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Bacteriological culture of blood from critically
ill neonatal calves
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Abstract - The objectives of this study were to estimate the prevalence of bacteremia in critically
ill, neonatal calves with severe diarrhea or depression, and to describe the variety of bacteria
involved. Two studies were conducted in the summers of 1991 and 1993 involving 190 neonatal calves,
1-day to 19-days-old. Bacteremia was detected by blood culture in 31% (28/90) of calves in study
1, and in 24% (19/79) of ill calves and 0% (0/21) of control calves in study 2. Bacteria cultured from
blood included Escherichia coli (51% of all isolates), other gram-negative enterics (25.5%), gram-
negative anaerobes (5.9%), gram-positive cocci (11.8%), and gram-positive rods (5.9%). Among clin-
ically ill calves, the average age was significantly lower in the blood culture-negative group (5.5 d)
than in the blood culture-positive group (7.5 d) (P = 0.004). Mean serum IgG concentration was sig-
nificantly (P = 0.0001) lower in blood culture-positive calves (1.146 g/L) than in blood culture-negative
calves (3.077 g/L). The mortality rate was significantly (P < 0.0001) higher in the blood culture-positive
group (57.4%) than in the blood culture-negative group (15.1%). Bacteremia appeared to be a fre-
quent entity in this particular rearing situation. Early recognition of the problem, as well as appro-
priate treatment, may be beneficial in increasing survival rates. Results also support the need to address
the failure of passive transfer of maternal antibodies to prevent bacteremia in calves.

Resume - Culture bacteriologique du sang de veaux nouveau-nes dangereusement malade.
Les objectifs de cette etude etaient d'evaluer la prevalence des bacteriemies chez des veaux nouveau-
nes dangereusement malades et presentant une diarrhee ou une depression graves ainsi que de decrire
les types de bacteries en cause. Deux etudes ont ete menees au cours des etes 1991 et 1993 et com-
prenaient 190 veaux nouveau-nes ages de 1 'a 19 jours. La bacteriemie a ete detectee par culture
sanguine chez 31 % (28/90) des veaux de la premiere etude et chez 24 % (19/79) des veaux
malades et 0 % (0/21) des veaux temoins de la deuxieme etude. Les bacteries cultivees a partir du
sang comprenaient des Escherichia coli (51 % de tous les isolats), d'autres enterobacteries gram-negatif
(25,5 %), des anaerobies gram-negatif (5,9 %), des coques gram-positif (11,8 %) et des batonnets
gram-positif (5,9 %). Parmi les veaux cliniquement malades, l'age moyen etait significativement plus
bas dans le groupe des cultures sanguines negatives (5,5 jours) que dans le groupe des cultures san-
guines positives (7,5 jours) (P = 0,004). La concentration moyenne des IgG seriques etait signi-
ficativement plus basse (P = 0,0001) chez les veaux ayant des cultures sanguines positives (1,146 g/L)
que chez ceux ayant des cultures sanguines negatives (3,077 g/L). Le taux de mortalite etait sig-
nificativement plus haut (P < 0,0001) dans le groupe des cultures sanguines positives (57,4 %) que
dans le groupe des cultures sanguines negatives (15,1 %). La bacteriemie semblait etre une condi-
tion frequente dans cette conjoncture d'elevage. Une reconnaissance hative du probleme ainsi
qu'un traitement approprie peuvent en augment les taux de survie. Les resultats appuient egalement
le besoin de questionnement suite a l'insucces rencontre dans la prevention de la bacteriemie
chez les veaux par le transfert passif des anticorps maternels.

(Traduit par docteur Andre Blouin)
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Introduction
Bacterial infections are an important cause of morbidity

and mortality in the large animal neonate (1-7).
Colostrum-deprived calves are more susceptible to
developing infections during the neonatal period (8). The
early environment of the dairy calf is an important
source of microorganisms (corral maternity pen, hutches)
(4,6,9). Moreover, calves allowed to nurse the dam
often make erratic nursing attempts in heavily contam-
inated areas (tail, hock). This, often massive, oral con-

tamination may lead to colonization of the gastro-
intestinal tract by different infectious agents, some of
which may cause bacteremia or diarrhea. Other routes of
entry of bacteria could be the umbilicus or the respira-
tory tract. Calves developing diarrhea of bacterial, viral,
or parasitic origin often show clinical signs compatible
with sepsis, including fever, scleral injection, pneu-

monia, inappetence, collapse, shock, and death. The
prevalence of bacteremia in critically ill calves with
diarrhea has not been reported.

Weinstein and Reller (10) reported that Escherichia
coli, Staphylococcus aureus, and Streptococcus pneu-

monia were the most common bacteria isolated from the
blood of ill humans (n = 500). Wilson and Madigan
(3) reported that the bacteria most commonly isolated
from septicemic foals (n = 47) were E. coli, Actinobacillus
spp, and Klebsiella pneumonia. Dow and Curtis (1 1)
reported that out of 100 critically ill dogs and cats, 49
(39 dogs, 10 cats) were bacteremic. Gram-negative
rods were the most common organisms isolated from the
bloodstream of dogs with bacteremia (46%), whereas, in
cats, both gram-negative rods (especially Salmonella
enteritidis) and anaerobic bacteria were most frequently
isolated (1 1). In another report, the most common bac-
teria found in the blood of ill dogs were Entero-
bacteriaceae and coagulase-positive staphylococci (12).
In neonatal calves presented at the University of Colorado
Teaching Hospital with a confirmed diagnosis of
septicemia, E. coli was the predominant bacterium
isolated (1).
The objectives of this study were to: (1) estimate

the prevalence of bacteremia among a nonrandom
sample of ill neonatal calves on an intensive
calf-raising farm, (2) examine the associations between
bacteremia and total serum IgG concentration, age,

and subsequent mortality (60 d following sampling),
(3) describe the variety of bacteria found in neonatal
bacteremic calves, and (4) examine the pattern of
susceptibility to antimicrobial agents of these bacterial
isolates.

Materials and methods
Study population
Two studies were undertaken in August 1991 and
July 1993. Both studies were conducted on a calf-
rearing farm housing over 15 000 calves in the San
Joaquin Valley, California. Approximately 5000 calves
were bottle fed at a time. Our sample consisted of
90 calves between 2 and 16 d of age in study 1, and
100 calves between I and 19 d of age in study 2 (79 ill
and 21 controls).

Selection criteria
In study 1, calves were enrolled over a 6-day period. Only
calves observed to have severe diarrhea or to be severely
depressed were included in the study (n = 90). Calves
were located in 7 different areas on the farm.

In study 2, calves were enrolled over a 5-day period,
according to their total clinical score, which was made
up of the 5 individual scores (feces, hydration, atti-
tude, umbilicus, and scleral vessels) (13). The sample
consisted of 21 control calves, with a total clinical
score of 5 or lower, and 79 ill calves, with a total clini-
cal score of 5.5 and above. Control calves were selected
from calves located at least one stall away from an ill
calf. Calves were located in 16 different areas on
the farm.

Blood sample collection and processing
Two whole blood samples (a.m. and p.m.) were collected
from each calf and submitted to the laboratory for cul-
ture. Prior to venipuncture, hair was shaved, skin was dis-
infected by vigorous scrubbing with povidone-iodine
(7.5%) detergent, followed by one swabbing with iso-
propyl alcohol (99%) and one swabbing of povidone-
iodine (10%) solution. Five milliliters of blood were then
drawn from the jugular vein with a disposable syringe
and an 18 gauge needle. After changing to a new needle
and wiping the bottle stopper with isopropyl alcohol, the
blood was injected into a commercially available 50-mL
blood culture bottle of tryptic soy broth containing
0.03% sodium polyanethosulfonate and CO2 (PML
Microbiologicals, Tualatin, Oregon, USA). The bottles
were transported to the laboratory, incubated at 37°C, and
observed daily for 5 d. In study 1, bottles were vented
over a flame on arrival at the laboratory, and anaerobic
cultures were not performed. In study 2, bottles were kept
under anaerobic conditions. Obligate anaerobic bacteria
were identified, as previously described (14,15). Bottles
were plated on regular tryptic soy agar, with 5% bovine
blood at days 2 and 5, and at any other time there was
evidence of growth (cloudiness and opacity when looking
through the bottle). The criteria used for identification
of bacterial isolates were as described by Jang et al (16).

Antimicrobial susceptibility testing
In study 1, antimicrobial susceptibility was performed
on 25 isolates, using a commercially prepared micro-
dilution tray (Radiometer America, Westlake, Ohio,
USA). The performance and interpretation of each
test was done as previously described (17). In study 2,
antimicrobial susceptibility testing was carried out on
14 isolates of E. coli, using the disk diffusion method
according to the National Committee on Clinical Labo-
ratory Standards (18). For ceftiofur, the zone inter-
pretive criteria were those suggested by the manufac-
turer (Upjohn Animal Health, Orangeville, Ontario).

Serum immunoglobulin G determinations
One serum sample was collected from every calf at the
time of first whole blood sampling (a.m.). After cen-
trifugation, samples were frozen at -20°C until analyzed
for immunoglobulin G (IgG) by radial immunodiffusion
(ICN Immunoglobulins Bovine IgG Kit, ICN Bio-
medicals, Costa Mesa, California, USA).
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Table 1. List of bacterial isolates recovered from
blood cultures from critically ill calves in 2 different
studies

Family Study I Study 2
Bacteria n = 29 n = 22

Gram-negative enterics 23 16
Escherichia coli 15 1 1
Klebsiella pneumonia 4 0
Klebsiella oxytoca 1 0
Klebsiella spp. 0 2
Salmonella dublin 1 1
Salmonella typhimurium 2 0
Campylobacterfetus ssp. fetus 0 1
Enterobacter cloacae 0 1

Gram-negative anaerobes N/A 3
Bacteroides eggerthii N/A I
Bacteroides thetaiomicron N/A 1
Prevotella bivia N/A 1

Gram-positive cocci 4 2
Aerococcus viridans 1 0
Staphylococcus aureus I 0
Staphylococcus hyicus I 0
Staphylococcus simulans I 0
Staphylococcus spp. 0 1
Streptococcus spp. 0 1

Gram-positive rods 2 1
Bacillus spp. 2 0
Listeria spp. 0 1

N/A: no attempt to culture

'Definition of a positive animal
A calf was considered bacteremic if the same bacterium
was isolated from both blood culture bottles, or at least
1 of the 2 blood culture bottles showed bacterial growth
of a significant microorganism; bacteria were classified
as significant or contaminant, based on the type of bac-
teria (probable pathogens or normal inhabitants of the
skin), the rapidity of growth after sampling (less than or
more than 2 d), and visual evidence of growth in the
blood culture bottle.

Mortality
Records available on the ranch allowed for the follow-
up of every calf for 60 d after sampling. Mortality dates
were recorded.

Statistical analyses
Prevalence of bacteremia was computed separately for
both studies as the number of blood culture-positive
calves divided by the number of ill calves sampled.
A 95% confidence interval (CI) was estimated using a

normal approximation (19). For analytic purposes, data
were classified into 3 groups: 1) Blood culture-positive
ill calves, 2) blood culture-negative ill calves, and 3) con-

trol calves. Student's t-test was used to test the hypoth-
esis of no difference in mean age and geometric mean

IgG between blood culture-positive and blood culture-
negative ill calves.

Cumulative proportions of calves surviving to 60 d
after sampling were computed for blood culture-positive
and -negative ill calves, using the product limit method
(20). To test the hypothesis of no difference in 60-day

Figure 1. Distribution into low, medium, and high IgG con-
centration groups for blood culture-positive ill calves, blood
culture-negative ill calves, and healthy control calves.

mortality between blood culture-positive and
-negative calves, rates of survival in the 2 groups were
compared using the Breslow method, stratified by age
group (<1 wk and .1 wk) (21).
To test the hypothesis of no difference in the pattern

of E. coli antimicrobial susceptibility between the
2 studies, an adjusted chi-square statistic was used for
each antibiotic examined. A level of significance of
0.10 was used for all analyses.

Results
Bacteriological results
Bacteriological culture of blood was performed on
378 samples from 190 calves (2 calves died before the
2nd sampling). Blood cultures were positive in 43 of the
179 bottles in study 1, and in 33 of the 199 bottles in
study 2. Of 51 bacterial isolates cultured from blood, 51%
were Escherichia coli, 25.5% other gram-negative enter-
ics, 5.9% gram-negative anaerobes, 11.8% gram-positive
cocci, and 5.9% gram-positive rods (Table 1). Positive
cultures considered to be due to contaminants occurred
in 5 bottles (1.3%). Bacteria attributed to the contami-
nation were 1 Bacillus sp, 1 unclassified gram-positive
rod, 1 unclassified gram-negative rod, and 2 unidentified
bacteria. Polymicrobial growth was observed in only
1 blood culture bottle in study 1, and 2 in study 2.
Bacterial combinations isolated in this study were E. coli
and anaerobic bacteria, Staphylococcus hyicus and
Aerococcus viridans, and Klebsiella spp, and
Enterobacter cloacae.
Among clinically ill calves, 31% (n = 28/90, 95% CI,

22.0%-41.9%) were bacteremic in study 1, and 24%
(n = 19/79, 95% CI, 15.4%-35.2%) in study 2. None of
the control calves (n = 21) were bacteremic. The same
bacterial species was present in both blood samples
from 15 calves (54% of positive) in study 1, and from
14 calves (74% of positive) in study 2.

Susceptibility of 25 bacterial isolates from study 1

to 7 antimicrobial agents is presented in Table 2.
Comparison of susceptibility of E. coli to 6 different
antibiotics indicated that susceptibility in the 1st study
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Table 2. Antimicrobial susceptibility of 25 bacterial isolates
bacteremic calves in study 1

from the blood of

Escherichia Salmonella Klebsiella
Staphylococcus coli spp. spp. Total

Antimicrobial (n = 3) (n = 14) (n = 3) (n = 5) (n = 25)
Penicillin 0 N/A N/A N/A 0/3
Ampicillin 1 9 1 0 11/25
Amoxicillin/clavulinic acid 0 13 2 5 20/25
Ceftiofur 0 13 1 5 19/25
Gentamicin 1 4 2 5 12/25
Tetracycline I 1 1 0 3/25
Trimethoprim/sulfas 2 4 3 5 14/25

Table 3. Change in antimicrobial susceptibility of
Escherichia coli isolates recovered from the blood of
bacteremic neonatal calves between summer 1991
(study 1) and 1993 (study 2), and the statistical sig-
nificance of changes in the proportion of susceptible
isolates

Study I Study 2
Antimicrobial (n = 14) (n = 1) Significance

Ampicillin 9 1 P = 0.02
Amoxicillin/clavulinic acid 13 1 P < 0.0002
Ceftiofur 13 6 P = 0.08
Gentamicin 4 8 P = 0.07
Tetracycline 1 0 P = 0.89
Trimethoprim/sulfas 4 7 P = 0. 18

was significantly different from that of the 2nd study for
4 of the 6 antibiotics examined (Table 3).

Association with age
Among ill calves, the average age for the blood culture-
negative group was 5.5 d, with a median of 4 d. The aver-
age age for the blood culture-positive calves, 7.5 d
(median = 8 d), was significantly higher (P = 0.004) than
that for blood culture-negative calves.

Association with serum immunoglobulin
concentrations
Overall, the mean and median immunoglobulin con-
centrations were 2.373 g/L and 2.154 g/L, respectively.
Mean IgG concentration was lower in the blood culture-
positive, ill calves (1.146 g/L, median = 0.96 g/L) than
in the blood culture-negative, ill calves (3.077 g/L,
median = 3.248 g/L) (P = 0.0001). Using previously
described IgG categories to indicate low, moderate,
and good passive transfer (22), the distributions for
blood culture-positive, -negative, and control calves
are presented in Figure 1. None of the calves with a
serum IgG > 16.0 g/L was identified as bacteremic.

Association with mortality
Follow-up records were available for all calves sampled,
except for 3 blood culture-negative calves. Forty-six
calves died during the 60 d following sampling.
Postmortem examination was not performed on any of
the dead calves. The mortality rate was 57.4% (27/47)
among blood culture-positive, ill calves and 15.1%
(18/119) among blood culture-negative, ill calves. In
the control group, the mortality rate was 4.8% (1/21).
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Figure 2. Survival to 60 d postsampling for blood culture-
positive (n = 47) and blood culture-negative (n = 119) ill
calves.

Among ill calves, the survival rate, stratified by age, was
significantly higher in blood culture-negative calves
than in blood culture-positive calves (P < 0.0001)
(Figure 2). In blood-culture positive calves, 25% were
dead within 4 d. In calves > 1 wk, 50% died within 17 d
after sampling (Figure 2).

Discussion
The definition of a bacteremic animal is variable. For the
purpose of this study, it was based mainly on the types
of bacteria isolated. In a case by case situation, the
microbiologist and the attending clinician should discuss
and decide upon the significance of a particular bacterium
in the blood of a patient.

Bacteria isolated from critically ill, neonatal calves in
the present study were similar to those isolated from
humans and foals (3,10). Compared with the findings
of Aldrige et al (1), in which 28% of calves had poly-
microbial infection, very few bacteremic calves had a
polymicrobial infection. However, differences between
the 2 populations studied must be considered. In the
Aldrige study, the population consisted of 25 neonatal
calves presented to a veterinary hospital in a moribund
state (1). The mortality rate in bacteremic calves in
that study (88%) was also different from the one in
this study (57%). One explanation could be that it is
not uncommon for critically ill calves to develop poly-
microbial infection in the final stage of disease. Another
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explanation could be differences between the sampling
techniques.

In the present study, gram-negative enteric bacteria
were the most commonly isolated microorganisms,
which supports the hypothesis that the early environment
of the calf may be the source of infection. The route of
entry of bacteria could be the alimentary tract, the
umbilicus, or the respiratory tract. Infection could enter
through the gut due to the permeability of the enterocytes
during the first 24 h of life. If this were the case, one
would expect a higher frequency of bacteremia in
younger calves than in older calves. The opposite was
observed. The significantly higher prevalence of bac-
teremia in older calves appears contradictory to current
literature, which indicates that colisepticemic calves
usually die between 24 and 48 h of age (2,4). Four the-
ories serve as possible explanations: (1) calves used
the small amount of passive antibody available in the
1st wk of life, which made them more susceptible in the
2nd wk (the running out of defense theory), (2) severely
ill calves died quickly and thus were not represented in
this study (the missing calf theory), (3) calves fed milk
replacer at only 10% of their bodyweight are energy defi-
cient until they eat enough concentrate to complete their
needs: during their 1st wk of life, they use the small
amount of brown fat that they are born with, so that in the
2nd wk they are more susceptible to translocation of bac-
teria from the gut to the circulation (23) (the running out
of fuel theory), and (4) older calves have had a greater
opportunity for exposure to viral and bacterial agents that
facilitate entry of pathogens through damaged gut mucosa.

Antimicrobial susceptibility patterns of bacteria iso-
lated in the present study were interesting, but the small
number of isolates hinders drawing strong conclusions.
However, the general resistance to gentamicin (20/36),
a drug that was commonly used on this farm in 1991,
should generate some concerns. Surprisingly, there was
less resistance to gentamicin in 1993 than there had
been in 1991 (P = 0.05). Ceftiofur appeared to be an
excellent choice according to the results of study 1,
but due to an increase in bacterial resistance, it became
a 2nd choice 2 y later. However, it is important to note
that ceftiofur was not commonly used on this ranch in
1991, but it was used as a 1st line antibiotic in 1993. The
susceptibility pattern of E. coli observed in the present
study indicates that resistance patterns can change quite
drastically in a relatively short period of time. Monitoring
drug resistance should be carried out on a regular basis;
this could be a valuable tool for clinicians for the eval-
uation of the impact of the use of antimicrobial agents in
food animals. Some human hospitals have such a mon-
itoring system, and it allows infectious disease com-
mittees to control the use of some antibiotics when
increased resistance is observed (Pierre Turgeon, St-Luc
Hospital, Montreal, personal communication). This
finding also raises the question of the transfer of resis-
tance to humans through food-borne, antimicrobial
residues. Public perceptions that food-borne residues pose
a major health risk are not supported by actual case
reports (24).

Serum IgG concentrations of the majority of the calves
sampled were below those described as acceptable for the
bovine neonate (22,25). Despite this fact, there was a sig-
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nificant difference between blood culture-positive and
blood culture-negative calves. Higher frequency of bac-
teremia in colostrum-deprived calves may be explained
by an increased susceptibility to disease. However, it
could be hypothesized that it is technically easier to
isolate bacteria from a sample containing a lower con-
centration of antibodies, because the antibacterial effect
in blood would be diminished. Theoretically, however,
the addition of sodium polyethanol sulphonate and the
dilution of blood by the medium contained in the blood
culture bottle should have neutralized the antibacterial
effect of blood (26).
The mortality rate was significantly higher in the

blood culture-positive group than in the blood culture-
negative group, although the exact cause of death was not
investigated. Possibly the same risk factors that con-
tributed to an increased risk of a calf being bacteremic
were responsible for the increased risk of death. Early
deaths following identification of blood culture-positive
calves suggests a causal effect between positive blood
culture and death.

Surprisingly, the rate of contamination with fortuitous
bacteria was low (1.3%), considering that the sampling
was performed on the farm. Preparation techniques
were therefore deemed appropriate. Veterinarians in
private practice could submit blood culture samples
when judged appropriate. Human medical literature
reports contamination rates to be as high as 14% in
some studies (26). However, 1.5% to 4.8% contamina-
tion rates are more commonly considered as accept-
able (27).

High prevalences of bacteremia were identified among
a nonrandom sample of ill neonatal calves in the studies
presented here, with the most frequently cultured bacteria
being Escherichia coli. However, other gram-negative
enterics, gram-negative anaerobes, gram-positive cocci,
and gram-positive rods could also be cultured. Serum IgG
concentration plays an important role in the development
of bacteremia and these results support the need to
address failure of passive transfer of maternal anti-
bodies in the control and prevention of bacteremia in
calves. In contradiction to reports in the current litera-
ture, older calves seem to be more frequently identified
as bacteremic. As one would expect, development of
bacteremia increased the risk of death, so early recog-
nition of the problem, as well as appropriate treatment,
may be beneficial in increasing survival rates. Bacteremia
and its consequences appeared to be a frequent entity in
this particular calf-rearing operation. Colisepticemia
should be included in the differential list when neo-
natal mortality is being investigated in large veal calf
operation. cvi
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