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Abstract
[bookmark: _Hlk525934178]Slaughterhouse workers (SHW) are at increased risk of hepatitis which can occur due to different organisms and should be investigated for viral, bacterial, and parasitic organisms. Slaughter house personnel including butchers are at a higher risk of infections from cuts and blood-letting, with the possible risk of the transmission of blood-borne pathogens to their colleagues. The objective of this review is to evaluate the common etiologies of hepatitis in SHW which will assist in the assessment of these patients presenting with transaminitis. Types of Microorganisms causing hepatitis with their reservoirs, routes of transmission, laboratory diagnosis, clinical features, treatment options and preventive strategies are included in this review. Proper investigation and awareness is of utmost importance as it causes significant financial constraints derived from workers health cost and from livestock production losses when the disease is confirmed. The work up is essential because infected workers might be a source of infections to other colleagues, family and the consumers.
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Core tip: Butchers and other personnel of slaughterhouse belong to a high-risk occupation and are at increased risk of transmissible diseases. This group of patients presenting to the healthcare providers with hepatitis require extensive work up to find the causative agent. In this review article, we have searched a list of organisms associated with hepatitis in slaughterhouse workers. We have also proposed an algorithm for the evaluation and management of hepatitis in these workers. It is critical to work up hepatitis in these infective patients because they might be a source of transmissible diseases to their colleagues, family members and consumers. 
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INTRODUCTION
Slaughterhouse workers (SHW) are at a higher risk of infectious hepatitis that can be multifactorial and should be evaluated for viral, bacterial, and parasitic organisms. Viral infections are commonly sustained by certain reservoirs e.g., the hepatitis B virus (HBV) has been found in gorillas, monkeys and cattle[1,2]. Slaughter house personnel including butchers are at a higher risk of infections from cuts and blood-letting, with the possible risk of the transmission of blood-borne pathogens to their colleagues[2,3].
The objective of this review is to evaluate the common etiologies of hepatitis in SHW that will be helpful for the assessment of the patients coming with hepatitis. It causes significant financial constraints derived from workers health cost and from livestock production losses if the disease is confirmed. This is also certainly important, as, the infected workers might be a source of infections to other colleagues, family, and the consumers. 

COMMON ETIOLOGIES OF HEPATITIS IN SHW
Viral infections
HBV: Several cases of HBV infection have been reported in the SHW. This not only affects their colleagues but also their families[4]. HBV can be transmitted parenterally, perinatally, sexually, and horizontally. Horizontal transmission occurs via open wounds and by saliva, which is an important concern for the SHW as studies have reported infection in the SHW via this transmission[5]. 
SHW is also a high-risk group for HBV infections like the surgeons and blood donors etc. Many studies have compared rates of HBV infection among the high-risk groups, including the SHW, in the hospital and community based locations and found that HBV infection was quite higher in the community than reported in the hospital cases[6]. Butchers are exposed to the public during encounters of sale; also, infection of the cattle from the SHW is a concern, which can affect the community. SHW should be considered high-risk population for HBV infection, like health care workers and be recommended HBV vaccination[3]. A recent update by American Association for the Study of Liver Diseases regarding groups at high-risk for HBV infection who should be screened included persons who are the source of blood or body fluid exposures that might require post-exposure prophylaxis and that include slaughter house workers[7]. 

Hepatitis E virus (HEV): HEV infection in humans is usually rare in developed countries but is more frequent in many developing countries[8,9]. Majority of HEV infections are unremarkable and self-limiting but can lead to acute liver failure in immunosuppressed patients[10,11].
HEV is reported in the wild boar, camels, cows and goats. In addition to the fecal-oral route, consumption of contaminated water, raw or undercooked animal tissues or organs such as liver can be a source of HEV infection[12-14].

Rift Valley fever virus (RVF): RVF virus is an RNA virus responsible for causing significant illness both in humans and animals[15]. Mostly the patients are asymptomatic or have mild flu like disease, but small percentages of patients develop a life-threatening illness with ocular disease, hepatitis, encephalitis or hemorrhagic fever[16,17]. 
Humans are mostly affected by having contact with the blood and the fluids of the animals infected with RVF virus during slaughtering, taking care of sick animals or during the animal birth. Therefore, SHW and cattlemen are at an increased for the infection due to direct exposure to the infected animals[18,19]. 

Bacterial infections
Q fever: Q fever is a zoonotic disease caused by the bacterium, Coxiella burnetii. The disease was first seen in Australia among the meat packers and mentioned as “abattoir fever”[20]. The organism has extensive and worldwide reservoir, mostly ungulates, can be transmitted in the urine, feces, milk and parturition products of infected animals[21]. Humans dealing with animals are mostly infected after the inhalation of contaminated aerosols in the air[22].
The disease may present acutely with a wide range of symptoms like fever, pneumonia, hepatitis and different neurologic manifestations ranging from simple headache to meningitis, encephalitis or both. Chronic disease can manifest later, after an initial infection, as endocarditis, or chronic fatigue syndrome[21,23]. Many outbreaks have been reported in the different parts of the world. Wilson et al[24] investigated the largest outbreak of Q fever in Scotland reporting about 110 cases, which occurred in the setting of the co-located slaughterhouse. In Korea, Chu et al[25] also reported the seroconversion of about 10.2% among SHW for Q fever. In their research, the critical risk factor was the contact with cattle blood especially around the mouth. Esmaeili et al[26] found a higher seroprevalence among butchers and SHW in Iran in a large cross-sectional study. The total seroprevalence of Q fever among subjects in the study was 22.5%.

Salmonellosis: Typhoid fever, a common infectious disease, typically manifests as acute systemic disease involving multiple body organs, and difficult to distinguish clinically from other infections. The liver can also be affected resulting in hepatomegaly and transaminitis. Although, acute hepatitis due to salmonellosis is a rare entity, delay in the treatment leads to increase mortality[27]. This is a very common foodborne illness and associated with contaminated poultry meat and pork[28]. Multiple studies through the world have evaluated the risks factors causing the transmission of salmonella to the humans[29,30]. SHW dealing with the poultry directly are at a higher risk for getting infected. 
	
Campylobacter jejuni: Campylobacter jejuni, a gram-negative bacterium, is responsible for causing a major food borne gastroenteritis in humans[31]. It also causes a variety of extra-intestinal manifestations including meningitis, hepatitis, gram negative bacteremia and cardiac complications[32]. The common mode of transmission to humans include eating and handling of contaminated poultry[33]. Broiler flocks are infected in the poultry houses. Many studies have discussed factors responsible for the infection of the broiler flocks[34-36].

Leptospirosis: Leptospirosis is a zoonotic disease caused by spirochetes belonging to the genus Leptospira. Different domestic animals host this bacterium and include cattle, pigs, and sheep[37]. Humans are infected through the broken skin or exposure to contaminated water and soil from infected urine of animals[38]. SHW are increasingly exposed to Leptospira species and have noted to have the higher seroprevalence values twice those of other non-risk occupations[39,40]. The identified factors leading to increasing prevalence in SHW are smoking, drinking at work, and poor hygiene at work[38,41]. Most of the infected cases are mild but more severe clinical spectrum of leptospirosis include hepatitis, and Weil’s disease with renal failure and jaundice[42]. Esmaeilli et al did a serological survey of leptospirosis among different population groups in Iran. The major risk factors associated with higher prevalence included eating hare meat and exposure to dead animals[43].

Bovine tuberculosis: Although, an uncommon cause of hepatitis in slaughter workers, Mycobacterium bovis (M. Bovis) is transmitted from animals to humans, either through the ingestion of animal products or through the airborne inhalation of spores[44]. Both domestic and domesticated animals are infested by M. Bovis and include cattle, sheep, pigs, goats, cats, dogs and horses[45]. The disease spectrum is similar to that of Mycobacterium tuberculosis and includes fever, night sweats, and weight loss. The other symptoms result, depending on the tissue of the body infected by the organism[46].

Brucellosis: Brucellosis, a zoonotic bacterial illness affects both animals and humans worldwide. It spreads systemically and mainly affects the lymph nodes, liver, spleen and bone marrow. The intracellular location of the bacterium is responsible for chronic infections. It commonly infects the gastrointestinal tract, but brain, nerves, GU, skin and hepatobiliary systems are also involved[47-49]. Brucella hepatitis usually occurs in the chronic granulomatous form with mild transaminitis, but acute cases have also been reported[49-51]. Brucellosis is transmitted to humans via the intake of contaminated milk products or during physical contact with infected tissues of the animals or inhalation of contaminated aerosols[52,53]. SHW, shepherds, veterinary doctors, meat packing staff and lab staff are at an increased risk for the infection, due to increased exposure to the contaminated tissues[53].
[bookmark: _Hlk513739297]
Clostridium perfringens (C. perfringens): C. perfringens cause food poisoning from food contaminated with the organism such as eating undercooked meats. Toxin mediated illness is usually self-limited and cause abdominal pain, nausea and diarrhea and last for about 6-24 h[54]. The worst form of illness is gas gangrene. Gas gangrene with C. perfringens typically presents with necrosis of the soft tissue, gas production, and septicemia. It rarely involves internal solid viscera like liver, kidneys, heart, etc. Hepatic infection possibly results from the extension of infection into the biliary tree and then into the liver[55,56]. Immunocompromised patients, such as liver transplant patients, are at an increased risk of infection with C. perfringens[55,57]. Very few cases of C. perfringens causing allograft failure are reported in the literature[58-60]. The disease has also been reported in the animals especially broiler and may be a source of transmission to the immunocompromised SHW[61].

Chlamydia psittaci: Ornithosis is a bacterial disease caused by Chlamydia psittaci and transmitted from infected parrots, pigeons, sparrows and many other bird species. The patients usually inhale the infected organism in the form of aerosolized respiratory secretions or dried feces or contact from the infected tissues of the birds[62,63]. The common symptoms of Psittacosis include influenza-like illness but can worsen to severe pneumonia and other non-respiratory health problems. Transaminitis with hepatomegaly and jaundice has been reported in the literature[62,64]. 

Parasitic infections
Echinococcosis: Echinococcosis is a zoonotic parasitic infection caused by larval form of different species belonging to the Echinococcus tapeworms[65]. Cystic echinococcosis represents a persistent zoonosis and one of the etiologies of parasitic hepatitis. Humans are mostly infected via ingesting parasitic eggs excreted within the feces of the definitive hosts, resulting in the development of cysts, primarily in the lungs and liver. This causes damage as they enlarge resulting in hepatitis and pneumonitis[65]. Some cases are reported in France and Moldova but the disease is likely present worldwide[66, 67]. 
The prevalence in South America ranges from 20%-95% in some areas[68]. Although intermediate hosts are variable, the common ones include sheep, goats, pigs, camels, horses, and cattle 65]. Human Liver is mainly affected by the sheep strain (G1) resulting in echinococcal cysts[69].

Toxoplasma gondii: Toxoplasma gondii is a common parasitic infection with varied clinical presentations. The disease ranges from symptomless stage to a wide spectrum of clinical presentation ranging from fever and lymphadenopathy to multi-organ involvement including hepatitis, encephalomyelitis or myocarditis[70,71]. Toxoplasma gondii is commonly transmitted via drinking water or eating undercooked/raw meat contaminated with tissue cysts[72]. Many studies have reported an increased prevalence of infection in the SHW[70,73].

Trichinosis: Trichinosis is a parasitic infection transmitted commonly by ingestion of partially cooked/uncooked or raw pork contaminated with the cysts or larvae[74]. The incubation period is variable from a few days to weeks depending on the stage of the transmission (enteral phase or parenteral phase). The disease has acute and chronic phases. The earlier manifestations of trichinellosis include gastrointestinal upset with diarrhea along with, fever, muscle aches and persists while the larvae migrate throughout the body[74]. Larval tissue penetration and migration in the body is responsible for immune-mediated inflammatory reaction resulting in eosinophilia. Severe illness causes cardiac, neurological, hepatic manifestations and thromboembolic disease. Hepatic involvement is rare but has been reported in the literature[75,76]. 

Fungal infections
Candidiasis and other fungal infections can be transmitted to the SHW but rarely cause hepatitis in an immunocompetent patient. The possibility of hepatitis is usually in the patient with systemic candidiasis or severe sepsis due to candidiasis. 

APPROACH FOR THE EVALUATION AND MANAGEMENT OF THE PATIENTS WITH HEPATITIS WORKING IN THE SLAUGHTER HOUSE.
There is a wide array of the etiologies causing hepatitis in the patient working in the slaughter house (Table 1). The initial evaluation of hepatitis should guide whether it is an isolated presentation, or a manifestation of the systemic illness. The predominant hepatitis presentation is usually viral in etiology which includes HBV or HEV. Their diagnosis requires serological tests and polymerase chain reaction of the body fluids. Management is usually observant in acute disease with anti-viral drugs based on current guidelines and monitoring for the evaluation for the liver failure. The inquiry regarding the prevalent livestock diseases in the community can help in diagnosis. The type of the animal exposure will assist in identifying the causative organism. This is discussed in Figure 1. 
The systemic manifestation should be evaluated for meningoencephalitis, renal failure, pancytopenia, pulmonary infiltrates, splenomegaly, cardiac diseases, skin and soft tissue infections, lymphadenopathy and muscular diseases. Management (anti-microbial) largely vary if the infection is bacterial or parasitic, hence the initial serology and imaging studies should guide to differentiate between the etiologies. Some bacterial diseases present as acute systemic illness and are usually from the atypical organism. Thus, empiric treatment with doxycycline may be considered while awaiting the bacterial serology. The bacterial infections, like bovine tuberculosis, will have chronic onset and will need thorough evaluation before consideration of anti-tuberculosis treatment. The parasitic etiology can be suspected based on characteristic imaging finding like the echinococcal cysts in liver or lungs. The other parasitic causes can be ruled out based on the serum serology and stool examination for the ova and parasites. Figure 2 elaborates a proposed algorithm for the assessment and management of slaughter house workers presenting with hepatitis. 

CONCLUSION
This review concludes that SHW are high-risk occupational group for hepatic infections and there should be regular screening tests against the transmissible infections. All SHW should be instructed to see medical attention as soon as they there an event that might lead to transmission of disease. This is especially important for the workers directly involved in animal slaughtering. Individuals involved in transportation and handling of animal residues, or inspection the carcasses may be at a lower risk.
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Table 1 Various microorganisms responsible for causing hepatitis among slaughterhouse workers along with their reservoirs, routes of transmission, diagnostic tools, clinical features treatment and preventive strategies
	Microorganisms
	Reservoirs of infection
	Routes of transmission
	Laboratory diagnosis
	Common clinical features
	Treatment options
	Preventive strategies

	HBV
	(1) Gorillas; (2) Chimpanzees; and (3) Cows[77]
	(1) Parenterally; (2) Perinatally; (3) Sexually; and (4) Horizontally[5]
	Serology: (1) HBsAg; (2) HBeAg; (3) Anti-HBc IgM; (4) Anti-HBc IgG; (5) Anti-HBe; and (6) HBV DNA[77]
	(1) Constitutional symptoms; (2) Anorexia; (3) Nausea; (4) Vomiting; (5) Low-grade fever; (6) Myalgia; (7) Disordered gustatory acuity and smell; (8) RUQ pain; (9) Hepatic encephalopathy; (10) Ascites; (11) Gastrointestinal bleeding; and (12) Coagulopathy[77]
	(1) NtRTIs: (a) Tenofovir; and (b) Adefovir; (2) NRTIs: (a) Entecavir; (b) Elbivudine; (c) Lamivudine; and (3) PEG- interferon -a 2a, interferon alfa-2b[78]
	(1) Pre-exposure vaccination; and (2) Post exposure prophylaxis with vaccination and immunoglobulin’s depending on clinical status[3] 

	HEV
	(1) Wild boar; (2) Camels; (3) Cows; (4) Goats; and (5) Pigs[13]
	Fecal-oral route[14]
	Anti-HEV IgM[14]
	(1) Prodromal-phase; (2) Myalgia; (3) Arthralgia; (4) Fever; (5) Anorexia; (6) Nausea/vomiting; (7) Weight loss; (8) Right upper quadrant pain; (9) Icteric-phase; (10) Jaundice; (11) Dark urine; (12) Light-colored stools; (13) Pruritus; and (14) Right upper quadrant tenderness and hepatomegaly[12,14]
	(1) Mostly are self-limited; and (2) Current treatment options: (a) Ribavirin; (b) Pegylated interferon for chronic infection in immune-compromised[79]
	(1) Hygiene; and (2) Recombinant vaccines have demonstrated efficacy against HEV. (Available in China)[79]


	RVF
	Livestock[15]
	(1) Contact with the blood and the fluids of the animals; and (2) Infected mosquitoes[15]
	(1) Both IgM and IgG antibodies are specific to RVF virus; and (2) PCR of the antigens[17]
	Mostly the patients are asymptomatic or have mild flu like disease, but a small percentage of patients may develop life threatening illness with ocular disease, hepatitis, encephalitis or hemorrhagic fever[16,17]
	(1) Most human cases of RVF are mild and self-limiting; and (2) A specific treatment for RVF has not established[80]
	(1) Avoid contact with blood, body fluids, or tissues of infected animals and protecting themselves against mosquitoes and other bloodsucking insects; and (2) Use of mosquito repellents and bed nets are two effective methods[80]

	Q fever
	(1) Domestic mammals, especially ungulates (cattle, sheep, and goats); and (2) Also has been found in wild mammals, birds, and arthropods[21]
	(1) Transmitted via the urine, feces, milk and parturition products of infected animals; and (2) Aerosolized breathing in dust that has been contaminated by infected animal feces, urine, milk, and birth products[22]
	(1) Serologic testing with PCR in the early stages of acute illness[81]; and (2) A fourfold rise in IgG antibody titer between acute and convalescent samples
	(1) Acute: (a) Fever; (b) Pneumonia; (c) Hepatitis; and (d) Neurologic manifestations ranging from a simple headache to meningitis, encephalitis or both; and (2) Chronic infection: (a) Endocarditis; and (b) Chronic fatigue syndrome[21,23]
	(1) Acute illness: Self-limited but 2 wk of doxycycline recommender; and (2) Chronic Q fever: Requires several months of antibiotics with a combination of antibiotics including doxycycline and hydroxychloroquine[81]
	(1) Avoiding contact with animals, especially while animals are giving birth; and (2) Do not consume raw milk or raw milk products[81]

	Salmonella
	Intestinal tracts of humans and other animals, including poultry, other birds, amphibians, and reptiles[82]
	Foodborne illness associated with contaminated poultry meat and pork[28-30]
	(1) Serotyping and DNA fingerprinting; (2) Blood cultures; (3) PCR using H1-d primers; and (4) The Widal test or Typhidot for serology is rarely used now[82]
	(1) Systemic disease involving multiple body organs; and (2) Liver can also be affected resulting in hepatomegaly and transaminitis[27,28]
	Antibiotics based on sensitivities[82]
	(1) Do not eat or drink foods containing raw eggs, or raw (unpasteurized) milk; and (2) Wash hands, kitchen work surfaces, and utensils with soap and water immediately after they have been in contact with raw meat or poultry[82] 

	Campylobacter jejuni
	Wildlife reservoirs: (a) Wild birds species include migratory birds—ranes, ducks, geese and seagulls; and (b) Rodents and insects[83] 
	(1) Eating and handling of contaminated poultry, water and milk; and (2) Contact through the feces of a dog or cat[33]
	(1) Serological diagnosis with ELISA; (2) PCR to detect Campylobacter jejuni in stool; and (3) Detection of antigens in stool specimens[84]
	(1) Food borne gastroenteritis; (2) Extra intestinal manifestations; (3) Meningitis; (4) Hepatitis; (5) Bacteremia; and (6) Cardiac complications[31,32]
	(1) Azithromycin and Fluoroquinolones; and (2) Antimicrobial susceptibility testing is essential before treatment[84]
	Good hygiene[84]

	Leptospirosis
	(1) Domestic animals; (2) Cattle; (3) Pigs; and (4) Sheep[37]
	Humans are infected through the broken skin or exposure to contaminated water and soil from infected urine of animals[38]
	(1) DNA PCR; (2) Urine is the most reliable body fluid to study because the urine contains leptospires paired; (3) Antileptospira antibodies; and (4) MAT of acute and convalescent serum specimens[85]
	(1) Most of the infected cases are mild; (2) Severe disease; (2) Hepatitis; and (3) Weil’s disease with renal failure and jaundice[42]
	(1) Mild leptospirosis; (2) Doxycycline; (3) Ampicillin; (4) Amoxicillin; (5) Severe leptospirosis; (6) Intravenous penicillin G; (7) Third generation cephalosporin i.e. cefotaxime and ceftriaxone; and (8) Alternative regimens include ampicillin, amoxicillin, or erythromycin[86]
	Good hygiene[42]

	Bovine tuberculosis
	(1) Both domestic and domesticated animals; (2) Cattle; (3) Sheep; (4) Pigs; (5) Goats; (7) Cats; (8) Dogs; and (9) Horses[45]
	(1) Animals to humans; (2) Ingestion of animal products; and (3) Airborne inhalation of spores[44]
	(1) AFB staining; (2) Mycobacterial cultures; (3) Molecular testing for mycobacterial DNA; (4) TST; and (5) IGRAs[87]
	(1) Fever; (2) Night sweats; (3) Weight loss; and (4) The other symptoms depend on the tissue of the body infected by the organism[46]
	Two months of isoniazid, rifampin, and ethambutol , followed by seven months of isoniazid and rifampin[46]
	(1) Immunization with BCG vaccine; and (2) Treatment of latent infection[88]

	Brucellosis
	(1) Domestic animals; (2) B. abortus in cattle; (3) B. melitensis in sheep, goats, and camels; and (4) B. suis in swine[47,48]
	(1) Intake of contaminated milk products; (2) Physical contact with infected tissues of the animals; and (3) Inhalation of contaminated aerosols[48]
	(1) Cultures; (2) Serology; and (3) PCR[48]
	(1) It commonly infects the GI tract but brain, nerves, GU, skin and hepatobiliary systems can also be involved; and (2) Brucella hepatitis usually occurs in the chronic granulomatous form with mild transaminitis but acute cases have been reported also[48-50]
	(1) Combination of antibiotics is used; (2) Doxycycline and streptomycin; and (3) Based on the severity and location of infection, multiple combinations and longer durations are needed[89]
	(1) Vaccination of domestic livestock, serologic testing, quarantine of herds, and slaughter of infected animals; (2) Protection of slaughterhouse workers; (3) Separated areas for killing from other processing areas; (4) Use of protective clothing and disinfectants; (5) Control of air circulation; and (6) Pasteurization of milk[89]

	C. perfringens
	(1) Soil; (2) Water; (3) Air; (4) Feces of healthy and infected individuals; (5) Gastrointestinal tract of humans and animals; and (7) Variety of dehydrated and processed foods[90]
	(1) Food Poisoning; (2) Ingestion of large number of C. perfringens vegetative cells present in the contaminated food; (3) Gas gangrene; and (4) Contamination of wounds with dirt or any foreign material contaminated with C. perfringens[90]
	(1) Cultures; (2) Imaging of the infected sites; and (3) Tissue biopsy with culture and Gram stain[90]
	(1) Gastroenteritis[54,55]; (2) Gas gangrene; (3) Necrosis of the soft tissue; (4) Septicemia; (5) It rarely involves internal solid viscera like liver, kidneys, heart, etc.; and (6) Hepatic infection possibly results from the extension of infection into the biliary tree and then into the liver[56]
	(1) Treatment of gas gangrene; (2) Surgical debridement; (3) Antibiotic therapy; and (4) Supportive measures[90]
	(1) Protective materials like Lab coat, gloves and eye protection when dealing with infected materials[90]; and (2) Vaccination of non-immunized trauma individuals

	Chlamydia psittaci
	(1) Infected birds; (2) Parrots; (3) Pigeons; and (4) Sparrows[91]
	(1) Aerosolized respiratory secretions; (2) Dried feces; and (3) Contact from the infected tissues of the birds[62,63]
	(1) Complement fixation; (2) Micro immunofluorescence; and (3) PCR[91]
	(1) Mild disease; (2) Influenza-like illness; (3) Severe disease; (4) Pneumonia; (5) Transaminitis with hepatomegaly and jaundice; and (6) Cardiac involvement[62,64]
	(1) Antibiotics; (2) Tetracycline; and (3) Macrolides[91]
	Follow precautions when handling and cleaning birds and cage[91]

	Echinococcosis
	(1) Sheep; (2) Goats; (3) Pigs; (4) Camels; (5) Horses; (6) Cattle; and (7) Human Liver is mainly affected by the sheep strain (G1) resulting in echinococcal cysts[65,69]
	Ingestion of Echinococcal eggs excreted within the feces of the definitive host[92]
	(1) Indirect hemagglutination test; (2) ELISA; and (3) Imaging tests for the location and size of the cysts[92]
	(1) Development of cysts, primarily in the lungs and liver; and (2) This causes damage as they enlarge resulting in hepatitis and pneumonitis[65]
	(1) Surgical removal of intact cysts; (2) Chemotherapy; (3) Albendazole and/or Praziquantel; (4) Chemotherapy is recommended 4 wk before, and for 1 mo after the surgery; and (5) Percutaneous aspiration, injection, re-aspiration is used in patients with inoperable intra-parenchymatous cysts[92]
	Protective materials like Lab coat, gloves and eye protection when dealing with infected materials[92]

	Toxoplasma gondii
	(1) The definitive hosts are cats; and (2) The intermediate hosts are warm-blooded animals, including most mammals and birds[93]
	(1) Consumption of poorly-cooked infected meat; (2) Ingestion of water, food, or milk contaminated with oocysts; (3) Inhalation of aerosols containing oocysts; (4) Contact with sand or soil contaminated by cat feces; (5) Transmission is also possible through blood transfusions and organ transplants; and (6) Transplacental if mother is infected[72]
	(1) Positive serology for IgM and IgG antibodies; and (2) PCR[93]
	(1) Fever; (2) Lymphadenopathy; (3) Multiorgan involvement; (4) Hepatitis; (5) Encephalomyelitis; and (6) Myocarditis[70,71]
	(1) Spiramycin; (2) Can be taken by women in their first trimester to prevent transplacental transmission; (3) Sulfadiazine and folinic acid; and (4) For pregnant women in their third trimester[93]
	(1) Protective materials like Lab coat, gloves and eye protection when dealing with infected materials[92]; and (2) Testing for toxoplasmosis in females before pregnancy[93]

	Trichinosis
	Different species are found world-wide in carnivorous and omnivorous animals like bears, foxes, walruses, hyenas, Pigs and cougars[94]
	Ingestion of partially cooked/ uncooked or raw pork contaminated with the cysts or larvae[69]
	(1) ELISAs; (2) Indirect immunofluorescence; (3) Latex agglutination; (4) Western blot; (5) Muscle biopsy; and (6) PCR[94]
	(1) Diarrhea; (2) Fever; (3) Muscle aches; (4) Cardiac, neurological, and thromboembolic disease; and (5) Hepatic involvement is rare but has been reported in the literature[69]
	(1) Albendazole; and (2) Mebendazole[94]
	Consumption of properly cooked meat[94]


PCR: Polymerase chain reaction; ELISAs: Enzyme-linked immunosorbent assays; NtRTIs: Nucleotide analog reverse-transcriptase inhibitors; NRTIs: Nucleoside analog reverse-transcriptase inhibitors; MAT: Microscopic agglutination test; BCG: Bacillus Calmette-Guérin; TST: Tuberculin skin test; IGRAs; Interferon-gamma release assays; HBV: Hepatitis B virus; RVF: Rift Valley fever virus; HEV: Hepatitis E virus; C. Perfringens: Clostridium Perfringens.
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Figure 1 Etiology of hepatitis in slaughter house workers based on the type of the animal exposure.
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Figure 2 Algorithm for the evaluation and management of hepatitis in the patients working in Slaughterhouses.
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