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Domains 1 and 3

 

SUMMARY

Objective: Provide an overview of E. coli, to include 1) provide background information 2) a review of pathotypes (definition, history, pathogenesis, prototype strains, epidemiology and control, and 2) review of cases in different animal hosts.

Background   
· Escherichia coli (E. coli) is a common aerobic facultative anaerobic gastrointestinal bacteria for both humans & animals. Research aimed at further elucidating the epidemiology of E. coli has an important role in One Health efforts.

· Animal models of E. coli:   zebrafish, rats, mice, Syrian hamsters, guinea pigs, rabbits, pigs, and NHPs

· E. coli was first isolated in 1885 from a human infant (original name – Bacterium coli commune now known as National Collection of Type Cultures 86)

Beneficial E. coli Strains
· Multiple non-pathogenic strains of E. coli are used as laboratory strains (NCTC 86, K-12, BL21, REL606, DH5z, EQ1, BLR, C, W, and Crooks)

· Probiotic Nissle 1917  (EcN) - (E. coli O6:K5:H1) – commercially available E. coli used to treat intestinal disorders (IBD, constipation, diarrhea).

· E. coli O9:H4 (HS) – commensal strain used for genetic studies

· E. coli is facultative pathogen - both a commensal bacteria as well as a pathogenic bacteria – one cannot assume an isolated E. coli strain from a clinically normal patient is a commensal

Identifying Serotype and Phylogenic Group
· E. coli characterization is often necessary as hosts can be infected with more than 1 E. coli pathotype

· MacConkey agar – used to isolate E. coli
· Used to isolate gram-negative and enteric bacilli and differentiate them based on lactose fermentation

· (no color change = non-fermenter, red/pink color change – lactose fermenter)

· Sorbitol-MacConkey agar – used to identify E. coli O157:H7 from other strains of E. coli as O157:H7 cannot ferment sorbitol (indicated by colorless colonies)

· Serotype determination

· Identification of 2 antigens

· “O” (the O-specific polysaccharide of the lipopolysaccharide)

· “H” (flagellar protein)

· Traditional methods – agglutination assays using antibodies from sera

· Modern methods – PCR, whole genome sequencing

· Phylogenic Classification
· Commensal

· A – humans, mammals

· B1  – mammals, birds (B1 strains are usually not host-adapted)

· Pathogenic

· B2 – humans (B2 isolates are host-adapted)

· D - birds

· Sequence type

· Multilocus sequence typing (MLST) – molecular technique involving the sequencing of 7 to 8 house-keeping genes (loci)

· MLST generates genetic data that is used to classify E. coli strains and identify potential pathogenic clones

· Specific pathotype classification depends on virulence determinants that are encoded and expressed

· Pathotypes are classified as:

· Diarrheagenic – induce disease within the GI tract

· Extraintestinal – induce disease outside of the GI tract

· Hybrids – strains that have virulence determinants/characteristics of both pathotypes

Pathotypes
· EPEC – Enteropathogenic E. coli
· Do NOT produce Shiga toxin

· Attaching & effacing (A/E) lesions – microscopic pathognomonic lesions

· EHEC and Citrobacter rodentium also induce A/E lesions

· Adhere to intestinal epithelium à microvilli become effaced à actin is polymerized

· tEPEC (typical) strains are associated with infantile diarrhea

· aEPEC (atypical) strains  are not normally associated with disease but has been associated with persistent diarrhea in children

· EHEC – Enterohemorrhagic E. coli
· Stx producing E. coli (STEC) that incode intimin and induce A/E lesions

· Stx = Shiga-like toxins or Vero toxins

· Can cause hemorrhagic diarrhea and hemolytic uremic syndrome (HUS)

· HUS = hemolytic anemia, thrombocytopenia, and acute renal failure

· Includes E. coli O157:H7

· Multiple experimental models use rabbits – NZW and DB

· Multiple mouse models

· Mouse model using streptomycin to reduce facultative intestinal flora allowing for EHEC colonization

· Positive cultures of O157:H7 are best obtained within 6 days of on-set of diarrhea

· STEC may or may not ferment sorbitol therefor additional testing may be needed

· ETEC – Enterotoxigenic E. coli

· Produce heat-labile (LT – LT-I and LT-II) and/or heat-stable (ST – STa and STb) enterotoxin

· LT-I is similar to cholera toxin and consist of LTp and LTh

· Ligated Rabbit Gut Assay – isolates will cause dilation in a positive test

· Pig Gut Loop Assay – used to id LT enterotoxin in E. coli isolates from diarrheal outbreaks in pigs

· These strains are not invasive and do not damage villi but induce fluid secretion and diarrhea

· Secretory diarrhea - Important cause of infant diarrhea, Travelers’ diarrhea, and piglet diarrhea

· Hyperimmune bovine colostral anti-adhesin has been shown to be protective in humans challenged with ETEC

· Vaccines have been shown to provide protection to calves and piglets via ingestion of colostrum, but control of post-weaning diarrhea has been less successful

· EIEC - Enteroinvasive E. coli
· Invade the colonic epithelium causing biliary dysentery  similar to Shigella

· Sereny test is a virulence assay used to determine the virulence of EIEC and Shigella which involves inoculation of eye. Conjunctivitis and keratitis indicate a positive. Test is conducted in the guinea pig or the mouse.

· EAEC – Enteroaggregative E. coli
· Exhibit an aggregative adherence (AA) pattern (so does EPEC so need to differentiate)

· Not enterotoxin secreting (ST nor LT)

· Pathogenesis steps – adherence à mucus production à toxin production

· Induce the intestinal mucosa to produce more mucus creating a biofilm trapping the bacteria

· Common cause of Travelers’ diarrhea and associated with persistent diarrhea in children and HIV patients. Causes a mucoid diarrhea.

· Also associated with UTIs

· AIEC – Adherent invasive E. coli
· Possess the pic gene and is resistant to ampicillin

· Efficiently create biofilms

· Associated with intestinal disease – Chron’s Disease, colon cancer

· DAEC – Diffusely adhering E. coli
· Characteristic ability to adhere diffusely to the whole cell surface

· ExPEC – Extraintestinal pathogenic E. coli
· Strains associated with disease outside the GI tract (ex. Meningitis, urinary tract, septicemia, prostatitis)

· CNF – cytotoxic necrotizing factor

· Human UTI vaccines are approved in Europe

· Hybrids

· Emerging hybrid strains pose a public health risk

· EAHEC (entero-aggregative-hemorrhagic E. coli)

· 1998 – HUS outbreak associated with E. coli O111:H2 showed both STEC and EAEC characteristics

· 2011 – E. coli O104:H4 outbreak associated with sprouts (4000 cases - 855 HUS, 53 deaths) & was antibiotic resistant

· Figure 11 –table shows natural hybrid E. coli infections (host, disease condition, & virulence determinants)

Multi Drug Resistance
· Carbapenems – class of antibiotics used to treat multi-drug resistant bacteria

· ESBL (extended-spectrum B-lactamase) producing bacteria are not susceptible to extended spectrum cephalosporins and aztreonam AND susceptible to clavulanic acid

· Carbapenem resistance can be transferred by plasmids

· NDM – New Delhi Metallo-B-lactamase

· NDM-1 encoding bacteria can be resistant to all antibiotics posing a global health threat

· Documented co-infections of E. coli and Klebsiella pneumonia in humans show both pathogens positive for NDM-1 genes. E. coli positive for NDM-1 genes have been documented in both cats and dogs.

· KPC - Klebsiella pneumonia carbapenamase

· OXA - oxacillinases

· ESBL transmission was documented in a fatal case of fecal microbiota transplantation to treat C. difficile

Animal Host (see Fig. 13)
· NHP

· Multiple pathotypes have been isolated from macaques (Macaca mulatta)

· Cotton-top tamarins (Saginus Oedipus), a model of human ulcerative colitis due to EPEC

· Common marmoset (Callithrix jacchus) has been proposed as a model for human EPEC infections

· Swine

· E. coli infections are associated with porcine edema disease and diarrhea in weanling pigs

· Pigs can be a reservoir host of STEC/EHEC including O157

· Dogs

· Dogs may be an active vector as O157:H7 was isolated from a clinically unaffected dog during an outbreak investigation. O157 has also been detected in the feces of dogs on dairy farms.

· E. coli has been isolated from both boxers and French Bulldogs with granulomatous colitis

· E. coli is commonly isolated from dogs with pyometra and may also be the causative agent of concurrent UTIs

· Household prevalence of E. coli sharing between humans and dogs is 4-8%

· Cats

· ExPEC infection may be associated with severe respiratory disease and fatal pneumonia

· Birds

· Chickens – can be carries of EPEC and STEC O157

· APEC (Avian Pathogenic E. coli) are ExPEC strains associated with colibacillosis affecting the poultry industry

· Swollen Head Syndrome – caused by E. coli strains that produce VT2y a STX variant

· Omphalitis

· Septicemia

· Ruminants

· Super shedding cows can excrete O157 at estimated levels of 104 CFU/g of feces

· Vaccinations have been developed to reduce levels of intestinal colonization of EHEC

· Recently, it has been shown that the ferric dictate uptake locus (fec locus) is associated with the ability of mammary pathogenic E. coli to induce mastitis

· Ferrets

· Hemolytic E. coli was identified as the causative agent of gangrenous mastitis

· Rabbits

· Cottontail rabbits (Sylvilagus floridanus) – E. coli can commonly colonize clinically unaffected rabbits but can be fatal

· An outbreak of diarrhea & HUS-like disease associated with EHEC O153 in Dutch Belted rabbits led to the development of an experimental model using oral inoculation of EHEC strains (IP route has also been used)

· Rodents

· E. coli is commonly isolated from mice and rats, commonly from the oral cavity most likely due to coprophagia

· Rodent model of HUS involves IP injection of recombinant Stx-2 expressing E. coli culture supernatant

· E. coli pathotypes are not routinely screened for in conventional rodent health surveillance programs for mice and rats but they may have an impact on experimental data especially if animals are immunocompromised

· Syrian Hamsters – an E. coli isolate from the ileum of a hamster with proliferative ileitis was shown to induce  acute enteritis in 32% of hamsters

· Guinea Pigs - E. coli is associated with urinary tract disease (cystitis, cystic calculi, urolithiasis), especially in aged females

· Chinchilla – EPEC O13:H30 has been isolated from the kidney and spleen of a septic chinchilla
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QUESTIONS
1. 
Which of the following culture media is used to identify Escherichia coli?

a. 
Chocolate blood agar

b. 
Cystein lactose electrolyte deficient (CLED)

c. 
Lowenstein Jensen Medium

d.  
MacConkey’s Agar

e. 
Sabouraud dextrose agar (SDA)

2. 
Sereny test is a virulence assay used to determine the virulence of Enteroinvasive E. coli and Shigella. Which species are commonly used for the Sereny test?

a.  
Mus musculus and Cavia porcellus
b.  
Mus musculus and Rattus norvegicus
c.  
Mus musculus and Mesocricetus auratus
d. 
Rattus norvegicus and Cavia porcellus
e. 
Cavia porcellus and Oryctolagus cuniculus
f. 
Oryctolagus cuniculus and Rattus norvegicus
3.  
Which E. coli pathotypes produces Attaching & Effacing (A/E) lesions?

a.  
Enteropathogenic

b. 
Enterohemorrhagic
c.  
Enterotoxigenic

d. 
Enteroinvasive

e.  
Enteroaggregative
 

ANSWERS  

1. 
d

2. 
a

3. 
Both a and b
ORIGINAL RESEARCH

Kopper et al. Comparison of Effects of Trichuris muris and Spontaneous Colitis on the Proximal Colon Microbiota in C3H/HeJ and C3Bir IL10 –/– Mice, pp. 46-65
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Primary Species: Mouse (Mus musculus)
 

SUMMARY
 

Introduction: Trichuris species are gastrointestinal nematodes. After ingestion embryonated eggs hatch in the caecum or colon releasing first stage larvae that penetrate the epithelium. They undergo 4 molts before reaching sexual maturity. Larvae and adult anchor to the colon via formation of syncytial tunnels and here females produce eggs that are then passed in feces and embryonate in the environment.

 

Trichuris spp. have been reported to interact with gastrointestinal bacteria in various ways including antibacterial activity via secretory proteins that create favorable conditions for the worms, interacting with various enteropathogenic bacteria to produce diarrhea in wearing aged pigs, severe disease in rhesus macaques co-infected with Trichuris trichiura and bacterial enteric pathogens, 100% morbidity with IL10-/- mice challenged with T. muris and decreasing diversity and promoting growth of lactobacillus spp. with chronic T. muris infection of C57BL/6 mice.

 

Hypothesis: T. muris infected mice would have altered colon microbiota compared with uninfected mice.

To test the hypothesis they infected CH3/HeJ mice and C3Bir IL10-/- mice with embryonated T muris eggs and compared them to uninfected controls. Both strains are also deficient in TLR4 and have an allele associated with colitis susceptibility.

 

Results/Discussion

· C3Bir IL10-/- mice had significantly different microbial populations in the proximal colon than uninfected controls but this was not associated with the presence of colitis. This was not true in the C3H/Hej mice which suggest that host background genes play a role. This was assessed via DNA extraction from frozen proximal colon tissue and T-RFLP analysis – a molecular method used for profiling microbial communities based on the position of a restriction site. They were unable to determine which bacterial species were responsible for the change in population

· The C3Bir IL10-/- mice infected with T muris took longer to develop colitis than uninfected mice of the same strain.

· Trichuris infection led to lesions in the small intestine which were absent from the uninfected mice.
· C3H/Hej mice showed an increase in subclinical pathology, but not clinical disease, when infected with T muris.
· The presence or absence of colitis in TLR4 deficient mice was not associated with a change in the microbial community, leading the authors to believe that the changes were likely caused by the Trichuris infection.

 

QUESTIONS
1. True or false:

a. Trichuris muris has a direct oral facial life cycle

b. IL-10 and IL-4 deficient mice are susceptible to developing spontaneous colitis

2. What is peculiar about the interaction of Trichuris spp. with the intestinal epithelium?

 

ANSWERS
1. a. True; b. True

2. The anterior end of the worm burrows through colonic epithelial cells via syncytial tunnels. This leaves the posterior end free in the gut lumen to facilitate mating and egg deposition.

Pach et al. Long-Term Effects of Sulfadiazine-Trimethoprim Medicated Diet on Cardiac Function, Hematology, and Weight Gain in Hsd:ICR (CD1) and Tac:SW Mice, pp. 66-75

Domain 1: Management of Spontaneous and Experimentally Induced Disease and Conditions

Primary Species: Mouse (Mus musculus)

 

SUMMARY: Animal models of cardiomyopathy require invasive procedures such as aortic constriction, left anterior descending artery ligation, cryogenic injury, or renal ischemia to induce cardiac changes associated with disease. Chemotherapeutic agents can be used to induce disease, but a major disadvantage is the potential health risks to workers. Genetically engineered mice can replace invasive surgical models of cardiac disease, but they also have limitations including cost, time, and failure to express the anticipated phenotype. Despite advancements in cardiac research, reproducible and economical animal models are still needed to further our understanding and explore novel therapeutics. Researchers at the University of Chicago reported that IcrTac:ICR sentinel mice developed cardiomyopathy and cardiac dysfunction after being accidentally fed sulfadiazine trimethoprim (SDZ-TMP) medicated diet for 3 to 6 months. Based on these findings the goal of this study was to develop a cost-effective, reproducible, and noninvasive animal model of dilated cardiomyopathy.

 

Twenty-two CD1 and 22 Tac:SW mixed sex mice were fed either standard rodent chow or SDZ-TMP medicated diet for 42 weeks. Animals were evaluated for body weight, clinical pathology, and cardiac function. At the conclusion of the study the heart, lungs, and femurs were submitted for histopathologic evaluation (representative pictomicrographs of hearts can be found below).

 

The authors were not able to reproduce the cardiomyopathy seen in IcrTac:ICR in either outbred stock used for this study (CD1 and SW). The findings showed no significant differences in ejection fraction, fractional shortening, or left ventricular internal diameter in diastole between the diet groups. However, the left ventricular diameter in diastole was found to be shorter in females than in males - this sex difference is consistent with published reports in humans.

 

SDZ-TMP diet did not have a significant effect on RBCs, hemoglobin, and hematocrit. Platelets decreased significantly in the SDZ-TMP group; however, values for all animals remained within published reference ranges for mice. There was a significant decline in WBCs over time of mice fed SDZ-TMP, but no indication of leukopenia or bone marrow toxicity. Mice in both diet groups gained weight over time, but the increase was higher in mice fed the standard diet potentially due to palatability differences. Evaluation of liver and kidney values did not reveal any evidence of damage or dysfunction.

 

The authors were not able to establish a new animal model of cardiomyopathy in mice fed SDZ-TMP medicated diet. Their findings did reveal SDZ-TMP diet, containing 1,365ppm SDZ and 275ppm TMP, as a safe diet for mice, even when fed long term.
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Figure 3. Representative pictomicrographs of hearts from ICR mouse fed standard diet (A), ICR mouse fed SDZ-TMP diet (B), SW mouse fed standard diet (C), and SW mouse fed SDZ-TMP diet (D). Regions

indicated by square are shown in higher magnification next to each heart. Amount of cardiomyocyte degeneration, and fibrosis was not significant between the 2 diet groups in either outbred stock. Hematoxylin and eosin stain; magnification 2× and 5×.

 

QUESTIONS
1. Which chemotherapeutic agent has been used to induce heart failure in mice?

a. Carboplatin

b. Cisplatin

c. Doxorubicin

d. Streptozotocin

2. What action does SDZ-TMP have on bacteria?

a. Inhibits folic acid metabolism

b. Disrupts cell membrane

c. Inhibits biosynthesis of proteins

d. Inhibits ATP

3. Which of the following is NOT a reported side effect of potentiated sulfonamides?

a. Keratitis sicca

b. Hypothyroidism

c. Anemia

d. Renal and hepatic dysfunction

 

ANSWERS
1. Doxorubicin

2. Inhibits folic acid metabolism

3. Renal and hepatic dysfunction

 
 

Edmunson et al. Indicators of Postoperative Pain in Syrian Hamsters (Mesocricetus auratus), pp. 76-86
Domain 3: Research

Secondary Species: Syrian Hamster (Mesocricetus auratus)

 

SUMMARY: There is limited published research on methods to evaluate pain in Syrian hamsters. The authors developed Syrian Hamster specific ethogram, the Syrian Hamster Grimace Scale (SHGS), and treat-take-test (TTT) as a novel proxy indicator of pain. The authors hypothesized that there would be a difference in behavior frequency, SHGS, TTT scores, body weight, water consumption and coat condition from baseline for hamsters who have undergone surgery compared to 2 control groups (anesthesia only and no intervention). After 3 days of acclimation, a 14-day habituation period exposed animals to the data collection procedures for 6-10 minutes per day including observation, body weight measurement, and treat offering. Study duration was 7 days (Day 0—2 pre-treatment, D 3 treatment (surgery, anesthesia only, or no treatment), D4-6 post-treatment observation) with 3 data collection time points per day. For each data collection period, in-person behavior scoring in home cage (IP-HC), video recording in home cage (V-HC), and video recording in behavior cage (V-BC) were conducted for 5 min each, followed by TTT in the home cage and coat appearance scoring. Behaviors observed were divided into 3 categories; Active behaviors, passive behaviors, and pain behaviors.

 

The surgery group was significantly different for changes from baseline for both pain and passive behaviors compared to the 2 control groups. No difference between groups was found with the V-HC observations. An increase in SHGS scores only occurred in of the 9 of the animals that underwent surgery therefore the authors conclude that the SHGS is not effective at identifying post-op pain. The authors propose that the laparotomy procedure may not be sufficient enough to produce pain levels adequate enough to produce the facial changes as a part of the SHGS. The proxy indicator TTT was not useful in identifying post-operative pain, as hamsters in all groups were highly motivated to receive a treat. However, TTT scores were influence by time of day and sex. No animals received an abnormal coat score. Body weight was highly variable complicated by the fact that cheek pouches may or may not contain food at time of weighing. And water consumption was inaccurate as cage manipulation caused water bottle leaks falsely elevating water consumption. The authors conclude none of the pain assessment parameters were effective for evaluating post-operative pain in Syrian hamsters. But since pain behaviors were observed for as long as 3 days post-op, the authors recommend the administration of analgesics for 3 days after invasive surgery.

 
QUESTIONS
1. 
The Syrian hamster is commonly used as a model for what diseases?

2. 
For which species have facial grimace scales to assess pain been validated?

3.  
T/F: The use of the Syrian Hamster Grimace Scale (SHGS) has shown to be an effective tool to assess post-operative pain in Syrian hamsters.

ANSWERS
1.  
Hibernation, Infectious disease (SARS CoV-2, etc.), Cancer (Oral squamous-cell carcinoma, lung), diabetes mellitus, atherosclerosis, inherited cardiomyopathies

2.   Mice, rat, rabbit, ferret, cat, sheep, pig, horse, cows, harbor seals, and humans

3. 
False

 

CASE STUDIES
Casey et al. Management of Morbidity and Mortality in a New Zealand White Rabbit Model of Steroid Induced Osteonecrosis of the Femoral Head, pp. 86-98
Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions
Primary Species: Rabbit (Oryctolagus cuniculi)

One-line Summary: The authors investigated the rabbit model of Steroid-induced osteonecrosis of the femoral head (SONFH) and established a clinical decision-making flowchart that reduced morbidities and mortalities.
 
SUMMARY: The authors participated in the management of two cohorts of rabbits being induced to establish SONFH.  In this article, they report the clinical presentations, therapeutic interventions, and postmortem findings from the rabbits developing comorbidities related to the induction periods.  They also reported on the results of a literature review of the prevalence of SONFH-related complications and/or mortalities over the last 30 years. Their goal was to help clinicians and pathologists working with rabbit models of SONFH to better understand the model-associated comorbidities and help determine points of clinical intervention to minimize model-associated mortalities.  They were able to design a decision-making flowchart that helped establish reliable endpoints for animals used in SONFH induction protocols.

From their literature review, they found that 30% of primary research articles using the rabbit SONFH model have reported mortalities within the induction period. None of the study parameters they used (such as breed, sex, weight, induction protocol, prophylactic antibiotic administration, and length of induction) predicted mortality rates across these studies. While 59% of the experimental studies did not reference the presence or absence of mortalities during the induction period. 

After induction of SONFH with Methylprednisolone, rabbits displayed marked weight loss, diarrhea, lipemia, hypercholesterolemia, hyperglycemia, and elevations in ALT and AST. These clinical findings occurred in both asymptomatic rabbits and those that displayed clinical signs or died, such that these changes were not predictive of morbidity or death. Rabbits that died exhibited hepatomegaly with thoracic effusion and/or systemic disease associated with opportunistic infectious pathogen(s).  Bordetella bronchiseptica, Escherichia coli, and Lawsonia intracellularis were found to commonly cause secondary opportunistic infections or primary disease in this model. 

The decision making flowchart is below.
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QUESTIONS
1. 
Why is the rabbit the commonly chosen animal model for SONFH?

2. 
How is SNOFH induced in the rabbit?

3.  
What is chronic use of glucocorticoids associated with?

 
ANSWERS
1. 
The rabbit is commonly chosen due to its femoral vascular anatomy, which is similar to human patients, relative size of the femoral head, and general fecundity.

2. 
SONFH can be established in a rabbit via 3 main induction protocols: 

1) intramuscular (IM) injection of methylprednisolone (MPS) alone, 

2) IM injection of MPS along with intravenous (IV) lipopolysaccharide (LPS), or 

3) IM injection of MPS along with IV allogeneic serum (for example horse serum).

3. 
Chronic use of glucocorticoids is associated with muscle weakness, muscle loss, and elevated blood glucose. In humans, glucocorticoid administration inhibits the anabolic action of insulin, resulting in muscle loss even after short term administration.

  

Lamoureux et al. Hemochromatosis in Two Female Olive Baboons (Papio anubis), pp. 99-105

  

Domain 1: Management of Spontaneous and Experimentally Induced Diseases and Conditions

Secondary Species: Baboon (Papio spp.)

  

SUMMARY:  The highest levels of iron in the body is found in the erythrocytes, followed by the liver, reticuloendothelial system, and skeletal muscle. Three main mechanisms regulate iron: 1) dietary absorption through the proximal duodenum; 2) recycling of senescent red blood cells by macrophages; and 3) storage in the liver. Hemosiderosis occurs when iron accumulates in tissues, but causes no subsequent organ injury or dysfunction. It is not typically pathologic and can be reversed. In contrast, hemochromatosis occurs when iron accumulation results in organ injury and dysfunction.

 

Two juvenile intact female olive baboons on an anemia study underwent phlebotomy to maintain hematocrit of 20%. Animals received iron dextran and folic acid to maintain sufficient iron stores to allow a robust reticulocyte response. Animals presented with weight loss, hepatosplenomegaly, and experimental endpoint. Pathology of the liver confirmed that histiocytic macrophages and hepatocytes contained iron and the red pulp of the spleen showed foci of extramedullary hematopoiesis. Marked accumulation of hemosiderin was also noted in macrophages of the spleen, kidney, lung, small intestine, stomach, and lymph nodes, and confirmed as iron with Prussian blue staining.

 

While neither animal presented in this case report exhibited clinicopathologic findings indicative of iron deficiency anemia (such as a microcytic, hypochromic anemia), parenteral iron supplementation was thought necessary to maintain iron homeostasis due to the iron lost during blood removal for anemia induction and maintenance. However, the hematologic findings suggest that these animals were never in need of iron supplementation and consequently developed systemic storage of excess iron. It is suspected that the iron content in formulated diets is sufficient to replace iron stores.

 

QUESTIONS
1.
Which staining is used to detect iron?

a.
Alazarin red

b.
Prussian Blue

c.
Brown and Brenn

d.
Masson’s trichrome

2.
What is one method to sensitively and non-invasively assess liver iron concentrations?

a.
MRI

b.
CT

c.
Ultrasound

d.
Radiographs

3.
How does hemochromatosis cause cell death and organ dysfunction?

 

ANSWERS
1.
b
2.
a
3.
Free radical formation and lipid peroxidation as a result of excessive iron accumulation in tissues

