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Abstract
A study was conducted to compare the effect of full, 1/4, 1/2,
1/8, and 1/16 MIC of Aureomycin® and Aureo S 700® (AS700)

at incubation temperatures of 37°C and 41°C on growth

and outer membrane protein expression of Mannheimia

haemolytica and Haemophilus somnus. Two clinical and

one non-virulent isolates of both M. haemolytica and

H. somnus were utilized. 

The MIC for the two clinical M. haemolytica isolates were

the same at 37°C and 41°C, and growth kinetics indicated

that they were actually better adapted for growth at the

febrile temperature than at normal body temperature. 

With one exception, growth of the clinical isolates of 

M. haemolytica was severely inhibited in the presence of

Aureomycin and AS700 at 1/2 and 1/4 MIC. In most cases,

growth was also notably reduced for the 2 clinical isolates

at 1/16 MIC. The nonvirulent isolate exhibited only moder-

ate to slightly reduced growth at 1/2 and 1/4 MIC, and in

most cases there was not much difference between

growth at 1/8 or 1/16 MIC, and no antibiotic. 

Temperature effects on H. somnus were not apparent,

with some exceptions. The exceptions were those strains

having much lower MIC for Aureomycin and AS700 at

41°C compared to 37°C. All 3 H. somnus strains exhibited

limited growth at 1/2 and 1/4 MIC, with the exception of 1

reference strain at 41°C, which had a very low MIC (<0.25

µg/mL). Some strains which had high initial MIC also

experienced limited growth at both 1/8 and 1/16 MIC.

Based on the methods used in these studies, it could not

reliably be concluded that sub-MIC antibiotic levels or

temperature had an effect on expression of M. haemo-

lytica or H. somnus outer membrane proteins. 

The results of these studies suggest that Aureomycin and

AS700 are more effective at 37°C than 41°C against 

M. haemolytica, thereby indicating that antibiotic adminis-

tration prior to development of febrile response is more

likely to be effective in treatment or prevention of BRD. 

Introduction
Gram-negative bacteria Mannheimia haemolytica and

Haemophilus somnus are important pathogens involved in

bovine respiratory disease (BRD). As with other bacteria,

the anticipated effectiveness of antibiotics against these

two pathogens traditionally has been determined through

minimum inhibitory concentration (MIC) determinations,

defined as the minimum amount of an antibiotic required

to kill or inhibit growth of an organism in vitro. There is,

however, little correlation between MIC values and in vivo

treatment success, and MIC determinations may at best

be a rough guideline for antibiotic selection. 

In vitro sub-MIC concentrations (less than MIC) of an

antibiotic can negatively impact bacteria in a number of

ways, some of which include affecting either ultra-struc-

ture and antigenicity, adherence to epithelial cells, synthe-

sis/secretion of pathogenic enzymes,1 and/or the efficiency

of phagocytosis.2 It is known that sub-MIC concentrations

of Aureomycin (chlortetracycline) and AS700 (chlortetracy-

cline/sulfamethazine) can reduce lung lesions caused by

H. somnus.3

Successful treatment regimes for bacterial infections are

not totally reliant on the action of the antibiotic. Ultimately,
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the animal’s immune system must combat the infection

and restore some degree of normality. Antibiotics do not

kill all target bacteria, and any reduction in pathogen num-

bers, or adverse effect on the bacteria itself or its viru-

lence factors, will enable the animal to more effectively

combat infection. 

Study Objective
A study was conducted to determine the effects of sub-

MIC concentrations of chlortetracycline (hereafter referred

to as Aureomycin) and the combination of chlortetracycline

and sulfamethazine (hereafter referred to as AS700) on

Mannheimia haemolytica and Haemophilus somnus.

Antibiotic concentrations studied were full, 1/2, 1/4, 1/8, and
1/16 MIC, using incubation temperatures of 37°C and 41°C.

Parameters measured and compared to these MIC levels

included growth kinetics and outer membrane protein

expression of M. haemolytica and H. somnus. 

Rationale for Parameters Measured
Growth Kinetics

Studies have indicated that sub-MIC levels of antibiotics

reduce the growth rates of bacterial strains.4 One study

showed that some antibiotics altered log-phase and dimin-

ish growth rates.5 The mode of action of Aureomycin is the

inhibition of protein synthesis; sulfonamides inhibit folate

synthesis, thus inhibiting purine and pyrimidine synthesis.6

Inhibition of protein synthesis and purine/pyrimidine syn-

thesis would both be expected to reduce growth rate.

Outer Membrane Proteins

The outer membrane of Gram-negative bacteria is com-

posed primarily of phospholipids, lipopolysaccharide, and

a group of outer membrane proteins (OMP), which com-

prise approximately 50% of the outer membrane mass.7

OMP help maintain cell structure, assist in transportation

of nutrients and substances involved in bacterial cell

defense, and are involved in adhesion to other cells.8

Some OMP expressed by Gram-negative bacteria are

involved in scavenging iron from the host (a prerequisite

for bacterial growth) and, therefore, are important determi-

nants of virulence. Additionally, because of their makeup,

some may modulate the immune response during infec-

tion. OMP are also involved in resistance mechanisms of

some intracelluar bacteria to the effects of phagocytosis.9

While the exact function of many M. haemolytica and

H. somnus OMP have not yet been determined, and the
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exact role these proteins play in virulence is speculative, a

decrease in expression of OMP may cause a decrease in

the acquisition of growth-promoting nutrients. This could

negatively affect strain virulence in the host. It is also pos-

sible that the adhesion properties of these strains may be

impacted by the reduced expression of some OMP, which

would reduce the effectiveness of M. haemolytica or H.

somnus in causing infection. Alterations in OMP expres-

sion would provide evidence of structural and functional

alterations of the bacterial cell wall. These changes may

result in altered adhesion, nutrient acquisition, or perme-

ability, thus altering virulence.  

Incubation Temperatures

As a response to disease challenge, and as one of the

bodies’ natural defense mechanisms, most cattle exhibit

an initial increase in body temperature. Most MIC determi-

nations are conducted at incubator temperatures of 37°C

in conditions most conducive to bacterial growth and sur-

vival. It has been shown that MIC determinations can be

incubation-temperature sensitive, with some bacteria

exposed to antibiotics in the presence of elevated temper-

atures exhibiting a 4-fold lowering of MIC.10 A temperature

of 41°C (105.8°F) is not unlike the rectal temperature of

cattle exhibiting clinical signs of BRD. Thus, the elevated

temperatures sick cattle experience might have a positive

effect on the effectiveness of antibiotics. 

Materials and Methods
Antibiotic Preparation

A desired stock concentration of 256 µg/mL of Aureo-

mycin was achieved based on a Aureomycin powder puri-

ty of 82%. The antibiotic stock solution of AS700 was

prepared in the same manner as Aureomycin with the

addition of sulfamethazine in a 1:1 ratio. 

Bacteria and Source

Three strains of M. hemolytica and H. somnus were used.

Mannheimia haemolytica ATCC 55518 was included in the

study as a nonvirulent control. Strain 55518 is an attenu-

ated vaccine strain (aroA mutant) derived from a virulent

pneumonic pasteurellosis isolate from cow lung.11 Mann-

heimia haemolytica clinical isolates D80 and D152 were

originally isolated from pneumonic bovine lungs at the

Iowa State University Veterinary Diagnostic Laboratory.

Haemophilus somnus ATCC 700025 is a bovine isolate

used for antimicrobial sensitivity testing.12 Haemophilus

somnus clinical isolates Hs-91 and 2336 were isolated
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Determination of Outer Membrane Proteins

The impact of Aureomycin and AS700 (1/4, 1/2, 1/8, and 1/16

MIC) on OMP for all strains of M. haemolyica and H. som-

nus was determined at 37°C and 41°C using SDS-PAGE

(sodium dodecyl sulfate-polyacrylamide gel electrophore-

sis). 

OMP were isolated from broth cultures of the 3 M. haemo-

lytica and the 3 H. somnus strains under each antibiotic

and temperature condition in duplicate using a protocol

that selectively enriches for OMP.15 Protein concentrations

were determined using the bicinchoninic acid (BCA) assay

by determining the OD562 in the OMP extracts and com-

paring to known concentrations of bovine serum albumin.

SDS-PAGE was performed for each of the duplicate OMP

preparations from each M. haemolytica and H. somnus

strain at each antibiotic and temperature combination. The

approximate molecular weights of major and minor bands

were determined by plotting the log molecular weights of

the protein standards vs the distance each band migrated,

and then performing a linear regression on each of the

standard curves.

Results
Growth Kinetics:  M. haemolytica 

The cultural growth kinetics of the 6 strains cultivated

under different temperature and antibiotic conditions can

be seen in Figures 1-3. With one exception, growth of the

clinical isolates D80 and D152 was severely inhibited in

the presence of both antibiotics at 1/2 and 1/4 MIC (never

achieving an OD620 of 0.1). Growth of strain D152 was

severely inhibited at concentrations as low as 1/8 MIC

(Figures 2 and 3). In fact, the growth curves demonstrate

no detectable growth at some sub-MIC within the 6 hours

the growth curves were conducted, thereby indicating that

from pneumonic bovine lung; Hs-91 was isolated from calf

lung during an experimental challenge at Iowa State

University, and 2336 is a virulent isolate from pneumonic

calf lung.13

Determination of MIC:  Mannheimia haemolytica 

A serial 2-fold macro-broth dilution method was performed

at both 37°C and 41°C to determine the MIC of

Aureomycin and AS700 for M. haemolytica.14 To be con-

sidered valid, MIC determinations for each of the 3 repli-

cates had to be within plus or minus one dilution of each

other. If necessary, additional replicates were run until 3

replicates were obtained within these limits. The MIC was

defined as the lowest concentration of antibiotic at which

bacterial growth was not detected, and Table 1 reflects

those values. 

Determination of MIC:  Haemophilus somnus

The MIC for H. somnus were determined with the same

standards used for M. haemolytica strains and are listed in

Table 2.

Determination of Growth Kinetics

The growth kinetics of all strains were determined in the

presence of each sub-MIC antibiotic concentration at both

37°C and 41°C. Cultures were incubated until the control

cultures (without antibiotics) reached stationary phase,

and bacterial densities were estimated turbidimetrically at

30-minute intervals by measuring the optical density at a

wavelength of 620 (OD620). Units of measurement indicate

the amount of light absorbed at this wavelength, with

increased absorption indicating increased bacterial densi-

ty. Growth kinetic assays for each M. haemolytica and

H. somnus strain were performed in triplicate from at least

2 separate stationary-phase starter cultures and antibiotic

stock solutions. 

TABLE 1. MIC (µg/mL) of Aureomycin and AS700 on 
M. haemolytica strains.

37°C 41°C

Strain Aureo. AS700 Aureo. AS700

55518 1 1 0.25 0.5

D80 16 32 16 16

D152 16 32 16 16

TABLE 2. MIC (µg/mL) of Aureomycin and AS700 on 
H. somnus strains.

37°C 41°C

Strain Aureo. AS700 Aureo. AS700

700025 1 2 <0.25 <0.25

91 1 1 1 0.25

2336 4 4 4 2
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FIGURE 1: Growth kinetics of M. haemolytica strain 55518 in the presence of sub-MIC of Aureomycin and AS700 at 2 tempera-
tures. Each value represents the mean OD620 readings from 6 cultures originating from 2 independent starter cultures.
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FIGURE 2: Growth kinetics of M. haemolytica strain D80 in the presence of sub-MIC of Aureomycin and AS700 at 2 temperatures.
Each value represents the mean OD620 readings from 6 cultures originating from 2 independent starter cultures.

0.1

1

Time (h)

1.0

0.1

0.03
10 2 3 54 6

1.0

0.1

0.03
10 2 3 54 6

Time (h)

AS700 37°C AS700 41°C

0.1

1

Time (h)

1.0

0.1

0.03
10 2 3 54 6

Mean optical density (OD )620

2 3 54 6

Time (h)

1.0

0.1

0.03
10

Aureomycin 37°C Aureomycin 41°C

1/2 MIC MIC1/4 MIC1/16 MICNo antibiotic 1/8 MIC



Page 5 of 8

up to 24 hours (the length of incubation for the MIC deter-

minations) may be required for detectable growth at these

concentrations. In most cases, growth was also notably

reduced for the 2 clinical isolates at 1/16 MIC. By contrast,

nonvirulent isolate 55518 exhibited only moderate to

slightly reduced growth at 1/2 and 1/4 MIC (Figure 1), and in

most cases there was not much difference between

growth at 1/8 MIC, 1/16 MIC, and no antibiotic.

Temperature also affected the growth kinetics of the 3 

M. haemolytica strains, particularly the clinical isolates.

Even though the MIC for these 2 isolates were the same

at 37°C and 41°C, the growth kinetics indicated that they

were actually better adapted for growth at the febrile

temperature than at normal body temperature. 

Growth Kinetics:  H. somnus

All 3 H. somnus strains exhibited limited growth at 1/2 and
1/4 MIC, with the exception of reference strain 700025 at

41°C which had a very low MIC (<0.25 µg/mL) (Figures

4-6). Growth of strain 2336 (which had the highest MIC for

both Aureomycin and AS700) was markedly inhibited at 1/8

MIC and slightly inhibited at 1/16 MIC. In most cases,

growth of 700025 and Hs-91 at 1/8 and 1/16 MIC was

markedly inhibited. The exceptions occurred at 41°C for

700025 with both Aureomycin and AS700, and Hs-91 with

AS700, where the strains that had very low MIC and

growth at 1/8 and 1/16 MIC were only slightly affected. 

Temperature effects on H. somnus were not apparent,

with some exceptions. There was apparent improved

growth for 700025 at sub-MIC for Aureomycin and AS700

at 41°C compared to 37°C. There was also apparent

growth of Hs-91 at sub-MIC for AS700 at 41°C compared

to 37°C. However, as described above, these strains had

much lower MIC for these antibiotics at 41°C compared to

37°C. Therefore, the antibiotic concentrations used for the

growth kinetics study at 37°C were higher than those

used at 41°C, making it difficult to draw conclusions on

temperature effects.

M. haemolytica Outer Membrane Protein

SDS-PAGE revealed 4 major OMP in M. haemolytica,

based on band intensity. All 4 bands were consistently

FIGURE 3: Growth kinetics of M. haemolytica strain D152 in the presence of sub-MIC of Aureomycin and AS700 at 2 temperatures.
Each value represents the mean OD620 readings from 6 cultures originating from 2 independent starter cultures.
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FIGURE 5: Growth kinetics of H. somnus strain Hs-91 in the presence of sub-MIC of Aureomycin and AS700 at 2 temperatures.
Each value represents the mean OD620 readings of 3 independent determinations.
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FIGURE 4: Growth kinetics of H. somnus strain 700025 in the presence of sub-MIC of Aureomycin and AS700 at 2 temperatures.
Each value represents the mean OD620 readings of 3 independent determinations.
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present in all of the M. haemolytica OMP preparations

regardless of antibiotic or temperature conditions. Minor

M. haemolytica OMP were also identified that had lower

band intensity. There were some variations in the expres-

sion of these 4 minor OMP under different antibiotic and

temperature conditions, but no clear trend was evident.

Although there was some detectable variation in expres-

sion of the OMP, it could not reliably be concluded that

sub-MIC antibiotic levels or temperature had an effect on

expression of M. haemolytica OMP. 

H. somnus Outer Membrane Protein

Sub-MIC antibiotic levels or temperature had no effect on

expression of H. somnus OMP. 

Conclusions
Studies have indicated that sub-MIC levels of antibiotics

reduce the growth rates and increase log-phase of bacter-

ial strains.4,5,16,17 This study is consistent with those earlier

reports and demonstrates that the M. haemolytica and

H. somnus clinical isolates had especially limited growth

at 1/2, 1/4, and sometimes 1/8 MIC for both Aureomycin and

AS700. 

This is logical, considering that Aureomycin’s mode of

action is inhibition of protein synthesis, and sulfonamides

inhibit purine and pyrimidine synthesis (through interfer-

ence with folate metabolism). Inhibition of protein synthe-

sis and purine/pyrimidine synthesis would both be

expected to reduce growth rates. Assuming that similar

growth inhibition occurs at equivalent antibiotic concentra-

tions in vivo, these findings suggest a plausible mecha-

nism for the demonstrated clinical efficacy of sub-MIC

administration of these antibiotics; namely, inhibition of

bacterial growth in vivo would slow the progression of

infection and presumably allow the host immune system

to more readily clear the pathogen. In addition, the MIC

results of this study indicate that H. somnus is more sensi-

tive to Aureomycin and AS700 than M. haemolytica.

Earlier reports on the effects of sub-MIC of antibiotics on

bacterial growth have not taken into account the effect of

growth at febrile temperature. The finding that the M.

haemolytica clinical isolates were better adapted for

growth at febrile temperature both in the absence of

antibiotics and in the presence of sub-MIC of Aureomycin

and AS700 in this study was unexpected. The optimal

FIGURE 6: Growth kinetics of H. somnus strain 2336 in the presence of sub-MIC of Aureomycin and AS700 at 2 temperatures.
Each value represents the mean OD620 readings of 3 independent determinations.
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temperature for growth of M. haemolytica is reported to be

37°C, with growth occurring from 25°C to 40°C.18

However, this finding is not surprising in light of the fact

that febrile response is typical of BRD and is often used

as a prognostic indicator. These results indicate that

Aureomycin and AS700 are more effective at 37°C than

41°C against M. haemolytica, thereby suggesting that

antibiotic administration prior to development of febrile

response is more likely to be effective in treatment or pre-

vention of BRD. This supports the philosophy that meta-

phylaxis with either Aureomycin or AS700 is best utilized

early in disease onset when calves are not critically ill. 

There was no detectable variation in the expression of

major OMP from either M. haemolytica or H. somnus as a

result of growth in the presence of sub-MIC concentra-

tions of Aureomcyin or AS700 or as a result of growth at

41°C. Some variation was detected in expression of some

of the minor M. haemolytica OMP, but it could not defini-

tively be concluded that it occurred as a result of varying

environmental conditions. 

The ability of Aureomycin and AS700 to decrease morbidi-

ty due to BRD and improve performance in cattle has

been documented.19,20,21 This study demonstrated that in

vitro sub-MIC concentrations of Aureomcyin and AS700

affect the growth kinetics of both M. haemolytica and

H. somnus, offering a plausible mechanism for the demon-

strated clinical efficacy of sub-MIC of Aureomycin and

AS700. 

The impact on clinical disease when growth kinetics are

altered requires further observation. This study, however,

gives insight to a possible mechanism by which sub-MIC

levels of Aureomycin and AS700 can positively affect

disease outcome, and underscores the misconceptions

that may occur when MIC is used as the sole method to

evaluate an antibiotic’s effect on a particular bacterium. 
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