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USA; dRoyal Prince Alfred Hospital and Sydney Medical School, University of Sydney, NSW, Australia; eDepartment of Toxicology and 
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ABSTRACT 
Objective: The Global Educational Toxicology Uniting Project (GETUP), supported by the American 
College of Medical Toxicology, links countries with and without toxicology services via distance educa-
tion with the aim to improve education. Due to the lack of toxicology services in some countries there 
is a knowledge gap in the management of poisonings. We describe our experience with the worldwide 
delivery of an online introductory toxicology curriculum to emergency doctors and other health profes-
sionals treating poisoned patients. 
Methods: We delivered a 15-module introductory Internet-based toxicology curriculum to emergency 
doctors and health professionals, conducted from August to December 2016. This Internet-based cur-
riculum was adapted from one used to teach emergency residents toxicology in the United States. 
Modules covered themes such as pharmaceutical (n ¼ 8), toxidromes (n ¼ 2) and agrochemicals (n ¼ 5) 
poisoning. Participants completed pre-test and post-test multiple choice questions (MCQs) before and 
after completing the online module, respectively, throughout the course. We collected information on 
participant demographics, education and training, and perception of relevance of the curriculum. 
Participants gave feedback on the course and how it affected their practice. 
Results: One hundred and thirty-six health professionals from 33 countries participated in the course: 
98 emergency doctors/medical officers, 25 physicians, eight pharmacists/poisons information specialists, 
two toxicologists, two medical students and one nurse. Median age of participants was 34 years. 
Median number of years postgraduate was seven. Ninety (65%) had access to either a poisons informa-
tion centre over the phone or toxicologist and 48 (35%) did not. All participants expected the course 
to help improve their knowledge. Overall median pre-module MCQ scores were 56% (95%CI: 38, 75%) 
compared to post-module MCQ scores median 89% (95% CI: 67, 100%) (p < .0001). 
Conclusions: Our participants demonstrated an increase in medical knowledge based on performance 
on MCQs. An online toxicology curriculum is an effective way to deliver education to health professio-
nals treating poisoned patients and can help to bridge the knowledge gap and change practice in 
developed and developing countries. 
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Introduction 

More than one million deaths around the world occur annu-
ally because of suicide with a significant amount of these 
attributable to deliberate self-poisoning [1]. In addition to 
the lack of antidotes and equipment, resource poor areas 
may also lack specialist personnel and training to manage 
the poisoned patient [2]. 

Despite the need, there is a lack of formal toxicology 
training programs around the world [3]. Countries may also 
lack poisons information services over the phone, access to 
individuals trained in medical toxicology [4] or trained staff 
to care for acutely ill patients [5]. 

The Global Educational Toxicology Uniting Project 
(GETUP), supported by the American College of Medical 
Toxicology (ACMT), was established to help overcome these 

barriers (www.acmt.net/GETUP) [4]. The aim of GETUP was to 
help identify centres without access to poisons information 
and toxicology services and link them to those that did have 
access or resources. This was initially undertaken through 
case-based discussion via video conferencing. However, it 
was also apparent that there was a knowledge gap in the 
basics of poisoning pathophysiology, risk assessment as well 
as management. 

An asynchronous online curriculum may be an ideal way 
to reach health professionals managing poisoned patients 
who do not have access to live toxicology teaching. Online 
curricula have been used successfully to teach medical, surgi-
cal and toxicology skills [6–8]. Previously, a pilot version of 
the course was demonstrated to increase knowledge 
amongst Fijian doctors [9]. 
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Our aim was to investigate whether an online toxicology 
course could improve the knowledge of health professionals 
treating poisoned patients in developing and developed 
countries worldwide. 

Methods 

We delivered an introductory Internet-based toxicology cur-
riculum to health professionals who managed poisoned  
patients from 33 countries. The 15-module introductory toxi-
cology curriculum was delivered from August to December  
2016. Invitation and advertisement to participate in the  
course were disseminated via ACMT, American Academy of  
Clinical Toxicology (AACT), European Association of Poisons  
Centers and Clinical Toxicologists (EAPCCT), Asia Pacific  
Association of Medical Toxicology (APAMT), International  
Interest Groups of the American College of Emergency  
Physicians (ACEP) and the Australasian College of Emergency  
Medicine (ACEM), Medecins Sans Frontieres (MSF) and the  
World Health Organization (WHO). 

The Internet-based toxicology curriculum was adapted 
from a US-based online course (Physician Education and 
Assessment Center, https://emcc.peaconline.org, Johns 
Hopkins University, Baltimore, USA). The curriculum was writ-
ten by medical toxicologists and the pre- and post-module 
questions were written in consultation with an expert in edu-
cational assessment. Post-module questions have been vali-
dated in a previous study [10]. The curriculum was 
supplemented with regionally relevant topics (organophos-
phate and paraquat) adapted from Wikitox (www.wikitox. 
org), an online toxicology web resource. Multiple choice 
questions were created for these additional modules. 
Modules covered themes such as pharmaceutical (n ¼ 8), toxi-
dromes (n ¼ 2) and agro/chemicals (n ¼ 5) poisoning. 

Health professionals participated in a set of pre-module  
and post-module single best answer multiple choice  
questions (MCQs) before and after completing each online  
case-based module. There were a total of 80 pre- and 80  
post-module MCQs. Each module was case based and struc-
tured to guide participants through the categories of risk  
assessment, investigations and management of the particular  
poison. Reading material were summarized for these different  
categories and referenced to the literature. No pre-reading  
prior to the course was required. A discussion forum was  
also available to allow participants to ask questions about  
the case or in relation to the module topic. 

One-month post-release of the last module, a final quiz 
was released to participants to test knowledge retention. The 
quiz contained 30 MCQs covering all modules. In addition, 
course participants completed a feedback survey including 
questions on relevance to current practice, how the course 
had changed their clinical practice to date and suggestions 
for course improvement. All 15 modules were evaluated on a 
five-point scale from poor (1) to excellent (5). 

The primary outcome was to determine the difference in 
MCQ score pre- and post-module for each participant. 
Secondary outcomes included final quiz scores, number of 

participants who thought the course had changed their prac-
tice at 1 month post the course and rating of modules. 

Information was collected on participant demographics 
(further analysed as developing economies and advanced 
economies according to the International Monetary Fund and 
United Nations Development Programme [11]), prior educa-
tion and training, access to toxicology resources and expect-
ation of course at time of registration. Final quiz results and 
final feedback were given via web survey (Survey MonkeyVR 

2016, San Francisco, CA). 
All course participants gave individual consent prior to 

participating in the course to allow publication of their 
results. Approval to analyze and store the de-identified infor-
mation were given by the Austin Health Research Ethics 
Committee. 

All data were analyzed descriptively. The Wilcoxon signed-
rank test was used to compare paired non-parametric data. 
SPSS (V23, IBMVR , New York, NY) was used to perform the 
analysis. 

Results 

Out of the 198 health professionals who showed initial inter-
est, 136 from 33 different countries participated in the 
course (Figure 1). The median age of participants was 

Figure 1. Classification of participants by economy status and region. Based on 
the United Nations Development Programme and International Monetary Fund 
classification [11]. 

982 A. WONG ET AL. 

Interested 
(n=198) 

I 
Participants 

(n=136) 

I 

Developing Advanced 
economies 

(n=104) 

- Europe (n=6) 

Asia and Middle - East (n=65) 

- Africa (n=22) 

South America - (n=6) 

- = Ocearua (n 5) 

Economies 

-
-
-
-

(n=32) 

Europe (n= 2) 

Asia and Mi ddle 
6) East (n= 

North Ameri ca 
(n=3) 

Oceania(n=2 1) 

https://emcc.peaconline.org
http://www.wikitox.org
http://www.wikitox.org


34 (IQ
R: 29–40) years old

 (Tab
le 1). Sixty-three w

ere fem
ale 

(46%
) and

 seventy-three w
ere m

ale (54%
). M

edian years p
ost-

graduate initial degree w
as 7 years (IQ

R: 3.12). 
N
inety (65%

) p
articip

ants had
 access to either a p

oisons 
inform

ation 
centre 

over 
the 

p
hone 

or 
toxicologist 

and
 
48 

(35%
) did

 not. O
f the 48 w

ho did
 not have access to a p

oi-
sons inform

ation centre, 28 (58%
) had

 no resources, seven 
(15%

) 
consulted

 
senior 

colleagues, 
six 

(13%
) 
searched

 
the 

Internet for inform
ation, five (10%

) used
 online p

oisons data-
b
ases 

and
 
tw

o 
(4%

) 
used

 
textb

ooks. 
A
ll 

p
articip

ants 
have 

b
een 

involved
 
w
ith 

or 
treated

 
p
oisoned

 
p
atients 

and
 

exp
ected

 the course to help
 to im

p
rove their know

ledge. 
O
verall, m

edian p
re-m

odule M
C
Q

 scores im
p
roved

 from
 

56%
 (38, 75%

) com
p
ared

 to p
ost-m

odule M
C
Q

 scores 89%
 

(67, 100%
) (p <

 .0001) (Figure 2). There w
as im

p
rovem

ent in 
all 

m
odule 

m
edian 

p
ost-test 

results 
(Tab

le 
2), 

excep
t 
the 

organop
hosp

hate 
m
odule 

(p
re- 

and
 
p
ost-m

edian 
score 

100%
).

M
edian p

re-m
odule 

M
C
Q

 scores from
 develop

ing
 econ-

om
y countries im

p
roved

 from
 52%

 (35, 70%
) com

p
ared

 to 
p
ost-m

odule M
C
Q

 scores 86%
 (63, 100%

) (p <
 .0001). M

edian 
p
re-m

odule M
C
Q

 scores from
 advanced

 econom
y countries 

im
p
roved

 from
 59%

 (40, 78%
) to 90%

 (68, 100%
) (p <

 .0001). 
There w

as an overall im
p
rovem

ent in the m
edian p

re-m
odule 

M
C
Q

 score com
p
ared

 to the final quiz score of 86%
 (IQ

R: 76, 
92%

) (p <
 .0001). 

O
ne 

hundred
 
and

 
one 

health 
p
articip

ants 
(74%

) 
com

-
p
leted

 the p
ost course feedb

ack survey. O
verall the course 

w
as rated

 excellent (45%
), very good

 (50%
) and

 good
 (5%

). 

Figure 2. Pre- and post-m
odule m

ultiple choice question (M
CQ

) scores for 
entire study group. 

Table 2. G
roup pre- and post-m

odule m
edian M

CQ
 scores. 

M
odules 

Pre-m
odule

m
edian

scores (IQ
R) 

Post-m
odule

m
edian

scores (IQ
R) 

Statistical
difference

(p) 

Toxidrom
es 

55 (44, 67) 
89 (55, 100) 

<
.001 

Approach to com
a 

55 (44, 78) 
100 (100, 100) 

<
.001 

O
rganophosphates 

100 (67, 100) 
100 (67, 100) 

.378 
Acetam

inophen/paracetam
ol 

60 (40, 80) 
80 (50, 90) 

<
.001 

Antidepressants 
57 (43, 71) 

86 (72, 100) 
<
.001 

Antidiabetic m
edications 

50 (42, 67) 
100 (100, 100) 

<
.001 

Carbon m
onoxide and

m
ethaem

oglobinaem
ia 

50 (38, 63) 
75 (63, 88) 

<
.001 

D
igoxin 

40 (40, 60) 
80 (80, 90) 

<
.001 

Lithium
 

50 (25, 75) 
75 (75, 100) 

<
.001 

Salicylate 
50 (25, 75) 

75 (75, 100) 
<
.001 

Sedative-hypnotic 
50 (50, 75) 

75 (75, 100) 
<
.001 

Sym
pathom

im
etic 

33 (33, 50) 
100 (83, 100) 

<
.001 

Toxic alcohols 
55 (45, 72) 

91 (82, 100) 
<
.001 

Caustic Ingestion 
38 (31, 56) 

63 (50, 88) 
<
.001 

Paraquat poisoning 
67 (67, 100) 

100 (67, 100) 
<
.001 
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A
ll 15 m

odules w
ere deem

ed
 very relevant to their p

ractice. 
Each m

odule w
as rated

 on a five-p
oint scale. O

f the 1515 rat-
ings, m

odules w
ere rated

 good
 (n ¼

 268, 18%
), very good

 
(n ¼

 883, 
58%

) 
and

 
excellent 

(n ¼
 364, 

24%
) 
(Tab

le 
3). 

N
o 

m
odules w

ere rated
 p

oor or very p
oor. N

inety-seven (96%
) 

resp
onders 

w
ould

 
recom

m
end

 
the 

course 
to 

other 
colleagues and

 four  (4%
) stated

 “m
ayb

e”. Som
e suggestions 

for im
p
rovem

ents to the course included
 m

ore p
esticide p

oi-
soning

 m
odule coverage for South East A

sian countries and
 

requests for ongoing
 references. 

A
t the tim

e of survey, one m
onth p

ost-cessation of the 
course, 66 (65%

) of the resp
onders had

 thought the course 
had

 changed
 their clinical p

ractice so far and
 35 (35%

) did
 

not. Exam
p
les of changes in p

ractice included
 giving

 struc-
tured

 ap
p
roaches to evaluation and

 m
anagem

ent of com
a-

tose 
p
atients 

w
ith 

overdose, 
im

p
roving

 
assessm

ent 
for 

toxidrom
es, correct use of antidotes such as naloxone and

 
acetylcysteine, increased

 know
ledge of sp

ecific m
anagem

ent 
of 

p
oisonings 

(e.g., 
organop

hosp
hates) 

and
 
acknow

ledge-
m
ent of im

p
ortance of p

ractising
 evidence-b

ased
 m

edicine. 

Table 1. Course participant dem
ographics. 

D
em

ographics of participants 
n ¼

 136 
M
edian age (years) (IQ

R) 
34 (29, 40) 

Sex
Fem

ale 63 (46%
), M

ale 73 (54%
) 

M
edian years postgraduate (IQ

R) 
7 (3, 12) 

O
ccupation (overall) 

98 (72%
) em

ergency doctors/m
edical 

officers 
25 (18%

) specialty physicians 
8 (6%

) pharm
acists/poisons inform

ation 
specialists 

2 toxicologists (1.5%
) 

2 m
edical students (1.5%

) 
1 nurse (1%

) 
O
ccupation (specialists) 

17 (17%
) of the 98 em

ergency doctors/ 
m
edical officers had finished their 

training 
The other 25 physicians: 

7 internal m
edicine (28%

) physicians 
4 intensivists (16%

) 
4 general practitioners (16%

) 
3 forensic toxicologists (12%

) 
2 psychiatrists (8%

) 
2 chem

ical pathologists (8%
) 

1 occupational m
edicine physician (4%

) 
1 paediatrician (4%

) 
1 surgeon (4%

) 
Currently studying degree 

34 (25%
) 

Access to poisons inform
ation centre 

90 (65%
) 

N
o access to poisons inform

ation 
centre 

48 (35%
) 

O
f these:
28 (58%

) had no resources 
7 (15%

) consulted senior colleagues 
6 (13%

) searched the Internet for 
inform

ation 
5 (10%

) used online poisons databases 
2 (4%

) used textbooks 

C
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A
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O
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G
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UI 
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D
iscu

ssio
n

 

A
 
variety 

of 
p
atients. 

receive care from
 p

hysicians w
ith sp

ecialized
 training

 in the 

Table 
3. Feedback 

– 
m
odule 

ratings 
by 

participants 
m
odule. 

M
odules 

Toxidrom
es 

Approach to com
a 

O
rganophosphates 

Acetam
inophen/Paracetam

ol 
Antidepressants 
Antidiabetic m

edications 
Carbon M

onoxide and 
M
ethaem

oglobinaem
ia 

D
igoxin 

Lithium
 

Salicylate 
Sedative-hypnotic 
Sym

pathom
im
etic 

Toxic alcohols 
Caustic Ingestion 
Paraquat poisoning 
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health  
p
rofessionals 

w
ill 

m
anage 

p
oisoned

 
U
nfortunately, 

m
any 

p
oisoned

 
p
atients 

do 
not 

m
anagem

ent of p
oisoning. C

om
p
ounding

 this issue is sm
aller 

doctor to p
atient ratios in countries w

ithout p
oisons inform

a-
tion or toxicology services. For exam

p
le, the W

orld
 H

ealth 
O
rganisation estim

ates there are ap
p
roxim

ately 0.2 doctors 
p
er 

1000 
p
op

ulation 
in 

develop
ing

 
countries 

(such 
as 

C
am

b
odia and

 N
ep

al) w
ithout toxicology services. This com

-
p
ares to 2.4 doctors p

er 1000 p
op

ulation in the U
S and

 2.8 
doctors p

er 1000 p
op

ulation in the U
K, b

oth countries having
 

estab
lished

 
m
edical 

toxicology 
training

 
p
athw

ays 
and

 
p
oi-

sons inform
ation services [12]. 

A
lthough p

oisons centres have continuously show
n that 

they p
rovide a service to the p

ub
lic and

 health p
rofessionals 

in p
roviding

 p
oisons inform

ation [13], a large p
rop

ortion of 
p
articip

ants in our study had
 no access to a p

oisons inform
a-

tion 
centre. 

A
 
significant 

num
b
er 

of 
p
articip

ants 
signaled

 
they had

 no resources to advise m
anagem

ent of p
oisoned

 
p
atients. C

linicians w
ithout resources or training

 m
ay use the 

Internet and
 consultation of senior colleagues, as sub

stitution 
for form

al training. 
W
e attem

p
ted

 to b
ridge this gap

 b
y offering

 an introduc-
tory toxicology curriculum

. This w
ork adds to p

rior investiga-
tion that show

s an Internet-b
ased

 course toxicology course 
can im

p
rove m

edical know
ledge [10]. W

e ob
served

 signifi-
cant im

p
rovem

ent in p
re-m

odule M
C
Q
s com

p
ared

 w
ith p

ost-
m
odule M

C
Q
s 
throughout 

all 
p
articip

ants. 
This suggests 

a 
need

 for such a course, regardless of the econom
ic status of 

the p
articip

ants’ country of origin. In addition, there w
as a 

significant p
rop

ortion of p
articip

ants w
ho had

 finished
 sp

e-
cialist m

edical training
 and

 show
ed

 im
p
rovem

ent in know
-

ledge. 
H
ow

ever, 
im

p
rovem

ent 
w
as 

not 
consistent 

across 
m
odules. The m

edian organop
hosp

hate m
odule test results 

w
ere sim

ilar p
re-

and
 p
ost-m

odule. This lack in im
p
rovem

ent 
m
ay 

b
e 

attrib
utab

le 
to 

p
rior 

p
articip

ant 
fam

iliarity 
w
ith 

organop
hosp

hate p
oisoning, as this is a com

m
on cause of 

severe 
w
orldw

ide 
p
oisoning

 
[1,14]. 

In 
contrast, 

scores 
in 

m
odules 

related
 
to 

p
harm

aceutical 
toxicity, 

rising
 
in 

fre-
quency 

throughout 
the 

w
orld

 
[15], 

show
ed

 
im

p
rovem

ent 
from

 p
re-

to p
ost-test. 

In addition, the one-m
onth p

ost-test conducted
 show

ed
 

significantly higher m
edian scores com

p
ared

 to p
re-m

odule 
M
C
Q

 
scores. 

This 
im

p
rovem

ent 
suggests 

that 
learners 

retained
 know

ledge from
 the course. In addition, a m

ajority 
of 

p
articip

ants p
rovided

 
exam

p
les of how

 the course had
 

changed
 their current m

edical p
ractice to that p

oint. W
e do 

not know
 how

 or if this im
p
rovem

ent in m
edical know

ledge 
w
ill 

translate 
to 

b
etter 

m
edical 

care. 
Future 

investigation 
should

 determ
ine w

hether Internet-b
ased

 toxicology training
 

im
p
roves p

atient outcom
es. 

This is the largest investigation of w
orldw

ide delivery of 
an Internet-b

ased
 clinical toxicology course to health p

rofes-
sionals. There are several advantages to Internet-b

ased
 curric-

ula. Internet training
 p

rogram
s are easily dissem

inated
 and

 
up

dated
 and

 facilitate testing
 of learners. Learners also find

 
Internet-b

ased
 
training

 
to 

b
e 

accessib
le 

and
 
convenient 

[16,17]. Poor Internet access m
ay have lim

ited
 p

articip
ants, 

b
ut 

did
 
not 

seem
 
an 

issue 
to 

those 
w
ho 

undertook 
the 

course. Internet training
 m

ay b
e one p

art of the solution to 
lack of international toxicology training, in addition to devel-
op

m
ent 

of 
toxicology 

and
 
em

ergency 
m
edicine 

residency 
training

 p
rogram

s for exam
p
le. 

The p
rincip

le lim
itation of Internet-b

ased
 curricula is the 

lack of face-to-face discussion. The use of online discussion 
forum

s 
and

 
other 

video 
conferencing

 
m
ay 

help
 
to 

offset 
this 

lim
itation. 

A
s 
w
ith any training

 m
odality, 

the 
am

ount 
of 

content 
w
e 

can 
deliver 

is 
lim

ited
 
b
y 

learner 
tim

e. 
A
dding

 
m
ore 

top
ics 

or 
dep

th  
m
ight 

b
enefit 

learners 
b
ut 

w
ould

 necessitate a longer course and
 m

ay decrease p
ar-

ticip
ation. Sim

ilarly, retention of know
ledge tested

 after lon-
ger 

tim
e 

p
eriods 

m
ay 

b
e 

m
ore 

useful. 
D
esp

ite 
these 

lim
itations, our learners dem

onstrated
 an increase in m

ed-
ical know

ledge and
 this increase w

as p
reserved

 one m
onth 

after cessation, or four m
onths after initiation of the course. 

C
onclusions 

of 
this 

research 
is 

lim
ited

 
to 

the 
p
articip

ants 
involved

 
and

 
all 

identified
 
that 

a 
toxicology 

course 
could

 
help

 
to 

im
p
rove 

their 
know

ledge 
at 

registration. 
Som

e 
of 

the p
articip

ants m
ay have had

 a higher degree of toxicol-
ogy know

ledge p
rior to the course if they had

 associations 
w
ith 

a 
toxicology 

college. 
D
esp

ite 
this 

b
ias, 

know
ledge 

im
p
rovem

ent w
as universal across all p

articip
ants suggest-

ing
 
further 

need
 
regardless 

of 
p
rior 

associations. 
Future 

research should
 seek to validate these results in sim

ilar and
 

larger cohorts. 

C
o
n
clu

sio
n
s 

O
ur p

articip
ants dem

onstrated
 an increase in m

edical know
-

ledge b
ased

 on p
erform

ance on M
C
Q
s. A

n online toxicology 
curriculum

 is an effective w
ay to deliver education to health 

p
rofessionals 

treating
 
p
oisoned

 
p
atients 

and
 
can 

help
 
to 

b
ridge the know

ledge gap
 and

 change p
ractice in develop

ed
 

and
 develop

ing
 countries. Future investigation should

 deter-
m
ine 

w
hether 

Internet-b
ased

 
toxicology 

training
 
im

p
roves 

p
atient outcom

es. 
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