditions or incubation times were evaluated by the Stu­
dent T-test for significance. The lowest confidence 
level to be regarded as significant, was taken as 95 %. 
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RESULTS 

The duration of incubation was found to have signifi­
cant effects on the levels of expression of the anti­
gens d~tected by the Mabs for strain 0083 (serotype 
A) and Isolate M85 (serotype C). For strain 0083, it 
was found that at 7 h post inoculation, highly signifi­
cant changes (P = 0,005%) with Vi and lesser (P = 
O,Di %) changes in the expression of the Fi antigen 
were found (Fig. i ). The Mab pattern obtained fo r 
strain 0083 up to 7 h of incubation, resembled the 
WFi (weakly Fi) Mab pattern obtained for the field 
isolates (Fig . i ). After 7 h of incubation, the Mab 
pattern typical for strain 0083 (i.e. a strong reaction 
with the Vi Mab) was found, and it prevailed fo r the 
remaining i 8 h of incubation time. 

Changing of the Mab pattern was also noted with 
isolate M85 (serotype C) (Fig . 2) . For incubation 
periods of up to 3 h, the Mab pattern resembled the 
WFi pattern, changing to SFi (strongly Fi) during 
3-7 h of incubation. After 8 h of incubation , the sig­
nal obtained for the VF3 Mab was found to be above 
2 x background, thus changing into the Fi!VF3 group 
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FIG. 1 Mab patterns obtained for strain 0083 after incubation for 
different times, and growth curves obtained for this strain 
showing increased OD (540 nm) and decreasing pH plot~ 
ted against time (n = 4) 
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FIG. 2 Mab patterns obtained for isolate M85 after incubation for 
different times and growth curves obtained for this isolate, 
showing increasing 00 (540 nm) and decreasing pH plot­
ted against time (n = 4) 

pattern , only to change back to the SF1 group. With 
isolate A745/91 (serotype A) (Fig . 3) , it was found that 
the SF1 Mab pattern maintained itself from begin­
ning to end without significant switch occurring. 

It would therefore appear that the growth stage of the 
organisms may influence the levels of expression of 
the antigens detected by the Mabs to such an extent 
that the Mab-pattern grouping for a particular strain 
or isolate can be altered, resulting in the classifica­
tion of the strain or isolate into a different Mab-pat­
tern group. This may occur indirectly when the proper­
ties of the medium are altered, owing to the abun­
dance of bacteria late in the growth stage. To test this, 
bacterial growth of isolates M85 (serotype C) and iso­
late A745/91 (serotype A) were inoculated with in­
creasing inoculum sizes. When th is was done, nei­
ther isolate M85 nor A745/91 (Fig. 4) was found to 
undergo significant switch in the Mab-pattern group. 
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FIG. 3 Mab patterns obtained for isolate A745/91 after incubation 
for different times and growth curves obtained , showing 
increasing 00 (540 nm) and decreasing pH plotted against 
time (n= 4) 

As experiments were conducted in Casman 's me­
dium supplemented with 10% sterile chicken serum, 
an attempt was made to eliminate the variability in 
the growth properties due to possible batch variation 
of chicken sera in the medium. NAD, at levels of 200 
~g/mQ, was investigated as a replacement for serum. 
No significant differences in the Mab patterns and no 
switching from one Mab-pattern group to another, 
was observed compared to when serum was used 
in the medium when eight different strains or. isolates 
of H. paragallinarum (including isolates M85 and 
A745/91 , and strain 0083) were investigated. This 
suggests that undefined properties in the serum are 
not a primary factor affecting the expression of these 
antigens (data not shown). 

The results obtained with the growth curves (Fig . 1-
3) , suggest that antigenic changes between Mab 
patterns appear to correlate with changes in the pH. 
Therefore, pH may be the crucial factor determining 
the levels of antigen expression, and indeed the Mab 
group into which the isolate or strain is classified 
during the growth cycle. This was tested by growing 
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FIG. 4 Mab patterns obtained for isolates M85 (A) and A745/91 
(B) when different inoculum volumes were used to inocu­
late Casman's medium supplemented with 10% sterile 
chicken serum (n = 4) 

different strains and isolates of bacteria in medium 
with different initial pH values. It was found that sig­
nificant changes in the Mab patterns, although not 
resulting in Mab-pattern switches, were found for 
strain 0083 (Fig . 5). Almost identical results were ob­
tained for strain SA-3 and Modesto (both serogroup 
C) (data not shown). Significant changes, resulting 
in Mab-group switching, were noted for strain H-18 
(C-1 ), Spross (B-1) (Fig . 5) and for isolates M85 (C-
3) and A745/91 (A-1) (Fig. 6) . The Mab-group switch 
for isolate M85 was from a F1/VF3 grouping at lower 
pH values, to WF1 at higher pH values. The Mab­
group switches for isolate A745/91 occurred firstly from 
the SF1 group to the F1/VF3 group and then back 
to the SF1 group, reminiscent of the growth-curve­
related effects, typical of M85 (Fig. 2). The Mab-group 
switch for the Spross strain was from F1 !VF3 to SF1, 
and this switch was reversed for the H-18 strain. 

The effects of pH on the levels of expression of the 
antigens detected by the Mabs, appear to be highly 
strain or isolate dependent, and no fixed pattern was 
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FIG. 5 Mab patterns obtained when reference strains of H. par­
agallinarum [0083 (Graph A) , H-18 (Graph B) and Spross 
(Graph C)] were grown in medium with different pH values 
(n= 4) 

observed which could be used as a model to predict 
the effects of pH on the expression of antigens for 
all of the strains and isolates. 

Mab-pattern changes induced by extra NaCI levels 
added to the growth medium, were investigated. Ad­
dition of NaCI retarded the growth stage and affected 
the levels of expression of antigens of strain 0083, 
and of isolates A745/91 and M85. Only in the case of 
strain 0083, the changes were of such a nature that 
Mab-pattern type-group switches occurred (Fig. 7) . 
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FIG. 6 Mab patterns obtained for isolates M85 (Graph A) and 
A745/91 (Graph B) were grown in medium with different 
pH values (n = 4) 

It has been shown in this study that the growth stage 
of the organisms influences the expression of the an­
tigens. It was found that the addition of NaCI slowed 
the growth of the bacterium to such an extent, that 
at 2% added NaCI , only very weak growth , as seen 
by the turbidity of the culture, was obtained . The Mab 
pattern of strain 0083 at high levels of added NaCI , 
corresponded to patterns obtained for this strain af­
ter only 3 h of incubation . 

DISCUSSION 

The growth stage of the bacterium appears to have 
the most profound effects on the Mab patterns of the 
different strains and isolates. The changes of the Mab 
patterns for different strains of H. paragallinarum ap­
pear to be affected to different degrees by selected 
growth conditions. As such, a model for the predic­
tion of the effects of different growth conditions for 
all strains and isolates cannot be established from 
the data obtained. It can , however, be seen that al­
teration of the growth conditions can alter the Mab 
pattern into which a strain or isolate can be classi­
fied . 
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All of the growth conditions investigated had signifi­
cant effects on the expression of the antigens de­
tected by the Mabs. Some of the effects were highly 
significant (P = 0,005%) , while other growth condi­
tions affected the expression of the antigens to a 
lesser degree ( P = 0,05%) . It was also found that the 
levels of expression of the antigens detected by the 
Mabs appear to be highly variable, even under strin­
gently controlled growth conditions. It was found that 
the expression of the antigen detected by the VF3 
Mab, varied with pH of the culture initiation in a way 
that was strain dependent. For isolate A745/91 (A) , 
it was found that optimal production of the antigen 
detected by the VF3 Mab occurred at a pH of approxi­
mately 8,6, while for isolate M85 (C-3), it was found 
to be between 7,6 and 8,0 . The observation that two 
serovar C-3 isolates (M85 and SA3) each had a dif­
ferent optimal pH for the expression of this antigen, 
implies intra-strain variation of expression of the VF3 
antigen. 

Conditions for the optimal expression of the antigen 
detected by the F1 Mab also differed for different 
strains and isolates. High levels of expression of this 
antigen were detected in media with a pH of approxi­
mately 7,3-7,5 for isolates M85 and A745/91. The 
optimal expression of this antigen in SA-3 appeared 
to be at a pH of 8,6. 

The antigen detected by Mab V1 , showed optimal 
expression at pH 8,4, but could not be tested for its 
interstrain variability, as only strain 0083 produced 
significant amounts of the antigen detected by the 
V1 Mab. 

If the antigens recognized by the Mabs should in­
cluded the antigens involved in stimulating the pro­
tective immune response of the chicken, these find­
ings would have significant financial implications for 



the manufacture of a coryza vaccine. However, the 
lipopolysaccharide which is detected by the V1 Mab 
(Bragg et at. 1997), appears to be limited to strain 
0083, while the VF3 antigen was also found to be a 
lipopolysaccharide, although it has a wider distribu­
tion of occurrence. Only the F1 Mab recognized a 
protein antigen, but it has been established that this 
Mab does not detect the hemagglutinin, as seen by 
the inability of the F1 and the other Mabs to inhibit 
haemagglutination of any of the reference strains of 
H. paragallinarum (Bragg et at. 1997). 

Once it had been established (Bragg et at. 1996b) 
that the panel of Mabs did not detect antigens in ­
volved in protective immunity, the relevance of this 
work decreased . However, it can still be seen from 
these results that different growth conditions signifi ­
cantly affect the expression of these antigens, and 
it is therefore possible that these different growth 
conditions may also affect the antigens involved in 
stimulating the immune response in a similar man­
ner. In order to investigate and optimize the growth 
conditions for commercial vaccine production, mono­
clonal antibodies against the serogroup-specific 
hemagglutinins are needed . 
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