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Introduction
Caseous lymphadenitis (CLA) is a chronic and 
contagious bacterial disease caused by Corynebacterium 
pseudotuberculosis. CLA results in weight loss, 
decreased wool and milk production, a decrease in 
reproductive performance, and economic losses due 
to culling of infected animal with cases being reported 
worldwide (Dorella et al., 2006). The prevalence of 
infection in small ruminants is dependent on a number 
of environmental factors such as poor hygiene, herd 
size, housing arrangements, and skin wounds of the 
animals (de La Fuente et al., 2011). A challenge farmers 
and producers face today is managing long-term areas 
where CLA is endemic (Colom-Cadena et al., 2014).
In wildlife, C. pseudotuberculosis has been described 
as isolated cases in pronghorns (Clark et al., 1972), 
elk (Kelly et al., 2012), and Arabian oryx (Tarello 
and Theneyan, 2008). Horses, cattle, camels, swine, 
and buffaloes develop a disease commonly known as 
“pigeon fever” by a different strain of the same bacterium 
(Peel et al., 1997; Selim, 2001; Williamson, 2001; 
Yeruham et al., 2004). This strain causes intramuscular 
abscesses almost exclusively in horses in arid regions 
of the US and Brazil. Complications from the disease 
include weight loss, abortion, recurrent infection, 
and occasionally death (Bucknam, 2009), similar 
to CLA in small ruminants. CLA is also a zoonotic 
disease with human incidences not as uncommon as 
previously thought. Human illnesses caused by C. 
pseudotuberculosis are characterized by its chronicity 
rather than its severity (Blackwell et al., 1974).

CLA is spread from animal to animal primarily through 
direct contact of bacteria excreted from the abscesses 
caused by C. pseudotuberculosis and through 
contamination of the environment (Underwood et 
al., 2015). Corynebacterium pseudotuberculosis is a 
Gram-positive rod-shaped, intracellular, facultative 
aerobic bacterium with worldwide distribution 
(Love and Mair, 2012). The bacterium can survive 
several months within the environment and the soil, 
making the containment of the disease difficult to 
control and highly contagious (Guimaraes et al., 
2011). The primary mode of infection is direct 
contact with secretions from abscesses containing 
C. pseudotuberculosis or by ingestion or inhalation. 
The bacterium will multiply and spread throughout 
the blood and subsequently infect lymph nodes and 
internal organs (Batey, 1986). In small ruminants, 
CLA causes abscesses of peripheral and/or internal 
lymph nodes and organs, as shown in Figure 1. 
Abscesses can form as soon as 2 weeks to several 
months after initial exposure to the bacterium  
(Kuria et al., 2001).
Although there are recommendations on strategies to 
control for CLA, such as isolating and culling infected 
animals, there are a limited number of case reports 
discussing the efficacy (Baird and Malone, 2010). The 
objective of this case report is to describe an outbreak 
of CLA that occurred at the sheep unit at the California 
State Polytechnic University, Pomona in the summer 
of  2019.
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Abstract
Background: Caseous lymphadenitis (CLA) is a chronic disease caused by the bacterium Corynebacterium 
pseudotuberculosis that affects small ruminants worldwide. 
Aim: The objective of this case report is to describe an outbreak of CLA that occurred at the California State Polytechnic 
University, Pomona, in the summer of 2019 and the management strategies employed therein to contain the spread. 
Methods: After careful physical screening, blood serum samples from the entire herd (n = 218 sheep, n = 32 goats) 
were tested using the synergistic hemolysis inhibition test to reveal antibodies present.
Results: Animals with titer counts above 1:64 and/or containing CLA lesions were isolated and culled (n = 33 sheep, 
n = 4 goats) within 2 weeks of testing. Female sheep (n = 160) had higher titer counts and were culled at a much higher 
rate than male sheep (n = 58) (20% vs. 1.72%), whereas male goats (n = 9) more often had high titer counts and were 
culled as opposed to female goats (n = 23) (33.33% vs. 4.35%). 
Conclusion: Vaccines were administered to the remainder of the herd following culling. Additional management 
strategies were employed, the outcome of which was a zero recurrence through August 2021.
Keywords: Caseous lymphadenitis, Small ruminants, Sheep, Goats, Corynebacterium pseudotuberculosis.
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CLA is spread from animal to animal primarily through 
direct contact of bacteria excreted from the abscesses 
caused by C. pseudotuberculosis and through 
contamination of the environment (Underwood et 
al., 2015). Corynebacterium pseudotuberculosis is a 
Gram-positive rod-shaped, intracellular, facultative 
aerobic bacterium with worldwide distribution 
(Love and Mair, 2012). The bacterium can survive 
several months within the environment and the soil, 
making the containment of the disease difficult to 
control and highly contagious (Guimaraes et al., 
2011). The primary mode of infection is direct 
contact with secretions from abscesses containing 
C. pseudotuberculosis or by ingestion or inhalation. 
The bacterium will multiply and spread throughout 
the blood and subsequently infect lymph nodes and 
internal organs (Batey, 1986). In small ruminants, 
CLA causes abscesses of peripheral and/or internal 
lymph nodes and organs, as shown in Figure 1. 
Abscesses can form as soon as 2 weeks to several 
months after initial exposure to the bacterium  
(Kuria et al., 2001).
Although there are recommendations on strategies to 
control for CLA, such as isolating and culling infected 
animals, there are a limited number of case reports 
discussing the efficacy (Baird and Malone, 2010). The 
objective of this case report is to describe an outbreak 
of CLA that occurred at the sheep unit at the California 
State Polytechnic University, Pomona in the summer 
of  2019.

Materials and Methods
Clinical presentation
In August 2019, an outbreak of CLA was presumptively 
reported at the sheep unit at the California State 
Polytechnic University, Pomona. The university’s on-
campus animals were being utilized at the Los Angeles 
County Fair petting farm, where a veterinarian at the fair 
first noticed the abscess affecting the closed mandibular 
lymph nodes on a goat and reported their findings to 
the university. The suspected goat was isolated for up 
to 2 weeks for further diagnostic testing. Swab samples 
were taken from the abscessed region and were cultured 
in blood agar at 37°C for 48 hours. PCR products of 
growth regions were identified as C. pseudotuberculosis 
as previously described (Cetinkaya et al., 2002). The 
remainder of the herd was then physically screened for 
the following signs: enlargement of lymph nodes and 
abscesses on lymph nodes. Once identified, suspected 
animals with lymph node abscesses were kept in an 
isolation pen with a 25-feet buffer on either side of the 
pen to avoid further spread.
Diagnostic testing
After careful physical screening, blood samples were 
taken from the jugular vein from 218 sheep and 32 
goats with ages ranging from 1 to 9 years old. Serum 
samples were then tested using synergistic hemolysis 
inhibition (SHI) titer test at the University of 
California, Davis, to confirm whether antibodies were 
present. The SHI test is a serological assay which 
measures antibodies present due to the exotoxin of 
C. pseudotuberculosis and has shown promising 
results when applied to small ruminants with CLA in 

an experimental setting (Knight, 1978; Brown et al., 
1985; Brown et al., 1987). 
Sixteen sheep and 10 goats were retested for SHI titer 
counts to ensure that nursing and petting zoo animals 
were free of infection prior to taking prophylactic 
measures and culling of infected animals due to the high 
level of human handling and foot traffic at the university. 
Of those animals retested, six sheep were culled due to 
high titer (HT) counts. A total of 33 sheep and 4 goats 
were culled based on diagnostic testing. Prior to culling, 
animals with HT counts (1:64 and above) were placed in 
isolation pens with a 25-feet buffer on either side of the 
pen for up to 2 weeks or date of culling. 
Treatment
Immunization has shown to reduce the spread of the 
infection and the gradual decline of prevalence of the 
disease (Fontaine and Baird, 2008). Following physical 
screenings, serological testing and culling of infected 
animals, vaccinations were administered to the remainder 
of the herd. Sheep were administered the Bacterin-Toxoid 
Case-Bac vaccine manufactured by the Colorado Serum 
Company. Case-Bac has shown to prevent internal and 
external abscesses in sheep and significantly reduce 
disease severity ( p < 0.001) (Piontkowski and Shivvers, 
1998). Vaccines were administered subcutaneously 
in the left axillary region, followed by a booster shot 
1 month later on the right axillary region. Goats were 
administered the C. pseudotuberculosis Bacterin vaccine 
manufactured by Texas Vet Lab Inc. Goat vaccines were 
administered subcutaneously on the left side of the neck, 
followed by a booster shot 2 weeks later on the right 
side of the neck. Annual vaccines will be administered 
beginning January 2021. 

Fig. 1. CLA in superficial lymph nodes. (1) Parotid; (2) retropharyngeal; (3) submandibular; (4) 
prescapular; (5) prefemoral; and (6) popliteal.
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Other prophylactic measures taken at the university for 
the containment of the disease following vaccinations 
included implementing foot baths between units to avoid 
cross contamination of pathogens, cleaning pens more 
frequently, and digging up the first six inches of dirt in 
each pen to ensure eradication of the bacterium within 
the soil. Hydrated lime powder was also used and tossed 
over the dirt in each pen to restore soil health. Lime 
powder is known to change pH and affect growth of 
microorganisms in the environment. However, optimal 
usage of lime powder is still unknown (Mori et al., 2019). 
Ethical approval
No ethical approval was needed for this study.

Results
Titers may indicate active infection or historic 
exposure. SHI titer results <1:8 to 1:32 were not 
considered significant. Animals with HT counts of 
1:64 and above were immediately culled. In small 
ruminants, C. pseudotuberculosis titers of 1:8 occur 
with similar frequency in animals with and without 
active infection and may represent early infection 
or historic exposure. Titers 1:16–1:32 occur four 
times more often in animals with active infection 
versus those without, and titers 1:64 to >1:256 occur  
8.5 times more often in animals with active infection 
versus those without (Knight, 1978; Brown et al., 
1987; Brown et al., 1986). Results of SHI tests are 
shown in Table 1 and the retest results for nursing and 
petting farm animals are shown in Table 2.
Of the 218 sheep serum samples tested, 33 were culled 
due to titer counts testing at 1:64 and above, 6 of which 
had been retested prior to culling because they were 
either nursing at the time of the first SHI test or were 
petting farm animals, as shown in Table 2. Of those 33 
sheep culled, 4 had superficial abscesses present. Out 
of the 32 goat serum samples tested and 10 samples 
retested, 4 goats were also culled due to HT counts, none 
of which had present abscesses. Female sheep were 
culled at a higher rate (20%) as opposed to male sheep 
(1.72%), whereas male goats were culled at a higher 

rate (33.33%) than female goats (4.35%). Serological 
assays and bacterial culture have been commonly used 
for the detection of C. pseudotuberculosis; however, 
these methods are unreliable and cannot detect early 
cases of CLA (Shigidi, 1979).

Discussion
CLA is responsible for substantial economic losses in 
goat herds and sheep flocks (Williamson, 2001). Losses 
range from condemnation of skins and carcasses due 
to abscesses to losses due to reproductive inefficiency. 
According to the Food and Agricultural Organization, 
United Nations, a significant proportion of the world’s 
goat population is found in the countries defined by 
FAO as net food-importing countries (44%), low 
income food-deficit countries (86%), and the least 
developed countries (31%) (FAOSTAT, 2011). CLA is 
widely distributed within these countries, which causes 
farmers to suffer significant financial losses due to loss 
of fertility, decreased milk and meat production, hide 
and wool loss, culling of infected animals, and carcass 
condemnation. CLA affects industries worldwide and 
proves to be a hindrance to animal health and disease 
prevention. The prevalence rate for all forms of CLA 
in sheep and goats in the western United States was 
42.41% (Stoops et al., 1984).
CLA may become endemic within herds or flocks 
due to its resistance to certain antibiotics, such as 
ampicillin, clindamycin, and doxycycline HCl (Abebe 
and Tessema, 2015); its constant increasing ability to 
survive in harsh environments for extended periods 
of time; and the limitations associated with detecting 
subclinically infected animals (Williamson, 2001). In 
most cases, treatment of the external forms of CLA 
involves identification of infected animals prior to 
abscess rupturing to prevent contamination of the 
environment and soil. Once identified, isolation of the 
affected animals is required to avoid further spread of 
the disease. These methods were consistent with our 
study and have shown to be successful in preventing 
further spread of infection. However, our findings show 

Table 2. SHI titer results of the “retest” group categorized 
by species and sex with ages ranging from 1 to 9 years old.

Results
Ovine Caprine

Female Male Female Male
Negative 0 0 0 0

1:8 1 2 3 0
1:16 0 2 4 3
1:32 5 0 0 0
1:64 2 0 0 0
1:128 0 0 0 0

>1:256 4 0 0 0
Total culled 
due to HT 32 1 1 3

Table 1. SHI titer results categorized by species and sex 
with ages ranging from 1 to 9 years old.

Results
Ovine Caprine

Female Male Female Male
Negative 79 50 10 0

1:8 15 0 1 3
1:16 18 5 3 1
1:32 14 2 8 2
1:64 21 1 1 1
1:128 9 0 0 1

>1:256 4 0 0 1
Total 160 58 23 9
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that female sheep had higher titer counts and were 
culled at a much higher rate than male sheep (20% 
vs. 1.72%). The opposite trend was found in goats, 
where male goats more often had higher titer counts 
and were culled as opposed to female goats (33.33% 
vs. 4.35%). This could be due to the animals’ housing 
arrangements and it is possible that female sheep were 
housed in close proximity to male goats at the time of 
outbreak, allowing for the infection to not only spread, 
but to disproportionally infect the herd. CLA is a non-
sex linked disease, indicating that the occurrence of the 
disease is dependent on immunity, which can be altered 
by gestation, lactation, immunosuppressive disease, 
nutrition, and other management factors which both 
sexes are subject to (Zaitoun and Ali, 1999; Oreiby et 
al., 2013)
A striking finding in this study was the low prevalence 
of abscesses in sheep testing with HTs. Only 4 ewes 
had abscesses present, while a total of 32 female 
sheep tested with HT counts were culled. This raises 
questions about diagnostic testing and whether physical 
screening for lesions is sufficient enough when looking 
for CLA in small ruminants. 
Limitations
The scientific basis for certain decisions and strategies 
used was not always clear. It is difficult to interpret how 
effective each management strategy is because of the 
multimodality of the strategies used. 
Future research
Due to the worldwide distribution of CLA, further 
research should be carried out on CLA diagnostics and the 
efficacy of vaccines currently available. Current treatment 
strategies for CLA include drainage of abscesses, 
followed by cleaning and chemical cauterization (Nozaki 
et al., 2000); however, these techniques are not always 
effective and may become expensive. The best strategy 
for preventing the disease is immunization (Paton et al., 
2003), but not all vaccines available for sheep have the 
same efficacy in goats (Guimaraes et al., 2011). It would 
be beneficial to further study currently available vaccines 
and the efficacies in both sheep and goats (Dorella et 
al., 2009). This case report shows the importance of 
monitoring and documentation during the time of an 
outbreak to better control for the spread.

Conclusion
There has been a zero recurrence of CLA at CPP through 
August 2021. The multimodal strategies used to contain 
the spread were successful thus far. The discrepancy in 
titer counts between female and male sheep and goats 
should be further researched. Individual prophylactic 
measures should also be further studied to determine 
the efficacy of each management strategy. Although the 
university has been successful in managing the spread 
thus far, it is difficult to determine what role individual 
measures played in the success of containing the spread.
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