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ABSTRACT
Asbestos is a known human carcinogen and the chief known cause of mesothelioma. 
In 1997, a group of experts developed the Helsinki Criteria, which established criteria for 
attribution of mesothelioma to asbestos. The criteria include two methods for causation 
attribution: 1) a history of significant occupational, domestic, or environmental exposure 
and/or 2) pathologic evidence of exposure to asbestos. In 2014, the Helsinki Criteria were 
updated, and these attribution criteria were not changed. However, since the Helsinki 
Criteria were first released in 1997, some pathologists, cell biologists, and others have 
claimed that a history of exposure cannot establish causation unless the lung asbestos 
fiber burden exceeds “the background range for the laboratory in question to attribute 
mesothelioma cases to exposure to asbestos.” This practice ignores the impact on fiber 
burden of clearance/translocation over time, which in part is why the Helsinki Criteria 
concluded that a history of exposure to asbestos was independently sufficient to attribute 
causation to asbestos.

After reviewing the Helsinki Criteria, we conclude that their methodology is fatally flawed 
because a quantitative assessment of a background lung tissue fiber level cannot be 
established. The flaws of the Helsinki Criteria are both technical and substantive. The 
1995 paper that served as the scientific basis for establishing background levels used 
inconsistent methods to determine exposures in controls and cases. In addition, historic 
controls cannot be used to establish background fiber levels for current cases because 
ambient exposures to asbestos have decreased over time and control cases pre-date 
current cases by decades. The use of scanning electron microscope (SEM) compounded 
the non-compatibility problem; the applied SEM cannot distinguish talc from anthophyllite 
because it cannot perform selected area electron diffraction, which is a crucial identifier in 
ATEM for distinguishing the difference between serpentine asbestos, amphibole asbestos, 
and talc.
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BACKGROUND
Using the Helsinki Criteria, a number of microscopists count asbestos bodies and fibers found in the 
lungs at autopsy of cases where asbestos exposure to a specific source cannot be determined and 
refer to this as background level. They compare these levels to fiber counts in workers or bystanders 
who have a known or suspected exposure to asbestos released from a known or suspect source. 
All the exposed cases have known or suspected exposures because all of them have made claims 
for compensation. These same microscopists speculate that these background levels are always 
lower than the fiber counts of exposed-caused cases. As a result, pathologists claim they can rule 
out these alleged exposures as a cause of mesothelioma if lung fiber/ferruginous body levels are 
below the background levels in historical controls [1].

Landrigan and colleagues [2] and the Collegium Ramazzini [2] had previously criticized the 
Helsinki Criteria [2, 3]. The Helsinki Criteria committee responded that its report did “not make 
recommendations about methods for asbestos fiber analysis [4]”. Furthermore, the Helsinki group 
admitted the pathologic criteria are based on an unevaluated laboratory method. However, the 
Helsinki group has naturally endorsed that laboratory’s methods by basing the committee’s 
pathologic criteria on the laboratory’s fiber analysis. That laboratory has produced data and 
methodology for these key publications as part of discovery in asbestos litigation where one of the 
authors (Roggli) served as a witness for asbestos product manufacturing companies. As part of the 
legal process, one of us (MR) was allowed to inspect the laboratory and observe the methodology. 

In its response, the Helsinki committee claimed that “the criteria do in fact consider work histories 
as the pre-eminent way of establishing asbestos exposure.” However, in litigation, pathologists 
have ignored this admonition and asserted that fiber methods should be used as the sole criteria 
for attribution of causation. We analyzed newly produced information to reassess the evidence 
and validity of using lung fiber count as a sole criterion for attribution of causation. In addition, 
we reviewed recent efforts by the same group to extend the Helsinki Criteria to the attribution of 
fibrous talc as a cause of mesothelioma [5].

METHODS
We reviewed the methodology used to establish background exposures in the 1997 and 2014 
Helsinki Criteria, which were adapted from three publications from a single laboratory [1, 6, 7]. 
We used the key 1995 paper by Srebro and colleagues to investigate the influence of patient 
history and routine and electron microscopic examination on the ability to use fiber counts as 
a predictor of background exposure and causation of mesothelioma [1]. We reviewed relevant 
depositions and laboratory records of mesothelioma cases and controls from the cases reported 
in this publication to acquire information on histories and laboratory procedures that was not 
available in published papers. Additionally, we reviewed the recent application of one of the 1995 
background controls in a publication of talc and mesothelioma.

RESULTS
ANALYSIS OF THE HELSINKI CRITERIA’S METHODOLOGY
1. Background Exposure Sources

Most population exposure originates directly or indirectly from asbestos released from products 
during installation and removal [8]. Workers and bystanders are also exposed in product 
manufacturing and mines [9]. In cities, indirect exposures have occurred during the use of sprayed 
asbestos insulation and from the release of asbestos from asbestos containing products, including 
asbestos brakes [10]. Asbestos has been used in over 3000 products and is found as an accessory 
mineral in other commercially utilized minerals. Most bystanders and some product users 
are unaware of the fact that they were exposed to asbestos. Although many authors mention 
background fiber levels, neither the Helsinki Criteria nor any published literature clarify the source(s) 
of this background exposure. Thus, background is an exposure of exclusion dependent on the 
quality of the history and the patient’s knowledge of previous sources of exposure. In the absence 
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of an identifiable history of exposure to an asbestos source, researchers appear to assume that 
asbestos fibers in lung tissue stemmed from exposure to asbestos in ambient air [11]. However, 
except in rare circumstances (e.g., the Grand Canyon), ambient exposures result from product use. 
In most cases, lung asbestos levels are merely comparisons of exposures to various commercial 
sources of asbestos. As a result, the identification of past sources of exposure is the Achilles heel 
of the definition of background exposure. 

2. Asbestos and lung fiber levels

Srebro and colleagues [1] described the use of lung fiber counts as a method for attributing 
causation to asbestos exposure and used this set of controls to distinguish fiber levels that result 
from background exposures from occupational exposures [1]. If a mesothelioma case’s fiber burden 
is below this background, the authors concluded that the mesothelioma was “spontaneous” or 
“idiopathic and unrelated to asbestos fibers found in the patient’s lungs [1]”.

3. Inadequate control occupational history

Initially, Srebro and colleagues selected twenty patients from available pathology specimens at a 
VA hospital, which enrolled patients to serve as controls [1]. The authors defined their controls as 
“cases with no documented history of asbestos exposure” in the medical records and “no evidence 
of asbestos-related disease” in lung tissue [1]. However, the authors found high amosite fiber 
levels in one patient who was initially assigned to the controls. In response, they conducted “an 
extensive search through this patient’s medical records and [made] two phone calls to surviving 
relatives [which] revealed that his employment history included installing furnaces, an occupation 
associated with asbestos exposure [1]”. They then excluded this case from their analysis. Thus, 
their original screening missed important occupational exposures and classified a case with 
asbestos product exposure as an unexposed control. 

Despite the fact that this case revealed the inadequacy of their screening, Srebro and colleagues 
failed to apply this “extensive search” to any of the other controls [1]. This is a cause of concern, 
because based on medical records alone, at least thirteen of the controls worked in occupations 
with potential asbestos exposure. These jobs include manual labor, Air Force, Truck driver, Garage 
owner, Spinning mill, Electrical engineer, and Hospital aide [1]. It is important to note that the 
authors only identified one job per control and failed to acquire a complete occupational history. 
The authors also had no information on smoking for 10 of the controls, indicating that they either 
did not have access to complete medical records or that the histories were insufficient for analysis 
[1]. Srebro, a medical student, collected and analyzed the history data [12]. She had no training 
in occupational medicine and did not use a standard questionnaire to evaluate the exposure 
histories [12].

4. No basis for use of asbestos bodies to determine exposure levels

Had Srebro and colleagues included the furnace installer in their analysis, there would be no 
significant difference in asbestos bodies, total fibers, or chrysotile between cases and controls 
[13]. Albin and colleagues confirmed that one cannot make inferences about past asbestos 
exposures from lung fiber burden because “no quantitative differences in exposure (duration or 
intensity) could be shown between workers with high and low to intermediate [lung fiber burden] 
concentrations [14]”. Newman and colleagues also reported that “asbestos bodies or ferruginous 
bodies are nonspecific, because they can be found in occupationally unexposed individuals, in 
occupationally exposed individuals who have no asbestos-related lung disease, and in workers 
who have asbestosis [15]”. In addition, background and occupational asbestos exposures 
decreased during 1980–1995 due to increased occupational and environmental regulation and 
dramatic reduction in asbestos use [16, 17]. It is unreasonable to compare background fiber 
levels in occupationally exposed plaintiffs who died in 2020 to controls who died 15–30 years 
earlier. 
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5. Inappropriate statistical analysis

In addition, Srebro and colleagues inappropriately used a one-tailed Wilcoxon test to compare 
fiber levels. The authors should have performed a two-tailed test because 18/19 of the controls 
had  higher fiber counts than the mesothelioma cases’ lowest count [13]. Using a two-tailed test, 
even excluding the outlier control case, the controls and cases fiber counts are not statistically 
significantly different. 

6. Potential control exposure

Srebro and colleagues’ controls were male veterans from states surrounding North Carolina who 
were examined from 1980 to 1995, while the cases were litigation referrals from the entire country 
[1, 5, 12]. These controls resided in North Carolina or surrounding states [18]. Much of the asbestos 
textile industry was based in North and South Carolina [19].

7. No report of last exposure time for any case 

Absent continuing exposure, lung fiber levels decrease over time as a function of fiber type and 
length [20–22]. Churg and colleagues reported a “significant negative correlation” between 
fiber concentration and time [23]. For cases, Srebro and colleagues did not report the date of 
last exposure prior to autopsy [1]. Thus, the same lung fiber count may reflect either a recent 
relatively low exposure in a patient who was exposed shortly before death or what remained from 
a much higher total exposure in another patient whose last exposure predated death by decades 
or anything in between.

Hence, fiber burden at death is a poor indicator of past exposure. Low fiber counts can be 
consistent with high exposures that occurred decades before death because fibers that are short 
and particularly chrysotile are not biopersistent in the lung [2, 12]. Because asbestos translocates 
to the pleura, fibers may still cause or contribute to mesothelioma without being retained in the 
lungs. Conversely, recent exposures that do not contribute to disease causation may result in high 
fiber levels. Dr. Roggli, the co-author who performed the fiber analysis for Srebro and colleagues, 
has acknowledged that “fiber burden studies do not accurately reflect past exposures to chrysotile 
[24]”. Absent information on time from last exposure, the same is true for all fiber types, because 
pathologic evaluations cannot determine when a fiber entered the body. Therefore, low levels of 
lung fiber burden at death can be consistent with an elevated risk of mesothelioma.  

8. Incorrect assumption that asbestos body count correlates with total fiber exposure

Srebro and colleagues also relied on lung asbestos body counts (AB) to distinguish “exposed” 
and “idiopathic” mesothelioma patients by establishing an arbitrary background cut off [1]. If a 
patient’s asbestos body count was less than 20 AB/g wet lung, Srebro and colleagues classified 
the patient’s fiber lung burden as a control [1]. However, asbestos body lung count is not a robust 
indicator for fiber lung burden [25]. Chrysotile comprises 95% of all asbestos used in the US, but 
AB formation is far more likely to occur with amphiboles [8, 26, 27]. Aust and colleagues explained 
that “chrysotile is typically inhaled as a shorter, thinner particle form of asbestos and is much 
less likely to be found as the core of ferruginous bodies in human tissue than amphibole REMPs 
[respirable elongated mineral particles] [26]”. Thus AB counts always underestimate total fiber 
exposure. Churg and colleagues stated that counting of asbestos bodies “cannot be used to 
document total lung asbestos burden” because “the bulk of asbestos in these lungs was short 
chrysotile, which does not form bodies [28]”.

Besides, while uncoated fibers tend to concentrate in the lower lobes, Gylseth and colleagues 
reported that “the number of fibers coated [asbestos bodies] were generally higher in the upper 
lobes than in the lower ones [29, 30]”. Another problem in using asbestos bodies as a benchmark 
for background exposure is the fact that the time required for formation of ferruginous bodies is 
not known, and individuals vary in their ability to deposit iron on fibers [26]. This is evident from 
Srebro and colleagues’ data, which showed that there was almost no relationship between ABs 
and uncoated fibers (R² ranged from 0.0099 to 0.0769). Even the 1997 Helsinki Criteria concluded 
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that “there is a poor correlation between asbestos body concentrations and chrysotile fibre 
burdens [31]”. Furthermore, Srebro and colleagues mistakenly claimed that their 19 controls were 
within the “norman range” of lung asbestos bodies (0–20 AB/g wet lung). One control (Case #19) 
had 22 AB/g [1].

9. Problems with SEM analysis and fiber identification

Srebro and colleagues used SEM to detect and identify asbestos fibers in the lungs. However, the 
United States Environmental Protection Agency (EPA) concluded that SEM was inadequate for 
analysis of asbestos fibers because “SEM is limited in its ability to identify the crystalline structure 
of a particular fiber [32]”. SEM also lacks the ability to distinguish amosite and crocidolite, because 
SEM cannot easily detect sodium (Na) unless the investigators have a high resolution detector to 
pick up light elements [28].

In addition, SEM has limited ability to detect thin fibers [33]. In 1991, the Health Effects Institute 
(HEI) stated that SEM is “unsuitable for determination of asbestos fibers” because identification 
of a thin asbestos fiber required that “both resolution and contrast be sufficient [33]”. Because 
SEM has to sacrifice resolution for better contrast, SEM normally cannot detect fibers thinner than 
0.2µm [33]. Dr. Roggli used 650X magnification power and not 1000X to identify fibers [1, 13, 34]. 
Roggli could not identify asbestos fibers thinner than 0.3 µm at 650X, and 98.7% of chrysotile 
fibers in the lung are less than 0.25 µm wide [34, 35]. Due to these SEM limitations, Dodson and 
colleagues noted that transmission electron microscopy (TEM) is “the most accurate instrument 
for detecting and analyzing asbestos fiber types in a sample and appropriately providing their 
dimensions [36]”. Roggli and colleagues observed that “fiber counts are usually 3-fold higher with 
TEM than with scanning electron microscopy [37]”. All other US agency protocols that relate to 
fiber counting rely on TEM analysis, which provides morphology, chemistry by EDS, and crystallinity 
by selected area electron diffraction (SAED) [12].

Srebro and colleagues claimed to count all fibers that were longer than 5 µm with an aspect 
ratio of 3:1 or higher [1] However, they did not document the fiber length measurements. They 
counted fibers that were visually estimated to be longer than 5 microns and included fibers with 
detectable diameters seen at lower magnification in the SEM. Visually estimating fibers longer 
than 5 µm is an unreliable method, which often underestimate asbestos count [38]. They also 
“did not record and retain a photographic record of any of the fibrous structures encountered 
[34]”. Short fibers (less than 5 µm) have been shown to be carcinogenic and are concentrated in 
the pleura [3, 39].

In addition, Roggli did not employ appropriate filters. Srebro and colleagues used 0.4-µm pore size 
polycarbonate filters to collect digested lung tissue [1]. Sullivan and colleagues reported that 88% 
of the fibers had diameters smaller than the 0.4-µm pore size, which could cause “unacceptable 
losses” of fibers during investigations using electron microscopy [40]. Thus, a significant number of 
small asbestos fibers in the lungs may have passed through filters used by Srebro and colleagues.

On the other hand, Srebro and colleagues did not employ geologic criteria to differentiate fibers 
originating from an asbestiform habit from cleavage fragments (fiber population, habit, parallel 
fibers occurring in bundles, fiber bundles displaying splayed ends, matted masses of individual 
fibers, and/or fibers showing curvature) [1, 41]. We agree that fiber formation origin does not 
reflect carcinogenicity; however, this view is not universally accepted [39, 41].

10. SEM and talc

SEM cannot usually distinguish anthophyllite from talc [42]. Srebro and colleagues assumed that 
any iron free fiber with MgSi peaks identified by SEM was talc and did not report anthophyllite 
in any case or control [1]. This is not the case [42, 43]. The International Organization for 
Standardization (ISO) noted that SEM cannot routinely discriminate anthophyllite with a low iron 
concentration from talc with a high iron concentration [42]. ISO noted, “The fibre morphology can 
assist [SEM] in discrimination between anthophyllite and [non-fibrous] talc. Ribbon-like fibres are 
probably talc, whereas straight, rod-like fibres are possibly, but not necessarily, anthophyllite [42]”. 
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Dr. Roggli noted that the fibers he designated as talc were straight and rod shaped. Thus, they 
were indistinguishable from anthophyllite [44].

ISO remarked that talc should be evaluated using TEM [42]. The Bureau of Mines supported 
this recommendation: “It is when fibrous amphiboles occur with fibrous talc that morphology 
alone is inadequate to distinguish between phases. For this reason, TEM has been recommended 
for regulatory use [45]”. Srebro and colleagues could also have misidentified chrysotile as talc, 
because they did not do SAED and could not determine if serpentine, amphibole, or talc crystalline 
patterns existed for the elongated mineral particles [36]. Srebro and colleagues also could not 
tell if a talc fiber was not a bundle of chrysotile, because SEM at low magnification cannot always 
identify fibrils [36]. Additionally, chrysotile has a Mg-Si ratio of 1:1 but preferentially loses Mg 
in-vivo through biodegradation [21, 22] However, Srebro and Roggli classified fibers with 2:3 MgSi 
ratios as talc [34]. Roggli claimed he used morphology to distinguish talc from chrysotile [46]. 
However, short chrysotile fibers (less than 10 µm) are often straight and look similar to talc when 
observed by SEM [47–49]. Therefore, Srebro and colleagues may have conflated chrysotile with 
talc, undercounting chrysotile and overcounting talc [50].

11. Problems with consistency and reproducibility

Fiber counts are not reproducible or consistent, because fibers are not evenly distributed in the 
lung lobes, sample sizes vary, and investigators do not provide data on the location of the samples 
in either controls or cases. Using a background fiber level as a universal cut-off to determine past 
asbestos exposure relies on two assumptions: the intralaboratory results are consistent, and the 
background fiber levels are geographically uniform. However, in the real world, neither of these 
assumptions is true. Contrary to Srebro and colleagues’ claims, there is no standard background 
exposure, because background asbestos lung levels are related to geographic location, decade of 
exposure, and local industries (factories, shipyards, or asbestos product manufacturing plants) [8]. 
In addition, Srebro and colleagues did not collect any information on potential bystander exposure 
for controls and never evaluated this potential confounder [12]. There were no occupational 
histories of spouses, siblings, parents, or residential history for controls. The levels of indirect 
asbestos exposure vary greatly from location to location and have dropped over time [8]. Roggli 
and colleagues reported highly variable fiber concentrations in the air samples of 48 US cities [6]. 
The Agency for Toxic Substances and Disease Registry (ATSDR) documented remarkably different 
background levels from asbestos facilities across different U.S. states (0–1371 pounds per year 
in 1999) [8]. The ATSDR concluded that using lung fiber burden as an indicator of occupational 
asbestos exposure could lead to “false negatives” due to 

analytical variability due to contamination or loss in processing, variability in retention of 
fibers in different regions of the lung and variability in sampling of different lung regions, 
variability in exposure parameters including fiber type, length, and width, and variability 
in individuals’ physiological parameters influencing retention [8].

Due to SEM limitations, the reproducibility of fiber levels in human lungs is poor. Feder and colleagues 
found an 8.5-fold increase in human lung fiber burden after 22 years of cessation from asbestos 
exposure [51]. Roggli noted that the lung fiber burden of two samples taken from the same patient 
can differ by as much as a factor of one thousand [52]. Oury and colleagues noted, “Interlaboratory 
comparison trials demonstrate that striking differences can occur among laboratories even when 
the same sample is analyzed” due to changes in a laboratory’s procedures or to variation of fiber 
burden level from one site to another within the lung [53]. Gylseth and colleagues reported that it 
is difficult and inappropriate to directly compare tissue burden analysis results from one laboratory 
to another [54]. The ATSDR stated that “asbestos contamination of laboratory materials, including 
paraffin, grids, and especially cross-contamination by tissue themselves must be accounted for 
[8]”. For these reasons, Case and colleagues noted that “laboratories that do this type of work 
[fiber burden analysis] should, therefore, have good control values [55]”. However, Srebro and 
colleagues did not use positive or negative controls [50].
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Churg and colleagues reported a statistically significant difference between numbers of fibers in 
central versus peripheral lung [28]. Anttila and colleagues stated that “there was a greater number 
of 3 µm and longer fibers in the lung tissue of patients who had a lower-lobe tumor as compared 
with those who had an upper lobe tumor (Student’s t-test, p < 0.01) [29]”. Churg and colleagues 
observed that “fibre concentration tended to be greatest at the apex of the lung, whereas the 
longest and highest aspect ratio fibres were seen in the lower zones [30, 56]”. In the face of this 
variability, using the maximum fiber count as the background level is not reasonable. Applying a 
2–3-fold range to fibers for the control or case counts will often convert the interpretation of a case 
from idiopathic to exposure-related or vice versa. 

APPLICATION OF HELSINKI CRITERIA TO FIBROUS TALC ASSESSED AS LUNG 
FIBER LEVELS 

There is no background source of exposure to talc. Pavlisko and colleagues and Roggli and 
colleagues relied on Srebro and colleagues’ controls to establish background lung concentrations 
for talc despite the fact that none of these papers collected information on either industrial or 
consumer talc exposure for either cases or controls [5, 57]. In particular, Pavlisko and colleagues 
stated, “Talc is a nonasbestos mineral fiber that is considered elevated above background range 
at 10,000 fibers per gram.” However, unlike asbestos, talc exposure has never been measured in 
any background or environmental setting. While talc was used in wall board, paint, food (chewing 
gum), paper, drug expedient, and rubber manufacturing, there is no evidence that any of these 
uses result in airborne exposures to non-workers. The most common exposure to fibrous talc 
occurs during use of cosmetic talc powders [58, 59, 60].

Out of Srebro and colleagues’ 20 available controls, Pavlisko and colleagues selected a single 
control case (#24) with the highest talc fiber level as the background level for lung talc [1, 5]. The 
use of this case is problematic. Case #24 was a male military veteran who died from Alzheimer’s 
disease and whose job history was unknown and unobtainable. Control case #24 had a combined 
tremolite, actinolite, and anthophyllite (TAA) level that was higher than 7/18 mesothelioma cases 
[1]. Case #24’s NAMF level (10,160 f/gm), which was extrapolated by Roggli to be all talc fibers, is 
higher than that found in 88% of the mesothelioma cases in Srebro and colleagues [1].

Roggli admitted that the lung fiber levels in Srebro and colleagues’ controls were not a “balanced 
representation” of fiber types [61]. Srebro and colleagues only analyzed fiber type for 5 out of 
26 fibers counted in controls and extrapolated the rest. Srebro and colleagues used Case #24 to 
establish background talc exposure but only analyzed fiber type for 5 of 26 NAMF [62]. After those 
5 fibers were identified, the ratio of those fiber types was applied to the remaining 21 NAMF fibers 
counted [62]. Using this extrapolation methodology, the total talc fibers of Srebro and colleagues’ 
control cases ranged from 0 to 10,160 f/gm. As a result, Roggli’s statistical inference of talc 
background fiber is prone to significant random sampling errors, because he did not investigate all 
available data (5 fibers are unlikely to be representative of 26 fibers) [62].

Srebro and colleagues’ post hoc rejection of a control case (the furnace worker) is evidence that 
outliers more likely represented a failure to obtain a history of past exposure rather than a true 
background level. The controls had a mean talc count of 981.8 f/gm with a standard deviation of 
2,354 f/gm. Case #24’s talc fiber level, 10,160 f/gm, is almost four standard deviations higher than 
the average for the control cases. Thus, Roggli and colleagues and Pavlisko and colleagues used an 
outlier to establish the talc background for all control cases [5, 57]. Srebro and colleagues did not 
consider geographic location or potential exposures to household members who may have worked 
with asbestos or talc [1, 28]. Notably, most users are unaware of the fact that talc-based baby 
powders contain asbestos, and adults are often unaware of their own exposure to baby powder 
as infants. Talc manufacturers admit that cosmetic talc contained asbestos until the early 1980s 
[63]. If fiber burden is to be used for attribution of causation, case fiber levels should be compared 
to the lowest background count or the average count, especially when control exposures are based 
on postmortem medical records where histories do not include any specific evaluation of possible 
consumer, occupational, familial, or bystander exposure to asbestos or talc.
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Roggli and Pavlisko selected the highest talc fiber lung burden among the controls to establish 
the 10,000 fibers per gram background. Roggli relied on the Helsinki Criteria to justify counting 
the highest fiber level rather than the average level as background for talc lung content [61]. 
Roggli explained, “Helsinki requires that the asbestos content be above the range of values for a 
background population [61]”. However, Roggli misinterpreted Helsinki by conflating necessity and 
sufficiency. The 1997 Helsinki criteria stated, “A lung fiber count exceeding the background range 
for the laboratory in question… should be sufficient to relate a case of pleural mesothelioma to 
asbestos exposure on a probability basis” [emphasis added] [64]. Helsinki does not indicate that an 
asbestos lung fiber count above background range is necessary to attribute causation to asbestos 
exposure [64]. Helsinki does not indicate that a lung fiber count below background range rules out 
asbestos as a cause of mesothelioma. In fact, it explicitly recognizes that a history of even low 
exposure is sufficient to establish a causal nexus [64]. In addition, the Helsinki Criteria focused on 
asbestos and did not mention talc, asbestiform talc, or other asbestiform structures [64].

Despite the technical issues noted above and the fact that they did not take any occupational or 
consumer product use history, Roggli and colleagues and Pavlisko and colleagues used talc fiber 
levels found in control Case 24 as a background fiber burden for talc [5]. If a patient’s talc fiber 
level is less than Case 24’s 10,000 fibers per gram, Roggli would classify the mesothelioma to be 
idiopathic and unrelated to any talc exposure [57]. This is inconsistent with Roggli’s observations 
of tremolite/actinolite and anthophyllite together with fibrous talc in the tissue samples. In 
the absence of chrysotile, industrial or cosmetic talc exposure is the most likely source of the 
tremolite/actinolite and anthophyllite [60]. Roggli and colleagues confirmed that fibrous talc in 
tissue is “correlated strongly” with tremolite in tissue and both are “derived” from talc exposure 
[65]. Talc is the only commercial product that has been reported to contain the combination 
of tremolite and/or actinolite and/or anthophyllite. Actinolite is not present in any commercial 
product apart from talc. Thus, the talc exposure is unlikely to be a result of background exposure 
[60]. Johnson & Johnson estimated that Johnson’s Baby Powder had 70% market share and 
that by 1992 this product had been used on 200 million “baby bottoms,” exposing both the 
parents/caregivers as well as the babies to inhalation of talc and other particulates that are in the 
talc [66]. Cosmetic talc body powder exposures can be quite high during normal use and have 
resulted in fatal cases of talcosis [67]. Talc has been used as a dry shampoo, in various body and 
perineal applications, and in talc-based animal flea powders. Therefore, we believe that any lung 
burden of talc in combination with tremolite, actinolite, or anthophyllite asbestos is most likely 
a result of exposure to cosmetic talc and not from ambient air. In a deposition, Roggli noted, 
“The cases we have done fiber analysis on have not shown—have not analyzed whether an 
individual was exposed to cosmetic talc or not. So certainly I cannot use my database experience 
to comment upon exposures from cosmetic talc [68]”.

CONCLUSION
The Helsinki pathologic criteria for attribution of asbestos causation to mesothelioma were based 
on Srebro and colleagues’ work. For this paper, we analyzed the data and methodology that 
was more fully explained in court documents. We conclude that the method used to determine 
background lung fiber levels is fatally flawed and that quantitative analysis of a background level 
of asbestos exposure cannot be established by tissue analysis as performed and that occupational 
histories for controls do not reliably rule out the absence of exposure to asbestos released from 
commercial products. Srebro and colleagues proved that the medical records initially resulted in 
misclassification of at least one patient, who on more detailed evaluation was believed to have 
been occupationally exposed to asbestos. Despite this, Srebro and colleagues failed to obtain a 
more detailed evaluation of any other control, including a patient who had Alzheimer’s disease 
and was thus incapable of providing any meaningful occupational history. We believe that lung 
fiber burden cannot rule out significant previous exposure to asbestos mesothelioma causation 
compared to background fiber counts due to
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1.	 the lack of biopersistence in the lung but not the pleura combined with the lack of matching 
on year of last exposure,

2.	 variability of fiber levels in different parts of the lung,

3.	 sample size variability,

4.	 intra-laboratory variability. 

The methodology employed by Srebro and colleagues lacked both statistical reliability and 
microscopic precision. Due to the many confounders inherent to lung fiber burden, a detailed and 
correct occupational history is still the best tool to determine if a case of mesothelioma is related 
to asbestos exposure. Further, using historical background controls from Srebro and colleagues’ 
paper to establish background talc is inappropriate. Pavlisko and colleagues have not established 
that there is any non-product background exposure for talc. Bystander exposure to talc product 
use or to users of cosmetic talc products cannot be considered background. The authors admit 
that they never considered any history of talc exposure, neither did they record the presence of 
platy talc in any controls or mesothelioma cases.  

Lung fiber burden is useful to determine the type of fibers a patient is exposed to, but its quantitative 
analysis of a background level is inadequate and misleading when used as the only tool in risk 
assessment or in the attribution of asbestos causation. There is no known threshold asbestos dose 
that does not increase the risk of contracting mesothelioma. Even if a threshold exists, there is no 
way to correlate lung fiber levels to any risk threshold. 

COMPETING INTERESTS
Dr. David Egilman serves as an expert witness in litigation at the request of people who claim 
injuries resulting from the use of talcum powders. He has also served as an expert witness at the 
request of companies who have been sued for exposure to asbestos from their mines or products. 
He was not compensated for work on this commentary. No party to these litigations reviewed this 
commentary or had input into its content.

Dr. Mark Rigler serves as an expert witness in litigation at the request of people who claim injuries 
resulting from the use of talcum powders. He was not compensated for work on this commentary.

Dr. Theresa Emory has testified in asbestos litigation, primarily for plaintiffs.

Triet Tran works for Dr. Egilman.

AUTHOR AFFILIATIONS
Triet Tran, BA  orcid.org/0000-0002-0330-2368 
Never Again Consulting, Attleboro, MA, US

David Egilman, MD, MPH  orcid.org/0000-0003-0280-163X 
Clinical Professor of Family Medicine, Alpert School of Medicine Brown University, US

Mark Rigler, PhD  orcid.org/0000-0002-7042-3944 
ASPEX, LLC, Lawrenceville, GA, US

Theresa Emory, PhD  orcid.org/0000-0002-8075-4480 
Peninsula Pathology Associates, Newport News, Virginia, US

REFERENCES
1.	 Srebro SH, Roggli VL, Samsa GP. Malignant mesothelioma associated with low pulmonary tissue 

asbestos burdens: A light and scanning electron microscopic analysis of 18 cases. Mod Pathol. 1995, Aug; 

8: 614–621.

2.	 Landrigan P. Collegium Ramazzini. Comments on the 2014 Helsinki Consensus Report on Asbestos. Ann 

Glob Health. 2016; 82: 217–220. DOI: https://doi.org/10.1016/j.aogh.2016.01.018
3.	 Baur X, Woitowitz H, Budnik L, et al. Asbestos, asbestosis, and cancer: The Helsinki criteria for diagnosis 

and attribution. Critical need for revision of the 2014 update. American Journal of Industrial Medicine. 

2017; 60: 411–421. DOI: https://doi.org/10.1002/ajim.22709

https://doi.org/10.5334/aogh.3135
https://orcid.org/0000-0002-0330-2368
https://orcid.org/0000-0002-0330-2368
https://orcid.org/0000-0003-0280-163X
https://orcid.org/0000-0003-0280-163X
https://orcid.org/0000-0002-7042-3944
https://orcid.org/0000-0002-7042-3944
https://orcid.org/0000-0002-8075-4480
https://orcid.org/0000-0002-8075-4480
https://doi.org/10.1016/j.aogh.2016.01.018
https://doi.org/10.1002/ajim.22709


10Tran et al.  
Annals of Global Health  
DOI: 10.5334/aogh.3135

4.	 Wolff H, Vehmas T, Oksa P, et al. Response by the organizers of the Helsinki criteria updates 2014: 

Criteria for asbestos-related diseases need periodic updates. Scand J Work Environ Health. 2016; 42: 

95–96. DOI: https://doi.org/10.5271/sjweh.3536
5.	 Pavlisko EN, Liu B, Green C, et al. Malignant Diffuse Mesothelioma in Women: A Study of 354 

Cases. The American Journal of Surgical Pathology. 2020; 44: 293–304. DOI: https://doi.org/10.1097/
PAS.0000000000001418

6.	 Roggli V, Greenberg M, Pratt P. Pathology of asbestos-associated diseases. 1st ed.  Boston, MA: Little, 

Brown & Co; 1992. DOI: https://doi.org/10.1007/0-387-21819-X_1
7.	 Roggli V. Asbestos content of lung tissue in asbestos associated diseases: A study of 110 cases. British 

Journal of Industrial Medicine. 1986; 43: 18–28. DOI: https://doi.org/10.1136/oem.43.1.18
8.	 Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological Profile for Asbestos. 2001.

9.	 Goldberg M, Luce D. The health impact of nonoccupational exposure to asbestos: What do we know? 

Eur J Cancer Prev. 2012; 18: 489–503. DOI: https://doi.org/10.1097/CEJ.0b013e32832f9bee
10.	 U.S. Environmental Protection Agency. Title 40 — protection of environment, Chapter 1, Subchapter C. 

Air programs, Part 61. National emission standards for hazardous air pollutants: asbestos, beryllium, and 

mercury. 38 FR 8820-8850. 1973.

11.	 U.S. Environmental Protection Agency. National Emission Standards for Hazardous Air Pollutants 

(NESHAP): proposed standards for asbestos, beryllium, mercury. 1971. 

12.	 Egilman D. Fiber Types, Asbestos Potency, and Environmental Causation: A Peer Review of Published 

Work and Legal and Regulatory Scientific Testimony. Int J Occup Environ Health. 2009; 15: 202–228. DOI: 

https://doi.org/10.1179/oeh.2009.15.2.202
13.	 Roggli V. Electron Microprobe Analysis of Ferruginous Bodies Obtained from Autopsy Cases. 1995. 

https://repository.library.brown.edu/studio/item/bdr:1095276/. Accessed June 23, 2020.

14.	 Albin M, Pooley F, Strömberg U, et al. Retention patterns of asbestos fibres in lung tissue among 

asbestos cement workers. Occup Environ Med. 1994; 51: 205–211. DOI: https://doi.org/10.1136/
oem.51.3.205

15.	 Newman L, Gottschall E. Asbestosis. In: Albert R, (ed.), Clinical Respiratory Medicine. Philadelphia, PA: 

Mosby, Inc.; 2008. DOI: https://doi.org/10.1016/B978-032304825-5.10065-0
16.	 Lajoie P, Dion C, Drouin L, et al. Asbestos Fibres in Indoor and Outdoor Air – The Situation in Quebec. In: 

Sub-Committee on Exposure Measurement, (ed.), Institut national de santé publique du Québec (INSPQ), 

2003. https://www.inspq.qc.ca/pdf/publications/342-AsbestosIndoorOutdoorAir.pdf. Accessed June 23, 

2020.

17.	 United States Geological Survey. Mineral Commodity Summaries 2020. In: U.S. Department of the 

Interior BoM, (ed.). 2020. https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf. Accessed June 23, 

2020.

18.	 Roggli V. Deposition in Boyle vs. A.W. Chesterton Company et al. in the Iowa District Court for Polk 

County. 2009; 130–132. https://repository.library.brown.edu/studio/item/bdr:1097892/. Accessed June 

23, 2020.

19.	 Sayers R, Dreessen W. Asbestosis. Am J Public Health Nations Health. 1939; 29: 205–214. DOI: https://
doi.org/10.2105/AJPH.29.3.205

20.	 Dodson R, Atkinson M, Levin J. Asbestos Fiber Length as Related to Potential Pathogenicity: A Critical 

Review. American Journal of Industrial Medicine. 2003; 44: 291–297. DOI: https://doi.org/10.1002/
ajim.10263

21.	 Hume L, Rimstidt D. Letter: The biodurability of chrysotile asbestos. American Mineralogist. 1992; 77: 

1125–1128.

22.	 Jaurand M, Gaudichet A, Halpern S, et al. In vitro biodegradation of chrysotile fibers by alveolar 

macrophages and mesothelial cells in culture: Comparison with a pH effect. British J Ind Medicine. 1984; 

41: 389–395. DOI: https://doi.org/10.1136/oem.41.3.389
23.	 Churg A, Wright J. Persistence of natural mineral fibers in human lungs: An overview. Environ Health 

Perspect. 1994; 102: 229–233. DOI: https://doi.org/10.1289/ehp.94102s5229
24.	 Roggli VL, Sanders LL. Asbestos content of lung tissue and carcinoma of the lung: A clinicopathologic 

correlation and mineral fiber analysis of 234 cases. Ann Occup Hyg. 2000; 44: 109–117. DOI: https://doi.
org/10.1016/S0003-4878(99)00067-8

25.	 Warnock M, Prescott B, Kuwahara T. Correlation of Asbestos Bodies and Fibers in Lungs of Subjects With 

and Without Asbestosis. Scan Electron Microsc. 1982; Part 2: 845–857.

26.	 Aust A, Cook P, Dodson R. Morphological And Chemical Mechanisms Of Elongated Mineral Particle 

Toxicities. Journal of Toxicology and Environmental Health, Part B. 2011; 14: 40–75. DOI: https://doi.org/10
.1080/10937404.2011.556046

https://doi.org/10.5271/sjweh.3536
https://doi.org/10.1097/PAS.0000000000001418
https://doi.org/10.1097/PAS.0000000000001418
https://doi.org/10.1007/0-387-21819-X_1
https://doi.org/10.1136/oem.43.1.18
https://doi.org/10.1097/CEJ.0b013e32832f9bee
https://doi.org/10.1179/oeh.2009.15.2.202
https://repository.library.brown.edu/studio/item/bdr:1095276/
https://doi.org/10.1136/oem.51.3.205
https://doi.org/10.1136/oem.51.3.205
https://doi.org/10.1016/B978-032304825-5.10065-0
https://www.inspq.qc.ca/pdf/publications/342-AsbestosIndoorOutdoorAir.pdf
https://pubs.usgs.gov/periodicals/mcs2020/mcs2020.pdf
https://repository.library.brown.edu/studio/item/bdr:1097892/
https://doi.org/10.2105/AJPH.29.3.205
https://doi.org/10.2105/AJPH.29.3.205
https://doi.org/10.1002/ajim.10263
https://doi.org/10.1002/ajim.10263
https://doi.org/10.1136/oem.41.3.389
https://doi.org/10.1289/ehp.94102s5229
https://doi.org/10.1016/S0003-4878(99)00067-8
https://doi.org/10.1016/S0003-4878(99)00067-8
https://doi.org/10.1080/10937404.2011.556046
https://doi.org/10.1080/10937404.2011.556046


11Tran et al.  
Annals of Global Health  
DOI: 10.5334/aogh.3135

27.	 Smith A, Wright C. Chrysotile asbestos is the main cause of pleural mesothelioma. Am J Ind Med. 1996; 

30: 252–266. DOI: https://doi.org/10.1002/(SICI)1097-0274(199609)30:3<252::AID-AJIM2>3.0.CO;2-0
28.	 Churg A, Warnock M. Asbestos Fibers in the General Population. American Review of Respiratory Disease. 

1980; 122: 669–678. DOI: https://doi.org/10.1164/arrd.1980.122.5.669
29.	 Anttila S, Karjalainen A, Taikina-aho O, et al. Lung cancer in the lower lobe is associated with 

pulmonary asbestos fiber count and fiber size. Environ Health Perspect. 1993; 101: 166–170. DOI: https://
doi.org/10.1289/ehp.93101166

30.	 Gylseth B, Randi B. Topographic and Size Distribution of Asbestos Bodies in Exposed Human Lungs. 

Scandinavian Journal of Work, Environment & Health. 1981; 7: 190–195. DOI: https://doi.org/10.5271/
sjweh.3111

31.	 Finnish Institute of Occupational Health. Asbestos, Asbestosis and Cancer: Helsinki Criteria for 

Diagnosis and Attribution 2014. 2014.

32.	 U.S. Environmental Protection Agency. AHERA Training Workshop for NESHAP Inspectors – Student 

Manual. In: Office of Air Quality and Standards, ed. Washington, DC 20460. 1990. https://nepis.epa.gov/
Exe/ZyPDF.cgi/91024QIF.PDF?Dockey=91024QIF.PDF. Accessed June 23, 2020.

33.	 Upton A, Barrett J, Becklake M, et al. Asbestos in Public and Commercial Buildings: A Literature 

Review and Synthesis of Current Knowledge. In: Health Effects Institute (HEI), ed. 1991. https://www.
healtheffects.org/system/files/SR_1991_Ch1-5_0.pdf. Accessed June 23, 2020.

34.	 Rigler MW. Expert Report: Regarding Alan R. Lohman Lung Tissue Analysis For Asbestos Burden 

Performed by Victor Roggli, MD. MAS Laboratory, 2010. https://repository.library.brown.edu/studio/item/
bdr:1097460/. Accessed June 23, 2020.

35.	 Pooley F, Clark N. Fiber dimensions and aspect ratio of crocidolite, chrysotile and amosite particles 

detected in lung tissue specimens. Annals New York Academy of Sciences. 1979; 330: 711–716. DOI: 

https://doi.org/10.1111/j.1749-6632.1979.tb18775.x
36.	 Dodson R, Hammar S. Asbestos: Risk Assessment, Epidemiology, and Health Effects. Boca Raton, FL: CRC 

Press – Taylor & Francis Group; 2011.

37.	 Roggli V, Gibbs A, Attanoos R, et al. Pathology of asbestosis- An update of the diagnostic criteria: Report 

of the asbestosis committee of the college of american pathologists and pulmonary pathology society. 

Arch Pathol Lab Med. 2010; 134: 462–480. DOI: https://doi.org/10.5858/134.3.462
38.	 Langer A, Nolan R, Addison J. Distinguishing between amphibole asbestos fibers and elongate leavage 

fragments of the non-asbestos analogues. Mechanisms in Fibre Carcinogenesis. 1991. DOI: https://doi.
org/10.1007/978-1-4684-1363-2_22

39.	 Egilman D. Health Effects of Censored Elongated Mineral Particles: A Critical Review. In: Brisson M, 

(ed.), Detection Limits in Air Quality and Environmental Measurements. West Conshohocken, PA: ASTM 

International. 2019; 192–239. DOI: https://doi.org/10.1520/STP161820180080
40.	 Sullivan M, Corn C, Dodson R. Comparative Efficiency of Nuclepore Filters of Various Pore Sizes as Used 

in Digestion Studies of Tissue. Environmental Research. 1987; 43: 97–103. DOI: https://doi.org/10.1016/
S0013-9351(87)80061-0

41.	 Wylie A. Discriminating Amphibole Cleavage Fragments from Asbestos: Rationaled and Methodology. 

Exposure Assessment and Control Asbestos/Other Fibrous Material. 1988.

42.	 International Organization for Standardization. ISO 14966: Ambient air — Determination of numerical 

concentration of inorganic fibrous particles — Scanning electron microscopy method. 2019. 

43.	 Chesson J, Leczynski B, Berner T, et al. Guidelines for conducting the AHERA (Asbestos Hazard 

Emergency Response Act) TEM (Transmission Electron Microscopy) clearance test to determine 

completion of an asbestos abatement project. Final report. Report no. PB-90-171778/XAB United States 

NTIS, PC A03/MF A01 GRA English, 1989. Washington, DC, USA: Chesson Consulting.

44.	 Roggli V. Deposition in Stepanek vs. Brenntag North America et al. in the Circuit Court of Cook County, 

Illinois. 2020; 48–49. https://repository.library.brown.edu/studio/item/bdr:1095278/. Accessed June 23, 

2020.

45.	 Virta RL. The Phase Relationship of Talc and Amphiboles in a Fibrous Talc Sample. 1985.

46.	 Roggli V, Carney J, Sporn T, et al. Response to letter regarding “Talc and mesothelioma: Mineral fiber 

analysis of 65 cases with clinicopathological correlation.” Ultrastructural Pathology. 2020. DOI: https://
doi.org/10.1080/01913123.2020.1737286

47.	 Gordon R. Cosmetic Talcum Powder as a Causative Factor in the Development of Diseases of the Pleura. 

Diseases of Pleura. 2019. DOI: https://doi.org/10.5772/intechopen.88194
48.	 Langer A, Nolan R. Chrysotile: Its Occurrence And Properties As Variables Controlling Biological Effects. 

British Occupational Hygiene Society. 1993; 33: 427–451.

49.	 Pooley F. Electron microscope characteristics of inhaled chrysotile asbestos fibre. Brit J industr Med. 

1972; 29: 146–153. DOI: https://doi.org/10.1136/oem.29.2.146

https://doi.org/10.1002/(SICI)1097-0274(199609)30:3<252::AID-AJIM2>3.0.CO;2-0
https://doi.org/10.1164/arrd.1980.122.5.669
https://doi.org/10.1289/ehp.93101166
https://doi.org/10.1289/ehp.93101166
https://doi.org/10.5271/sjweh.3111
https://doi.org/10.5271/sjweh.3111
https://nepis.epa.gov/Exe/ZyPDF.cgi/91024QIF.PDF?Dockey=91024QIF.PDF
https://nepis.epa.gov/Exe/ZyPDF.cgi/91024QIF.PDF?Dockey=91024QIF.PDF
https://www.healtheffects.org/system/files/SR_1991_Ch1-5_0.pdf
https://www.healtheffects.org/system/files/SR_1991_Ch1-5_0.pdf
https://repository.library.brown.edu/studio/item/bdr:1097460/
https://repository.library.brown.edu/studio/item/bdr:1097460/
https://doi.org/10.1111/j.1749-6632.1979.tb18775.x
https://doi.org/10.5858/134.3.462
https://doi.org/10.1007/978-1-4684-1363-2_22
https://doi.org/10.1007/978-1-4684-1363-2_22
https://doi.org/10.1520/STP161820180080
https://doi.org/10.1016/S0013-9351(87)80061-0
https://doi.org/10.1016/S0013-9351(87)80061-0
https://repository.library.brown.edu/studio/item/bdr:1095278/
https://doi.org/10.1080/01913123.2020.1737286
https://doi.org/10.1080/01913123.2020.1737286
https://doi.org/10.5772/intechopen.88194
https://doi.org/10.1136/oem.29.2.146


12Tran et al.  
Annals of Global Health  
DOI: 10.5334/aogh.3135

50.	 Roggli V. Deposition in Ropp vs. American Honda Motor Company et al. in the Circuit Court of Caroline 

County, Maryland. 2015; 62–63. https://repository.library.brown.edu/studio/item/bdr:1105308/. Accessed 

June 23, 2020.

51.	 Feder I, Tischoff I, Theile A, et al. The asbestos fibre burden in human lungs: New insights into the 

chrysotile debate. Eur Respir J. 2017; 49: 1602534. DOI: https://doi.org/10.1183/13993003.02534-2016
52.	 Roggli V. Deposition in Ropp vs. American Honda Motor Company et al. in the Circuit Court of Caroline 

County, Maryland. 2015; 76–78. https://repository.library.brown.edu/studio/item/bdr:1105308/. Accessed 

June 23, 2020.

53.	 Oury T, Roggli V, Sporn T. Pathology of asbestos-associated diseases. Third Edition ed.  New York, NY: 

Springer; 2014. DOI: https://doi.org/10.1007/978-3-642-41193-9
54.	 Gylseth B, Churg A, Davis J, et al. Analysis of asbestos fibers and asbestos bodies in tissue samples from 

human lung. An international interlaboratory trial. Scand J Work Environ Health. 1985; 11: 107–110. DOI: 

https://doi.org/10.5271/sjweh.2246
55.	 Case W, Abraham J, Meeker G, et al. Applying Definitions of “Asbestos” to Environmental and “Low-

Dose” Exposure Levels and Health Effects, Particularly Malignant Mesothelioma. Journal of Toxicology 

and Environmental Health. 2011; Part B: 3–39. DOI: https://doi.org/10.1080/10937404.2011.556045
56.	 Churg A. The Distribution of Amosite Asbestos in the Periphery of the Normal Human Lung. British 

Journal of Industrial Medicine. 1990; 47: 677–681. DOI: https://doi.org/10.1136/oem.47.10.677
57.	 Roggli V, Carney J, Sporn T, et al. Talc and mesothelioma: Mineral fiber analysis of 65 cases with 

clinicopathological correlation. Ultrastructural Pathology. 2020; 44: 211–218. DOI: https://doi.org/10.1080
/01913123.2020.1737286

58.	 Tran T, Steffen J, Clancy K, et al. Talc, Asbestos, and Epidemiology: Corporate Influence and Scientific 

Incognizance. Epidemiology. 2019; 30: 783–788. DOI: https://doi.org/10.1097/EDE.0000000000001091
59.	 National Toxicology Program. Draft Report on Carcinogens: Background Document for Talc – 

Asbestiform and Non-Asbestiform. Meeting of the NTP Board of Scientific Counselors – Report on 

Carcinogens Subcommittee. 2000. https://repository.library.brown.edu/studio/item/bdr:841468/. Accessed 

June 23, 2020.

60.	 Steffen JE, Tran T, Yimam M, et al. Serous Ovarian Cancer Caused by Exposure to Asbestos and Fibrous 

Talc in Cosmetic Talc Powders—A Case Series. Journal of Occupational and Environmental Medicine. 2020; 

62: e65–e77. DOI: https://doi.org/10.1097/JOM.0000000000001800
61.	 Roggli V. Deposition in Stepanek vs. Brenntag North America et al. in the Circuit Court of Cook County, 

Illinois. 2020; 93–94. https://repository.library.brown.edu/studio/item/bdr:1095278/. Accessed June 23, 

2020.

62.	 Roggli VL. Deposition in DiBenedetto vs. Noble Drilling Company et. al. in the Civil District Court of 

the Parish of New Orleans page 268–271. 2009. https://repository.library.brown.edu/studio/item/
bdr:1095279/. Accessed June 23, 2020.

63.	 McEwen G. Letter to Dr. C.W. Jameson, NTP RE: Call for Public Comments on 21 Substances. Mixtures and 

Exposure Circumstances Proposed for Listing in the Report on Carcinogens, Twelfth Edition (69 Federal 

Register 28940): Cosmetic Talc. 2004.

64.	 Tossavainen A. Asbestos, asbestosis, and cancer: The Helsinki criteria for diagnosis and attribution. 

Scand J Work Environ Health. 1997; 23: 311–316. DOI: https://doi.org/10.5271/sjweh.226
65.	 Roggli V, Vollmer R, Butner K, et al. Tremolite and Mesothelioma. Ann Occup Hyg. 2002; 46: 447–453.

66.	 Ashton W. Memo to Leebaw, J. Re: Johnson’s Baby Powder Use, JNJ 000312709. 1991. https://repository.
library.brown.edu/studio/item/bdr:841456/. Accessed June 23, 2020.

67.	 Nam K, Gracey DR. Pulmonary talcosis from cosmetic talcum powder. JAMA. 1972; 221: 492–493. DOI: 

https://doi.org/10.1001/jama.1972.03200180034009
68.	 Roggli V. Deposition in Stepanek vs. Brenntag North America et al. in the Circuit Court of Cook County, 

Illinois. 2020; 88. https://repository.library.brown.edu/studio/item/bdr:1095278/. Accessed June 23, 2020.

https://repository.library.brown.edu/studio/item/bdr:1105308/
https://doi.org/10.1183/13993003.02534-2016
https://repository.library.brown.edu/studio/item/bdr:1105308/
https://doi.org/10.1007/978-3-642-41193-9
https://doi.org/10.5271/sjweh.2246
https://doi.org/10.1080/10937404.2011.556045
https://doi.org/10.1136/oem.47.10.677
https://doi.org/10.1080/01913123.2020.1737286
https://doi.org/10.1080/01913123.2020.1737286
https://doi.org/10.1097/EDE.0000000000001091
https://repository.library.brown.edu/studio/item/bdr:841468/
https://doi.org/10.1097/JOM.0000000000001800
https://repository.library.brown.edu/studio/item/bdr:1095278/
https://repository.library.brown.edu/studio/item/bdr:1095279/
https://repository.library.brown.edu/studio/item/bdr:1095279/
https://doi.org/10.5271/sjweh.226
https://repository.library.brown.edu/studio/item/bdr:841456/
https://repository.library.brown.edu/studio/item/bdr:841456/
https://doi.org/10.1001/jama.1972.03200180034009
https://repository.library.brown.edu/studio/item/bdr:1095278/


13Tran et al.  
Annals of Global Health  
DOI: 10.5334/aogh.3135

TO CITE THIS ARTICLE:
Tran T, Egilman D, Rigler M, 
Emory T. A Critique of Helsinki 
Criteria for Using Lung Fiber 
Levels to Determine Causation 
in Mesothelioma Cases. Annals 
of Global Health. 2021; 87(1): 
73, 1–13. DOI: https://doi.
org/10.5334/aogh.3135

Published: 29 July 2021

COPYRIGHT:
© 2021 The Author(s). This is an 
open-access article distributed 
under the terms of the Creative 
Commons Attribution 4.0 
International License (CC-BY 
4.0), which permits unrestricted 
use, distribution, and 
reproduction in any medium, 
provided the original author 
and source are credited. See 
http://creativecommons.org/
licenses/by/4.0/.

Annals of Global Health is a peer-
reviewed open access journal 
published by Ubiquity Press.

https://doi.org/10.5334/aogh.3135
https://doi.org/10.5334/aogh.3135
https://doi.org/10.5334/aogh.3135
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

