Tertiary Species - Other Nonhuman Primates

Williams et al.  2008.  Evaluation of iron status in lemurs by analysis of serum iron and ferritin concentrations, total iron-binding capacity, and transferring saturation.  JAVMA 232(4):578-585. 

Task 1- Prevent, diagnose, control, and treat disease 

Species - Tertiary (other nonhuman primates) 

Introduction: Although iron is an essential element in most organisms, in excessive quantities of iron is toxic. Iron accumulation in tissues is associated with disease primarily through the action of ferrous iron (Fe^2+) as a catalyst in reactions that potentate oxygen toxicity by generation of free radicals. In the body, excess iron is stored in combination with ferritin or deposited as hemosiderin in tissues. Detection of hemosiderin without toxicosis is known as hemosiderosis, whereas detection of functional or morphologic evidence of iron toxicosis is known as hemochromatosis. 

In captive species of lemurs, variation in the amount of iron detected in the liver suggests that some lemur taxa may be predisposed to developing iron overload.

Purpose: Concentrations of serum iron and ferritin and total-iron binding capacity (TIBC) were measured and transferrin saturation was calculated, and these values were compared with hepatic iron content in ring-tailed lemurs (Lemur catta), black lemurs (Eulemur macaco macaco), and red-ruffed lemurs (Varecia rubra) to determine whether serum iron indices can reliably be used to assess iron status in lemurs. Because concentrations of copper and zinc affect transport and cellular uptake of iron, serum and liver concentrations of these trace minerals were also measured.

Materials and Methods: Thirty-three lemurs (eleven of each genus) were tested. Lemurs were housed at the Duke Lemur Center in Durham, NC (n = 19) and the St Louis Zoologic Park in St Louis, Mo (n = 14). Bacterial hepatitis was detected in one red-ruffed lemur, which was removed from the study.

Diet composition (dry matter basis) was approximately 75% to 80% primate biscuit and 20% to 25% fruits and vegetables at both institutions. Additional vitamins or mineral supplements were not provided. 

Blood samples were collected weekly for 3 weeks. After collection of the last blood sample, liver biopsy was performed via laparotomy for histological examination, measurement of liver iron content, and trace mineral analysis. Serum samples were analyzed for serum iron concentration and TIBC colorimetrically, and ferritin concentration was analyzed via quantitative ELISA. Percent transferrin saturation was calculated as serum iron concentration/TIBC X 100.

Serum and liver tissues were analyzed for copper and zinc concentrations. Iron content in liver tissue included analysis of total iron and nonheme iron concentrations. Liver sections were stained with H&E and Prussian blue stain was used to evaluate the presence and distribution of iron.

Statistical analysis: Serum iron concentration, TIBC, and transferrin saturation were approximately normally distributed. Ferritin, total iron, and nonheme iron concentrations were logarithmic and were natural-log transformed for analysis.

Group means for serum analytes were compared via ANOVA (Tukey-Kramer honestly significant difference method). Nonheme iron concentration was evaluated against serum analytes, age, trace minerals, and histological grading scores by use of regression analysis. Pearson correlation method was used to evaluate pair wise associations. Serially sampled variables (serum iron and ferritin concentrations, TIBC, and transferring saturation) were evaluated according to sampling order (weeks 1, 2, or 3) and as mean values for all 3 weeks. Values of P less than 0.05 were considered significant for ANOVA and regression analysis.
Results: A strong linear association was detected between total iron concentration and nonheme concentration. Mean hepatic content was highest in red-ruffed lemurs and lowest in ring-tailed lemurs. A significant correlation was detected between ferritin concentration and hepatic iron content is all 3 genera of lemurs. Transferrin saturation and serum iron concentration were correlated with hepatic iron content in ring-tailed and red-ruffed lemurs.

Positive correlations were detected between liver iron content and liver zinc content. No correlations were detected between tissue or serum copper and liver iron content.

The overall amount of iron in tissue was minimal to mild. Liver iron was predominantly located in sinusoidal and portal areas. Iron deposition in hepatocytes was minimal. Pathologic changes during microscopic evaluation of liver sections were mild and were not associated with liver accumulation.

Discussion: Total iron concentration includes all forms of iron within a sample. Nonheme iron concentration measures only storage forms of iron (not iron contained in hemoglobin or myoglobin) and is considered a more reliable method of tissue iron stores. Overall, iron accumulation in the liver in the study population was mild and not associated with histological changes in the liver. Therefore, although hemosiderosis may be common in lemurs in captivity, the frequency of lemurs developing iron overload severe enough to result in clinical findings and hemochromatosis may be lower than previously believed. The finding that lemurs of various genera accumulate iron at various rates suggests that there may be differences in iron absorption or regulation across taxa. Measurement of serum iron concentration and calculation of transferrin saturation may be useful as a noninvasive method for determining iron status in lemurs, although additional data concerning the predictive value of those tests is required and reference ranges will most likely need to be established independently for the various taxa of lemurs. 
QUESTIONS:
1. 
What is hemosiderin?
2.  
Explain the difference between hemosiderosis and hemochromatosis?
3.  
Name the genus and species for ring-tailed lemurs, black lemurs, and red-ruffed lemurs.
4. 
What was Prussian blue stained used to evaluate?

5. 
True/false. In the study reported here, ring-tailed, black, and red-ruffed lemurs accumulated iron at various rates suggesting that there may be differences in iron absorption or regulation across taxa.

ANSWERS:
1. 
Intracellular storage form of excess iron in the body.

2. 
Detection of hemosiderin without toxicosis is known as hemosiderosis.


Detection of functional or morphologic evidence of iron toxicosis is known as hemochromatosis.

3.   Ring-tailed lemurs (Lemur catta)


Black lemurs (Eulemur macaco macaco)


Red-ruffed lemurs (Varecia rubra)

4. 
Prussian blue stain was used to evaluate the presence and distribution of iron in histological sections of liver.

5. 
True

Troan et al.  2007.  Naturally transmitted herpesvirus papio-2 infection in a black and white colobus monkey.  JAVMA 231(12):1878-1882 
Species: secondary - baboon; tertiary - colobus monkey.

SUMMARY: A single colobus monkey at the North Carolina Zoological Park presented with acute onset of ataxia and inappetance.  Initial visual examination revealed head bobbing, swaying from side to side and lethargy.  The monkey was sedated for more thorough examination.  Radiographs, including those of the skull, CBC and chemistry panel were within normal limits.  The monkey had an uneventful recovery from anesthesia and was returned to its holding area.  The following morning the monkey was obtunded and tachypneic.  It was anesthetized, intubated and maintained on isoflurane.  Soon after, it became apneic and required positive pressure ventilation.  It was maintained on mechanical ventilation for 20 hours when it appeared to recover however shortly after extubation, it went into cardiac arrest and died. Terminal laboratory samples revealed severe leucopenia, CSF indicated lymphocytic to lymphohistiocytic inflammation.  No evidence of ingested toxins or heavy metal poisoning was found. 

At necropsy, all lesions were confined to the brain and consisted of congestion of cerebral vessels, petechiae throughout the white matter of the cerebral cortex with fewer in the brainstem.  On histopathology, the white matter tracts contained hemorrhage and foci of necrosis, karyolysis, karyorrhexis and cell debris.  Intranuclear inclusion bodies were seen in tissues adjacent to perivascular cuffing.  Inclusions varied from eosinophilic inclusions surrounded by a clear halo to glassy amphophilic that were peripheral to nuclear chromatin.  Intranuclear inclusions were also seen in gray matter of the thoracolumbar spinal cord, adrenal glands, spleen and liver.  Acute lesions of multifocal hemorrhage and necrosis with intranuclear inclusion bodies were strongly suggestive of a herpesvirus infection and HVP-2 infection was confirmed by PCR, serology and immunohistochemistry.

HVP-2 is a simian alphaherpevirus endemic among baboons.  HVP-2 is very similar to SA8, B virus and HSV 1 and 2 and cannot be distinguished based on serology alone.  HVP-2 infection in baboons resembles HSV in humans, herpes B in macaques, etc.  Virulence of alphaherpes viruses in non-host species varies.  This case report documents the first natural infection of a non-host species with HVP-2.  The clinical signs and necropsy findings are similar to those found in humans infected with B virus.  The author suggests that HVP-2 is a management concern where numerous species are housed in close proximity and also cautions about the possibility HVP-2 as a zoonotic disease in humans.

QUESTIONS:

1.  
How are (-herpesvirus infections confirmed? 

2.  
List the common nonhuman primate (-herpesviruses, their natural host and their most common aberrant host/interesting facts.

3.  
What are the other two herpes viruses seen in non-human primates?

ANSWERS:

1.  
(-herpesviruses cannot be distinguished on serology alone because the host-specific viruses are so closely related.  PCR and immunohistochemistry are required for confirmation of which (-herpesvirus is present.  

2.


	Common NHP alphaherpesviruses
	Natural host
	Most common aberrant host/interesting fact

	B-virus
	Macaques
	Humans, non-macaque species of primates

	Simian Agent 8
	African green monkeys
	Not recognized to date

	Herpesvirus papio Type 2
	Baboons
	Not recognized to date, see paper above!

	Simian varicella virus
	Macaques

African greens

Patas monkey
	Closely related to human varicella-zoster virus

Worse clinical dz in greens, patas


3.
(-herpesvirus = cytomegalovirus


(-herpesvirus = lymphocryptovirus, rhadinovirus

