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We conducted an exploratory study to investigate which ex­
posures (including poultry oncogenic viruses) are associated with 
brain cancer in poultry workers. A total of 46,819 workers in poul­
try and nonpoultry plants from the same union were initially fol­
lowed for mortality. Brain cancer was observed to be in excess 
among poultry workers. Here we report on a pilot case-cohort 
study with cases consisting of 26 (55%) of the 47 brain cancer 
deaths recorded in the cohort, and controls consisting of a ran­
dom sample of the cohort (n = 124). Exposure information was 
obtained from telephone interviews, and brain cancer mortality 
risk estimated by odds ratios. Increased risk of brain cancer was 
associated with killing chickens, odds ratio (OR) = 5.8 (95% con­
fidence interval, 1.2-28.3); working in a shell-fish farm, OR = 13.0 
(95% CI, 1.9-84.2); and eating uncooked fish, OR = 8.2 (95% CI, 
1.8-37.0). Decreased risks were observed for chicken pox illness, 
OR = 0.2 (95% CI, 0.1-0.6), and measles vaccination, OR = 0.2 
(95% CI, 0.1-0.6). Killing chickens, an activity associated with the 
highest occupational exposure to poultry oncogenic viruses, was 
associated with brain cancer mortality, as were occupational and 
dietary shellfish exposures. These findings are novel. 

INTRODUCTION 
Certain viruses conunonly infect and cause cancer in poul­

try. They include the avian leukosis/sar,coma viruses (ALSV) 
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that cause leukemia and a wide variety of cancers in chick­
ens and turkeys; and the reticuloendotheliosis virus (REV) and 
Marek's disease virus (MDV) that cause lymphoid leukosis and 
neurolymphomatosis in chickens (1-4). Subgroup-A ALSV nat­
urally cause gliomas in chickens (4). Brain cancer has also been 
experimentally induced in primates from ALSV inoculation (5). 
ALSV and REV can infect and/or transform human cells in vitro 
(1,6), and some, but not all studies, have reported the presence of 
antibodies against ALSV, REV, and MDV in the blood of poul­
try workers and the general population (7-9). It is not known if 
these viruses cause cancer in humans. 

To determine whether poultry oncogenic viruses may play 
a role in human cancer occurrence, we sought occupational 
groups that typically have among the highest known human ex­
posures to poultry and raw poultry products (10-12). Workers 
in poultry slaughtering and processing plants have such an ex­
posure, as they handle thousands of chickens daily. They also 
have direct contact not only with live chickens but also with 
raw poultry meat and blood products, and the internal organs 
during slaughtering and processing (13,14). Injuries from sharp 
knives, bone splinters, and dermatitis (15,16) that allow viruses 
and other microbial agents to gain easy access into the body 
through breaches in the skin, are frequent among them. They 
also work in enclosed spaces for prolonged periods of time and 
are exposed via inhalation to airborne organisms (13). Thus, 
if these oncogenic viruses cause cancer in humans, it should 
be readily evident in this occupational group that is so highly 
predisposed to infection with these agents. In our previous mor­
tality analyses of3 separate cohorts of poultry workers (10-12), 
several cancer sites, including brain cancer, were observed to 
be occurring in excess. Brain cancer was significantly elevated 
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in one of the cohorts, and the excess appeared to occur in all 
race/sex subgroups (10). In each of the two other cohorts, excess 
risk was observed in females but was not statistically significant 
(11,12). 

The only other published cohort study of poultry workers in 
slaughtering and processing plants was by Fritschi et al. (2003), 
but no information was provided on brain cancer (17). 

Here we report the findings of a pilot case-cohort study nested 
within a combined cohort of the 3 poultry cohorts we reported 
on previously and a nonpoultry comparison group (10-12), to 
provide preliminary evidence of which occupational and nonoc­
cupational exposures may explain the excess occurrence of brain 
cancer deaths observed in poultry workers in the cohort. 

METHODS 
The source population for this case-cohort study consisted 

of the 30,411 poultry workers and 16,408 nonpoultry workers, 
for a total of 46,819 subjects who were members of the United 
Food & Commercial Workers (UFCW) unions between 1949 
and 1989. Among this group, 2915 died during follow-up. The 
remaining 43,904 subjects that were alive as of January 1, 1990 
constitute the base population that was followed up from January 
I, 1990 until December 31, 2003. Because no new subjects were 
added after January I, 1990, and all subjects lost to follow-up 
were assumed to be alive at the end of the study, the group of 
subjects alive as of January I, 1990 was essentially a closed 
cohort (See Fig. 1). 

Cases were defined as all 4 7 deaths from brain cancer (ICD-O 
191, 9th revision) that occurred in the base population between 
January I, 1990 and December 31, 2003. The comparison group 
for the brain cancer cases was a subcohort that consisted of 1516 
live subjects randomly sampled from the base population, some 
of whom later died during the study period (see Fig. 1). 

Because this was a pilot study, exhaustive attempts were not 
made to trace study subjects or their next -of-kin. Thus, we report 
here on the first 26 of the 47 (55%) brain cancer deaths whose 
next -of-kin were traced and provided information over the phone 
on the deceased cases, within the limited time available to do 
the study. Similarly, of the first 214 subjects in the subcohort 
(n = 1516) that were traced during the time available, 152 (71 %) 
completed phone interviews with the same questionnaire either 
directly (if alive), or through their next-of-kin if deceased (see 
Fig. 1). None of the interviewed cases were members of the 
control group. 

The questionnaire consisted of 646 questions that took an 
average of 40 to 60 min to administer over the phone. It in­
cluded demographic variables on race, gender, date of birth, and 
date of death. A detailed list of questions (selected questions 
shown in the tables) on occupations and industries within each 
of the following major headings were asked in the question­
naire: 1) occupational poultry-specific exposures. These tasks 
included unloading chickens from trucks, hanging chickens on 
conveyor lines, killing chickens, cutting carcasses, and so on. 

The tendency was to assign workers to perform one main task, 
but they could perform different tasks over the course of their 
employment at a poultry plant; 2) mixed occupational poultry­
and meat-related exposures; 3) working or living on a farm; 
4) occupational exposure to seafood; 5) killing food animals 
other than poultry; 6) applying chemicals at work; and 7) work­
ing in occupations and industries outside the poultry and meat 
industries. Risk associated with each job exposure was calcu­
lated for ever/never responses. Dates and duration of working 
each task are not presented because of sparse data. There were 
also detailed nonoccupational questions on lifestyle, medical 
history, diet, medication use, family medical history, radiation 
exposures, and immunizations. 

Baseline data between cases and controls were compared 
using t -tests and chi-square tests. The main analyses consisted of 
unconditional logistic regression and Cox proportional hazards 
regression. Odds ratios (ORs) and 95% confidence intervals 
(95% CI) were estimated using the SAS PROC LOGISTIC 
procedure (SAS 9.1, SAS Institute, Cary, NC). Because the 
control group was a random sample of the base population, the 
ORs obtained were direct estimates of the risk ratio without 
need for the rare disease assumption (18). In the Cox regression 
analysis, hazard ratios were estimated using the SAS PHREG 
procedure. Subjects entered the study at the age attained on 
January I, 1990 (time variable) and the failure time for formation 
of a risk set was the age at death of a brain cancer case. At 
failure time, a risk set was formed consisting of the case and 
all available controls at risk at that time. Risk estimates were 
adjusted for age and cohort (union) status. With few exceptions 
the results from both the Cox and logistic regression analyses 
were closely similar. Thus, we present only the ORs in the 
tables. Both ORs and hazard ratios are given in the text when 
there is divergence. The divergent results are consistent with the 
generally recognized observation that risk estimates given by 
the 2 measures tend to diverge when relative risks are very high 
(19). 

RESULTS 
Table 1 demonstrates the baseline characteristics of inter­

viewed and non-interviewed cases and subcohort controls. Both 
interviewed cases and controls were similar to the underlying 
popUlations they were sampled from. The only exception was 
that interviewed subjects in the subcohort were more likely to be 
poultry workers (78%) than all subjects in the subcohort (59%). 

Occupational Poultry and Nonpoultry Exposures 
Table 2 demonstrates the risk estimates in decreasing order 

for occupational poultry and nonpoultry exposures. For occu­
pational poultry exposures, the only statistically significant re­
sult was that workers who killed chickens were approximately 
6 times more likely to die from brain cancer compared to workers 
that did not kill poultry (OR = 5.8, 95% CI: 1.2-28.3). Non­
significant but slightly elevated risks were observed for other 
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Cbhort 1 - Sal un ore Meat OJ oers' Un ion (1950-2003): R:>ul tryCbhort (N =2580) +Nonmeat/ NonpoultryCbhort (N =6,052) 

Cbhort 2- O1icago UFONUnion Rmsion Fund (1973-2003): R:>ultryCbhort (N=20,131) + Nonmeatl Non poult ryCbhort (N -10,356) 

Cbhort 3- Missouri UFON R:>ullryUnion (196S-2003): R:>ul tryCbhort (N = 7700) 

Total (N=46,819) R:>ultryCbhort (N=30,411) + Nonmeatl NonpoullryCbhort (N = 16,408) 

Cbmbi ned Cbhort (1950-.2003) =46,819 [R:>ultry(N =30,411) + NonmeaI/Nonpoultry(N=16,408)] 

Cbmbined Cbhort a<3of 12131/1989=46,819 (~a<3of 12131/1989=2,915 +I:ase R:>pulacon Alive a<3of 1/1/1990=43,904) 

"", -"""~ .. "'I' 111/00 =43,004 

I I 
Brain canCEr Deeths(100~OO3) (N =47) 9.Jbcohort Rlrdorn Sm1p1eof 8e.se FbpulaC1J1 (N=1 ,516) 

I I 
Brai n canCEr CBsesNelCl-<lf-Kin IntervieNed (N =26) 9.Jbcohort Rlrdorn Sm1p1elnten.1eNed (N=152) 

e:; FIG. 1. Description of 3 cohorts originally studied and flow chart of selection of study subjects in Ihe Brain Cancer Case-Cohort Study of United Food & 
6 Commercial Workers (UFCW) Union Workers, USA, 1990-2003. 
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poultry-related exposures. The highest risk for nonpoultry ex­
posures was obtained for working in a shell-fish farm (OR = 
13.0,95% CI: 1.9-84.2; HR = 4.0,95% CI: 1.0-15.7). Elevated 
risks that were not statistically significant were also observed 
for working as a fisherman (OR = 3.0), and selling seafood 
(OR = 2.7). The only other statistically significant result was 
for working in smelters OR = 4.8 (95% CI: 1.0-24.2). 

Other Exposures: Lifestyle, Behavioral, and Medical 
History 

For medical history, elevated risks were obtained for non­
specified treatment with radiation, history of migraine, head in­
jury, and epilepsy (Table 3). The results were significant for only 
history of radiation treatment (OR = 12.7, 95% CI: 3.9-41.2; 
HR = 7.1,95% CI: 2.9-17.6); and history of migraine (OR = 
3.7, 95% CI: 1.3-10.5). Significant decreased risks were ob­
served for history of chicken pox illness and history of measles 
vaccination. History of cold sores and allergic conditions appear 
protective, but neither was statistically significant. 

For dietary history, statistically significant results were 
recorded for usually eating uncooked fish or shellfish (OR = 
8.2, 95% CI: 1.8-37.0; HR = 4.0, 95% CI: 1.4-11.8); salted 

meat (OR = 5.5, 95% CI: 2.0-15.0); and barbecued meat (OR 
= 4.4, 95% CI: 1.5-12.6). The results for eating smoked meat 
were elevated but not significant (OR = 2.5, 95% CI: 0.9--ti.8). 

For lifestyle, significantly decreased risks were observed for 
exercising regularly and for cell phone use. 

DISCUSSION 
Killing is believed to be one of the jobs associated with the 

highest risk of exposure to oncogenic viruses of poultry, cattle, 
pigs, and sheep in pOUltry and meat slaughtering and processing 
plants. Our findings in this study with regards to the poultry 
industry indicate that, only workers engaged in killing chickens 
were significantly at increased risk of brain cancer. This finding 
is consistent with previous studies conducted by our group using 
this same combined cohort of 46,819 subjects to explore can­
cer mortality of the lung, liver, and pancreas (19,20). It is also 
consistent with the observation that working in the kill/dress 
area of abattoirs where cattle, pigs, and sheep were slaugh­
tered, contact with warm meat by butchers or meat workers 
in abattoirs was significantly associated with lung cancer risk 
(21-23) . 
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TABLE 1 
Baseline demographic distribution of brain cancer cases and controls in the combined cohort of Poultry and Nonpoultry United 

Food & Commercial Workers Union Workers, USA, 1990-2003 

Brain cancer cases Controls 

Demographics Total (n = 47) Interviewed (n = 26) Totals (n = 1,516) Interviewed (n = 152) 

Race* 
White (%) 38 (81) 22(85) 1,099(72) 108 (71) 
Black (%) 9(19) 4(15) 324(21) 27 (18) 
Unknown(%) 0 0 93 (6) 17 (11) 
Total 47 26 1,516 152 

Gender 
Female (%) 28(60) 15 (58) 785 (52) 87 (57) 
Male (%) 19 (40) 11 (42) 723 (48) 64(42) 
Unknown (%) 0 0 8 (1) 1 (1) 
Total 47 26 1,516 152 

Age 
:::50 yr (%) 25 (53) 16 (62) 1,061 (70) 103 (68) 
>50yr(%) 18 (38) 10(38) 413 (27) 48 (32) 
Unknown 4 (9) 0 42(3) 1 (1) 
Total 47 26 1,516 152 

TYpe of worker 
Poultry (%) 26(55) 15 (58) 898(59) 118 (78) 
Nonpoultry (%) 10 (21) 6(23) 618 (41) 34(22) 
Unknown (%) 11 (23) 5 (19) 0 0 
Total 47 26 1,516 152 

"Race infonnation was not available in union records and was obtained only from death certificates for deceased or interviewed subjects. 
Hispanics were classified as whites. 

Hence the preliminary findings in the present study suggest 
poultry oncogenic viruses may be one of the most likely occu­
pational exposures responsible for the observed excess of brain 
cancer in workers in poultry plants. This study offers additional 
evidence to support previous reports of the presence of antibod­
ies against avian leukosis/sarcoma viruses, REVs and MDV in 
the sera of poultry workers and subjects in the general popula­
tion (7-9). In our extended study of antibody levels in poultry 
workers, although the sample was too small to include workers 
who had specifically been engaged in killing activities, workers 
who potentially had high exposure tasks, such as cutting hearts 
and liver, were also found to have significantly higher antibody 
titers to ALSV and REV (24,25). 

The literature for gliomas, in particular, reveals 2 studies that 
examined occupational exposures to poultry by combining poul­
try workers with workers exposed to other animals. Hence it was 
not possible to obtain risks for occupational poultry exposures 
alone (26,27). In one of them a higher incidence of glioma was 
recorded among butchers that did not wear gloves during meat 
handling and who received cuts at least once a month, compared 
to those who did not (26). To our knowledge, only one study, 
apart from ours, has specifically reported on brain cancer risk 
and occupational exposure to poultry (28). Although a protec-

tive effect was observed with ever killing chickens in that study, 
it appeared that virtually all the cases and controls killed pOUltry 
(28). Thus the design of the study did not permit a valid assess­
ment of occupational poultry exposure as a risk factor of brain 
cancer. 

One of the novel findings in our study was the 13-fold in­
creased risk observed for working on shellfish farms . Similarly, 
increased risks of brain cancer mortality were also recorded for 
fishermen and workers involved in selling seafood. A statisti­
cally significant increased risk for brain cancer mortality was 
also recorded for individuals who consumed uncooked fish or 
shellfish, indicating that the associations between seafood and 
brain cancer observed in this study may not be chance find­
ings. The literature supports the presence of numerous viruses 
in shrimps, although none has been reported to be oncogenic 
(29,30). Also, the role of other exposures related to seafood 
aquaCUlture such as pesticides, antipathogenic agents, and disin­
fectants (31) and other chemicals cannot be ruled out as possible 
carcinogens contributing to the excess of brain cancer. 

Other exposures for which previous investigators reported 
similar findings as ours for increased brain cancer risks include 
rubber (32), electro-magnetic fields (33), chemicals (34), and 
metals (35- 37). Headaches have been reported to be associated 
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TABLE 2 
Adjusted odds ratios (OR) and 95% confidence intervals (Cn for occupational poultry and nonpoultry exposures in the Brain 

Cancer Case-Cohort Study of United Food & Commercial Workers Union Workers, 1990-2003 

Exposure 

Occupational poultry exposures 
Killed chickenslbirds at work 
Had contact with poultry blood 
Worked in a commercial poultry fann 
Handled or used poultry waste 
Cooked poultry partly or wholly 

Occupational nonpoultry exposures 
Worked in a shellfish fann 
Worked in a chemical plant 
Worked in forestry 
Worked at smelters 
Worked as a fisherman 
Sold seafood at work 
Worked in rubber plants 
Killed goats 
Lived on a horse fann as a child 
Worked on a horse fann 
Worked on a pig raising fann 
Worked on a dairy fann 
Worked on a commercial mixed fann (crop and animal) 
Worked on a commercial crop fann 
Had electrical jobs 
Worked in a X-ray department 
Worked in a granary where nuts or grains were stored 
Handled seafood at work 

£Adjusted for age and union site; 'statistically significant. 

with brain tumors (38) as observed in this study, although they 
could be the result rather than being related to the cause of 
the disease. The relationship between head trauma and brain 
tumor is inconsistent (39,40). Our study demonstrated more 
than twofold risk of brain tumor mortality among those with 
prior brain injury. Also, elevated risk due to having a history 
of epilepsy was observed in our study, which is consistent with 
prior findings (41-44). 

Previous studies have quite consistently reported protective 
effects of allergic conditions on brain cancer risk (41,44-46). 
Our findings for history of allergic conditions to dust and pollen 
appear supportive of these reports. Similarly, a protective role 
for history of chickenpox (varicella zoster) and herpesvirus in­
fection has frequently been reported (45,47-48), and similar 
findings were recorded in this study also for chickenpox infec­
tion and oral herpes infection (cold sores). 

Ionizing radiation is the only known established risk factor 
for brain tumors (49), and our study found a significant increased 
risk of brain cancer in patients who received medical treatment 
with radiation. The decreased association observed with cell 
phone use may be artifactual as all the cases were deceased be-

Adjusted£ OR (95% CI) 

5.8 (1.2, 28.3)* 
1.7 (0.6,4.7) 
1.6 (0.4, 6.0) 
1.4(0.4,5.5) 
1.3 (0.3,5.5) 

13.0 (1.9,84.2)* 
.8.0(0.5,138.4) 
6.3 (0.4, 94.3) 
4.8 (1.0, 24.2)* 
3.0 (0.6, 16.2) 
2.7 (0.5,15.3) 
2.7 (0.3,28.5) 
2.3 (0.2, 26.5) 
2.0 (0.6, 6.5) 
1.9 (0.6,6.7) 
1.8 (0.6,5.6) 
1.7 (0.4,7.1) 
1.6 (0.3,8.4) 
1.5 (0.5, 4.7) 
1.3 (0.3, 5.2) 
1.3 (0.0, 40.9) 
1.2 (0.1, 18.2) 
1.0 (0.3,3.1) 

fore cell phone use became affordable, as compared to controls 
who lived longer or remained alive. 

N-nitroso compounds have been found in a variety of di­
etary products (50,51). Consistent with the literature, our study 
showed significantly increased risk for brain tumor mortality 
when eating salted, smoked, or barbequed meat and cheese for 
most of their lives. 

Although this pilot study succeeded in replicating risk fac­
tors observed in larger studies of brain tumors, results should be 
interpreted with caution. First, this is a pilot study with limited 
statistical power, and thus did not have the capacity to ade­
quately investigate other potentially carcinogenic occupational 
exposures such as smoking, curing, cooking, and wrapping of 
pOUltry. Positive findings may be due to chance, or influenced 
by multiple comparisons made. Second, selection bias could 
also influence our study findings. However, the likelihood of 
this problem seems significantly reduced because all cases that 
occurred in the cohort were selected for study and the con­
trol was a random sample of the base popUlation. Also, the 
distributions of race and gender among the interviewed study 
subjects were similar to those for all study subjects. In addition, 
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TABLE 3 
Adjusted odds ratios (OR) and 95% confidence intervals (CI) for selected health conditions, behavioral and lifestyle factors, and 

radiation in the pilot Brain Cancer Case-Cohort Study of Poultry and Nonpoultry United Food & Commercial Workers Union 
Workers, 1990-2003 

History 

Medical history 
Had radiation treatment for a medical condition 
Diagnosed with migraines 
Prior head injury 
Diagnosed with epilepsy 
Allergic to dust 
Allergic to pollen 
Had cold sores on the lip 
Diagnosed with chickenpox 
Received immunizations against measles 

Dietary history# 
Ate uncooked fish/shellfish 
Ate salted meat 
Ate barbequed meat 
Ate nuts 
Ate smoked meat 
Ate cheese 

Other 
Regularly performed any type of exercise 
Ever owned or used a cell phone 

Adjusted£ OR (95% CI) 

12.7 (3.9,41.2)* 
3.7 (1.3, 10.5)* 
2.3 (0.7, 7.5) 
2.3 (0.3,16.1) 
0.4(0.1,1.6) 
0.3 (0.1,1.3) 
0.3 (0.1, 1.0) 
0.2 (0.1,0.6)* 
0.2 (0.1,0 .6)* 

8.2 (1.8, 37.0)* 
5.5 (2.0, 15.0)* 
4.4 (1.5, 12.6)* 
2.7 (1.0,7.3)* 
2.5 (0.9,6.8) 
1.3 (0.3, 4 .8) 

0.3 (0.1, 0.7)* 
0.2 (0.1,0.6)* 

£Adjusted for age and union site; 'statistically significant; #consumed these food items for most of their lives. 

the proportion of poultry workers among interviewed cases was 
similar to the proportion among the total number of cases. In 
fact, the controls that were interviewed had a higher proportion 
of poUltry workers compared to the total number of controls. 
This may have biased the risk estimates toward the null value. 
Third, response bias is possible because responders for all cases 
were proxies, whereas responders for controls were mostly the 
live study subjects themselves. To determine the impact, if any, 
on risk estimates with using proxies, additional analysis was 
performed to compare responses from 7 pairs of live control 
study subjects and their next-of-kin. The responses obtained 
did not show evidence of severe response bias. Of the 245 di­
rect responses obtained for dichotomous questions, there was 
an agreement of 80% to 100% between the pairs for nearly 75% 
of the responses, with less than 60% agreement for only 8% 
of the responses. Fourth, misclassification for the underlying 
cause of death may have occurred, because we relied on death 
certificates for the diagnosis of brain cancer. If misclassification 
did occur, it is likely to be nondifferential, which would pull 
the risk estimates toward the null. Fifth, because most of the 
questions were of the type "were you ever exposed," this study 
was not able to ascertain temporality or dose-response relation­
ships. Finally, confounding by socioeconomic status, though a 
consideration, is unlikely because this study used a homogenous 
occupational group of subjects who earned minimum wage, and 

all of them belonged to the same international union. Despite 
the limitations, this study is the first to investigate brain can­
cer occurrence in relation to poultry oncogenic exposures in a 
well-defined high-risk poultry worker cohort, and it succeeded 
in uncovering possible new risk factors. 

CONCLUSION 
A key contribution of this pilot study was providing new, but 

preliminary, evidence that exposure to poultry and raw poultry 
products may explain the observed excess of brain cancer mor­
tality previously observed among workers in poultry slaughter­
ing and processing plants. Killing chickens at work is associated 
with one of the highest exposures to the oncogenic viruses of 
poultry within an occupational group that already has high po­
tential for such an exposure. This study adds to the broader 
evidence of increased oncogenic viral antibodies in the sera 
of poultry workers, and similar increased risks observed with 
killing chickens in other cancers. The role of other poUltry occu­
pational and nonoccupational exposures need to be adequately 
assessed in more rigorous studies before a clear a definitive 
conclusion about the role of poultry oncogenic viruses in the 
etiology of brain cancer can be clearly elucidated. Similarly, the 
association of brain cancer mortality with shellfish and seafood 
exposures is novel and needs to be confirmed in other larger 
studies. . 



POULTRY EXPOSURES AND BRAIN CANCER 349 

FUNDING 
Our appreciation and thanks go to the United Food & Com­

mercial Workers International Union for their continuing sup­
port and collaboration over the years without which this research 
would not have been possible. TIlls study was funded by grant 
1 R01 OHOO8071 from the National Institute for Occupational 
Safety and Health. Ethics approval was provided by the Hu­
man Subjects Committee (Institutional Review Board) of the 
University of North Texas Health Science Center. 

REFERENCES 
1. Johnson ES and Griswold CM: Oncogenic retroviruses of cattle, chick­

ens and turkeys: potential infectivity and oncogenicity for humans. Med 
Hypotheses 46, 354-356, 1996. 

2. Davidson I and Borenstein R: Multiple infection of chickens and turkeys 
with avian oncogenic viruses: prevalence and molecular analysis. Acta Virol 
43, 136-142, 1999. 

3. Johnson ES: Poultry oncogenic retroviruses and humans. Cancer Detect 
Prey 18, 9-30, 1994. 

4. Hatai H, Ochiai K, Murakami M, Imanishi S, Tomioka Y, et al.: Prevalence 
of fowl glioma-inducing virus in chickens of zoological gardens in Japan 
and nucleotide variation in the Env gene. J Vet Med Sci 70, 469-474, 2008. 

5. Bigner DD and Pegram CN: VIrus-induced experimental brain tumors and 
putative associations of viruses with human brain tumors: a review. Adv 
Neurol15, 57-83, 1976. 

6. Stenkvist B and Ponten J: Morphological changes in bovine and human 
fibroblasts exposed to two strains of Rous sarcoma virus in vitro. Acta 
Pathol Microbiol Scand 62, 315-330, 1964. 

7. Choudat D, Dambrine G, Delemotte B, and Coudert F: Occupational expo­
sure to poultry and prevalence of antibodies against Marek's disease virus 
and avian leukosis retroviruses. Occup Environ Med 53,403-410, 1996. 

8. Johnson ES, Nicholson LG, and Durack DT: Detection of antibodies to 
avian leukosis/sarcoma viruses (ALSV) and reticuloendotheliosis viruses 
(REV) in.humans, by enzyme-linked immunosorbent assay (EUSA). Can­
cer Detect PreY 19, 394-404, 1995. 

9. Johnson ES, Overby L, and Philpot R: Detection of antibodies to avian 
leukosis/sarcoma viruses (ALSV) and reticuloendotheliosis viruses (REV) 
in humans, by Western blot assay. Cancer Detect Prey 19, 472-486, 1995. 

10. Johnson ES, Ndetan H, and Lo KM: Cancer mortality in poultry slaughter­
ing/processing plant workers belonging to a Union Pension Fund. Environ 
Res 110, 588-594, 2010. 

11. Johnson ES, Zhou Y, Lillian Yau C, Prabhakar D, Ndetan H, et al.: Mortality 
from malignant diseases: update of the Baltimore Union Poultry Cohort. 
Cancer Causes Control21, 215-221, 2010. 

12. Johnson ES, Zhou Y, Yau CL, Sarda V, Preacely N, et al.: Update of cancer 
& non<ancer mortality in the Missouri Poultry Cohort. Am] Ind Med 54, 
49-54,2011. 

13. Rahldo TM and Korkeala HI: Airborne bacteria and carcass contamination 
in slaughterhouses. J Food Prot 60,38-42, 1997. 

14. Gray GC, Trampel DW, and Roth JA: Pandemic influenza planning: 
shouldn't swine and poultry workers be included? Vaccine 25, 4376-4381, 
2007. 

15. Cohen SR: Dermatologic hazards in the poultry industry. J Occup Med 16, 
94-97, 1974. 

16. Marks JG, Jr., Rainey CM, Rainey MA, and Andreozzi RJ: Dermatoses 
among poultry workers: "chicken poison disease".] AmAcad Dermatol9, 
852-857, 1983. 

17. Fritschi L, Fenwick S, and Bulsara M: Mortality and cancer incidence in a 
cohort of meatworkers. Occup Environ Med 60, E4, 2003. 

18. Rothman KJ, Greenland S, and Lash TL: Modern epidemiology, 3rd 
ed. WoIters Kluwer/Lippincott Williams and Wilkins, Philadelphia, PA, 
2008. 

19. FeliniM,PreacelyN, ShahN, Christopher A, Sarda V, etal.: A case-cohort 
study of lung cancer in pOUltry and control workers: occupational findings. 
Occup Environ Med 69, 191-197,2012. doi:10.1136/oemed-2011-100310 

20. Felini M, Johnson E, Preacely N, Sarda V, Ndetan H, et al.: A pilot case­
cohort study of liver and pancreatic cancers in poultry workers. Ann Epi­
demiol21, 755-766, 2011. 

21. Coggon D, Pannett B, Pippard EC, and Winter PD: Lung cancer in the meat 
industry. Br] Ind Med 46, 188-191, 1989. 

22. Guberan E, Usel M, Raymond L, and Fioretta G: Mortality and incidence 
of cancer among a cohort of self employed butchers from Geneva and their 
wives. Br] Ind Med 50, 1008-1016, 1993. 

23. Johnson ES: Nested case<ontrol study oflung cancer in the meat industry. 
J Natl Cancer Inst 83, 1337-1339, 1991. 

24. Choi K-M and Johnson ES: Industrial hygiene assessment of reticuloen­
dotheliosis viruses exposure in the pOUltry industry. Int Arch Occup Environ 
Health 84, 375-382, 2011. doi: 1O.1007/s00420-01O-0578-3 

25. Choi K-M and Johnson ES: Occupational exposure assessment using anti­
body levels: exposure to avian leukosis/sarcoma viruses in the poultry in­
dustry.Int] Environ Health Res 21, 306-316, 2011. doi: 10. 1080/09603123. 
2010.550037 

26. De Roos AI, Stewart PA, Linet MS, Heineman EF, Dosemeci M, et al.: 
Occupation and the risk of adult glioma in the United States. Cancer Causes 
Control 14, 139-150,2003. 

27. Menegoz F, Little J, Colonna M, Arslan A, Preston-Martin S, et al.: Con­
tacts with animals and humans as risk factors for adult brain tumours: an 
international case-control study. Eur J Cancer 38,696-704,2002. 

28. Ruder AM, Carreon T, Butler MA, Calvert GM, Davis-King KE, et al.: 
Brain Cancer Collaborative Study G. Exposure to farm crops, livestock, 
and farm tasks and risk of glioma: the upper midwest health study. Am ] 
Epidemiol169, 1479-1491,2009. 

29. Donald VL: The penaeid shrimp viral pandemics due to IHHNV. WSSv, 
TSV and YHV: history in the Americas and current status. Retrieved from 
http://www.lib.noaa.gov/redredsites/japan/aquaculture/proceedings/report 
321lightner_corrected.pdf. 

30. Tan Y, Xing Y, Zhang H, Feng Y, Zhou Y, et al.: Molecular detection of 
three shrimp viruses and genetic variation of white spot syndrome virus in 
Hainan province, China, in 2007. ] Fish Dis 32, 777-784, 2009. 

31. To HT, Silvestre F, Phuong NT, and Kestemont P: Effects of pesticides 
and antibiotics on penaeid shrimp with special emphases on behavioral and 
biomarker responses. Environ Toxicol Chem 29, 929-938, 2010. 

32. BorakJ, Slade MD, and Russi M: Risks of brain tumors in rubber workers: 
a metaanalysis.] Occup Environ Med 47,294-298,2005. 

33. Kheifets LI: Electric and magnetic field exposure and brain cancer: a review. 
Bioelectromagnetics (Suppl. 5), S120--S131, 2001. 

34. Navas-Acien A, PollanM, GustavssonP, and Plato N: Occupation, exposure 
to chemicals and risk of gliomas and meningiomas in Sweden. Am ] Ind 
Med 42,214-227,2002. 

35. Wesseling C, Pukkala E, Neuvonen K, Kauppinen T, Boffetta P, et al.: 
Cancer of the brain and nervous system and occupational exposures in 
Finnish women. J Occup Environ Med 44, 663--668, 2002. 

36. Hara T, Hoshuyama T, Takahashi K, Delgermaa V, and Soraban T: Cancer 
risk among Japanese chromium platers, 1976-2003. ScandJ Work Environ 
Health 36, 216-221, 2010. 

37. Carozza SE, WrenschM, Miike R, NewmanB, OlshanAF, et al.: Occupa­
tion and adult gliomas. Am J Epidemio/152, 838-846, 2000. 

38. Purdy RA and Kirby S: Headaches and brain tumors. Neurol Clin 22, 39-53, 
2004. 

39. Preston-Martin S, Pogoda 1M, Schlehofer B, Blettner M, Howe GR, et al.: 
An international case-control study of adult glioma and meningioma: the 
role of head trauma. 1m] Epidemiol27, 579-586, 1998. 

40. Wrensch M, Miike R, Lee M, and Neuhaus J: Are prior head injuries or 
diagnostic X-rays associated with glioma in adults? The effects of control 
selection bias. Neuroepidemiology 19, 234-244, 2000. 

41. Schlehofer B, Blettner M, Preston-Martin S, Niehoff D, Wahrendorf J, 
et al.: Role of medical history in brain tumour development. Results from 



350 S. GANDID ET AL. 

the international adult brain tumour study. International Journal o/Cancer 
82, 155-160, 1999. 

42. Khan T, Akhtar W, Wolton CI, Hart Y, Thmer MR, et al.: Epilepsy and 
the subsequent risk of cerebral tumour: record linkage retrospective cohort 
study. Journal o/Neurology, Neurosurgery & Psychiatry 82,1041-1055, 
2011. 

43. Schwartzbaum I, Jonsson F, Ahlbom A, Preston-Martin S, Malmer B, 
et al.: Prior hospitalization for epilepsy, diabetes, and stroke and subse­
quent glioma and meningioma risk. Cancer Epidemiol Biomarkers Prev 
14,643-650,2005. 

44. Berg-Beckhoff G, Schuz J, Blettner M, Munster E, Schlaefer K, et al. : 
History of allergic disease and epilepsy and risk of glioma and meningioma 
(INTERPHONE study group, Germany). Eur J Epidemiol 24, 433-440, 
2009. 

45. Scheurer ME, El-Zein R, Thompson PA, Aldape KD, Levin VA, et al.: 
Long-term anti-inflammatory and antihistamine medication use and adult 
glioma risk. Cancer Epidemiol Biomarkers Prev 17, 1277-1281,2008. 

46. Wigertz A, Lonn S, Schwartzbaum J, Hall P, Auvinen A, et al.: Al­
lergic conditions and brain tumor risk. Am J Epidemiol166, 941-950, 
2007. 

47. Wrensch M, Weinberg A, Wieneke J, Miike R, Barger G, et al.: Prevalence 
of antibodies to four herpes viruses among adults with glioma and controls. 
Am J Epidemio1154, 161-165,2001. 

48. Wrensch M, Weinberg A, Wiencke J, Miike R, Sison 1, et al.: History of 
chickenpox and shingles and prevalence of antibodies to varicella-zoster 
virus and three other herpesviruses among adults with glioma and controls. 
Am J Epidemiol161, 929-938, 2005. 

49. ConnelJy 1M and Malkin MG: Environmental risk factors for brain tumors. 
Curr Neurol Neurosci Rep 7,208-214,2007. 

50. Tricker AR and Preussmann R: Carcinogenic N-nitrosamines in the diet: 
occurrence, formation, mechanisms and carcinogenic potential. Mutat Res 
259,277-289,1991 . 

51. Hotchkiss JH: Preformed N-nitroso compounds in foods and beverages. 
Cancer SUTV 8, 295-321, 1989. 


