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Abstract 
Haemolysin (Listeriolysin O) is a major virulence factor in pathogenic strains of Listeria. Presently, 

the conditions for its production are not fully elucidated. This study examined the influence of culture 

pH and temperature on cell viability, multiplication and haemolysin production by fresh isolates of L. 

monocytogenes, L. ivanovii and L. seeligieri. At 5
o
C and pH 3.8 to 4.8, there was a significant (p < 

0.05) decline in cell viability and multiplication. However, both parameters remained in a steady state 

from pH 5.0 to 5.6 at the same temperature.  At 30
o
C, there was also decline in cell viability and 

multiplication from pH 3.8 to 4.8 but significant cell multiplication from pH 5.0 to 5.6. Haemolysin 

production was concomitant with conditions allowing growth of the listerial organisms and the highest 

increases in haemolysin production were recorded during the log phase of growth. For all isolates, 

haemolysin was produced from pH 5.0 to 9.0 at the above temperatures and productivity was highest 

with L. ivanovii. 
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Introduction 

The genus Listeria consists of Gram-

positive, catalase-positive, facultatively 

anaerobic, rod-shaped bacteria. Seven species 

of Listeria have been identified but L. 

monocytogenes is the principal pathogen in 

humans and animals (Gellin and Broome, 1989; 

Bille and Doyle, 1991; Low and Donachie, 

1997; Beverly, 2004; Peiris, 2005). 

L. monocytogenes has become established 

as a food-borne pathogen. The organism is of 

particular concern to the food industry and 

public health regulatory agencies because of its 

ability to grow and multiply under unfavourable 

conditions such as direct sunlight, repeated 

freezing and thawing, drying and heating, and 

extended pH ranges (FSIS, 2001; Peiris, 2005; 

Ramaswamy et al., 2007). Refrigeration does 

not prevent growth of the pathogen (NFPA, 

1999; Beverly, 2004; Peiris, 2005; Ramaswamy 

et al., 2007). Studies have also shown that it 

exhibits some measure of heat tolerance 

although it will not survive pasteurization 

except when present in high numbers (NFPA, 

1999; Stehulak, 1992; Casadei et al., 1998; 

FSIS, 2001). 

L. monocytogenes secretes a haemolytic 

protein, listeriolysin O (LLO) belonging to the 

group of sulfhydryl-activated cytolysins and 

homologous to Streptolysin O and pneumolysin 

(Mengaud et al., 1987). This haemolysin is 

believed to be the major virulence factor of L. 

monocytogenes (Mengaud et al., 1987; Buncic 

et al., 1996; NFPA, 1999; Portnoy et al., 2002; 

Haas et al., 2007). 

Although the pathogenicity of L. 

monocytogenes has been widely reported, there 

is little information on conditions influencing 

the production of the main pathogenicity factor, 

the LLO. In this study, the dynamics of 

haemolysin production by Listeria spp. isolated 

from uncooked meat and vegetable samples 

were investigated. 

 

Materials and Methods 

Organisms and culture conditions 
 

All listerial isolates used in this study were 

isolated from meat and vegetable samples 

obtained from a local market at Nsukka, Enugu 

State, Nigeria. The listerial organisms were 

isolated on PALCAM agar using the USDA-

enrichment method (Hitchins, 2001). Typical 
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listerial organisms were identified to species 

level using standard confirmatory tests as 

described by Bille and Doyle (1991). Two 

isolates of L. monocytogenes (T and N), two 

isolates of L. ivanovii (O and R) and one isolate 

of L. seeligeri were used in this study. All cells 

were maintained in trypticase soy broth plus 

yeast extract (TSBYE) at pH 7.3. 

 

Haemolytic activity on blood agar 
All isolates were initially tested for 

haemolytic activity on Listeria monocytogenes 

blood agar (LMBA), using sterile sheep blood. 

Test isolates were streaked onto the agar plates 

and incubated at 37
o
C for 24 to 48 h. 

Haemolytic Listeria species grew as small 

light-coloured colonies surrounded by narrow 

zones of beta haemolysis. 

 

 Quantitation of haemolysin production 
Haemolysin production was determined 

semi-quantitatively by the microplate technique 

using washed human erythrocytes (Dominguez-

Rodriguez et al., 1986) and by the procedure of 

Buncic et al., (1996). Briefly, the isolates were 

cultured in TSBYE, at 37
o
C for 24 h. The 

bacterial cells were harvested by centrifugation 

for ten minutes at 4600 x g and were re-

suspended in 15 ml of 0.1% peptone water. 

Washed erythrocytes were prepared by 

centrifugation of 20 ml human blood 

(containing anticoagulant) at 2600 x g for five 

minutes. After discarding the plasma, the 

packed erythrocytes were re-suspended in 20 

ml sterile 0.9% saline, re-centrifuged, and the 

saline wash aspirated. The wash procedure was 

repeated until no pink colouration was detected 

in the saline wash. Washed packed erythrocytes 

(3 ml) were added to 100 ml of sterile 0.9% 

saline solution. 

Titration was carried out in microtitre plates 

with U-form wells in which 50 µl of saline 

solution (0.9%) had been placed in each well 

(11 wells were used for each isolate). Two-fold 

serial dilutions were carried out with the test 

isolates in the wells. To each bacterial dilution, 

100 µl of the 3% suspension of washed human 

erythrocytes was added. The microtitre plates 

were then incubated at 37
o
C for 8 h, after which 

wells were examined for complete or partial 

haemolysis. The haemolytic activity titres were 

expressed as complete haemolysis units (CHU; 

the reciprocal of the highest dilution at which 

100% haemolysis took place) and minimal 

haemolysis units (MHU; the reciprocal of the 

highest dilution at which haemolysis was 

detected). The titres were converted to 

logarithms before their mean values were 

calculated. 

 

Time course of haemolysin production 
The temporal synthesis of haemolysin was 

studied with L. monocytogenes (isolates T and 

N), L. ivanovii (isolates O and R), and L. 

seeligeri (isolate F). The cells (9 x 10
6
 cfu.ml

-1
) 

were cultured in 250 ml TSBYE (pH 7.3) and 

incubated at 35
o
C. At six hourly intervals, 100 

µl portions of the cultures were taken and 

analyzed for haemolytic activity as previously 

described. Samples were taken for up to 108 h.  

 

Effect of pH and temperature on the growth of 

L. monocytogenes 
Two isolates of L. monocytogenes (T and 

N) were used in this study. TSBYE broth in 250 

ml Erlenmeyer flasks was adjusted to pH 3.8 to 

5.6 using hydrochloric acid (HCl) or sodium 

hydroxide (NaOH) to achieve final pH values 

of 3.8, 4.2, 4.4, 4.8, 5.0 and 5.6. The broths 

were inoculated with 9 x 10
6
 cells per ml of the 

listerial isolates and incubated at 5
o
C and 30

o
C 

for up to 63 days. At various time points, viable 

population (CFU/ml) was determined by 

serially diluting samples in phosphate buffer 

(pH 7.2) and plating out on trypticase soy agar 

(TSA) plates. 

 

Effects of pH and temperature on haemolysin 

production 

Five isolates of Listeria (two of L. 

monocytogenes, two of L. ivanovii and one of L. 

seeligeri) were used. TSBYE broth measures (5 

ml) in test tubes were adjusted to pH 5.0, 5.5, 

7.0 or 9.0 using HCl or NaOH. The tubes were 

inoculated with 9.0 x10
6
 bacteria per ml before 

incubating at 5
o
C and 30

o
C. Haemolysin titres 

from the various tubes were determined on the 

seventh day of incubation as previously 

described.   
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Results 

 Quantitation of haemolytic activity 

The two isolates of L. monocytogenes 

showed similar haemolytic patterns of complete 

haemolysis up to 1:4 dilution (CHU = 4). 

Isolate N showed partial haemolysis up to 1:16 

dilution (MHU = 16) while isolate T showed 

partial haemolysis up to1:128 (MHU = 128). 

The L. ivanovii isolate examined displayed 

more intense haemolysis than the L. 

monocytogenes isolates, showing complete 

haemolysis up to 1:16 (CHU = 16) and partial 

haemolysis up to 1: 1024 (MHU = 1024). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Temporal synthesis of Haemolysin by L. monocytogenes T. Note 

peak production of haemolysin (log10 haemolytic titre 3.31) at 24h, which 

corresponds with the end of the log phase of growth. 
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Fig. 2. Temporal synthesis of Haemolysin by L. ivanovii O. Peak haemolysin 

production was observed for this isolate at 24 h as was observed for L. 

monocytogenes. However, the peak was maintained for a longer period for 

this isolate. 

Fig. 3. Effect of pH on the growth of L. monocytogenes T at 30oC. The 

cells maintained greater viability at the higher pH values (pH 5.0 – 5.6) 

than at pH values 3.8 – 4.8. At pH values 3.8 to 4.8, no growth was 

recorded. 
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Fig. 5. Effect of pH on growth/ viability of L. monocytogenes T at 5oC. The 

cells maintained greater viability at pH 5.0 and pH 5.6 but rapidly lost viability 

at pH values 3.8 to 4.4. 
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Fig. 4. Effect of pH on the growth of L. monocytogenes N at 30oC. 

The cells maintained greater viability at the higher pH values (pH 5.0 

– 5.6) than at pH values 3.8 – 4.8. At pH values 3.8 to 4.8, no growth 

was recorded. 
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Table 1. Effects of pH and temperature on haemolysin production 

CHU = Complete haemolytic unit. Values 

represent mean of three replicates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Time course of haemolysin production 
The temporal synthesis of haemolysin was 

studied with two isolates of L. monocytogenes, 

two isolates of L. ivanovii and one isolate of L. 

seeligeri. All isolates showed similar patterns of  

haemolysin synthesis, attaining peak 

production (log10 haemolytic titres 2.71 – 3.31) 

at 24h, which corresponded with the end of the 

log phase of growth. The titres remained near 

peak level until mid stationary phase after 

which there was a rapid decline in haemolytic 

activity. The data for L. monoctogenes T and L. 

ivanovii O are shown in Figs. 1 and 2. For L. 

monocytogenes, a peak titre of 3.31 was 

recorded at 24 h. The titre remained at that level 

till 30 h after which haemolytic activity began 

to decline dropping to near zero by 96 h. 

Similarly, a peak of 3.31 was recorded for L. 

ivanovii. However, for this isolate the titre 

remained near peak till 48 h before declining to 

near zero by 108 h. 

 

 

Effect of pH on growth/viability of L. 

monocytogenes 
The viability and growth of L. 

monocytogenes T and L. monocytogenes N 

were monitored over a range of pH values (3.8 

to 5.6). The results are shown in Figures 3 – 6. 

The results showed that, generally, the cells 

maintained greater viability at the higher pH 

values (pH 4.8 – 5.6) than at pH values 3.8 – 

4.4 at both 30
o
C and 5

o
C. At pH 5.6, both 

isolates attained their peaks in Log10 cfu.ml
-1

 

(9.00 and 9.15 respectively) on the third day of 

incubation at 30
o
C. The numbers dropped after 

ten days and then declined rapidly to near 

extinction after 12 days (Figs. 3 and 4). At pH 
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Fig. 6. Effect of pH on growth/ viability of L. monocytogenes N at 5oC. The 

cells maintained greater viability at pH 5.0 and pH 5.6 but rapidly lost 

viability at pH values 3.8 to 4.4. 
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Fig. 7. Effect of temperature on the growth of L. monocytogenes 

T at pH 5.6. Growth was recorded only at 30oC with rapid loss of 

viability. Conversely, at 5oC, there was no growth but cells 

retained viability for up to 60 days. 
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Fig. 8. Effect of temperature on the growth of L. monocytogenes T at 

pH 5.0. Growth was recorded only at 30oC. At 5oC, there was no 

growth but cells retained viability for up to 60 days. 
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5.0, the isolates attained their peaks (8.91 and 

8.98 respectively) on the seventh day. The 

numbers remained near peak level until the 10
th

 

day after which the numbers began to decline. 

At pH values 3.8 to 4.8, for both isolates, no 

growth was recorded. Instead there was a 

steady decline in viable population to extinction 

within five to twelve days of incubation. 

At 5
o
C, again the cells maintained greater 

viability at pH 5.0 and pH 5.6 but rapidly lost 

viability at pH values 3.8 to 4.4 (Fig. 5 and 6). 

 

 Effect of incubation temperature on 

growth/survival of L. monocytogenes 

  At the permissive pH values (5.0 and 5.6), 

growth was observed only at 30
o
C. At 5

o
C, 

however, no growth (actual increase in Log10 

viable population) was recorded but the cells 

retained viability for over 60 days (Figs. 7 and 

8). 

 

Effects of pH and temperature on haemolysin 

production 
For the five haemolytic isolates studied, the 

highest yields of haemolysin were produced in 

a medium of pH 7. This was true for cultures 

incubated at 5
o
C and for those incubated at 

30
o
C. The highest activity of CHU 128 was 

observed with L. ivanovii, isolate O at pH 7 and 

30
o
C (Table 1). Appreciable amounts of 

haemolysin were produced at the alkaline pH of 

9 and at the acidic pH of 5. Furthermore there 

was about a four-fold higher production of 

haemolysin at 30
o
C than at 5

o
C. 

 

Discussion 
All isolates of L. monocytogenes and L. 

ivanovii used in this study were haemolytic 

with L. ivanovii displaying more intense 

haemolysis than L. monocytogenes. It has been 

reported that pathogenicity of listerial 

organisms, particularly L. monocytogenes, 

appears to be associated with the production of 

haemolysin (Brackett and Beuchat, 1990; 

Buncic et al., 1996; NFPA, 1999; Portnoy et 

al., 2002; Haas et al., 2007). However, the 

conditions that determine production of the 

listerial haemolysin or listeriolysin and hence 

pathogenicity remain to be clarified. 

Some investigators have attempted to define 

the temperature and pH conditions required for 

growth as well as haemolysin production of L. 

monocytogenes but no clear consensus has been 

reached. It has been reported that L. 

monocytogenes is capable of growth at 

temperature ranges of –0.4 to 50
o
C and pH 

values between 4.4 and 9.6 (NFPA, 1999; 

Beverly, 2004; Peiris, 2005). In a 

comprehensive study, Buncic et al. (1996) 

evaluated the dynamics of haemolysin 

production and pathogenicity of L. 

monocytogenes strains stored at refrigeration 

temperature. They concluded that haemolysin 

production and hence pathogenicity was 

dependent on whether cells were growing or 

non-growing at the time of evaluation. Growing 

cells were said to produce haemolysin and to 

have increased pathogenicity while non-

growing cells that had ceased haemolysin 

production had reduced pathogenicity. This 

view is supported by the findings in this study, 

which show that for all isolates studied, 

haemolysin production was highest during the 

log phase of growth after which there was a 

rapid decline in haemolytic titres. 

The effect of pH on viability and growth of 

the listerial organisms was investigated, using 

two isolates of L. monocytogenes. The results 

showed that pH values between 5.0 and 5.6 

were more favourable for the viability and 

growth of the cells than the lower pH values 

from 3.8 to 4.8, at which the cells rapidly lost 

viability. The effect was, however, dependent 

on temperature. At 30
o
C, growth (increase in 

Log10 cfu.ml
-1

) was recorded at the permissive 

pH values while at 5
o
C no growth was recorded 

although the cells maintained a reasonable level 

of viability (decrease in viable population of 

only 0.51 to 0.62) for over 60 days. 

The effect of pH on haemolysin production 

was also evaluated at 5
o
C and 30

o
C 

respectively. The results showed that for all 

isolates, the highest haemolysin titres were 

recorded at neutral pH at both temperatures. 

These results are in agreement with those of 

some other researchers who showed that L. 

monocytogenes cells gave maximum 

haemolysin production at neutral pH and 

substantially reduced yields at pH 5.5 or below 
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(Mckellar, 1992; Khan et al., 1993; Datta and 

Kothary, 1993; Dimming et al., 1994). 

Although the influence of pH on haemolysin 

titres was shown, in this study, to be similar at 

both 5
o
C and 30

o
C, there was about a four-fold 

higher amount of haemolysin production at 

30
o
C than at 5

o
C. This agrees with the reports 

of some workers (Czuprynski et al., 1989; 

Myers and Martin, 1994), but is in contrast with 

those of others (Durst, 1975; Shahamat et al., 

1980; Stephens et al., 1991).  

From published reports, the issue of effect 

of temperature on LLO production and 

pathogenicity seems to be a controversial one. 

Some researchers have speculated that 

refrigerated foods might constitute a greater 

hazard for listeriosis than non-refrigerated 

foods based on reports that production of 

haemolysin is greater at 4
o
C than at 37

o
C (Gray 

and Killinger, 1966; Durst, 1975; Shahamat,et 

al., 1980; Stephens et al., 1991). Some others, 

however, have rejected this view reporting that 

production of listeriolysin is significantly 

reduced at 4
o
C (Czuprynski et al., 1989; Myers 

and Martin, 1994; Buncic et al., 1996) and still 

others have reported not recording any 

significant effects of temperature (Brackett and 

Beuchat, 1990). Buncic et al., (1996), in their 

report expressed the view that the effect of 

refrigeration on pathogenicity was not merely a 

question of temperature but more a question of 

the biological and metabolic status of the cells. 

They opined that if cells were growing and 

metabolically active at refrigeration 

temperature, they would still produce the 

haemolysin whereas if the cells were non-

growing, haemolysin production would cease 

and therefore pathogenicity would be reduced. 

As stated earlier, this study showed that at 

5
o
C, no growth was recorded but viability was 

maintained over 60 days, particularly at pH 

between 4.8 and 5.6. At 30
o
C, however, growth 

occurred within the first seven days after which 

the cell numbers rapidly declined. When 

considered from the point of view of Buncic et 

al., (1996), then, one should expect haemolysin 

production to be higher at 30
o
C than at 5

o
C as 

was observed in this study. The implication of 

these results is that although L. monocytogenes 

maintains better viability at refrigeration 

temperature, haemolysin production is only 

enhanced when temperatures are raised to room 

temperature and above. It can be extrapolated 

from this then, that in terms of food safety, the 

risk of infection from the organism is greater 

when foods are stored at wrong temperatures or 

when foods are exposed to fluctuations in 

temperature. In other words, foods 

contaminated with L. monocytogenes may not 

necessarily pose a serious threat if cooked 

promptly and adequately after removal from the 

refrigerator. If, however, such food is allowed 

to attain temperatures between 28 to 30
o
C and 

left at that temperature for prolonged periods, 

the organisms multiply. If subsequently 

refrigerated, the cells survive refrigeration 

temperature only to multiply again when taken 

out. Thus, such practices may lead to increase 

in number of organisms found in the affected 

food to levels that may then pose a more serious 

threat to susceptible individuals. 

It can be concluded therefore, that while 

preservation at refrigeration temperature (less 

than 5
o
C) and acidification to pH 4.4 and below 

may confer some protection against listeriosis, 

through the inhibition of cell proliferation and 

haemolysin production, the most suitable option 

for food safety remains the complete 

elimination of these organisms from food 

substances and the prevention of 

recontamination of cooked food. 
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