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Background: There is limited literature on neonatal bacterial sepsis in New World (NW) camelids.

Hypothesis: Bacterial culture–positive crias have clinical differences based on the specific bacterial genera isolated.

Animals: Bacterial culture–positive NW camelid crias ,21 days of age from 1990 to 2005 were included.

Methods: Historic physical examination and cliniopathologic data were retrieved from medical records as were the identity

and antibiograms of bacterial isolates. Cases were categorized by outcome (survival versus nonsurvival) and type of sepsis

(gram-negative or gram-positive). Kruskal-Wallis and chi-square testing were used to evaluate differences between groups.

Results: Twenty-one crias met the inclusion criteria. Median age was 2 days. Failure of passive transfer was common. There

were few differences identified on the basis of outcome or type of sepsis. Crias without gastrointestinal or central nervous

system involvement survived in greater numbers. Forty-six percent of isolates were gram-positive. The most common isolates

were the following: Escherichia coli, Enterococcus spp., Listeria monocytogenes, and Citrobacter spp. Overall survival was 67%

(14/21).

Conclusions and Clinical Importance: Crias with sepsis do not appear to present with major biochemical, hematologic, or

blood gas abnormalities, potentially complicating diagnosis. Affected crias may not have localizing signs at presentation and

are not usually febrile, although hypothermia, tachypnea, and tachycardia are relatively common. Total protein concentration

was not a substitute for immunoglobulin G measurement in septic crias in this study. Familiarity with the clinical presentation

and common pathogens isolated should improve early recognition and treatment and ultimately outcome of crias with sepsis.
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S epsis is a well-documented neonatal clinical problem
in many domestic species, having substantial

mortality and morbidity and commonly associated with
failure of passive transfer (FPT) in both cattle and
horses.1,2 Sepsis also is reported as a complication or
comorbidity of other perinatal problems such as
dystocia, placentitis, prematurity, dysmaturity, or neo-
natal hypoxia.3 Neonatal sepsis in both calves and foals
may have a rapid onset and progression and may be
fatal. Early diagnosis and treatment of neonatal sepsis
have been shown to improve outcome.4,5

New world (NW) camelids have become increasingly
popular in North America, and large animal veterinar-
ians now treat NW camelids that have diseases similar to
those found in other large animals. There is limited
literature describing common conditions of neonatal
camelids with few reporting specifically on bacterial
infection in neonatal NW camelids.6–11 The purpose of
this retrospective study was to provide additional
clinical information regarding culture-positive sepsis in
neonatal NW camelids to improve recognition and
treatment of this condition and provide information
regarding prognosis.

Materials and Methods

Blood culture submissions to the Microbiology Unit at the New

Bolton Center Kennet Square, PA, between January 1, 1990, and

December 31, 2005, were screened to identify positive blood

cultures in NW camelids of ,21 days of age at presentation.

Additionally, all medical records of NW camelids ,21 days of age

at presentation that received a clinical diagnosis of sepsis by the

attending clinician were reviewed, and crias were included if either

a positive blood culture or positive culture from a postmortem

sample was obtained during the patient’s hospitalization. Data

were collected from the records, including historic information (eg,

age, gestational duration, history of peripartum disease, dystocia,

time from birth to sucking from dam, treatments given on the farm,

and presenting complaint) and were recorded for each cria. Also

recorded were admitting temperature, heart rate, and respiratory

rate. It was noted if the cria was standing, sternally recumbent, or

laterally recumbent for the initial examination. Hematologic and

clinical chemistry findings, including blood gas and lactate

measurements if performed, also were extracted from the medical

record. Reference ranges for hematologic and clinical chemistry

values Tables 1, 2 were obtained from the relevant veterinary

literature because reference ranges had not been established for

normal crias in our laboratory at the time of the study.

Physical examination findings were divided into body system

abnormalities to further characterize problems identified in each

animal. If the animal developed any of the following signs during

hospitalization, it was recorded as dysfunction in that body system:

(1) Gastrointestinal dysfunction: intolerance to feeding (signs

of gastrointestinal pain, reflux), diarrhea, colic, or ileus.

(2) Musculoskeletal dysfunction: infection found in 1 or more

joints.

(3) Central nervous system dysfunction: profound depression,

seizure activity, or ataxia.

(4) Pulmonary dysfunction: abnormal blood gas results, de-

pendence on intranasal oxygen, or abnormal respiratory

rate or pattern.

(5) Renal dysfunction: abnormal urinalysis, plasma creatinine

concentration, blood urea nitrogen concentration, or urine

output.

(6) Metabolic dysfunction: presence of hyperlipemia, hypogly-

cemia, or hyperglycemia.

(7) Cardiac dysfunction: hypotension, bradycardia, or tachy-

cardia,

(8) Failure of passive transfer (FTP): measured immunoglob-

ulin G (IgG) concentration ,900 mg/dL.9,10 History of

additional colostrum or intravenous (IV) plasma adminis-

tration was interpreted as suggestive of previous FPT. These
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crias were not included in statistical comparisons of crias

with and without FPT or other statistical evaluations

involving IgG plasma concentration.

Treatments administered were recorded for each patient. If the

animal did not survive, the postmortem examination report was

reviewed to identify abnormal organ systems.

Blood cultures usually were obtained in a sterile fashion before

initiation of antimicrobial therapy, but in some cases, antimicrobial

treatment had been administered before referral. Blood obtained

for culture was injected into BBL Septi-checka blood culture bottles

using sterile technique. Microbial growth was monitored daily for 7

days. Specific microbial identification was performed utilizing

standard microbiologic techniques, and antimicrobial sensitivity

was determined. Microbiologic samples obtained at postmortem

examination did not necessarily have antimicrobial sensitivity

testing performed on the isolate according to the existing protocol

for the laboratory. Cases were categorized by outcome (survival to

discharge versus nonsurvival to discharge) and type of sepsis

(gram-negative or gram-positive) for purposes of comparison and

also by specific bacterial isolate. Additional comparisons were

made between crias with specific bacterial isolates and the

remaining crias if the genus of bacteria was isolated in 3 or more

instances.

Statistical analysis was performed using a commercially avail-

able statistical software package.b Nonparametric testing was used

because of the small sample size and non-Gaussian data

distribution. Data are reported as median (25th–75th percentile).

Differences between groups were examined with Kruskal-Wallis

testing. Chi-square testing was used to evaluate categoric data

differences. Significance was set at P # .05.

Results

Twenty-one cases met the inclusion criteria. No
cases were found before 1995. Case numbers for
subsequent years were the following: 1995 (1), 1999
(1), 2000 (5), 2001 (2), 2002 (3), 2003 (7), 2004 (1), and
2005 (1).

Signalment and Historical Information

There were 6 llama crias and 15 alpaca crias. Four
llama and 10 alpaca crias survived to discharge. Not all
data were available for all cases. There were no
differences found between llama and alpaca crias for
any analyzed variable. The median age at the time of
admission was 2 (0.6–5.0) days with a range of 6 hours
to 18 days (Table 1). Sixteen crias were female and 5
were male. Presenting complaints included weakness (n
5 7), not nursing (n 5 5), prematurity (n 5 2), diarrhea
(n 5 2), and a single complaint each of apparent
blindness, hypothermia, regurgitation, anuria, and
upper airway noise. Gestational duration was documen-
ted in 16 crias: 6 were premature (,320 days), 8 were of
normal gestation (320–365 days), and 2 had prolonged
gestation (.365 days). Premature delivery was reported,
but no gestational duration was provided, in 2
additional cases. History of antenatal disease, such as
illness of the dam or problems during parturition, was
present in 4 of 19 cases where perinatal history was
available. Dystocia was reported in 3 of 13 records
where parturition was described. Treatments before
admission included antimicrobials (n 5 5), additional
colostrum (n 5 4), and IV plasma (n 5 3).

Physical and Clinicopathologic Variables

Fourteen crias survived to discharge, whereas 7 died
or were euthanized during hospitalization. Median
values for heart rate and respiratory rate were above
the published upper limit of the normal range; there was
no association of rectal temperature, heart rate, or
respiratory rate with either outcome or categorization of
sepsis as gram-negative or gram-positive (Table 1).
Eleven crias were standing at admission and 8 survived.
Three crias were able to maintain sternal recumbency
and 2 of them survived. The remaining 7 crias presented
in lateral recumbency and 4 of them survived. There was
no association between ability to stand at admission and
outcome.

No difference was found between outcome groups
(survival versus nonsurvival to discharge) and admission
plasma biochemistry abnormalities except plasma po-
tassium concentration, which was larger in nonsurvivors
(P 5 .032) and lower than the reported normal range for
healthy llama crias in all groups except nonsurvivors13

(Tables 2, 3). Cases in which gram-negative sepsis was
identified had lower median admission neutrophil
counts than did cases with gram-positive sepsis (P 5

.017) (Table 2). Six crias had FPT (IgG ,900 mg/dL) at
presentation; 3 crias received IV plasma and 2 colostrum
supplementation before referral, suggestive of previous
FPT. There were no differences (4.8 versus 4.6 g/dL, P
5 .69) in total protein concentration between crias with
documented FPT (n 5 6) and those with IgG
concentration .900 mg/dL at presentation (n 5 6).

A suck response was present in 14 crias at admission.
Abnormal physical examination findings included an-
gular limb deformity (n 5 3), abnormal umbilicus (n 5

1), injected mucous membranes (n 5 13), mucous
membrane petechia or erythema (n 5 3), poor pulse
pressure (n 5 5), and diarrhea (n 5 5). No association
was found between abnormal physical examination
findings and outcome. Recorded sites of organ dysfunc-
tion were metabolic (n 5 13), gastrointestinal (n 5 11),
respiratory (n 5 11), ophthalmologic (n 5 10), renal (n
5 9), cardiovascular (n 5 9), central nervous system (n
5 9), hepatic (n 5 3), and musculoskeletal (n 5 2).
Eleven crias either had documented FPT (n 5 6) or had
been treated for FPT before admission (n 5 5).
Gastrointestinal dysfunction was identified most com-
monly in crias with gram-positive infection (9/11, P 5

Table 1. Reference ranges for hematologic indices.

Parameter Adult Camelida Neonatal Llamasb

Packed-cell volume (%) 33 66 24–35

Total protein (g/dL) 4.7–7.3 3.9–6.6

White blood cell (103/mL) 14.0 6 3.0 7.1–19.4

Neutrophil (103/mL) 56–87% 1.1–14.6

Band neutrophil (103/mL) 0–4% 0.0–0.5̀

Lymphocyte (103/mL) 2–22% 1.7–4.7

Fibrinogen (mg/dL) 327 6 96 NA

NA, not available.
a Source: Fowler.12

b Neonatal: ,30 days of age. Source: Fowler and Zinkl.13
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.021), whereas crias affected by respiratory (9/11, P 5

.021), metabolic (9/13, P 5 .016), and ophthalmologic
(7/10, P 5 .032) dysfunction were more commonly
identified as having gram-negative infection. Crias
without gastrointestinal disease were more likely to
survive to discharge (P 5 .032), as were those without
central nervous system disease (P 5 .001).

Microbiology Results

Twenty of 21 crias had at least 1 positive blood
culture, 2 crias had 2 positive blood cultures, and 1 cria
was culture-positive at postmortem examination only.
Of the 20 crias with positive antemortem blood culture
results, 18 were positive on a single blood culture
sample, 1 was culture-negative on day 1 with a positive
culture on day 2 of hospitalization, and 1 cria had 2
positive blood cultures (1 at admission and 1 later in its
hospitalization). One cria had a postmortem diagnosis
of sepsis and a positive postmortem culture but 2
negative blood cultures before euthanasia. Of 21 crias,
18 had a single organism identified, 2 animals had 2
organisms identified on a single culture, and 1 animal
had different single organisms identified in each of 2
consecutive cultures. Cultures resulted in isolation of
gram-negative organisms on 13 occasions and gram-
positive organisms on 11 (Table 4). The most commonly

isolated organisms were Escherichia coli (n 5 4),
Enterococcus spp. (n 5 4), Listeria monocytogenes (n
5 3), and Citrobacter spp. (n 5 3).

Only 50% (2/4) of animals from which E coli was
isolated survived (Table 4). Crias with E coli sepsis had
significantly increased median lymphocyte counts (2.8
versus 1.6 3103/mL, P 5 .038) and decreased median
chloride concentration (108 versus 116 mmol/L, P 5

.042) compared with crias with other infections. All 4
crias with Enterococcus spp. infections survived and had
median admission respiratory rates that were signifi-
cantly slower (27 versus 40 beats per minute [bpm], P 5

.038) than those of others. Only 1 of 3 (33%) crias with
culture-confirmed L monocytogenes infection survived.
Crias with listeriosis had median admission respiratory
rates that were significantly higher (60 versus 34 bpm, P
5 .042). Two of the 3 crias with Citrobacter spp.
infection survived. Crias with Citrobacter spp. infection
had lower median rectal temperatures at admission (98.2
versus 101.2uF, P 5 .027). Citrobacter spp.–infected
crias also had lower median total protein concentrations
(4.2 versus 5.0 g/dL, P 5 .038), lower median white
blood cell counts (1.2 versus 10.5 3 103/mL, P 5 .021),
lower median neutrophil counts (1.4 versus 8.6 3 103/
mL, P 5 .032), and lower median glucose concentrations
(22 versus 120 mg/dL, P 5 .022).

Table 2. Reference ranges for clinical biochemistry and blood gas findings.

Parameter Adult Camelida Adult Camelidb Neonatal Llamasc

Glucose (mg/dL) 120–132 86–163 94–170

Creatinine (mg/dL) 1.4–1.7 0.8–2.8 1.1–2.9

Sodium (mmol/L) 145–151 148–158 148–155

Chloride (mmol/L) 112–119 98–120 101–116

Potassium (mmol/L) 4.2–4.7 3.6–6.2 4.6–5.9

Calcium (mg/dL) 8.8–9.6 7.6–10.9 9.4–10.6

pH 7.35–7.5

PCO2 39–45

NA, not available.
a Source: New Bolton Center Clinical Laboratory; based on Veterinary Reference Guide for Kodak EKTACHEM Products.14

b Source: Fowler.12

c Neonatal: ,30 days of age. Source: Fowler and Zinkl.13

Table 3. Temperature, heart rate, and respiratory rate of culture-positive septic neonatal crias at admission. Data
are presented as median (25th–75th percentile).

Parameter Reference Rangea Overall Nonsurvivors Survivors Gram-Positive Gram-Negative

Rectal temperature

(uF) (n 5 21) 100–102.5 100.7 (98.6–101.9) 101.2 (96.0–101.6) 100.4 (98.7–102.0) 100.6 (99.9–101.7) 100.7 (98.2–102.1)

Heart rate (beats/min)

(n 5 20) 60–90 120b (113–153) 124b (103–178) 120b (110–138) 20b (113–151) 124b (113–152)

Respiratory rate

(breaths/min) (n 5 19) 10–30 40b (28–50) 40b (26–60) 34b (28–43) 40b (30–60) 34b (28–40)

Age at admission

(days) (n 5 21) NA 2.0 (0.6–5.0) 5.0 (2–13) 1 (0.5–4.3) 2.9 (0.4–8.8) 2.0 (1.0–5.0)

NA5 not available.
a Normal values for neonatal camelid.12

b Outside of published normal range.
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Treatments

Initial antimicrobial therapy was appropriate in all
patients treated on the basis of the antibiograms of their
individual identified isolates. Ceftiofur sodiumc was the
initial antimicrobial chosen in 17 crias. Other antimi-
crobials intermittently used (at admission or during
hospitalization) included penicillin, ampicillin, gentami-
cin, amikacin, and metronidazole. Balanced isotonic
crystalloid fluids were administered IV to 15 crias; 16
received IV plasma transfusions. IV dextrose supple-
mentation was provided to 16 patients, 6 of which
subsequently also received parenteral nutrition. Average
length of hospital stay was 5.0 (2.5–9.75) days. There
were no differences in duration of hospitalization based
on outcome or categorization of infection based on
gram-staining characteristics of the isolated bacteria. In
no instance was there evidence in the medical record that
a patient was euthanized for other than humane reasons
(ie, no cria was euthanized for economic considerations
alone).

Discussion

This retrospective study presents findings in a rela-
tively small number of neonatal NW camelids with
culture-positive sepsis presenting to a referral hospital.
In our hospital, it is standard procedure for admission
blood cultures to be obtained from all presenting
neonates, regardless of species, making it unlikely that
many cases with bacteremia at admission were missed.
Because this study was limited to crias with positive
cultures, crias with bacterial infections that were not
identified during the course of hospitalization have not
been included, nor have crias been included in which the
clinician had a high index of suspicion for sepsis that
was not documented by positive culture.

A generally accepted working clinical definition of
sepsis is systemic inflammatory response syndrome
(SIRS) associated with documented or suspected in-
fection, with infection being bacterial, viral, fungal, or
rickettsial.15,16 Most SIRS definitions revolve around the
clinical signs of fever or hypothermia, leukocytosis or

leukopenia, tachycardia, and tachypnea; infection is not
a requirement.

A recent international sepsis forum consensus confer-
ence provided definitions for bloodstream infections in
the intensive care unit, and a similar consensus conference
provided definitions of pediatric SIRS, sepsis, and organ
dysfunction that are age-specific.17,18 Considerable over-
lap exists in other species of the constellation of clinical
signs associated with sepsis and SIRS, but to our
knowledge, no specific consensus veterinary definition
of either syndrome has appeared in peer-reviewed
veterinary literature. No large studies have reported on
or defined sepsis or SIRS in NW camelid crias. Lacking
a specific definition of SIRS or sepsis and for the purposes
of our study, we diagnosed sepsis in culture-positive
patients that exhibited signs of systemic manifestation of
organ dysfunction in an attempt to eliminate crias
exhibiting SIRS but without infection.

In this study, it appeared that more females than
males presented with sepsis. Because of the small
numbers involved and our inability to eliminate
confounding effects, such as the willingness of owners
to hospitalize males as frequently as females, we are
unable to draw conclusions regarding sex predisposition.
Nonsurviving crias were presented at a more-advanced
age, but this finding was not significant. Good outcome
(ie, survival to discharge) for other veterinary species
with neonatal sepsis, most notably foals, is associated
with early presentation and treatment, and earlier
referral may improve outcome for crias with sepsis.3,19

The presenting complaints in the crias in this study were
not dissimilar to those of other veterinary neonates, and
sepsis should be suspected in crias with signs of
weakness or failure to suck well. Prematurity or
suspected prematurity was reported in 8 of 21 (38%)
crias. Crias with the previously described clinical signs
and a history of premature delivery may be at greater
risk for sepsis. Problems such as maternal disease or
dystocia were reported in approximately 20% of crias,
and because these problems are known to be associated
with neonatal disease in other species, special attention
should be paid to crias with maternal or parturition

Table 4. Hematologic indices of culture-positive septic neonatal crias at admission. Data are presented as median
(25th–75th percentile).

Parameter Reference Rangea All Crias Nonsurvivorsb Survivorsb Gram-positiveb Gram-negativeb

Packed-cell volume (%)

(n 5 20) 24–35 32 (30–37) 33 (31–38) 32 (30–36) 33 (30–35) 32 (30–38)

Total protein (gm/dL)

(n 5 19) 3.9–6.6 4.6 (4.5–5.2) 5.0 (4.6–6.5) 4.6 (4.4–5.1) 4.6 (4.4–5.2) 5.0 (4.5–5.2)

White blood cell (103/mL)

(n 5 21) 7.1–19.4 11.6 (5.1–14.6) 10.6 (4.5–31.2) 10.2 (5.5–14.6) 12.3 (8.0–27.2) 5.7 (3.7–12.8)

Neutrophil (103/mL) (n 5 20) 1.1–14.6 9.1 (3.2–12.1) 8.5 (3.1–26.3) 8.3 (3.0–10.1) 10.8 (6.6–20.9) 4.0* (2.7–8.8)

Band neutrophil (103/mL)

(n 5 20) 0.0–0.5 0.5 (0.0–0.4) 0.2 (0.0–2.9) 0.0 (0.0–0.3) 0.0 (0.0–2.1) 0.1 (0.0–0.4)

Lymphocyte (103/mL) (n 5 19) 1.7–4.7 1.9 (1.3–2.7) 2.4 (1.8–3.6) 1.6 (0.9–2.2) 1.7 (0.8–2.8) 1.8 (1.6–2.4)

Fibrinogen (mg/dl) (n 5 21) 364 (222–729) 461 (343–1052) 326 (186–417) 354 (182–862) 388 (233–741)

a Source for neonatal (,30 days of age) values: Fowler and Zinkl.13

b No values were outside normal range.
* Significantly different Gram-positive (P # 0.05).
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problems in the history.20–22 Treatments administered
before presentation were not unusual compared with
those administered to other species and were directed at
either suspected or confirmed FPT or suspected in-
fection or both. Failure of FPT, suspected or documen-
ted, was common in this group of crias and, as in other
species, likely had a role in acquisition of infection.9–11

Alternately, because these crias had established infec-
tions before IgG concentrations were measured, their
low IgG concentrations may be in part secondary to
catabolism of sepsis. Of note is the lack of difference in
total protein (TP) between those with and without FPT.
TP previously had been reported to be a reliable
indicator of passive transfer status in healthy crias
between 1 and 3 days of age, but our observations
suggest that TP should not be used as an indicator of
IgG concentration in sick crias.23 We suggest that factors
such as production of acute inflammatory proteins,
hydration status, circulating volume status, and catab-
olism all may play a role in making TP an unreliable
indicator of IgG concentration in sick crias.

Median rectal temperature (T) was unremarkable,
and although some individuals were mildly to moder-
ately hypothermic (T , 100.0uF) at presentation (7/21),
fever was not a feature of septic crias in this study.
Tachypnea and tachycardia were present in many septic
crias at admission (Table 1). Tachypnea can be present
as a response to central, respiratory, thermoregulatory,
or acid-base abnormalities. Tachypnea also is a compo-
nent of most SIRS definitions.15,16 Fever and acid-base
disorders were not present in most of the crias in this
study (Tables 1, 3), and SIRS, central disorders, or
respiratory compromise must all be considered in
tachypneic crias.

Tachycardia can be present as a response to fever,
excitement, poor oxygen delivery to tissues, poor cardiac
output, hypovolemia, hypotension, or other factors and

is also a component of SIRS definitions. Fever was not
a finding in these crias, and although some crias
presented standing, excitement was not a finding in
these neonates at the time of presentation. We cannot
assess what effect stress associated with handling may
have had on heart rate in these crias. Lactate concentra-
tion has been used as an indicator of decreased perfusion
and poor tissue oxygen delivery or decreased oxygen
utilization in critically ill humans and animals.24–27

Posthoc regression of lactate on heart rate was not
significant (P 5 0.42, r2 5 5.8%); as opposed to critically
ill foals, most of these septic crias did not have high
lactate concentrations (Table 3), suggesting that lactate
homeostasis may be different in NW camelids. Pre-
sentation PaO2 values were not reported because many
of these crias had been placed on intranasal oxygen
insufflation at the time blood gas analysis was performed
and had adequate arterial oxygen tensions. Thus,
substantial hypoxemia was felt to be an unlikely
contributor to lactate concentration. Anemia was
identified in only 1 cria. Hypovolemia, hypotension, or
both, resulting in a need for increased heart rate to
maintain cardiac output, was a likely contributor to
tachycardia in these patients. Sepsis is known to result in
hypotension and can proceed to septic shock.15,16

Neonates, although generally protected from intravas-
cular volume challenges by their large interstitial fluid
reserve, can present with substantial hypovolemia once
their redistributive capacity is exceeded, especially in the
face of poor vascular control, and may require aggressive
fluid resuscitation.28 Indirect blood pressure measure-
ments were not always performed in these crias, and no
normal range of either direct or indirect systemic blood
pressure measurements has been described for crias.

There was no association between ability to stand or
suck at presentation and outcome. This is different from
what has been reported in other species, in which

Table 5. Clinical biochemistry and blood gas findings in culture-positive septic neonatal crias at admission. Data are
presented as median (25th–75th percentile). Gram-positive/-negative indicates major bacteriologic isolate.

Parameter Reference Rangea All Crias Nonsurvivors Survivors Gram-positive Gram- negative

Glucose (mg/dl)

(n 5 19) 94–170 100 (25–165) 98 (23–137) 100 (30–172) 135 (24–179) 71 (30–147)

Creatinine (mg/dl)

(n 5 21) 1.1–2.9 2.3 (1.6–3.7) 2.0 (1.4–4.0) 2.4 (1.7–3.7) 2.1 (1.6–4.4) 2.8 (1.6–3.7)

Sodium (mmol/L)

(n 5 20) 148–155 153 (148–155) 151 (148–155) 154 (148–155) 151 (148–155) 154 (149–155)

Chloride (mmol/L)

(n 5 20) 101–116 113 (110–118) 112 (101–119) 115 (111–118) 113 (111–119) 114 (109–118)

Potassium (mmol/L)

(n 5 20) 4.6–5.9 3.84b (3.49–4.89) 4.93* (3.74–6.10) 3.74b (3.00–4.27) 3.81b (3.59–4.85) 3.87b (2.94–5.14)

Calcium (mg/dL)

(n 5 15) 9.4–10.6 10.3 (9.7–11.0) 10.4 (9.3–11.3) 10.3 (9.9–10.9) 9.8 (9.5–10.8) 10.4 (10.0–11.2)

pH (n 5 15) NA 7.41 (7.37–7.44) 7.41 (7.30–7.43) 7.42 (7.38–7.44) 7.43 (7.40–7.47) 7.41 (7.34–7.44)

PCO2 (n 5 9) NA 40 (31–44) 36 (23–48) 42 (31–44) 38 NA 40 (29–43)

Lactate (mmol/L)

(n 5 14) NA 2.05 (1.35–2.90) 2.39 (1.40–2.90) 1.90 (1.20–2.40) 2.0 (1.6–2.5) 2.4 (1.2–3.0)

NA, not available.
a Source for neonatal (,30 days of age) values: Fowler and Zinkl.13

b Outside normal range for llama crias.
* Significantly different from survivors (P# 0.05).
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recumbency or loss of suck is associated with disease
severity and poor outcome, and may reflect another way
in which crias with sepsis differ.29 In survival studies of
neonatal foals with sepsis, models that encompass
a range of serum biochemical and hematology abnor-
malities have been developed to predict outcome.29–32 In
the study reported here, no such distinguishing differ-
ences, excepting plasma potassium concentration, were
identified. These findings may preclude development of
models in crias similar to those developed for equine
neonates, although study of larger numbers of sick crias
is required to confirm this impression.

Gastrointestinal and central nervous system dysfunc-
tion were associated with outcome in that more crias
without these systemic manifestations survived. Because
of the small number of animals presented in this study
and its retrospective nature, it is difficult to draw firm
conclusions, but crias that present or develop clinical
signs of dysfunction in these organ systems seem to have
a poorer prognosis.

Although the number of patients was small, gram-
negative and gram-positive organisms were isolated in
approximately the same frequency and had identical
survival percentages. The only previous case series of
culture-positive bacterial sepsis in crias described
primarily gram-negative infections in 6 crias.11 It appears
that gram-negative infections are more commonly
associated with leukopenia and neutropenia, whereas
infection with L monocytogenes may produce leukocy-
tosis and neutrophilia. E coli infection, as in other
species, appears to carry a poorer prognosis, as does
infection with L monocytogenes.11,33–36 Conversely, all
crias with Enterococcus spp. infections survived. On the

basis of the antibiograms of individual bacterial isolates,
the initial antimicrobial choices were appropriate for
each patient. To our knowledge, there are few reports of
the pharmacokinetics of commonly used antimicrobial
agents in crias, and dosages are most commonly adapted
from those described for other large animal neonates.

In this retrospective study of blood culture–positive
neonatal crias, there was an overall survival to discharge
of 67%, comparable to reported survival in septic
foals.5,33,37 FPT of immunity may play a role in the
development of neonatal sepsis. Cria owners and
referring veterinarians were aware of this association,
as evidenced by the frequency of additional colostrum
feedings and plasma transfusions administered before
admission. Affected crias may not have localizing signs
at presentation and are not usually febrile, although
hypothermia is relatively common. Total protein con-
centration may not be a reliable indicator of IgG plasma
concentrations in sick or septic crias. Crias with culture-
positive sepsis did not have substantial clinical bio-
chemistry or blood gas abnormalities as seen in other
species of similar age with similar problems, potentially
complicating diagnosis. As the NW camelid population
continues to increase in North America, referral
hospitals can expect to see more of these patients.
Familiarity with the clinical presentation and common
pathogens isolated should improve early recognition,
treatment, and ultimately outcome of crias with sepsis.

Footnotes

a BBL Septi-Check, Becton-Dickinson Microbiology Systems,

Sparks, MD
b Minitab, version 12.1, State College, PA
c Ceftiofur sodium, Naxcel, Pharmacia & Upjohn Company,

Kalamazoo, MI
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