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ARTICLE

A Comparative Toxidrome Analysis of Human
Organophosphate and Nerve Agent Poisonings Using
Social Media

DS Reddy∗ and E Colman

Here we utilized social media to compare the toxidrome of three lethal chemical exposures worldwide. YouTube videos were
the main source from which the data were collected, but published reports and news were also utilized to fill in some gaps.
All videos were organized in a database detailing symptoms and severity of each victim, along with demographics such as
approximate age and gender. Each symptom was rated as mild, moderate, or severe and corresponding pie graphs for each
incident were compared. The videos displayed symptoms ranging from mild to severe cholinergic toxicity and life-threatening
convulsions. Social media may represent an important resource in developing a viable approach to the early detection and
identification of chemical exposure, reinforce our preparedness for better antidotes, long-term follow up, and training about
deadly chemical nerve agent attacks.
Clin Transl Sci (2017) 10, 225–230; doi:10.1111/cts.12435; published online on 26 February 2017.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
✔ Chemical attack is becoming a real threat world-
wide. In 2013, two deadly chemical exposures occurred
in different countries. There were deaths of 23 children
in Bihar, India from accidental poisoning with the farm-
grade organophosphate (OP) pesticide monocrotophos,
with many more hospitalized. In Syria, about 1,400 civilians
died from the weapons-grade nerve gas sarin attacks. Over
a decade ago Tokyo civilians were exposed to the lab-grade
sarin gas on the subway.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔ While exposure to OP pesticides and nerve agents
can result in severe detriment on the victimized population,
including death in many cases, there is limited information
on human exposure, especially the neurotoxicity sequelae
after acute poisoning and the long-term constellation of
signs and symptoms after initial exposure. This study uti-
lized a social media tool to compare the toxidrome of three
lethal chemical exposures worldwide and attempted to dif-
ferentiate a pesticide exposure that has more muscarinic

effects from nerve agent that predominates with nicotinic
toxicity.
WHAT THIS STUDY ADDS TO OUR KNOWLEDGE
✔ Analysis of mass exposures is now feasible by using
a novel tool—social media. Videos are available on the
Internet that allows each incident to be observed, catego-
rized, and archived in digital format. Analysis of the rare
videos of three distinct OP poisoning incidents uncovered
a set of clinical fingerprints that indicate a specific group of
cholinergic toxicants as lethal threat agents for humans.
HOW THIS MIGHT CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE
✔ Comparative toxidrome data might help optimize early
detection toward creating better antidote therapies for
chemical poisonings, improve preparedness for chemi-
cal attacks, and display the need for long-term medi-
cal follow-up for victims of nerve agent attacks. Such
toxidrome analysis may help developing a triage sys-
tem for long-term monitoring of victims in case of mass
attacks.

Among 110 million chemicals in the CAS registry, nearly 345
thousands are toxic chemicals. Organophosphate (OP) pes-
ticides, nerve agents, vesicants, and cyanide are extremely
lethal chemical agents. Nerve gases like sarin are classi-
fied as weapons of mass destruction by the United Nations.
Monocrotophos is used widely as a pesticide in some coun-
tries due to effectiveness and cheap access, but is banned
in the United States.1 Nerve agents were discovered in the
1930s and have been used throughout history. During World
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War I, Germany attacked Allied troops with chlorine gas2; this
was the first time a lethal chemical agent had been used on a
large scale. During World War II and the Cold War era, many
nations had stockpiles of chemical weapons, but they were
used sparingly.2 Chemical weapons were reportedly used in
the Iran–Iraq war (Figure 1). American troops operating in the
Gulf War in 1991 were potentially exposed to sarin after an
exposure to an Iraqi chemical dump.3 Since the 1980s, there
have been few incidents of chemical warfare reported, until
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Figure 1 A timeline by The Economist visually lays out the history of chemical weapon use. Source: The shadow of Ypres:
How a whole class of weaponry came to be seen as indecent (2013, August 31). The Economist. Retrieved July 22, 2014, from
http://www.economist.com/news/briefing/21584397-how-whole-class-weaponry-came-be-seen-indecent-shadow-ypres

the Tokyo subway attack by a terrorist group in 1995. Then
there was another gap until the events of accidental poison-
ings with pesticides in India and the Syrian attack in 2013.
These three recent incidents are the focus of this pilot tox-
idrome study to document the signs, symptoms, and treat-
ments of chemical OP poisoning.
Nerve agents act by inhibiting the enzyme acetyl-

cholinesterase (AChE), which is responsible for the break-
down of acetylcholine in the body. The irreversible inhibition
of this enzyme by a nerve agent can cause cholinergic cri-
sis and hyperstimulation by excess acetylcholine, eventu-
ally leading to death.4 Symptoms of OP poisoning include,
but are not limited to: miosis, sustained muscle contrac-
tion, twitching, hypersalivation, excessive sweating, fainting,
vomiting, respiratory depression, and seizures.4 Current anti-
dotes available in the United States for OP poisoning are
atropine, an antimuscarinic agent, and 2-PAM (pralidoxime)
which reactivates the AChE by competing with the nerve
agent for the binding domain of the enzyme.5 Other oximes
(obidoxime, HI-6) are used elsewhere as antidotes for nerve
agents. Atropine produces life-saving effects by decreas-
ing hypersecretions and relieving bronchoconstriction, which
allows for more effective breathing of the exposed individ-
ual. The nicotinic effects of OPs, such as spasms and fas-
ciculations, will not be improved by atropine.6 However, the
use of oximes such as 2-PAM has many limitations, includ-
ing their poor entry into the brain. Thus, 2-PAM has low per-
meability and only slowly reactivates brain AChE.7 Similarly,
atropine has limited brain bioavailability and hence offers lit-
tle protection against the devastating neurotoxicity, includ-
ing lethal seizures.6 For a patient experiencing seizures,

benzodiazepines such as diazepamormidazolam are recom-
mended for controlling seizures and status epilepticus.5 Pyri-
dostigmine bromide is currently available in the United States
for military personnel at risk for a nerve agent exposure; it
must be used prior to exposure and has no benefit if admin-
istered after exposure. The exposure to OP nerve agents,
whether purposeful or accidental, results in severe detriment
to the victimized population, including death in many cases.
Chemical attacks are becoming a real threat worldwide.7

Analysis of mass exposures is now feasible by using a novel
tool—social media. Videos are available on the Internet that
allow each incident to be observed and categorized.4

In contrast to acute toxidrome data, there have been no
long-term follow-up studies for either the Syrian or Indian
cases. There have been a few studies published on long-term
follow-up of the Tokyo victims but they were small, with lim-
ited scope. One study has identified posttraumatic stress dis-
order in the sarin-exposed group.8 Another published study
was a 3-year follow-up that included male firefighters and
police officers who were exposed while rescuing victims.9

This study found a higher frequency of sister chromatid
exchanges in the exposed subjects. The final study occurred
7 years after the attack and included 23 exposed subway
workers. The study concluded that the exposed group had
decreased psychomotor performance.10 These cases under-
score the need for long-term studies with a larger number of
subjects to ascertain the chronic toxidrome of nerve agent
exposure.

The aim of this pilot toxidrome study was to use YouTube
videos to assess and identify distinct signs and symptoms
of pesticide and nerve agent exposure, and help devise
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preparedness for better antidotes for chemical attacks. Anal-
ysis of the videos of three distinct OP poisoning inci-
dents uncovers a set of clinical profiles that characterize
three cholinergic toxicants that are extremely lethal chemical
agents.

METHODS

We performed a search on the video-sharing website
YouTube (Google, Mountain View, CA; http://www.youtube.
com) and other online news portals for videos available as
of July 2014. In addition to video searches, comments and
news items were searched for additional information regard-
ing the victim and incident. Due to the public nature of
the websites, the use of videos did not require approval.
YouTube videos were collected for each of the three events
(India, Syria, Tokyo), using key word searches on the Internet.
Key words included: pesticide, nerve agent, organophos-
phate, sarin, chemical exposure, Syria, Tokyo, India, chemi-
cal exposure. The videos were downloaded and watched as
described previously.1 Each video was assigned an identi-
fier and information on each victim (estimated age, gender,
and symptoms) was recorded in a spreadsheet. There were a
total of 38 videos collected: 22 from Syria, 8 from Tokyo, and
8 from India. The lengths varied, as did symptoms, and the
number of victims. Each victim from a particular video was
treated as an independent sample.
The Indian case was covered widely in press and social

media. On 16 July 2013, at least 23 students died and
dozens more fell ill at a primary school in the village of
Dharmashati Gandaman in the Saran district of the Indian
state of Bihar after eating a midday meal contaminated
with pesticide.1,17,18 Official investigations stated that the
cooking oil had been placed in a container that was previ-
ously used to store insecticides. A forensic report confirmed
the cooking oil contained "very toxic" levels of monocro-
tophos, an agricultural OP pesticide. The amount consumed
was not estimated, but victims had approximately the same
serving of lunch from the same contaminated pot. Within
30 min after eating the meal, the children complained of
stomach pain and soon after were taken ill with vomit-
ing, diarrhea, and body jerks. Sixteen victims died at the
site, and all others died in the hospital. Many children who
fell ill from the contaminated food survived with medical
treatment.
The Syrian case had the most YouTube hits, perhaps due

to the demographics of the event. It happened on August
21, 2013; cell phones were available and popular and videos
were relatively easy to record. Events in India had fewer video
hits. There were probably fewer hits in India because the inci-
dent was food poisoning in a school that not only caused
delayed effects, but was initially presumed “normal” food
poisoning and an illicit attack was not suspected. In addi-
tion, while cell phones were readily available in 2013, camera
phones would not be a norm for children or school admin-
istration in Bihar, India. The Tokyo case occurred in 1995,
before video cell phones were commonplace. The only video
access would have been if a person had a video recorder, or
a news crew was nearby.

Image searches on Google were also utilized to find
still pictures of the attacks to identify symptoms. The pic-
tures were also given a unique identifier and recorded in
a spreadsheet with corresponding victim information such
as estimated age, gender, and symptoms. It was visually
checked by the investigators that many of the pictures
were obtained from the videos previously collected, and
therefore the duplicative information was not included in
the overall analysis. News reports of each incidence, along
with published literature (primary, secondary, and tertiary)
were also collected and documented to determine addi-
tional details about each individual incident of nerve agent
exposure.
After the data were compiled into a spreadsheet, each

symptom was tallied by incident. Each symptom was
assigned a severity scale. Severe symptoms included: res-
piratory depression, seizure activity, unconsciousness, con-
vulsions, and hypersecretion. Moderate symptoms included:
fasciculations, miosis, vomiting, and any eye pain or blurred
vision reported verbally in the videos. Mild symptoms
included: weakness or limpness of the body, excessive
sweating, coughing, headache, and screaming, crying, or
any visibly upset or distressed state. Victims who had no
noticeable signs of life or considered dead were excluded
from the symptomatic analysis. For each OP chemical expo-
sure, a pie graph was created to determine the respective
percentage of severe, moderate, and mild symptoms. These
graphs were then used, along with the published literature,
to draw conclusions from the data collected.

RESULTS

Figure 2 shows representative images and descriptions of
symptoms observed after pesticide and nerve agent poison-
ing of the victims. Table 1 shows the comparative analysis
of the data documented from each of the three different inci-
dents. Videos collected from Syria showed the largest age
range, from infants to elderly. The age range seen in the
Tokyo videos was from mostly young to middle-aged adults,
probably due to the fact that the time of the event occurred
during the commute to work. No children were observed in
the Tokyo case. The Indian case had the least variability in
age, ranging from 5 to 12 years, which was expected as this
occurred at a primary school. Victims were approximately the
same age and probably had similar maximum exposures of
pesticide mixed with lunch food of similar servings. In con-
trast to Tokyo and Syria, the Indian victims were accidently
exposed to monocrotophos, a pesticides used in agriculture,
as compared with intentional terrorist attacks of nerve agents
in the other two cases.
From the analysis of the videos and collected data

(Figure 2), Syria had the largest percentage of severe symp-
toms, which corresponds with the large number of deaths
(1,400). Syria was followed by Tokyo, with 46% severe symp-
toms, but in Tokyo there was also a notable percentage of
mild symptoms (32%). India had over 50% mild symptoms,
but a notable number of either moderate or severe cases.
A chart was created to depict a side-by-side comparison
of each incident (Figure 3). Tokyo had the most resources
for advanced treatment, which may account for the limited
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Figure 2 Severity of signs and symptoms of organophosphate and nerve agent poisoning by incident.

number of lives lost. Tokyo is also a large metropolitan city,
with easy and fast access to healthcare and medications,
whereas the events in Syria and India were in more rural areas
that required travel to seek medical attention.
The outcomes from this study attest that the toxidrome

can be predictable based on the agent (pesticide vs. nerve
agent) and exposure (ingestion vs. inhalation). The pilot tox-
idrome observed from these videos show the constellation
of signs and symptoms that are distinctly different in each of
the three incidents. OPs are different from nerve agents and
the route was ingestion, while the Syrian nerve gas attacks
were, as noted, military with higher concentrations/dose
delivered vs. Tokyo with many so-called exposed getting
minimal to no exposure. These factors, as well as health-
care resources, impacted morbidity and mortality in the three
cases.

DISCUSSION
The novel research application of social media brings a useful
tool to bear on these exposures. The findings from observing
the videos of the Syrian and Tokyo attacks can be used as
a model for the Indian pesticide poisoning. Lessons learned

from the two larger cases with more severe symptomology
can be applied to smaller pesticide cases such as what
occurred in India. This is important because, although the
Indian cases resulted in the majority of victims with mild
symptoms, they are more at risk for severe delayed neurolog-
ical effects.8–10 Because many survivors in India are young,
long-term follow-up in this group is feasible. Tokyo and Syria
can be used as a model for the toxidrome crisis of the Indian
incident because all the compounds fall into the chemical
classification of OPs, and most OPs are irreversible AChE
inhibitors; thus, acting much like chemical weapons such
as soman, VX, and sarin.1 In the Indian videos, the severe
symptoms such as convulsions, seizures, and respiratory
depression were less frequent. This is probably due the fact
that a longer time elapsed between diagnosis and treatment,
compared with the events recorded in Tokyo and Syria. It is
also likely that such symptoms did occur in the Indian chil-
dren who died and possibly others who survived, but whose
symptoms were not videotaped because it happened in a
remote village.

Like a previous study,4 this study has some caveats,
such as limited authenticity or validation of the videos, lack
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Table 1 Comparative signs and symptoms of organophosphate and nerve agent poisonings in humans in three separate incidents worldwide.

Syria Tokyo India

Total victims/ videos observed 22 8 8

Signs/ symptoms ◦ Convulsions
◦ Miosis
◦ Frothing at mouth
◦ Hypersecretion
◦ Shaking
◦ Sweating
◦ Respiratory Depression

◦ Eye pain
◦ Blurred vision
◦ Weakness
◦ Vomiting
◦ Gasping
◦ Headache
◦ Nausea

◦ Stomach ache
◦ Vomiting
◦ Fainting
◦ Jerks

Severity Mostly severe Severe/moderate Mild

Treatment ◦ IV atropine
◦ (Steroids)
◦ (Furosemide)

◦ IV atropine
◦ 2-PAM
◦ Diazepam
◦ Tropicamide

IV medication
(assumed atropine)

Time to treat Hard to determine: Slow due to lack of
medication and hospital space

Hard to determine: On site emergency and
hospital response

Slow
Later on by ambulance

Age Infant to �60 yrs 20-50 yrs 5-12 yrs

Gender Male adult
Male children
Female children

Male
Female

Male children
Female children

Long-term Follow-up N/A ◦ Low plasma cholinesterase
◦ Decreased psychomotor performance
◦ PTSD
◦ Increased sister chromatid exchanges

(genetic effects)

N/A

Acute neurological signs ◦ Tonic clonic seizures ◦ Seizure/muscle Convulsions
◦ Confusion/agitation

N/A

Chronic neurological impact N/A ◦ Depression
◦ Cognitive Dysfunction
◦ PTSD

N/A

Chemical weapon Sarin Sarin Monocrotophos

Quality of agent High grade Low grade (�35%) Farming pesticide

Fault Military Civilian/ terrorist Accidental

Death count 1,400 13 23

Date August 21, 2013 March 20, 1995 July 16, 2013

Figure 3 Percent of severity of symptoms observed in the three distinct human organophosphate poisoning incidents worldwide.

of medical orientation of the videos cited, lack of back-
ground control data, and incomplete medical information
of the victims. Nevertheless, the abundance of information
helps to validate the information in a way similar to “crowd
wisdom,” in which quantity and diversity compensate for
quality.4 Nevertheless, this pilot study may set the stage for a
large-scale, multinational social media study on nerve agent
toxidrome, treatment efficacy, and follow-up on long-term
effects of survivors.
In all three incidents, only intravenous atropine was

observed being administered in the videos. Atropine is a

highly recommended treatment, but this requires intravenous
access and must be administered by a medical profes-
sional in a healthcare setting. This is not always feasible
during mass chemical attacks.11 The quick access to anti-
dote autoinjectors would allow faster administration of the
drug and decreasemortality.12 Currently, atropine and 2-PAM
autoinjectors are only available to military personnel in the
United States. Allowing such access to populations at risk of
a chemical attack should increase survival rates and allow
for more time for victims to seek medical attention. Ade-
quate stocks of better antidotes that can provide neurological
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protection would be beneficial in populations of people who
are at risk for OP exposure. The need for quick diagnosis of
a specific toxidrome and access to these medications is also
an area in need of improvement.
When severe symptoms such as seizure activity ensue,

it is a concern that long-term damage or development of
neurological dysfunction could result in victims after the
acute symptoms subside. Due to neuronal damage by
cholinergic crisis, there is a greater likelihood for chronic neu-
rological and neuropsychiatric complications in the future.
Perhaps an even more alarming fact is that those exposed
people who may not have shown acute symptoms of OP
poisoning, could be more sensitive to long-term neurotoxic
effects.1 This is consistent with the notion that long-term
toxicity from OP exposure may be underreported and more
prevalent in cases of mild exposure, such as the Indian
case. Long-term toxicity could also be displayed as delayed
polyneuropathy or neuropsychiatric disorder. Such symp-
toms could be attributed to a different origin, when in fact it is
a result of OP exposure. These concerns illustrate the impor-
tance of chronic follow-up data on the harm of OP poisoning
given the limited effectiveness of current antidote treatments.
Animal models are important in the understanding of some

of the neurotoxic effects that may be experienced short- and
long-term in humans.13,14 The long-term effects of OP expo-
sure first seen after the Tokyo attack arose from non-AChE
inhibition, because OPs have secondary targets.15 Gluta-
mate is an excitatory neurotransmitter in the brain respon-
sible for critical functions such as cognition, memory, and
learning.16 When glutamate is in excess, it can cause excito-
toxic neurotoxicity and massive neuronal synaptic damage
leading to long-term neuropsychiatric dysfunction.16 Excess
glutamate is a caused by superfluous activation of cholin-
ergic receptors in the brain. Seizures are initially triggered by
excess cholinergic hyperactivation, but are continued by per-
sistent glutamatergic transmission within the brain synapses.
Effective control of seizures is critical for survival as well
as preventing neuronal damage or long-term neurological
dysfunction.
In conclusion, with the vast availability of social media,

chemical attacks can be well documented and accessed
worldwide. The videos can be used as a research tool to draw
conclusions about the victimized population as a whole.
By analyzing three separate OP attacks, we were able to
compare the toxidrome from each and use a large-scale
deconstruction as a model for comparison and drawing con-
clusions. By possibly utilizing the Indian case as a future pop-
ulation for long-term follow-up and development of chronic
toxicity, we can better categorize the delayed neurotoxicity of
OP exposure in survivors, as well as increase preparedness
should another attack occur. These incidents underscore the
need for better antidotes and follow-up of victims for neuro-
logical or long-term symptoms.
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