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Abstract

Background: Intensified food production, i.e. agricultural intensification and industrialized livestock operations may
have adverse effects on human health and promote disease emergence via numerous mechanisms resulting in
either direct impacts on humans or indirect impacts related to animal and environmental health. For example,
while biodiversity is intentionally decreased in intensive food production systems, the consequential decrease in
resilience in these systems may in turn bear increased health risks. However, quantifying these risks remains
challenging, even if individual intensification measures are examined separately. Yet, this is an urgent task, especially
in rapidly developing areas of the world with few regulations on intensification measures, such as in the Greater
Mekong Subregion (GMS).

Methods: We systematically searched the databases PubMed and Scopus for recent studies conducted on the
association between agricultural (irrigation, fertilization, pesticide application) and livestock (feed additives, animal
crowding) intensification measures and human health risks in the GMS. The search terms used were iteratively
modified to maximize the number of retrieved studies with relevant quantitative data.

Results: We found that alarmingly little research has been done in this regard, considering the level of
environmental contamination with pesticides, livestock infection with antibiotic resistant pathogens and disease
vector proliferation in irrigated agroecosystems reported in the retrieved studies. In addition, each of the studies
identified focused on specific aspects of intensified food production and there have been no efforts to consolidate
the health risks from the simultaneous exposures to the range of hazardous chemicals utilized.

Conclusions: While some of the studies identified already reported environmental contamination bearing
considerable health risks for local people, at the current state of research the actual consolidated risk from regional
intensification measures cannot be estimated. Efforts in this area of research need to be rapidly and considerably
scaled up, keeping pace with the current level of regional intensification and the speed of pesticide and drug
distribution to facilitate the development of agriculture related policies for regional health promotion.
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Introduction
The Greater Mekong Subregion (GMS), founded by
Cambodia, Laos, Myanmar, Thailand, Vietnam and
Yunnan Province of China in 1992, is a bloc of rapidly
developing and cooperatively linked economies that geo-
graphically share the Mekong River Basin [1]. The popula-
tion, which includes various culturally and linguistically
distinct ethnicities in addition to those primarily associ-
ated with each nationality exceeded 271 million in 2010
[2, 3]. China and Thailand are by far the most rapidly de-
veloping economies of the region with a steady increase in
the demand for food quantity and diversity, but also for
cash crops such as rubber. However, as arable lands are
limited, the pressure on farmers and herders to scale up
production grows in correlation with the socio-economic
development.
Consequently, farmers and herders facing land scarcity

and a depletion of soil nutrients seek to intensify their op-
erations [4]. Intensified food production aims for higher
yields per area through an increase in inputs and oper-
ational efficiency. The main inputs constitute water, nutri-
ents and pesticides in crop systems and feed supplemented
with hormones and antibiotics in livestock operations. Effi-
ciency is increased by specialization in context-dependent
high-yielding species and mechanization [5]. Thereby, crop
and livestock intensification exhibit different trends in areal
expansion. While farming systems situated in the region’s
core agricultural areas commonly are the first to intensify
production [4], intensive livestock operations are not re-
stricted to arable lands and thus concentrate around urban
centers, minimizing the distance between production and
markets [6, 7]. Figure 1 illustrates the variation in average
productivity per area as a proximate of intensification
among the 6 countries of the GMS.
Intensification measures in the region have been

linked to ecological changes with adverse effects on
human health [8]. For instance, irrigation schemes may
expand the habitat of disease vectors thriving in and
around water bodies [9], while the application of agro-
chemicals may result in a proliferation of populations of
Fig. 1 Productivity indicators as proximate measures for average national s
reproduction rates consider annual increases in stock, slaughtered animals
problematic primary consumers, such as mosquito larvae
or vector snails in wetlands [10]. Large monocultures may
serve as ample seasonal food sources to wildlife hosts of
zoonotic pathogens such as rodents [11, 12]. This poten-
tially promotes the emergence of zoonoses in three ways:
directly through the proliferation of host populations, in-
directly through the proliferation of vector populations
feeding on these hosts, and by increasing the likelihood of
encounters between wildlife and domestic animals or
humans. In addition, human exposure to pesticides and
fertilizer residues has been associated with the develop-
ment of neurological disorders, immune suppression and
reduced fertility [13–17].
Industrial livestock production systematically utilizes ana-

bolic steroids and antibiotics as growth accelerators, poten-
tially contaminating surface waters and meats [18–20] and
promoting drug resistance in food-borne bacteria [21], a
main contributor to the growing number of emerging in-
fectious diseases [22]. Animal crowding supported by auto-
mated feeding systems increases the animal contact rate
and induces immunosuppressive stress among them, both
factors potentially promoting disease transmission. Concur-
rently, systematic breeding for uniformly high productivity
decreases genetic variability and in turn increases individual
susceptibility to infections and their likelihood of transmis-
sion within a herd [23, 24].
Despite these reported mechanisms and the general

recognition of the links between intensified food produc-
tion and disease emergence [25], quantifying the risks
that individual measures or practices bear with respect
to human health remains a challenge. Without the abil-
ity to quantify these risks, however, the obvious benefits
of increased productivity cannot be appropriately bal-
anced against the combined negative health implications
of intensification measures. Thus, the objectives of this
systematic review are to determine if individual mea-
sures of intensified food production in the GMS have
been shown to cause quantifiable negative impacts on
human health, to make known risks associated with
current regional intensification more assessable, and to
ector intensification, 5 year average 2007–2011 [2]. The pig
and import/export numbers



Richter et al. Environmental Health  (2015) 14:43 Page 3 of 13
make the consequences of further intensification more
predictable. The review will also identify critical research
gaps concerning the relationship between intensified
food production, human health risks and disease emer-
gence. This is an urgent task at a time of rapid socio-
economic development in a region that is largely lacking
regulations and the capacity for controls of agricultural
operations and quality and safety standards for agricul-
tural products.

Methods
References for this review were identified through
searches of the databases PubMed and Scopus in July-
August 2014. Search results containing original research
with quantitative data on intensified food production
and/or its effects on human health in the GMS were
considered relevant. No result was excluded for its lan-
guage. For reasons of contemporary validity, only studies
conducted since the year 2000 were included.
To determine a set of appropriate search terms we

began with the most obvious combinations of “intensified
food production”, “agricultural intensification”, “livestock
production”, “human health” and “Greater Mekong Sub-
region”. However, the combination of these terms was
without result. Therefore, we detailed the regional scope
by the Boolean statement: “Cambodia” OR “Laos” OR
“Myanmar” OR “Thailand” OR “Vietnam” OR “Yunnan”.
This specification resulted in a small number of irrelevant
papers, either of purely conceptual nature or reporting
data from before the year 2000. Thus, we went forward by
detailing the predominant types of inputs for crops: “irri-
gation”, “fertilizers” and “pesticides”, and for livestock: “an-
tibiotics” OR “antimicrobials, “hormones” and “feeding
technology”. This yielded some results for the crops as-
pects, however because the results for “irrigation” and
“human health” did not contain studies on vector proli-
feration, we added another search term combination:
“vectors” and “irrigation”.
Because the search terms for the livestock aspects re-

sulted in very few articles, we replaced the rather general
“human health” term with the products of livestock opera-
tions, namely “meats” OR “eggs” OR “dairy” to investigate
on human health impacts from feed supplements through-
out the food value chain. This resulted in considerably
more results and relevant studies, though in respect to an-
tibiotics in meats only. Other concerns of contamination
with residues from supplemented feeds, such as fecal dis-
charge in waters or as fertilizers on fields thereby were ex-
pected to be reflected by the crop search terms. As for
search terms such as “growth promotants” or “hormones”
this combination of terms still did not yield any relevant
results. However, antibiotics are also used as growth pro-
motants in livestock operations, such that this aspect is
partially included in those results.
Combinations with the search term “feeding technol-
ogy” did not yield any further results, but feeding tech-
nology is relevant as it makes grazing unnecessary and
enables animal crowding. Resulting close and frequent
contacts among animals potentially promote the spread
of infectious disease, including zoonoses. Thus, we re-
placed the terms for livestock products with “zoonoses”.
Because this still did not yield any results, we also re-
placed the rather specific term of “feeding technology”
with the more general term “animal production” with
more success (the terms “livestock density” and “animal
density” did not yield any results).
The final choice of search terms and their combinations

are shown in Table 1, with three different search terms for
inputs to agricultural and livestock systems each and a
search term addressing the respective human health aspect,
from the general term “human health”, to livestock pro-
ducts focusing on risks for the end consumers and the risk
of the spread of “zoonoses” due to operational efficiencies
(the term “zoonosis” yielded the same results, the term
“zoonotic” yielded no results). Table 1 lists the number of
respective search results, excluded and included studies
from the GMS, as well as search results globally.

Results
Intensification in crop systems
Irrigation
In spite of the obvious linkages between irrigation struc-
tures and the proliferation of disease vectors such as
mosquitoes inhabiting irrigated areas, this review identi-
fied only two studies on freshwater snails of medical
importance. Sri-Aroon et al. [26] conducted a snail sam-
pling study at 6 sites within the irrigation system of Lam
Pao Dam in Kalasin Province, Thailand in December
2003. They found a total of 15 snail species, including 7
species with suspected involvement in human infections
of angiostrongyliasis, cercarial dermatitis, echinostomiasis,
opisthorchiasis and paragonimiasis. Snails of the species
Bithynia siamensis goniomphalos, which are potential
intermediate hosts of the liver fluke Opisthorchis viverrini
accounted for 89 % of all collected samples, and exhibited
a high infection rate compared to studies from endemic
areas in Khon Kaen province, Thailand.
Meanwhile, an interventional study in Yunnan prov-

ince, China found that the implementation of a water-
saving irrigation project reduced the abundance of snails
of the genus Oncomelania to about 5 % [27]. Snails of
this genus are potential vectors of flukes causing schisto-
somiasis in humans. The project was followed by a de-
cline in human schistosomiasis infections in that area.
In addition, one study reported quantitative data and

gave an estimate for the risk of diarrheal disease, associ-
ated with the consumption of raw vegetables (100 g per
person per week) contaminated with enteric pathogens



Table 1 Summary of systematic review methodology and results

Search terms per review focus Mekong region Global scope

Health aspect Intensification
aspect

No. of results
PubMed Scopus

No. of
unique
results

Exclusion criteria No. of
relevant
studies

No. of results
PubMed ScopusDifferent

study focus
No relevant
quantitative data

Study from before
2000, or year
not indicated

“vectors” “irrigation” 2 8 8 2 – 4 2 271 658

“human health” “irrigation” 2 8 9 4 3 1 1 137 462

“fertilizers” 1 5 5 3 2 – 0 99 552

“pesticides” 15 31 36 13 8 6 9 1,014 1,957

“meats” OR
“eggs” OR “dairy”

“antibiotics” OR
“antimicrobials”

6 65 66 21 16 10 19 1,241 9,564

“hormones” 9 7 14 11 – 3 0 4,352 10,214

“zoonoses” “animal production” 3 3 4 1 1 – 2 72 96

The table includes search terms and the number of results per database, the number of unique results, of excluded article per criteria and the number of relevant
studies for this review. The table also lists the number of search results considering a global scope for comparison
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from irrigation water. This study was conducted in a
peri-urban area of Thailand where farmers draw water
for irrigation from a crosshatched network of canals that
are also used for wastewater disposal. Using Monte Carlo
simulations, Diallo et al. [28] estimated the combined risk
of diarrheal disease in that area due to dietary contamin-
ation by the protozoan parasites Cryptosporidium hominis,
and Giardia lamblia, and the bacteria Escherichia coli at
between 0.56 and 0.62 per person per year.

Fertilizers
Fertilization is a critical component for increasing yields.
However, its uncontrolled application can result in a loss
of biodiversity [29] and negative effects on human health.
High nitrate concentrations in drinking water from over-
fertilization have been associated with methemoglobinemia
and consequential cyanosis in infants [15]. Nitrate concen-
tration from fertilizer runoff was estimated at 3.5 g/l at the
mouth of the Mekong and at 5.5 g/l at the mouth of the
Chao Phraya rivers in 2000 [30]. However, within the scope
of this review no study was identified quantifying nitrate
concentrations in local water sources and relative risk to
human health.
In addition, potentially pathogenic livestock manure is

frequently used as fertilizer in integrated farming systems
[31], creating a zoonotic risk associated with contaminated
produce. In Vietnam, an experimental study investigated
the local spread of antibiotic resistance from pig manure
to organisms of the water environment in integrated pig-
fish farms [32]. However, this review did not identify any
study quantifying the relationship between particular
fertilization practices and resulting disease emergence.

Pesticides
In agriculture, pesticides are substances that are applied
to crops to protect them from organisms that have the
potential to reduce yields. Pesticides, which can be of bio-
logical or synthetic origin, become an issue to human
health when their yield-protecting toxicity exhibits harmful
effects beyond their target, either directly through human
exposure or indirectly through ecosystem degradation.
During the 10 years from 1997–2007, almost 1100 new
types of pesticides (differing in active ingredients or formu-
lation) were registered in Vietnam [33] while pesticide use
by weight grew at an annual average of 7.6 % between
1990 and 2003 [34].
Within the scope of this review however, only one

comprehensive study on the range of applied com-
pounds was identified, raising particular concern about
residues of carbamates, organochlorines, organophos-
phates, and pyrethroids in foods and the environment
[35]. This study lists 40 different products containing at
least 36 different compounds that were being sold to
farmers in northern Vietnam from 2006–2009. The agri-
cultural utilization of 2 of these compounds (endosulfan
and DDT) has been banned by the member states of the
Stockholm Convention, a global treaty aiming for the
protection of human health from Persistent Organic
Pollutants (POPs). All of the countries of the GMS had
ratified the Stockholm Convention by the end of 2006.
However, due to weak government enforcement, re-
tailers and farmers have been reported to frequently
break pesticide regulations [33].
As pesticide users, farmers constitute a primary risk

group with respect to pesticide exposure. Timprasert
et al. [36], conducting a survey with vegetable farmers in
Nakhon Ratchasima Province of Thailand in 2008/2009
found that most farmers applied synthetic pesticides
every week as a protective measure. Two of the reasons
given by farmers for using synthetics were convenience
of application and low labor requirements. However,
farmers are often unaware of health and environmental
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impacts from improper application, storage and disposal
of hazardous pesticides and unable to protect themselves
and their families from direct or indirect contact [37, 38].
Phung et al. [39] measured farmers’ exposure to the in-
secticide chlorpyrifos, which can cause cholinesterase in-
hibition, by analyzing urinary samples from a group of rice
farmers in Vietnam. The detected levels of pesticide up-
take in this group exceeded international safety levels and
likely caused adverse health effects. Furthermore, a survey
among fishermen in Pathum Thani, Thailand found that
dermal exposure to pesticide residues in surface waters
constitutes an additional risk factor for carcinogenesis
among this occupational group [40].
Apart from occupational exposure, consumers of re-

gional drinking water, produce and aquatic organisms
constitute the largest group potentially at risk of pesti-
cide contamination. In spite of the diversity and poten-
tial hazardousness of chemical compounds being applied
to crops and soil, only 3 studies on residue contamin-
ation of drinking water or foods in the region were iden-
tified (Table 2). A study on the contamination of rivers
and lakes with banned organochlorine pesticides (OCPs)
in Yunnan in 2003 [41] detected great differences among
tested inland waters, ranging from 0.38 μg/l in Lake
Chenhai up to 24.53 μg/l in Lake Dianchi. Furthermore,
the authors state that an increasing number of people
living in cities and towns along those waterbodies are
using them directly as sources of drinking water. Ac-
cordingly, regional populations relying on surface water
as a source of drinking water may already be at consid-
erable risk of developing symptoms associated with the
long-term consumption of local pesticide residues.
In addition, two studies from Thailand [42] and Vietnam

[43] measured the contamination of aquatic organisms
with pesticide residues and detected concentrations at
levels that are potentially harmful at daily consumption
rates of local diets. To objectively evaluate the risks stated
in these 3 studies, Table 2 translates reported contamina-
tions to percentages of the oral Reference Dose (RfD) per
respective compound based on local diets. Table 3 lists the
potential hazards associated with an exposure exceeding
RfDs of those compounds included in the three studies
and their risk classification according to the World Health
Organization [44].

Intensification in livestock systems
Antibiotic resistance
While the use of antibiotics for humans is unrestricted
in Thailand, the use for animals has been regulated by
the Thai Department of Livestock Development since
2003, with varying degree of compliance among farmers
[45]. A study conducted in Sangkhla Buri, Kanchanaaburi
provice, Thailand in 2002/2003 found enteric bacterial
pathogens in 97 % of raw food samples (chicken, pork and
fish) from a local market. The two most common bacteria
identified in this study were Salmonella (84 %) and Arco-
bacter butzleri (74 %), followed by Campylobacter (51 %),
Plesiomonas (27 %) and Aeromonas (5 %) [46]. Similarily,
Van et al. [47] probed Vietnamese retail meat including
pork, beef and chicken and found Salmonella in more
than 60 % and Escherichia coli in more than 90 % of all
samples.
Table 4 lists studies on antibiotic resistance of Salmon-

ella from chickens, pigs and cattle (including the top 10
antibiotics with reported rates of resistance), conducted
in the GMS since 2000 (studies were included if they were
animal species specific and indicated the sampling year). A
study from Khon Kaen province, Thailand, 2003, found
the rates of antibiotic specific resistance of Salmonella in
pork, chicken, and human patients to be closely related
[48], suggesting a transfer of resistant bacteria through the
food chain to the consumer. It has been estimated that
there were about 22.8 million cases of gastroenteritis
caused by Salmonella alone in Southeast Asia in 2006,
with about 37,600 fatalities [49].
In a recent study from Vietnam, Ta et al. [50] differen-

tiated between chicken from small free-range backyard
production without medicated feed and large enclosed
operations with feed possibly containing antibiotics.
However, the authors found no significant difference in
antibiotic resistance of Salmonella between these two
livestock production systems.
In addition, Padungtod et al. [51] tested samples (fecal

and meat) from chickens, pigs and dairy cattle for pres-
ence and antibiotic resistance of Campylobacter bacteria
in Chiang Mai and Lamphung provinces, Thailand, from
2000–2002. Campylobacter isolates were present in ap-
proximately 60 % of the samples and the authors de-
tected high resistance to ciprofloxacin (65 %), nalidixic
acid (74 %) and tetracycline (66 %) as average over all
livestock samples, as well as to erythromycin (71 %) and
azithromycin (70 %) as average over all pig samples.
Similarily, Noppon et al. [52] obtained 294 Campylobac-
ter isolates from chicken meats in Khon Kaen province,
Thailand in 2007/2008 and detected C. jejuni resistance
to ofloxacin (91 %), doxycycline (37 %), erythromycin
(29 %) and chloramphenicol (13 %). Regarding humans,
children below the age of 2 years are at highest risk of
developing gastroenteritis following Campylobacter in-
fection [53]. Isolation rates from diarrheal children
below the age of 5 years were previously estimated at
13 % in Thailand [54] and 12 % in Laos [55].
Furthermore, in a study on antibiotic resistance of

Escherichia coli bacteria in food samples (including beef,
chicken, pork and shellfish) from markets and supermar-
kets around Ho Chi Minh City, Vietnam in 2004, Van
et al. [56] detected resistance to tetracycline (78 %), sul-
fafurazole (61 %), ampicillin (51 %), amoxicillin (51 %),



Table 2 Studies on pesticide residues in drinking water and aquatic organisms oral Reference Doses (RfD)

Study scope Sampling results Daily intake of pesticide residues (% of RfDa)

Contamination Geography
(province, country)

Period Biomass
conside-rations

Data
repre-
sentation

DDT, DDD,
DDE

HCB α-HCH β-HCH γ-HCH Endo-
sulfan

Hepta-
chlor

Cyflu-
thrin

Cyper-
methrin

Feno-
bucarb

Trichlor-
fon

Dieldrin

Inland
waters [41]

Yunnan, China 2003 Adultb Range 0-13 % 0-13 % 0-12 % 0-65 % 0-409 %

Average 1.5 % 2.5 % 2 % 21 % 75.5 %

Childc Range 0-37 % 0-37 % 0-34 % 0-188 % 0-1180 %

Average 4.5 % 6.5 % 5.5 % 61.5 % 218 %

Fresh water
organisms
(vegetables,
invertebrates,
fish) [42]

Pathum Thani,
Thailand

2004-2007 Ages 10–75
(mean 36)

Ranged 13.5-31 % 4-9.5 % 1-2.5 % 4.5-10 %

Averagee 22.5 % 7 % 2 % 7.5 %

Pond fish [43] Hanoi, Vietnam 2007-2008 Adult Rangef 0.5 % 0-0.5 % 0.5-3 % 0 % 0-0.5 % 4.5-40.5 %

Averagef 0.5 % 0 % 1.5 % 0 % 0 % 15 %

Phu Tho, Vietnam Rangef 0.5-4 % 0-0.5 % 0.5-3.5 % 0 % 0-5.5 % 4.5-12.5 %

Averagef 1.5 % 0.5 % 1.5 % 0 % 2 % 7.5 %
aThe Reference Dose (RfD) is an estimate of a daily human exposure (including sensitive subgroups) that is likely to be safe over extended periods of time; numbers are rounded to the nearest 0.5 %
bAverage adult weight (Asia) of 57.7 kg [96] and 2 l of daily drinking water consumption [97]
cDaily drinking water consumption of 1 l at a children weight of 10 kg [97]
dConsiders the range in local consumption of 2 standard deviations around the mean [42]
eAverage weight of study participants of 59 kg [42]
fBased on an average Vietnamese diet (Hanoi) [84]
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Table 3 Overview of toxic hazards and respective oral RfDs of pesticide residues quantified by identified studies

Compound Metabolites Agricultural use Human hazard Human oral RfD GHS classa

Carbamates

Fenobucarb Insecticide Neurotoxic [98] 60 μg/kg/day [99] 4

Organochlorines

Aldrin Insecticide Hepatotoxic [100] 0.03 μg/kg/day [100] –

Dieldrin Probably carcinogenic [100] 0.05 μg/kg/day [100] –

Dichlorodiphenyl-
trichloroethane (DDT)

Dichlorodiphenyl-dichloroethane
(DDD), Dichlorodiphenyl-
dichloroethylene (DDE)

Insecticide Neurotoxic [101] 0.5 μg/kg/day [100] 3

Hepatotoxic [100]

Probably carcinogenic [100]

Endocrine-disrupting [101]

Endosulfan Insecticide Neurotoxic [102] 5 μg/kg/day [102] 3

Nephrotoxic [102]

Heptachlor Insecticide Probably carcinogenic [100] 0.5 μg/kg/day [100] –

Heptachlor epoxide 0.013 μg/kg/day [100] –

Hexachlorobenzene
(HCB)

Fungicide Neurotoxic [103] 0.8 μg/kg/day [100] 5

Hepatotoxic [100]

Probably carcinogenic [100]

α-Hexachloro-cyclohexane
(α-HCH)

Insecticide Neurotoxic [103] 8 μg/kg/day [104] 3

Hepatotoxic [100]

Probably carcinogenic [100]

β-Hexachloro-cyclohexane
(β-HCH)

Insecticide Neurotoxic [103] 0.6 μg/kg/day [104] 3

Possibly carcinogenic [100]

γ-Hexachloro-cyclohexane
(γ-HCH)

Insecticide Neurotoxic [103] 0.01 μg/kg/day [104] 3

Hepatotoxic [100]

Nephrotoxic [100]

Potentially carcinogenic [103]

Organophosphates

Trichlorfon Insecticide Neurotoxic [105] 2 μg/kg/day [105] 3

Pyrethroides

Cyfluthrin Insecticide Nephrotoxic [100] 25 μg/kg/day [100] 2

Cypermethrin Insecticide Neurotoxic [100] 10 μg/kg/day [100] 3
aUNECE’s “The Globally Harmonized System of Classification and Labeling of Chemicals” (GHS): 1, 2 - Fatal if swallowed; Fatal in contact with skin, 3 - Toxic if
swallowed; Toxic in contact with skin, 4 - Harmful if swallowed; Harmful in contact with skin, 5 - May be harmful if swallowed; May be harmful in contact with
skin [44]
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trimethoprim (52 %), chloramphenicol (43 %), strepto-
mycin (39 %), nalidixic acid (34 %), gentamicin (24 %), cip-
rofloxacin (16 %), norfloxacin (17 %) and enrofloxacin
(21 %) in tested isolates. In a similar study on chicken meat
samples from supermarkets in Bangkok, Thailand in 2010/
2011, Chaisatit et al. [57] detected resistance to ampicillin
(72 %), tetracycline (49 %), gentamicin (38 %), cephalothin
(28 %), chloramphenicol (17 %), ciprofloxacin (11 %), levo-
floxacin (11 %), trimethoprim-sulfamethoxazole (7 %),
amoxicillin-clavulanic acid (6 %) and cefuroxime (2 %).
Verotoxins from Escherichia coli can cause diarrhoea,
haemorrhagic colitis and haemorrhagic uraemic syn-
drome [58].
Finally, a study conducted on meats from supermarkets
and open markets in Bangkok in 2007 found Listeria
monocytogenes in 15.4 % of all samples (n = 104). Of these
isolates, 95.5 % were resistant to cefotaxime, ceftazidime
and ceftriaxone [59]. Serious manifestations of human lis-
teriosis infection include septicaemia, encephalitis, menin-
gitis, spontaneous abortion and stillbirth [60–63].

Hormones
Despite the large number of global studies conducted on
hormonal residues and their possible impact on human
health (Table 1) this review did not identify any relevant
study from the GMS.



Table 4 Antibiotic resistance of Salmonella in animals and meats in the GMS

Year Sample origin Province, country Sample
size

Percentage of resistance Source

TET AMP NAL CEP STR CHL SXT FLO SUL AMX

Chicken

2012 Wet market and
super-market

Ha Noi, Ho Chi Minh,
Phu Tho and Lam
Dong, Vietnam

457 59 42 – – – 37 35 – – – Ta et al., 2014 [50]

2010-2011 Super-market Bangkok, Thailand 14 21 79 – 0 – – 17 – – – Chaisatit et al.,
2012 [57]

2010 Retail market Phatthalung, Thailand 38 60 68 76 5 92 68 5 – – – Lertworapreecha
et al., 2013 [106]

2004 Market and
supermarket

Ho Chi Minh City,
Vietnam

18 39 22 39 0 28 11 – – – 22 Van et al., 2007 [47]

2003 Retail market Khon Kaen, Thailand 30 100 – – – 100 27 20 – 100 30 Angkititrakul et al.,
2005 [48]

2000-2002 Farm (fecal) Chiang Mai and
Lamphung, Thailand

11 100 0 100 – – – – 27 – – Padungtod and
Kaneene, 2006 [51]

Market 57 33 0 43 – – – – 0 – –

Slaughter-house 87 16 0 16 – – – – 0 – –

2000-2001 Wet market Mekong Delta,
Vietnam

20 – 5 35 – 20 25 – – – – Ogasawara et al.,
2008 [107]

Pigs and Pork

2011 Market Champasak, Laos 35 63 60 14 – 57 11 37 – – – Boonmar et al.,
2013 [108]

2010 Retail market Phatthalung, Thailand 45 77 51 4 28 71 11 17 – – – Lertworapreecha
et al., 2013 [106]

2010 Farm (fecal) Sa Kaew, Thailand 3 33 33 0 – 33 33 0 – – – Pulsrikarn et al.,
2013 [109]

Retail market 42 69 50 0 – 31 14 36 – – –

2004 Market and
supermarket

Ho Chi Minh City,
Vietnam

32 78 50 25 0 16 0 – – – 50 Van et al., 2007 [47]

2003 Retail market Khon Kaen, Thailand 26 89 – – – 100 15 15 – 100 15 Angkititrakul et al.,
2005 [48]

2000-2001 Farm (fecal) Chiang Mai and
Lamphung, Thailand

51 98 0 2 – – – – 6 – – Padungtod and
Kaneene, 2006 [51]

Market 155 60 0 21 – – – – 8 – –

Slaughter-house 48 89 1 39 – – – – 15 – –

2000-2001 Wet market Mekong Delta,
Vietnam

48 – 6 – – 15 13 – – – – Ogasawara et al.,
2008 [107]

Cattle and Beef

2011 Market Champasak, Laos 20 75 70 5 – 80 15 30 – – – Boonmar et al.,
2013 [108]

2009 Retail market Hanoi, Vietnam 63 46 32 18 – 30 22 – – – – Thai et al., 2012 [110]

2005-2007 Farm (fecal) Nakhonpathom,
Thailand

160 9 4 – – 64 2 – – 11 – Chuanchuen et al.,
2010 [111]

2004 Market and
supermarket

Ho Chi Minh City,
Vietnam

32 13 0 6 0 6 0 – – – 0 Van et al., 2007 [47]

2000-2001 Wet market Mekong Delta,
Vietnam

35 – – – – 6 3 – – – – Ogasawara et al.,
2008 [107]

TET tetracycline, AMP ampicillin, NAL nalidixic acid, CEP cephalothin, STR streptomycin, CHL chloramphenicol, SXT trimethoprim/sulfamethoxazole, FLO florfenicol,
SUL sulfamethoxazole, AMX amoxicillin
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Livestock industrialization and zoonosis
In commercial livestock operations animals are kept in
large groups at high density, which potentially facilitates
intra- and interspecies transmission of pathogens. Farm
workers, veterinarians and their families constitute a
high risk group for zoonotic infections in such special-
ized facilities due to the high animal-human contact rate
and the variety in exposure (inhalation, ingestion, dermal
contact) implied in these operations. In comparison to
small-scale operations such as from backyard producers,
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commercial livestock production is commonly associated
with higher biosecurity. However, Graham et al. [64]
tested this hypothesis on data of the highly pathogenic
avian influenza (HPAI) outbreaks in Thailand in 2004
and found no supporting evidence. While the greatest
number of outbreaks in 2004 was reported from back-
yard flocks, this figure does not account for relative risk,
considering that the majority of flocks are still backyard
operations with a vastly smaller number of potentially
infected animals per flock.
In addition to the risks associated with crowding,

animals of commercial operations may constitute a higher
risk for human infection when their relatively young age
at time of slaughter does not suffice for developing im-
munity to common farm pathogens. For example, Cam-
pylobacter infections are an emerging zoonosis [22] of this
kind. In commercial broiler farms in Vietnam, animals are
typically slaughtered after 5–6 weeks, i.e. at half the age
compared to animals from backyard and semi-intensive
operations, just at the peak of Campylobacter infection
prevalence [65–67]. Accordingly, Carrique-Mas et al. [68]
investigated the risk of Campylobacter infections of pigs
and poultry held in operations of small to large size, in the
Mekong delta region of Vietnam and identified animal age
as a primary risk factor for Campylobacter infection in
chickens and pigs, with a high rate of immunity in older
animals.

Discussion
This systematic literature review revealed substantial
knowledge gaps regarding the quantitative effects of in-
tensified food production on human health and disease
emergence in the GMS. We found that in spite of the
now widely recognized links between environmental
change from agricultural intensification and disease
emergence [69–72], research aiming at quantifying rela-
tionships between agricultural inputs and potential ad-
verse effects to human health exhibits an almost
exclusive focus on pesticides (environmental and med-
ical). Only few studies look for indirect implications of
development on the abundance of disease vectors, the
epizootic potential of livestock and the potential of zoo-
notic disease emergence. Yet, evidence of the correlation
between agricultural intensification and biodiversity loss
and possible influences on disease emergence in this re-
gion is growing [73, 74]. This includes studies on the
composition of soil microorganisms after repeated use of
the herbicide glyphosate, promoting the relative abun-
dance of gram-negative bacteria, such as Burkholderia
spp., which have been linked to the regional emergence
of human melioidosis [75, 76].
The majority of studies included in this review address

the issue of emerging antibiotic resistance in regional
bacteria strains, but only a few studies investigate the
relationships between the number and density of animals
and disease emergence in different types of production
systems. While larger operations are commonly associated
with a higher level in biosecurity, this notion may largely
be influenced by a statistical bias in data representation
[64]. On the other hand, Ta et al. [50] did not find a signifi-
cant difference in antibiotic resistance among chickens
from free-range backyard operations and enclosed units
utilizing antibiotic feed. Similarly, regional studies on anti-
biotic resistance of various bacteria in meats could not es-
tablish a correlation between the origin of the samples and
their level of resistance exhibited (Table 4). Further inter-
disciplinary research is needed to investigate these relation-
ships, which may be much more complex than commonly
thought.
However, what becomes obvious from these studies

nonetheless, is that antibiotic resistant bacteria are a
widespread phenomenon in livestock and animal prod-
ucts throughout the GMS. Common human enteric
pathogens such as Salmonella, E. coli and Campylobac-
ter are found in both live animal samples and meats for
purchase, and these strains exhibit extensive antibiotic
resistance, often to multiple drugs. Antibiotic resistance
results from the use of antibiotics as growth promotants
in animal feeds and inappropriate use of antibiotics for
treatment of livestock in systems of any scale. In
addition, this review highlights the contribution of live-
stock intensification to the transmission of resistant
strains through the food chain. Foodborne organisms
already contribute significantly to human morbidity and
mortality and per capita meat consumption will further
increase in correlation with regional development.
These issues associated with intensifying livestock opera-

tions have been recognized and investigated in developed
regions including the United States and European Union
for decades [77]. DuPont et al. called for surveillance of
antibiotic resistance in 1987 [78], and numerous studies
have since recommended to prohibit the practice of misus-
ing antibiotics for non-therapeutic purposes [70, 79–82].
Consequentially, the European Union banned the use of
antibiotics in livestock feed in 2006, while the United States
Food and Drug Administration has issued voluntary guid-
ance to reduce the use of antibiotics in livestock feed, a no-
tion supported by the World Health Organization (WHO),
the Food and Agricultural Organization of the United
Nations (FAO), and the World Organization for Animal
Health (OIE) [83]. In addition to new insights from up-
scaled disciplinary and interdisciplinary research efforts,
these international guidelines could provide a basis for
national or regional policy reforms in the GMS.
This review identified only a few studies investigating

human dietary pesticide exposure through contaminated
food and drinking water in the GMS (Table 2). Collect-
ively, these studies merely account for a small percentage
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of the 406 hazardous active pesticide ingredients listed by
the WHO [44] and for a small percentage of average diet-
ary intake by food diversity and weight [42, 84]. However,
even this limited research suggests potentially hazardous
contamination of food and drinking water in the region,
especially if considering the possibility of additive and syn-
ergistic effects.
In addition to continuous dietary exposure to pesticide

residues, the Poison Control Center in Hanoi reported
168 admitted cases of direct pesticide poisoning from
1999 to 2003 [85]. However, few poisoning incidents
caused by pesticides are detected by the health care sys-
tem. A self-surveillance study of 50 farmers in Vietnam
found an underreporting rate of 96 % corresponding to
untreated symptoms [86], while the WHO reported
7,170 cases of acute pesticide poisoning in Vietnam in
2002 [87]. In combination, these figures could thus accu-
mulate to almost 180,000 cases of pesticide poisoning of
various degree per year in Vietnam alone. Furthermore,
due to the growing market diversification brought about
by the great number of annual registration of new prod-
ucts and compounds, risks associated with direct or in-
direct pesticide exposure are naturally becoming more
complex and are continuously shifting. For instance, in
2004 a high incidence of poisoning from exposure to or-
ganophosphates and carbamates was reported by the
World Bank [88]. In 2012, the majority of fatalities dir-
ectly linked to pesticides at the Poison Control Center in
Hanoi were reported as paraquat poisoning [89].
In spite of these findings, direct and indirect impacts

of environmental pesticides on human health remain
vastly under-researched and under-reported. This can be
observed in general, as risk evaluations and acceptable
exposure doses are consistently only described for individ-
ual compounds (Table 3) without considering additive or
synergistic effects among multiple compounds [16, 90].
To cope with the overwhelming number of possible com-
pound combinations, Squillace et al. [91] suggested the
conduct of toxicology studies on common mixtures of
contaminants in water, an approach that could also be ap-
plied to various food categories. In addition, pesticide tox-
icity should also be evaluated in integrated studies that
include synergistic effects among common risk factors be-
yond pesticide exposure [92].
However, proper problem specific integration of re-

search within systemic, transdisciplinary programs re-
mains a challenge of its own [93]. There is a ubiquitous
discrepancy between conducting meaningful research and
a limited availability of therefore required resources and
capabilities. To accommodate this challenge, standardiza-
tions in operational criteria and research protocols for
ecosystem approaches have recently been proposed, with
the aim to increase comprehensiveness of research and
intervention efforts across multiple or subsequent projects
[94]. However their value significantly depends on the
ability and disposition of individual researchers and insti-
tutions to collaborate on problems across disciplinary,
geographic and institutional boundaries, as well as over
time. In this context, the new regional development aims
of communicable disease control as well as food and drug
safety included in the GMS Strategic Framework and Ac-
tion Plan 2012–2022 [95] may constitute a unique oppor-
tunity to promote new models of and incentives for
scientific collaboration on these issues throughout the
region.

Conclusions
This review found significant evidence of substantial en-
vironmental contamination with pesticides with poten-
tially serious health implications for local populations. In
addition, bacterial contamination of meats and produce
exhibiting high levels of resistance to a range of antibi-
otics is a widespread phenomenon in the GMS. Conse-
quently, regional intensified food production has a broad
potential impact on human health, ranging from acute
to chronic poisonings and from occupational to food-
borne infections.
Furthermore, we found that the number of identified

studies by far does not match the seriousness of the risks
to regional health. Because the specific types and amounts
of agricultural inputs are locally variable with potential im-
pact on distinct people, the few studies identified in this
review hardly qualify for regional generalization but rather
for raising additional attention to an alarming develop-
ment. More disciplinary as well as interdisciplinary re-
search is urgently needed to investigate and quantify local
relationships between agricultural inputs and the emer-
gence of zoonotic, food-borne and vector-borne diseases,
as well as the risks of physical and mental impairment
from chronic exposure to agricultural chemicals. This re-
search should be planned and conducted in a systematic
way to generate complementary data that allows an inte-
grated evaluation of the regional level of intensification
and correlated risks to human health over time, and thus a
comprehensive tangible basis for the development of re-
spective health promoting policies.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
CHR and BC reviewed and summarized the literature. JAS consulted on
appropriate analytical methods of reviewed studies. CHR drafted the
manuscript and BC, JAS, BAW and JX contributed to its content. All authors
read and approved the final manuscript.

Acknowledgements
This research is part of CG Research Program on Integrated Systems for the
Humidtropics led by IITA. It is also part of IDRC supported Field Building
Leadership Initiative: Advancing Ecohealth in Southeast Asia.



Richter et al. Environmental Health  (2015) 14:43 Page 11 of 13
Author details
1Center for Mountain Ecosystem Studies, Kunming Institute of Botany,
Chinese Academy of Sciences, Kunming 650201, China. 2Graduate University
of Chinese Academy of Sciences, Beijing 100049, China. 3World Agroforestry
Centre (ICRAF), East and Central Asia Region, Kunming 650201, China.
4Department of Infectious Disease and Global Health, Cummings School of
Veterinary Medicine, Tufts University, North Grafton, MA 01536, USA. 5Global
Health Asia, Integrative Education and Research Programme, Faculty of
Public Health, Mahidol University, Bangkok 10400, Thailand.

Received: 4 December 2014 Accepted: 18 May 2015
References
1. Asian Development Bank (ADB). The Greater Mekong Subregion: beyond

borders: regional cooperation strategy and program (2004-2008). Manila; 2004.
2. Food and Agricultural Organization of the United Nations Statistics Division

(FAOstat) [http://faostat3.fao.org].
3. National Bureau of Statistics of China (NBSC) [http://www.stats.gov.cn]
4. Lambin EF, Meyfroidt P. Land use transitions: Socio-ecological feedback

versus socio-economic change. Land Use Policy. 2010;27(2):108–18.
http://dx.doi.org/10.1016/j.landusepol.2009.09.003.

5. Matson PA, Parton WJ, Power AG, Swift MJ. Agricultural intensification and
ecosystem properties. Science. 1997;277(5325):504–9.

6. Burgos SHP, Roland-Holst D, Burgos SA. Characterization of poultry production
systems in Vietnam. Int J Poult Sci. 2007;6:709–12.

7. Gerber P, Chilonda P, Franceschini G, Menzi H. Geographical determinants
and environmental implications of livestock production intensification in
Asia. Bioresour Technol. 2005;96(2):263–76. http://dx.doi.org/10.1016/
j.biortech.2004.05.016.

8. Rerkasem B. Transforming subsistence cropping in Asia. Plant Prod Sci.
2005;8(3):275–87. http://dx.doi.org/10.1626/pps.8.275.

9. Patz JA, Graczyk TK, Geller N, Vittor AY. Effects of environmental change on
emerging parasitic diseases. Int J Parasitol. 2000;30(12–13):1395–405.
http://dx.doi.org/10.1016/S0020-7519(00)00141-7.

10. Roger PA, Heong KL, Teng PS. Biodiversity and sustainability of wetland rice
production - role and potential of microorganisms and invertebrates. Casafa
Rep. 1991;4:117–36.

11. Mills JN. Biodiversity loss and emerging infectious disease: An example from
the rodent-borne hemorrhagic fevers. Biodiversity (Ottawa). 2006;7(1):9–17.
http://dx.doi.org/10.1080/14888386.2006.9712789.

12. Patz JA, Confalonieri UEC, Amerasinghe FP, Chua KB, Daszak P, Hyatt
AD, et al. Human health: ecosystem regulation of infectious diseases. A
report of the Millennium Ecosystem Assessment. Washington DC: Island
Press; 2005.

13. Bhidayasiri R, Wannachai N, Limpabandhu S, Choeytim S, Suchonwanich Y,
Tananyakul S, et al. A national registry to determine the distribution and
prevalence of Parkinson's disease in Thailand: implications of urbanization
and pesticides as risk factors for Parkinson's disease. Neuroepidemiology.
2011;37(3–4):222–30. http://dx.doi.org/10.1159/000334440.

14. Crisp TM, Clegg ED, Cooper RL, Wood WP, Anderson DG, Baetcke KP, et al.
Environmental endocrine disruption: an effects assessment and analysis.
Environ Health Perspect. 1998;106 Suppl 1:11–56.

15. Fan AM, Steinberg VE. Health implications of nitrate and nitrite in drinking
water: an update on methemoglobinemia occurrence and reproductive and
developmental toxicity. Regul Toxicol Pharmacol. 1996;23(1 Pt 1):35–43.
http://dx.doi.org/10.1006/rtph.1996.0006.

16. Porter WP, Jaeger JW, Carlson IH. Endocrine, immune, and behavioral effects
of aldicarb (carbamate), atrazine (triazine) and nitrate (fertilizer) mixtures at
groundwater concentrations. Toxicol Ind Health. 1999;15(1–2):133–50.

17. Straube E, Straube W, Kruger E, Bradatsch M, Jacob-Meisel M, Rose HJ.
Disruption of male sex hormones with regard to pesticides: pathophysiological
and regulatory aspects. Toxicol Lett. 1999;107(1–3):225–31.

18. Arikan OA, Rice C, Codling E. Occurrence of antibiotics and hormones in a
major agricultural watershed. Desalination. 2008;226(1–3):121–33.

19. Cordle MK. USDA regulation of residues in meat and poultry products. J
Anim Sci. 1988;66(2):413–33.

20. Nazli B, Colak H, Aydin A, Hampikyan H. The presence of some anabolic
residues in meat and meat products sold in Istanbul. Turk J Vet Anim Sci.
2005;29(3):691–9.
21. Croft AC, D'Antoni AV, Terzulli SL. Update on the antibacterial resistance
crisis. Med Sci Monit. 2007;13(6):103–18.

22. Woolhouse MEJ, Gowtage-Sequeria S. Host range and emerging and
reemerging pathogens. Emerg Infect Dis. 2005;11(12):1842–7.
http://dx.doi.org/10.3201/eid1112.050997.

23. Greger M. The human/animal interface: emergence and resurgence of
zoonotic infectious diseases. Crit Rev Microbiol. 2007;33(4):243–99.

24. King KC, Lively CM. Does genetic diversity limit disease spread in natural
host populations? Heredity (Edinb). 2012;109(4):199–203. http://dx.doi.org/
10.1038/hdy.2012.33.

25. Corvalan C, Hales S, McMichael AJ. Ecosystems and human well-being:
health synthesis. Geneva: World Health Organization; 2005.

26. Sri-Aroon P, Butraporn P, Limsomboon J, Kerdpuech Y, Kaewpoolsri M,
Kiatsiri S. Freshwater mollusks of medical importance in Kalasin
Province, northeast Thailand. Southeast Asian J Trop Med Public Health.
2005;36(3):653–7.

27. Dong Y, Feng X-g, Huang P, Dong X-q, Shi X-w, Yang W-c. Effect of water-
saving irrigation engineering on schistosomiasis control in Eryuan County of
Yunnan Province. Zhongguo Xue Xi Chong Bing Fang Zhi Za Zhi.
2013;25(4):393–5. http://dx.doi.org/10.3969/j.issn.1005-6661.2013.04.015.

28. Diallo MBC, Anceno AJ, Tawatsupa B, Houpt ER, Wangsuphachart V, Shipin
OV. Infection risk assessment of diarrhea-related pathogens in a tropical
canal network. Sci Total Environ. 2008;407(1):223–32. http://dx.doi.org/
10.1016/j.scitotenv.2008.09.034.

29. Mozumdera P, Berrens RP. Inorganic fertilizer use and biodiversity risk: An
empirical investigation. Ecol Econ. 2007;62(3–4):538–43. http://dx.doi.org/
10.1016/j.ecolecon.2006.07.016.

30. Suga YKS, Oki T. Estimation of the amount of nitrate originated from
nitrogenous fertilizer in a global river model. Bankok: IWA Publishing; 2003.

31. Vu TKV, Tran MT, Dang TTS. A survey of manure management on pig farms
in Northern Vietnam. Livest Sci. 2007;112(3):288–97. http://dx.doi.org/
10.1016/j.livsci.2007.09.008.

32. Son TTD, Petersen A, Truong DV, Huong TTC, Dalsgaard A. Impact of
Medicated Feed on the Development of Antimicrobial Resistance in
Bacteria at Integrated Pig-Fish Farms in Vietnam. Appl Environ Microb.
2011;77(13):4494–8. http://dx.doi.org/10.1128/AEM.02975-10.

33. Hoi PV, Mol A, Oosterveer P, van den Brink PJ. Pesticide distribution and use
in vegetable production in the Red River Delta of Vietnam. Renew Agr Food
Syst. 2009;24:174–85. http://dx.doi.org/10.1017/S1742170509002567.

34. Khanh TD, Xuan TD, Chin DV, Chung IM, Abdelghany EA, Tawata S. Current status
of biological control of paddy weeds in Vietnam. Weed Biol Manag. 2006;6(1):1–9.

35. Thuy PT, Van Geluwe S, Nguyen VA, Van der Bruggen B. Current pesticide
practices and environmental issues in Vietnam: management challenges for
sustainable use of pesticides for tropical crops in (South-East) Asia to avoid
environmental pollution. J Mater Cycles Waste. 2012;14(4):379–87.

36. Timprasert S DA, Ranamukhaarachchi SL. Factors determining adoption of
integrated pest management by vegetable growers in Nakhon Ratchasima
Province, Thailand. Crop Prot 2014, 62:32–39. http://dx.doi.org/10.1016/
j.cropro.2014.04.008.

37. Huan NHTL. Results of survey for confidence, attitude and practices in safe
and effective use of pesticides. Agro-Chemicals Report. 2002;2:1–19.

38. Raksanam B, Taneepanichskul S, Siriwong W, Robson M. Multi-approach
model for improving agrochemical safety among rice farmers in
Pathumthani, Thailand. Risk management and healthcare policy. 2012;5:75–82.
http://dx.doi.org/10.2147/RMHP.S30749.

39. Phung DT, Connell D, Miller G, Hodge M, Patel R, Cheng R, et al. Biological
monitoring of chlorpyrifos exposure to rice farmers in Vietnam. Chemosphere.
2012;87(4):294–300. http://dx.doi.org/10.1016/j.chemosphere.2011.11.075.

40. Siriwong W, Thirakhupt K, Sitticharoenchai D, Borjan M, Keithmaleesatti S,
Burger J, et al. Risk Assessment for Dermal Exposure of Organochlorine
Pesticides for Local Fishermen in the Rangsit Agricultural Area, Central
Thailand. Hum Ecol Risk Assess. 2009;15(3):636–46. http://dx.doi.org/10.1080/
10807030902892653.

41. Yang J, Zhang W, Shen Y, Feng W, Wang X. Monitoring of organochlorine
pesticides using PFU systems in Yunnan lakes and rivers, China.
Chemosphere. 2007;66(2):219–25.

42. Siriwong W, Thirakhupt K, Sitticharoenchai D, Rohitrattana J,
Thongkongowm P, Borjan M, et al. A Preliminary Human Health Risk
Assessment of Organochlorine Pesticide Residues Associated with Aquatic
Organisms from the Rangsit Agricultural Area, Central Thailand. Hum Ecol Risk
Assess. 2008;14(5):1086–97. http://dx.doi.org/10.1080/10807030802387929.

http://faostat3.fao.org/
http://www.stats.gov.cn
http://dx.doi.org/10.1016/j.landusepol.2009.09.003
http://dx.doi.org/10.1016/j.biortech.2004.05.016
http://dx.doi.org/10.1016/j.biortech.2004.05.016
http://dx.doi.org/10.1626/pps.8.275
http://dx.doi.org/10.1016/S0020-7519(00)00141-7
http://dx.doi.org/10.1080/14888386.2006.9712789
http://dx.doi.org/10.1159/000334440
http://dx.doi.org/10.1006/rtph.1996.0006
http://dx.doi.org/10.3201/eid1112.050997
http://dx.doi.org/10.1038/hdy.2012.33
http://dx.doi.org/10.1038/hdy.2012.33
http://dx.doi.org/10.3969/j.issn.1005-6661.2013.04.015
http://dx.doi.org/10.1016/j.scitotenv.2008.09.034
http://dx.doi.org/10.1016/j.scitotenv.2008.09.034
http://dx.doi.org/10.1016/j.ecolecon.2006.07.016
http://dx.doi.org/10.1016/j.ecolecon.2006.07.016
http://dx.doi.org/10.1016/j.livsci.2007.09.008
http://dx.doi.org/10.1016/j.livsci.2007.09.008
http://dx.doi.org/10.1128/AEM.02975-10
http://dx.doi.org/10.1017/S1742170509002567
http://dx.doi.org/10.1016/j.cropro.2014.04.008
http://dx.doi.org/10.1016/j.cropro.2014.04.008
http://dx.doi.org/10.2147/RMHP.S30749
http://dx.doi.org/10.1016/j.chemosphere.2011.11.075
http://dx.doi.org/10.1080/10807030902892653
http://dx.doi.org/10.1080/10807030902892653
http://dx.doi.org/10.1080/10807030802387929


Richter et al. Environmental Health  (2015) 14:43 Page 12 of 13
43. Hoai PM, Sebesvari Z, Minh TB, Viet PH, Renaud FG. Pesticide pollution in
agricultural areas of Northern Vietnam: Case study in Hoang Liet and Minh
Dai communes. Environ Pollut. 2011;159(12):3344–50.

44. World Health Organization (WHO). The WHO recommended classification of
pesticides by hazard and guidelines to classification 2009. Geneva; 2010.

45. Padungtod P, Kaneene JB, Hanson R, Morita Y, Boonmar S. Antimicrobial
resistance in Campylobacter isolated from food animals and humans in
northern Thailand. FEMS Immunol Med Microbiol. 2006;47(2):217–25.
http://dx.doi.org/10.1111/j.1574-695X.2006.00085.x.

46. Bodhidatta L, Srijan A, Serichantalergs O, Bangtrakulnonth A, Wongstitwilairung
B, McDaniel P, et al. Bacterial pathogens isolated from raw meat and poultry
compared with pathogens isolated from children in the same area of rural
Thailand. Southeast Asian J Trop Med Public Health. 2013;44(2):259–72.

47. Van TTH, Moutafis G, Tran LT, Coloe PJ. Antibiotic resistance in food-borne
bacterial contaminants in Vietnam. Appl Environ Microbiol.
2007;73(24):7906–11. http://dx.doi.org/10.1128/AEM.00973-07.

48. Angkititrakul S, Chomvarin C, Chaita T, Kanistanon K, Waethewutajarn S.
Epidemiology of antimicrobial resistance in Salmonella isolated from pork,
chicken meat and humans in Thailand. Southeast Asian J Trop Med Public
Health. 2005;36(6):1510–5.

49. Majowicz SE, Musto J, Scallan E, Angulo FJ, Kirk M, O'Brien SJ, et al. The
global burden of nontyphoidal Salmonella gastroenteritis. Clin Infect Dis.
2010;50(6):882–9. http://dx.doi.org/10.1086/650733.

50. Ta YT, Nguyen TT, To PB, Pham DX, Le HTH, Thi GN, et al. Quantification,
Serovars, and Antibiotic Resistance of Salmonella Isolated from Retail Raw
Chicken Meat in Vietnam. J Food Protect. 2014;77(1):57–66.
http://dx.doi.org/10.4315/0362-028X.JFP-13-221.

51. Padungtod P, Kaneene JB. Salmonella in food animals and humans in
northern Thailand. Int J Food Microbiol. 2006;108(3):346–54.
http://dx.doi.org/10.1016/j.ijfoodmicro.2005.11.020.

52. Noppon BAT, Yasushi K, Sawada T. Serotypes, molecular and antimicrobial
characteristics of Campylobacter jejuni isolated from chicken meats in
Northeastern Thailand during December, 2007 to June, 2008. Sonklanakarin
J Sci Technol. 2011;33:493–8.

53. Taylor DN, Echeverria P, Pitarangsi C, Seriwatana J, Bodhidatta L, Blaser MJ.
Influence of strain characteristics and immunity on the epidemiology of
Campylobacter infections in Thailand. J Clin Microbiol. 1988;26(5):863–8.

54. Echeverria P, Taylor DN, Lexsomboon U, Bhaibulaya M, Blacklow NR,
Tamura K, et al. Case–control study of endemic diarrheal disease in Thai
children. J Infect Dis. 1989;159(3):543–8. http://dx.doi.org/10.1093/infdis/
159.3.543.

55. Yamashiro T, Nakasone N, Higa N, Iwanaga M, Insisiengmay S, Phounane T,
et al. Etiological study of diarrheal patients in Vientiane, Lao People's
Democratic Republic. J Clin Microbiol. 1998;36(8):2195–9.

56. Van TTH, Chin J, Chapman T, Tran LT, Coloe PJ. Safety of raw meat and
shellfish in Vietnam: an analysis of Escherichia coli isolations for antibiotic
resistance and virulence genes. Int J Food Microbiol. 2008;124(3):217–23.
http://dx.doi.org/10.1016/j.ijfoodmicro.2008.03.029.

57. Chaisatit C, Tribuddharat C, Pulsrikarn C, Dejsirilert S. Molecular
characterization of antibiotic-resistant bacteria in contaminated chicken
meat sold at supermarkets in Bangkok, Thailand. Jpn J Infect Dis.
2012;65(6):527–34. http://dx.doi.org/10.7883/yoken.65.527.

58. Takeda Y. Enterohaemorrhagic Escherichia coli. World Health Stat Q.
1997;50(1–2):74–80.

59. Indrawattana N, Nibaddhasobon T, Sookrung N, Chongsa-nguan M,
Tungtrongchitr A, Makino S, et al. Prevalence of Listeria monocytogenes
in Raw Meats Marketed in Bangkok and Characterization of the Isolates
by Phenotypic and Molecular Methods. J Health Popul Nutr.
2011;29(1):26–38.

60. Armstrong RW, Fung PC. Brainstem encephalitis (rhombencephalitis) due to
Listeria monocytogenes: case report and review. Clin Infect Dis.
1993;16(5):689–702. http://dx.doi.org/10.1093/clind/16.5.689.

61. Bortolussi R. Listeriosis: a primer. CMAJ. 2008;179(8):795–7. http://dx.doi.org/
10.1503/cmaj.081377.

62. McClure EM, Goldenberg RL. Infection and stillbirth. Semin Fetal Neonatal
Med. 2009;14(4):182–9. http://dx.doi.org/10.1016/j.siny.2009.02.003.

63. Rappaport F, Rabinovitz M, Toaff R, Krochik N. Genital listeriosis as a cause of
repeated abortion. Lancet. 1960;1(7137):1273–5. http://dx.doi.org/10.1016/
S0140-6736(60)92253-4.

64. Graham JP, Leibler JH, Price LB, Otte JM, Pfeiffer DU, Tiensin T, et al. The
animal-human interface and infectious disease in industrial food animal
production: rethinking biosecurity and biocontainment. Public Health Rep.
2008;123(3):282–99.

65. Duc NV LT. Poultry production systems in Viet Nam. In: GCP/RAS/228/GER
Working Paper No. 4. Rome: Food and Agricultural Organization of the
United Nations; 2008.

66. Gregory E, Barnhart H, Dreesen DW, Stern NJ, Corn JL. Epidemiological
study of Campylobacter spp. in broilers: source, time of colonization, and
prevalence. Avian Dis. 1997;41(4):890–8.

67. Lindblom GB, Sjorgren E, Kaijser B. Natural campylobacter colonization in
chickens raised under different environmental conditions. J Hyg (Lond).
1986;96(3):385–91. http://dx.doi.org/10.1017/S0022172400066146.

68. Carrique-Mas JJ, Bryant JE, Cuong NV, Hoang NVM, Campbell J, Hoang NV,
et al. An epidemiological investigation of Campylobacter in pig and poultry
farms in the Mekong delta of Vietnam. Epidemiol Infect. 2014;142(7):1425–36.
http://dx.doi.org/10.1017/S0950268813002410.

69. Institute of Medicine (U.S.). Committee on Emerging Microbial Threats to
Health. In: Lederberg J, Shope RE, Oaks SC, editors. Emerging infections :
microbial threats to health in the United States. Washington, D.C: National
Academy Press; 1992.

70. Jones BA, Grace D, Kock R, Alonso S, Rushton J, Said MY, et al. Zoonosis
emergence linked to agricultural intensification and environmental change.
Proc Natl Acad Sci U S A. 2013;110(21):8399–404. http://dx.doi.org/10.1073/
pnas.1208059110.

71. Smolinski MS HM, Lederberg J. Microbial threats to health. In: the threat of
pandemic influenza. Washington DC: National Academies Press; 2005.

72. Wilcox BA, Colwell RR. Emerging and reemerging infectious diseases:
biocomplexity as an interdisciplinary paradigm. EcoHealth. 2005;2(4):244–57.

73. Morand S, Jittapalapong S, Suputtamongkol Y, Abdullah MT, Huan TB.
Infectious diseases and their outbreaks in Asia-Pacific: biodiversity and its
regulation loss matter. PLoS One 2014, 9(2). http://dx.doi.org/10.1371/
journal.pone.0090032.

74. Thongsripong P, Green A, Kittayapong P, Kapan D, Wilcox B, Bennett S.
Mosquito vector diversity across habitats in central Thailand endemic for
dengue and other arthropod-borne diseases. PLoS Negl Trop Dis 2013;
7(10). http://dx.doi.org/10.1371/journal.pntd.0002507.

75. Lancaster SH, Hollister EB, Senseman SA, Gentry TJ. Effects of repeated
glyphosate applications on soil microbial community composition
and the mineralization of glyphosate. Pest Manag Sci. 2010;66(1):59–64.
http://dx.doi.org/10.1002/ps.1831.

76. Limmathurotsakul D, Wongratanacheewin S, Teerawattanasook N,
Wongsuvan G, Chaisuksant S, Chetchotisakd P, et al. Increasing incidence of
human melioidosis in Northeast Thailand. Am J Trop Med Hyg.
2010;82(6):1113–7. http://dx.doi.org/10.4269/ajtmh.2010.10-0038.

77. Newell DG, Koopmans M, Verhoef L, Duizer E, Aidara-Kane A, Sprong H, et al.
Food-borne diseases - the challenges of 20 years ago still persist while new
ones continue to emerge. Int J Food Microbiol. 2010;139 Suppl 1:S3–15.

78. DuPont HL, Steele JH. Use of antimicrobial agents in animal feeds:
implications for human health. Rev Infect Dis. 1987;9(3):447–60.

79. Gilchrist MJ, Greko C, Wallinga DB, Beran GW, Riley DG, Thorne PS. The
potential role of concentrated animal feeding operations in infectious
disease epidemics and antibiotic resistance. Environ Health Perspect.
2007;115(2):313–6.

80. Gustafson RH, Bowen RE. Antibiotic use in animal agriculture. J Appl
Microbiol. 1997;83(5):531–41.

81. Karesh WB, Dobson A, Lloyd-Smith JO, Lubroth J, Dixon MA, Bennett M,
et al. Ecology of zoonoses: natural and unnatural histories. Lancet.
2012;380(9857):1936–45.

82. Silbergeld EK, Graham J, Price LB. Industrial food animal production,
antimicrobial resistance, and human health. Annu Rev Public Health.
2008;29:151–69.

83. Castanon JI. History of the use of antibiotic as growth promoters in
European poultry feeds. Poult Sci. 2007;86(11):2466–71.

84. Marcussen H, Jensen BH, Petersen A, Holm PE. Dietary exposure to essential
and potentially toxic elements for the population of Hanoi, Vietnam. Asia Pac J
Clin Nutr. 2013;22(2):300–11. http://dx.doi.org/10.6133/apjcn.2013.22.2.06.

85. Hung HT, Du Nguyen T, Hojer J. The first poison control center in Vietnam:
experiences of its initial years. Southeast Asian J Trop Med Public Health.
2008;39(2):310–8.

86. Murphy HH, Hoan NP, Matteson P, Abubakar ALCM. Farmers' self-
surveillance of pesticide poisoning: a 12-month pilot in northern Vietnam.
Int J Occup Environ Health. 2002;8(3):201–11.

http://dx.doi.org/10.1111/j.1574-695X.2006.00085.x
http://dx.doi.org/10.1128/AEM.00973-07
http://dx.doi.org/10.1086/650733
http://dx.doi.org/10.4315/0362-028X.JFP-13-221
http://dx.doi.org/10.1016/j.ijfoodmicro.2005.11.020
http://dx.doi.org/10.1093/infdis/159.3.543
http://dx.doi.org/10.1093/infdis/159.3.543
http://dx.doi.org/10.1016/j.ijfoodmicro.2008.03.029
http://dx.doi.org/10.7883/yoken.65.527
http://dx.doi.org/10.1093/clind/16.5.689
http://dx.doi.org/10.1503/cmaj.081377
http://dx.doi.org/10.1503/cmaj.081377
http://dx.doi.org/10.1016/j.siny.2009.02.003
http://dx.doi.org/10.1016/S0140-6736(60)92253-4
http://dx.doi.org/10.1016/S0140-6736(60)92253-4
http://dx.doi.org/10.1017/S0022172400066146
http://dx.doi.org/10.1017/S0950268813002410
http://dx.doi.org/10.1073/pnas.1208059110
http://dx.doi.org/10.1073/pnas.1208059110
http://dx.doi.org/10.1371/journal.pone.0090032
http://dx.doi.org/10.1371/journal.pone.0090032
http://dx.doi.org/10.1371/journal.pntd.0002507
http://dx.doi.org/10.1002/ps.1831
http://dx.doi.org/10.4269/ajtmh.2010.10-0038
http://dx.doi.org/10.6133/apjcn.2013.22.2.06


Richter et al. Environmental Health  (2015) 14:43 Page 13 of 13
87. World Health Organization (WHO). Viet Nam environmental health country
profile. Geneva; 2005.

88. Dasgupta S, Meisner C, World Bank. Pesticide poisoning of farm workers
implications of blood test results from Vietnam. In: Policy research working
paper 3624. Washington, D.C: World Bank; 2005.

89. Due P, Nguyen NT. The Achievements of the Poison Control Center of Bach
Mai Hospital, Vietnam. Asia Pac J Med Toxicol. 2013;2:118.

90. Das PP, Shaik AP, Jamil K. Genotoxicity induced by pesticide mixtures: in-
vitro studies on human peripheral blood lymphocytes. Toxicol Ind Health.
2007;23(8):449–58. http://dx.doi.org/10.1177/0748233708089040.

91. Squillace PJ, Scott JC, Moran MJ, Nolan BT, Kolpin DW. VOCs, pesticides,
nitrate, and their mixtures in groundwater used for drinking water in the
United States. Environ Sci Technol. 2002;36(9):1923–30. http://dx.doi.org/
10.1021/es015591n.

92. Melkonian S, Argos M, Pierce BL, Chen Y, Islam T, Ahmed A, et al. A prospective
study of the synergistic effects of arsenic exposure and smoking, sun exposure,
fertilizer use, and pesticide use on risk of premalignant skin lesions in Bangladeshi
men. Am J Epidemiol. 2011;173(2):183–91. http://dx.doi.org/10.1093/aje/kwq357.

93. Richter CH, Xu J, Wilcox BA. Opportunities and challenges of the ecosystem
approach. Futures. 2015;67:40–51.

94. Richter CH, Steele JA, Nguyen-Viet H, Xu J, Wilcox BA. Toward Operational
Criteria for Ecosystem Approaches to Health. Ecohealth 2015, 1-7.
http://dx.doi.org/10.1007/s10393-015-1028-1.

95. Asian Development Bank (ADB). The Greater Mekong Subregion Economic
Cooperation Program Strategic Framework 2012–2022. Manila; 2011.

96. Walpole SC, Prieto-Merino D, Edwards P, Cleland J, Stevens G, Roberts I. The
weight of nations: an estimation of adult human biomass. BMC Public
Health. 2012;12:439–9. http://dx.doi.org/10.1186/1471-2458-12-439.

97. World Health Organization (WHO). Bottled drinking water. Fact Sheet No.
256. Geneva; 2000.

98. Kegley SE, Hill BR, Orme S, Choi AH. PAN Pesticide Database. Oakland:
Pesticide Action Network North America; 2014.

99. Peoples’ Republic of China (PRC) National Standard (GUOBIAO). GB2763-
2005. National food safety standard: Maximum residue limits for pesticides
in food on pesticide residues. Beijing; 2005.

100. United States Environmental Protection Agency (EPA). Integrated Risk
Information System (IRIS). Washington DC; 2014.

101. Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological
profile for DDT, DDE, and DDD. Atlanta; 2002.

102. Agency for Toxic Substances and Disease Registry (ATSDR). Draft
toxicological profile for endosulfan. Atlanta; 2013.

103. Landesanstalt für Umweltschutz Baden-Württemberg (LfU). Stoffbericht
Hexachlorcyclohexan HCH). In: Handbuch Altlasten und Grundwasserschadensfälle,
vol. 9. 1993. p. 1–243.

104. Agency for Toxic Substances and Disease Registry (ATSDR). Toxicological profile
for alpha-, beta-, gamma-, and delta-hexachlorocyclohexane. Atlanta; 2005.

105. United States Environmental Protection Agency (EPA) Office of Pesticide
Programs. EPA738-R-01-009. Reregistration eligibility decision for trichlorfon.
Washington DC; 2006.

106. Lertworapreecha M, Sutthimusik S, Tontikapong K. Antimicrobial resistance
in salmonella enterica isolated from pork, chicken, and vegetables in
southern Thailand. Jundishapur J Microb. 2013;6(1):36–41.

107. Ogasawara N, Tran TP, Ly TLK, Nguyen TT, Iwata T, Okatani AT, et al.
Antimicrobial susceptibilities of Salmonella from domestic animals, food and
human in the Mekong Delta, Vietnam. J Vet Med Sci. 2008;70(11):1159–64.
http://dx.doi.org/10.1292/jvms.70.1159.

108. Boonmar S, Morita Y, Pulsrikarn C, Chaichana P, Pornruagwong S,
Chaunchom S, et al. Salmonella prevalence in meat at retail markets in
Pakse, Champasak Province, Laos, and antimicrobial susceptibility of isolates.
J Glob Antimicrob Re. 2013;1(3):157–61. http://dx.doi.org/10.1016/
j.jgar.2013.05.001.

109. Pulsrikarn CCP, Pornruangwong S, Morita Y, Yamamoto S, Boonmar S. Serotype,
antimicrobial susceptibility, and genotype of Salmonella isolates from swine
and pork in Sa Kaew province, Thailand. Thai J Vet Med. 2013;42:21–8.

110. Thai TH, Hirai T, Lan NT, Shimada A, Ngoc PT, Yamaguchi R. Antimicrobial
resistance of Salmonella serovars isolated from beef at retail markets in the north
Vietnam. J Vet Med Sci. 2012;74(9):1163–9. http://dx.doi.org/10.1292/jvms.12-0053.

111. Chuanchuen R, Ajariyakhajorn K, Koowatananukul C, Wannaprasat W,
Khemtong S, Samngamnim S. Antimicrobial resistance and virulence genes
in Salmonella enterica isolates from dairy cows. Foodborne Pathog Dis.
2010;7(1):63–9. http://dx.doi.org/10.1089/fpd.2009.0341.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1177/0748233708089040
http://dx.doi.org/10.1021/es015591n
http://dx.doi.org/10.1021/es015591n
http://dx.doi.org/10.1093/aje/kwq357
http://dx.doi.org/10.1007/s10393-015-1028-1
http://dx.doi.org/10.1186/1471-2458-12-439
http://dx.doi.org/10.1292/jvms.70.1159
http://dx.doi.org/10.1016/j.jgar.2013.05.001
http://dx.doi.org/10.1016/j.jgar.2013.05.001
http://dx.doi.org/10.1292/jvms.12-0053
http://dx.doi.org/10.1089/fpd.2009.0341

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Results
	Intensification in crop systems
	Irrigation
	Fertilizers
	Pesticides

	Intensification in livestock systems
	Antibiotic resistance
	Hormones
	Livestock industrialization and zoonosis


	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

