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Background & objectives: Aflatoxins pose serious health risks to humans and livestock, with ingestion 
being the most common route of exposure. In occupational settings, workers can also be exposed through 
inhalation of organic dust and dermal contact. The review aimed to provide an overview of aflatoxin 
exposure and health effects among workers.

Methods: Observational studies investigating occupational exposure to aflatoxins and their health effects 
were systematically screened in PubMed, Embase, and Scopus till June 2024. Studies meeting inclusion 
criteria, were assessed for their methodological quality using the Newcastle-Ottawa Scale. 

Results: Overall, 12,610 studies were screened of which 17 studies were included in the final review. Food-
grain workers, farmers, millers, bakers, grain handlers, oil pressors, and feed mixers, are at a higher 
risk of occupational exposure to aflatoxins. Assessment of exposure was done by analysing biological 
fluids (Blood, Urine, and Bronchoalveolar lavage) and samples from the working environment (settled 
dust, airborne dust, and personal sampling) using enzyme-Linked Immunoassay and High-Performance 
Liquid Chromatography. Studies have shown an elevation of hepatic and renal enzymes, an increased 
risk for hepatobiliary cancer, and an increased risk for tumour markers, oxidative markers, and 
reduced antioxidant levels. One recent study has also found an association between aflatoxin exposure 
and weight for age and height among children of workers.

Interpretation & conclusions: Occupational exposure to aflatoxins is associated with hepatic and renal 
toxicity and increased carcinogenic risk. These findings highlight the need of large scale dose- response 
studies, workplace monitoring and regular health surveillance among workers.
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Aflatoxins, patulin, fumonisins, ochratoxins, 
zearalenone, and nivalenol/deoxynivalenol are the 

most frequently found mycotoxins that can cause 
potential harm to humans and animals1-4. Aflatoxins are 
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considered the most dangerous and potent carcinogens 
among all mycotoxins, attracting significant attention 
due to their harmful effects even at low concentrations4,5. 
Aflatoxins are a family of related Bis-furanocoumarin 
compounds produced by the fungi Aspergillus flavus 
and Aspergillus parasiticus6,7. Aflatoxin-producing 
fungi proliferate rapidly on grains, seeds, nuts, and 
other foodstuffs, resulting in the contamination of 
approximately one-quarter of global agricultural 
commodities2. The prevalence of aflatoxin-producing 
fungi on cereal grains poses a significant health risk 
in Asian countries, where these staples constitute a 
substantial portion of the diet8. Although ingestion is 
the primary entry route for aflatoxin exposure9, workers 
can also be at risk through skin contact and inhalation 
of organic dust10,11. This puts them in additional risk 
compared to the general population, owing to the 
possibility of cumulative exposure through different 
routes12. Chronic exposure to aflatoxins, which 
primarily results from contaminated food, is known 
to have a number of long-term consequences, most 
notably growth impairment and liver cancer1.

Aflatoxin exposure has been linked to damage in 
various organs, including the kidney, liver, immune 
system, and central nervous system. It can lead to 
carcinogenicity, mutagenicity, and teratogenicity13-15. 
With no safe level of exposure defined among humans 
and a lack of a monitoring system in place, exposed 
workers are at a higher risk of adverse health effects16,17.

 Most of the existing reviews on this topic are not 
recent and narrative in nature6,9 and some of them dealt 
with all mycotoxins in general and their health effects1. 
This review aims to identify studies that assessed 
aflatoxin exposure in the workplace and its health 
impact on workers9,13.

Materials & Methods

This systematic review was conducted following 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) guidelines18, ensuring a 
rigorous and standardized methodology. The protocol 
for the review was registered in Prospero (Prospero 
2023- CRD42023451307).

Search strategy: A thorough search was conducted in 
electronic databases including PubMed, Scopus, and 
Embase to select articles from inception (an earliest 
study found was in the year 1984) to June 2024. A 
comprehensive search was conducted, including a 
manual review (perusing reference lists and hand 
searching in the library), to ensure no relevant articles 

were inadvertently omitted. The search was conducted 
employing categories such as “occupational exposure”, 
“aflatoxins” and “health outcomes”. The complete 
search strategies based on the PICO format along with 
PRISMA checklist are reported in supplementary file:1 
(11,907 in primary search till November 2023 and 
+703 articles in additional search in June 2024).

Inclusion criteria: We have included observational 
studies from inception to June 2024 investigating 
occupational exposure to aflatoxins among workers 
from different occupational settings and their associated 
health outcomes/effects.

Exclusion criteria: We have excluded studies on 
animals, languages other than English, review articles, 
opinions/case reports, study protocols, and those 
articles that dealt with aflatoxin exposure without 
health effects or/and without any occupational route of 
exposure. When necessary, corresponding authors of 
publications were contacted to seek the full text or any 
missing data needed for the review.

Quality assessment: The Newcastle-Ottawa Scale 
(NOS) was utilized to evaluate the methodological 
quality and potential for bias in the chosen observational 
studies. For cross-sectional, cohort, and case-control 
studies, there are specific NOS instruments with 
sections on exposure, outcome, comparability, and 
selection. Studies with a total score of six or higher, 
three to five, or less than three are categorized as high, 
medium, or low quality, respectively4,19.

Results

Data extraction: The final included studies reference 
list was screened to get similar studies for the review. 
All identified studies, i.e. 12,610 in the initial search 
11,907 (PubMed- 4,806, Scopus-5,631, Embase-1470) 
and additional search 703 (PubMed-66, Scopus-564, 
Embase-73) were compiled and uploaded into Rayyan 
Software to remove duplicates and a total of 2,661 
duplicates were removed. Post deduplication, the titles, 
and abstracts were independently screened by two 
reviewers (PS, LM), and any disagreement was resolved 
by 3rd reviewer (GM), who reviewed and conducted an 
open discussion with other reviewers till a consensus 
was reached. This was followed by obtaining the articles 
with full text to screen for final review. To choose the 
articles for final review, all articles were independently 
screened by two reviewers to reduce the selection bias. 
Reviewer 3 reviewed the articles that had a conflict in 
opinion and decided whether to include the article for 
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review after discussing with the reviewers till consensus. 
After resolving the conflicts, a final list of articles was 
made, which was used for data extraction. Additional 
search yielded 703 articles from all 3 sources, and 1 
study qualified for final data extraction. Extraction 
of data was attempted using a data extraction form in 
Microsoft Excel software by two reviewers together 
through open discussion and cross-checked by 3rd 
reviewer to extract relevant information about general 
details such as authors, year of publication, place of 
study, study design, study setting, sample characteristics 
(age, gender, and occupation), exposure (exposure 
duration, type of industry, aflatoxin levels/presence in 
workplace and biological samples), sample size and 
outcome (Health effects) was extracted for further 
narrative synthesis presented in text and table. Steps of 
the screening process, along with reasons for exclusion, 
were provided in the PRISMA flow diagram in figure 1.

The review included 17 papers that examined the 
relationship between occupational aflatoxin exposure 
and health outcomes. Details of the included studies 
with quality assessment score are shown in table 
I8,11,12,20-33. Of the 17 chosen studies, cross-sectional 
studies were the most frequently used study design 

(n=12) followed by retrospective record-based cohort 
(n=3) and case-control studies (n=2). Geographically, 
these studies were spread throughout China (n=1), 
India (n=1), Malaysia (n=1), Sweden (n=1), Thailand 
(n=1), the Netherlands (n=1), Denmark (n=1), Iran 
(n=2), Tanzania (n=1), Bangladesh (n=1), and Egypt 
(n=6).

Worker profile: The majority of the studied groups were 
employed in food-handling occupations, including 
farmers, flour millers, oil pressers, and livestock feed 
company workers. Sugar and paper factories, textile 
mills, waste management companies that handle 
both dry and wet household waste, and sawmills 
were among the others studied. With a mean age of 
between 30 and 40 yr, most workers were in the 20–60 
age range. Except for five studies in which only male 
workers constituted the study participants, the majority 
of studies have included participants from both 
genders. The minimum duration of work varied from 
six months to 10 years across studies. Few studies have 
not specified a minimum duration of work among the 
study population. Most of the workers in the control 
groups were employed at the same factory and handled 
workplace administrative tasks.

Fig. 1. PRISMA flow diagram.

Records included
(n=1)
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Assessment of exposure: Assessment of exposure was 
done using two methods- environmental and biological 
assessments.

Environmental assessment: Seven studies evaluated 
the environmental levels of aflatoxin in worker 
environments. They assessed exposure by monitoring 
settled dust levels (PET bottles, cardboard, metal, 
plastic), airborne dust, and personal sampling (the 
sampler located in the breathing zone of the worker), 
and dermal wipes (1 study) using enzyme-linked 
immunoassay (ELISA)and high performance liquid 
chromatography- fluorescence detector (HPLC-FLD). 
Samplers used to assess were IOM samplers, universal 
PCXR (Personal Constant-flow X- stream Rate pump) 
samplers, glass microfibre filter, and air sampling units. 
Particle size varied from 0.7 micrometre to up to 8 mm. 

Period of sampling ranged from 2-8 hours (working 
hours)8,12,20-22. One of the studies considered additional 
parameters like temperature and relative humidity12. 
One study done at the rice mill area, the average 
airborne Aflatoxin B1 was 2.22 ng/m3±0.07, while 
for the personal exposure, it was 0.25 ng/m3±0.24. Two 
(2.3%) dermal wipe samples were tested to be positive 
for aflatoxins among exposed mill workers compared 
to none among office workers8. Details of aflatoxin 
values in environmental samples are mentioned in 
table II.

Biological assessment: In nine studies, the serum 
sample was tested to assess the aflatoxin B1 (AFB1) 
levels. Some studies have taken urine (2 studies) and 
bronchoalveolar lavage (BAL) (1 study) to evaluate 

Table I. Basic details of the included studies with quality assessment score
Sl. No. Study ID (Author & yr) Country Study design Sample size Occupational group Quality 

assessment 
score

1 Ali et al23, 2024 Bangladesh Cross Sectional 76 (E-51, NE-25) Grain & spice mill 
workers

****

2 Gichohi-Wainaina et al28, 2023 Tanzania Cross Sectional 250 Farming mothers ****
3 Karamkhani et al12, 2022 Iran Cross Sectional 60 (E-30, NE-30) Wet waste processing 

workers
******

4 Asri et al8, 2020 Malaysia Cross Sectional 124 (E-76, NE-48) Rice Mill workers ***
5 Karamkhani et al20, 2020 Iran Cross Sectional 40 (E-20, NE-20) Solid waste 

processing workers
******

6 Saad-Hussein et al29, 2021 Egypt Cross Sectional 166 (E-88, NE-78) Sawmill workers *****
7 Saad-Hussein et al25, 2016 Egypt Cross Sectional 290 (E-190, NE-100) Wheat handlers *****
8 Saad-Hussein et al21, 2016 Egypt Cross Sectional 375 (E-219, NE-156) Wheat handlers, 

Sawmill workers
*****

9 Malik et al11, 2014 India Cross sectional 90 (E-46, NE-44) Food Grain Workers 
including farmers

*****

10 Lai et al22, 2014 China Case control 218 (Ca-68, C-150) Sugar &paper making 
factory workers

*****

11 Saad-Hussein et al26, 2014 Egypt Cross sectional 286 (E-190, NE-96) Wheat handlers *****
12 Saad-Hussein et al33, 2014 Egypt Case control 75 (Ca-35, C -40) Wheat mill workers *****
13 Saad‐Hussein et al24, 2013 Egypt Cross sectional 122 (E-58, NE-64) Textile workers ******
14 Nuntharatanapong et al32, 2001 Thailand Cross sectional 14 (E-10, NE-4) Animal feed mixers ****
15 Olsen et al27, 1988 Denmark Record based 

cohort
398 cancer cases Livestock feed 

workers
*****

16 Alavanja et al30, 1987 Sweden Record based 
cohort

2649 Grain millers *****

17 Hayes et al31, 1984 Netherlands Record based 
cohort

138 (E-71, NE-67) Oil press workers *****

Summary of included studies on occupational exposure to aflatoxins, listing the study identification (author and year), country of study, study 
design, sample size, occupational group involved, and quality assessment scores. This table provides an overview of the characteristics and 
methodological quality of each study analysed; E, exposed; NE, non-exposed; Ca, cases; C, controls
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exposure assessment. The period of sampling ranged 
mostly during working hours, which is 2-8 h. The 
most common method used to assess exposure in 
biological fluids is ELISA, followed by HPLC-FLD. A 
study conducted in a developing country revealed that 
aflatoxins were present in the BAL fluid of 32.6 per 
cent of agricultural workers who handled food grains, 
compared to 9.1 per cent of workers who did not11. 
Another pilot study showed no significant difference 
in AflatoxinM1 levels in urine samples of mill workers 
and the control population in Bangladesh23. A similar 
study that assessed exposure in urine samples showed 
significantly higher levels among textile workers (pre-
spinning- 554.2±346.2 pg/mL, spinning -459.1±781.6 
pg/mL and weaving -296.5±336.5 pg/mL) compared 
to controls (68.5±136.8 pg/mL)24. When we compared 
the levels of aflatoxin across occupational groups, we 
found that compared to mill workers, bakers had higher 
amounts of aflatoxins25,26. Another similar study by the 
same investigator compared levels between different 
occupational groups exposed to aflatoxin and observed 
that the mean values of aflatoxin in biological samples 
of sawmill workers were higher compared to flour 
mill workers21. A few research studies attempted to 
identify the species, primarily identifying Aspergillus 
flavus and Aspergillus niger. But more species were 
also found, including Aspergillus parasiticus, tereus, 
and ochraceus24,25. Few older studies often assumed 
aflatoxin exposure levels among workers, relying 
on reference articles rather than direct assessment or 
quantification of exposure. An earlier study investigated 
the cancer risk among livestock feed processing 
workers in Denmark, have assumed a daily exposure 
of roughly 170ng based on the average concentration 
of aflatoxin in mixed cattle feed27. Another study done 
among sugar and paper-making workers was assessed 
aflatoxin exposure in airborne dust and in serum 
samples of workers to assess the exposure22. The mean 
AFB1 concentration in dust samples from the sugarcane 
bagasse warehouse, presser workshop, and paper 
production workshop were 7.2±1.30 µg/kg, 8±1.23 µg/
kg and 8.6±1.82 µg/kg, respectively. The mean AFB1 
levels were significantly higher in the blood samples 
of workers (38.51±44.80 pg/mg albumin) compared to 
controls (15.58±6.42 pg/mg albumin).

Assessment of outcomes: The majority of the studies 
concentrated on the effects on the hepatobiliary system 
by analysing liver function tests. Some studies also 
evaluated tumour markers, antioxidant levels, renal 

function tests, and oxidative marker levels. Cancer 
incidence and mortality were the main outcomes of 
interest in many record-based retrospective studies. 
Few studies also looked into the effects on the 
respiratory system, which could be due to inhalation of 
contaminated dust in occupational settings. One recent 
study explored the effects of occupational exposure to 
aflatoxins among farming mothers and has assessed 
weight for age and weight for height (z scores) among 
their children28. Results are summarised in table II.

Hepatobiliary system: Of 17 studies included in the 
review, six studies assessed the association between 
aflatoxin and the elevation of liver enzymes. A recent 
study conducted among the waste management workers 
has observed a statistically significant difference in 
biochemical profile between the worker and control 
groups, with higher mean values among workers20. The 
mean values of alanine aminotransferase (ALT) and 
aspartate aminotransferase (AST) among workers and 
controls were 52 ± 6 IU/mL vs 30 ± 3 IU/mL and 61 ± 7 
IU/mL vs 30 ± 4 IU/mL, respectively29. Serum bilirubin 
values also differed significantly between groups. 
Similar results were noticed in another study done in 
waste management workers by the same investigator 
in 2020. Neither study observed any significant change 
in serum triglyceride and cholesterol levels12,20. In 
addition to waste management workers, elevated liver 
enzymes were also observed among flour mill workers, 
wood dust/sawmill workers, and Bakers compared 
to controls25,28. Risk for liver and hepatobiliary 
tract cancers was observed among Danish workers 
(livestock)27. Standardized proportional incidence ratio 
(SPIR) was used to determine the risk of developing 
cancer among workers with the highest value observed 
for gallbladder and extrahepatic bile ducts (SPIR 298; 
95% CI-109-659), followed by liver (SPIR-246; 95% 
CI-108-486) including 10-yrlatency period. As it was a 
record-based study with exposure based on assumption, 
they postulated that the most likely explanation for the 
elevated risk of cancer could be due to occupational 
exposure to aflatoxin in animal feeds. Standardized 
incidence ratio was used to calculate risk in a record-
based study (1961-1979) from Sweden among 2,649 
male grain millers30. Even though the overall cancer 
incidence was not high among workers, this study 
observed a significantly higher number of primary 
hepatic cancers with SIR 238 (95% CI-114-438). As a 
comprehensive exposure assessment was not done, they 
used international comparisons to establish aetiologies, 
which included aflatoxins and pesticides. A study from 
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China showed that workers in sugar and paper-making 
factories with a history of exposure to airborne dust had 
an elevated risk of hepatocellular carcinoms compared 
to unexposed (OR-5.24, 95% 2.77-9.88)22.

Respiratory system: One study8 has mentioned 
outcome assessment in terms of lung function tests 
using Spirometry and respiratory symptoms using 
a questionnaire. AFB1 detected in the hand wipe 
sample is 2.3 per cent and not detected in non-
exposed workers. 9.2 per cent of exposed workers 
had respiratory symptoms as compared to 4.2 per cent 
in non-exposed. While no significant difference in 
respiratory symptoms was found between rice millers 
and the control group, the study revealed a significant 
decrease in mean forced expiratory volume in 1second 
(FEV1) among rice millers when comparing pre-and 
post-shift measurements8.

One study11 found a significantly higher 
prevalence of aflatoxins in BAL samples from food-
grain workers (32.6%) compared to non-food-grain 
workers (9.1%, P<0.01). A substantially higher 
proportion of food-grain workers exhibited chronic 
respiratory symptoms compared to non-food-grain 
workers. These findings led the authors to conclude 
that occupational exposure to aflatoxins among food-
grain workers is associated with an increased risk of 
respiratory symptoms11.

Two studies have assessed outcomes in terms 
of cancer incidence and mortality based on a cancer 
registry. In one study31 among oil press workers, the 
group exposed to aflatoxin was observed to have higher-
than-expected mortality rates for both respiratory and 
total cancer. Another study27 conducted among workers 
at animal feed facilities indicated that although there 
was the possibility of negative confounding from the 
smoking habits of employees, a lower incidence of 
lung cancer was noted, suggesting that the lung may 
not be a target organ for aflatoxin27.

Renal system: Three studies assessed renal function. 
Studies in waste management employees revealed 
statistically significant differences in renal function test 
(RFT), between the worker and control groups12,20. The 
mean values of urea and creatinine among workers and 
controls were 51 ± 1 mg/dL vs. 33 ± 3 mg/dL, and 4.2 
± 0.7 mg/dL, 1.6 ± 0.3 mg/dL, respectively. Another 
study23 conducted among mill workers suggested that 
there was no additional occupational exposure in the 
particular environment.

Reproductive system: In a recent study from Tanzania 
that evaluated how aflatoxin affects children's growth 
among mothers with farming AFB1 concentration was 
linked to lower weight for age and weight for height (z 
scores) in their children.

Effect on biomarkers: Few studies have assessed levels 
of biomarkers such as tumour necrosis factor alpha 
(TNF alpha), lactate dehydrogenase (LDH), alkaline 
phosphate (ALP), alpha-fetoprotein (AFP), alpha-L-
fucosidase (AFU), arginase, and insulin - like growth 
factor (IGF-1) among exposed and non-exposed 
workers. A case-control study has observed elevated 
levels of AFB1, AFP, and AFU among HCC. Higher 
levels of AFB1 were observed in millers and bakers 
compared to controls26. The study concluded that wheat 
handlers have a high risk of developing elevated serum 
AFB1/albumin and elevated AFU, suggesting they are 
at high risk of developing HCC. One study observed 
elevated levels of spleen and lung liver enzymes such 
as LDH 3 and LDH4 and decreased levels of LDH1 
among animal feed workers compared to controls. 
The animal feed mixer groups had higher plasma 
TNF alpha levels (86.6±29.7 pg/mL and 107.0±21.5 
pg/mL), respectively, while the control group had 
no detectable levels32. Another study24 observed a 
significant increase in AFU among workers exposed to 
aflatoxins compared to controls. AFP was significantly 
higher among weavers compared to workers in pre-
spinning, spinning, and control groups. IGF1 levels 
were significantly lower among workers, however, it 
was not significantly different between employees and 
controls25.

Oxidative stress markers: In addition to tumour 
biomarkers, the association between aflatoxins, 
oxidative stress markers, and antioxidant levels was 
studied. A study conducted in 2020 among workers 
in the wood dust industry observed an elevation of 
oxidative stress markers such as malondialdehyde 
(MDA) and glutathione peroxidase (GPX) in addition 
to an elevation of liver enzymes28. Also, a reduction in 
the level of antioxidant enzymes such as catalase was 
observed among workers compared to controls.

Other studies have demonstrated similar results12,20. 
In both of the studies, AFB1 exposure caused a 
significant increase in serum MDA concentration and 
reduced antioxidant levels such as total antioxidant 
capacity (TAC) and glutathione (GSH).
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Discussion

This systematic review deals with occupational 
aflatoxin exposure and its health effects among workers. 
We found that food-grain workers, such as farmers, 
millers, bakers, handlers, oil pressors and workers in 
animal husbandry, such as feed mixers, are at a higher risk 
of occupational exposure to aflatoxins. They have  mainly 
acquired exposure through inhalation of contaminated 
dust and handling of contaminated grains. Textiles, waste 
management, sawmills, sugar, and papermaking were 
the other industries studied. The geographical spread 
across Asia, Africa, Europe and the Middle East, with the 
highest number of studies in Egypt, reflects the global 
nature of exposure with regional variations in risk and 
outcomes where Egyptian studies highlighted significant 
hepatobiliary effects and elevated aflatoxin levels linked 
to organic dust exposure via foodgrain and sawmill 
workers. Asian studies often pointed out an association 
with respiratory effects among rice millers and textile 
workers. European studies on livestock feed and grain 
mill workers, reveal lower contamination levels despite 
leading to hepatobiliary cancer.

 The influence of climate, occupational practices 
and type of crops handled often plays a major role 
in aflatoxin- related health outcomes. Most of the 
studies have observed higher levels of aflatoxins in 
biological fluids compared to controls, except for 
a recent study among mill workers in Bangladesh. 
However, the study was done on a pilot basis among a 
small sample size. Since ingestion is the most frequent 
way that aflatoxins enter the body, many countries 
have established criteria for the maximum amount of 
aflatoxins that can be present in food and feed23. The 
European Commission's consumption regulation states 
that the acceptable levels of aflatoxins and AFB1 in 
peanuts for direct consumption are 2 µg/kg and 4 µg/
kg, respectively. AFB1 in all food items is limited to 
10 µg/kg in Japan, while all aflatoxins are allowed 
up to 20 µg/kg in the USA13,16. There is substantial 
heterogeneity among research on the methodologies 
used to measure aflatoxin exposure levels, and there 
is no acceptable threshold for aflatoxin levels in 
biological fluids or the workplace that can be used 
to classify them as high or low risk. This is also 
consistent with findings of an existing review1,17. We 
could not find any multicenter large-scale studies 
exploring dose-response relationships which could 
aid in the setting of permissible limits in the working 
environment. Most of the studies published12,20,24,26,29,33 
were different aspects or components of the same study 

done in one industry setting by the same investigators 
or record-based studies with assumed exposure to 
aflatoxins without quantification. A study published 
in Scientific Reports has highlighted that aflatoxins 
can affect the respiratory mucosal ciliary function 
and thus impair the protective mechanism against 
pathogens34. Even though we have come across case 
reports linking occupational exposure to aflatoxins 
and lung cancer, except for one record-based study in 
the past, most of the studies included in this review 
could not establish a dose-response relationship or 
elevated risk of lung cancer among workers which 
is not in line with the findings of the existing review 
on a similar topic. However, those were record-based 
studies without consideration of confounding factors. 
Hence, it's difficult to conclude the association between 
occupational exposure to aflatoxin and respiratory 
cancers from the existing evidence17,27. Inconsistencies 
across various studies could be due to the study designs 
adopted, sample size, and consideration of covariates. 
The primary organ responsible for detoxifying 
aflatoxins is the liver. Prolonged exposure to aflatoxins 
can result in DNA adducts, which can cause numerous 
mutations and epigenetic changes that can eventually 
cause carcinoma. Also, existing literature supports the 
immune suppression effect of aflatoxins4,35,36. A recent 
review has explored the effect of aflatoxins on the 
growth impairment of infants and children, considering 
that exposure could occur through the transplacental 
route and later during weaning. It was concluded that 
exposure to aflatoxins could result in underweight 
and stunting among children which is similar to our 
review4,37,38. The potential for exposure through 
ingestion, inhalation, or skin contact by female workers 
employed in high-risk occupations could pose a serious 
risk to the health of their children due to transplacental 
transfer4,9. Biomonitoring of stillborn and neonatal 
tissues further confirms effective transplacental passage 
of aflatoxin metabolites and co‑exposure with other 
mycotoxins, suggesting potential roles in prematurity 
and congenital anomalies39. The review has identified 
many research gaps in this topic, which include the 
absence of large-scale multicentre studies with good 
study design exploring dose-response relationships, 
adjusting for confounding variables. Also, the absence 
of standard methodologies for the assessment of 
exposure to aflatoxins in the working environment 
makes it difficult to make meaningful comparisons 
across studies.

Most information about aflatoxin toxicity comes 
from studies of experimental animals, which may not 
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reflect the true aflatoxin exposure of humans and non-
experimental animals. The studies included in this 
review have investigated the actual human exposure to 
aflatoxins in contaminated occupational environments, 
and although there was no standard method for the 
assessment of exposure. Results could have been 
influenced by the exclusion of a small number of 
studies that examined mycotoxins generally without 
mentioning aflatoxins specifically. There could be a 
possibility of misdiagnosis in record-based cancer 
mortality data. There could be the presence of other 
toxins in the working environment, which might have 
influenced the outcome of the included studies. The 
control groups selected were mainly administrative 
workers in the same setup who also would be at 
risk of exposure to aflatoxins. Most of the studies 
were cross-sectional studies, and hence, the causal 
association could not be established in those studies. 
It is important to recognize that occupational dust may 
contain several contaminants in addition to aflatoxins, 
which could also contribute to the observed health 
effects.	 Given the lack of regulatory guidelines, 
active surveillance for aflatoxin in the workplace and 
among employees needs to be initiated. Most of these 
cross-sectional studies, as we have seen, were poorly 
designed and had a smaller sample size. Hence, we 
recommend multi-centric large-scale studies to assess 
the dose-response relationship which could further aid 
in setting permissible levels of aflatoxin. Strategies that 
help in proper handling and storage facilities could be 
explored and consistent usage of personal protective 
equipment should be implemented to reduce the 
exposure levels among workers.

Workers from high risk occupations such as farmers, 
grain handlers, poultry workers, animal feed mixers 
face significant occupational aflatoxin exposure, with 
biological and environmental assessments revealing 
associations with hepatic, renal, and respiratory effects, 
elevated cancer risk markers, and adverse growth 
outcomes in their children. Therefore, recognizing 
and addressing these exposures is critical for clinical 
evaluation, early detection, and prevention of long-term 
health consequences in at-risk worker populations. This 
comprehensive understanding will help policymakers, 
occupational health professionals, and researchers 
in developing targeted interventions and policies to 
mitigate workplace aflatoxin exposure risks.
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