
Clin Occup Environ Med 
2 (2002) 631-649 

Clinic; in 

OCCUPATIONAL and 

ENVIRONMENTAL 
MEDICINE 

Emerging issues in occupationally 
relevant zoonoses 

Ann F. Hubbs, PhD, DVM 
Health Effects laboratory Division, National Institute for Occupational Safety and Health, 

Centers for Disease Control and Prevention, I 095 Willowdale Road, 
Morgantown, WV 26505. USA 

Diseases that are transrhitted from animals to humans are known as zoonoses. 
Humans can contract such diseases directly from animals, as in the case of rabies. 
They also can contract zoonoses after environmental contamination; this is the 
case with leptospirosis (Weil's disease), which results from infected urine­
contaminated soil or water. Vectors also can transmit zoonoses to humans, as 
is the case with typhus. 

Zoonoses not only cause human disease; they also play a critical role in the 
development of new human diseases [ l ]. Some of these diseases remain _zoonotic, 
some develop the ability to be transferred between humans, and others specifically 
adapt to and persist within human populations. Bubonic plague, for example, 
persists in animal reservoirs but can cause human epidemics with human-to­
human transmission. AIDS is a dramatic example in which an animal virus (simian 
immunodeficiency virus [SIV]) persists through infection in humans. 

Workers are at risk when their occupation exposes them to zoonotic agents. 
The past decade has seen tremendous changes in the number of known zoonotic 
agents and the geographic range of some zoonoses. Each of these situations 
confers new issues for workers. This article examines some zoonotic agents that 
have been recently introduced into the United States, zoonotic agents diagnosed 
with increasing frequency in the Americas, newly identified zoonotic agents, and 
the zoonotic transmission of influenza virus. I intend to provide important 
examples of these situations and their impact on workers, but not to include all 
zoonotic agents present in each category. Each situation has important implica­
tions for worker protection. 
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Zoonotic agents recently introduced into North America 

Two important zoonotic diseases have been introduced into North America in 
the past 5 years. These are the arbovirus, West Nile virus (WNV) and the 
protozoa! parasite, Leishmania donovani. Both are usually transmitted by insect 
or arthropod vectors. 

WNV has been reviewed recently [2-4). It first was recognized in the United 
States in 1999 as the cause of death of humans and birds in New York [5). By 
July 30, 2002, WNV had been detected in 31 states [6]. 

In some North American birds, particularly crows, WNV produces high virus 
titers and is fatal. Birds can serve as reservoirs for WNV and.mosquitoes feeding 
on these birds ingest large numbers of virions. Recent studies also suggest that 
infected crows can transmit the disease directly to uninfected crows [7]. Other 
recent studies confirm the recovery of West Nile virus from cloacal and oral 
swabs of dead jays and crows [8]. The role of direct transmission in the rapid 
spread of the virus within North American avian populations is not known. 

Humans and horses are incidental hosts. They become infected with WNV 
after being bitten by an infected mosquito. Vrral numbers are low in horses, 
which do not appear to play a significant role in disease transmission [9, 10). 
Asymptomatic infections are common in both horses and humans, but some 
individuals develop c~inical disease that can be fatal [3,11). In humans, increasing 
age confers increased risk of serious or fatal disease [12-14). 

As WNV becomes established in the United States, several occupational 
issues are emerging. First, in areas with WNV and mosquito vectors, outdoor 
occupations confer an occupational risk for WNV. Second, some agricultural 
activities may confer additional risk. For example, domestic geese are highly 
susceptible to WNV [12,15). In the 1999 to 2000 WNV outbreak in Israel, people 

· working closely with sick geese had a WNV seroprevalence rate of 86%, which is 
much higher than that of the general population or those living in the path of 
avian migrations [12). In an experimental study involving four WNV inoculated 
goslings and two uninoculated in-contact goslings, three of the four inoculated 
geese had WNV present in oral swabs and one of the in-contact goslings 
developed a transient viremia [15]. These studies strongly suggest that those 
working directly with WNV-infected birds have an increased risk of acquiring 
WNV. The potential role of direct transmission of WNV between birds and from 
birds to humans has been incompletely investigated. The potential role of 
occupational exposures to agents that affect WNV virulence also is incompletely 
investigated. For example, recent experiments demonstrate that mice exposed to 
the inhalation anesthetics halothane and nitrous oxide have increased mortality 
and neuroinvasion from an attenuated strain of WNV [ 16]. Thus, a number of 
occupational, demographic, and social factors may influence WNV infection rate 
and severity in workers in the United States. 

L donovani is a very different disease from WNV. Like WNV, however, 
L donovani is a well-described cause of human zoonotic disease in many other . 
countries that is newly established in parts of the United States The disease 
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affects several different species including humans and dogs. Both humans and 
animals can serve as reservoirs. The disease is caused by a dimorphic protozoan 
parasite and the described vectors are sand flies which are not found in the 
northeastern United States. In mammals, L donovani lives in the lysosomes of 
macrophages. In the sand fly, L donovani is extracellular and principally localized 
within the midgut where it replicates [ 17] The disease caused by Leishmania spp 
is known as leishmaniasis [18]. Three different clinical presentations are seen in 
both dogs and humans. These are cutaneous, mucosal, and visceral leishmaniasis. 
The most serious form is visceral leishmaniasis and, worldwide, about 500,000 
cases of visceral leishmaniasis occur each year [ 19]. Leishmaniasis recently has 
been reviewed [18,19]. 

In 2000, several cases of leishmaniasis were recognized in foxhound dogs in 
the United States. One foxhound kennel in New York had a 36% prevalence of 
L donovani infection detected by polymerase chain reaction [20]. Because the 
original cases were described in foxhounds used for fox hunting, direct trans­
mission has been proposed as a potential transmission mechanism in the north­
eastern United States [21 ]. The recent description of cases in other parts of the 
country, however, has lead others to suggest the possibility of a new vector 
functioning within this country [20]. The subspecies causing the canine cases is 
L donovani infantum [20], which previously had a geographic distribution 
principally involving South America iµid the Mediterranean region [22]. No 
acquired human cases in the United States have yet been described in association 
with the canine outbreak. Because United States vectors are not identified, it is 
difficult to predict occupations at increased risk. 

Zoonotic agents diagnosed with increasing frequency in the Americas 

Some nematode parasites of domestic and wild animals have larval forms that 
migrate through the tissues of their hosts. Tissues may be damaged directly 
during larval migration and indirectly from inflammation directed against the 
parasite. The conditions produced by nematode larval migration are named for 
the damaged tissues and include cutaneous larval migrans, visceral larval 
migrans, neural larval migrans, and ocular larval migrans [23]. Larval migrans 
can occur in animals as well as humans [24]. In humans, the condition can be 
caused by zoonotic spread of nematode parasites common in domestic and wild 
animals [23,25]. Zoonotic nematode parasites that commonly produce human 
disease include the roundworms of dogs and cats (Toxocara canis and Toxocara 
cati), hookworms of dogs and cats (Ancy/ostoma brasi/ense and Ancy/ostoma 
caninum), and the roundworm of raccoons (Bay/isascaris procyonis). Early 
worming of puppies and kittens can reduce environmental contamination by 
parasite eggs markedly [25]. Obviously, worming wild raccoons is problematic. 
Zoonotic larval migrans recently have been reviewed [23,25,26]. 

As human populations expand into areas occupied by wildlife, some estab­
lished animal diseases have crossed the species barrier and now cause human 
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disease. The raccoon adapts particularly well to human presence (26]. Raccoons 
are frequently infected with their common roundwonn. B procyonis [21]. In 
addition, B procyonis eggs remain viable in the environment for years, and the 
larval stage of B procyonis migrates aggressively in tissue. B procyonis larvae are 
also larger than most nematode larvae. The heavy shedding of B procyonis eggs 
in raccoon feces, as well as the large, aggressively migrating larval stage, can 
result in severe tissue damage in affected humans. Children are at the greatest 
risk. During play, children can transfer large numbers of B procyonis eggs into 
their mouths. The severity of the resulting infection generally is increased when 
more eggs are ingested and when larval migration involves the eye or the brain. 
Adult human activities are less likely to cause transfer of B procyonis eggs into 
the mouth, but adults are susceptible to disease when this occurs. 

B procyonis has been recognized as a · cause of larval migrans for nearly 
20 years (28,29]. In the past decade, the frequency of larval migrans caused by 
B procyonis has increased so that 7 of the 11 cases reported up until 1999 were 
reported from 1992 to 1999 (26]. An additional 4 cases were reported in 2000 and 
2001 [30-32]. Emerging issues regarding larval migrans include the recent 
discovery that dogs can harbor patent infections with B procyonis [33]. Thus, 
B procyonis larval migrans can occur by direct contamination of the human 
environment with raccoon feces or indirectly through dogs that bring patent 
B procyonis infec;tions home with them. 

Larval migrans generally is not an occupational disease. For example, vacation 
travelers can be at increased risk. Some workers do have increased risk, however. 
For example, a recent study revealed that 27% of a group of Austrian 
veterinarians had antibodies to Toxocara canis/cati, a 20 fold higher prevelance 
than seen in the general Austrian population (34] . Potential occupational 
exposures to B procyonis were recognized more than a decade ago when Kazacos 
and Boyce suggested an increased risk for wildlife rehabilitators (35]. As 
suburban and rural life in.crease in popularity with small businesses moving to 
these locations to support residents, and as raccoons adjust to populated areas, 
increased cases of occupational and avocational larval migrans are predictable. 
This form of larval migrans increasingly is reported, and it is a potential cause of 
occupational outbreaks for any work involving potential ingestion of material 
contaminated by raccoon feces. Examples of those with potential risk include 
wildlife veterinarians, their technicians, and those working in home construction 
in rural areas frequented by raccoons. 

Lyme disease is another disease that is associated with increased outdoor 
activity and increased habitation of areas occupied by wildlife. Lyme:; disease was 
first recognized in North America in the mid- l 970s (36]. Subsequently, ticks were 
implicated in its transmission [37,38]. Lyme disease is now known to be caused by 
the tick-transmitted infection of the bacterial spirochete Bo"e/ia burgdorferi 
[37,39]. It is currently the most frequently diagnosed vector-borne disease in the 
United States [40]. The specific spirochete associated with disease in the United 
States is B burgdorferi senso stricto, which is part of a larger group of organisms 
classified as B burgdorferi senso Jato complex [ 41 ]. In Eurasia, Lyme borreliosis 
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can be caused by three separate members of the B burgdorferi senso lato complex: 
B burgdorferi senso stricto, Borre/ia afte/ii, and Borre/ia garinii [42-44]. Most 
species ·of B burgdorferi senso lato complex are not known to cause human 
disease, however (42]. Recently described North American members of this 
complex include Borre/ia andersonii and Borre/ia bissettii (43,45]. 

In one of the important North American reservoirs of Lyme disease, the white­
footed mouse, Peromyscus Jeucopus, B burgdorferi organisms infect multiple 
tissues and can circulate in the blood but cause little disease in the mouse (46-48]. 
Immature forms of Ixodes spp ticks become infected when they feed on reservoir 
species [47-49]. Ixodes spp ticks transmit B burgdorferi to humans and dogs 
when they subsequently feed on these species, often at a more mature stage of the 
tick life cycle. Transmission of B burgdorferi usually takes a day or more of 
feeding in the new host. Therefore, rapid removal of ticks can decrease Lyme 
disease transmission (50]. Clinical disease results when B burgdorferi migrate 
from the site of tick attachment through tissue (51]. 

Ixodes spp ticks, B burgdorferi, a suitable wildlife reservoir, and susceptible 
humans must all be present to produce human Lyme disease. A museum specimen 
study has demonstrated B burgdorferi DNA in Peromyscus Jeucopus mice 
collected in Massachusetts in 1894 (52] . This suggests that B burgdorferi has 
been endemic in the United States for more than a century, but other changes caused 
the human disease to be first recognized in this country in the mid- l 970s. Reported 
cases of Lyme disease continue to increase. The number of cases reported in 1992 
was 19 fold greater than in 1982 (53]. Cases continued to rise in the following 
decade and, by 1998, were 1. 7 times the number reported in 1992 [ 40]. The number 
of reported cases had slightly increased by 2000 (54]. Genetic studies on 
B burgdorferi and its major United States vector, Ixodes scapularis, suggest that 
both of these species have recently expanded from a genetic bottleneck (55]. This 
spread may be associated with the expansion of areas in the northeastern United 
States suitable for I scapularis, the principal vector of that region (56,57]. Heavy 
deer populations, though not a major reservoir of B burgdorferi, contribute to large 
numbers of tick vectors and the spread of Ixodes spp ticks into new geographic 
areas (58]. Thus, as humans enter into areas occupied by Ixodes spp ticks, the 
geographic expansion of Lyme disease continues. 

The white-footed deer mouse of the southwestern United States, Peromyscus 
maniculatus, is associated with another emerging zoonosis, Hantavirus pulmo­
nary syndrome, which has recently been reviewed (59]. In 1993, a cluster of cases 
of acute respiratory disease with high case mortality appeared in the southwestern 
United States. The respiratory cases were caused by a hantavirus (60-62]. The 
new syndrome was called Hantavirus pulmonary syndrome, and the new 
hantavirus was named Sin Nombre virus. Clinically, the original cases presented 
as adult respiratory distress syndrome with pathologic features of interstitial 
pneumonia or diffuse alveolar damage (63]. The genomic sequence of Sin 
Nombre virus isolated from an autopsied patient had high sequence homology 
with the genomic sequence of Sin Nombre virus isolated from P manicu/atus 
(64]. Subsequently, several additional related hantaviruses with different sigmo-
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dontine rodent reservoirs were found also to cause Hantavirus pulmonary 
syndrome in man [65-67]. Rodent hantaviruses are distributed widely in the 
Americas and have numerous rodent reservoirs [68,69]. 

The original 1993 outbreak ofHantavirus pulmonary syndrome was associated 
with a weather change that produced more moisture, more abundant food for mice, 
and more P manicu/atus. Similar climatic conditions recurred in 1998 and were 
associated with an increased number of human cases [70]. Several recent studies 
have identified factors associated with seropositivity for Sin Nombre virus in 
P maniculatus. P manicu/atus living in peridomestic environments have a higher 
seroprevalence of the virus than mice living in sylvan environments [71]. 
Additional risk factors for mice are being adult, male, and having a scar [72]. 
P maniculatus appears well adapted to Sin Nombre virus, and experimental infec­
tion produces persistent virus without consistent histopathologic alterations [73]. 

The spectrum of viruses, reservoirs and clinical presentations associated with 
hantavirus pulmonary syndrome is evolving but exposure of humans to 'a 
sigmodontine rodent reservoir remains a common feature [59]. Sigmodontine 
rodents are found only in the New World and include rats and mice that are 
widespread in the Americas. Although hantaviruses are found in Europe and 
Asia, the Old World hantaviruses are carried by different rodents and tend to 
cause hemorrhagic diseases with renal manifestations [74]. Recent phylogenetic 
studies suggest that hantaviruses genetic relationships are determined by the host 
species [75]. Since the hantaviruses and their natural rodent hosts have apparently 
coevolved, the persistent viral infection and carrier status of these rodents is not 
surprising. However, as incidental hosts of the hantaviruses, humans can develop 
severe and fatal disease when infected. 

Recommendations recently have been developed for reducing the risk of 
Hantavirus pulmonary syndrome [76]. In terms of occupational risk, an increased 
risk is conferred by any job involving handling of wild sigmodontine rodents or 
working in an indoor rodent-infested environment. Examples of specific occu­
pations at increased risk include pest-control workers, building inspectors, 
agricultural workers, domestic workers, and mamrnalogists [76]. 

Emerging issues in regards to New World hantaviral infections are an 
expanding spectrum of clinical presentations seen with hantaviral infections 
[66,77]. In addition, the number of South American cases of Hantaviral 
pulmonary syndrome is rapidly increasing [78]. Consistent with the coevolution 
of hantaviruses and rodents, as the geographic distribution of cases increases, so 
do the number of identifed hantaviruses that cause Hantaviral pulmonary 
syndrome [68,79]. 

Newly identified occupational zoonotic agents 

The emergence of new zoonotic agents recently has been reviewed [80]. Three 
newly identified pararnyxoviruses-Hendra virus, Menangle virus, and Nipah 
virus-were first identified because of simultaneous morbidity or mortality in 
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animals and humans working with those animals. Hendra and Nipah viruses both 
caused human deaths, whereas Menangle virus caused influenza-like illness in 
swine workers. Each of these related paramyxoviruses originated in Old World 
fruit bats (Pteropus spp) as did another emerging zoonotic virus, Australian bat 
lyssavirus [81,82]. These zoonotic viruses were first identified in the past decade 
in Southeast Asia and Australia, and the emergence of new viral diseases in 
Southeast Asia and the Western Pacific recently has been reviewed (83]. Emerging 
paramyxoviruses as well as Hendra and Nipah also have been reviewed (84,85]. 

In Queensland. Australia, a pregnant mare became ill and died from a severe 
respiratory infection in 1994. Two weeks later, the trainer and a stable hand who 
cared for her and additional horses became ill. The trainer and 14 horses died. 
This was a systemic viral infection with pulmonary changes characterized by 
necrotizing alveolitis, inclusion bodies, and syncytia (86]. The etiologic agent 
was identical in the trainer and horses and was identified as a previously 
undescribed member of the virus family Paramyxoviridae (87]. Experimentally, 
the etiologic paramyxovirus could infect horses, cats, guinea pigs, and fruit bats 
(87-89]. The new virus, Hendra virus, originally was described as a morbillivirus 
but is now believed to be the first recognized member of a new genus within the 
subfamily Paramyxovirinae [90]. 

Another case of Hendra virus infection was contracted by a worker at another 
horse farm within a month of the first described cases and resulted in the death of 
that patient from.encephalitis in 1995 (91]. As with the first case, this patient had 
contact with a dying pregnant mare. This patient assisted in care and necropsy of 
two dying horses. By comparing the wildlife species present at both affected 
farms, Young et al hypothesized that fruit bats were a potential wildlife reservoir 
and documented seropositivity in several fruit bats of the genus Pteropus [92]. 
Hendra virus subsequently was isolated from uterine fluid and fetal tissues of 
pregnant Pteropus spp fruit bats (93]. Experimentally infected fruit bats did not 
develop clinical disease, but some fruit bats had foci of vascular lesions including 
fibrinoid degeneration in the vasculature, lymphocytic vasculitis, and lympho­
cytic perivasculitis (88,89]. Thus, fruit bats appear well adapted to Hendra virus. 
Hendra virus, however, can cause severe disease when it is transmitted to a 
diverse group of other species including humans, horses, cats, and guinea pigs. 

While fruit bats were being examined as a potential reservoir for Hendra virus, 
a lyssavirus closely related to the rabies virus was identified as a cause of 
encephalitis in Australian fruit bats and also produced neurologic signs in some 
mice exposed by intracerebral inoculation (94]. Later in 1996, Australian bat 
lyssavirus produced fatal encephalitis in an animal caretaker who was exposed 
when scratched by fruit bats [82]. A second case of Australian. bat lyssavirus 
caused the 1998 death of a woman bitten by a yellow-bellied sheathtail bat in 
1996 (81 ]. The Australian bat lyssavirus was a separate genotype from classical 
rabies virus but with antigenic similarities [95]. These cases confirmed that a 
rabies-like zoonosis was endemic in Australia. 

In 1997, a paramyxovirus named Menangle virus was isolated from stillborn 
pigs with congenital malformations in a swine breeding and production facility in 
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Australia [96]. A total of 2 out of 251 exposed workers were seropositive and 
were apparently previously infected by the virus. Both of these workers had 
developed a flu-like condition with a rash after heavy exposure to affected 
stillborn pigs [97]. Fruit bats near the affected swine operation frequently were 
seropositive for Menangle virus and were the apparent reservoir. The disease was 
eliminated from the pigs by the use of serologic testing and husbandry practices 
that restricted naive pigs from exposure to actively infected pigs [98]. 

Lessons learned from the previous bat-transmitted virus were used rapidly in an 
outbreak of severe encephalitis in Malaysia that lasted from the fall of 1998 until 
the spring of 1999. The encephalitis was frequently fatal and principally affected 
adult men occupationally exposed to pigs [99]. The etiologic pararnyxovirus 
previously was undescribed, closely related to Hendra virus, but transmitted from 
pigs to humans [ 100, l O l]. At least 265 cases of encephalitis cases occurred with 
an initial fatality rate of 40% [ l 02]. More than 20% of the Nipah infection 
survivors had residual neurologic deficits [103]. In addition, an estimated 7.5% of 
the initial encephalitis survivors and 3.4% ofNipah-infected individuals without 
initial encephalitis developed encephalitis in the 2 years after the initial outbreak. 
The late-onset and recurrent cases were associated with an 18% mortality rate and 
appeared to result from persistent Nipah virus [104]. For confirmed cases, 86% 
had direct contact with pigs and 64% had contact with pigs that appeared ill [105].. 
Approximately 1.1 million pigs were destroyed in controlling the outbreak [106]. 
Nipah virus infections also occurred in March 1999 in workers in a Singapore 
abbattoir that slaughtered Malaysian pigs [ l 07]. In humans, Nipah virus infections 
usually presented as encephalitis. In autopsy cases, Nipah virus was present in the 
brain in multiple cell types, including neurons and endothelial cells. Intracyto­
plasmic inclusions, intranuclear inclusions, and syncytia were seen in the central 
nervous system and were consistent with a pararnyxovirus. Vasculitis was a 
characteristic finding in human cases and sometimes caused secondary vascular 
thrombosis [100,108]. In naturally infected pigs, Nipah virus caused pneumonia, 
meningitis, meningoencephalitis, or a combination of these conditions. 

Nipah virus infection of pigs and cats (but not humans, horses, or dogs) 
localizes to the tracheobronchial epithelium [ 108]. The presence of viral antigen 
in tracheobronchial epithelium is consistent with the potential for the virus to be 
aerosolized from the respiratory tract of pigs and cats. Nipah virus can be cultured 
from the nose and oropharynx of experimentally infected pigs and from the 
oropharynx and urine of experimentally infected cats [ 109]. The potential for 
Nipah virus to produce infectious aerosols may well be responsible for the much 
more rapid spread ofNipah virus when compared with the closely related Hendra 
virus. Protective equipment, including masks, gloves, and boots, appears to 
greatly decrease the risk of contracting Nipah virus. Use of this protective 
equipment may have been responsible for the very low rate of infection (0.4% 
with no reported fatalities) in the military personnel responsible for the culling 
and disposal of pigs to control the Nipah virus outbreak in Malaysia [110]. 

Seropositivity for Nipah virus was demonstrated in 5 of 14 species of 
Malaysian bats, with the highest prevalence in species of flying foxes, which 
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are types of fruit bats. Pteropus hypomelanus (island flying foxes) and Pteropus 
vampyrus (Malaysian flying foxes) had seroprevalence rates of 31 % and 17%, 
respectively (106]. Nipah virus was isolated from the urine of Pteropus 
hypomelanus and from fruit partially consumed by this species of fruit bat ( 111 ]. 

Thus, it appears that both Nipah and Hendra are viruses that cause few signs of 
disease in the fruit bats that commonly carry them. Human disease resulted when 
the paramyxovirus spreads from the fruit bats into domestic animals. For Hendra 
virus, the domestic animal was the horse; for Nipah, principally pigs. Both 
viruses were pathogenic for a broad spectrum of mammalian species. The first 
human cases appeared in those persons occupationally exposed to the affected 
domestic animals. Fortunately, neither Hendra nor Nipah virus was highly 
contagious among infected humans. The epidemic associated with Nipah was 
associated largely with its rapid spread among pigs and from pigs to humans. 
Containment of Hendra virus by quarantine and Nipah virus by destroying 
approximately 1.1 million pigs limited human Hendra cases to a few farms and 
human Nipah cases to two countries. These viruses persist in their reservoir hosts, 
and their control depends on understanding the potential role of domestic animals 
that spread the virus to those who work with animals. 

Zoonotic transmission of influenza viruses 

In general, influenz.a viruses cause respiratory diseases spread by aerosol 
between members of the same species. Influenza occurs in three types. Influenza 
B and influenza C generally cause limited disease and are usually restricted to 
humans; however, influenza A can cause serious disease and periodically causes 
pandemic influenza. Some influenza A viruses spread from humans to animals 
and from animals to humans. Human-to-animal spread can affect the efficiency of 
animal protein production. Increasing evidence suggests that animal to human 
transmission can play an important role in the development of human influenza A 
pandemics. The role of the zoonotic transfer is the exposure of humans to 
pathogenic influenza that is antigenically not recognized by the immune system. 
Zoonotic transmission of influenza A has been reviewed recently (112-115]. 

Influenza A viruses are orthomyxoviruses that have two envelope glycopro­
teins, hemaglutinin and neuraminidase. Major types of influenza A are named for 
these two antigens. The 1918 Spanish flu epidemic, for example, was caused by 
an HINI influenza virus-one with hemaglutinin I and neuraminadase 1. 
Known influenza viruses have I of 15 hemaglutinin subtypes and one of 9 
neuraminadase subtypes. All of these subtypes occur in aquatic birds (112]. As 
with many classical reservoirs of zoonoses, aquatic birds generally show no signs 
of infection with influenza A viruses. 

Domestic chickens, however, can develop infections from some subtypes of 
influenza A, usually developing a disease known as "mildly pathogenic avian 
influenza." Periodically, influenza A outbreaks cause high mortality in poultry, 
and this disease is known as "fowl plague" or "highly pathogenic avian 
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influenza" [116]. Highly pathogenic avian influenza viruses have hemaglutinin 
envelope glycoproteins HS or H7 and arise from point mutations in mildly 
pathogenic avian influenzas [ 116, 117]. 

A limited number of influenza A subtypes occur in humans, pigs, horses, 
whales, seals, and mink [114]. Until 1996, human influenza A was of types HIN! 
(from 1918-1957 and 1977-present), H2N2 (1957-1968), and H3N2 (1968-
present) [112]. Point mutations occur within subtypes and contribute to persist­
ence in humans. The appearance of new subtypes historically has been associated 
with influenza A pandemics. As will be discussed below, three new subtypes have 
infected limited numbers of humans since 1996, each of apparent avian origin. 

Influenza A is an RNA virus and the genome is comprised of eight separate 
RNA segments that are incorporated into the virus particle. When more than one 
type of influenza A infection occurs in the same cell, RNA segments from the 
different viruses can become incorporated together to form new viruses [118]. 
The mixing of different viruses has been hypothesized to occur in pigs because 
they are susceptible to infection with both avian and human influenza A subtypes. 
Phylogenetic studies support the reassortment of human and avian viruses in pigs 
[119]. Recent studies also support the transmission of influenza virus with 
potential avian genes from pigs to swine workers [120-122]. 

Recent events clearly establish the ability of some avian influenza A strains to 
infect humans directly, however. In 1996, an H7N7 avian influenza virus was 
isolated from the inflamed conjunctiva of a woman who kept ducks [123]. The 
infection was limited but showed that avian influenza could be transmitted directly 
from birds to man. In spring 1997, highly pathogenic avian HSN! influenza virus 
appeared in chicken farms in Hong Kong [124]. Chicks and ducklings were noted 

· to be ill at a school in the spring of 1997 [113,125]. That May, a 3-year-old boy from 
the school died from acute respiratory distress syndrome, influenza, and Reye's 
syndrome. An H5Nl influenza A virus was isolated from this child [126,127]. Viral 
RNA sequence analysis ofth.e HA l portion of the HS gene demonstrated only three 
amino acid changes between this human isolate and the isolates from chickens 
[128]. The human isolate was also highly pathogenic in experimentally infected 
chickens [127]. In the fall of 1997, 17 other human influenza cases in Hong Kong 
were attributed to HSN! influenza A virus of avian origin [ 128]. These cases were 
very severe, with five additional deaths (overall mortality rate of 33%). Clinical 
presentations in some cases included pneumonia, renal failure, gastrointestinal 
signs, and elevated hepatic enzymes [129]. Postmortem examination of two of the 
six fatal cases indicated that the pneumonia was viral without secondary bacterial 
involvement. Morphologic changes corresponding to the renal failure and elevated 
liver enzymes included acute, renal tubular necrosis and centrolobular hepatic 
necrosis [130]. Epidemiologic studies demonstrated that cases were more likely 
than controls to have been exposed to poultry through the retail sale of live birds 
[131]. In the poultry markets of Hong Kong, H5Nl influenza was isolated from the 
feces of 20% of the chickens and from 2% of the geese and ducks [ 124]. 

The scientific evidence strongly suggested that lethal H5Nl influenza A was 
spreading from the live birds in the poultry markets to the people in those markets. 



A.F. Hubbs I Clin Occup Environ Med 2 (2002) 631-649 641 

In addition, ifhumans became coinfected with both the existing human influenza A 
and the new HSN l subtype, genes from existing human H3N2 subtype potentially 
could be incorporated into the H5Nl subtype so that it spread from person to person 
(125]. In the face of this evidence, in December 1997, the approximately 1.5 mil­
lion birds comprising the chicken population of Hong Kong and their avian con­
tacts were destroyed. Thereafter, poultry imports were controlled, and aquatic birds 
were separated from chickens in the poultry markets. Human cases of influenza A 
H5Nl stopped. Many believe a human influenza pandemic was prevented [125]. 

This incident greatly increased the understanding of zoonotic influenza A. 
Humans who became sick with H5Nl influenza acquired the infection from 
poultry, but poultry workers did not get sick. A follow-up study suggested, 
however, that workers occupationally exposed to poultry were infected. Anti­
bodies to H5 were present in 3% of293 government workers who helped destroy 
the infected birds and in 10% of 1525 poultry workers [132]. Among poultry 
workers, exposure to sick birds and butchering birds was associated with 
seropositivity [132]. Epidemiologic studies associated with the first human case 
revealed that 17% or 5 of29 poultry workers had antibodies to H5Nl influenza A, 
whereas 4 (0.9%) of 451 people otherwise associated with the index case had 
antibodies to H5Nl influenza A. Two of these individuals also were exposed to the 
same group of birds believed to be the source of the child's exposure [133]. 

A major impact of the 1997 Hong Kong H5Nl influenza outbreak was 
acceptance of the transmission of avian influenzas directly to humans in whom 
genetic reassortment with established human influenza viruses was possible [134]. 
The HSN l virus that caused the 1997 Hong Kong outbreak appears to have evolved 
quickly within the poultry markets [135]. An H9N2 influenza A virus also infected 
the chickens in the poultry markets in 1997. The 1997 H9N2 chicken virus con­
tained unusual internal genetic segments shared with, and possibly derived from, 
quail influenza A viruses. These internal genetic segments appear to have been 
incorporated by reassortment"into the H5Nl viruses that spread to humans [136]. 

The importance of the internal influenza A genes in zoonotic potential is 
supported by the recent discovery that H9N2 influenza viruses with these same 
internal genes have spread from birds to humans in Hong Kong [137]. No 
fatalities have been reported with this subtype, and there is no evidence of 
human-to-human transmission [138]. Recent evidence suggests that pigs in 
southeastern China have antibodies to Hl , H3, H4, H5, and H9 of influenza A­
suggesting the potential for . reassortment of these avian and human influenza 
viruses in pigs [139]. As a whole, the recent influenza cases in China support the 
importance of genetic reassortment of influenza A genes in the creation of new 
human and animal pathogens and transmission of influenza A between species. 

Summary · 

The past decade has seen a continuing increase in the number of potential zoo­
notic agents in the workplace. For workers in the United States who work outdoors, 



642 A.F Hubbs I Clin Occup Environ Med 2 (2002) 631-649 

two new agents, WNV and leishmaniasis, may be transmitted from animals to man 
by a vector. For WNV, mosquitoes are the vectors; the North American vector of 
Leishmania donovani is not known. For agricultural workers, we now know that in 
Israel, working with geese sickened by WNV confers increased risk of contracting 
WNV. We do not know if that risk is associated with mosquitoes or direct 
transmission. As raccoons adapt to a suburban lifestyle, we now know that cases 
of B procyonis larval migrans are increasing and that this risk is associated with oral 
exposure to surfaces contaminated by raccoon feces. This certainly is an issue 
affecting selection of eating areas for outdoor workers and vacationers. The number 
of cases and geographic range of Lyme disease and its trodes spp tick vector 
continue to expand as ticks increasingly become transmitters of zoonotic disease. 

In the past decade, we have recognized many new zoonotic diseases that exist 
in relative harmony with their wildlife reservoirs but can cause severe disease in 
humans. In the Americas, excellent examples include increasing numbers of 
described hantaviruses that are carried by sigmodontine rodents. In Australia and 
China, three zoonotic paramyxovi.ruses and one lyssavirus exist in wild bats. 
Each of these agents has been transmitted to animal workers, and several have 
killed workers. Hendra virus, Menangle virus, and Nipah virus spread from the 
bat reservoir to domestic animals and from domestic animals to humans. 

Nipah virus is an excellent example of how occupational practices, particu­
larly in domestic animal husbandry, can affect zoonotic disease propagation. 
Nipah virus was not transmitted between humans; pigs were the primary source 
of human exposure. Widespread contact of pigs from different sources permitted 
the virus to spread between farms. Closed fanning operations not only reduce the 
introduction of swine pathogens that reduce feed efficiency, they should also 
prevent the widespread propagation ofNipah virus or similar viruses transmitted 
among pigs. 

Avian H5NI influenza was an equally impressive example of how animal 
husbandry practices appear to have affected zoonotic disease development as well 
as transmission. The housing of multiple bird species in crowded poultry markets 
appears to have produced new influenza A viruses with genes derived from other 
avian species. The result was an avian influenza that spread to humans and had 
high lethality. 

As human populations have increased, occupationally relevant zoonoses have 
expanded their geographic range, are being diagnosed more frequently, and are 
now known to include additional agents. Control of these agents involves 
understanding the natural ecology of the etiologic agents in their natural hosts. 
It also involves understanding how the disease can leave the natural hosts and 
cause significant disease in workers. 
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